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Abstract A scan of any cancer, diabetes, cardiovascular disease or kidney health
guideline underscores the importance of preventive strategies to offset the risk of
developing chronic conditions. It also highlights the commonalities amongst pre-
ventive strategies for these conditions. In this chapter, we focus on the lifestyle
practices that increase or reduce the risk of developing common chronic conditions.
We examine how modifying individual-level determinants of health, such as
exercise and dietary habits, environmental exposures, and alcohol and medication
intake could help prevent them. Throughout this chapter we will discuss how these
determinants of health can also work in synergy to influence risk. We will partic-
ularly focus on the complementary roles of diet and exercise in reducing body
fatness and subsequently in reducing many of the risks associated with chronic
disease. This chapter concludes with sections on pharmacoprevention and potential
approaches to enhance the uptake of, and adherence to, health-promoting beha-
viours that can prevent the development of chronic conditions and cancer.
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Key Points

• Research increasingly indicates that cancer and other chronic conditions tend to
share common risk factors.

• While many drugs have the potential to limit the risk of chronic disease and
cancer, the most feasible and economic determinants of health to target are often
lifestyle-related.

• The risks associated with cancer and chronic conditions are often amenable to
lifestyle modifications that reduce body fatness, maximise physical activity,
promote good nutrition that emphasises plant-based sources, and minimise
alcohol intake.

• Many health-promoting lifestyle practices have numerous benefits, operating in
synergy to modify risk. In particular, good nutrition and optimum physical
activity tend to work in a complementary way to reduce body fatness, which,
along with tobacco smoking and high alcohol consumption, embodies an
enormous risk to health.

• Adherence to diet, exercise and pharmacotherapy is complex, and remains
problematic in the context of preventing chronic disease.

7.1 Introduction: Why Prevention Matters

The incidence of chronic conditions such as cardiovascular and kidney disease,
diabetes and cancer is rising. The World Health Organisation argues that these
chronic conditions affect not only individual quality of life; they are also an
under-appreciated cause of poverty and a significant impediment to the economic
development of many countries [1]. The WHO Global Report on chronic diseases
and health promotion estimated that preventive strategies could result in an addi-
tional 2 % reduction in chronic disease death rates worldwide each year, with the
potential to prevent 36 million premature deaths by 2015 [1]. The substantial
personal and societal costs of chronic disease and cancer have prompted govern-
ments to recognise that systemic collaborative action is needed to target chronic
disease prevention [2, 3]. Fortunately, there are solutions to the problem that are
both efficacious and highly cost-effective [1]. These solutions are the focus of this
chapter.

7.2 Defining Prevention

Prevention in the context of chronic conditions and cancer is broadly defined as
“approaches and activities aimed at reducing the likelihood that a disease or dis-
order will affect an individual, interrupting or slowing the progress of the disorder
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or reducing disability” [4]. Given that many chronic conditions can take decades to
become fully established and tend to occur for a long time once they appear,
strategies to prevent them are classified into three stages [2]:

• Primary prevention, which reduces the likelihood of developing a disease or
disorder

• Secondary prevention, which interrupts, prevents or minimises the progress of a
disease or disorder at an early stage

• Tertiary prevention, which halts the progression of damage already done [2].

The good news is that most of the strategies discussed in this chapter are ben-
eficial irrespective of the individual’s position on this continuum of prevention.

7.3 Modifying Individual-Level Determinants of Health
to Prevent Chronic Disease and Cancer

The elements that influence whether and how an individual develops a chronic
condition, and which are often the target of preventive strategies, are known as the
determinants of health. Determinants comprise a range of factors: the broader features
of the society in which the individual is situated, their socioeconomic characteristics,
their individual knowledge and practise of health behaviours, and their biomedical
characteristics, such as birth weight, immune status and genetic inheritance.

There are many inter-relationships between the determinants of health. That is,
many determinants such as diet, physical activity and genetic inheritance tend to
co-exist, working synergistically to potentiate or modify the risk of developing a
chronic condition. Adding to this complexity, a single adverse determinant of health
can be implicated in the development of several different chronic conditions, which
increases the likelihood that comorbidities will develop. Tobacco smoking for
example is implicated in the development of type 2 diabetes, ischaemic heart dis-
ease, stroke, kidney disease, arthritis, osteoporosis, lung and colorectal cancer,
chronic obstructive pulmonary disease, asthma, depression and compromised oral
health [5]. Existing disease states are also determinants of health, as they can
compound the risk of multiple chronic diseases. For example, diabetes is linked to
the subsequent development of cardiovascular, eye and kidney disease [1], while
women previously treated for breast cancer are more likely to develop cardiovas-
cular disease or osteoporosis.

To account for this complexity, the World Health Organisation classifies
strategies to modify determinants of health into twelve broad areas that range from
the universal to the individual: laws and regulations, tax and price interventions,
improving the built environment, advocacy, community-based interventions,
school-based interventions, workplace interventions, screening, clinical prevention,
disease management, rehabilitation, and palliative care [1]. Prevention strategies
often work best when they simultaneously target universal-, intermediate- and
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individual-level determinants of health [3]. Successfully reducing lung cancer rates,
for example, commonly involves widespread regulations to restrict the sale of
tobacco complemented by confronting anti-tobacco marketing, increased tobacco
excise, public health education, individual support via Quit programs and systemic
screening programs for those at risk [3]. Given the clinical focus of this book,
however, in this chapter we concentrate on the preventive strategies that are most
amenable to health professional intervention at the individual level.

Tables 7.1, 7.2 and 7.3 highlight that most of the rigorous evidence related to the
individual determinants of chronic disease pertain to cancer, although research
increasingly indicates that cancer and other chronic conditions tend to share com-
mon risk factors. The three “focus” health determinants for individual-level chronic
disease and cancer prevention are risky alcohol consumption, tobacco smoking, and
unhealthy diet coupled with excessive energy intake [1, 3]. These determinants are
often expressed through the intermediate risk factors of hypertension, abnormal
blood lipids and body fatness [1].

In the next sections, we tease out how the individual risk factors presented in
these tables operate in the primary, secondary and tertiary continuum of chronic
disease and cancer prevention. We discuss the modification of exercise, nutrition,
environmental exposures and medications in light of compelling recent evidence
that explains the pathophysiology of risk, and how lifestyle modifications work to
reduce risk. We also discuss the evidence underpinning strategies to modify the risk
of developing chronic diseases and cancer.

7.4 Exercise, Chronic Disease and Cancer

7.4.1 Primary Prevention

In the context of chronic disease, physical activity should be considered as potent a
medicine as many preventative drugs [6]. Physical activity is defined as movement
that increases metabolic rate and can be categorised in relation to the energy cost of
the activity (termed metabolic equivalent, MET, which is the ratio of the work
metabolic rate to the resting metabolic rate). There is ‘convincing grade’ evidence
for the beneficial role of physical activity in the primary prevention of dementia [7],
type 2 diabetes [8, 9], cardiovascular disease [10, 11] and colorectal cancer [12],
and ‘probable’-grade evidence in postmenopausal breast cancer and endometrial
cancer [13] (Table 7.1).

For the primary prevention of breast cancer in postmenopausal women, a 3 %
decreased risk is observed per 7 MET-hours (METs used per hour) of recreational
activity/week [13]. Every 5 MET-hours/day is associated with a decreased risk of
developing colorectal cancer and colon cancer by 3 and 8 %, respectively [14].
Interestingly, the same relationship does not appear to exist in rectal cancer [14].
While it is not yet possible to determine the dose-response relationship of exercise
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Table 7.1 Strong evidence associated with reduction of risk of chronic conditions and cancer

Variable Condition Strength of evidence

Lifestyle outcome

Reduced body fatness Premenopausal breast cancer Probable [13]

Weight loss Type 2 diabetes Level 1 [206]

Lifestyle behaviour

Increased physical activity Postmenopausal breast cancer Probable [13]

Endometrial cancer Probable [5]

Colorectal cancer Convincing [5]

Type 2 diabetes Level 1 [206]

Cardiovascular disease Level 1 [207]

Dyslipidemia Level 1 [50]

Hypertension Level 1 [208]

Obesity Level 1 [166]

Non-alcoholic fatty liver disease Level 2 [209]

Osteoporosis Level 1 [210]

Chronic kidney disease Level 1 [211]

Dementia Level 1 [7]

Diet

Consumption of alcoholic drinks Kidney cancer Probable [212]

Consumption of foods containing dietary
fibre (cereals, grains, roots, tubers and
plantains)

Colorectal cancer Convincing [5]

Consumption of non-starchy vegetables Cancers of the mouth, pharynx, larynx,
oesophagus, stomach

Probable [5]

Consumption of allium vegetables Stomach cancer Probable [5]

Fruit consumption Cancers of the mouth, pharynx, larynx,
oesophagus, stomach

Probable [5]

Consumption of foods containing folate Cancers of the pancreas Probable [5]

Consumption of foods containing
carotenoids

Cancers of the mouth, pharynx, larynx,
lung

Probable [5]

Consumption of foods containing
beta-carotene

Oesophageal cancer Probable [5]

Consumption of foods containing
lycopene

Prostate cancer Probable [213]

Consumption of foods containing
Vitamin C

Oesophageal cancer Probable [5]

Consumption of foods containing
selenium

Prostate cancer Probable [213]

Milk consumption Colorectal cancer Probable [5]

Calcium consumption Colorectal cancer Probable [5]

Coffee consumption Endometrial cancer Probable [5]

Liver cancer Probable [5]

Calcium dietary supplement
consumption

Colorectal cancer Probable [5]

Selenium dietary supplement
consumption

Prostate cancer Probable [213]

Diet adhering to NHMRC or similar
guidelines

Type 2 diabetes Level 1 [206]

(continued)
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Table 7.1 (continued)

Variable Condition Strength of evidence

Pharmaceuticals

Prophylactic dexrazoxane Prevention of heart failure in adult
patients receiving
anthracycline-containing chemotherapy

Level 1 [181]

Tamoxifen Prevention of breast cancer in
post-menopausal women diagnosed with
high-risk and ER positive breast cancer,
and in premenopausal women diagnosed
with DCIS

Level 2 [172]

Raloxifene Prevention of post-menopausal breast
cancer in at-risk women

Level 2 [172]

Aromatase inhibitors Prevention of post-menopausal breast
cancer in at-risk women

Level 2 [214]

Beta blockers Prevention of cardiovascular disease in
patients with pre-existing cardiovascular
disease, given during and after
cardiotoxic cancer treatment

Level 1 [180]

Prophylactic beta blockers Prevention of cardiovascular disease in
adults with no known cardiovascular
disease who are treated with
anthracycline or trastuzamab therapy for
cancer

Level 1 [182]

Angiotensin antagonists Prevention of cardiovascular disease in
patients with and without pre-existing
cardiovascular disease, given during and
after cardiotoxic cancer treatment

Level 1 [180, 182]

Prevention of chronic kidney disease in
the context of pre-existing diabetes

Level A [215]

Statin therapy Prevention of cardiovascular disease in
adults with no known cardiovascular
disease who are treated with
anthracycline or trastuzamab therapy for
cancer

Level 1 [182]

Metformin Type 2 diabetes Level 1 [206]

Acarbose Type 2 diabetes Level 1 [206]

Rosiglitazone Type 2 diabetes Level 1 [206]

Orlistat Type 2 diabetes Level 1 [206]

Aspirin Cardiovascular disease Level 1 [193]

Physiological life event

Lactation Pre- and postmenopausal breast cancer Convincing [13]

Blood pressure of people with type 2
diabetes maintained within the target
range

Chronic kidney disease Level A [215]

Key ‘Level’: National Health and Medical Research Council (NHMRC) Level of Evidence, I-IV. Level 1 is evidence
derived from meta-analyses and systematic reviews, Level 2 from good quality RCTs
‘Level A’ is used by NHMRC to indicate that the “body of evidence can be trusted to guide practice”
‘Probable’ and ‘convincing’ are used by the World Cancer Research Fund to indicate causative links between exposure
and the development of cancer. These terms refer to the strength of evidence derived from meta-analyses and systematic
reviews, plus good quality RCTs and large scale epidemiological studies
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Table 7.2 Strong evidence associated with increased risk of developing chronic conditions and
cancer

Variable Condition Strength of evidence

Lifestyle outcome

Adult weight gain Postmenopausal breast cancer Probable [13]

Increased body fatness Postmenopausal breast cancer Convincing [13]

Colorectal cancer Convincing [5]

Pancreatic cancer Convincing [5]

Endometrial cancer Convincing [5]

Ovarian cancer Probable [5]

Advanced prostate cancer Probable [5]

Gallbladder cancer Probable [5]

Kidney cancer Convincing [5]

Liver cancer Convincing [216]

Pancreatic cancer Convincing [5]

Increased abdominal fatness Postmenopausal breast cancer Probable [13]

Colorectal cancer Convincing [5]

Type 2 diabetes Level 1 [206]

Non-alcoholic fatty liver disease Level 2 [162]

Cardiovascular disease Level 1 [163]

Lifestyle behaviour

Tobacco smoking Cancers of the lung, oral cavity, pharynx, nasal
cavity and accessory sinuses, larynx,
oesophagus, stomach, pancreas, colorectum,
liver, kidney (body and pelvis), ureter, urinary
bladder, uterine cervix and ovary (mucinous),
myeloid leukaemia

Sufficient [217]

Sedentary behaviour Colorectal cancer (survival) Probable [218]

Type 2 diabetes mellitus Level 1 [219]

Cardiovascular disease Level 2 [220]

Environmental exposures

Solar and ultraviolet radiation Melanoma, basal cell and squamous cell
carcinomas of the skin

Sufficient [195]

Ultraviolet-emitting tanning devices Melanoma of the skin and eye Sufficient [195]

Second-hand smoke Lung cancer Sufficient [217]

Diet

Alcoholic drinks Pre- and postmenopausal breast cancer Convincing [13]

Liver cancer Convincing [216]

Colorectal cancer (men) Convincing [5]

Colorectal cancer (women) Probable [5]

Red meat, processed meat Colorectal cancer Convincing [5]

Cantonese-style salted fish Nasopharyngeal cancer Probable [5]

Glycaemic load Endometrial cancer Probable [5]

Diet high in calcium and dairy food Prostate cancer Probable [213]

Salt, salted and salted foods Stomach cancer Probable [5]

Fungal aflatoxin contamination of
cereals, grains, roots, tubers,
plantains, legumes (especially
peanuts)

Liver cancer Convincing [216]

(continued)
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in endometrial cancer due to differences in physical activity assessment across
studies, individuals engaging in the greatest amount of recreational, occupational
and/or incidental physical activity demonstrate a reduced risk of cancer of the
endometrium compared to those engaging in the lowest levels of activity [15].

The effects of physical activity on the primary prevention of colorectal,
endometrial and postmenopausal breast cancers are likely pleiotropic (i.e. have
multiple, seemingly unrelated effects) and involve a combination of host pathways
[16]. Research suggests that physical activity could reduce the risk of these cancers
through a number of pathways, including the modulation of body composition,
metabolic hormones, sex-steroid hormones, alterations in immune function, levels of
oxidative stress as well as the balance of markers of inflammation and cytokines [17].

Table 7.2 (continued)

Variable Condition Strength of evidence

Arsenic in drinking water Lung cancer Convincing [5]

Arsenic in drinking water Skin cancer Probable [5]

Maté (caffeine rich infusion of the
leaves of a South American shrub)

Oesophageal cancer Probable [5]

High-dose beta carotene
supplements

Lung cancer Convincing [5]

Pharmaceuticals

Doxorubicin >500 mg/m2;
liposomal doxorubicin >900 mg/m2;
epirubicin >720 mg/m2;
mitoxantrone >120 mg/m2;
idarubicin >90 mg/m2

Chemotherapy-associated heart failure Level 1 [180]

Combination hormone therapy Breast cancer Level 2 [172]

Viral infections

Human papilloma virus Cancers of the cervix, vulva, vagina, penis, anus,
oral cavity, oropharynx, tonsil

Sufficient evidence
[198]

Hepatitis B (HBV) and Hepatitis C
(HCV)

Hepatocellular (liver) cancer, non-Hodgkin
lymphoma (HCV only)

Sufficient [198]

Life events

Adult attained height Postmenopausal breast cancer Convincing [13]

Premenopausal breast cancer Probable [13]

Colorectal cancer Convincing [5]

Ovarian cancer Convincing [5]

Prostate cancer Probable [213]

Kidney cancer Probable [5]

Greater birth weight Premenopausal breast cancer Probable [13]

Greater childhood growth Pancreatic cancer Convincing [5]

Key ‘Level’: NHMRC Level of Evidence, I-IV. Level 1 is evidence derived from meta-analyses and systematic reviews,
Level 2 from good quality RCTs
‘Probable’ and ‘convincing’ are used by the World Cancer Research Fund to indicate causative links between exposure
and the development of cancer. These terms refer to the strength of evidence derived from meta-analyses and systematic
reviews, plus good quality RCTs and large scale epidemiological studies
‘Sufficient’ evidence is the highest level of evidence for the International Agency for Research on Cancer (IARC). In
many instances, e.g. solar and ultraviolet radiation, and tobacco smoking, evidence is derived from large
epidemiological and case-control studies rather than RCTs, systematic reviews or meta-analyses

210 A. McCarthy et al.



The most widely investigated pathway linking physical activity to cancer risk is
the effect of exercise on circulating metabolic factors. Changes in metabolic status
mediated through the insulin-like growth factor (IGF) axis represent one of the most
plausible host pathways through which physical activity is linked to colorectal
cancer [17–19]. For example, Chi and colleagues [20] reported a positive associ-
ation between the risk of colorectal cancer incidence and circulating levels of IGF-1
(OR = 1.25; p = 0.003) and IGF-2 (OR = 1.52; p = 0.003). Exercise has a likely
hormetic (“U” shaped) effect on the IGF axis, and possibly reduces IGF concen-
trations in states of systemic overabundance, effectively reducing IGF-1
receptor-mediated signalling; cancer outcomes are subsequently improved with
exercise through ablation of this mitotic signalling pathway [21]. Moreover, muscle
contraction during exercise induces molecular signalling and involves a variety of
signalling molecules, including adenosine monophosphate-activated protein kinase
(AMPK; a master regulator of cellular energy homeostasis) [22]. In response to
increased energy demands during exercise, AMPK conserves adenosine triphos-
phate via inhibition of the biosynthetic and anabolic pathways, directly contributing
to control of cancer cell growth [23]. Indeed, AMPK is reported to be differentially
up-regulated following exercise in tumour-bearing mice [24].

Cytokines, which are proteins vital for immune system regulation, also have
anti-tumour properties [25]. Deregulation of cytokine production or activity can
lead to detrimental acceleration of inflammation, angiogenesis and cell prolifera-
tion; hence cytokines can be cancer-promoting factors [25–27]. In pre-existing
cancer cells, an abundance of cytokines can stimulate tumour growth and cell

Table 7.3 Diet-related recommendations for cancer and chronic disease preventiona

Diet or lifestyle factor Recommendation

Body fatness Be as lean as possible within the normal range of body
weight

Foods and drinks that
promote weight gain

Limit consumption of energy-dense foods. Avoid sugary
drinks

Plant foods Eat mostly foods of plant origin

Animal foods Limit intake of red meat and avoid processed meat

Alcoholic drinks Limit intake of alcoholic drinks

Preservation, processing,
preparation of food

Limit consumption of salt. Avoid mouldy cereals, grains,
pulses or legumesb

Dietary supplements Aim to meet nutritional needs through diet alone (if
possible)c

Breastfeeding Mothers to breastfeed; children to be breast fed

Cancer survivors Follow the recommendations for cancer prevention
aAdapted from http://www.wcrf.org/int/research-we-fund/our-cancer-prevention-recommendations
2016
bThere is considerable evidence that high temperature cooking of protein-rich and fat-rich foods
may generate carcinogenic polycyclic aromatic hydrocarbons and heterocyclic amines [128]
cDietary supplementation is only required when there is risk of specific micronutrient deficiency
due to dietary restrictions or malabsorption of nutrients [128]
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proliferation [25]. As such, chronically elevated serum cytokines could potentiate
tumour development and progression.

The effects of acute versus chronic exercise on plasma cytokine responses are
seemingly paradoxical. Acute exercise results in a transient increase in circulating
levels of cytokines produced by myoblasts [28–31]. The underlying mechanism
behind this acute increase is the development of a hypoxic microenvironment
within the muscle cells [32, 33]. Hypoxia results in the production of reactive
oxygen species [32, 33] that stimulate the AP-1 and NF-jB pathways, the primary
sources of cytokine production, such as interleukin-8 (IL-8) [34–36]. It is postulated
that IL-8 acts locally to stimulate angiogenesis within the muscle, a known adap-
tation to exercise [37]. An increase in IL-8 is accompanied by a concomitant
increase in CXCR2 (a protein coding gene) expression following exercise in the
proximate endothelial cells resulting in angiogenesis in the muscle microvascula-
ture [38]. In contrast to the increase in cytokine response to acute exercise, chronic
exposure to exercise can normalise circulating cytokine concentrations [39, 40],
reducing the perturbations in homeostasis following acute exercise [41]. Given that
hypoxia is the primary trigger of cytokine production during exercise, it is rea-
sonable to assume that following regular exercise training, improved delivery of
oxygen to the exercising muscles coupled with greater mitochondrial volume
results in less hypoxic stress, plus reduced production of cytokine from the muscles.
This is supported by numerous studies showing that athletic populations charac-
terised by greater levels of aerobic fitness have dampened immune responses to
exercise than their sedentary counterparts [41–44].

Physical activity also plays a role in the prevention of weight gain, which is
associated with independent, ‘probable’ level evidence for the primary prevention
of postmenopausal breast cancer. Indeed, the reduced risk of endometrial and
postmenopausal breast cancers associated with physical activity can be explained,
at least in part, by the enhanced balance of circulating oestrogens, progesterone and
androgens that are either a direct result of exercise, or secondary to improvements
in body composition that accompany exercise [45, 46]. The modulation of body
composition, in particular the reduction of visceral adipose tissue, with regular
exercise can also lead to reductions in circulating cytokine levels. Indeed, obesity is
associated with higher levels of circulating IL-8 [47, 48] and the reductions in IL-8
found by Troseid and colleagues [40] were associated with reductions in body mass
index and waist circumference.

7.4.2 Secondary and Tertiary Prevention

Exercise (planned and structured physical activity) has been touted as a ‘polypill’
for chronic disease management [49] due to its ability to concomitantly improve the
modifiable risk factors associated with the development of type 2 diabetes, car-
diovascular disease and some cancers [16]. This includes improvements in
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atherogenic dyslipidemia [50], insulin resistance [51], hypertension [52], low-grade
systemic inflammation [53], central obesity [54], and intrahepatic lipids [55].

Patients with cancer have an increased risk of developing co-morbid chronic
diseases including chronic kidney disease (CKD) [56] and coronary heart disease
[57], and can also have more cardiovascular disease risk factors than the general
population [58]. Indeed, most exercise oncology research has focussed on sec-
ondary prevention of chronic conditions, and the modification of the disease- and
treatment-related side effects of cancer. Level 1 evidence for the benefits of exercise
for cancer patients and survivors indicates it improves psychological wellbeing and
quality of life [59], cancer-related fatigue [60], physical functioning [61], body
weight and composition [62], muscle strength and endurance [61, 62], immune
function [63], and cardiovascular fitness [64].

Treatments for certain cancers, such as selective estrogen receptor modulators
(SERMs) for breast cancer and androgen deprivation therapy for prostate cancer, can
promote abnormal body composition by increasing fat mass and reducing lean
muscle mass [65]. Observational studies have associated abnormal body composi-
tion with a poorer prognosis of cancer [66], including hepatocellular carcinoma [67].
Sarcopenia (age-associated loss of skeletal muscle mass and function) is also an
independent predictor of mortality after controlling for body mass index, age and
tumour stage (HR: 5.19; 95 % CI: 2.58, 10.43) [67]. Regular aerobic exercise
training increases energy expenditure and induces lipolysis, which can reduce fat
mass, while progressive resistance training induces muscular hypertrophy and pre-
vents the loss of muscle mass commonly associated with hypo-caloric diets [68, 69].

Evidence for ‘exercise as medicine’ is emerging for a range of secondary
sequelae from cancer and its treatments, such as cardiovascular disease [70]. For
example, both cellular (e.g. mitigation of mitochondrial dysfunction [71] and
reactive oxygen species emission from cardiac mitochondria [72]) and functional
(e.g. attenuation of decrements in left ventricular function [73]) mechanisms are
implicated in animal models to explain the protection from anthracycline-induced
cardiotoxicity afforded by exercise.

Strong associations are also reported between type 2 diabetes and the incidence
and prognosis of cancer, especially of the colon, liver and pancreas [74, 75].
Increases in plasma IGF-1 and IGF-2 as a result of hyperinsulinemia activate their
respective receptors and initiate mitogenic behaviour within cancerous cells
[76, 77]. Exercise training improves peripheral insulin sensitivity [76] and is the
most potent stimulus to increase skeletal muscle glucose transporter 4 (GLUT4)
expression and subsequent improvement of insulin action, glucose disposal and
muscle glycogen storage [22]. In combination with nutritional and pharmacological
interventions, exercise training can prevent the progression of impaired glucose
tolerance and impaired fasting glucose (conditions indicative of pre-diabetes) to
type 2 diabetes. For patients with type 2 diabetes, exercise training can decrease
HbA1c levels [8, 78] and prevent further complications associated with poor gly-
caemic control such as renal and ophthalmic diseases [79].

The improvements in insulin sensitivity and body composition linked with
exercise training further reduce the delivery of free fatty acids and glucose to the
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liver and are associated with improvement of non-alcoholic fatty liver disease
(NAFLD). The benefits of exercise on NAFLD arise through numerous mecha-
nisms involving the liver, muscle and adipose tissue, including the abovementioned
activation of AMPK. For example, exercise-induced activation of AMPK reduces
intrahepatic lipid content by inhibiting lipid synthesis and increasing fatty acid
oxidation within the liver [80]. Insulin resistance is a hallmark feature of non-
alcoholic steatohepatitis (NASH), a progressive form of NAFLD, characterised by
inflammatory changes, hepatocyte ballooning and a variable degree of fibrosis.
While there is no evidence demonstrating the reversal of NASH with exercise
alone, exercise could prevent the progression of simple steatosis to NASH [81].

There are several other chronic diseases that can arise secondary to the disease-
and treatment-related effects of cancer, such as chronic kidney disease CKD,
osteoporosis and cognitive impairment. For example, there is a bidirectional rela-
tionship between the incidence of CKD and cancer [82]. Physical inactivity is a
major risk factor for the development of CKD [83] and there is ‘probable’-grade
evidence to suggest that exercise improves estimated glomerular filtration rate
(eGFR) indicating an improvement in kidney function [84]. Initiation of androgen
deprivation therapy (ADT) in men with prostate cancer is reported to result in a 5-
to 10-fold increased loss of bone mineral density in multiple skeletal sites [85, 86].
This bone loss and accompanying decrease in muscle mass increases the risk of
osteoporosis, falls, and fractures. Indeed, a fracture risk of up to 20 % is reported
after 5 years on ADT, nearly twice the risk of healthy men or men with prostate
cancer not receiving ADT [87]. This ADT-related increased risk of osteoporosis
and osteoporotic fractures arises from the suppression of testosterone and oestro-
gen, two hormones that have vital direct and indirect roles in the regulation of bone
metabolism [88] and microarchitectural decay [89]. Exercise training, specifically
resistance training and impact-loading exercises that involve mechanical loading of
the skeleton from ground reaction forces and muscle pull, can positively influence
bone health [90]. However, while early results are encouraging [91], further
research is needed to confirm the skeletal benefits of exercise during or after cancer
treatment. Similarly, there is growing evidence to suggest that aromatase inhibitor
therapy may be associated with long-term cognitive impairment in some cancer
patients, especially in breast cancer survivors [92–94]. Exercise is well-known to
improve cognitive function and prevent age- and disease-related cognitive decline,
with recent evidence suggesting this may include oestrogen deficiency-induced
cognitive impairment [95, 96].

7.4.3 Physical Activity Recommendations

Given that physical inactivity is the fourth leading cause of death due to
non-communicable diseases (contributing to over three million preventable deaths
per year [97]), it is an important target for the prevention of chronic diseases.
Indeed, yielding a physical activity energy expenditure of 1000 kcal/week (a level
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considered ‘minimal adherence’ to physical activity guidelines as outlined below) is
associated with a 20–30 % reduction in risk of all-cause mortality, with greater
energy expenditures yielding further reductions [98–100]. Poor cardiorespiratory
fitness is suggested to be a potent risk factor for all-cause mortality, cardiovascular
disease [99] and the incidence of metabolic syndrome [100]. Importantly,
improving cardiorespiratory fitness by just one MET is associated with 13 and
15 % reductions in all-cause mortality and risk of cardiovascular events, respec-
tively [101], and these associations are independent of body mass [102].

Cancer survivors are advised to undertake 150 min per week of moderate or
75 min per week of vigorous aerobic exercise or an equivalent combination; and
perform resistance exercise of moderate or high intensity on two or more days per
week [103, 104]. Exercise prescription guidelines for a range of chronic conditions
are available as position statements and reports from a variety of sources, including
the American College of Sports Medicine and Exercise and Sports Science
Australia. Consistent across all exercise guidelines for health and fitness is the
recommendation for adults to undertake both aerobic exercise and progressive
resistance training. Emerging evidence suggests that higher intensity exercise may
achieve comparable or even superior benefits for a range of cardio-metabolic risk
variables including cardiorespiratory fitness and glycaemic control [105] with less
time commitment. Progressive resistance training is important for improvements in
lean muscle mass, muscle strength and function [79] and may optimise insulin
sensitivity; thus the current Australian guidelines for the prevention or management
of type 2 diabetes advocate that at least 60 min of the recommended 210 min of
moderate, or 125 min of vigorous intensity exercise be performed as progressive
resistance training each week [79]. For more specific exercise prescriptions and for
complex conditions where there are competing demands, referral to an exercise
specialist is recommended to ensure the prioritisation of key components pertinent
to the individual’s specific needs [e.g. Accredited Exercise Physiologists
(Australia), Certified Exercise Physiologists (Canada) or Clinical Exercise
Physiologists (United States of America)].

Despite the evidence for the effectiveness of physical activity in enhancing
wellness irrespective of health status, people with chronic disease appear to be even
less likely than the general population to meet physical activity guidelines e.g. only
12 % of prostate cancer survivors [106] meet contemporary exercise recommen-
dations. Multi-faceted cognitive behavioural strategies to promote the uptake of
lifestyle, environmental exposure, diet, exercise and medication recommendations
are essential to successful behaviour change. These strategies enable people to
modify their lifestyle by changing the way that they think about themselves, their
behaviours and their circumstances [107]. While a detailed discussion of these is
beyond scope, interventions that use the cognitive behavioural approach generally
incorporate two or more of the following processes: mutual goal setting; increasing
self-awareness through self-monitoring of enablers and barriers to change; frequent
and prolonged contact through scheduled follow-up; feedback and reinforcement by
health professionals to guide behaviour; enhancement of self-efficacy; exposure to
credible role-modelling; mutual problem solving; and motivational interviewing
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comprising goal-oriented and individualised counselling [107]. Research demon-
strates that when two or more of these strategies are used, particularly favourable
results are attained [107].

The following recommendations are provided to encourage increased physical
activity of individuals, including those with chronic disease:

1. Referral to exercise professionals specialising in disease-related exercise e.g.
clinical exercise physiologists, is recommended to ensure safe, individualised,
supervised exercise programs are prescribed to cancer patients and survivors.

2. If individuals are currently sedentary or have low levels of physical activity,
build gradually towards the physical activity guidelines.

3. Encourage the incorporation of active transport into the daily routine, such as
walking or cycling rather than driving a car.

4. The use of activity trackers can be recommended as an objective tool to enable
self-monitoring and gradual improvements in physical activity e.g. 10 % in
average steps per week.

5. Encourage individuals to break up long periods of sitting as often as possible
and be aware of time spent in front of the computer screen.

At the community level, the following environmental changes and policy-related
activities are suggested to increase physical activity, prevent disease or promote
health in groups of people [108]:

1. Using the media to deliver community-wide, large-scale, multicomponent
physical activity campaigns.

2. Implementing point-of-decision prompts (e.g. signs posted by elevators and
escalators) to encourage use of stairs.

3. Focus on building, strengthening, and maintaining social networks to enhance
social support interventions in community settings.

4. Creation of or enhanced access to places for physical activity combined with
informational outreach activities.

5. Street- or community-scale urban design (e.g. ensuring sidewalk continuity) and
land-use policies (e.g. mixed land-use zoning) and practices to support physical
activity participation.

6. Transportation and travel policies and practices to encourage active transport by
facilitating walking, bicycling, and public transportation use.

7.5 Nutrition, Cancer and Chronic Disease

Nutrition can have a profound impact on both cancer and chronic diseases because
the same nutritional deficiencies or excesses that increase the risk of cancer can also
initiate or enhance susceptibility to the chronic degenerative diseases of ageing such
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as diabetes, cardiovascular disease and dementia [109]. An example at the
micronutrient level is folate deficiency, which increases the risk of colorectal,
breast, ovary, pancreas, brain, lung and cervical cancers [110] as well as neural tube
defects and anaemia [111]. The reason folate deficiency is associated with cancer is
because it causes a high level of DNA damage (e.g. DNA strand breaks, chro-
mosome aberrations, micronuclei), chromosomal instability and DNA
hypomethylation, which accelerates the number of cells with abnormal genomes
and/or epigenomes from which cancers can evolve [110, 112]. In addition, folate
deficiency causes an elevation in homocysteine concentration, which is a risk factor
for diabetic retinopathy and nephropathy in type 1 diabetes, cardiovascular disease
and dementia [111, 113–115]. At the macronutrient level, the available evidence
suggests that excess caloric intake leading to obesity could increase the risk for
several cancers (e.g. oesophagus, breast, prostate, pancreas and colorectum), as well
as the propensity to develop diabetes, cardiovascular disease and cognitive
impairment [12, 116–118]. The mechanism by which obesity increases the risk of
cancer, diabetes cardiovascular disease and cognitive decline is not clear but obesity
and all of the above chronic conditions are associated with increased DNA damage
at the chromosomal, telomere, and mitochondrial DNA level. This suggests a
common DNA damage mechanism, which is most likely to be a combination of
increased oxidative stress due to inflammation, excessive intake of dietary geno-
toxins and perhaps deficiency in the micronutrients needed for DNA replication
and/or repair [98, 112, 119–121]. Furthermore, as indicated above, obesity
increases IGF-1 and IGF-2, which may promote the growth of initiated cancer cells.

A significant cause of cancer is damage to the genome leading to abnormal gene
expression [122–127]. DNA damage can occur at the chromosomal, gene sequence,
telomere and mitochondrial DNA level and could also involve alterations in DNA
methylation, which accelerate the evolution of the genomically unstable cells that
can more easily transform into cancers and divide abnormally. In this regard, from a
cancer prevention perspective, nutrition is important in ensuring healthy cell
function and reproduction with respect to the supply of:

1. Co-factors required for DNA synthesis (e.g. folate, vitamin B12, vitamin B6)
2. Co-factors required for DNA repair (e.g. niacin, zinc, magnesium)
3. Antioxidants to prevent oxidation of DNA (e.g. vitamin C, lycopene,

polyphenols)
4. Methyl donors to maintain epigenetic control of gene expression (e.g. folate,

choline)
5. Natural or man-made genotoxins that damage DNA (e.g. hetrocyclic amines,

alcohol)
6. Excess calories that promote obesity and oxidative stress
7. Phytonutrients that promote apoptosis of cells with damaged DNA (e.g. reti-

noids, polyphenols)
8. Nutrients that may promote the growth of initiated cancers (e.g. methionine,

folic acid).
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Figure 7.1 summarises the impact of key nutrient deficiencies that can affect
genome integrity via multiple mechanisms. These include the defective mainte-
nance of methylated DNA, causation of damage to DNA bases, and impairment of
DNA repair leading to chromosomal instability and aberrant karyotypes which fuel
the evolution of malignant cancers [112, 127].

The 2014 World Cancer Research Fund report provides the most comprehensive
assessment of the level of evidence for the impact of nutrition on reducing or
increasing cancer risk [13]. Tables 7.1 and 7.2 provide a summary of the key
outcomes of the meta-analyses that were performed with regards to food and
beverage groups and some of the minor dietary components that also affect the risk
of other degenerative diseases (e.g. salt, which also affects cardiovascular disease
risk and mortality). Based on current evidence, there is (i) convincing evidence that
increased intake of foods contaminated with aflatoxins, red meat and processed
meat, water contaminated with arsenic, alcoholic drinks, and high dose
beta-carotene supplements increase the risk of cancer and (ii) evidence of a prob-
able decreased risk for cancer with increased intake of plant foods including those
rich in fibre (cereals, grains, roots, tubers, plantains) and non-starchy vegetables,
fruits, pulses, legumes, nuts, seeds, herbs, spices. In addition, breastfeeding (lac-
tation) is convincingly associated with reduced breast cancer risk of the mother and
more recently evidence has emerged that childhood leukaemia incidence could be
reduced by breastfeeding for 6 months or more [128, 129].

Although there is some evidence that certain dietary patterns (e.g. Mediterranean
diet [130]) protect against cardiovascular disease, dementia and cancer there are too
few robustly-designed epidemiological prospective studies to provide convincing
evidence that a specific dietary pattern aggravates cancer risk to a significantly
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different extent, relative to another dietary pattern. The main difficulty is that even
within a single dietary pattern there can be large differences in micronutrient
composition and caloric intake, depending on the food items within the same food
group that are included in the pattern. For example, in the case of vegetables one
would have to consume 2.5 kg per day if choosing roots, tubers and ‘fruit’ veg-
etables but only 0.4 kg per day if one consumed pulses, legumes, leafy and cru-
ciferous vegetables to achieve the recommend intake of folate [131]. Therefore it is
plausible that the choice of vegetables influences micronutrient intake and possibly
cancer risk. With regards to flesh foods, in October 2015, based on robust epi-
demiological evidence and strong mechanistic plausibility, the WHO International
Agency for Research on Cancer (IARC) classified consumption of processed meat
as “carcinogenic to humans” (Group 1 carcinogen) and consumption of red meat as
“probably carcinogenic to humans” (Group 2A carcinogen) [132]. This provides an
important indication for choosing dietary patterns that are mainly plant-based and
low in processed meat and/or red meat. The consumption of alcoholic drinks varies
between cultures and has one of the most profound impacts on cancer risk, par-
ticularly amongst those with genetic defects in detoxifying acetaldehyde [133, 134],
a genotoxic metabolite generated directly from alcohol in the body, which has been
classified as a Group 1 carcinogen by IARC [135, 136].

Intake of alcoholic drinks is convincingly associated with cancers of the mouth,
pharynx, larynx, oesophagus, colorectum (in men), breast (pre- and
post-menopausal) and probably with liver and colorectum (women) [132]. The
consumption of alcoholic drinks varies between cultures and has one of the most
profound impacts on cancer risk, particularly amongst those with genetic defects in
the ALDH2 enzyme required to detoxify acetaldehyde, a genotoxic metabolite
generated directly from alcohol in the body. Acetaldehyde has been classified as a
Group 1 carcinogen by IARC [133, 135, 136]. Acetaldehyde exerts its carcinogenic
effects via a genotoxicity mechanism which causes DNA adducts, DNA-protein
cross-links, chromosome aberrations and micronuclei and these effects are stronger
in those with defective capacity in detoxifying acetaldehyde to acetate or if cells are
deficient in folate [133, 134, 137–139].

To date, there is no conclusive direct evidence to support the association of
caloric intake with human cancer risk, even though it is evident from several studies
that caloric restriction appears to increase life-span and postpone the onset of
degenerative diseases across mammalian species [140, 141]. Therefore, current
guidelines suggest that irrespective of whether an individual is at the primary,
secondary or tertiary stage of chronic disease prevention, all individuals should eat
a diet consistent with the relevant national guidelines and avoid physical inactivity.
Table 7.3, which is adapted from the World Cancer Research Fund guidelines,
outlines lifestyle recommendations germane to most chronic conditions.
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7.6 Reducing Body Fatness: The Synergy of Diet
and Exercise in Preventing Chronic Disease Risk

Obesity, the excessive accumulation of body fat, is associated with the development
of many chronic diseases. The central distribution of excess body fat (i.e., increased
levels of visceral adipose tissue) and the ectopic storage of excess fat (e.g., within
the liver, pancreas and muscle) are particularly linked to an increased risk of
cardiometabolic disease [142–144]. As pharmacological agents do not specifically
reduce fat from these regions, or are unsuitable for the long-term treatment of
obesity, the synergy of diet and exercise is the cornerstone of obesity management.

7.6.1 Dietary Interventions to Prevention of Body Fat Gain
and Promote Body Fat Loss

The most successful dietary interventions to prevent weight gain or promote weight
loss are generally based on dietary patterns that meet nutritional requirements for
health without excess calories, or marginally fewer calories (in the case of weight
loss) than what is needed to meet energy requirements or achieve energy balance
[145–147]. Good examples are the Mediterranean diet and the Dietary Approaches
to Stop Hypertension [DASH] program. Weight loss in those who are overweight or
obese can be achieved by reducing the portion sizes of habitual foods or by
replacing high caloric density foods that are poor in micronutrients with foods
containing less calories, but which are richer in vitamins and other essential
micronutrients [148, 149].

A higher intake of plant foods is usually associated with leaner body mass [150,
151]. Evidence is also accumulating in support of novel higher-protein (>20 % of
energy) diets for successful weight loss maintenance and the prevention of type 2
diabetes [152, 153]. Higher protein and plant-based diets have the advantage of
having relatively low energy density and aiding longer-term appetite suppression
[150, 151, 153]. Success in caloric restriction is improved by selecting foods that
are most effective with respect to satiety. A recent systematic review found
‘probable’ evidence for high intake of dietary fibre and nuts predicting less weight
gain, and for high intakes of meat in predicting more weight gain [154].

Low calorie meal replacements provide a practical approach to achieving and
maintaining successful control of body weight and preventing weight regain in the
longer term [155, 156]. Although there are concerns about weight cycling due to
difficulty in maintaining a lower or healthier body weight, Level 1 evidence indi-
cates that the risks related to weight cycling, cancer or cardiometabolic disease and
mortality is small, if not non-existent [157, 158].
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The WHO recommendations to prevent weight gain are as follows [159]:

• Energy intake (calories) should be in balance with energy expenditure. Total fat
should not exceed 30 % of total energy intake to avoid unhealthy weight gain,
with a shift in fat consumption away from saturated fats to unsaturated fats, and
towards the elimination of industrial transfats.

• Limiting intake of free sugars to less than 10 % of total energy intake is part of a
healthy diet. A further reduction to less than 5 % of total energy intake is
suggested for additional health benefits.

7.6.2 Physical Activity Recommendations for Reducing
and Preventing Increases in Body Fatness

Physical activity can also prevent an increase in body fatness, in particular visceral
adipose tissue, which is linked with numerous chronic health conditions including
type 2 diabetes [160, 161], non-alcoholic fatty liver disease [162], and cardiovas-
cular disease [163], as well as several cancers (Table 7.2). Increased levels of
physical activity independently predict lower waist circumference (a clinical indi-
cator of central fat distribution, which includes both subcutaneous and visceral
adipose tissue) [164]. Moreover, epidemiological data indicate that for individuals
with the same body mass index, those with moderate levels of cardiorespiratory
fitness have lower levels of total and visceral adipose tissue than their less fit
counterparts [165].

Evidence indicates that 150–250 min/week of moderate intensity physical
activity effectively prevents weight gain in adults [69]; however, while physical
activity alone can lead to small reductions in weight [166], the volume required to
lose weight with exercise alone is much larger in the absence of concomitant caloric
restriction. The current recommendation for weight loss and the maintenance of
weight reduction recommend 60 min per day of low-moderate intensity exercise,
totalling *470 min per week [69].

While caloric restriction is the most effective method for achieving weight
reduction [167], epidemiological evidence indicates that physical activity plays an
important role in the prevention of weight regain, with 90 % of individuals who
have successfully maintained weight loss for over 5 years reporting an average of
60 min of exercise per day (mostly walking) [168]. Furthermore, Level 1 evidence
indicates that the benefits of aerobic exercise aerobic on visceral adipose tissue
reduction [54, 169] can occur at levels below those currently recommended for
weight reduction [54]. While the evidence for resistance training for the reduction
of visceral adipose tissue is less clear [54, 62], resistance training is the only
antidote for muscle loss associated with caloric restriction [170]. Therefore, the
combination of caloric restriction and increased physical activity is undoubtedly the
most effective method for weight loss and body fat reduction.
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7.7 Pharmacoprevention

Pharmacoprevention is the use of drugs to reduce the risk of chronic diseases and
cancer [171]. In this section, we begin with a discussion of drugs known to prevent
cancer or its recurrence. This is followed by an exploration of the drugs used to
prevent or manage the chronic diseases that can develop in cancer patients as a
result of their cancer treatment, and drugs that offset the impact of cancer treatments
on comorbid chronic conditions.

7.7.1 Prevention of Primary Cancer and Cancer Recurrence

In terms of cancer prevention, the most rigorous evidence for prevention applies
only to the primary prevention of breast cancer, where risk is high in the following
circumstances [171]:

• Multiple relatives affected by breast cancer or ovarian cancer on the same side of
the family

• Younger age (i.e. under 40 years) at cancer diagnosis
• Relative with an identified mutation in a high-risk breast cancer gene, e.g.

BRAC1 or BRAC2
• Relatives affected by bilateral breast cancer
• Breast and ovarian cancer in the same relative
• Ashkenazi Jewish ancestry.

The selective oestrogen receptor modulators (SERMS) tamoxifen and raloxifene
are the most common pharmacopreventatives. Both drugs interfere with the car-
cinogenic actions of oestrogen on breast tissue. Tamoxifen reduces the risk of pre-
and post-menopausal women developing oestrogen receptor-positive breast cancer
where there is a family history of the disease [171]. Raloxifene is used only in
post-menopausal women [172], and has the incidental benefit of reducing the risk of
osteoporotic fractures. While they do reduce risk by up to 40 % [171] in the target
population, SERMS ultimately have no effect on mortality [172] and are not useful
in the case of oestrogen receptor-negative breast cancers.

Aromatase inhibitors: Drugs could also have a role in reducing the risk of cancer
recurrence in women previously treated for breast cancer. Aromatase inhibitors
such as exemestane, letrozole and anastrozole are currently used to treat hormone
receptor–positive breast cancers in postmenopausal women. These drugs decrease
oestrogen levels by interfering with the ability of the aromatase enzyme produced
by body fat to change naturally circulating androgen into oestrogen. Hence aro-
matase inhibitors are only useful in post-menopausal women, whose ovaries no
longer produce oestrogen. The National Cancer Institute guidelines recommend
[172] the use of aromatase inhibitors to reduce the incidence of breast cancer in
postmenopausal women with an increased risk (i.e., aged over 60 years, previous
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ductal carcinoma in situ with mastectomy, or a Gail 5-year risk score >1.66) [172].
The Australian guidelines, on the basis of Level 2 evidence, also recommend their
use [173].

Metformin: The literature often states, based on the results of some epidemio-
logical studies, that individuals with type 2 diabetes or insulin resistance are not
only at risk of type 1 diabetes and its attendant comorbidities, they are also at risk of
developing a range of cancers (primarily cancer of the pancreas, colon and liver)
[174]. At this stage, however, the evidence of a causal association between diabetes
and cancer is poor [175], as the findings of these studies are predominantly retro-
spective and non-randomised [176]. If there is a definite association, it could be the
result of a common risk factor: body fatness. High levels of body fat, cancer and
type 2 diabetes are all associated with increased production of insulin-like growth
factor, a hormone critical to cell growth, proliferation and death. This has led to
further suggestion that metformin, most commonly used as an anti-hyperglycaemic
and insulin sensitiser in type 2 diabetes, could also inhibit the growth and metabolic
processes of cancer cells [174]. It therefore is considered a potentially viable agent
to prevent cancer, with many clinical trials currently underway [176].

As with all medications, cancer preventives do not come without chronic disease
risks of their own. Tamoxifen is associated with the development of endometrial
cancer and both drugs are implicated in thromboembolic events [171, 172].
Fortunately both side effects are relatively rare. Aromatase inhibitors accelerate
osteoporosis and affect lipid metabolism [173]. More importantly, hormone mod-
ulation induces symptoms of menopause, which are often more sudden and more
severe than in natural menopause [177]. These side effects influence adherence to
the therapy [173], which in turn influences risk reduction, because to achieve their
effect these drugs must be taken for 5 years. 46 % of women prescribed tamoxifen
do not complete their 5-year course [173].

7.7.2 Drugs to Prevent Development of Other Chronic
Diseases After Cancer Treatment

Table 7.2 outlines the chemotherapy drugs most strongly associated with the
subsequent development of cardiotoxicity, especially heart failure, after cancer
treatment. Anthracyclines and trastuzamab are the agents most commonly associ-
ated with cardiotoxicity. Anthracycline chemotherapy is thought to disrupt the
normal catalytic cycle of topoisomerase 2b, resulting in mitochondrial dysfunction,
the generation of free radicals and DNA disruption. Because it results in car-
diomyocyte death, it is largely irreversible [178, 179]. Trastuzamab cardiotoxicity is
thought to result from the disruption of the cellular repair pathways the enable
cardiomyocyte contractility, causing reversible cell dysfunction rather than cell
death [180]. Radiotherapy, if incidentally delivered in the cardiac field, is associated
with coronary arteritis and atherosclerosis up to 15 years from treatment completion
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[180]. Underlining the synergistic nature of cancer, cancer treatments and other
chronic diseases, many of the known risk factors for developing
chemotherapy-induced cardiotoxicity are remarkably similar to those for develop-
ing cardiovascular disease; namely pre-existing cardiovascular symptoms, family
history, diabetes, dyslipidaemia and obesity [178].

Dexrazoxane, an iron-chelating agent, is thought to be cardioprotective during
chemotherapy in two ways. The first is by interfering with the iron-mediated
generation of free radicals associated with the administration of anthracycline
chemotherapy [178, 180]; the second involves interference with anthracycline’s
ability to inhibit topoisomerase 2b, which results in cell death. A meta-analysis of
cardioprotective agents for anthracycline chemotherapy published in 2011 [181]
reported ambiguous results for dexrazoxane. While the analysis demonstrated a
statistically significant benefit in favour of dexrazoxane for the occurrence of
subsequent heart failure, it could not determine differences in survival between the
intervention and control groups [181]. A subsequent meta-analysis by Kalem and
Marwick [182], however, demonstrated that dexrazoxane given prophylactically to
asymptomatic patients receiving chemotherapy could usefully lessen the burden of
subsequent cardiotoxicity.

Beta blockers and ACE inhibitors: Based on good evidence, for many years
diabetes [183], cardiovascular disease [184, 185] and kidney [186] guidelines have
recommended the use of anti-hypertensives to mitigate the risk of renal or car-
diovascular comorbidities. More recently, these drugs have played a role in some
cancer treatments. The European Guidelines for Medical Oncology (ESMO) note
that patients receiving potentially cardiotoxic chemotherapy have a high risk of
developing heart failure and could be considered ‘Stage A’ or asymptomatic heart
failure patients [180]. There is therefore a potential role for heart failure drugs
during and after cancer treatment, especially angiotensin agonists (ACE-I) and beta
blockers. This role was confirmed by a meta-analysis reporting the efficacy of
ACE-Is and beta blockers in reducing the incidence of anthracycline-induced car-
diotoxicity in patients who were asymptomatic during chemotherapy [182].

Statins have had a long-standing role in reducing the risk of hypertension in
individuals pre-disposed to high cholesterol levels, but they are also increasingly
used in the primary prevention of cardiovascular disease after cancer treatment.
A recent meta-analysis confirmed the potential for statins to prevent cardiotoxicity
in asymptomatic patients receiving cardiotoxic cancer treatments [182]. The car-
dioprotective action of statins in this context is attributed to their capacity to reduce
the oxidative stress and cellular inflammation that result from chemo- and radio-
therapy, and to delay myocyte apoptosis [182]. It is sometimes argued that
cholesterol-lowering drugs, which coincidentally antagonise the cellular processes
that control the initiation, growth and metastasis of tumours, could also help prevent
melanoma [187], and colorectal [187] and prostate [188] cancers. However this
argument is not supported by rigorous evidence, with some experts arguing that the
results of animal studies imply that statins are in fact “carcinogenic” [189], and that
case-control [189] and placebo-controlled studies [190] in humans indicate that
statin therapy is actually associated with a higher incidence of cancer.
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7.7.3 Drugs that Offset the Impact of Cancer Drugs
on Co-existing Chronic Conditions

Beta blockers and ACE inhibitors: There is strong evidence that beta blockade and
ACE-I therapy initiated within 2 months of chemotherapy completion in patients
with confirmed anthracycline-induced cardiomyopathy can reverse left ventricular
dysfunction [180]. The same recommendations apply to trastuzamab- and
radiotherapy-induced cardiac dysfunction [180]. The precise mechanism of action
is unknown, but could be because both drugs reduce cardiac afterload [182].
Angiotensin inhibitors also have complex beneficial interactions with cardiomy-
ocyte angiotensin 2 receptors and epidermal growth factors; whilst beta blockers
have potential antioxidant effects [182].

Aspirin: Antiplatelet therapy, in conjunction with a healthy lifestyle, can
diminish the risk of cardiovascular disease [191, 192]. Mostly recommended in the
form of low-dose aspirin, like all drugs it is not without side effects and these must
be weighed against its benefits. Low-dose aspirin is recommended for individuals
with established cardiovascular disease, or those who have known cardiovascular
risk factors (such as previous anthracycline therapy for cancer), to reduce the risk of
non-fatal myocardial infarction and non-fatal stroke [193]. This recommendation is
made only where an overall benefit exists and clearly outweighs the harm of gas-
trointestinal bleeding and haemorrhagic stroke. There is no evidence to support the
prophylactic use of aspirin in individuals who do not have cardiovascular risk
factors [193]. Some studies raise the possibility of aspirin providing protection
against colon cancer after five years of use; however the many methodological
limitations of these studies mean that the evidence for this use of aspirin is poor.

7.8 Environmental Risk Reduction

7.8.1 Radiation Exposure

Radiation risks fall into two categories: those associated with ionising radiation and
those associated with solar and ultraviolet radiation (sun) exposure. Ionising radi-
ation is particularly associated with the development of many malignancies of the
blood and solid tissue, and with the DNA damage that leads to a variety of other
genetically-based chronic conditions. Exposure to ionising radiation apart from
radiotherapy is beyond the lifestyle focus of this chapter. More amenable to lifestyle
modification is sun exposure, which is limited to cancer risk.

Solar radiation and ultraviolet (UV) radiation from UV-emitting tanning devices
are considered Class 1 carcinogens [194], which are particularly implicated in the
development of primary cutaneous malignant melanomas and non-melanocytic skin
cancers [195]. Radiotherapy is also innately carcinogenic and is routinely associated
with the development of second primary cancers such as melanoma [196]. Although
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a recent systematic review determined that only a relatively small proportion of
second cancer is associated with radiotherapy [197], nonetheless, radiotherapy and
some common chemotherapy treatments such as 5-fluorouracil, methotrexate and
doxorubicin tend to increase sun sensitivity in the treatment period, and for some
time after treatment. Hence the standard preventive approaches of limiting exposure
to intense sunlight, regular use of broad spectrum sunscreen, wearing wide-brimmed
hats, sunglasses and loose clothing, and avoidance of solarium beds are as critical
during treatment as they are before and after cancer treatment [195].

7.8.2 Viral Infections

Many infectious agents induce chronic diseases such as tuberculosis, malaria, some
cancers and HIV-AIDS. For example, between 3.3 and 16 % of all cancers are
attributed to viral infections [198]. Infectious agents induce long-term conditions in
three ways [199]. The first is through progressive tissue pathology or organ
decompensation, e.g. when the hepatitis B virus induces chronic liver disease. The
second is a result of the initial infection causing permanent lifestyle deficits or
disabilities, e.g. poliomyelitis-induced paralysis. The third is by predisposing
individuals to chronic outcomes. This is a complex pathway exemplified by
maternal infection during pregnancy, which in turn leads to pre-term delivery, that,
even when the infant is not infected, increases the child’s subsequent risk of res-
piratory and neurological disabilities [199].

As O’Connor et al. [199] argue, understanding these viral pathways and their
synergies affords many opportunities to reduce the impact of chronic disease before
its outcomes are irreversible. For example, some forms of the sexually-transmitted
human papillomavirus (HPV) are classified as Class I carcinogens, implicated in the
development of cancers of the genital organs and the oropharyngeal and anal
regions [198]. Infection with the hepatitis B (HBV) and hepatitis C (HCV) viruses,
which involve sexual and/or blood-to-blood contact, not only induces chronic liver
disease but substantially increases the risk of developing liver cancer, with 80 % of
all primary liver cancers associated with hepatitis infection [200]. Gastric cancers
are strongly associated with helicobacter pylori infection [201].

Inevitably, lifestyle factors working in synergy with these biological agents
potentiate risk; hence lifestyle modification again has the potential to positively
affect global health outcomes, especially where these cancers are concerned. Safe
sexual and drug injection practices substantially modify the risks of HBC and HPV
infection [198]; vaccination helps protect against HBV and HPV [198]; while
studies indicate that a high salt intake could work in synergy with helicobacter to
potentiate the risk of gastric cancer [201].
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7.9 Encouraging Uptake of Preventive Strategies

Much of the information presented in this chapter is not novel. We know intuitively
and from rigorous evidence that lifestyle behaviours affect health. We understand
that people have the highest risk of chronic disease when they have several adverse
determinants of health. It is equally clear that lifestyle modification and medications
can help prevent and modify the risk of chronic disease. But we also know that
these factors interact in complex ways. The problem is that there are many desirable
behaviour targets: exercise, diet, smoking behaviours, sun avoidance, medication
adherence, and sexual practices. Targeting a single behaviour in a time- and
resource-poor clinical environment could exclude other, equally important lifestyle
variables. The World Health Organisation emphasise that a combination of inter-
ventions is often needed to realise the full potential of risk reduction strategies in
the context of chronic disease [1]. Moreover, strategies that account for several risk
factors at once tend to be more cost-effective than those that only address a single
risk factor [1, 3].

The other problem is that making the necessary lifestyle changes is not easy, nor
even particularly attractive in a societal context that values novel, highly technical
interventions; where 60 % of the population have low levels of health literacy
[202]; and when the most socially-disadvantaged are at highest risk because they
have less access to health education and services, less opportunity to exercise, and
fewer healthy food options [203]. The difficulties in instilling behaviour changes are
underscored by the latest Australian census data, which are typical of developed
countries. For example, 63 % of men and 73 % of Australian women are either
sedentary or engage in the lowest levels of exercise [204]. These levels are
incompatible with health. There is also a clear trend in the Australian population to
the heavier end of the body mass index, with 70 % of men and 56 % of women
now classed as overweight or obese [204]. The Australian Bureau of Statistics
(2015) attributes this to “an imbalance between energy consumed and energy
expended”, a situation not helped by the high Australian rates of alcohol con-
sumption. The census data for 2011–2012 reveal that 29 % of Australian men and
10 % of Australian women have self-reported ‘risky’ alcohol intakes, which indi-
cates a small but significant increase from previous years [204]. Fortunately, the
incidence of tobacco smoking has decreased, but given it is considered the largest
single preventable cause of cancer and chronic disease [204], the current rates of
20 % for men and 16 % for women remain problematic [204]. In addition, while
medications are therapeutic, they often come with a range of unpleasant or unde-
sirable side effects that individuals might consider outweigh any benefits they
confer. How to select which of the many determinants and behaviours to target,
how to promote the uptake of those behaviours, and how to ensure adherence, are
discussed in the remainder of this chapter.
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7.9.1 Adherence

The factors that affect sustained uptake of preventive interventions are remarkably
similar to those that determine health status. These are socio-economic, health
system, therapy-related, patient-related and condition-related factors [205]. Hence
strategies to enhance adherence to medication, lifestyle and other changes need to
be equally multifaceted. Despite this complexity, the American College of
Preventive Medicine [205] argues that interventions to promote adherence can and
should be simple, and that simple interventions are often the most cost-effective.
The College recommends the “SIMPLE” approach to improve adherence to med-
ication, but this approach is equally useful in sustaining all of the behaviour
changes discussed in Table 7.4.

Table 7.4 The SIMPLE approach to enhancing adherence (adapted from [205])

S Simplify the
regimen

The complexity of the required behaviour change can affect
adherence, so simplify the regimen whenever possible. E.g. adjust
timing, frequency, amount; match to person’s activities of daily
living

I Impart
knowledge

Adherence is enhanced when a person understands their risk and the
benefits of behaviour change to offset this risk. Education alone does
not promote adherence, but change can occur when education is
combined with regimen simplification and effective clinician
communication, e.g. shared decision-making, simpler person-centred
language

M Modify patient
beliefs and
human
behaviour

Understanding the person’s perceptions of susceptibility, severity,
benefit and barriers is essential, since knowledge alone is not
sufficient to enhance adherence (especially where complex
behavioural change is necessary). E.g., empower people to
self-manage their condition, ensure they understand the benefits of
adherence and the risks of non-adherence, understand the person’s
needs

P Provide
communication
and trust

Modifying a person’s beliefs is only possible where a high level of
trust, reinforced by a positive communication style, exists. Clinicians
should, for example, practise active listening, elicit the person’s input
during decision-making, provide timely feedback, accurately
paraphrase conversation and allow time for questions

L Leave the bias Ethnic, minority and socioeconomic disparities operate across all
chronic conditions. People from non-dominant or disadvantaged
groups experience less person-centred communication from
clinicians and more verbal passivity. E.g. tailor education to person’s
level of health literacy, specifically query about cultural norms to
understand them, review communication style to ensure
person-centredness

E Evaluate
adherence

The issue of non-adherence is uniformly underestimated by
clinicians. If it isn’t suspected, it can’t be corrected. Measuring
adherence can lead to better adherence, e.g. ask person simply and
directly if they follow their regimen, ask about adherence behaviour
at every encounter
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7.10 Conclusion

Human behaviours are powerful factors that increase or reduce the risk of devel-
oping common chronic conditions and cancer at the primary, secondary and tertiary
levels. While many drugs have the potential to limit the risk of chronic disease and
cancer, the most feasible and economic determinants of health to target are often
lifestyle-related. Although it can be difficult to persuade people to change their
lifestyles and to sustain that change, it is worth the effort. Many health-promoting
lifestyle practices have numerous benefits, operating in synergy to modify risk. In
particular, good nutrition and optimum physical activity tend to work in a com-
plementary way to reduce body fatness, which along with tobacco smoking and
high alcohol intakes, embodies an enormous risk to health.
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