i

A guide for healt
exercise professmn -

Kate Woolf-May

Foreword by

Polly Davey

CHURCHILL
LIVINGSTONE

ELSEVIER



Exercise Prescription: Physiological Foundations



For Felix and my family.

For Elsevier:

Commissioning Editor: Dinah Thom
Associate Editor: Claire Wilson
Project Manager: Joannah Duncan
Design Direction: George Ajayi
Illustration Buyer: Gillian Murray
Illustrator: Jane Fallows



Exercise Prescription:
Physiological Foundations

A Guide for Health, Sport and Exercise
Professionals

Kate Woolf-May pnD

Research Fellow and Lecturer, Department of Sport Science, Tourism and Leisure,
Canterbury Christ Church University College, Canterbury, Kent, UK

With contribution from

Steve Bird php FiBiol FBASES
Director, Centre for Population Health, Sunshine Hospital, St Albans, Victoria, Australia

Foreword by

Polly Davey PhD

Senior Lecturer and Director, Human
Performance Centre, London South Bank University, London, UK

Illustrations by

Jane Fallows

CHURCHILL
LIVINGSTONE

LSEVIER

EDINBURGH LONDON NEW YORK OXFORD PHILADELPHIA STLOUIS SYDNEY TORONTO 2006




CHURCHILL
LIVINGSTONE

ELSEVIER
© 2006, Elsevier Ltd. All rights reserved.

The right of Kate Woolf-May to be identified as author of this work has been asserted by her in
accordance with the Copyright, Designs and Patents Act 1988

No part of this publication may be reproduced, stored in a retrieval system, or transmitted in
any form or by any means, electronic, mechanical, photocopying, recording or otherwise,
without either the prior permission of the Publishers. Permissions may be sought directly from
Elsevier’s Health Sciences Rights Department, 1600 John F Kennedy Boulevard, Suite 1800,
Philadelphia, PA 19103-2899, USA: phone: (+1) 215 239 3804, fax: (+1) 215 239 3805, e-mail:
healthpermissions@elsevier.com. You may also complete your request on-line via the Elsevier
homepage (http://www.elsevier.com), by selecting ‘Support and contact * and then * Copyright
Permissions’.

First published 2006

ISBN: 0443 10017 9
ISBN-13: 978 0 443 10017 8

British Library Cataloguing in Publication Data
A catalogue record for this book is available from the British Library

Library of Congress Cataloging in Publication Data
A catalog record for this book is available from the Library of Congress

Notice

Neither the Publisher nor the Authors assume any responsibility for any loss or injury and/or
damage to persons or property arising out of or related to any use of the material contained in
this book. It is the responsibility of the treating practitioner, relying on independent expertise
and knowledge of the patient, to determine the best treatment and method of application for the
patient.

The Publisher
Working together to grow
libraries in developing countries
www.elsevier.com | www.bookaid.org | www.sabre.org
ELSEVIER BOOKAID  oaphre Foundation
your source for books,
I EAYAIE  journals and multimedia
in the health sciences
www.elsevierhealth.com
The
publisher's
policy is to use
paper manufactured

from sustainable forests

Printed in China



Contents

Foreword vii
Preface ix
Chapter 1 Introduction: physical activity, fitness and health 1
Chapter 2 Individuals with existing heart and vascular disease 9
Chapter 3  Blood lipids and hyperlipidaemia 33
Chapter 4 Diabetes and insulin resistance/insensitivity 57
Chapter 5 Blood pressure and hypertension 81
Chapter 6 Overweig_;ht and obese adults 95
Chapter 7 Coagulation, fibrinolysis and risk of thrombosis 113
Chapter 8  Adults with asthma Steve Bird and Kate Woolf-May 127
Chapter 9  Chronic obstructive pulmonary disease 139
Chapter 10 Adults with arthritis 159
Chapter 11 Adults with osteoporosis 173
Chapter 12 Adults with and surviving from cancer 191
Chapter 13 Exercise and the older adult Steve Bird 203
Chapter 14 Therapeutic medications: influences with regard to

physical activity and exercise 219

Appendix A Screening and assessment for prescription of physical activity and exercise
Appendix B Physical activity and exercise: intensity, endurance and progression 247
Glossary of terms 249

Index 261

237



This Page Intentionally Left Blank



Foreword

It is both a privilege and an honour to be able to intro-
duce the first edition of Exercise Prescription: Physiological
Foundations, A Guide for Health, Sport and Exercise
Professionals. 1t is well known that physical activity has
earned its place in contemporary medicine, providing both
preventative and therapeutic benefits to the patient and
client. Nevertheless, despite increasing knowledge of the
benefits that physical activity/exercise brings to those
suffering from chronic diseases such as hypertension,
stroke, certain cancers, non-insulin dependent diabetes
mellitus, obesity and the heart and vascular diseases, there
is a dearth of knowledge on the prescriptive advice that
should be given by clinicians and practitioners to patients
and clients.

The author, Dr Kate Woolf-May, has provided a unique
approach in the way in which she has innovatively
incorporated both the aetiology and pathology of the
disease alongside the physical activity/exercise prescrip-
tion. Previous texts have separated these two main areas
and this text benefits from a more joined-up approach
which enables the clinician and practitioner to develop an
understanding of the background to the disease and the
way it manifests itself, as well as providing descriptive
physical activity/exercise prescription.

The chapters are clearly set out and easy to follow, each
covering material on underlying aetiology, patho-
physiology of chronic diseases, and treatment through
conventional pharmacological intervention and the pre-
scription of physical activity/exercise. Exercise prescription
is further detailed by the mechanistic effects it has on the
body alongside the different modes (resistance circuit and
weight training, eccentric exercise, weight bearing versus
non-weight bearing activities, aerobic and interval
training); durations (acute bouts and regular bouts,
continuous versus interval); frequency; intensity of phys-
ical activity; and training respectively. However it has also

been recognized that individuals suffering from chronic
disease respond differently from healthy individuals with
respect to physical activity /exercise. The needs, limitations,
contraindications and absolute contraindications of the
different disease conditions have been covered succinctly
enabling the formulation of both a safe and effective
physical activity/exercise programme. Later on in the text
the author provides the reader with both a useful and
comprehensive guide to the interaction between thera-
peutic medications and physical activity/exercise, and the
potential internal and external limitations that this might
pose upon functional performance. Not only is the afore-
mentioned information of use to both the individual con-
cerned and the clinician and practitioner whilst the
individual is performing the physical activity/exercise, but
it is also of utmost importance to the practitioner and
clinician in the interpretation of results from screening and
exercise stress testing.

In the current climate patients and clients are increas-
ingly becoming more demanding of the medical profession.
One of the main areas in which the profession can be seen
to develop is through the application of a more inter-
disciplinary approach to the management of chronic
diseases. The author has reviewed resources from a broad
range of current literature, producing a book with a sound
research basis, proving a widely accepted belief that
physical activity/exercise can have a hand to play in the
prevention and management of chronic diseases. This book
is not only excellent reference material for any exercise
practitioner or clinician working in the field of exercise
prescription for clients or patients, but would also provide
a useful and informative core text for final-year degree
and Masters level medical, health and sports science
students. The challenge is for the reader to apply this
relatively novel information and understanding of the
aetiology and pathophysiology of the chronic diseases
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wisely and to improve both functional capacity and
prognosis of the patient/client. I hope you enjoy this book
as much as I have done.

Dr Polly Davey



Preface

It is becoming more widely accepted that for most
individuals physical activity can not only reduce the risk of
ill health, but can also be an effective tool for improving the
health of both asymptomatic and symptomatic people.
Increasingly, therefore, symptomatic individuals are being
referred to health professionals and exercise practitioners
for advice and prescription of appropriate physical activity
and exercise. Consequently the demand for qualified and
knowledgeable staff to carry out this work has risen.

The objective of this book is not to provide descriptive
exercise prescription but rather to enable the reader to
develop an understanding of the underlying aetiology and
pathophysiology of commonly occurring chronic diseases
in adult individuals. The available current literature

regarding the impact of these disorders upon physical
activity and exercise ability has been reviewed, as has the
effect that physical activity/exercise might have on the
symptoms of these disorders. Specific considerations and
contraindications regarding physical activity/exercise in
these special populations have also been highlighted.

Since the prescription of physical activity /exercise in this
field is relatively novel, there is still a great deal to be deter-
mined with regard to appropriate physical activity/exercise
prescription. Notwithstanding this, the aim is to provide a
reference, in order to assist the exercise practitioner in
prescribing appropriate physical activity/exercise for
individual clients or patients.

Canterbury 2006 ~ Kate Woolf-May
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Chapter 1

Introduction: physical activity, fitness

and health
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EPIDEMIOLOGICAL EVIDENCE

PHYSICAL ACTIVITY

In the past 50 years our understanding has increased
regarding the relationship between a sedentary lifestyle
and many chronic degenerative disorders, particularly
heart and vascular disease. This understanding has come
from a wealth of epidemiological studies. One of the earliest
was a retrospective study of bus conductors and drivers
carried out by William Morris in the 1950s, which revealed
that the more physically active conductors had a lower
incidence of coronary heart disease (CHD) and lower rates
of early mortality from disease than bus drivers (Morris &
Crawford 1958). Indeed the bus drivers were found to have
one and a half times the incidence of CHD with greater
serum cholesterol and blood pressure than the conductors
(Morris et al 1966). These findings were supported by
Paffenbarger et al (1971), who prospectively followed the
work-time physical activity levels of 59401 longshoremen
(dock workers), and found that those men who expended
around 8500 kcal per week had, at any age, reduced risk of
fatal CHD compared to those men whose jobs require less
energy expenditure. These findings have been echoed by
several large epidemiological studies, such as that carried
out by Taylor et al (1962) on US railroad workers, which
found death rates to be lower among physically active
than among sedentary employees, and that by Morris et al
(1973) on UK civil servants, where those who were most
physically active had a lower incidence of CHD and lower
rates of mortality from disease. The influence that leisure-
time physical activity had upon these findings and/or
whether those with poorer health selected themselves
into more sedentary occupations is difficult to determine.
Nonetheless, considering the number of subjects involved
in these studies it is difficult not to accept the link between
physical activity and health. This is especially so, as
numerous studies have demonstrated that being physically
active can reduce an individual’s risk of hypertension
(Paffenbarger et al 1983), stroke (Paffenbarger et al 1984),
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colon and breast cancer (Vena et al 1985), non-insulin-
dependent diabetes mellitus (Helmrich et al 1991) and obe-
sity (Tremblay et al 1990). However, much still remains to
be determined regarding the influence that physical
activity (PA)/exercise intensity, aerobic fitness and the dose
of PA/exercise has upon an individual’s health.

ENERGY EXPENDITURE

It is clear that being more physically active is beneficial to
an individual’s health and research suggests this may be as
a result of an increase in the amount of energy expenditure.
A study carried out on 16936 Harvard alumni between
1962 and 1972 (Paffenbarger & Wing 1978) looked into
leisure-time physical activity and that carried out at work.
They found that those who expended >2000 kcal per week
had a reduced risk of CHD. This was regardless of whether
the physical activity was performed at work or during
leisure time. Additionally, a review of 43 studies (Powell et
al 1987) involving physical activity in relation to coronary
artery disease (CAD) found that overall the greater the
physical activity, expressed in kcal per week, the lower the
risk of CAD. Furthermore, more recent research, also
carried out on the Harvard alumni (7303 men, mean age
66.1 years), found that men who expended >4000 kcal per
week in physical activity had a 30-40% lower risk of CHD
compared to those who expended <1000 kcal per week (Lee
et al 2000). This suggests that energy expenditure through
physical activity is indeed important in reducing risk of
CAD and CHD.

AEROBIC FITNESS

Although energy expenditure through physical activity
is shown to be important in reducing risk of disease
there is some debate as to whether it is enhanced aerobic
fitness that conveys these benefits. In the 1970s a study
from the Cooper Center (Cooper et al 1976) in Dallas, on
2924 middle-aged men, demonstrated an inverse relation-
ship between aerobic fitness and risk factors for CHD,
such as body mass, per cent body fat, blood cholesterol and
triglycerides, and systolic blood pressure. A prospective
study, also from the same centre, carried out by Blair et al
(1989) looking at the aerobic capacity (Vo,max) of 10224
men and 3120 women, also found that at 8 years follow-up,
the higher the physical fitness the lower the rates of
all-cause mortality, with the lower rates being primarily
due to lower rates of CHD and cancer (Fig. 1.1). However,
reported improvements in aerobic capacity can range
from 0% to 50%, from up to one year of aerobic training,
signifying that some individuals are highly responsive to
aerobic training and others are not, a response that is
likely to be determined by genetics (Wilmore 2003). Hence,
it is difficult to determine to what extent genetic predis-
position may have influenced these findings.
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Figure 1.1 Age-adjusted all-cause mortality rates per 10000
person-years of follow up by physical fitness categories in 3120
women and 10224 men in the Aerobics Center Longitudinal Study.
Physical fitness categories are expressed here as maximal metabolic
equivalents (work metabolic rate/resting metabolic rate) achieved
during the maximal treadmill exercise test. One metabolic
equivalent equals 3.5 ml kg™ min™". The estimated maximal oxygen
uptake for each category is also shown. (From Blair et al 1989,
Journal of the American Medical Association 262(17):2395-2401,
with permission. Copyright © 1989, American Medical Association.
All rights reserved.)

PHYSICAL ACTIVITY/EXERCISE INTENSITY

Even though research supports the role of increased
levels of physical activity and reduced risk of certain
diseases, the findings from some studies suggest that
greater protection from CHD may be gained from regular
vigorous forms of physical activity (Morris et al 1980, 1990,
Yu et al 2000). Paffenbarger et al (1986) observed from a
12-16-year survey of all-cause mortality rates that those
individuals who carried out between one and two hours
per week of vigorous sports had lower death rates than
regular walkers or stair climbers (49.1, 66.7 and 62.7
deaths per 10000 person-years, respectively). Williams
(1998) also found from 7059 male recreational runners (who
5 years retrospectively self-reported their average weekly
running distance and best marathon and 10 km race times)
that those who ran faster had lower blood pressures,
triglyceride levels and ratio of total cholesterol to high-
density lipoprotein cholesterol. However, there is much
debate regarding the effect of PA/exercise intensity upon
the health of the general population, and for sedentary and
symptomatic individuals a regimen of regular vigorous
PA/exercise may be contraindicated; given the findings
from national surveys (NHS 2001), it may also be an
unrealistic target for the majority of the population (Prior
1998). Hence, moderate-intensity PA/exercise is generally
recommended.
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CURRENT PHYSICAL ACTIVITY GUIDELINES AND
PHYSICAL INACTIVITY

The optimal frequency, intensity, type and duration of phy-
sical activity to achieve optimal health still remain to be
determined. Furthermore, the findings from research
regarding the frequency of various bouts of PA /exercise are
often conflicting (Hardman 2001) and whether more
vigorous the intensity confers additional health benefits is
debatable (Lee & Skerrett 2001). Moreover, the intensity
threshold necessary to induce a training response varies with
age and initial fitness and is lower for older individuals
(Dehn & Bruce 1972). Nonetheless, in terms of health, the
appropriateness of the traditionally recommended vigorous
exercise (60-90% of Vo,max, Appendix B, Table B.3) for
around 15-60 minutes, three times per week (ACSM 1978,
1990), has been brought into question, in part due to its
vigorous nature but also due to poor adherence (Dishman
1994). Therefore, on the basis of the numerous epidemi-
ological studies, governments in the US and UK now
recommend the daily accumulation of 30 minutes or more
of moderate-intensity physical activity (40-60% Vo,max),
which for most healthy adults is the equivalent of brisk
walking at around 3 to 4 miles per hour (Pate et al 1995).
This is still a modest amount of physical activity, which is
around 1050 to 1400 kcal per week. However, since a
significant proportion of the US population are sedentary
(King 1994) this section of the population have most to gain
in terms of disease prevention and health promotion,
through even modest increases in physical activity levels
(Leon et al 1987). Additionally, in the UK 4316 men and
women were interviewed as part of the Allied Dunbar
National Fitness Survey (1992). The findings revealed that
two-thirds of all women were unable to sustain a walking
speed of 3 miles per hour up a slight incline, and walking
at a ‘normal pace” would be extremely difficult for more
than half of the women and one-third of the men aged
55 to 74 years. Additionally, more recently figures from the
World Health Report indicated that around 60% of the
world’s population are still not active enough to benefit
their health (WHO 2002).

Inactivity is thus a major public health problem in many
Western societies and a major cause of heart and vascular
diseases, hypertension, obesity, hyperlipidaemia, non-
insulin-dependent diabetes mellitus (type II diabetes),
osteoporosis and some forms of cancer, and is also linked
to mental health problems (DoH 1995, USA-DHHS 1996,
WHO 1996). Therefore, the promotion of physical activity
has now been written into many government strategies
in an effort to increase the physical activity of the general
population.

Schemes within Western societies have developed, most
extensively within the last decade, where individuals who
need to increase their levels of physical activity are referred
to exercise practitioners for appropriate PA/exercise
prescription. These schemes have been an important pro-
vider of PA/exercise opportunity for those who would not

normally undertake such activity (Biddle et al 1994,
Riddoch et al 1998, NHS 2001), such as sedentary and elder-
ly people. Furthermore, since research is increasingly find-
ing that appropriate PA/exercise intervention is beneficial
to certain symptomatic individuals, PA/exercise referral
has extended to accommodate those with more complicated
medical conditions. However, with the increase in indi-
viduals with more complex medical conditions comes the
need for more highly trained and qualified staff to be able
to appropriately prescribe PA /exercise to these individuals.
This has, in some countries, proved to be problematic, in
part due to lack of staff expertise, where some individuals
have either been prescribed inappropriate and potentially
harmful PA/exercise or where symptomatic individuals
have been unable to take up PA/exercise. Nonetheless,
courses to train staff to deal with these more complicated
clients are developing, thus further increasing the
PA /exercise opportunities for members of the population
who a few years ago would not have had the opportunity
to carry out such activities.

ADAPTATIONS TO PHYSICAL
ACTIVITY/EXERCISE

The benefits to health from habitual PA/exercise are out-
lined above and, for specific medical conditions, detailed in
the various chapters within this book. Although it is not the
intention of this chapter to go into great depth regarding
adaptations to training (refer to Bird 1992, McArdle et al
2000), it is relevant to consider briefly the physiological
adaptations that take place in the healthy individual.
Adaptation to endurance/aerobic training is the result
of various physiological changes, most of which are
considered to be beneficial to the individual in terms of
enhanced performance and health. Aerobic exercise, when
performed regularly, can result in a range of adaptive phy-
sical responses, namely the training effect or training
response. Haskell (1994) describes the training response as:

A temporary or extended change in structure or function
that results from performing repeated bouts of exercise and
is independent of the immediate or short-term effects
produced by a single bout of exercise. (Haskell 1994, p. 655)

The extent of these adaptations will depend on the type,
frequency, intensity, duration and mode of exercise under-
taken (Astrand & Rodahl 1977, ACSM 1991). These adap-
tations within the body collectively result in an enhanced
ability to perform both maximal and submaximal exercise.
They include cardiovascular changes and changes in
skeletal and cardiac muscle morphology and biochemistry.
These adaptations are generally categorized into peripheral
adaptations or specific local changes and changes in cardiac
performance, most notably ventricular contractility, usually
referred to as central adaptations. However, changes in the
periphery influence central changes, reflecting the
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integrated nature of skeletal muscle and the cardiovascular
system (Rowell 1986, Mitchell & Victor 1996).

CENTRAL ADAPTATIONS

Central adaptations, such as changes in cardiac function
and structure, contribute toward an increase in aerobic
capacity (Vo,max), and these have been found to be
greatest following aerobic training of large muscle groups
(Clausen et al 1973). The most notable of these adaptations
is the often-observed increase in cardiac output (heart
rate X stroke volume). Initially this is found without
an increase in heart size (Brooks & Fahey 1984). During
exercise the increase in venous return causes enhanced
end-diastolic filling. This produces a higher stroke volume
through the Starling mechanism (Blomqvist & Saltin 1983)
and greater emptying of the left ventricle. Over time
adaptations take place, which in some individuals result
in an enlargement in the left ventricle, namely left
ventricular hypertrophy (Puffer 2001). The stimulus for
this adaptation is thought to be related to volume load
on the heart (Blomqvist & Saltin 1983, Di Bello et al 1996),
although the exact mechanism has still to be determined.
Other cardiac parameters are often observed in those
who have undergone many years of endurance training,
such as an increase in transverse right ventricular
cavity and left atrial transverse dimensions (Johnson &
Lombardo 1994). Whereas in contrast, strength trained
athletes tend to show normal ventricular volume, but
an increase in septum wall thickness and mass (Snoeckx
et al 1982).

PERIPHERAL ADAPTATIONS

Peripheral adaptations are generally specific to the muscle
groups being used during training. The adaptations
that occur enhance the ability of the trained muscle to
generate, aerobically, the substance involved in the
production of energy, i.e. adenosine triphosphate (ATP).
Training induces peripheral adaptations such as an
increase in capillarization of the specific skeletal muscle
through the processes of angiogenesis and arteriogenesis
(Prior et al 2003), an increase in the muscle mitochondria
(Hollowszy & Coyle 1984), enhanced muscle myoglobin
content (Pattengale & Holloszy 1967), greater fat meta-
bolism (Mole et al 1971) and oxidization of carbohydrate
(Gollnick & Hermansen 1973), and metabolic adaptations
in different muscle types (Gollnick et al 1972), which jointly
result in enhanced aerobic metabolism. Other adaptations
that have also been found to occur are selective
hypertrophy of different muscle fibres specific to the
overload (Gollnick et al 1972, Thorstensson et al 1976)
and adaptations to the anaerobic system, if vigorous
PA/exercise is undertaken. The latter may include inc-
reases in resting levels of anaerobic substrates (Karlsson
et al 1972), increases in the quantity and activity of

key enzymes controlling the anaerobic phase of glucose
breakdown (Thorstensson et al 1975), and increased capa-
city for blood lactic acid during all-out exercise
(MacDougall et al 1977) (see McArdle et al 2000, pp.
368-377).

AEROBIC CAPACITY

Measures of aerobic capacity are the most commonly
applied measurement used to assess training-induced
improvements in fitness, with numerous studies reporting
increases in Vo,max as a result of aerobic training. Hence,
the exercise practitioner will be required to carry out assess-
ments of this factor. A target Vo,max in terms of ‘optimal’
health for older members of the population (40-60 years)
has been suggested to be around 35.0 ml kg™ min™ and 32.5
ml kg™ min™ for men and women, respectively, where this
level of aerobic fitness for the older age group has been
associated with a plateau in mortality risk (Blair et al 1989).
The range of training-induced increase in Vo,max can be
from 0% to 50% (Wilmore 2003) or more (Saltin et al 1968).
However, the magnitude of any change in Vo,max will
depend on the total training stimulus, initial training status,
age and genetic predisposition of an individual. An oft-
cited classic study carried out by Saltin et al (1968), on five
males aged between 10 and 21 years, demonstrated that
after 3 weeks of bed-rest there was a 28% reduction
in Vo,max. However, following 50 days of endurance
training, Vo,max values increased by 60%, thus indicating
how the training status of an individual can affect aerobic
capacity. These observed improvements in Vo,max may
appear rather extreme; however, they were probably due to
the low initial training status after the prolonged bed-rest of
the individuals.

GENETIC PREDISPOSITION

The genetically determined upper limit to an individual’s
Vo,max needs to be considered when looking at changes in
this factor. Nonetheless, although early studies on mono-
zygous and dizygous twins observed that hereditary
factors accounted for about 93% of the difference between
individuals in Vo,max (Klissouras 1971), more recent
research has found the genetic contribution toward aerobic
capacity to be more modest, at around 25-40% (Bouchard &
Perusse 1994). These studies do, however, indicate that
increases to a genetically determined aerobic capacity may
not be exceeded. This poses questions regarding the
relationship between aerobic capacity and health.

AEROBIC CAPACITY AND PHYSICAL WORK

There is a strong, almost linear relationship between Vo,
and work rate (Fig. 1.2), which means that an increase in
Vo,max will allow for a greater maximal exercise capacity
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Figure 1.2  General linear relationship between work rate and
oxygen uptake (ml kg™ min™).

(Saltin 1969). This was demonstrated by Sjodin &
Svedenhag (1985), who observed that in addition to
improvements in Vo,max, trained individuals were able to
exercise at a higher percentage of their Vo,max and could
maintain this intensity for longer than their less active
counterparts. In trained individuals this has been shown by
a reduction in blood lactate concentration (Hurley et al
1984, Seals et al 1984, Ramsbottom et al 1995) and heart rate
values (Hanne-Paparo & Kellerman 1981, Schmidt et al
1988) at the same relative and absolute submaximal exer-
cise intensity. The combined effects of these adaptations are
a reduced disturbance to the homeostasis of the body at any
given submaximal PA /exercise intensity. In practical terms
this would mean that a pre-training physical task, such as
stair climbing, would be less physically stressful post-
training. Thus, for elderly individuals this might have a
considerable effect on their physical independence.

MODERATE INTENSITY PHYSICAL
ACTIVITY/EXERCISE

Whilst the majority of the above-stated adaptations have
been observed as a result of vigorous PA/exercise, similar
adaptations have been found to result from moderate-
intensity activities. For example, a study carried out by
Pollock et al (1971) on 16 previously sedentary middle-aged
men found that after 20 weeks of brisk walking, at between
63% and 76% of maximal heart rate (HRmax) (see Appen-
dix B, Table B.3), four times a week for 40 minutes each
session, improvements in Vo,max of around 28% were
observed. Pollock et al (1975) repeated this study on a
group of younger adults, but the magnitude of the increase
in Vo,max was only around 9.6%. Another study by Jette et
al (1988), on previously sedentary men and women aged
35-53 years, also showed a 14.9% increase in Vo,max after
only 12 weeks of walking at around 60% Vo,max, thus
indicating that adaptations to training may be achieved
from moderate as well as vigorous physical activity. How-
ever, it is important to note that the intensity of PA /exercise
is relative. Therefore, whilst most of these studies em-

ployed brisk walking as a moderate-intensity intervention,
for some individuals, who might have a low initial aerobic
capacity, brisk walking may indeed be a vigorous aerobic
activity. Nonetheless, a study carried out by Santiago et al
(1995) on a group of previously sedentary women observed
that although they increased their initial Vo,max by around
22% after 20 weeks of walking at between 68% and 71% of
their HRmax, they failed to show increases in this factor
after a further 20 weeks of walking at an increased exercise
intensity of 76% of their HRmax. These findings imply that
there may be a need for more vigorous activity for further
improvements in Vozmax to occur. However, not all studies
employing moderate-intensity PA/exercise interventions
have found improvements in Vozmax. For example, Stensel
et al (1994) observed no significant change in aerobic capacity,
compared to controls, in a group of 65 previously sedentary
middle-aged men (50.8 + 5.3 years), after 12 months of brisk
walking at 68% HRmax for 28 minutes per day. This
indicates the diversity in changes in aerobic capacity as a
result of training.

SUMMARY

o Fifty years of epidemiological research has increased
our understanding regarding the relationship between
a sedentary lifestyle and many chronic degenerative
disorders.

©® Numerous epidemiological studies have demon-
strated that being physically active can reduce an
individual’s risk of heart and vascular diseases,
hypertension, stroke, colon and breast cancer, non-
insulin-dependent diabetes mellitus and obesity.

® Much still remains to be determined regarding the
influence that PA/exercise intensity, aerobic fitness
and the dose of PA/exercise has upon an
individual’s health.

® A significant proportion of the Western population
are sedentary and these individuals have most to
gain in terms of disease prevention and enhance-
ment of health, through even modest increases in
physical activity.

® Adaptation to endurance/aerobic training is the result
of various physiological changes, most of which are
considered to be beneficial to the individual in terms
of enhanced performance and health.

® The extent of an individual’s adaptation to training
may be dependent upon the total training stimulus,
initial training status, age and their genetic
predisposition.

© Increases in aerobic capacity and energy expenditure
through physical activity have been linked to
enhanced health.

® In practical terms an increase in aerobic capacity can
mean greater physical independence, especially for
older and symptomatic individuals.
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INTRODUCTION

The focus of this chapter will be primarily on individuals
with existing heart and vascular disease arising pre-
dominantly as a result of atherosclerosis. Coronary heart
disease (CHD), coronary artery disease (CAD) and
cardiovascular disease (CVD) are complex multifactorial
diseases and the terms are often used interchangeably
although their meanings are different (see Glossary). Since
the causes of these diseases are highly related to other
diseases and disorders, the reader will be directed to
other related areas within this book.
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PREVALENCE

Heart disease has no geographic, gender or socio-economic
boundaries. Yet despite the decline in CVD death rates
over the past 10 years in countries such as the USA (AHA
2003a) and the UK (BHF 1999), CHD/CVD is still the most
common cause of death in most Western societies, and
is a major health and economic burden throughout the
world (AIHW 2002). In 1999 CVD contributed to a third of
global deaths and by 2010 it is predicted to be the leading
cause of death in developing countries (WHO 2002).

AETIOLOGY

Although CHD, CAD and CVD have slightly different
meanings, generally the causes of these diseases are
similar. The factors that are currently known to result in
these diseases are commonly known as CHD risk factors.
These have been divided into two categories known as
primary and secondary risk factors. A primary risk factor
is one that is individually capable of producing clinical
complications associated with CHD/CAD/CVD, whereas
a secondary risk factor can evoke clinical complications
only in conjunction with one or more of the primary factors.
Currently primary risk factors have been identified as
hypercholesterolaemia (Ch.3), high-density lipoprotein
cholesterol (HDL-C) less than 1.0 mmol/1(40 mg/dl)
(NCEP 2001), cigarette smoking and hypertension (Ch. 5).
Secondary risk factors have been identified as diabetes
mellitus (Ch. 4), obesity (Ch.6) and physical inactivity.
Other factors such as age, gender (male) and genetic pre-
disposition (a family history of heart and related diseases)
are also considered as factors of risk. However, whereas the
listed primary and secondary risk factors may be altered
through lifestyle and/or medical intervention (known as
modifiable or influenceable risk factors), this latter group
cannot and are therefore non-modifiable risk factors
(Table 2.1). Furthermore, although there can be several

Table 2.1 Risk factors for heart and vascular disease

Classification Risk factors

Hypercholesterolaemia (p. 34)
HDL-C <1.0 mmol/I (40 mg/dI)
(p. 40)

Cigarette smoking (p. 10)
Hypertension and high blood pressure
(p. 81)

Diabetes mellitus (p. 58)
Obesity (p. 95)

Physical inactivity

Increasing age

Gender (male) (p. 44)

Genetic predisposition (p. 42)

Primary

Secondary

Non-modifiable

sources of heart and vascular disease, in the majority of
cases atherosclerosis is the main cause (Lilly 1997).

In recent years scientists have recognized that some of
the risk factors for heart and vascular disease cluster in
certain people. These include central obesity, glucose intol-
erance, dyslipidaemia and high blood pressure. This has
been termed syndrome X or metabolic syndrome. It is
believed that this syndrome is closely linked to insulin
resistance and may be genetically determined. However,
more study is required to determine fully the underlying
cause and whether intervention, such as physical activity
(PA)/exercise, has any beneficial effect on those with this
syndrome as they are especially prone to heart and vascular
disease (AHA 2003b).

PRIMARY RISK FACTORS

The contribution to heart and vascular disease of hyper-
cholesterolaemia and low levels of HDL will be discussed
in Chapter 3 (p.33), and that of hypertension in
Chapter 5 (p. 81).

Cigarette smoking

Cigarette smoking is one of the most preventable of all
the risk factors, and although it is difficult to directly
relate the number of cigarettes smoked with the risk of
atherosclerosis, it does appear that smokers’ risk of dying
from CHD is increased (Kawachi et al 1993). Furthermore,
smoking low tar cigarettes does not appear to reduce one’s
risk of myocardial infarction (MI) compared to smoking
regular cigarettes (Tavani et al 2001), though there does
appear to be a dose-response relationship between total
amount of tar consumed and risk of MI (Sauer et al 2002).
The mechanisms relating cigarette smoking to risk of heart
and vascular disease are not totally understood. However,
it is known that smoking reduces circulating HDL, possibly
by affecting the cholesteryl ester transfer protein
(CETP) (Dullaart et al 1994) (Ch. 3). Cigarette smoking
is also known to inappropriately stimulate the sympathetic
nervous system (SNS) causing a transient rise in blood
pressure. Cigarette constituents also cause endothelial
dysfunction by altering or decreasing prostacyclin and/or
increasing platelet adhesiveness. Research carried out on
the acute and chronic effects of smoking on endothelium-
dependent dilation of the peripheral arteries found that
smokers’ resting blood flow-mediated dilation was signi-
ficantly reduced and their intima-media thickness was
greater compared to matched controls. These impairments
in the smokers were also related to the duration and
number of cigarettes smoked (Poredos et al 1999). After
approximately 5 or more years of smoking cessation
one’s risk of heart and vascular disease is similar to
someone who has never smoked (Pyorala et al 1994).
However, it is still not known if damage incurred to the
endothelium is reversible.
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SECONDARY RISK FACTORS

The contribution of the secondary risk factors diabetes
mellitus (p.57) and obesity (p.81) to heart and vascular
diseases is discussed elsewhere. Despite physical inactivity
being generally defined as a secondary risk factor, it is
arguably a primary factor since a sedentary lifestyle is
deemed a major cause of the rise in the rates of heart and
vascular diseases (WHO 2002). The links between heart
and vascular diseases and lack of physical fitness (Blair
et al 1989) and a sedentary lifestyle (Morris et al 1953)
are well documented and are outlined in Chapter 1 (p. 1).

NON-MODIFIABLE RISK FACTORS

Risk factors such as age, gender and genetic predisposition
are unalterable and as one increases in age the risk of
developing heart and vascular disease is augmented.
However, whether this is due to ageing per se or change
in lifestyle is debatable. It is clear that males are at greater
risk of these diseases than premenopausal women, which
is mainly due to the effect of oestrogen upon HDL-C levels
(Wallace et al 1979) resulting in a more favourable
blood lipid profile (Henderson et al 1991, Freedman 1996)
(p. 44).

An individual’s risk of certain diseases is to some extent
determined by their genetic predisposition and this is true
for heart and vascular diseases. Individuals with genetic
diseases such as Tangier disease, which is characterized
by the virtual absence of circulating plasma HDL (Ordovas
2000), and those with low levels of low-density lipoprotein
(LDL) receptors leading to high levels of plasma LDL-C
(Brown & Goldstein 1986), are obviously at increased risk,
since low HDL and high LDL-C are primary risk factors for
heart and vascular disease. Nonetheless, despite these
risk factors being non-modifiable, appropriate PA/exercise
prescription may reduce some of the other modifiable risk
factors, thereby attenuating the overall health risk.

FUNCTION OF THE VASCULAR ENDOTHELIUM

The endothelium plays an important role in the ather-
osclerotic process and in response to exercise. The vascular
endothelium consists of a single-celled layer of smooth
endothelial cells that line the entire cardiovascular system
from the heart to the smallest capillaries, which are only
endothelium. Endothelial cells are also present in other
parts of the body and have a large number of active
functions as well as serving as a physical lining to the
heart and blood vessels. Endothelial cells secrete
endothelium-derived relaxation factors, which mediate
vascular smooth muscle responses to many chemical
agents and to mechanical force. Endothelial cells also
secrete substances that stimulate angiogenesis (vascular
growth), and regulate transport of macromolecules and

other substances between plasma and interstitial fluid.
They regulate blood coagulation and fibrinolysis;
synthesize active hormones from inactive precursors;
extract and degrade hormones and other mediators;
undergo contractile activity, which regulates capillary
permeability; and influence vascular smooth muscle
proliferation in atherosclerosis (Vander et al 1990).

The vascular endothelium plays an important role in
vasoconstriction and vasodilatation, which are important
determinants of blood pressure, and in myocardial oxygen
supply in the coronary arteries. A study on the aortic
endothelium of the rabbit showed that acetylcholine
induced vasodilation. However, in the absence of the endo-
thelium the acetylcholine-induced dilation was attenuated
(Furchgott & Zawadzki 1980), thus indicating the impor-
tance of the vascular endothelium in vasoregulation
(Libonati et al 2001). One of the most potent endothelial-
derived vasodilators is nitric oxide (NO). The endothelial
cells produce NO in response to several physiological
stimuli including platelet products, thrombin, changes in
oxygen tension and shear stress. An increase in blood flow
appears to activate shear-sensitive calcium-dependent
potassium channels that result in NO release. Furthermore,
inhibitors of NO synthesis are known to cause vasocon-
striction and hypertension (Vallance et al 1989). Nitric oxide
also inhibits platelet aggregation in response to serotonin,
adenosine diphosphate (ADP) and thrombin (Lusher et al
1988) and inhibits leukocyte adhesion (Ohara et al 1993).
Oxidation of LDLs may also suppress the action of NO,
impairing the NO reactivity which is associated with arte-
riosclerosis. Nitric oxide induces vasodilation by increasing
intracellular cyclic 3’,5’-guanosine monophosphate (cGMP)
in smooth muscle cells (SMC) and is regulated by NO
synthase (NOS). Other vasodilation factors such as
prostacyclin and endothelium-derived hyperpolarizing
factor are also secreted by the vascular endothelium.
The vascular endothelium also secretes vasoconstriction
substances such as endothelin and angiotensin II (Libonati
et al 2001) and regulates fibrinolysis (p. 117).

PATHOLOGY OF ATHEROSCLEROSIS

The word atherosclerosis is derived from the Greek words
athere meaning gruel, oma meaning mass and skleros
meaning hard, and they aptly describe the nature of the
lesions which characterize this degenerative disease of
the blood vessels (Thompson 1989). In order to understand
how the atherosclerosis develops it is important first to
understand the basic construction of the arterial blood
vessel. The arterial blood vessels consist of an inner layer
of endothelial cells known as the intima that rests on
connective tissue. The endothelium forms a barrier against
the circulating blood and also serves many very important
additional metabolic and signalling functions that help
maintain the integrity of the vessel walls (p.11). It is in
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Figure 2.1  Basic structure of arterial blood vessel (adapted from

http://rx.stlcop.edu/pathophysiology/LIPIDS/sId004.htm)

the intima where the atherosclerotic lesions develop. The
media, the thickest layer of the artery, is separated from
the intima and the adventitia (the outermost layer of the
artery wall) by elastic type laminae. The laminae contain
openings between elastic fibres that allow cells to pass
through. The media itself is composed mainly of SMCs in a
matrix of collagen, elastin and proteoglycans. The adventitia
consists of fibroblasts, collagen, blood vessels, nerves and
lymphatics and is thought not to be directly involved or
affected by the atherosclerotic lesions (Fig. 2.1).

Atherosclerosis is the most common underlying cause of
heart and vascular disease, and has been defined as a
variable combination of changes in the intima consisting of
the focal accumulation of lipids, other blood constituents
and fibrous tissue, accompanied by changes in the media
of the vessel (Thompson 1989) (Fig 2.2). The exact mech-
anism by which atherosclerosis develops remains incom-
pletely understood and despite there being several non-
exclusive theories regarding the development of ather-
osclerosis, such as chemical factors, molecular mechanisms
and/or infectious agents, such as bacteria (Brown 1996),
the modified response-to-injury hypothesis is at present the
most widely accepted theory (Lilly 1997).

MODIFIED RESPONSE-TO-INJURY THEORY

Initially the process by which atherosclerosis was
thought to develop was as a result of irritation and/or
injury to the endothelial cells of the intima. There are many
possible causes of this, such as shear stress, hypertension,
diabetes, toxins, nicotine from tobacco smoke and plasma
cholesterol. Nonetheless, prime causes have been identified
as raised plasma cholesterol and the influence of blood
pressure (Thompson 1989). Cholesterol is transported in
the blood via lipoproteins (p. 35). Low-density lipoprotein
is nearly half cholesterol and is the major cholesterol carrier
(Levy 1981). The problem is thought to start when the
endothelium is irritated and/or damaged by these LDLs
and/or the above-mentioned factors (Brown 1996, Lilly

Tunica adventitia
Tunica media

Subintimal layer
Tunica intima

Normal artery

Fatty streak

¢

Mature plaque

Foam cells

Accumulation of
smooth muscle cells

Cholesterol and

other lipids
Thrombus
Ruptured plaque with .
b thrombus formation Fibrous cap
Figure 2.2 (a and b) Fibrous plaques of arterial blood vessel.

(Part a from Lindsay & Gaw 2003; part b from Ross & Wilson 2001.)

1997). The original response-to-injury theory was based on
the premise that injury to the endothelium allowed entry of
blood platelets into the arterial wall, followed by pro-
liferation of SMCs in the media. However, this theory was
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Figure 2.3  Simplified diagrammatic representation of the
response-to-injury theory.

later modified as research showed that after only a few
weeks of diet-induced hypercholesterolaemia (Ross 1986)
clusters of monocytes become attached to the endothelial
surface of arteries that had become irritated by the increase
in circulating LDL-C. Irritated and/or damaged endothe-
lium releases substances that attract white blood cells
(monocytes and T lymphocytes) and platelets that bind to
the endothelium, which then cross the arterial wall. The
macrophages, which are related to monocytes but are
situated in connective tissue, become bloated with lipid
from LDLs, oxidize and turn into foam cells (Agel et al
1984). The release of growth factor from the monocytes
and the platelets (platelet-derived growth factor) causes
a change in the SMCs, which then migrate toward the
intima and proliferate. Further damage is also caused by
the oxidization of the LDL particle. Over time visible fatty
streaks develop where the platelets have adhered and
thrombus formation starts. The release of connective tissue
and elastin from the SMC also contributes toward fibrosis
and hardening of the area and the development of fibrous
plaques (Fig.2.3). Complications occur when a plaque
ruptures, providing a site for thrombosis (p.113) and
potential embolism and/or sudden occlusion of an arterial

lumen, which can lead to conditions such as MI, stroke
and/or pulmonary embolism. Complications may also
occur when there is insidious narrowing of the arterial
lumen, which may under certain circumstances, such as
physical exertion, result in intermittent claudication,
angina and/or MI, or when a vessel wall weakens, result-
ing in an aneurysm.

TREATMENTS

After a cardiac event, most cardiac patients will be treated
through pharmacological and non-pharmacological inter-
ventions. The non-pharmacological intervention will gen-
erally take the form of cardiac rehabilitation, which usually
includes some type of exercise programme (p. 21).

PHARMACOLOGICAL TREATMENT

There are numerous medications that can be prescribed for
those with heart or vascular problems. The most common
types are alpha- and beta-blockers, nitrates, calcium
channel blockers, angiotensin-converting enzyme (ACE)
inhibitors, angiotensin receptor antagonists, diuretics and
the anti-arrhythmia drugs. The effects of these drugs on
PA/exercise ability are outlined in Chapter 14 (p. 223).

ALPHA-BLOCKERS

An alpha-blocker is generally prescribed for hypertension
when no other hypertensive medications are being pres-
cribed. They work by preventing the release of nor-
adrenaline (norepinephrine) from the postganglionic
adrenergic neurons. However, since these drugs do not
control supine blood pressure they may cause postural
hypotension, and have largely fallen from general use
(p. 226) (BMA, RPS GB 2005).

BETA-BLOCKERS

Beta-blockers are generally used to treat those with hyper-
tension, angina, tachycardia and arrhythmias. These drugs
work by blocking the beta-adrenoreceptors in the heart,
peripheral vasculature, bronchi, pancreas and liver. A wide
variety of beta-blockers are now available, and some are
more specific with regard to the beta-adrenoreceptors that
they block (BMA, RPS GB 2005).

NITRATES

Nitrates are prescribed for relief and prevention of angina.
They are potent coronary vasodilators, and their principal
effect is in the reduction in venous return, which reduces
left ventricular work. However, their use is often accom-
panied by side effects, such as, flushing, headache and pos-
tural hypotension (BMA, RPS GB 2005).
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CALCIUM CHANNEL BLOCKERS

Calcium channel blockers are generally prescribed for
those with hypertension and angina and for the control of
arrhythmias. These drugs work by interfering with the
inward displacement of calcium ions through the slow
channels of the active cell membranes. They affect the spe-
cialized conducting cells of the myocardium and the cells
of the vascular smooth muscle. Thus, they cause a
reduction in both myocardial contraction and the formation
and propagation of electrical impulses within the heart,
as well as a reduction in the coronary and systemic
vascular tone. These drugs may cause side effects such as
palpitations, headaches, constipation, mild swelling of the
ankles and facial flushing (BMA, RPS GB 2005).

ANGIOTENSIN-CONVERTING ENZYME (ACE)
INHIBITORS

Angiotensin-converting enzyme (ACE) inhibitors, most
commonly known as ACE inhibitors, are generally
prescribed for hypertension, heart failure and the pre-
vention of a cardiovascular event in MI patients. ACE
inhibitors work by inhibiting the conversion of angiotensin
I to angiotensin II, which is a strong vasoconstrictor
(p. 83). Potential side effects include a dry cough, hypo-
tension, skin rash, metallic taste, reduced kidney function
and oedema of the lips and tongue (BMA, RPS GB 2005).

ANGIOTENSIN RECEPTOR ANTAGONISTS

Angiotensin receptor antagonists are prescribed for hyper-
tension, heart failure and the prevention of a cardiovascular
event in MI patients. They have many of the properties
of ACE inhibitors. However, unlike ACE inhibitors, they
do not inhibit the breakdown of bradykinin and other
kinins, and thus do not tend to cause the persistent dry
cough that is often seen with ACE inhibitors. Angiotensin
receptor antagonists are therefore used as an alternative
for those who discontinue ACE inhibitors (BMA, RPS
GB 2005).

DIURETICS

Diuretics are prescribed to assist in the treatment of
hypertension and acute heart failure, and on a short-term
basis for those with mild heart failure. There are many
different types of diuretics, and not all are used to
treat cardiovascular conditions. These are categorized into
carbonic anhydrase inhibitors, loop diuretics, thiazide
diuretics, osmotic and potassium sparing diuretics.
Generally, they allow for an increase in the excretion of
urine, which reduces the blood volume thereby taking
pressure out of the cardiovascular system. There are
differing side effects depending on the type/s of diuretic
taken (BMA, RPS GB 2005).

ANTI-ARRHYTHMIA DRUGS

There are different types of anti-arrhythmia drugs and
in the UK they are classified according to their effect.
For example, some are specific for treating supraventricular
arrhythmias, and some act on both supraventricular and
ventricular arrhythmias. Amiodarone is most commonly
prescribed for supraventricular tachycardia and atrial
fibrillation, and can sometimes be used to treat heart
failure. This drug is often used when other medication is
ineffective or contraindicated. The possible side effects are
also dependent upon the type of drug used.

Inotropic drugs, such as cardiac glycosides, can be
classified as anti-arrhythmic drugs. Cardiac glycoside
increases the force of myocardial contraction and reduces
conductivity within the atrioventricular node. These drugs
are seen as most useful in the treatment of supraventricular
tachycardias, especially in persistent atrial fibrillation.
Potential side effects of any of the anti-arrhythmic drugs
include nausea, loss of appetite, vomiting, fatigue, slow
heart rate, photosensitivity, metallic taste and nightmares
(BMA, RPS GB 2005).

PHYSICAL ACTIVITY AND EXERCISE

The promotion of PA/exercise as part of the cardiac reha-
bilitation (CR) is increasing and it is becoming a prominent
aspect of many CR programmes. The critical goals for
any cardiac programme are to (i) maintain or improve the
patient’s functional capacity, (ii) improve the patient’s
quality of life, and (iii) prevent recurrent cardiac events
(Thompson 2001a). Compelling data have shown exercise
CR (ECR) to result in reductions in all-cause and cardiac
mortality of about 20-25% compared to cardiac patients
receiving conventional care (Oldridge et al 1988, US DHHS
1996). Moreover, meta-analysis carried out on studies
involving MI patients undertaking ECR revealed a
significant decrease in total mortality at 2- and 3-year
follow-up, although total mortality at 1-year follow-up
was not changed, and a 37% reduction in sudden death
(O’Connor et al 1989). Animal studies suggest that physical
training reduces ventricular fibrillation (Noaks et al 1983)
and enhances the myocardial ischaemic tolerance
(Libonati et al 1997), thereby reducing risk of a cardiac
event.

Early ECR programmes originally focused primarily
on medically stable, low-risk, middle-aged post-MI and
coronary artery bypass graft men and tended to exclude
women, the elderly and those with greater cardiac com-
plications (Jolliffe et al 2000). However, it has been
recognized that those with atrial fibrillation (Vanhees et al
2000), extensive myocardial damage, left ventricular
dysfunction or failure and ongoing myocardial ischaemia
may also benefit from undertaking exercise. Therefore,
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ECR programmes now include a wider patient category
(Todd et al 1992, Gohlke & Gohlke-Barwolf 1998). It is
known that substantial improvements in functional capa-
city can occur 11 weeks after MI in patients not taking any
exercise (Savin et al 1981), simply as a result of the recovery
process. Nonetheless, patients that do undertake light
exercise in the early stages of recovery have shown greater
reductions in resting heart rate and improvements in
aerobic capacity (Vo,max) (Dressendorfer et al 1995).
Additionally, those that undertake ECR tend to achieve
greater scores in terms of self-efficacy (Gulanick 1991) and
reduction in depression (Milani et al 1996).

The benefits of exercise for cardiac patients continue
to be discovered, especially for less well patients such as
those with heart failure (Hambrecht et al 2000a, Schulze
et al 2002). Physical activity/exercise helps to reduce the
morbidity and mortality associated with atherosclerotic
heart disease through direct (cardiovascular) and indirect
(i.e. risk factor modification) mechanisms. The mechanisms
by which habitual and acute PA/exercise influence the
pathophysiology of those with heart and vascular disease
is complex, encompassing many physiological processes.
Indirectly, regular PA/exercise modifies cardiovascular
disease risk factors, such as blood lipids, hypertension,
obesity and haemostasis and directly, by affecting
haemodynamics and metabolic and physiological processes
and mechanisms.

EXERCISE AND ATHEROSCLEROSIS

Evidence suggests that for those with existing athero-
sclerosis, exercise training (Franklin & Khan 1996) and
leisure-time energy expenditure in excess of 1533+122
kcal-per week (Hambrecht et al 1993) may help to slow
the progression of atherosclerotic CAD. Although the
precise mechanisms are yet to be fully known, it appears
that regular PA/exercise has a beneficial effect on both the
endothelial cells and T-cell function (a class of white blood
cell that coordinates the immune system) (Smith 2001).

Exercise and endothelium

There is substantial evidence supporting the beneficial
effect of exercise training on the reduction in endothelial
dysfunction for both CAD and chronic heart failure (CHF)
patients (Gielen et al 2001, 2002). This is important in that
it reduces vasoconstriction and consequently peripheral
vascular resistance, also lowering blood pressure. In
normal individuals physical activity or mental stress
results in coronary artery vasodilation as a result of the
activation of the sympathetic nervous system and the
release of NO in response to an increase in blood flow and
shear stress. This outweighs the direct alpha-adrenergic
constriction effect of catecholamines on arterial SMC.
However, in patients with endothelial dysfunction (e.g.
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endothelium
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therefore cannot overide
contraction effect of SNS)

Vasodilation
(NO overides
contraction effect)

Figure 2.4  Functional and dysfunctional endothelium (adapted
from Vander et al 1990).

atherosclerosis) the direct effect on the endothelium is
unopposed, leading to vasoconstriction and a decrease in
coronary blood flow and myocardial oxygen supply, and
contributing to ischaemia (Sabatine et al 1997) (Fig. 2.4).

A study looking into endothelium-dependent vaso-
dilation of coronary vessels was carried out on 19 CAD
patients of about 70 years of age. Ten subjects underwent
4 weeks of exercise intervention (six times per day for 10
minutes on a cycle ergometer at 80% of maximum heart
rate during peak oxygen uptake) with nine matched
controls (Hambrecht et al 2000b). The results of the study
showed a reduction in coronary vasoconstriction and
improved blood flow in response to acetylcholine. The
coronary vascular response to acetylcholine depends on the
integrity of the endothelium and endothelium NO
pathway. Hence these findings suggest an improvement in
endothelial function in the exercise group. Additionally,
coronary blood flow was also increased after adminis-
tration of adenosine, indicating improved function of the
smooth muscle of the coronary microvasculature.

Arterial shear stress also appears to play a role in the
endothelial atheroprotective process. In the normal artery,
shear stress of >15dyne/cm® tends to induce an athero-
protective effect. However, at atherosclerotic sites shear
stress is generally low (<4 dyne/cm? (Malek et al 1999). It
is possible therefore that an increase in shear stress as a
result of exercise training may help to stimulate this
atheroprotective process. For instance, a study carried out
on stable CAD patients found that after 4 weeks of exercise
training acetylcholine-induced vasodilation was closely
related to shear stress-induced activation of factors that
result in NO, which is known to be atheroprotective
(Hambrecht et al 2003). Additionally, findings from the cell
culture of animal experiments indicate that shear stress
enhances the endothelial L-arginine uptake; this enhances
NOS activity and expression, and upregulates the pro-
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duction of extracellular substances which prevent pre-
mature NO breakdown, all of which leads to a reduction of
myocardial ischaemic events in CAD and decreased
afterload in CHF (Gielen et al 2002).

Exercise and T cells

There are different subsets of T cells (also known as lym-
phocytes) that are categorized according to their function,
such as cytotoxic (which attack a specifically targeted cell),
helper (which enhance antibody and cytotoxic T produc-
tion) and suppressor T cells (which inhibit antibody and
cytotoxic T production) (Vander et al 1990). Research indi-
cates that some of these functions may be influenced by
exercise intervention. A study carried out on 43 subjects,
at risk of ischaemic heart disease, who underwent 6 months
of varied moderate-intensity aerobic exercise (not including
water based activities) found a highly significant reduction
(58.3%) in atherogenic cytokines (which are the protein
messengers secreted by macrophages and monocytes and
lymphocytes) and increase (35.9%) in the production of
atheroprotective cytokines, which could not be attributed
to the modification of other risk factors. These changes
also correlated with the total number of hours that the
subjects spent doing exercise (Smith et al 1999).

Endothelium and T-cell relationship

The relationship between the endothelium and the various
types of T cells is important in the atherogenic or athero-
protective process. Once these processes are initiated they
appear to be self-sustaining. For instance, the atherogenic
endothelial cells express adhesion molecules and produce
chemokines that favour the acceptance of T-helper cells
and monocytes, which in turn produce cytokines that
further activate the endothelium. However, for individuals
who exercise, training appears to stimulate an athero-
protective process in the endothelial cells and T cells. In the
healthy individual, the atheroprotective T cells inhibit
endothelial cell activation and apoptosis by suppressing the
production of atherogenic cytokines produced by
macrophages. In turn, the healthy endothelium restricts its
expression of molecules that invite the influx of atherogenic
T cells and monocytes and also minimizes its production of
cytokines that inhibit the development of atheroprotective
T cells (Smith 2001). This process may also operate in
individuals with atherosclerosis who undertake exercise
training and may be a possible mechanism for the
atheroprotective effect.

MYOCARDIAL INFARCTION

Myocardial infarction generally affects the left ventricle
(LV) and is associated with permanent loss of contractile
function in the area of the infarction and impaired
contractility in the surrounding muscle tissue. Infarctions
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Figure 2.5 Coronary arteries (adapted from Lilly 1997).
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Figure 2.6  Sites of myocardial infarction (adapted from BACR
2002).

can, however, occur in various areas of the heart dependent
upon the affected coronary artery. The most common
infarct sites are lateral, posterior and septal. Infarcts
involving larger sections of the left ventricle may be
referred to as anteroseptal or inferolateral, for example
(Figs 2.5 and 2.6). Future risk of morbidity and mortality is
generally determined by the degree of residual myocardial
ischaemia and extent of LV damage and/or dysfunction,
which is illustrated by the ejection fraction (Franklin 1997).

After an acute MI these patients may have altered cardio-
respiratory and haemodynamic responses to submaximal
and maximal physical exertion. Those who have suffered a
previous MI may have an aerobic capacity of 50-70% of
that predicted for healthy individuals of their age and
gender. The reduction in oxygen transport capacity is
primarily due to reduced cardiac output (stroke volume
and/or heart rate) as peripheral oxygen extraction is
generally unaffected. In some MI patients this is due to
a reduction in contractile force of the left ventricle as a
result of residual ischaemia or scarring causing a decrease
in ejection fraction and stroke volume. This may lead to
a decrease in systolic blood pressure (SBP) with progressive
exercise (exertional hypotension). In other MI patients,
cardiac output may be reduced by the heart’s inability to
increase heart rate, as a result of physical exertion, due
to chronotropic impairment and/or angina symptoms
(Franklin 1997). Furthermore, medications (Ch. 14) and
co-morbidities will have additional effects.
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CORONARY ARTERY BYPASS GRAFT AND
ANGIOPLASTY

Coronary artery bypass graft (CABG) is employed under
circumstances when pharmacological therapy fails to
relieve anginal symptoms, when percutaneous trans-
luminal coronary angioplasty (PTCA) is contraindicated
and when there is severe occlusion of the coronary vessels
and/or severe LV dysfunction. Individuals who undergo
CABG generally have an ejection fraction of about 38%,
whilst those who undergo PTCA have an ejection fraction
of around 55% (normal average ejection fraction is around
62%) (Franklin 1997).

Successful revascularization increases the blood flow
and oxygen supply to the myocardium beyond the region
of the obstructive coronary lesion (Fig. 2.7). Therefore,
during exertion there can be a reduction or elimination
of ischaemia and anginal symptoms. This may also be
reflected in electrocardiographic changes (p. 245). Improve-
ment in the relation between myocardial oxygen supply
and demand may also enhance ventricular contractility and
wall motion, enhancing haemodynamic response to physi-
cal exertion. Furthermore, chronotropic impairment and /or
exertional hypotension may be less apparent following
revascularization (Franklin 1997).

The benefits and limitations of physical training are
similar for post-MI patients. Revascularized patients who
have not previously had an MI tend to commence inpatient
ECR earlier than MI patients, since their myocardium has
not recently undergone acute damage, and tend to progress
at a faster rate. Many patients begin to resume normal
activities, such as walking, within 24 to 48 hours after
PTCA (Franklin 1997).

ANGINA AND SILENT ISCHAEMIA

Angina and ischaemia occur when the obstructed artery
cannot supply the myocardium with adequate oxygen
to meet its demand. Symptoms of angina have been
described as discomfort in the chest that may radiate to
the arm, neck and jaw. This may be accompanied by

Atherosclerosis

Coronary bypass grafts

Figure 2.7 Revascularization of coronary arteries (adapted from

BACR 2002).

shortness of breath, nausea and/or sweating. Angina
that predictably occurs during physical exertion is
termed ‘stable’. ‘Unstable’ angina occurs when an indi-
vidual experiences a noticeable increase in frequency of
angina or begins to experience angina at rest. Ischaemia
may be symptomatic or silent. Initially ischaemia occurs
only during intense physical exertion or stress; however, as
plaque builds up the occlusion may increase and symptoms
may occur with minimal activity or at rest. It is
inadvisable for those with unstable angina to carry out
exercise until their symptoms have improved. Those with
stable angina respond well to physical training and the
aim is to raise their ischaemic threshold and the point
when symptoms of angina occur (Friedman 1997).

PACEMAKERS

In patients who lose normal cardiac sequencing, such as
atrial and ventricular filling and contraction, there may be
deterioration in haemodynamics. Pacing techniques are
therefore sometimes employed for those with sinus node
dysfunction and those with life-threatening ventricular
dysrhythmias. The benefits of physical training in such
patients are the same as for other cardiac patients and
they benefit from an improved heart rate response to
exercise. However, patients with an implantable cardio-
verter defibrillator are at risk of receiving inappropriate
shocks during exercise, which can occur when the sinus
heart rate exceeds the programmed threshold rate or if
an exercise-induced supraventricular tachycardia develops.
Therefore these patients need to be closely monitored
during physical exertion to ensure that their heart rate
does not approach the activation rate for the device
(West et al 1997).

PERIPHERAL VASCULAR DISEASE

Peripheral vascular disease (PVD) occurs as a result of
stenosis and occlusion of the arteries of the lower extrem-
ities, generally as a result of the build-up of atherosclerotic
plaques, which result in a reduction in blood flow
beyond the obstruction. During physical exertion, pain may
be felt in the active muscles that have occluded blood
flow, and is termed claudication. This is generally felt in
the lower leg during walking and the time and/or
distance to onset of maximal pain are used as criteria for
assessing the functional severity of this disease. Since
exercise training enhances blood flow to the leg through
an increase in aerobic metabolism (thus reducing the
production of anaerobic metabolites), improves walking
economy, and produces a more favourable redistribution
of blood flow, patients who suffer from intermittent
claudication (so called because claudication usually dimin-
ishes upon rest) generally respond well to physical
training, as it increases their exercise tolerance and point
to onset of pain (Gardener 1997).
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CHRONIC HEART FAILURE

Chronic heart failure (CHF) is the inability of the heart
to adequately deliver oxygen to the metabolizing tissues.
The majority of patients with CHF have depressed LV
systolic function as a result either of loss of myocardial
function due to an MI or of reduced contractility. These
patients also nearly always have reduced diastolic function,
indicated by abnormal diastolic filling of the left ventricle
as a result of poor compliance. They commonly display
reduced cardiac output during exercise, and in severe cases
at rest. They also display increased LV filling pressures,
compensatory ventricular volume overload and elevated
pulmonary and central venous pressures. Peripheral
secondary abnormalities also occur in skeletal muscle
metabolism, impaired vasodilation and renal changes,
which result in fatigue, breathlessness and reduced exercise
tolerance. Poor cardiac output underlies the mismatch of
ventilation to perfusion in the lung, causing an increase
in physiological dead space resulting in breathlessness.
Although breathlessness on physical exertion is indicative
of CHF, about two-thirds of these patients will be limited by
leg fatigue (Myers 1997). This is related to the heart’s
inability to supply adequate blood flow and oxygen to the
working muscles (Matsui et al 1995). Lactate accumulates in
the blood at relatively low work rates, which contributes
to hyperventilation in response to physical exertion and
early fatigue. Other abnormalities also occur in these
individuals, such as peripheral changes in muscle, which
result in greater glycolysis, reduced oxidative
phosphorylation and greater acidosis, mainly due to
histological changes in skeletal muscle and a reduction in
mitochondria. Physical training improves exercise capacity
as a result of peripheral rather than central adaptations, and
appears to have no effect on ventricular function (Myers
1997).

Supervised physical training has proven to be effective
(Gielen et al 2001, 2002) in lessening the symptoms and
improving exercise capacity. Therefore enhancing patients’
ability to sustain low-level activities leads to improved
independence and quality of daily life. Nonetheless, com-
plications may occur in these patients, as they tend to
deteriorate regardless of medical or physical therapy.
Hence regular re-evaluation of these patients is required
(Myers 1997).

SINGLE BOUT OF PHYSICAL
ACTIVITY/EXERCISE

There is little research to indicate that a single bout
of PA/exercise will have any beneficial indirect or
direct long-term effect upon heart and vascular disease
risk factors. Nevertheless, a single bout of PA/exercise
will have transient physiological effects. For instance, a
single bout of PA/exercise enhances insulin sensitivity
and glucose transport into muscles and assists in the

control of diabetes (Lutoslawska 2000) (p. 69). Additionally
it has transient effects on blood pressure and blood
triglycerides, and for those unfit individuals a single
bout of PA/exercise may increase their risk of thrombosis
(Gibbs et al 2001). Research, however, indicates that it
is habitual aerobic exercise training that appears to be most
beneficial to those with existing heart and/or vascular
diseases.

ADAPTATIONS TO REGULAR PHYSICAL
ACTIVITY/EXERCISE

Those with heart and vascular disease adapt to PA /exercise
intervention in a similar way to healthy individuals.
These adaptations are often segregated into central
(cardiac) or peripheral (skeletal muscle) adaptations (p. 4).
However, peripheral adaptations, such as a reduction in
vascular resistance, may contribute to a central increase in
cardiac output during exercise (Rowell 1986). Furthermore,
skeletal muscle is richly endowed with afferent nerves that
help to regulate the cardiovascular response to exercise
(Mitchell & Victor 1996), demonstrating the integrated
nature of skeletal muscle and the cardiovascular system.

Exercise intervention in those with existing heart and
vascular disease has been found to do little to improve
serious ventricular arrhythmias or collateral circulation
(Wenger et al 1995, Franklin & Saunders 2000, Gielen &
Hambrecht 2001). Exercise intervention has, however, been
found to act on the sympathetic and parasympathetic
nervous systems to decrease rate pressure product (RPP)
(p.87), and associated myocardial oxygen demands at
any given submaximal work rate. Furthermore, there
appears to be a reduction in the signs and symptoms of
myocardial ischaemia at matched RPP after exercise
training (Balady et al 1994).

PERIPHERAL ADAPTATIONS

Peripheral adaptations from habitual aerobic PA/exercise
upon skeletal muscle include a small increase in strength,
an increase in capillary density, mitochondrial number, size
and function. An increase in capillary density and
mitochondrial number, size and function allows for greater
aerobic metabolism resulting in enhanced arterial-venous
(a-v) oxygen (O,) difference, which is considered to be
the main physiological mechanism for the improvement
in CAD patients’ performance after exercise training
(Detry et al 1971, Thompson 2001b).

CENTRAL ADAPTATIONS

In healthy individuals one of the initial adaptations
to aerobic training is an increase in maximum cardiac
output without any cardiac structural changes, mainly as
a result of the Starling mechanism (Blomqvist & Saltin 1983).
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During aerobic exercise, higher peak transmitral inflow
velocity results in enhanced end-diastolic filling (Di Bello
et al 1996), which produces a higher stroke volume and
consequently greater emptying of the left ventricle.
Numerous years of endurance exercise influence cardiac
function and structure and in some instances result
in an enlarged heart, allowing for a further increase in
maximum cardiac output (MacFarlane et al 1991). This nor-
mal adaptation to strenuous aerobic training is different
from the pathological enlargement of the heart sometimes
observed in those with heart disease, which may be as
a consequence of conditions such as heart failure,
cardiomyopathy, chronic hypertension and/or valvular
disease (Lilly 1997). However, whereas the endurance
athletes” ratio of LV radius to wall thickness has been
found to be normal, this ratio is increased in those
with aortic regurgitation and dilated cardiomyopathy
(Sugishita et al 1983).

In healthy individuals, years of extensive endurance
training cause an increase in LV end-diastolic dimensions,
stroke volume and increase in mean fibre shortening
velocity and a small decrease in end-systolic dimension
(DeMaria et al 1978), with a possible slight increase in
LV volume mass (Di Bello et al 1996) and wall thickness
(DeMaria et al 1978). Although the exact stimulus for these
adaptations is not clear, these changes may be related to the
volume load on the heart (Blomqvist & Saltin 1983, Di Bello
et al 1996). Despite these adaptations generally resulting
from intense aerobic exercise, changes in LV diastolic
function have been observed in healthy, previously less
active individuals after only 18 weeks of brisk walking
at around 68% of their aerobic capacity (~74% maximum
heart rate) (Woolf-May et al 1997). This was detected using
a method of echocardiography not commonly employed
in this setting (Woolf-May et al 1999). There is therefore
the suggestion that central adaptations may also occur in
cardiac patients after moderate intensity PA/exercise
intervention but have yet to be detected. Studies have
found central adaptations to occur in cardiac patients but
generally as a result of high intensity exercise. For instance,
a study carried out on 18 ischaemic heart disease
patients (aged 51+3 years, mean+*SE) observed that
after 12 months of exercise, at 89.7+2% of peak aerobic
capacity, there was a significant increase in stroke volume
and an improved ejection fraction. This was found both at
rest and during exercise, with no change in LV volume
(Ehsani 1987b). These and findings from other research
(Rinder et al 1999) indicated that the training-induced
increase in stroke volume was probably due to enhanced
LV function, through an improved contractile state (Ehsani
et al 1986) as a result of enhanced inotropic sensitivity to
catecholamines (Spina et al 1998).

Cardiac parameters that are commonly observed in
healthy endurance athletes are an increase in transverse
right ventricular cavity (Johnson & Lombardo 1994) and
left atrial transverse dimension (Snoeckx et al 1982, Johnson

& Lombardo 1994). By comparison, individuals who
engage in years of resistance training, such as strength
athletes, tend to show normal ventricular volume, but
greater increase in septum wall thickness and mass
(Snoeckx et al 1982). Whether cardiac patients show similar
adaptations has yet to be fully determined. Additionally,
for those with existing heart and vascular disease aerobic
training appears to have no effect on blood vessel wall
thickness; however, the animal model has shown an
increase in the vessel lumen area (Amaral et al 2000), which
may allow for greater coronary blood flow.

Myocardial adaptations

In the animal model, habitual aerobic training has been
found to increase the sensitivity of the beta-adrenergic
receptors of the myocardium to catecholamines from
both swimming and running (Wyatt et al 1978, Hammond
et al 1988). However, the literature regarding alterations in
cardiac beta-receptor (Moore et al 1982) number, density
and affinity are conflicting (Mazzeo 1991). Research on
healthy older individuals, however, indicates that the
probable mechanism for the increase in stroke volume
in response to the training is enhanced inotropic sensitivity
to catecholamines (Spina et al 1998).

CATECHOLAMINES

Circulating levels of catecholamines are seen as a reference
indicator for SNS activity, and have been found to change
after exercise intervention. Although the exact mechanism
for this change has yet to be fully elucidated, several
studies have shown reductions in catecholamines after
exercise intervention for those with existing heart disease.
For example, after one year of controlled exercise a group
of 18 male post-MI patients (aged 56+9 years) showed
reductions in maximal and resting mean arterial blood
pressure, related to reduced concentrations of catechola-
mines during exercise and rest (Lehmann et al 1984). An
earlier study also found that at the same relative exercise
intensity, levels of noradrenaline but not adrenaline were
reduced after 27 weeks of jogging in a group of post-MI
males (aged 34-54 years) (McCrimmon et al 1976). In ano-
ther study, a group of 20 male MI patients (aged 57 +11
years) were treated by coronary angioplasty, after which
10 of the group underwent 2 weeks of cycle ergometry at
80% of their anaerobic threshold for 10 minutes twice a day.
Post-intervention resting levels of serum and urinary
noradrenaline were significantly reduced compared to the
control group (1 =10), who showed no significant change,
indicating that autonomic nervous system adaptations may
occur early on in physical training (Fujimoto et al 1997).
Neurohormonal stimulation is an important compen-
satory mechanism to a reduction in cardiac output which
is most pronounced in those with CHF (p.18). A fall
in cardiac output and subsequently systolic blood pressure
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(SBP) is sensed by the carotid sinus and aortic arch, which
stimulate SNS outflow of adrenaline (epinephrine) and
noradrenaline (norephinephrine) to the heart and peri-
pheral circulation, with a corresponding decrease in para-
sympathetic activity (acetylcholine). This results in
an increase in heart rate and ventricular contractility and
peripheral vasoconstriction, as the catecholamines stim-
ulate the B;, B, and o receptors, respectively. The
renin-angiotensin system (p. 83) is also stimulated due
to reduced renal artery perfusion as a result of the
decreased cardiac output, as is the production of anti-
diuretic hormone (ADH). All serve to maintain blood
pressure. However, ultimately over time this compensatory
response proves to be deleterious to the failing heart.
For instance, the increase in heart rate may increase
myocardial oxygen demand and the increase in arteriolar
resistance increases afterload. Additionally, the enhanced
circulating volume (as a consequence of the stimulation
of the renin-angiotensin system and production of ADH)
and subsequent augmentation in venous return to the
heart may also worsen engorgement of the vasculature
of the lungs. Over time, continually high resting levels of
circulating catecholamines also lead to a downregulation
of cardiac beta-adrenergic receptors, which causes a
decrease in the myocardium’s sensitivity and may be
detrimental to health (Lilly 1997).

AEROBIC CAPACITY

Research shows that those with a high aerobic capacity
have a significantly reduced risk of heart disease and
all-cause mortality (Blair et al 1989). In asymptomatic
and healthy individuals aerobic exercise intervention leads
to an increase in maximum aerobic capacity (Mitchell &
Blomqvist 1971). The extent of adaptation varies according
to an individual’s genetic predisposition, baseline aerobic
capacity and age, and with training can increase by as
much as 20% (Brooks et al 1996). Individuals with heart
and vascular diseases adapt to PA/exercise intervention
in a similar way to healthy individuals and published
studies have shown improvements to range from 11% to
56% (Thompson 1988). However, the severity of disease
and length and type of intervention influences the response
(Thompson 2001a). Improvements in the functional
capacity of cardiac patients after moderate intensity
PA/exercise training have primarily been thought to be
due to peripheral rather than central adaptations
(Ehsani 1987a). It is only when these individuals undergo
a longer period of intense exercise training, a type not
suitable for the majority of cardiac patients, that central
adaptations have been observed (Hagberg et al 1983).
Individuals with only CAD and no CHD often have
an aerobic capacity that is within the normal range for
their age and sex. These individuals may be those who have
had an MI aborted by thrombolytic therapy or primary
coronary angioplasty and sustained no permanent
myocardial injury. Conversely individuals with CHD

generally demonstrate a reduction in maximal exercise
capacity, the magnitude of which is related to the severity
of existing myocardial damage, which can limit the ability
of the heart to increase cardiac output during physical
exertion. Some individuals with angina pectoris may
have no detectable myocardial damage but limited exercise
capacity due to exercise-limited discomfort. Individuals
with angina pectoris tend to experience this discomfort
at highly reproducible relative workload or RPP, which
corresponds with the point where myocardial oxygen
demand cannot be adequately supplied by coronary blood
flow as a result of the coronary lesion. However, numerous
individuals show considerable variation in the workload
that produces symptoms. Some of this diversity in physical
exertion-induced symptoms is thought to be due to
variation in coronary artery vaso-motion (Thompson
2001b). Coronary arteries can alter their internal diameter
in response to various stimuli, and whilst exercise induces
arterial dilation in healthy individuals, in areas of ather-
osclerosis it can induce vasoconstriction (p. 15) (Gordon et
al 1989), thus leading to ischaemia.

The physiological rationale for employing aerobic
activities as a treatment for those with heart and vascular
disease is that it enhances aerobic capacity with no known
adverse effects on LV function; it also decreases myocardial
oxygen demand at a given submaximal workload. The
functional outcome is that the cardiovascular system
is more efficient, responding to a higher workload with
less effort (Cox 1997). Individuals with angina and post-MI
who undertake aerobic training may decrease myocardial
ischaemia by a decrease in myocardial oxygen demand
at a given submaximal workload. Studies carried out
on individuals with angina pectoris have shown onset of
angina to occur at the same RPP despite exercise capacity
being higher at the onset (Clausen & Trap-Jensen 1976). The
mechanism for this change is thought, in the early stages,
not to be as a result of structural changes but due to
enhance coronary blood flow due in part to a reduction
in artery vasoconstriction during physical exertion. The
relative contribution of increases in stroke volume and
a-v O, difference in relation to an increase in aerobic
capacity varies between individuals and can depend upon
the severity of the disease and duration of training.
Individuals with considerable myocardial damage may
only be able to augment the a-v O, thus attenuating
an increase in aerobic capacity (Thompson 2001b).

ADVERSE CARDIAC EVENTS IN RESPONSE
TO EXERCISE

For those with existing atherosclerosis, the major cardiac
problems arising from a bout of exercise are sudden
cardiac death and MI (Libonati & Glassberg 2002). When
participating in supervised ECR, the absolute risk of
sudden cardiac death is low, at around 1 event for every
784 000 patient-hours of exercise, and risk of MI at around



Physical Activity/Exercise Prescription

21

Table 2.2 Risk stratification for cardiac patients (adapted
from AACVPR 1999)

Criteria

Risk

Uncomplicated MI, CABG, PTCA or atherectomy
Functional capacity =6 Metabolic equivalents

(METs) 3 or more weeks after clinical event

No resting or exercise-induced myocardial

ischaemia manifested as angina and/or ST-segment
displacement

No resting or exercise-induced complex arrhythmias
No significant LV dysfunction (ejection fraction >50%)

Low

Functional capacity <5-6 METs three or Moderate
more weeks after clinical event

Mild to moderately depressed LV function

(ejection fraction 31-490%)

Failure to comply with exercise prescription

Exercise-induced ST-segment depression of

1-2 mm or reversible ischaemic defects

(echocardiography or nuclear radiography)

Severely depressed LV function (ejection fraction
<300%)

Complex ventricular arrhythmias at rest or
appearing or increasing with exercise

Decrease in SBP of >15 mmHg during

exercise or failure to rise consistent with exercise
workloads (usually determined during exercise
stress test)

MI complicated by CHF, cardiogenic shock,
and/or complex ventricular arrhythmias

Patients with severe CAD and marked (>2 mm)
exercise induced ST-segment depression
Survivor of cardiac arrest

High

1 for every 294000 patient hours; and in the event of a
cardiac arrest 85% of patients are successfully resuscitated
(Van Camp & Peterson 1986). However, the risks are far
greater when patients undertake vigorous exercise or
exceed their recommended exercise intensity (Haskell 1978,
Thompson 2001b). Despite this, cardiac arrest during
exercise is still two to seven times greater in MI patients
than in healthy individuals (Siscovick et al 1991), which is
probably due to myocardial scarring increasing the risk of
fibrillation (Libonati & Glassberg 2002). For these reasons
such individuals should be discouraged from strenuous
competitive sporting activities.

Although heart patients are at a greater risk of a cardiac
event during or soon after a bout of physical exertion
(Rautaharju & Neaton 1987, McCance & Forfar 1992,
Piepoli et al 1993), this may be limited by the patient being
aware of strategies that help prevent this from occurring,
and the exercise practitioner or other members of the
CR team should reinforce these. The exercise practitioner
may assist in reducing risk by appropriate screening,
assessment (Appendix A), risk stratification (Table 2.2) and
exercise prescription for the patient. However, the exercise

practitioner should be trained to deal with an emergency
if one should occur, and regularly review emergency pro-
cedures (Table 2.3).

PRE-EXERCISE PRESCRIPTION

It is strongly recommended that initially exercise should
be within a CR programme. Nonetheless, these prog-
rammes often cease after around 12 weeks and patients
may require exercise prescription outside this setting.
Therefore when prescribing to those with existing heart
and vascular diseases it is advisable to work within an
outpatient community-based programme or consult with
the patient’s cardiac rehabilitation team before carrying
out any prescription. It is also important to be fully aware
of the patient’'s medical history, current physical status
and medications, in addition to their attitudes toward
their lifestyle. It is not always possible due to data
protection to have full access to a patient’s medical notes.
Therefore it is important that the patient be appropriately
screened and assessed (Appendix A). It is also important
to risk-stratify the patient, which may not be as clear-cut
as one might imagine as risk stratification criteria have been
set by numerous organizations (Table 2.2). Moreover, the
ability of the risk stratification guidelines to predict
complications has been found to fail and it has been
suggested that further work needs to be carried out
(Labrador et al 1999). Medications (Ch. 14) and co-
morbidities such as insulin-dependent diabetes mellitus,
morbid obesity, severe pulmonary disease, complicated
pregnancy, debilitating neurological or orthopaedic con-
ditions also need to be considered in conjunction with the
stratification guidelines, as these may constitute con-
traindications for exercise or warrant closer patient
supervision (Thompson et al 1994).

PHYSICAL ACTIVITY/EXERCISE PRESCRIPTION

Physical activity /exercise can commence at varying stages
of a patient’s recovery from a cardiac event or surgery. The
stage of recovery is generally phased, which can be
confusing when reviewing the literature as phase II in
the USA is similar to stage III in the UK. Nonetheless,
activity such as general mobilization can start after only
a few days for some patients while others may be required
to wait until several weeks into rehabilitation. A patient’s
suitability to undertake any form of physical activity can
therefore be determined by undergoing pre-participation
screening, risk stratification (Table 2.2) and assessment
(Appendix A). Assessment of maximal aerobic capacity
is useful in determining a patient’'s maximal ability and
ischaemic threshold for the prescription of PA/exercise.
However, improvements in maximal aerobic capacity can
be proportionally less than the improvements in
submaximal physical activity. For example, a study carried
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Table 2.3 Action plan for instructors in the event of incidents that may occur when cardiac patients undertake PA/exercise
(adapted from BACR 2002)

Problem

Signs and symptoms

Immediate action

Further action

Hypotension

Hypertension

Arrhythmias

Cardiac arrest

Angina

Dizziness

Usually none, generally

detected on random

BP check or when already

diagnosed

Tachycardia

Consistent pre-exercise

heart rate (HR) of
>100 beats/min
Pre-exercise T HR
from normal
Pre-exercise T

from initial high HR
Bradycardia

HR of 40-60
beats/min not normal
for patient

Irreqular

New to patient; faint;
dizzy; lethargic

New to patient or
uncontrolled

If treated and normal
for patient

Absence of pulse and
respiration

Chest pain
Dyspnoea
Shoulder/arm pain

Lie patient down

Elevate feet

Check blood pressure (BP)
Reassure patient

(i) If resting BP unusually high

for patient, recheck and if still high

(ii) Resting BP values of systolic

BP >200 mmHg or diastolic

BP >115 mmHg is considered

a contraindication for exercise,

and attaining SBP >250 mmHg

or DBP >120 mmHg during exercise
session would indicate that the exercise

session shold be terminated (ACSM 1993)

Common in post-surgery

patients; if apparent at community-based

exercise phase (i.e. phase IV in UK)
it is a contraindication
Adjust exercise programme

Adjust exercise programme, monitor HR

Check medications

Monitor

Do not exercise

Exercise as normal to patient

Proceed with cardiopulmonary
resuscitation

Send for help

Someone to call emergency
services and to inform
paramedics that patient has

a cardiac history

Cease exercise

Sit patient down on floor,

back against the wall, knees up to chest.
If patient uses glyceryl trinitrate (GTN),
request that patient takes a dose.

If pain relieved

If not, repeat GTN at 5-minute

intervals (up to 3 times)

If no relief

Ensure recovery before

travelling home

Send written details to general
practitioner (GP) and ask patient to see
GP soon

(i) Send letter to their GP for advice

(i) Do not exercise

Refer to their GP

Monitor

Refer to their GP

Monitor

Refer to their GP

Refer to their GP

Monitor regularly

Confirm details of incident,
patient's medications and
contact for relatives
Reassure others present

Reassure others present

Rest for 5 minutes

Send for emergency service
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Table 2.3  Action plan for instructors in the event of incidents that may occur when cardiac patients undertake PA/exercise
(adapted from BACR 2002) (con'?)

Problem

Signs and symptoms

Immediate action

Further action

Myocardial infarction
(M1)/heart attack

Deterioration of
LV function or
progression of CHD

Central chest pain may be
prolonged and severe and
not relieved by GTN. Patient
pale, sweaty, shocked

Increased symptoms
or frequency of
angina/dyspnoea on
minimal exertion

Reassure patient

Sit on floor as for angina
Someone to call emergency
services and to inform
paramedics of Ml and

that patient has a cardiac
history

Determine frequency and
severity of attacks of angina
Check whether medication
has changed and/or patient
is complying with medication

Confirm details of incident,

patient's medications and contact for
relatives

Reassure others present

Refer to their GP

prescription
Loss of effectiveness Ask patient:
of long-acting nitrates,
which previously controlled
angina
Reduced exercise capacity
with no concurrent change
in medication despite
apparent compliance with
PA/exercise prescription

Ask patient:

Sudden faint or loss of
consciousness, pale, sweaty
with rapid pulse

Diabetic and conscious
Diabetic unconscious
Epileptic

Epileptic seizures repeated

or more than every 5 minutes

Collapse

Whether GTN is working
If their medication has changed

Whether they have noticed

a change in their physical capacity
Whether they have complied with their
PA/exercise prescription

If unclear refer to their GP

Reduce PA/exercise intensity
If unclear refer to their GP

Administer sweet drink or oral glucose
Place in recovery position

Protect from injury and do not move
Protect from injury and do not move

Send for emergency service

Send for emergency service

out on 45 cardiac patients (aged 62-82 years) found that
exercise training improved aerobic capacity by only 16%
compared to a 37% increase in time to exhaustion walking
on a treadmill at 80% of their pre-intervention aerobic
capacity (Ades et al 1993). This indicates that assessing
maximal effort only can underestimate many of the benefits
of exercise function on daily activities (Thompson 2001b).
Nonetheless, assessment of patients’ functional capacity
can be useful in establishing their metabolic equivalent
(MET) (Appendix B) and is a useful tool for prescription
of a range of appropriate physical activities. However, MET
values can be confounded by many factors such as
changing external environment (Haymes et al 1982) and
clothing worn. According to the ACSM guidelines (1995)
patients with two or more CHD risk factors and/or
a functional capacity of <8 METs should exercise under
supervised conditions. At and above 8 METs patients

are at a level where their functional capacity allows
for them to carry out the majority of daily activities
and exercise at a moderate intensity level without putting
their health at risk. Even so, it is difficult to determine how
patients are going to respond to physical training, and
findings have been variable (Myers & Froehlicher 1990).
Furthermore, the complexity relating to these patients
renders it extremely difficult to determine an optimal
training programme, since the exercise dose-response
relationship still remains inconclusive. Hence until this
is clarified, patients should work at a level that will not
trigger symptoms (Cox 1997). The exercise practitioner
should be aware of these confounding factors and of
the need for individualized PA/exercise prescription. This
also poses a challenge to the practitioner since these
patients, at some stage of their rehabilitation, will exercise
within a group environment.
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The physical status of those with heart and vascular
disease tends to fluctuate, which may be due to changes
in disease progression/regression, exercise and/or medical
interventions and/or co-morbidities. Consequently they
require regular reassessment so that adaptations to their
activity regimen can be made.

PHYSICAL INTENSITY

It is important that each patient works at an appropriate
intensity and in healthy individuals this is usually deter-
mined using a percentage of their maximum oxygen
uptake (Vozmax) or HRmax. However, following acute MI,
CABG or other acute cardiac illness, HR response to
physical exertion may be affected by a variable degree
of chronotropic dysfunction (Frick et al 1973, Powles
et al 1979) due to intrinsic disease of the sinoatrial or
atrioventricular node, and possibly additional modification
due to medication (Gobel et al 1991). Furthermore, their
maximal heart rate achieved by a symptom-limited
maximal exercise test may fall far below that expected
from any formula devised for predicting maximal heart
rate for normal subjects. Consequently, determining a
training heart rate value from the usual formulas is not
advisable. Therefore, physical intensity is generally
determined through the use of ratings of perceived exertion
(RPE). Perception of effort during physical activity is
complex and still not totally understood (Hampson et al
2001), and for cardiac patients RPE values may not always
correlate with the intensities from the Borg scale (Borg 1970,
APHD 1999). Nonetheless, intra-subject RPE is a fairly
reliable indicator of a subject’s exercise intensity even for
those taking beta-blockers (Eston & Connolly 1996). Hence,
RPE is generally employed. In a supervised situation
patients should also be regularly asked how they feel and
supervisors should observe how they are performing. It is
essential that there is a high supervisor-to-patient ratio so
that patients can be effectively monitored. For those
patients who are considered stable enough to exercise
unsupervised, to minimize risk of a cardiac event or other
injury, exercise principles and rationales should be
enforced. Therefore, patients should understand why, for
example, it is not a good idea to work beyond the feeling of
‘slightly breathless and slightly sweaty’ and why they
should warm up and cool down (p. 25) after a brisk walk.
Prescribed exercise intensity for cardiac patients may
range from 40% to 85% of their peak aerobic capacity
(V02 peak) and this will vary between patients
depending on their physical status (see ACSM 1997 for
guidelines). Vigorous intensity activities are discouraged
and until research clearly demonstrates that the benefits
of performing vigorous intensity exercise outweigh the
risks involved, moderate intensity exercise is recom-
mended (Franklin et al 1992) (relates to around 60% of an
individual’s aerobic capacity, roughly equivalent to a

rating of 13 (somewhat hard) on the 6-20 RPE Borg scale)
(Appendix B, Table B.3).

AEROBIC ACTIVITIES

The physiological benefits from current and regular aerobic
physical activity are described elsewhere (p.2-3). Aerobic
activities generally involve using large muscle groups
carried out at a sustainable rate. These activities include
walking, jogging and cycling. Water-based aerobic activi-
ties may be problematic for some cardiac patients and are
not initially recommended (p. 25). Given that symptomatic
or silent myocardial ischaemia may precipitate malignant
ventricular arrhythmias (Hoberg et al 1990), if employed,
the prescribed heart rate for endurance activities should be
set at least 10 beats per minute below the ischaemic or
anginal threshold (ACSM 2000), which is usually
determined by an exercise stress test and determined by the
ST segment displacement (Appendix A, Fig. A.4).

RESISTANCE CIRCUIT TRAINING AND WEIGHT
TRAINING

In the past, resistance training was deemed inappropriate
for those with existing heart disease. However, light
resistance training for those with heart and vascular
disease is now recommended as it improves functional
capacity (ACSM 1997). During resistance work, the
rise in heart rate is less than it is during aerobic exercise
with a lower RPP (p.87) than aerobic activities of the
same metabolic demand (ACSM 2001). However, weight
training, isometric or high anaerobic activities are
still not recommended as an initial physical therapy for
those with hypertension, and/or cardiovascular disease.
Isometric and any static component tends to increase
afterload (Leutholtz & Ripoll 1999), and these activities can
also increase heart rate, blood pressure and RPP, potentially
resulting in an ischaemic event. Alternatively resistance
training consisting of low weights and high repetitions
has been shown to improve upper and lower body strength
and the patient’s ability to perform daily tasks that
require moderate amounts of strength (Vescovi & Fernhall
2000). An increase in muscle strength may also reduce
RPP, as a given amount of muscular work will be
proportionally less of the maximal voluntary muscle con-
traction. Hence, there will also be a corresponding reduc-
tion in peripheral resistance, SBP and RPP (Franklin 2002).
Patients should, however, avoid the Valsalva manoeuvre
(p.90), which can cause systolic blood pressure to rise
to values in excess of 200 mmHg (Childs 1999, James &
Potter 1999), placing some individuals at risk of stroke
(Narloch & Brandstater 1995). Furthermore, upper body
resistance training is not recommended for CABG
patients who have recently had surgery as their wound
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may have not healed and/or causes them discomfort, and
for those with implanted pacemakers as this may aggravate
the site of implantation (ACSM 1997).

INTERVAL TRAINING

Some ECR programmes adopt an interval approach,
which involves bouts of physical exertion combined with
short periods of active recovery. The advantage of this
type of activity is that the total amount of work achieved
can be greater than that through continuous physical
exertion. The rationale is that the change in work, usually
from legs to arms, produces less localized fatigue and
allows more work to be achieved at a lower heart rate,
and less stress on the heart and skeletal muscles. Hence a
greater amount of aerobic power is attained with less
demand upon the myocardium (Mostardi et al 1981). It
is important, however, that during ‘active recovery’ the
patient keeps the lower extremities moving to maintain
venous return and avoid blood pooling and orthostastic
hypotension (p.85). The active recovery can take the
form of light resistance work and/or simply keeping the
lower extremities moving, such as the feet or toes. Whilst
the ‘active’ section generally takes the form of aerobic
activities, for some patients it might consist of light
resistance work. However, the type of interval programme
prescribed will depend on the patient’s individual needs
and ability.

WATER-BASED ACTIVITIES

Despite the many benefits of water-based exercise, this
type of activity may be potentially hazardous to cardiac
patients and caution should be taken when prescribing
(Jones 2003). Immersion in water results in haemodynamic
changes that affect the cardiovascular system (Table 2.4).
Upright immersion in water, for instance, causes blood
to shift towards the upper body, resulting in an increase
in central blood volume leading to engorgement of the

Table 2.4 Cardiovascular changes due to immersion in water
(adapted from Jones 2003)

Parameter Immersion in water
Right arterial blood pressure T 8-12 mmHg
Mean pulmonary artery pressure T12 mmHg

Heart blood volume T 180-250 ml
Cardiac output T >250%

Central venous pressure T 300-700 ml
Stroke volume T 30-50%

Heart rate Same or slightly |
Systemic blood pressure Same or slightly {
Left ventricular end-diastolic T

pressure

vasculature of the thoracic region (Lin 1988, Jones 2003).
There is therefore an increase in blood return to the heart
and consequently an increase in stroke volume of around
30% (Jones 2003) as a result of the Starling mechanism.
These resting changes in the healthy individual generally
do not cause a problem. However, for the cardiac patient
this increase in cardiac blood volume will cause a rise
in blood pressure and myocardial oxygen demand that may
potentially be a problem. Moreover, during water-based
exercise the demands for an increase in cardiac output
may be beyond a cardiac patient’s maximal Starling
mechanism; hence the increase in cardiac output will need
to be met by an increase in heart rate; and an increase
in heart rate will require an increase in myocardial oxygen
demand. Furthermore, heart rate response during water-
based exercise is different to that on land. For instance,
during facial immersion heart rate is generally lower
(Journeay et al 2003); however, this does not mean that the
physiological demands of the exercise are lower and
this should be considered during exercise prescription
(Jones 2003). It has been suggested that a reduction of 10
beats per minute should be made to account for the water
to land difference (Koszuta 1989). However, this is only
a generalization and caution is needed. Conversely, if one’s
face is not immersed in water, resting heart rate does not
appear to be altered, particularly at a thermoneutral tem-
perature, although at higher and lower temperatures heart
rate has been found to change (Weston et al 1987). Resting
heart rate also tends to drop as the depth of water increases
(Jones 2003) and ischaemic symptoms are harder to identify
(Magder et al 1981). This makes appropriate prescription
difficult and is additionally problematic since RPE has
also been found unreliable during immersion in water, as
patients tend to underestimate their exercise intensity
during water-based activities (Fernhall et al 1992).
Nonetheless, there is limited research in this area and the
demands of swimming and upright water-based activities
may yield different responses in cardiac patients, which
warrants further investigation.

WARMING UP AND COOLING DOWN

As a consequence of endothelial dysfunction those with
existing heart and vascular disease do not respond in
the same way to the initiation of physical exertion as
those without these diseases. Hence prior to the onset of
anything other than mild physical exertion it is advisable
for these patients to warm up for around 10 minutes or
more (ACSM 1997, BACR 2002), and the intensity should
be no more than an RPE of 10 or 11 on the 620 Borg scale
(Borg 1970). In healthy individuals the onset of activity
generally results in vasodilation of the coronary arteries,
initially as a result of a rise in SNS activity. In those
with CAD, however, the mechanisms involved in vasodi-
lation do not effectively respond and can result in
vasoconstriction (p.15). Failure to warm up adequately
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before strenuous activity, even in healthy individuals,
can potentially result in ischaemia, arrhythmias (McCance
& Forfar 1992) and reduction in LV ejection fraction
(BACR 2002). With an extended warm-up, local meta-
bolites, such as adenosine, adenosine triphosphate and
potassium which have a local vasodilatory effect (the vaso-
dilatory effect of hydrogen, lactate, nitric oxide and
prostacyclin during PA/exercise are less certain) (Lott &
Sinoway 2004), have time to build up, causing an
increase in blood flow (Deshmukh et al 1997) to
the working muscles including the heart. Other factors
such as an increase in aortic pressure also divert an
enhanced amount of blood into the coronary circulation
(Tune et al 2002), increasing coronary blood flow.

The cool-down also needs to be extended for those with
heart and vascular diseases and it has been suggested that
it be around 10 minutes in length (BACR 2002). These
patients are at increased risk of hypotension, due to the
side effect of their medication (Ch. 14) and/or reduced
baroreceptor responsiveness. Abrupt cessation of physical
exertion may therefore result in increased risk of blood
pooling and subsequent lack of venous return, potentially
leading to hypotension (p.85) and risk of arrhythmias
(McCance & Forfar 1992, Piepoli et al 1993). Furthermore,
heart rate tends to take longer to return to pre-exertion
levels in these individuals (Koike et al 1998). Hence
by increasing the length of the cool-down, venous
return is enhanced and the heart rate is given more time
to settle back to pre-exertion levels.

FLEXIBILITY AND STRETCHING

Increasing a patient’s flexibility is important in that it
reduces the risk of injury, not just during physical exertion
but also during daily activities (Fattirolli et al 2003). This
is usually done as part of the warm-up and cool-down,
which should start with gentle mobilization and prog-
ressively build up to more muscle specific stretches. In
order for these stretches to be effective, especially for
those over 65 years, stretches need to be held for around
15 seconds (Feland et al 2001), and for longer (Feland et al
2001) during the cool-down when developmental stretches
are carried out. However, during stretching in healthy
individuals heart rate has been shown to increase, with
a subsequent increase in blood pressure (Feland et al 2001).
Therefore, for those with heart and vascular diseases
caution should be taken during stretching so that heart rate
and blood pressure remain within appropriate boundaries.
This is an area that requires greater investigation, as some
patients may be advised not to hold a stretch for too long.

CONSIDERATIONS AND CONTRAINDICATIONS

Any physical exertion is potentially hazardous for those
with existing heart disease. Hence instructors should be

familiar with the signs and symptoms of over-exertion and
a cardiac event, and be up to date in emergency and resus-
citation techniques. Similarly, those patients who exercise
unsupervised should also be aware of these signs and
symptoms and be sufficiently aware of the importance of
warming up and cooling down (p.25) and appropriate
intensity and types of physical activity (p. 24).

ABSOLUTE CONTRAINDICATIONS FOR EXERCISE

Absolute contraindications may vary according to the
phase at which the cardiac patient is during their
rehabilitation. Nevertheless, the ACSM (1991) have listed
certain criteria that contraindicate entry into inpatient
and outpatient exercise programmes (Table 2.5), as these
factors, in combination with physical exertion, increase risk
to the patient’s health. Additionally any other co-morbidity
that a patient may have also needs to be fully considered
as well as any potential effects of their medications, as
these too may contraindicate exercise.

CONSIDERATIONS

During physical exertion, consideration should also be
given to co-morbidities, conditions such as heat and
humidity and changes in BP. For instance exercise
should cease if SBP and/or diastolic BP (DBP) rise
above 250 mmHg or 120 mmHg, respectively (ACSM 1993)
(as this increases the risk of stroke and/or aneurysm)
and if there is a sudden drop in BP 220 mmHg (indicating
LV dysfunction). However, on a practical note it is
unlikely, unless the patient is hypertensive and inves-
tigations have been carried out during exercise, that
anyone will know of any detrimental changes in BP
occurring during physical exertion. Furthermore, increases
in heart rate and perhaps BP are possible whilst stretching

Table 2.5 Contraindications for inpatient and outpatient
entry into an exercise programme (adapted from ACSM 1991,
1993)

Unstable angina

Resting systolic BP >200 mmHg or resting diastolic BP >115 mmHg
Orthostastic blood pressure drop 220 mmHg
Moderate to severe aortic stenosis

Acute illness or fever

Uncontrolled atrial or ventricular dysrhythmias
Uncontrolled sinus tachycardia (=120 beats/min)
Uncontrolled CHF

3°A-V heart block

Active pericarditis or myocarditis

Recent embolism

Thrombophlebitis

Resting ST displacement (>3 mm)

Uncontrolled diabetes

Orthopaedic problems that would prohibit exercise
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(Feland et al 2001) and may be problematic for some
patients.

Cardiac patients who have uncontrolled hypertension
(SBP >160 mmHg or DBP >100 mmHg, stage II hyperten-
sion, see Table 5.1) should also avoid any heavy resistance
circuit training (p.24) and contraindications for such
activities include CHF, uncontrolled arrhythmias, severe
valvular disease and aerobic capacity <5METs; for light
resistance training, contraindications are abnormal
haemodynamic responses to physical exertion, ischaemic
changes during graded exercise, poor LV function, uncon-
trolled hypertension or arrhythmias, and aerobic capacity
<6 METs (ACSM 1997, BACR 2002). Furthermore, weight
training, isometric or high anaerobic activities are not
recommended as an initial physical therapy for those with
hypertension or cardiovascular disease, and upper body
resistance training is not recommended for the CABG
patient whose wound has not healed and/or causes
discomfort, or for those with implanted pacemakers as this
may aggravate the site of implantation (ACSM 1997).
Patients who are stable and well enough to undertake
resistance training should also avoid the Valsalva manoeuvre.
Water-based activities are also potentially hazardous to
cardiac patients and need to be carefully considered
before prescription (p.90). Patients with heart and
vascular disease will also require a longer warm-up and
cool-down compared to healthy individuals (p. 25).

UPRIGHT AND SUPINE EXERCISE

Supine activities, such as sit-ups, are not recommended
if carried out within an aerobic workout. Not only are
postural changes from supine to upright problematic as
they may cause orthostastic/postural hypotension (p. 85),
but supine exercise also increases preload on the heart
(Mildenberger & Kattenbach 1989) resulting in greater
myocardial work and the potential for arrhythmias
(Shibuya et al 1985).

MEDICATIONS

The physical status of those with heart and vascular disease
tends to change with time and so may their medication. The
exercise practitioner and instructor therefore need to be
aware of this as different medications and their dose may
have variable effects upon a patient’s ability to carry out
certain physical activities. Consequently a constant update
on medications should be made. Furthermore, patients
with angina who are prescribed nitrates should be made
aware that they should have this available during any
physical exertion and those on diuretics that they consume
sufficient water during exercise, especially during hot
and humid weather. Additionally, beta-blockers also
impair the ability of the body to regulate temperature.
Therefore, patients/clients should be made aware of the
potential to develop ‘heat illness” when exercising (Ch. 14).

SUMMARY

® CHD/CVD is a major cause of morbidity and death in
Western society.

® The terms CHD/CAD/CVD have slightly different
meanings but generally the causes are similar, the most
common cause being atherosclerosis.

® The factors that are currently known to result in these
diseases are commonly known as CHD risk factors
(Table 2.1).

® Appropriate PA/exercise can have a positive effect
upon the health of those with existing heart and
vascular diseases.

® Moderate intensity PA /exercise that can be carried out
on a regular daily basis is generally recommended.

® The precise dose of PA/exercise required to produce
optimal responses has yet to be determined.

©® Weekly energy expenditure through PA/exercise of
~1400 kcal has been shown to result in improvements
in aerobic fitness, 1500 kcal to slow the progression of
CAD, and 2200 kcal to show regression in CAD.

© Habitual appropriate PA/exercise intervention can
result in:
T aerobic fitness

| RPP

T myocardial ischaemic tolerance

T endothelium function

| ventricular fibrillation

modification of CHD risk factors, diabetes and insulin
resistance, obesity, blood lipids, blood pressure

| risk of mortality and sudden cardiac death

positive adaptations to the sympathetic nervous
system

T self-efficacy

| depression.

® Physiological changes are mainly the result of
peripheral adaptations. More research is required to
clearly determine central adaptations.

o Cardiac patients require a longer than normal pre-
PA /exercise warm-up to avoid vasoconstriction, and a
longer cool-down to avoid orthostastic hypotension.

® Vigorous intensity PA/exercise or heavy weight
training is not recommended, and care should be taken
when prescribing water-based activities.

® For absolute contraindications to PA/exercise see
Table 2.5
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Blood lipids and hyperlipidaemia
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BLOOD LIPIDS AND HYPERLIPIDAEMIA

INTRODUCTION

Hyperlipidaemia is characterized by increased levels of
serum lipids, such as triglycerides, cholesterol and fatty
acids, and is a primary risk factor for heart and vascular
disease (AHA 1990) (Ch.2). Thus it is important to
understand the significance of a healthy blood lipid
profile (BLP) and the types of physical activity
(PA)/exercise that bring this about. This chapter will
therefore describe the various constituents that make up the
BLP, and the structure and metabolism of the various
lipids, lipoproteins and apolipoproteins. Additionally, the
influence of PA/exercise intervention upon BLP and
lipid metabolism will be discussed, and an overview of
the known aetiology for hyper- and dyslipidaemia will
be provided.

Higher rates of hyperlipidaemia are found in obese
individuals (Ch. 6), and hyperlipidaemia is also worsened
by diabetes (Ch. 4), alcoholism and hyperthyroidism
(Medline plus 2004). Findings from the Multiple Risk
Factor Trial study (which involved more that 360 000
men aged between 35 and 57 years who were followed
over a 6-year period, during which 24000 died) found
that both plasma and serum cholesterol concentrations
correlated with coronary heart disease (CHD). It was
suggested that the risk to health was reasonably
continuous over the whole range of serum cholesterol.
However, risk of CHD rose appreciably when serum
cholesterol levels exceeded 6.5mmol/l (250 mg/dl), and
even more steeply when they rose above 7.8 mmol/]
(300mg/dl). The lowest rates of CHD occurred in men
with serum cholesterol levels below 5.2 mmol/]
(200mg/dl) (Martin et al 1986) (Table 3.1). Although
high levels of cholesterol are primarily seen as the
major lipid risk factor for cardiovascular disease (CVD),
triglycerides have also been found to play a contributing
role. However, the pathophysiological significance of tri-
glyceride remains largely unclear, though elevated levels
have proven to be an independent risk factor for
peripheral arterial occlusive disease and fatal coronary
heart disease (Hartmann & Stahelin 1981, Malloy & Kane
2001, Kuhar 2002).

Table 3.2 Total blood cholesterol classifications (NCEP 1988,
AHA 2004)

Classification

Values

Desirable <5.2 mmol/l (200 mg/dl)
Borderline high risk 5.2-6.2 mmol/l (200-239 mg/dI)
High risk >6.2 mmol/l (240 mg/dl)
PREVALENCE

Hyperlipidaemia is endemic in Western societies and
although the cause can be heredity it is also related
to lifestyle. Since hyperlipidaemia is a primary risk factor
for CVD it is likely that a high proportion of those
individuals who died from CVD were hyperlipidaemic
during their lifetime (Thompson 1989). Epidemiological
data from the UK, from nearly 8000 men, showed that
around 75% of heart disease deaths occurred in the
50% of the population with serum total cholesterol
levels of 5.2-8.0mmol/l (200-310 mg/dl) (Shaper et al
1985). In the USA it has been estimated that around
105 million adults have a total blood cholesterol of
5.2 mmol/1 (200 mg/dl) and of these about 42 million have
levels above 6.2mmol/l (240mg/dl) (NHANES III
1988-1994). Whilst total blood cholesterol levels of
5.2mmol/1 (200mg/dl) or less are currently considered
desirable, in the USA (AHA 2004) it is clear that even
this ‘desirable’ level of 5.2mmol/1 (200 mg/dl) still
conveys some health risk (Table 3.2).

BLOOD LIPID PROFILE

The composition of the BLP, in terms of the various
lipoproteins (p.35), is important in terms of health
risk. Epidemiological studies have shown positive corre-
lations between triglyceride (TG), low-density lipoprotein
cholesterol (LDL-C), apolipoprotein (apo) B and CHD
(Castelli et al 1986, Wallace & Anderson 1987), with less
CHD being observed in those with high concentrations
of high-density lipoprotein cholesterol (HDL-C) and apo

Table 3.1 Classifications for different serum blood lipoprotein cholesterol levels, mmol/I (mg/dl); age and gender not considered
(adapted from NCEP 1988)

Lipoproteins Desirable Borderline Abnormal

Total cholesterol <5.2 (200) 5.2-6.5 (200-252) >6.5 (252)

LDL cholesterol <3 (116)® 4.0-5.0 (155-194) >5.0 (194)

HDL cholesterol >1.0 (38.7) 0.9-1.0 (34.8-38.7) <0.9 (34.8)
Triglyceride <2.0 (177) 2.0-2.5 (177-221) >2.5 (221)

South African Medical Association and Lipid and Atherosclerosis Society of South African Working Group (2000).
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A-T (Wood & Stefanick 1990). Research has also shown that
HDL-C levels lower than 1.0 mmol/1 (40 mg/dl) (NCEP
2001) are a significant risk factor for heart and vascular
diseases, and high levels of LDL-C are of risk to health,
since LDL is the main cholesterol-carrying protein within
the blood.

STRUCTURE OF BLOOD LIPIDS, LIPOPROTEINS
AND APOLIPOPROTEINS

The basic structure, function and metabolism of the
various lipids, lipoproteins and apos are described
below.

PLASMA LIPIDS

The major lipids in human plasma are TGs, phospholipids
and cholesterol esters and together they comprise the
lipid components of lipoproteins. Fatty acids also exist
in plasma in the free (non-esterified) form (Thompson
1989). Lipids are by definition not readily soluble in
water. Their transport in plasma is therefore dependent
upon the existence of complexes of soluble proteins
(lipoproteins). Lipoproteins are composed of specific
polypeptides, the apos, TG, cholesteryl ester, cholesterol

Diagrammatic representation of the various lipoprotein constituents, not to scale (adapted from Lewis 1976).

and phospholipid (Lewis 1976, Levy 1981, Spector 1984,
Thompson 1989). Human plasma lipoproteins of normal
subjects have traditionally been divided into five basic
classes: chylomicrons, very low-density lipoproteins
(VLDL), intermediate-density lipoproteins (IDL), LDLs
and HDLs, and each of these are heterogeneous with res-
pect to protein constituents, namely the apos, and choles-
terol content (Jackson et al 1976) (Fig. 3.1 and Table 3.3).

TRANSPORT

All lipids, except free fatty acid (FFA), are transported
in plasma in the form of lipoproteins. These macro-
molecular complexes contain specific apos, which interact
with phospholipids and free cholesterol to form the water-
soluble or polar, outer shell of lipoprotein particles,
encompassing a non-water-soluble or non-polar core,
containing TG and cholesterol esters (Fig. 3.2).
Low-density lipoprotein carries most of the cholesterol
in the plasma of fasted normal individuals, with much
smaller portions being found in VLDL and HDL. In cont-
rast, VLDL carries most of the endogenous TG. Chylo-
microns transport dietary TG for a few hours after
each meal but are virtually absent from normal plasma after
a 12-hour fast. Changes in serum lipids usually reflect
changes in lipoprotein concentration and/or lipoprotein

Table 3.3 Approximate lipid composition of plasma lipoproteins (adapted from Thompson 1989)

Lipoproteins % of total lipoprotein

% of total lipids % Cholesterol ester

Protein Lipid Triglyceride Cholesterol Phospholipid
Chylomicrons 1-2 98-99 88 3 9 46
VLDL 10 90 56 17 19 57
IDL 18 82 32 41 27 66
LDL 25 75 7 59 28 70
HDL, 40 60 6 43 42 74
HDL, 55 45 7 38 41 81
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composition. Under normal conditions the concentration of
IDL (also known as a remnant particle) in plasma is
relatively low and is usually ignored but it can be a major
determinant of the concentration of both serum cholesterol
and TG in certain forms of hyperlipidaemia (Thompson
1989) (Fig. 3.3).

FREE FATTY ACIDS

FFAs are the form in which fatty acids are transported
from their storage site, in adipose tissue, to their sites
of utilization in the liver and muscle. Fatty acids are
stored in adipose tissue as TGs. The rate-limiting step in
the mobilization of TG is the enzyme lipoprotein lipase
(LPL) (Vander et al 1990). Lipolysis results in release of
FFA and glycerol into plasma and is promoted by acute
stress, prolonged fasting and lack of insulin. The concen-
tration of FFA in human plasma ranges from 0.4 to
0.8 mmol/1 (35.4-70.8 mg/dl). In the resting state the
major sites of oxidation are the liver and heart and
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Figure 3.4 Fatty acids, glycerol, triglyceride (triacylglycerol) and
phospholipid structure.

during exercise skeletal muscle, when the proportion
oxidized rises from 20% to 60%. Much of the FFA taken up
by the liver undergoes re-esterification, mainly to TG but
also to phospholipid (Thompson 1989) (Fig. 3.4).

TRIGLYCERIDES

TGs are simple fat compounds, of fatty acid esters, con-
sisting of three molecules of fatty acid and glycerol
(Fig. 3.4). Dietary TGs are absorbed mainly in the form
of chylomicrons, which cross the intestinal lymphatics
and enter the systemic circulation via the thoracic duct.
Normally, over 90% of TG is absorbed, with around
80-170 mmol (70-150g) of exogenous TG entering the
circulation per day. Triglycerides derived from endogenous
fatty acid also originate in the small intestine but their chief
source is the liver, where they are secreted in the form of
VLDL. The fatty acid content of TG in both chylomicrons
and VLDL is markedly influenced by the fatty acid com-
position of dietary TG. For example, if the diet is poor in
the fatty acid linoleic acid, fatty acid deficiency may occur,
especially in patients with malabsorption (Jackson & Gotto
1974). Processes involving hydrolysis and uptake by
various organs, notably adipose tissues, remove TGs
(lipolytic enzymes mediate these). Triglyceride levels
remain elevated for several hours after ingestion of a fatty
meal, but normally chylomicron TG should be cleared
within 12 hours. Thus, measurement of plasma levels in the
fasting stage reflects the amount of endogenous TG in the
circulation. Normal values for men range from 0.5 to
2.0mmol/l (44.3-177.0mg/dl) and up to 1.5mmol/]
(133mg/dl) in premenopausal women (Thompson 1989,
Vander et al 1990) (Table 3.4).
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Table 3.4 Mean serum blood lipid levels in US population (aged >20 years) 1988-1991 (includes racial and ethnic groups)

(adapted from Johnson et al 1993)

Lipid/lipoprotein Age (years) Men Women
Total cholesterol, mmol/l (mg/dl) >20 5.30 (205) 5.35 (207)
20-34 4.89 (189) 4.78 (185)
35-44 5.35 (207) 5.04 (195)
45-54 5.64 (218) 5.61 (217)
55-64 5.72 (221) 6.13 (237)
65-74 5.64 (218) 6.05 (234)
274 5.30 (205) 5.95 (230)
LDL-C, mmol/I (mg/dl) 220 3.39 (131) 3.26 (126)
20-34 3.10 (120) 2.84 (110)
35-44 3.47 (134) 3.03 (117)
45-54 3.57 (138) 3.41 (132)
55-64 3.67 (142) 3.75 (145)
65-74 3.65 (141) 3.80 (147)
274 3.41 (132) 3.80 (147)
HDL-C, mmol/I (mg/dl) 220 1.22 (47) 1.45 (56)
20-34 1.22 (47) 1.45 (56)
35-44 1.19 (46) 1.40 (54)
45-54 1.22 (47) 1.47 (57)
55-64 1.19 (46) 1.45 (56)
65-74 1.16 (45) 1.45 (56)
274 1.22 (47) 1.47 (57)
VLDL-C, mmol/I (mg/dl) >20 0.67 (26) 0.62 (24)
20-34 0.57 (22) 0.49 (19)
35-44 0.67 (26) 0.54 (21)
45-54 0.75 (29) 0.62 (24)
55-64 0.79 (30) 0.78 (30)
65-74 0.80 (31) 0.75 (29)
=74 0.67 (26) 0.72 (28)
TG, mmol/I (mg/dI) >20 1.61 (143) 1.42 (126)
20-34 1.26 (112) 1.14 (101)
35-44 1.59 (141) 1.28 (113)
45-54 2.25 (199) 1.42 (128)
55-64 1.85 (163) 1.90 (126)
65-74 1.80 (159) 1.75 (155)
>74 1.51 (134) 1.77 (157)

PHOSPHOLIPIDS

Plasma phospholipids (Fig. 3.4) are derived mainly from
the liver; however, the small intestine makes a contribution.
Most of the phospholipid entering the small intestine
in the diet undergoes hydrolysis by pancreatic lipase,
which probably explains why oral supplements do not
exert any great effect upon the content of plasma phos-
pholipids. Phospholipids are integral components of
all cell membranes and considerable exchange takes place
between plasma and red cells. Phospholipids derived
both from the liver and from the diet exist in plasma as
constituents of lipoproteins, where they play a key role
in maintaining non-polar lipids, such as TGs and choles-
terol esters in a soluble state. This property reflects the
amphipathic nature of phospholipid molecules, in that their

non-polar fatty acyl chains are able to interact with a lipid
environment whereas their polar head groups can interact
with an aqueous environment (Jackson & Gotto 1974,
Thompson 1989) (Fig. 3.2). As with plasma TGs, the fatty
acid composition of phospholipids is markedly influenced
by the nature of the fat in the diet. Serum phospholipid
levels have been found to range from 2.3 to 3.9 mmol/I
(204-345mg/dl) in healthy individuals, and are higher in
females than in males. Marked elevations occur in patients
with gall bladder (biliary) obstruction (Thompson 1989,
Vander et al 1990).

CHOLESTEROL

Cholesterol is a sterol possessing a four-ringed nucleus
and a hydroxyl group (Fig.3.5) In humans it occurs
both as free sterol and esterified. Free cholesterol is a
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component of all cell membranes and is the principal form
in which cholesterol is present in most tissues. Exceptions
are the adrenal cortex, the plasma and atheromatous
plaques (p 12), where cholesterol esters predominate, and
the intestinal lymph and liver. Most tissues have the
capacity to synthesize cholesterol but under normal
conditions virtually all newly synthesized cholesterol in the
body originates from the liver and distal part of the small
intestine. The rate-limiting enzyme in the regulation of
cholesterol synthesis is B-hydroxy-B-methylglutaryl-
coenzyme A reductase (HMG CoA reductase), which is
subject to feedback suppression by its final end product,
cholesterol (Thompson 1989), meaning that when choles-
terol levels are high HMG CoA reductase activity is
reduced and therefore so is the synthesis of cholesterol.
More than two-thirds of the cholesterol in plasma is
esterified. Esterification is carried out in plasma predo-
minately by the action of the enzyme lecithin:cholesterol

acyltransferase (LCAT); small amounts of esterification
may take place in the small intestine and the liver by
the action of another enzyme. The nature of the cholesterol
ester is largely determined by the fatty acid composition,
thus the diet. In contrast to cholesterol ester, plasma free
cholesterol readily exchanges with cholesterol in cell
membranes. Plasma cholesterol is normally in the range
4.0-6.5 mmol/1 (155-252 mg/dl) (Table 3.4) but unlike TGs,
cholesterol levels do not rise acutely after a fatty meal
(Thompson 1989, Vander et al 1990).

APOLIPOPROTEINS (APOS)

Apos are proteins that protrude from the surface of the
lipoproteins (Fig. 3.2) and have three main functions: (1)
to help solubilize cholesterol ester and TG by interacting
with phospholipids, assisting in the structural stability of
the lipoprotein’s sphere; (2) to act as cofactors by regulating
the reaction of these lipids with enzymes, such as LCAT,
LPL and hepatic lipase; and (3) to bind to cell surface
receptors and thus determine the sites of uptake and
rates of degradation of other lipoprotein constituents,
most notably cholesterol (Thompson 1989). Around eight
or more apos have been discovered and the role of some
of these have still to be determined (Levy 1981) (Table 3.5).
Increases in apos By and E and lipoprotein(a) (Lp(a))
have been associated with greater risk of CHD, whereas a
greater proportion of apo A-I and associated subclasses

Table 3.5 The function of the major apolipoproteins (apos) (adapted from Woolf-May 1998)

Apos Major location Minor location Function

A-l HDL Chylomicrons, VLDL, LDL Synthesis increases during lipid absorption and is
activated by LCAT; also enhances cholesterol
efflux out of the adipose cell

A-ll HDL Chylomicrons, VLDL, LDL Enhances the lipid-binding property of apo A-I

A-l and A-lI HDL Chylomicrons, VLDL, LDL When both apos exist together in HDL, apo A-II
enhances the lipid-binding properties of apo A-I

Bys Chylomicrons Represents the amino-terminal half of apo By, and
does not contain the ligand for the LDL receptor

Bigo Chylomicrons, Essential for cholesterol absorption and contains the

VLDL, IDL, LDL, Lp(a)

C-1 Chylomicrons, VLDL LDL, HDL
C-ll Chylomicrons, VLDL LDL, HDL
C-111 Chylomicrons. VLDL LDL, HDL
D HDL

E Chylomicrons, IDL, VLDL LDL, HDL

ligand for the LDL receptor

Cofactor for LPL and HDL functions

When not yet matured chylomicrons and VLDL enter
circulation, C-Il is transferred to them from HDL to
return later as a component of surface remnants during
catabolism of TG-rich particles and is an activator for
enzyme LPL

Helps transfer the ester to chylomicron remnant and IDL
which ferry cholesterol to the liver

Has several functions, one of which is the receptor
mediated transfer of cholesterol between tissues and
plasma
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has been identified with reduced risk (Wood & Stefanick
1990, Huang et al 1995, Lagrost et al 1995). Therefore,
measuring some of these blood components has been used
clinically in identifying those individuals most at risk.

CHYLOMICRONS

Chylomicrons are synthesized in the mucous membrane
of the small intestine during fat absorption and compared
to the other lipoproteins are relatively big (Fig. 3.1). They
consist mainly of TG with lesser amounts of phospholipids,
free cholesterol, cholesteryl ester and protein, and they also
carry fat-soluble vitamins (Table 3.3). Almost all absorbed
dietary fat is transported by chylomicrons derived from
the intestinal origin into the lymph, which flows into the
systemic circulation via the thoracic duct. The fatty acids
of plasma chylomicrons are released, mainly into
adipose tissue by the action of endothelial LPL. The
remaining chylomicron remnants proceed to the liver
(which is the major site for the synthesis anddegradation of
phospholipids) where VLDL (derived from hepatic origin)
carries TG from the liver to the rest of the body. Triglyceride
levels remain elevated for several hours after ingestion of a
fatty meal, but normally chylomicron TG should be cleared
within 12 hours. Therefore, the presence of chylomicrons in
the fasted state is indicative of hypertriglyceridaemia
(Lewis 1976, Spector 1984, Thompson 1989), which may
contribute towards thrombosis, since TG-rich lipoproteins
have been found to stimulate coagulation (Marckmann et al
1992) (Ch. 7).

VERY LOW-DENSITY LIPOPROTEINS (VLDL)

The structure of VLDL is similar to that of chylomicrons
and the main differences between them are their
sites of synthesis and the source of transported TG. Very
low-density lipoproteins are mainly synthesized in the
liver, but they contain less TG and more cholesterol,
phospholipid and protein, and are smaller in particle
size and density than chylomicrons (Fig. 3.1). Much of
the VLDL lipid is of endogenous origin and the majority
of the TG is derived from plasma FFA, which has its origin
in adipose tissue. Triglycerides tend not to accumulate
in the blood like cholesterol, though large amounts of
VLDL in blood plasma are an indication of hyper-
triglyceridaemia (Spector 1984, Thompson 1989).

METABOLISM OF CHYLOMICRONS AND VLDL

Chylomicrons and VLDL are initially metabolized in the
peripheral tissues, chiefly muscle and adipose tissue.
The rate of catabolism of these TG-rich lipoproteins appears
to be regulated by the activity of enzyme LPL, whose
activity in adipose tissue rises in the fed state and
is increased by insulin. The TG of chylomicrons and VLDL
are hydrolysed by LPL and the fatty acids stored. One of

the apos of chylomicrons and VLDL is apo C-1I, which is an
activator for LPL (Table 3.5). Hence, the presence of apo C-
I on these particles determines their sites of catabolism, i.e.
those tissues rich in LPL (Spector 1984, Thompson 1989).
All plasma lipoproteins are influenced directly or indirectly
by LPL, which is modulated by the hormones insulin, thy-
roxine, cortisol and the oral contraceptive, affecting the rate
of lipoprotein catabolism.

The catabolism of TG-rich lipoproteins takes place
within the circulation, yielding a series of particles
which are progressively depleted of TG and are con-
sequently denser, smaller in diameter and proportionally
enriched in cholesteryl ester. These are termed ‘remnant
particles’ (Fig. 3.3).

INTERMEDIATE-DENSITY LIPOPROTEIN (IDL)
'REMNANT PARTICLE’

The IDL is a remnant particle. It is normally low in con-
centration within the plasma as it is avidly taken up
and metabolized by other organs in the abdominal
cavity, predominantly the liver. Intermediate-density
lipoproteins carry less TG than chylomicrons or VLDL
but are still considered to be relatively TG-rich.

The metabolism of VLDL initially yields a denser form
of VLDL and IDL. These lipoproteins are further
catabolized in the liver, resulting in the major end product
LDL (Lewis 1976, Spector 1984, Thompson 1989).

LOW-DENSITY LIPOPROTEIN (LDL)

Low-density lipoprotein is the major cholesterol carrier
and differs from its precursor VLDL in that it has a
much lower TG content and is greater in density. Low-
density lipoprotein is nearly half cholesterol, greater than
any other lipoprotein, and is seen as the ‘villain’ in the
cholesterol drama, since it carries cholesterol from its
sites of origin into the blood vessels (Lewis 1976, Spector
1984, Thompson 1989). It also plays a significant role in
the development of atherosclerosis (Ch. 2). Thus, increases
in levels of serum of LDL-C predispose an individual
toward heart and vascular disease.

Low-density lipoproteins transport approximately
three-quarters of total blood cholesterol and deliver it to
the tissues of the body. At LDL concentration greater than
3.36 mmol/1 (130 mg/dl) some cholesterol is deposited
into the arterial walls, a primary cause of atherosclerosis.
The rate of production and removal determine the blood
concentration of LDL, and a diet high in saturated fat
and cholesterol will increase the liver’s production of
VLDL, some of which will transform into LDL within
the circulation. Saturated fat and cholesterol also suppress
withdrawal of LDL, causing a reduction in LDL receptors
by the liver, which boosts LDL levels even further
(Lewis 1976, Brown & Goldstein 1984, Spector 1984,
Thompson 1989) (Fig. 3.6).
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Figure 3.6 LDL receptor endocytosis. Lipoprotein receptors that
bind to the LDL are located on the surfaces of certain cells. They
internalize the lipoprotein and deliver it to lysosomes where its
cholesteryl esters are hydrolyzed. The liberated cholesterol can then
be used by the cell or stored in the form of cytoplasmic cholesteryl
ester droplets. This process is requlated by HMG CoA reductase
(adapted from Thompson 1989).

CHOLESTEROL DELIVERY AND LDL RECEPTORS

Packaging of cholesterol esters into lipoproteins enables
transport of lipids that are insoluble within the blood.
However, it creates a problem of delivery. Cholesterol
esters are unable to pass unaided through membranes. This
problem is solved by lipoprotein receptors strategically
located on the surfaces of certain cells that bind to the
LDL. These receptors operate by receptor-mediated
endocytosis (Fig. 3.6), which internalizes the lipoprotein
and delivers it to lysosomes where its cholesteryl esters
are hydrolyzed. The liberated cholesterol can then be used
by the cell for the synthesis of plasma membranes, bile
acids and steroid hormones, or stored in the form of
cytoplasmic cholesteryl ester droplets. This process is
regulated by HMG CoA reductase, which works by
negative feedback. For example, when LDL-C is high
the activity of HMG CoA is increased, resulting in an
increase in LDL receptors, thus increasing cholesterol
uptake by the cell. However, when LDL-C is reduced the
activity of HMG CoA also becomes reduced (Brown &
Goldstein 1986). Apo By is the main apo of LDL; it fits
into a three-dimensional structure of the LDL receptor
(like a lock and key). The number of LDL receptor
cells displayed varies according to the cell’s need for
cholesterol. The liver, dense with LDL receptors, removes
LDL and IDL from the circulation. The uptake of
cholesterol by the cells via the receptors reduces the
amount of circulating LDL particles, and one of the
major causes of elevated levels of LDL is a decrease in
LDL receptor activity (Lithell et al 1982, Brown & Goldstein
1984) (Fig. 3.6).

HIGH-DENSITY LIPOPROTEIN (HDL)

Where LDL is seen as the ‘villain” in the cholesterol drama
HDL is seen as the ‘hero’, as it carries cholesterol out of the
blood vessels and back to the liver (Levy 1981). High-
density lipoprotein is mostly assembled in the extracellular
space, where it undergoes continuous remodelling, and can
be generated within the circulation from VLDL and chylo-
microns (Fig. 3.3). The liver and intestine can also syn-
thesize HDLs. However, HDLs of hepatic origin appear
discoid in shape, whereas intestinal HDLs are more
spherical in shape (Lewis 1976, Miller 1984, Superko 1991).
Numerous studies have found that individuals who have a
high proportion of HDLs have a lower risk of heart disease
(Castelli et al 1986, Drexel et al 1992). The probable ration-
ale of this is partly related to its role in reverse cholesterol
transport (Grundy 1984, Miller 1984) and its promotion of
prostacyclin, a substance that inhibits clotting along the
inner walls of the arteries (Scanu et al 1984), thus protecting
against the development of atherosclerosis.

High-density lipoprotein is divided primarily into sub-
classes HDL, and HDL;. HDL; is relatively cholesterol
poor and dense in comparison to HDL, (Lippel et al 1981).
In circulation HDL, and HDL; interconvert into one
another by enzymes (Eckardstein et al 1994) (Fig. 3.3). The
HDL subclasses can be further identified as those that
contain only apo A-I and those that contain both apos
A-I and A-II. The majority of A-I may be found on HDL,
and apos A-I and A-II on HDL; (Mowri et al 1994). Research
has shown that apo A-I reacts to a greater extent to
LCAT than apos A-I and A-II together (Fruchart & Ailhaud
1991, Eckardstein et al 1994, James & Pometta 1994),
resulting in greater cholesterol efflux (Mahlberg et al 1991,
Rothblat et al 1992), whereas the combination of A-I and
A-II is thought to inhibit apo A-I and is affected more
by hepatic lipase, thereby being more effective at
offloading cholesterol to the liver (Fruchart & Ailhaud 1991,
Eckardstein et al 1994, James & Pometta 1994). However,
these functions may depend upon the stimulating effect
of different cells (Rothblat et al 1986, Mahlberg et al 1991,
Eckardstein et al 1994).

HIGH-DENSITY LIPOPROTEIN REVERSE
CHOLESTEROL TRANSPORT

The efflux of unesterified (free) cholesterol from the tissues,
including the arterial walls, to acceptor lipoproteins rep-
resents an important process by which cells maintain chole-
sterol homeostasis. This reaction is the first step in the
transport of cholesterol from cells to the liver for excretion,
termed ‘reverse cholesterol transport’ (Glomset 1968,
Rothblat et al 1992). Apo A-I on the HDL, surface triggers
LCAT to convert free cholesterol, taken from plaques, into
cholesterol ester, which prevents it from re-entering the
arterial wall. The esterification of cholesterol by LCAT
and the acquisition of phospholipids, mediated by phos-
pholipid transfer protein, converts the newly formed HDL;
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into HDL,. The hydrolysis of TG-rich lipoproteins by LPL
produces remnants that are transferred to HDL;, thus con-
tributing to the generation of HDL,. The export of cho-
lesteryl esters by cholesteryl ester transfer protein (CETP)
and the hydrolysis of TGs and phospholipids by hepatic
lipase, of the liver, generate HDL; at the expense of HDL,.
The additional action of CETP, found to be apo D in
humans (Fielding & Fielding 1984), allows the transfer of
the newly formed cholesteryl esters from HDL, and
reduces the rate at which they accumulate in the core of
the lipoprotein. This slows the increase in the HDL, particle
size, thereby delaying the end product, the inhibition of
LCAT. The CETP enables the ester to transfer to chy-
lomicron and VLDL remnants (IDL), which also ferry cho-
lesterol to the liver (Miller 1984), and allows for continued
reverse cholesterol transport. For a more detailed dis-
cussion on HDL and reverse cholesterol transport, refer to
Miller (1984).

The liver has the ability to selectively remove cholesterol
from HDL,, allowing for continued uptake of cholesterol
from the arteries and tissues, whereas other lipoproteins
are completely absorbed (Lewis 1976, Thompson 1989).
Furthermore, a proportion of cholesteryl ester is delivered
by the receptor-mediated endocytosis of the whole HDL
particle, particularly under conditions of increased choles-
teryl ester production (i.e. cholesterol-rich diets). However,
the process by which cholesterol is transferred from the cell
to HDL and from the HDL to other lipoproteins and tissues
is still not totally understood (Eckardstein et al 1994).

LIPOPROTEIN(A) (LP(A))

Lipoprotein(a) was discovered nearly 20 years ago and
since then it has become the subject of investigation as
an indicator for heart disease (Ridker & Hennekens 1994).
Cross-sectional and retrospective studies have suggested
that high plasma levels of Lp(a) correlate with heart disease
(Berg et al 1974, Kostner et al 1981, Sandkamp et al 1990)
and may be an independent indicator (Sandkamp et al
1990).

Lipoprotein(a) is structurally related to LDL, though
found in lower plasma concentrations (Schreiner et al 1994),
and is catabolized in a similar way to LDL (Krempler et al
1983). Lipoprotein(a) is composed of two distinct apos,
apo By, identical to the B,y of LDL, and apo (a), which is
unique to Lp(a) (Schreiner et al 1994) and is similar in
structure to plasminogen, a substance involved in fibrinoly-
sis (anticoagulation) (Utermann 1989). The apo B,y of Lp(a)
carries cholesterol and cholesteryl esters as it does in LDL,
which may contribute towards Lp(a)’s thrombogenic capa-
city. The similarity of the apo (a) to plasminogen may cause
it to compete with plasminogen for fibrin binding, poten-
tially inhibiting tissue plasminogen activator activity
(Albers et al 1990, Schreiner et al 1994) and intrinsic
fibrinolysis (Ridker & Hennekens 1994), thus increasing
the potential for the development of thrombi. Lp(a) is
synthesized independently of other cholesterol ester-rich

apo By containing lipoproteins and its rate of synthesis is
the determinant of plasma Lp(a) concentration (Krempler
et al 1983), which wvaries between individuals
(0.02-3.87 mmol/1 (~<1->150 mg/dl)) and is thought to be
genetically determined.

The exact biological function of Lp(a) is unknown and
there are no indications that individuals with very low
concentrations of Lp(a) or who lack Lp(a) suffer from any
metabolic disease. It is postulated that Lp(a) may be
secreted by the liver and that it is not derived from TG-rich
precursors, in contrast to LDL. This may explain why Lp(a)
concentrations have been found to remain stable for
months or even years and are hardly influenced by low-fat
and calorie-restricted diets (Hoefler et al 1988).

INTRAVASCULAR LIPID METABOLISM

The process of lipid metabolism is complex and in constant
flux, and in order to provide an understandable expla-
nation of this process a simplified pathway of the events
from the ingestion of dietary fats is provided.

Dietary lipids transported by chylomicrons, via lymph
into the plasma, are degraded to remnants (IDL) by extra-
hepatic LPL, which is activated by apo C-II on the chy-
lomicron surface. Chylomicron remnants (IDL) are then
taken up by hepatic receptors, which recognize the apo E
on their surface. Very low-density lipoprotein delivered
into plasma from the liver carries endogenously synthe-
sized TGs; like chylomicrons they too undergo partial
degradation to IDL. The IDL remnant is then either taken
up by the LDL receptor, which recognizes both the apo E
and apo Byy, on the remnant surface (the By, on the IDL
remnant surface is distinct from the smaller B,g present in
chylomicrons), or is further degraded to LDL, which con-
tains apo By, but not apo E (hepatic lipase may be involved
in this process). Low-density lipoprotein in turn undergoes
catabolism, partly mediated by the LDL receptors. The lipid
of HDL is derived from free cholesterol and phospholipid
released during lipolysis of chylomicrons and VLDL, as
well as free cholesterol efflux from peripheral cells, and its
major apo, apo A-l, is synthesized from both the liver
and small intestine. The newly formed HDL particles ini-
tially form HDL; in plasma, which eventually become con-
verted to the larger HDL, particles by the action of LCAT,
which is activated by apo A-I; they are then transported
back to the liver where the HDL, is converted back to HDL,
(Fig. 3.3).

AETIOLOGY

Hyperlipidaemia may be caused through genetic disorders,
often termed familial or primary hyperlipidaemia, and/or
as a result of a fault in lipid metabolism in conjunction with
a metabolic or organic disease. High intake of dietary
carbohydrate and/or fat is also a contributing factor
and is the most modifiable of all the causes of hyperlipid-
aemia (Assmann 1982).
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FAMILIAL HYPERLIPIDAEMIA

The causes of familial hyperlipidaemias are hereditary
and may be the result of defects in the metabolism of
lipoproteins, which can be in the form of (i) defects in the
biosynthesis, composition or a section of the lipoproteins,
(i) faults in apo structure, (iii) problems with enzymes
such as LPL and/or LCAT and/or (iv) defects in the
recognition, uptake or degradation of lipoproteins by the
cells (Assmann 1982).

Impaired LDL receptor function is one of the main phy-
siological defects, and the outcome of this is an accu-
mulation of LDL in the plasma, which ultimately leads
to atherosclerosis (Assmann 1982, Brown & Goldstein
1986). Although underlying genetic or biochemical
abnormalities for some of the familial hyperlipidaemias are
understood, many have still not been fully determined.
Since there are several different types of familial hyper-
lipidaemias and dyslipidaemias, an explanation for all
these goes beyond the scope of this text; a fuller description
is provided in Assmann (1982) and Thompson (1989).

SECONDARY HYPERLIPIDAEMIA

Secondary hyperlipidaemia is a disorder of lipid metabo-
lism generally found in conjunction with a metabolic or
organic disease, such as diabetes mellitus, thyroid dis-
orders, liver and kidney disease. Secondary hyperlipi-
daemia may also be caused by a high intake of carbo-
hydrate and/or fat, by alcohol abuse and/or by certain
medications. Secondary hyperlipidaemia appears in about
3-5% of the adult population and it is estimated that
around 40% of all hyperlipidaemias are of secondary
origin. The majority of cases are due to impaired catabolism
of lipoproteins. Secondary hyperlipidaemias are often
treatable, by correcting or optimal management of the pri-
mary disease, and/or change in lifestyle (Assmann 1982).
Plasma lipid and lipoprotein levels are also markedly
influenced by intrinsic characteristics such as age, gender
and genetic factors, as well as modifiable factors such as
diet, body weight and physical activity. It is therefore often
difficult to clearly determine the individual effect of these
factors; for example, increasing age is often accompanied
by an increase in body weight and a reduction in physical
activity (Thompson 1989).

Body weight

Overweight and particularly obesity have been
associated with hyperlipidaemia (Ortlepp et al 2003,
Residori et al 2003), and several studies have shown a
strong positive correlation between the degree of adiposity
and fasting TGs when corrected for other variables
(Phillips et al 1981, Connor et al 1982). Furthermore, a
study carried out on 5220 men and 5869 women found
a dose-response relationship between serum lipids and
body mass index (BMI) (Thune et al 1998). High-density

lipoprotein cholesterol has also been found to correlate
inversely with body weight (Thompson 1989), and in the
Lipid Research Clinic’s Program Prevalence Study weight
was the strongest independent correlate of TG levels in
both men and women (Cowan et al 1985), which may
reflect the observed association of body weight and
increased VLDL synthesis (Phillips et al 1981). Additionally,
the positive correlation with plasma cholesterol and BMI
also probably reflects an increase in VLDL-C rather than
LDL-C (Thompson 1989).

Diet

There is a wealth of research into the effect of diet upon
BLP. Kilocalories consumed, carbohydrates, fat, cholesterol,
protein, fibre, alcohol and coffee, as well as tobacco
smoking may all have an effect upon BLP and
are outlined below.

Kilocalories

Consumption of excessive calories sufficient to cause
obesity is the most common cause of fasting hypertrigly-
ceridaemia and is manifested by an increase in VLDL.
One possible mechanism is that expanded adipocytes
are relatively insulin-resistant and that this results in
reactive hyperinsulinaemia, which leads to stimulation
of hepatic TG synthesis and thus to increased rate
of secretion of VLDL. Alternatively, TG clearance
may be defective, resulting in a reduced rate of catabolism
of VLDL in peripheral tissue (Groer & Shekleton 1989).
Regardless of the mechanism regarding reduction in body
weight to desirable levels, restriction of calorific intake
often brings serum TG levels to within normal range.
Indeed calorific restriction that is sufficient to induce
weight reduction causes a rise in HDL-C in obese indi-
viduals, whose HDL-C levels tend to be lower than normal
(Thompson 1989).

Carbohydrate

Healthy individuals show an increase in serum TG
when fed a carbohydrate-rich diet, particularly if it
contains considerable amounts of sucrose, but this rise is
transient if the diet is isocaloric. For those with existing
hypertriglyceridaemia, this type of diet may result in
impaired TG clearance, which may be accompanied by
increases in plasma insulin levels. Since the activity of
LPL, which mediates TG clearance, is markedly influenced
by insulin, this has led to the suggestion that carbohydrate-
induced hypertriglyceridaemia results from defective
lipolysis of VLDL, secondary to insulin resistance at the
adipocyte level, rather than from an increase in hepatic
TG synthesis. Additionally, HDL-C levels also tend to
decrease when the diet is rich in carbohydrate
(Thompson 1989).
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Fat

Generally dietary saturated fats increase serum cholesterol,
and polyunsaturated fats cause it to decrease, and similar
changes occur in fasting serum TG. A diet containing 40%
of its calories from monounsaturated fat lowers LDL-C to
a similar extent as a diet containing 40% polyunsaturated
fat, and does so without the undesirable reduction in HDL-
C. Furthermore, this type of diet does not appear to show
increases in serum TG as has been observed when low-fat
diets are undertaken (Grundy 1986). This might explain the
relatively low serum lipids in populations living in the
Mediterranean, whose consumption of olive oil is
considerable (Thompson 1989).

Changes in serum cholesterol, induced by dietary fat,
are predominantly due to changes in concentration of
LDL-C. Research has suggested that when polyunsaturated
fat is substituted for saturated fat, LDL synthesis is reduced
and catabolism is enhanced, contributing to a reduction
in the size of the intravascular pool of LDL (Muesing et al
1995). These changes are accompanied by alterations in
the fatty acid composition of the lipid constituents of
VLDL and LDL (Thompson 1989).

Cholesterol

Increasing the intake of dietary cholesterol may result
in increases in LDL-C, although cholesterol from ingestion
of shellfish has a relatively small effect on serum cholesterol
in normal subjects (Connor & Lin 1982). The main difficulty
in assessing the importance of dietary cholesterol, apart
from the source of this cholesterol, is the considerable
inter-individual variation in response (Thompson 1989).

Protein

The substitution of dietary soya bean protein in place
of animal protein has been shown to cause a reduction in
cholesterol, despite the fat and cholesterol content being
similar. However, the mechanism for this is unclear.
Vegetarians also tend to have lower serum lipid levels
than non-vegetarians, which is only partly attributable to
the source of protein. Although HDL-C levels tend to be
lower in vegetarians than in those on diets that include
meat (D’Amico et al 1992), their ratio of HDL:total
cholesterol tends to be higher (Thompson 1989).

Fibre

A study investigating the dietary habits of hyperlipidaemic
subjects found dietary fibre intake to be inadequate
(Kralikova et al 1996). Additionally, dietary intervention
studies have found that a fibre-rich diet is effective in
reducing blood LDL-C and TG levels (Rivellese et al 1994)
in hyperlipidaemic subjects; and water-soluble dietary
fibre, such as pectin, was found to decrease serum
cholesterol levels (Veldman et al 1997).

Alcohol

In the animal model, chronic moderate alcohol consump-
tion appears to reduce fasted blood lipids, and lowers

postprandial chylomicrons and TG levels (Daher et al
2003). In human studies, regular consumption of small
amounts of alcohol has been shown to increase levels of
HDL-C (Hannuksela et al 2002). For instance, drinking
two units of alcohol per day (approximately one glass of
wine) has been shown to significantly increase HDL-C by
around 0.33 mmol/l (12.8 mg/dl) compared to non-
drinkers (Castelli et al 1977); and drinking around 40.2 g of
alcohol per day has shown modest but statistically signi-
ficant increases in HDL-C of around 0.08 mmol/I
(3.1mg/dl) (Samanek et al 2002). Increases in both HDL,
and HDL; cholesterol have been found, which may be due
to induced increases in LPL (Phillips et al 1981). The car-
dioprotective effect of alcohol consumption may be, in part,
due to its enhancement of the cholesterol esterification rate
in the HDL particle (Perret et al 2002). In contrast, hyper-
lipidaemia (mainly hypertriglyceridaemia) is found in
more than 80% of cases of alcoholism. This has been attrib-
uted to an increase in hepatic synthesis of VLDL as a result
of liver disease, and extreme hyperlipidaemia may be
found in those with clinically manifest alcohol-induced
pancreatitis. Around 60% of alcoholics suffer myocardial
infarction, regardless of the observed increase in HDL-C
with moderate alcohol intake. Therefore, alcohol intake
cannot be recommended as a prophylaxis for ath-
erosclerosis, due to its probable association with organ
damage, most notably cirrhosis of the liver and/or cardio-
myopathy (Assmann 1982).

Coffee

The ingestion of large quantities of coffee, particularly boil-
ed coffee, has been found to increase serum cholesterol,
which has not been found with equivalent quantities of tea
or instant coffee. Therefore this rise in serum cholesterol is
unlikely to be due to caffeine (Thelle et al 1987, Pirich et al
1993).

Tobacco

Cigarette smokers generally tend to show lower levels
of HDL-C compared to non-smokers. However, HDL-C
has been shown to improve after about 8 weeks of
smoking cessation (Eliasson et al 2001). It appears that
cigarette smoking stimulates oxidation of LDL particles,
producing significant decrease of TGs and HDL-C
(Lepsanovic et al 2001), and impairs lipolysis, which pre-
vents the postprandial increase in HDL, normally found
in non-smokers after a fatty meal (Thompson 1989, AHA
2004).

lllness and disease

Illnesses such as an acute myocardial infarction or viral
infection have been found to affect serum lipids. For
instance, after a myocardial infarction total cholesterol
tends to fall, which reflects a decrease in LDL that is
accompanied by a rise in plasma TG and fall in HDL-C, the



44

BLOOD LIPIDS AND HYPERLIPIDAEMIA

cause in part being due to a rise in catecholamines and
other hormones. These changes do not generally occur
until around 24 hours post-event and may take several
weeks to settle down to pre-event values. Similar changes
have been observed after surgical operations and/or febrile
illnesses (Thompson 1989).

Liver disease

Acute hepatitis, chronic hepatitis, liver cirrhosis and
obstructive liver disease all show considerable variation
with regard to secondary hyperlipidaemia. Non-alcoholic
fatty liver disease comprises a wide spectrum of liver
damage and although the prevalence of this disease is
unknown, it is estimated to affect 10-24% of the general
population of various countries. The natural history of
this disease still remains to be defined but is often asso-
ciated with hyperlipidaemia (Allard 2002, Alba & Lindor
2003).

Kidney disease

Hyperlipidaemia is frequently observed in patients with
kidney disease who undergo dialysis as well as post-kidney
transplantation and is an inevitable result of nephritic
syndrome (a group of urinary tract disorders). Lipoprotein
biosynthesis is increased in nephritic syndrome as a
consequence of proteinuria (Gretz et al 1996) and elevations
in HDL-C, apo A-I and A-II levels are commonly observed
(Assmann 1982).

Diabetes

Hyperlipidaemia is seen in approximately 40% of all
diabetics and more than 80% suffer from hypertriglycerid-
aemia (Assmann 1982), which is associated with insulin
resistance (Saltiel & Kahn 2001). The increase in VLDL
and reduced LPL activity contribute toward the patho-
genesis of hypertriglyceridaemia. However, it is often
difficult to determine if this is due to primary or
secondary causes. If hyperlipidaemia persists after
optimal regulation of the diabetes then it is considered to
be of primary cause. The combination of hypertriglyceri-
daemia and low HDL-C results in cardiovascular disease
complications and around 50% of diabetics suffer myocar-
dial infarction. Serum lipids often normalize with appro-
priate weight reduction, restriction of rapidly absorbed
carbohydrates, alcohol avoidance and/or medical inter-
vention (Assmann 1982) (see Ch.4).

Thyroid disorders

Generally, hypothyroidism tends to be accompanied by
hypercholesterolaemia due to the reduction in LDL cata-
bolism; and females with hypothyroidism (defined as
thyroid-stimulating hormone >3.75mU/l) have been

found to have serum cholesterol levels >7mmol/I
(271 mg/dl). It is speculated that hypothyroidism also
causes a decrease in the enzyme activity responsible for
the degradation and excretion of plasma cholesterol
(Kobayashi et al 1997), resulting in increased levels of
circulating lipids. Conversely, hyperthyroidism is asso-
ciated with hypocholesterolaemia, as a result of increased
LDL catabolism. Secondary dyslipidaemias are generally
resolved with treatment of the underlying problems
(Assmann 1982).

Age

During the first 6 months of life there is a rapid rise
in serum cholesterol; thereafter there is little change
until puberty, after which there is a rise in TG and
LDL cholesterol in both sexes. There is also a fall in
HDL for boys but not for girls. During adult life, plasma
lipid levels continue to rise in both sexes, especially in
the elderly (Saito 2001). The concentration of cholesterol
tends to be higher in men up to the age of 55, but
higher in women thereafter (Table 3.4). Triglyceride levels
remain higher in men until the age of 65, when they
become similar in both sexes (Heiss et al 1980). The increase
in total cholesterol mainly reflects an increase in LDL-C.
HDL-C levels, however, are higher in women than in
men at all ages from puberty onwards and do not
decrease after the menopause. Studies have shown that
cholesterol, TG and LDL-C are correlated with age
even when body weight is taken into account (Connor et al
1982). The rise in LDL-C observed in women as they
increase in age is associated with the effect of hormonal
changes on the breakdown of LDL (Thompson 1989).

Gender

From puberty up until women reach the menopause,
females tend to have lower TG, LDL-C and
VLDL-C levels and higher HDL-C levels than males. Once
women reach the menopause, however, their LDL-C levels
generally tend to become higher than those of men of a
similar age, unless they are on hormone replacement
therapy. Women who are on oestrogen and/or pro-
gesterone therapy tend to have higher TG levels with lower
levels of LDL-C than women not on hormone replacement
treatment (Heiss et al 1980). The higher HDL-C of females
reflects a higher concentration of HDL, whereas the
concentration of HDL; has been found to be similar in
both sexes. Differences in endogenous sex hormones
account for much of the gender differences. Oestrogen, for
instance, tends to lower LDL-C, raise HDL-C (Levy 1981,
Bush & Barrett-Connor 1985) and cause elevations in
coagulation factors (Levy 1981), whereas androgens tend to
have the opposite effect (Thompson 1989).

For premenopausal women, levels of the sex hormones
oestrogen and progesterone vary throughout the menstrual
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cycle, and generally cholesterol and TG levels are higher
and HDL-C is lower during the follicular phase compared
to the luteal phase. It is strongly suggested that these
changes are linked to oestrogen levels, which peak prior to
ovulation. These factors should be a consideration for the
exercise practitioner when determining a client/patient’s
blood lipid profile.

At any given serum cholesterol level the risk of CHD
in men is roughly three times that of women of comparable
age (AHA 1973). Women tend to get CHD at higher choles-
terol levels than men, which may be due to women having
a greater proportion of their serum cholesterol in the form
of HDL, accompanied by lower TG, VLDL (Kannel 1987)
and possibly Lp(a) levels (Barletta et al 1993). However,
after the onset of menopause, when LDL-C levels tend to
resemble those of men, the risk of CHD for women is
increased.

Genetic factors relating to LDL receptors (Bush et al
1988) and Lp(a) (Howard et al 1994) do not appear to be
gender-linked. However, there is some evidence to suggest
that concentrations of HDL are influenced by genetic
factors for both men and women, and several twin
studies have found levels of HDL and apos A-I and A-II
to be genetically determined (Mjos et al 1977, Dahlen et al
1983).

Race

Although it is difficult to determine the influence of factors
such as diet and physical activity on blood lipids with
regard to race, the Lipid Research Clinics Prevalence Study
showed that black American males have higher HDL:total
cholesterol ratios than their white counterparts (Green et al
1985), and a similar tendency has been reported in
international comparisons between African and European
countries. Hence there may be a genuine racial trait in those
of African origin (Green et al 1985, Thompson 1989). Levels
of Lp(a) too may be influenced by race (Howard et al 1994).

Seasonal and day-to-day variation

The variation in blood lipids found within an individual
can be the result of measurement imprecision and biologi-
cal variability. In healthy individuals variations in fasting
serum lipids over the course of a year range from 4 to 11%
for total cholesterol, 13 to 41% for TG and 4 to 12% for HDL-
C. Over 60% of these variations have been attributed to
biological fluctuation and the remainder to analytical
variability (Demacker et al 1982). Part of the biological
fluctuations have been attributed to seasonal changes,
which are most marked in parts of the world where
summer and winter have the greatest differential; pre-
menopausal women also experience the additional effect of
the menstrual cycle upon their serum lipids (Thompson
1989).

MEDICATIONS AND SECONDARY
HYPERLIPIDAEMIA

Certain medications has been shown to produce hyper-
lipidaemia as a side effect, and this is something to be
considered when prescribing PA /exercise. However, medi-
cations prescribed to treat hyperlipidaemia may have side
effects that could influence PA/exercise prescription
(Ch. 14).

Beta-adrenergic receptor blockers (beta-blockers)

Beta-adrenergic receptor blockers (beta-blockers) are often
prescribed to patients with heart and vascular disease
as a means of reducing cardiac work and lowering blood
pressure. Furthermore, the nature of cardiovascular
diseases is related to the fact that these individuals often
have hyperlipidaemia. However, beta-blockers have been
reported to result in increases in blood TG levels (Passotti et
al 1986, Szollar et al 1990) whilst showing no significant
change in total blood cholesterol (Passotti et al 1986).
Though the underlying mechanisms are still not fully
understood, the elevation in TGs has been attributed to
an increase in VLDL TGs, while the lack of change in
cholesterol levels has been speculated to be due to
reductions in HDL-C, although some studies have
found no significant change in HDL-C (Szollar et al 1990).
One proposed mechanism for these changes in blood lipids,
as a result of taking beta-blockers, is the possibly
augmented resynthesis of TGs in the liver from the
increased supply of FFA. This increase in FFA is due to
pronounced lipolysis as a result of increased LPL
activity (Lehtonen 1985), which becomes active in
response to the inhibition of catecholamine-induced
lipolysis. However, research findings have been
contradictory and the greatest increases in TGs have been
observed in those patients who also gain weight. The
use of different beta-blockers, varying doses, experimental
conditions and subject weight fluctuation make it difficult
to clearly determine the effect of beta-blockers on blood
lipids (Assmann 1982).

Diuretics

Diuretics are often employed as a means of lowering
blood pressure, and have been found to cause elevations
in total cholesterol, LDL-C and VLDL TGs (Middeke
et al 1997, Van der Heijden et al 1998) and reductions in
HDL-C (Middeke et al 1997) and apos A-I and B (Marquest-
Vidal et al 2000). The underlying cause for the increase in
LDL, however, remains unclear. Diuretics can also increase
sympathetic activity, which induces lipolysis and thus
circulating FFAs, and possibly may be the impetus for
an increase in VLDL synthesis by the liver. Nonetheless, the
research findings have been conflicting, for similar reasons
to those mentioned for beta-blockers.
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Oral hypoglycaemic agents

Oral hypoglycaemic agents, often prescribed to diabetics
whose blood glucose is not well controlled (Pan et al 2002),
have been shown to reduce TG and LDL-C as well
(Derosa et al 2003).

Thyroid treatments

Treatments prescribed to those with an underactive thyroid
(hypothyroidism) have been found to increase hepatic
LDL-receptor activity, thereby lowering total cholesterol
and LDL-C levels (Caraccio et al 2002).

Sex hormones

The effects of sex hormones upon blood lipids (p. 44) vary
according to the drug, dose and route of administration
(Donahoo et al 1998).

TREATMENT

There are numerous pharmacological interventions that
can be given to try and control hyperlipidaemia, and the
major non-pharmacological intervention would be through
appropriate PA /exercise intervention.

PHARMACOLOGICAL

The most commonly prescribed drugs for the control of
hyperlipidaemia are bile-acid binders, fibrates and statins.

Bile-acid binders

Bile-acid binders work by reducing LDL-C. They are
ion-exchanging resins that act by binding bile acids,
preventing their absorption, which promotes hepatic
conversion of cholesterol into bile acids. This results in
an increase in LDL-receptor activity of the liver cells
and increases the clearance of LDL-C. However, they can
raise TG and can cause gastrointestinal problems (BMA,
RPS GB 2005).

Fibrates

in cholesterol synthesis, particularly in the liver. Thus, they
are more effective than other types of drugs in lowering
LDL-C, but are less effective than fibrates in reducing
TG levels. They can, however, have a mild lowering
effect on TG and cause a slight increase in HDL-C
(BMA, RPS GB 2005).

REGULAR PHYSICAL ACTIVITY AND EXERCISE

A review of intervention studies on the effect of
PA /exercise upon blood lipids found that although not all
studies reported favourable changes in TG and HDL-C, the
majority of studies did (Wilmore 2001). Numerous studies
have investigated the effect of regular PA/exercise upon
blood lipid profile and have found increases in the concen-
tration of HDL-C (Huttunen et al 1979, Seip et al 1993),
HDL,-C (Ballantyne et al 1982), HDL, (Wood et al 1983 &
1984), proportion of HDL-C/LDL-C (Seip et al 1993), HDL-
C/total cholesterol (Rauramaa et al 1995), as well as dec-
reases in total cholesterol, TG, VLDL-C and apo B (Hughes
et al 1990a & 1990b, Seip et al 1993). However, consistent
reductions in LDL-C have not been convincingly demon-
strated (Goldberg & Elliot 1987) and though reductions in
serum total cholesterol have been observed as a result of
habitual PA/exercise they appear to be greatest in those
who exercise at higher intensities. For example, although
Savage et al (1986) found reductions in total cholesterol
from two groups, one working at 75% Vo,max and the
other at 45% Vo,max, the reductions in total cholesterol
were greatest in the group that exercised at the higher
intensity, suggesting a dose response.

However, not all studies have observed changes in blood
lipids as a result of PA /exercise intervention (Brownell et al
1982, Wood et al 1991, Houmard et al 1993), and changes
appear to be related to the baseline blood lipid profile, in
that the poorer the baseline lipid profile the greater the
potential for change from PA /exercise intervention (Woolf-
May 1998). But despite relatively poor baseline HDL-C
values (1.26 mmol/1, 48.8 mg/dl), Suter et al (1994) failed to
find significant increases in HDL-C after exercise inter-
vention, indicating that other factors are probably involved
in PA /exercise-induced changes in blood lipids.

Mechanism

Fibrates generally act by decreasing serum TG. They tend
to have variable effects on LDL-C and may reduce risk of
CHD events in those with low HDL-C or raised TG
levels. However, if combined with a statin they can
increase the risk of effects on the muscles. Fibrates may also
cause gallstones, rash and gastrointestinal upset (BMA, RPS
GB 2005).

Statins

Statins are extremely effective at reducing LDL-C levels.
Statins inhibit HMG CoA reductase, the enzyme involved

The mechanisms responsible for changes in BLP, as a
response to PA/exercise intervention, still remain to be
fully determined; and other factors, such as lipid-lowering
medications, may also have an influence upon these
changes. However, the lower TG and VLDL-C concentra-
tions often observed in healthy, physically active individ-
uals have been attributed to the enhanced rate of removal,
due to the increase in LPL in trained muscle (Nikkila 1978,
Mowri et al 1994) and adipose tissue (Wood & Stefanick
1990). Lipolysis of TG and VLDL-C results in surface
components being released into plasma, including free
cholesterol, which is taken up by HDL;, due to the action of
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LCAT, and is then transformed to HDL, (Fig. 3.3). This
process is assisted not only by an increase in LPL but also
by a reduction in levels of hepatic lipase, the function of
which is to promote the conversion of HDL, back to HDL,.
Consequently, TG-rich lipoprotein particles are reduced in
number and size, and HDL particles are increased in size
and cholesterol content (Lampman et al 1977). Physical
activity intervention has been found to show increases in
levels of the LCAT enzyme (Hostmark 1982, Marniemi et al
1982, Lehmann et al 2001) and physically active individuals
have been shown to have increased activity levels of LCAT
and CETP (Gupta et al 1993), which also promote reverse
cholesterol transport and the ability of HDL to continue in
this process, respectively.

The extent of change in lipids and lipoproteins with
PA /exercise intervention is dependent upon several
factors, such as PA/exercise intensity, duration and fre-
quency, diet, medications, gender and pre-intervention
BLP. However, this would pertain to those whose
dyslipidaemia is alterable. For those individuals whose
dyslipidaemia is of genetic origin, PA /exercise intervention
may have little or no effect. Individuals with LPL defi-
ciency, for instance, will not benefit from the PA/exercise
training response of increased LPL activity, nor will the
HDL particles increase in individuals with Tangier disease,
since it is characterized by the virtual absence of circulating
plasma HDL (Ordovas 2000). However, it is important to
consider the other potential health benefits of regular
PA /exercise for dyslipidaemic individuals.

Energy expenditure

For those individuals who do not possess any genetic
dyslipidaemia, it appears that for changes to HDL-C
concentration around a 1000 kcal per week is necessary,
which is roughly equivalent to walking/running 1.5 miles
a day. However, for increases in HDL,-C, energy expen-
diture of more than 1500 kcal per week may be required
(Haskell 1986, Superko 1991). Above this level, a
dose-response relationship exists, with greater changes
occurring up to energy expenditures of 4500 kcal per
week (Haskell 1986). For those with existing ath-
erosclerosis, not taking lipid-lowering medication, research
suggests that a weekly energy expenditure of 2200 kcal is
required to show a regression in atherosclerotic plaques
(Hambrecht et al 1993), which in part may be related to
blood lipid levels.

Intensity

It appears that regular PA/exercise intensity has an effect
upon blood lipids (for those individuals without genetic
dyslipidaemia), and Savage et al (1986) observed from a
group of prepubescent boys and adult males that signi-
ficant increases in HDL-C levels occurred when the subjects
trained at 74% but not at 40% Vozmax. Similarly, Stein et al
(1990) found that a minimum of 75% Vo,max (over a period

of 12 weeks, 3 times a week for 30 minutes each session)
was needed for increases in HDL-C. Additionally, a study
on a group of male myocardial patients (aged 63.5+6.5
years) taking lipid-lowering medication, who carried out
PA /exercise of varying types (excluding swimming),
within the boundaries of moderate intensity (40-60%
Vo,max), showed that those subjects who worked at a
higher PA/exercise intensity had lower TG levels (Woolf-
May et al 2003).

Duration

The effect of PA/exercise duration upon blood lipids may
have more to do with total energy expenditure than the
duration of the exercise sessions per se. For instance, it has
been suggested that if the duration of the exercise is long
enough, changes in HDL-C (Tran et al 1983) and other
blood lipids (Haskell 1986) will occur. Hence, energy
expenditure may be one of the possible underlying mech-
anisms for favourable changes in blood lipids (Wood et al
1984, Haskell 1986, Hardman et al 1989).

Frequency

Government guidelines from the USA, which have been
adopted by the UK, recommend that in order to reduce risk
of all-cause and cardiovascular mortality by around
20-30%, on at least 5 days of the week adults should accu-
mulate around 30 minutes of physical activity per day (Pate
et al 1995). However, intervention studies into the effect on
blood lipids of accumulative bouts versus continuous bouts
of PA/exercise of similar volume and intensity have been
mixed. For instance, some studies have found that exercise
regimens consisting of repetitive short bouts of PA /exercise
are less effective at improving blood lipids (Savage et al
1986, Woolf-May 1998), whereas others suggest that they
are more effective (Ebisu 1985). However, there is still much
work to be carried out in this area, especially employing
interventions of moderate-intensity PA /exercise.

Age

A review of various studies has shown that while factors
such as gender and health status may influence the extent
of change in blood lipids, as a result of PA/exercise inter-
vention, when direct comparisons were made across
age groups, age did not appear to affect response
(Wilmore 2001).

Gender

A review of studies found no consistent differentiating
response in blood lipids between males and females as a
result of PA/exercise. Nonetheless, some studies reported
greater increases in HDL-C for males when compared to
females (Wilmore 2001). The gender divide may be
explained by the fact that males tend to have poorer BLPs
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than females. Therefore men tend to possess the greater
potential for change as a result of PA/exercise intervention
(Woolf-May et al 1998, Wilmore 2001). Furthermore, weight
loss is an important factor in change in blood lipids and
men tend to lose weight more easily through PA/exercise
than women (Despres et al 1984, Bjorntorp 1989), probably
due to the fact that the gluteofemoral fat, the major fat
storage area in females, compared to the abdominal area in
males, is known to be less lipolytically active than other fat
(Bjorntorp 1989). This might explain the observed gender
differences and is a factor that needs considering when
looking for alterations in blood lipids in response to
PA /exercise intervention.

SINGLE BOUT OF PHYSICAL ACTIVITY EXERCISE

An acute bout of PA/exercise may induce short-term
transient changes in plasma lipids and lipoproteins, and
although the exercise practitioner is generally aiming to
induce longer-term improvements to their client/patient’s
BLP, understanding the potential influence of transient
changes is essential.

Observed acute changes in blood lipids after
PA/exercise may be dependent upon the intensity and
duration of the PA/exercise undergone; and it appears
that short-term transient changes in blood lipids tend to
last for around 48 hours after an intense bout of
PA /exercise and generally return to baseline values within
24 hours after less intense activities (Pronk 1993). Therefore,
it is important when reviewing an individual’s BLP that
any blood lipids are taken at least 24 hours after moderate-
intensity PA/exercise and 48 hours after more intense
activities.

Intensity

The intensity of an acute bout of PA/exercise may affect
the extent of the transient change in blood lipids. For
example, a study carried out by Tsetsonis & Hardman
(1995) observed (from a group of 5 males and 7 females,
mean age of 25 years) that there were greater decreases in
TG after 90 minutes of treadmill walking at 60% Vo,max
compared to 90 minutes of treadmill walking at 32%
Vo,max, yet found no significant fluctuations in HDL-C
between the two intensities. Nonetheless, Angelopoulos &
Robertson (1993) found no significant change in TG levels,
in a group of 7 sedentary men, after treadmill running at
65% Vo,max for 30 minutes, but did find significant
changes in HDL-C 5 minutes post-exercise, which returned
to baseline level 24 hours post-exercise; in another study
Angelopoulos et al (1993) also found elevated levels of
HDL;-C 24 hours post-exercise after 30 minutes of
treadmill exercise at 65% Vozmax. Additionally, Gordon
et al (1994) observed an increase in HDL;-C 24 hours
post-exercise when subjects ran to an energy expenditure
of 800 kcal at 75% Vozmax, but not when, on a separate

occasion, these same subjects ran at 65% Vozmax.
Similarly Hicks et al (1987) found greater increases in
both HDL-C and apo A when their subjects exercised
at 90% as opposed to 60% Vo,max. Thus, these studies
indicate that exercise intensity may be an important factor
for transient elevations in the HDL-C.

Interestingly, anaerobic activities appear to result in a
poorer BLP than aerobic activities. For example, a study
carried out by Bubnova et al (2003) found that when cardiac
patients and healthy individuals worked at high-intensity
dynamic exercise (80-100% of peak aerobic capacity) there
were increases in total cholesterol and LDL-C, TG, apo B
and ratio of apo B/apo A-I, but found that after moderate-
intensity exercise (60% of peak aerobic capacity) there were
reductions in apo B and increases in apo A-I. Another
study looking into the effect of static leg exercise on both
healthy and cardiac patients found that following
exercise there were elevations in TG, apo B and ratio of
apo B/A, an increase in LDL-C in cardiac patients only
and no changes in HDL-C for either group (Aronov et al
2003). Thus, these findings suggest that post-exercise
anaerobic activities produce unfavourable changes in
BLP.

Duration

The duration of an acute bout of PA/exercise has been
shown to affect transient changes in blood lipids, and an
extreme example of this can be seen from a study carried
out by Foger et al (1994) who looked at the effect of
cycling racing over 250 km (~156 miles). They found that
after the race, total cholesterol, TG, LDL-C and apo B were
all significantly reduced and HDL-C and HDL,-C were
significantly increased, whilst HDL;-C was slightly dec-
reased (probably at the expense of HDL,-C). Interestingly,
even 8 days post-race apos A-I and A-II were still signi-
ficantly elevated. Although, it is unlikely that one would
prescribe this duration of PA/exercise to any patient/client,
it does highlight how duration of a PA/exercise bout can
influence blood lipids and a review of various studies
suggested that the more exhaustive the exercise the more
prolonged the response (Pronk 1993).

Training status

The baseline training status of an individual may very
well determine the degree of response in blood lipids to
an acute bout of PA/exercise. For example, Kantor et al
(1987) found that 48 hours after cycling on an ergometer,
at around 80% of maximum heart rate (HRmax)
(~75% Vozmax), trained individuals showed greater
increases in HDL,-C than untrained individuals who only
showed increases in HDL;-C. This may be related to the
increases in LPL (Nikkila 1978, Mowri et al 1994) found in
trained muscle and decreased hepatic lipase activity
(Lampman et al 1977).
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Gender

There is evidence to suggest that women do not respond
to the same extent as men to an acute bout of PA /exercise.
However, research has been conflicting and the differences
have mainly been between pre- and postmenopausal
women (Pronk 1993) and men having poorer baseline
levels than women. Hence, the gender variability may be
subject to similar influences as for those discussed for
chronic PA/exercise.

Prior physical activity

A single session of PA/exercise several hours before a
high-fat meal reduces the extent of the usual post-meal
rise in blood TGs, namely postprandial lipaemia (Malkova
et al 1999), possibly by altering muscle LPL activity (Herd
et al 2001). A review of studies suggests that the energy
expenditure of prior exercise may also play a role in the
magnitude of this effect, and that there appears to be no
significant effect of gender, age, type of meal ingested,
exercise intensity, exercise duration or timing of exercise on
the postprandial response between the studies (Petitt &
Cureton 2003).

PRE-EXERCISE PRESCRIPTION

As for all individuals undertaking PA/exercise inter-
vention, those with dyslipidaemia should undergo a
thorough screening process in order to detect associated
risk factors and other co-morbidities. This should involve
the completion of medical and pre-PA/exercise activity
screening questionnaires, and where applicable appro-
priate assessments should be carried out (Appendix A). In
addition to the dyslipidaemia any co-morbidities also
require careful consideration prior to PA/exercise
prescription.

REGULAR PHYSICAL ACTIVITY AND EXERCISE
PRESCRIPTION

It is unlikely that anyone with longstanding hyper-
lipidaemia will be without at least some of the related
co-morbidities, such as high blood pressure, overweight
and heart and vascular disease. Hence, these factors
should be considered in addition to other non-related
co-morbidities. The aim therefore is to consider these
factors and improve BLP. Hence, if the client/patient
is overweight, then weight loss would undoubtedly help
to improve BLP and dietary changes may also need to be
suggested. Furthermore, some of the hyperlipidaemias
may be of genetic (primary) origin (p. 42) and PA/exercise
may have little influence upon these individuals’” BLP.
Nonetheless, appropriate habitual PA /exercise is known to
produce physiological and psychological benefits other

than those relating to blood lipids, which are likely to be of
advantage to the person’s health.

PHYSICAL ACTIVITY/EXERCISE INTENSITY

Generally it appears that higher PA/exercise intensity
levels produce lower TG levels, and an intensity of around
75% Vo,max is required to produce favourable changes
in levels of HDL-C. However, this may be too high for
those individuals just beginning a programme and initially
the intensity should be at around 40-60% of Vozmax,
though this too will depend upon the individual’s health
status.

ENERGY EXPENDITURE

Total energy expenditure through PA/exercise may be an
important factor in producing favourable changes in BLP,
and it appears that around a minimum of 1000 kcal per
week is required to induce improvements in HDL-C.
Weekly energy expenditure through PA/exercise of around
1533 and 2200 kcal per week, in those with heart disease,
may also be required to halt progression and show some
regression in atherosclerotic plaques, respectively, in those
not taking any lipid-lowering medication (Hambrecht et al
1993), which may in part be related to an improved BLP.
Therefore, for dyslipidaemic individuals and those with a
poor BLP a programme that progressively builds up energy
expenditure through PA/exercise would be recommended,
and may initially commence at a low exercise intensity level
of longer duration. Nonetheless, this will ultimately
depend upon the health status of each individual
patient/client.

LOW-DENSITY LIPOPROTEIN CHOLESTEROL

Usually PA /exercise intervention does not appear to affect
LDL-C levels, unless accompanied by weight loss (Durstine
et al 2002) and/or if pre-intervention baseline levels
are relatively high, thus increasing the potential for
change.

AEROBIC ACTIVITIES

The majority of studies investigating the effect of
PA/exercise upon blood lipids have employed aerobic
activities; and a study comparing 16 weeks of aerobic
training, resistance training and cross-training, in a group
of 48 sedentary healthy women (aged 20.4 =1 years), found
that whilst aerobic training resulted in significant red-
uctions in blood TG and increases in blood HDL-C,
resistance and cross-training caused no significant change
in these parameters, but improvements in muscular
strength were observed. Moreover, the rise in HDL-C,
as a result of aerobic training, was partly explained by the
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13% reduction in body fat; however, post-training blood
lipid changes returned to baseline levels after 6 weeks of
detraining (LeMura et al 2000). These findings therefore
highlight the importance of aerobic PA/exercise in reduc-
ing TG levels and associated weight loss that lead to
enhanced HDL-C. Furthermore, whilst the majority of
studies have been carried out on healthy sedentary indi-
viduals, similar findings have also been seen in less healthy
individuals. For instance, research carried out on a group of
coronary artery disease (CAD) patients, where 14 patients
participated in 8 months of supervised training, composed
of two strength sessions (60% of 1 repetition maximum)
and two aerobic training sessions (at 60-80% of HRmax)
per week, found favourable changes in total cholesterol,
TG, HDL-C and apo A-I levels, which returned to near
baseline levels after 3 months of detraining: similar findings
were also observed in muscular strength (Tokmakidis &
Volaklis 2003). This indicates that for both healthy
sedentary individuals and those with CAD, in order
to retain a more healthy BLP it is important for PA /exercise
to be current and regular. Furthermore, a study carried
out on a group of 11 male overweight subjects (aged
25.6+1.4 years) with a BMI of 27.7+0.2 found that
after 4 months of moderate-intensity aerobic exercise,
carried out 5 days a week, plasma non-esterified fatty acid
levels, both at rest and during exercise, were significantly
lower, lipolysis of subcutaneous adipose tissue was also
significantly higher and the anti-lipolytic effect observed in
subcutaneous adipose tissue prior to the exercise
intervention was no longer apparent. Furthermore, the
percentage of lipid oxidation was also higher after training,
during both rest and exercise. Hence aerobic exercise inter-
vention in overweight men appeared to improve lipid
mobilization through a decrease in the anti-lipolytic
effect upon subcutaneous adipose tissue and enhanced
lipid oxidation during moderate exercise (de Glisezinski et
al 2003).

RESISTANCE CIRCUIT TRAINING AND WEIGHT
TRAINING

Studies investigating the effect of resistance training
upon blood lipids have produced variable findings. For
instance, 12 weeks of resistance training, in a group of
men and women aged 54 to 71 years, revealed that
whilst the men showed mean increases in levels of
HDL-C, the women actually showed mean decreases,
which were not related to changes in body weight (Joseph
et al 1999). Furthermore, LeMura et al (2000) found that
after comparing resistance training with aerobic and
cross-training, only aerobic training showed any significant
improvement in BLP. Additionally, in a group of 5
paraplegic men who carried out circuit-based upper body
resistance training three times per week, there were
reductions in LDL-C and increases in HDL-C (Nash et al

2001). However, 8 weeks of supervised low-intensity
resistance training (80% of 10 repetition maximum) in a
group of sedentary postmenopausal women (aged 49-62
years) found significant improvements in muscular
strength but no significant changes in blood lipids or body
composition (Elliott et al 2002). Hence the effect of
resistance training on blood lipids may be dependent upon
the particular subject group, and is an important con-
sideration for the exercise practitioner when prescribing
PA /exercise.

INTERVAL TRAINING

Changes in blood lipids in response to PA/exercise
training have been discussed above (p.46) and it
appears that, although interval training tends to enhance
Vozmax to a greater extent than other forms of PA /exercise,
in terms of blood lipids results tend to be similar to
those found in continuous forms of PA/exercise (Thomas
et al 1984). For instance, 59 untrained men and women
(aged 18-32 years) were randomly assigned to one of
four groups: a control group, a group who ran 4 miles con-
tinuously at 75% HRmax (~500 kcal per session), a group
who ran 2 miles continuously at 75% HRmax (~250 kcal per
session), and a group who did interval running for one
minute at 90% HRmax, followed by 3 minutes walking for
8 sets (~500 kcal per session), 3 times per week for 12 weeks.
It was found that whilst interval training showed the
greatest improvement in VO,max, percentage fat loss
and changes in TG, total cholesterol and HDL-C were
similar between the exercising groups. Additionally, 9
weeks of interval training, consisting of hospital-based
cycle ergometry of two times 30-minute daily sessions,
resulted in decreased levels of plasma TG and LDL-C
but no change in HDL-C or apos A-I and B, which
significantly reverted 3 weeks after training ceased (Stubbe
et al 1983).

CONSIDERATIONS AND CONTRAINDICATIONS

When planning a PA/exercise intervention the exercise
practitioner needs to consider the aim of the PA/exercise
intervention in conjunction with the patient’s health
status and medications (Ch. 14), which will therefore
affect the exercise prescription. Hence, considerations
and contraindications will be as they are for these
and other co-morbidities, some of which are stated
elsewhere.

MEDICATIONS

Various lipid-lowering medications may have an
influence upon individuals” PA/exercise ability and will
therefore require careful consideration (Ch. 14).
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ABSOLUTE CONTRAINDICATIONS FOR EXERCISE

Depending on any other co-morbidities absolute con-
traindications for exercise will be as for those cited for
other individuals (Appendix A, Table A.1)

SUMMARY

® Hyperlipidaemia is characterized by increased
levels of serum TGs, cholesterol and fatty acids, and
is a primary risk factor for heart and vascular
disease.

® CHD rises appreciably when serum cholesterol is
>6.5mmol/l (250mg/dl), and more so when
>7.8 mmol/I (300 mg/dl). Lowest rates occur in men
with serum cholesterol <5.2 mmol/1 (200 mg/dl).

e LDL-C >3.36 mmol/1 (130 mg/dl) is a risk to health
and generally deposits some cholesterol into arterial
walls.

® Compared to premenopausal women, men tend to
have a poorer BLP. After menopause the gender
difference tends to diminish.

® Regular PA /exercise reduces TG and increases HDL-

® Regular energy expenditure through physical

© Habitual aerobic PA/exercise appears more effective

® Regular resistance training has been shown to pro-

® Transient changes in TG, HDL and apo A can result

® Individuals with familial dyslipidaemia/s may not

® The PA/exercise-induced changes in BLP tend to

©® Medications prescribed for dyslipidaemic and

C levels. Changes appear dependent on PA /exercise
intensity, duration and total energy expenditure, and
baseline blood lipid levels.

activity of around 1000 kcal per week is required to
induce improvements in HDL-C.

than strength or cross training in producing favour-
able changes in BLP in healthy, previously sedentary
adults.

duce improvements in BLP.

from a single bout of PA /exercise, through the action
of LPL. The magnitude appears dependent on train-
ing status, duration, intensity and energy expen-
diture of the PA/exercise bout.

respond to PA/exercise intervention in the same
way as individuals suffering from secondary dyslip-
idaemia. However, other potential health benefits
may be gained.

diminish within several weeks from the cessation of
training.

hyperlipidaemic individuals may affect PA/exercise
capacity.
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INTRODUCTION

There are numerous challenges when prescribing physical
activity (PA)/exercise to the diabetic individual, and
most of these are primarily based around when it is appro-
priate for these individuals to perform PA/exercise. The
aim of this chapter therefore is not only to assist the
exercise practitioner in understanding the physiological
background to diabetes and insulin resistance, but also to
look at the ways in which the diabetic condition may
influence and be influenced by PA/exercise. The current
PA /exercise guidelines for those with diabetes and
insulin resistance will also be looked into and discussed in
relation to the problems of prescribing PA/exercise to
these individuals.

PREVALENCE

Diabetes is characterized by the excessive excretion of
urine. This excess excretion may be caused by a deficiency
of antidiuretic hormone, as in diabetes insipidus, or by the
hyperglycaemia that occurs in diabetes mellitus (Anderson
et al 2002); this chapter will be chiefly concerned with the
latter. Diabetes is a syndrome of disordered metabolism
with inappropriate hyperglycaemia, which is primarily the
result of deficient or complete lack of insulin secretion
by the beta cells of the pancreas, and/or resistance to
insulin. There are two main types of diabetes. Diabetes
mellitus is a chronic disease and has no known cure.
Figures from Diabetes UK (2000) indicate that diabetes
affects around 1.4 million individuals (~3 in 100 people)
and another million are unaware that they have
the disorder. Diabetes is also a major cause of blindness
(p. 63) and amputation (p.64) as well as kidney diseases
(p. 63). In the USA, diabetes is the seventh leading cause of
death, where around 5.9% of the population suffer from
diabetes (~15.7 million people), costing the US government
approximately $98 billion per annum (Diabetes 2001), and

in Canada it affects around 5% of the population, costing
around $1 billion a year (Bonen 1995).

METABOLIC SYNDROME

Type II diabetes may be precipitated by a cluster of con-
ditions termed metabolic syndrome or syndrome X (AHA
2003). Metabolic syndrome is characterized by insulin resis-
tance in the presence of obesity and high levels of abdom-
inal fat, blood glucose, cholesterol and triglyceride and
high blood pressure. It is now extremely common in
Western societies and findings from the third NHANES
Survey (2002) estimate that in the USA around 47 million
Americans may exhibit this syndrome. More research is
required, however, to fully determine the underlying cause
of this syndrome, and whether interventions such as
PA /exercise have any beneficial effect has still to be deter-
mined. It is nonetheless important to recognize the signs
associated with this syndrome, as these individuals
may be at risk of developing diabetes.

AETIOLOGY

There are two major types of diabetes, type I and type II,
and both are characterized by an internal starvation of
glucose despite sufficient blood glucose being available.

TYPE | DIABETES/INSULIN-DEPENDENT DIABETES
MELLITUS (IDDM)

Type 1 diabetes occurs in about 5-10% of diabetics. It
results in inadequate functioning of the pancreatic cells
(islets of Langerhans) in producing the peptide solution
insulin. This type of diabetes appears most often in children
and young adults, who require daily insulin injections. It
occurs in two forms, one being immune-mediated diabetes,
where there is cell-mediated autoimmune destruction of
the pancreatic beta cells, the other being idiopathic
diabetes (diabetes of no known aetiology) (IDF 2003). Those
at risk of type I diabetes are siblings of individuals with
type I diabetes, and children of parents with type I diabetes.
Therefore, appropriate screening prior to PA/exercise
should identify individuals at risk. The symptoms of type I
diabetes are shown in Table 4.1.

TYPE 11 DIABETES/NON-INSULIN-DEPENDENT
DIABETES MELLITUS (NIDDM)

Until recently type II diabetes was seen predominantly as
an adult disorder. However, with the rise in childhood
obesity, levels of type Il diabetes have also risen in children.
There are two main types of type II diabetes (outlined
below). Those at risk of developing type II diabetes are
listed in Table 4.2.
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Table 4.1 Commonly seen symptoms for type | and type Il
diabetes
Type | Type Il

Frequent urination
Unusual thirst
Extreme hunger
Unusual weight loss
Extreme fatigue
Irritability

Any of the type | symptoms

Frequent infections

Blurred vision

Cuts/bruises that are slow to heal
Tingling/numbness in the hands or feet
Recurring skin, gum or bladder infections
Often there are no symptoms

Table 4.2  Factors that may predispose an individual to type
Il diabetes

Aged between 45 and 75 years

Family history of diabetes

Obese and overweight

Physically inactive

Low blood levels of high-density lipoprotein cholesterol
High blood levels of triglyceride

Previous gestational diabetes

Certain ethnic groups

Type Il, obese

There is a linear relationship between being overweight
and the risk of developing type II diabetes, and over
80% of those with type II diabetes are overweight (IDF
2003). Analogous to type I diabetes, type II is a metabolic
disorder characterized by the inability of the pancreas
to produce insulin and/or reduced sensitivity to insulin,
and is probably the result of receptor and post-receptor
defects. The beta cells of the pancreas often show
hypertrophy and dysregulation and become insensitive
to glucose, resulting in hyperglycaemia and hyperinsul-
inaemia (Kopp 2003).

Type Il, non-obese

Non-obese type II diabetes occurs in around 20% of
type II diabetics, where there is a strong genetic link. It is
often associated with mutations in insulin receptor and/or
signal transduction molecules (IDF 2003).

GESTATIONAL DIABETES MELLITUS

Some pregnant women are prone to what is termed
gestational diabetes. Gestational diabetes develops in
around 3-6% of all pregnancies, which is alleviated
postpartum, and is partly the result of a deficiency in
insulin, possibly as a result of placental destruction
of insulin. Additionally, however, these women are
at greater risk of type II diabetes in later life (IDF 2003).

IMPAIRED GLUCOSE HOMEOSTASIS

Impaired glucose homeostasis is an intermediate stage
between normal function and diabetes, and is considered
a risk factor for cardiovascular disease (Ch.2). Impaired
glucose tolerance is diagnosed by fasting plasma
glucose higher than normal (=6.1 mmol/1, ~110 mg/dl) and
less than that diagnostic for diabetes (=7.0 mmol/],
~126 mg/dl), or by an impaired glucose tolerance test,
where plasma glucose is higher than normal following
the administration of 75 grams of ingested glucose
(27.8 mmol/l, ~140 mg/dl and <11.Immol/l, ~200 mg/dl)
(Diabetes Monitor 2001). However, these definitional val-
ues do vary between countries, organizations and over time
(Harris et al 2000). Therefore, it is important for the exercise
practitioner to be aware of current regional guidelines.

OTHER IDENTIFIABLE CAUSES

Other identifiable causes of diabetes are genetic defects
in pancreatic beta cells or in insulin action, disease of the
exocrine pancreas, such as cancer of the pancreas; cystic fib-
rosis and pancreatitis; endocrinopathies such as Cushing’s
disease; drug or chemically induced, by steroids, for exam-
ple; infection such as rubella; uncommon forms of immune-
related diabetes and other genetic syndromes (IDF 2003).

THE PANCREAS

The pancreas is a gland in the abdomen situated near the
stomach and is connected to the small intestine by a duct
(Fig. 4.1). The pancreas has many diverse functions
involving endocrine gland cells, which secrete the hor-
mones insulin and glucagon into systemic circulation,
and exocrine gland cells, which secrete digestive enzymes
and bicarbonate into the intestines to aid with digestion
and neutralize acids, respectively (Vander et al 1990).
The secretion of the hormones insulin and glucagon is
integral in the control of blood glucose levels and any
imbalance in these hormones can result in either hyper-
or hypoglycaemia.

Pancreatic
duct

Body of
pancreas

Tail of
pancreas

Common bile duct
Duodenum
Accessory
pancreatic duct
Lesser duodenal
papilla
Hepatopancreatic
ampulla
Greater duodenal
papilla
Plicae circulares
Figure 4.1 Diagram of the pancreas. (From Anderson et al 2002,
p. 1268, with permission of Mosby.)

Jejunum

Head of pancreas



60 DIABETES AND INSULIN RESISTANCE/INSENSITIVITY

NORMAL REGULATION OF BLOOD GLUCOSE

In the non-diabetic, the control of blood glucose is
normally maintained within a narrow range of around
3.3-5.6 mmol/1 (though postprandial values can be higher
and yet still be considered within the normal range
(Table 4.3)) by the hormones insulin and glucagon (Fig. 4.2).
These hormones are both secreted by the pancreas and
are referred to as pancreatic hormones. The pancreas is
involved in food digestion, and within the pancreas are
the islet cells, which secrete both insulin and glucagon in
response to the levels of blood glucose. Insulin is secreted
from the beta cells when levels of blood glucose are
high, though there is always a low level of insulin secretion
by the pancreas and glucagon is secreted when blood
glucose levels are low. It is not, however, the level of insulin
per se that affects blood glucose levels; it is the ratio of
insulin/glucagon (Endocrineweb 1998).

The untreated and poorly controlled diabetic is prone to
both hyperglycaemia and hypoglycaemia. Hyperglycaemia

Table 4.3 Reference values for fasting plasma glucose
(mmol/l) (adapted from BDA 1993? and ADA 2000)

Stage mmol/l

Good? 4.4 (78 mg/dl) to 6.7 (120 mg/dl)
Normal <6.1 (109 mg/dl)

Impaired glucose homeostasis 6.1 (109 mg/dl) to 7.0 (125 mg/dl)
Diabetes >7.0 (125 mg/dl)

?Inclusive of postprandial levels.
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Figure 4.2 Negative feedback regulation of normal blood glucose
by the hormones insulin and glucagon. (Reproduced with
permission from EndocrineWeb and the Norman Endocrine Surgery
Clinic, copyright © 1997-2002.)

Liver releases
glucose into

blood \

occurs primarily as a result of large increases in post-
prandial blood glucose as the excess glucose is not able
to be taken up by the cells and stored. Hypoglycaemia, on
the other hand, is a result of the body having no stores to
top up blood glucose when levels fall below normal.

GLUCAGON

The alpha cells of the pancreatic islets, in response to low
blood glucose levels, secrete glucagon. When blood glucose
is high, glucagon is not secreted. When blood glucose is
low, however, after exercise or between meals, for example,
more glucagon is secreted. Glucagon has an effect on many
cells of the body, most notably the liver. The effect of
glucagon is to cause the liver to release glucose, which is
stored as a polymer in the form of glycogen, into the blood
circulation, thus causing a rise in blood glucose levels.
Glucagon also induces the liver and muscle cells to make
glucose out of other nutrients, such as protein, a process
termed gluconeogenesis (Endocrineweb 1998).

INSULIN

Insulin is a key player in the control of intermediary meta-
bolism. It has a profound effect on both carbohydrate and
lipid metabolism, and has a significant influence on both
protein and mineral metabolism (Table 4.4). Consequently
disturbances in insulin production and sensitivity have
a widespread and devastating effect on many organs and
tissues (NIH 2000).

CARBOHYDRATE METABOLISM

Glucose released from dietary carbohydrate within the
small intestine is absorbed into the blood, where elevated
blood glucose levels stimulate the release of insulin. Insulin
acts on cells throughout the body to stimulate the uptake,
utilization and storage of glucose, and the effects of insulin
on glucose metabolism vary depending on the target tissue.
Insulin has two important effects, one being the facilitation
of the entry of glucose into the muscle, adipose and other
tissues, and the other being the stimulatory effect upon the
liver to store glucose in the form of glycogen (NIH 2000).
Therefore, a lack of, or a reduction in, sensitivity to insulin
can have widespread effects.

Storage of glucose

A large proportion of glucose absorbed from the small
intestine is taken up by the hepatocytes of the liver where
it is converted into glycogen and stored. Insulin has several
effects upon the liver, one of which is to stimulate glycogen
synthesis. Insulin activates the enzyme hexokinase, which
phosphorylates glucose, trapping it within the cell. Insulin
also inhibits the activity of glucose-6-phosphatase, thereby
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Table 4.4 Effects of insulin

Muscle Adipose tissue

Liver

T glucose entry T glucose entry
T glycogen synthesis

T amino acid uptake

T protein synthesis

1 protein catabolism

! release of gluconeogenic amino acids

T ketone uptake

T fatty acid synthesis

T glycerol phosphate synthesis

T triglyceride deposition

Stimulation of lipoprotein lipase
Inhibition of hormone sensitive lipase

T protein synthesis
T lipid synthesis
4 glucose uptake (T glycogen synthesis)

inhibiting glucose metabolism. Insulin also activates sev-
eral other enzymes that are directly involved in glycogen
synthesis, including phosphofructokinase and glycogen
synthase. The net effects of the activation of these enzymes
are to instruct the liver, when there is an abundance of
glucose, to store as much glucose as possible for later use
(NIH 2000).

LIPID METABOLISM

The metabolic pathways involved in the utilization of
fats and carbohydrates are entwined. Given that insulin
enhances glucose uptake and utilization, lack of insulin
and/or insulin resistance will enhance fatty acid use and
therefore affects lipid metabolism (NIH 2000).

The rate of catabolism of these triglyceride-rich lipo-
proteins appears to be regulated by the activity of the
enzyme lipoprotein lipase (LPL) (Lewis 1976, Spector 1984,
Thompson 1989), whose action in adipose tissue increases
in the fed state and is promoted by insulin (Ch. 2, p. 36).

Promotion of fatty acid synthesis within the liver

The stimulatory effect of insulin to enhance glycogen syn-
thesis also has an effect upon synthesis of fatty acids. As the
liver becomes saturated with glycogen, which is around 5%
of liver mass, further synthesis is suppressed. Any addi-
tional glucose taken up by the hepatocytes is shunted into
pathways that lead to synthesis of fatty acids. These fatty
acids are then exported from the liver, as lipoproteins, into
the circulating blood (p.35), where in the healthy indi-
vidual, they are taken up by other tissues, such as adipo-
cytes, which use them for synthesis of triglyceride (NIH
2000).

Inhibition of breakdown of fat

Insulin causes an inhibition of the intracellular lipase that
hydrolyzes triglycerides to release fatty acids, but facilitates
entry of glucose into adipocytes, and within those cells, glu-
cose can be used to synthesize glycerol. These glycerols,
along with the fatty acids delivered from the liver, are used
to synthesize triglycerides within the adipocyte. By these
mechanisms, insulin is involved in further accumulation of
triglyceride in fat cells (NIH 2000).

Fat sparing

Insulin drives most cells to preferentially oxidize carbo-
hydrates instead of fatty acids for energy, thereby indirectly
stimulating accumulation of fat in adipose tissue
(NIH 2000).

PROTEIN AND MINERALS

In addition to the effect that insulin has upon certain cells
to take up glucose, insulin also stimulates the uptake of
amino acids. When there is lack of and/or resistance to
insulin, the balance is placed toward intracellular protein
degradation.

Insulin also increases permeability of certain cells to
potassium, magnesium and phosphate ions, and activates
sodium-potassium ATPase (NIH 2000).

INSULIN ABSENCE AND/OR RESISTANCE

The main effect of insulin is to decrease the blood con-
centration of glucose, and when blood glucose concen-
trations fall so does the secretion of insulin. In the absence
of and/or resistance to insulin, the bulk of the cells within
the body become unable to take up glucose and therefore
switch to using alternative fuels, such as fatty acids, for
energy. Neurons require a constant supply of glucose and
in the short term use stored glycogen for energy. Insulin
absence and/or resistance will also cause the liver to
cease glycogen synthesis and cause enzymes responsible
for the breakdown of glycogen to become active (NIH
2000). In addition, glycogen breakdown is stimulated not
only by the insulin absence and/or resistance but by the
presence of glucagon (p. 60), which is secreted when blood
glucose levels fall below the normal range (normal range
3.3-5.6 mmol/1) (Fig. 4.2).

RECEPTOR AND MECHANISM OF ACTION

The receptor for insulin is embedded for instance in the
plasma membrane of adipose and muscle tissue. The
insulin receptor is composed of two alpha subunits and
two beta subunits linked by bonds. The alpha chains are
entirely extracellular and house insulin-binding domains,
while the linked beta chains penetrate through the plasma
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Figure 4.3 Glucose transport (adapted from http://www.betacell.org/content/articles/print.php?aid=1 and http://www.health.on-

topic.net/health/insulin-resistance).

membrane. Binding of insulin to the alpha subunits causes
the beta subunits to phosphorylate themselves, thus
activating the catalytic activity of the receptor. The acti-
vated receptor then phosphorylates a number of intra-
cellular proteins, which in turn alters their activity, thereby
generating a biological response. Several intracellular
proteins have been identified as phosphorylation substrates
for the insulin receptor, the most commonly studied being
insulin receptor substrate 1 (IRS-1), which when activated
results in many physiological processes (NIH 2000), most
notably the uptake of glucose by the cell.

Entry of glucose into muscle, adipose and other
tissues

The only mechanism by which cells can take up glucose
is by facilitated diffusion through a group of transporters.
In many tissues, particularly muscle, the major transporter
used for uptake of glucose is GLUT 4, which is made
available in the plasma membrane through the action of
insulin (p.60). In the absence of, or if there is resistance
to, insulin, GLUT 4 glucose transporters present in the
cytoplasmic vesicles are unable to transport glucose
across the plasma membrane. The binding of insulin to
receptors on such cells leads rapidly to fusion of those

vesicles with the plasma membrane and insertion of the
glucose transporters, thereby giving the cell the ability to
take up glucose efficiently. When blood levels of insulin
decrease and insulin receptors are no longer occupied,
the glucose transporters are recycled back into the
cytoplasm (Fig. 4.3). There are, however, some tissues that
do not require insulin for efficient uptake of glucose, such
as those of the brain and liver, and these tissues import
glucose into their tissue by means of GLUT 1 and GLUT 2
transporters, respectively. (NIH 2000, Dorsch 2000). It
was hypothesized that there may be a reduction in the
number of GLUT 4 glucose transporters in diabetic
individuals. It has been reported, though, that GLUT 4
transport molecules are the same in both normal and
diabetic individuals, therefore ruling this out (Ryder et al
2001). However, the speculated reduction in the number
of GLUT 4 transporters may be related to a reduction in
the translocation of GLUT 4, rather than a reduction in
GLUT 4 per se. For instance, compared to non-diabetic
muscle following insulin stimulation, GLUT 4 distribution
in diabetic skeletal muscle was reduced by around
40%, and GLUT 4 translocation by around 71%. This
suggests that insulin resistance in skeletal muscle is a
result of defective GLUT 4 trafficking and translocation
(Lund et al 1997).
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PATHOLOGY OF DIABETES

There are numerous pathophysiological manifestations of
diabetes, and the development of these long-term chronic
pathological changes are generally more prevalent in
those type I diabetics who have absolute loss of insulin
production. These individuals are also most susceptible
to complications such as retinopathy, neuropathy, peri-
pheral vascular disease, atherosclerosis and nephropathy;,
but these may be exhibited in all diabetics. Hyper-
insulinaemia has a considerable pathophysiological effect
(p. 64), contributing to various diseases, and is seen in type
IT diabetics. To a large degree these conditions can, in
part or fully, be explained by changes to the small and
larger blood vessels, namely microvascular or macrovascular
complications, respectively. The basic aetiology of these
complications has still to be fully determined. Nonetheless,
these vascular changes account for most of the morbidity
and mortality directly caused by diabetes (Groer &
Shekleton 1989).

MICROVASCULAR AND MACROVASCULAR
COMPLICATIONS

The nature of diabetes predisposes the diabetic individual
to complications, which need to be determined prior
to any PA/exercise prescription. These complications
are categorized into microvascular and macrovascular
complications and have implications for PA/exercise
prescription.

MICROVASCULAR COMPLICATIONS

Microvascular complications are thought to be the result
of thickening of the capillary base membrane and changes
to the glucoprotein composition of the vascular structure.
Damage to these vessels and the base membrane impairs
the delivery of nutrients and hormones to the tissues,
which results in further damage to the tissues, leading
to hypoxia and ischaemia of various organs. The precise
mechanisms concerned in the development of these
microvascular complications are complex and still remain
to be fully determined. It is possible, however, that the
base membrane may be faulty in the diabetic individual
and that some metabolic dysfunction is responsible for
these changes. Furthermore, it is thought that chronic
hyperglycaemia may downregulate the GLUT 4 trans-
porters (p.61), inhibiting glucose uptake, in addition to
glucose toxicity and the accumulation of advanced
glycated end products (Duckworth 2001). The main
affected areas are the retina, the renal glomerulus and
nerve sheath, leading to retinopathy, nephropathy and
peripheral neuropathy, respectively (Groer & Shekleton
1989, Patel 1999).

Retinopathy

Diabetes is the leading cause of new cases of blindness
in people aged 20 to 74 years. Microvascular damage to
the retina tends to develop over a number of years,
although in some type I patients it can develop quite
rapidly, resulting in blindness at adolescence. Aneurysms
may also develop and it is therefore important that the
diabetic individual has regular eye checks. However, vision
is not affected by all retinopathies, though diabetic control
is required in order to maintain vision (Groer & Shekleton
1989, Patel 1999).

Nephropathy

Around 30% of type I diabetics develop nephropathy.
Diabetic nephropathy is characterized by distinctive lesions
in the kidney, which may develop prior to the overt man-
ifestation of diabetes. Both kidneys are generally hyper-
trophied and there is usually a round clear mass in the
glomerulus, with ischaemic changes to the kidney’s vessels
as a result of thickening of the basement membrane of
the capillaries. The process is termed ‘diffuse intercapillary
glomerulosclerosis’. The manifestation of nephropathy
appears when protein is found in the urine, termed pro-
teinuria or albuminuria, since the protein albumin can be
found in the urine. An albumin excretion rate of >30 mg per
day (or >20 pg/min) is characteristic of albuminuria (Table
4.5). Hypertension is usually present and needs to be
treated since increased arterial blood pressure can cause
additional kidney damage. Oedema may also be present, as
well as retinopathy, dyslipidaemia and atherosclerotic
complications. With further decline in the glomerular
filtration rate there may be a need for renal dialysis or
kidney transplantation (Groer & Shekleton 1989, Patel
1999).

Neuropathy

Around 60-70% of those with diabetes have mild to ex-
treme kinds of diabetic nerve damage, which in its severe
form can lead to lower limb amputations. Diabetes is there-
fore one of the most common causes of non-traumatic
lower amputation (Patel 1999). Oxidative stress, due to
damaged vessels not supplying sufficient nutrients to the

Table 4.5 Normal renal function reference values (adapted
from Viberti 1997, Patel 1999)

Factors Reference values
Albumin in urine <200 mg/!
Albumin excretion rate <20 ug/min

Transient increase in urinary albumin excretion can be found in urinary tract
infections, cardiac failure, acute illness and heavy exercise.
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nerves, results in ischaemia. This is manifested in reduced
nerve blood flow and conduction deficits, impaired
neurotrophic support, changes in signal transduction and
metabolism (Obrosova 2002) and morphological abnorma-
lities (Kamiya et al 2003). These are all characteristic of
peripheral diabetic neuropathy, and hyperglycaemia
appears to play a key role in this process (p. 67) (Obrosova
2002).

Although there are varying symptoms for neuropathy,
common signs are unusual sensations felt in the upper
and lower extremities, as well as muscular weakness
and motor impairment. Other signs are postural hypoten-
sion, gastrointestinal and bladder problems and muscular
paralysis (Groer & Shekleton 1989, Patel 1999).

Autonomic neuropathy predisposes the individual to
a greater risk of an adverse cardiac event especially during
PA/exercise. Signs such as weakness and breathlessness
are indicative of cardiovascular complications. However,
these symptoms may also occur with hyperglycaemia
and therefore may make it difficult to clearly determine
an individual’s physical state. If cardiovascular com-
plications are suspected, the exercise practitioner should
refer the individual back to their general practitioner
for medical assessment (White & Sherman 1999).

Peripheral vascular disease and diabetic foot

Owing to diabetic neuropathy and vascular damage
(p.63), circulation is often impaired in the diabetic
individual, particularly to the extremities. This may result
in ulceration, infection and untreated gangrene, and
where necrosis has occurred amputation may be required.
Diabetics often have what is termed ‘diabetic foot’.
Peripheral neuropathy can cause sensory loss in the feet
and legs, thus resulting in loss of the protective sensation in
the feet. This in combination with diminished blood flow,
as a result of vascular impairment, can cause small lesions
or ulcers to develop from dry skin, and since the diabetic
has impaired sensation, these may go unnoticed until an
infection or gangrene is present (Groer & Shekleton 1989,
Patel 1999). Other signs are intermediate claudication,
cold feet, decreased or absent pulses, atrophy of sub-
cutaneous tissues and hair loss (ADA 2000).

MACROVASCULAR COMPLICATIONS

Macrovascular complications are usually related to the car-
diovascular complications found in the type II diabetic.
These are generally the result of insulin resistance, hyper-
insulinaemia, hyperglycaemia, central obesity, dyslipid-
aemia, hypercoagulation and hypertension (Patel 1999).

Hyperinsulinaemia

The nature of type II diabetes dictates that there is a degree
of insulin resistance (cells becoming resistant to insulin)

and/or insufficient production from the beta cells of the
pancreas. Insulin resistance has a profound effect upon the
body, especially if insulin is being produced, and if left un-
treated results in hyperinsulinaemia. Hyperinsulinaemia
is defined as excessively high levels of blood insulin,
where normal finding of insulin assay in adults is around
5-24 umU/ml (Anderson et al 2002). Uncontrolled hyper-
insulinaemia can have a devastating effect upon the body;
the acute state (generally as a result of an overdose
of insulin) can result in insulin shock, and in the longer
term contribute toward various diseases and disorders,
some of which are outlined below.

Atherosclerosis and cardiovascular complications

Damage to the vasculature (p. 11) allows for the develop-
ment of atherosclerosis, which can lead to cardiovascular
complications. Multiple factors contribute toward the
development of cardiovascular disease, and high levels
of circulating insulin are known to contribute to the
acceleration of atherosclerosis and vascular damage
(Preuss 1997). Consistently high levels of circulating
insulin stimulate arterial vascular smooth muscle
hypertrophy (Kopp 2003), which as a consequence alters
membrane ion transport. This leads to an increase in
intracellular calcium and augmentation of vascular tone
and blood pressure. Additionally, insulin enhances
proliferation of growth hormone (Ledet 1976), smooth
muscle cells (Stout 1985) and possibly synthesis of collagen
(DeFronzo & Ferrannini 1991), and increases the
production of von Willebrand factor (which facilitates
adherence of platelets) from the walls of the damaged
vasculature (Meyer & Baumgartner 1983). Other factors
that are outlined in Chapter 2 (p. 9) also contribute toward
the development of cardiovascular disease.

Hypertension

Hyperinsulinaemia is a contributing factor in primary
hypertension (of a known cause) (Ch.5, p.84), which in
turn contributes toward cardiovascular disease, and
although the hypertensive mechanisms of insulin are
not yet fully known, reductions in blood pressure have
been observed in association with a fall in blood glucose
levels (i.e. enhanced insulin sensitivity) (Jaber et al 1992).
High circulating levels of plasma insulin lead to
an augmentation in sympathetic nervous system (SNS)
activity (Facchini et al 1996), which results in a release
of catecholamines (noradrenaline and adrenaline).
Catecholamines cause an increase in sympathetic tone,
which contributes towards the stimulation of the
renin-angiotensin-aldosterone system (Esler et al 2001)
resulting in vasoconstriction and aldosterone-led renal
sodium reabsorption by the kidney tubules, and an increase
in intravascular volume and blood pressure. Over
a period of time high blood pressure will also affect the
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vasculature, resulting in impaired vasodilation, which
contributes toward cardiovascular disease (Ch. 2).

Secondary hypertension (of a known origin) is not
known to be associated with insulin insensitivity (Sharma
& Haldiya 2002, Voiculescu et al 2003).

Obesity

There is a relationship between hypertension, hyper-
insulinaemia and obesity (Pouliot et al 1994, Esler et al
2001) and those who possess high levels of abdominal fat
are at particular risk of diabetes (Ramachandran et al 2000,
Idzior-Walus et al 2001) and cardiovascular disease. The
mechanisms linking obesity and hyperinsulinaemia are
complex and still to be determined. However, one possible
mechanism may be related to the fact that expanded adipo-
cytes of the obese are relatively insulin-resistant, resulting
in reactive hyperinsulinaemia (Frayn 2001). Furthermore,
obese individuals often possess hypertrophied pancreatic
beta cells (Kopp 2003) and show diminished insulin clear-
ance (Lewis et al 2002), thus contributing toward hyper-
glycaemia and a predisposition to diabetes. Nonetheless,
hyperinsulinaemia and insulin resistance may result from
abnormal insulin cell membrane receptors (Shafrir & Ziv
1998), and/or response of the tissues to constant exposure
to high levels of insulin. The tissues become more tolerant
to insulin, and/or the pancreas compensates for primary
insulin resistance by increasing insulin output, leading to
hyperinsulinaemia. It is also thought that hyperinsuli-
naemia may be the primary defect that causes obesity,
although others consider it to be a response (Groer &
Shekleton 1989).

Hyperlipidaemia

Hyperlipidaemia is seen in approximately 40% of all
diabetics and more than 80% suffer from hypertrigly-
ceridaemia (Assmann 1982) (Ch. 3), which is associated
with insulin resistance (Saltiel & Kahn 2001). The increase
in very low-density lipoproteins and reduced LPL activity
contribute toward the pathogenesis of hypertriglyceri-
daemia. However, it is often difficult to determine if this is
a primary or secondary cause. If hyperlipidaemia persists
after optimal regulation of the diabetes then the cause is
considered to be primary.

The combination of hypertriglyceridaemia and a low
level of high-density lipoprotein cholesterol results in car-
diovascular disease complications, and myocardial infarc-
tion occurs in around 50% of diabetics. However, serum
lipids often normalize with appropriate weight reduction,
restriction of rapidly absorbed carbohydrates, alcohol
avoidance and/or medical intervention (Assmann 1982).

The normal role of insulin in lipid metabolism is to
promote lipogenesis and fat storage. Thus if insulin resis-
tance is present, there may be an increased production of
triglycerides, which in insulin-resistant individuals cannot

then be taken up normally by the liver, adipose tissue and
muscle. The normal stimulatory effect of insulin on LPL
activity is also depressed in obesity (Ljung et al 2002).
Therefore, insulin resistance may actually cause the
hyperlipidaemia in obese individuals. Additionally, carbo-
hydrates are insulinogenic. Thus high carbohydrate diets
tend to aggravate this situation, especially since obese
individuals appear to make more lipids from ingested
carbohydrate, though physical exercise and weight reduc-
tion appear to improve the situation (Groer & Shekleton
1989).

Hypercoagulation

Hypercoagulation can be characteristic of ketosis
(Alakhverdian & Koev 1987, Golubiatnikova et al 1987) and
complications such as hypertension, arteriosclerosis and
smoking tend to influence blood fluidity and contribute
toward the development of microcirculatory blood flow
disorders, which can cause platelet hyperactivity and
hypercoagulation. Hypercoagulation is common in dia-
betics who display deterioration of blood flow, and these
individuals tend to show raised fibrinogen levels, which
have been linked with increased plasma viscosity and
erythrocyte aggregation (Volger 1986). Additionally, hyper-
triglyceridaemia is often found in hyperinsulinaemic
individuals and given that triglyceride-rich lipoproteins
have been found to stimulate blood coagulation (Mitro-
poulos et al 1989, Kelleher et al 1992) this may further
increase their risk of thrombosis. Physical activity /exercise
also affects coagulation and fibrinolysis, and in certain
individuals will favour coagulation. Therefore, it is impor-
tant to be aware of any additional PA/exercise comp-
lications (Ch. 7).

Cancer

Insulin resistance and elevated levels of insulin-like
growth factor have been associated with cancer (Ballard-
Barbash et al 1997, Hu et al 1999b). Indeed, serum insulin
levels have been found to be elevated in individuals with
cancer, without disease-related hyperinsulinaemia (Del
Giudice et al 1998). Hence individuals with insulin
resistance and those with NIDDM are potentially at risk
(Westerlind 2003).

KETOACIDOSIS

Ketoacidosis is found in uncontrolled type I diabetics,
the most common cause of which is the omission of insulin.
Absolute insulin deficiency leads to an increase in glucose
output by the liver and decreased glucose uptake by the
peripheral tissues. This results in hyperglycaemia (p. 67)
with glucosuria (glucose in the urine), which leads to a
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depletion of fluid and electrolytes and a fall in the rate
of renal perfusion. This condition, however, also resembles
that of the fasted state, where the diabetic relies on fatty
acid metabolism for energy since insulin-dependent cells,
such as muscle, cannot take up glucose. Ketones develop
when there is an excessive breakdown of fatty acids, via
acetyl-CoA in the liver, and are converted to ketone bodies
(acetone acetate, acetone and beta-hydroxybutyrate).
The increase in these ketone bodies causes elevated
levels of blood beta-hydroxybutyric acid, which causes a
drop in blood pH. A drop in blood pH less than the
neutral value of 7.0 may cause acidosis. This may also
cause a reduction in the effectiveness of pH-dependent
enzyme systems, further contributing to metabolic distur-
bances. Ketoacidosis is life-threatening and requires
immediate medical attention. Non-acidotic ketosis can
usually be treated outside of hospital and is differentiated
from metabolic acidosis by blood pH levels over 7.3
and bicarbonate levels over 15mEq/l. Appropriate
insulin administration and rehydration with electrolytes
generally tends to correct the acidosis, if renal function is
not impaired (Groer & Shekleton 1989, Patel 1999). If
ketosis does occur or is present, it is important for the
client/patient to seek medical assistance.

The biochemical markers for ketoacidosis are hyper-
glycaemia and ketonaemia (ketones in the blood). Other
common signs include ketonuria (ketones in the urine),
dehydration due to diuresis (increased passing of urine)
(p. 67), dry skin, acetone odour on the breath (sweet sickly
smell), tachycardia, hypotension, central nervous system
depression and laboured breathing, as well as abdominal
pain, anorexia, nausea and vomiting (Groer & Shekleton
1989, Patel 1999).

HYPEROSMOLAR NON-KETOTIC COMA

Non-ketotic coma is characteristic of type II diabetes and
develops in those with sufficient insulin production to
depress excessive fatty acid breakdown but not enough
to permit glucose use and transport across the cell
membranes. Thus, blood and urine tests for ketone are
often close to normal. However, insufficient endogenous
insulin leads to ketogenesis (Patel 1999) with similar results
to those described above. The associated hyperglycaemia
induces osmotic diuresis (p.67) leading to thirst. If
subsequent ingestion of high sugar drinks occurs, plasma
osmolarity will increase, leading to changes in the sen-
sorium and a condition of increased fluid intake, thus
further aggravating the hyperosmolarity and hypergly-
caemia. With hyperosmolarity the glomerular filtration
rate decreases, leading to excessive amounts of nitrogenous
compound in the blood, caused by failure of the kidneys
to remove urea from the blood; further increases in
blood glucose result. In contrast to ketoacidosis, this
condition develops quite slowly. The treatment is rehy-
dration, administration of small spaced doses of insulin

and replacement of potassium, as low potassium levels are
a problem in these individuals, which tends to diminish
with restored glucose metabolism (Groer & Shekleton 1989,
Lulsegged & Sharma 2001).

LACTIC ACIDOSIS

Lactic acidosis is a metabolic acidosis due to excess lactic
acid in the blood and is produced by conditions that
impair cellular respiration (Patel 1999). During lactic acid-
osis blood glucose levels may be normal, but blood keto-
acids are increased. Dehydration, hypotension and
hyperventilation are often present. Lactic acid is produced
normally in adults and utilized by other organs as a sub-
strate, such as the heart. Generation of excess lactic acid is
an effect of cellular hypoxia and/or anaerobic PA /exercise.
Diabetics often have associated chronic diseases that
predispose them to cellular hypoxia and ischaemia (Groer
& Shekleton 1989), which predisposes these individuals to
lactic acidosis during PA /exercise.

HYPOGLYCAEMIA

Hypoglycaemia is defined as subnormal blood glucose
levels, and although there are no agreed values that define
hypoglycaemia, the potential effects of low blood glucose
levels are outlined in Table 4.6. Symptoms of low blood
glucose tend to present as a result of either the release of
catecholamines, via activation of the sympathetic nervous
activity, or defective nervous systems, through stimulation
of the central nervous system (Table 4.7).

Table 4.6 Hypoglycaemia and presence of symptoms
(adapted from Patel 1999)

Blood glucose levels Presence of symptoms

<2.8 mmol/l (50 mg/dI)
<2.2 mmol/l (<40 mg/dl)
<1.1 mmol/l (<20 mg/dl)

Symptoms may or may not be present
Symptoms are usually present
Seizures and coma usually occur

Table 4.7 Common signs and symptoms of hypoglycaemia

Signs and symptoms Activation

Anxiety, sweating, tremor,
palpitations, hunger,
tachycardia, irritability,
pallor, perspiration
Headache, blurred vision,
fatigue, numbness of lips and
tongue, emotional changes,
confusion

Severe - convulsions, coma

Sympathetic nervous system

Central nervous system
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Hypoglycaemia is most common before meals and at
night. Hypoglycaemia may be caused by a variety of fac-
tors, and under resting conditions usually occurs in those
with uncontrolled diabetes or when too much insulin has
been administered. Individuals will vary in the amount of
injected insulin required and in their peak responses.
Physical activity/exercise may also require adjustment to
the amount of insulin required, since exercise increases
insulin sensitivity (p.70) and glucose uptake irrespective of
the presence of insulin, thereby predisposing the individual
to hypoglycaemia. Additionally, since during PA/exercise,
the working muscles become more insulin sensitive, the
diabetic will need to adjust the site of injection to a ‘non-
working’ area, such as the abdomen, to avoid hypo-
glycaemia (for more details refer to Patel 1999 and Burr &
Dinesh 1999).

If hypoglycaemia does occur under non-PA/exercise
conditions, ingestion of fast-acting carbohydrates such as
fruit juice is required. This results in hyperglycaemia. App-
roximately 10 to 20 g of carbohydrate is generally recom-
mended, which is around two teaspoonfuls of sugar. If
after 15 minutes, however, blood glucose levels remain low,
a further 10 to 20 g of fast-acting carbohydrate should be
ingested (for more details refer to Patel 1999).

HYPERGLYCAEMIA

Hyperglycaemia is as much of a problem to the diabetic
as is hypoglycaemia. Hyperglycaemia is defined as a
fasting blood glucose level greater than 6.1 mmol/I
(109 mg/dl). Blood glucose levels of around 10 mmol/1
(178 mg/dl) result in a change in the osmolarity of the
blood (Table 4.8), causing glucose to be excreted in the
urine, which can lead to diabetic diuresis. Diuresis can
result in dehydration and loss of potassium and sodium,

Table 4.8 Possible consequences of acute hyperglycaemia
(blood glucose levels greater than 10 mmol/l (~178 mg/dl))

T blood osmolarity

T urination
Dehydration

Increased thirst

d potassium and sodium levels
d blood volume

T blood viscosity

T platelet reactivity

4 endothelium function
4 muscle blood flow
Hypotension
Exhaustion

Leads to diuresis

Leads to ketoacidosis

and left untreated can contribute toward ketoacidosis
(p. 65). Diuresis and subsequent dehydration can cause a
reduction in blood volume, leading to thickening of the
blood. The increase in blood osmolarity is also associated
with enhanced platelet reactivity (Keating et al 2003), which
may contribute toward risk of thrombosis.

Hyperglycaemia is a contributing factor in vascular and
cell damage, commonly seen in diabetic patients. In early
nephropathy (p. 63) the animal model shows how hyper-
glycaemia can cause cell cycle arrest and hypertrophy of the
mesangial cells (the cellular network of the renal glo-
merulus) (Wolf et al 1998). Hyperglycaemia is also asso-
ciated with impaired wound healing, partly due to
decreased oxygenation and perfusion (Terranova 1991), as a
result of ischaemia.

Although it is chronic hyperglycaemia that is generally
associated with microvascular disease, acute hypergly-
caemia has been found to cause attenuation of endothelial
function (Du et al 2001), leading to significant reductions in
muscle blood flow (Kim et al 2003b). In the animal model
the onset of hyperglycaemia has also been found to increase
the production of superoxides (Kim et al 2003a), which are
known to attack lipids, proteins and nucleic acids, and is
probably part of the mechanism that contributes toward
hyperglycaemic vascular damage.

Hyperglycaemia is commonly seen in conjunction with
hyperlipidaemia. Since absolute insulin deficiency leads to
an increase in hepatic glucose output and there is a decrease
in glucose uptake, there is an increase in the breakdown
and mobilization of fatty acids from the adipose tissue to
the liver. These fatty acids are then delivered into the
blood in the form of lipoproteins (very low-density lipo-
proteins), which cannot be taken up, as the action of LPL is
inhibited (Assmann 1982).

GLYCOSYLATED HAEMOGLOBIN

Glycosylated haemoglobin is a haemoglobin (Hb) A mol-
ecule with a glucose group attached. This reaction occurs
more readily when blood glucose rises above normal. Gly-
cosylated Hb blood concentration represents the average
blood glucose level over a period of several weeks, and
glycated Hb tests measure the amount of Hb that is irre-
versibly bound to glucose (usually HbA, ). Although these
values may vary between different laboratories (Patel
1999), in controlled diabetes this should stay within the
normal range of around 5.0-7.5% for HbA, and 4.0-6.0%
HbA,, for the total glycated Hb (BDA 1993).

DIURESIS

When blood glucose is elevated to levels that exceed the
capacity of the kidney to reabsorb the glucose, which is
around 10 mmol/l, glucose will remain in the tubular fil-
trate of the kidney, which is then excreted in the urine.
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Therefore, glucose will appear in the urine, and is a good
indicator of blood hyperosmolarity. In order to reach an
isosmotic concentration, excess glucose molecules in the
tubular filtrate cause water to osmose from the spaces
between the cells, and through the tubular cells. Electro-
lytes are also present and retained in the tubular filtrate.
The increase in water drawn to the tubular filtrate dilutes
sodium ions and causes the reabsorption of sodium to be
diminished. The loss of water and electrolytes causes an
increase in extracellular osmolarity and cellular dehy-
dration. Consequently, this causes the individual to feel
extremely thirsty, so that they will replace the fluid being
lost (Groer & Shekleton 1989). However, the individual
should not rehydrate with carbohydrate drinks.

SYMPATHETIC NERVOUS SYSTEM

During PA/exercise the build up of local metabolites
activate afferent nerves to stimulate the sympathetic
nervous system. The sympathetic nervous system has
numerous effects, which are mainly the result of catechol-
amines noradrenaline (norepinephrine) and adrenaline
(epinephrine). Noradrenaline is released from the nerve
terminals in the beta-cell islets and adrenaline from the
adrenal medulla. Their effect is to speed up heart rate by
acting on special beta-adrenergic-1 receptors (beta, recep-
tors) and to cause vasoconstriction by acting on beta,
receptors of the smooth vascular muscle, thereby increasing
total peripheral resistance and blood pressure. Catechol-
amines also affect blood pressure, through the stimulation
of the renin-angiotensin-aldosterone system (Esler et al
2001), resulting in vasoconstriction and aldosterone-led
renal sodium reabsorption by the kidney tubules, and an
increase in intravascular volume. In addition, catechol-
amines increase hepatic glucose output in response to a
drop in blood glucose levels and inhibit insulin section
via the alpha-adrenoceptors on the beta cell. This inhibitory
effect is important when there is a need for elevated
blood glucose, such as at times of stress or during
PA/exercise, and in the healthy individual is part of the
blood glucose balance.

TREATMENT

Whether the diabetic has type I or type II diabetes some sort
of day-to-day management will be required (Table 4.9). It is
important that diabetic individuals have a good concept as
to how to manage their treatment before they embark upon
any type of unsupervised PA/exercise. Therefore, initially
coordination between the client/patient, the diabetic team
and the exercise practitioner may be required in order for
this to be achieved.

Table 4.9 Basic management for diabetic individuals

Type of Type of management
diabetes
Type | Insulin injections
Healthy diet (with low glycaemic carbohydrates)
Type Il obese  Energy-restricted healthy diet and regular
PA/exercise
If ineffective, additional oral medication
If insulin output is reduced and oral medication
ineffective, inclusion of insulin injections
Type Il non-  Healthy diet with oral medication/s, with regular
obese PA/exercise

If insulin output is reduced and oral medication
ineffective, inclusion of insulin injections

GLYCAEMIC CONTROL

Maintaining glycaemic control (blood glucose levels
<6.0 mmol/1) can substantially reduce microvascular and
macrovascular complications (Zimmerman 1994, UKPDS
1998). Ideally blood glucose should be within the normal
range (Table 4.3) with fasting levels of between 4.4
and 6.7 mmol/] and postprandial values of <10 mmol/]
(Patel 1999).

TYPE | DIABETIC

Given that the type I diabetic does not produce insulin, at
present the only source of treatment is regular insulin
injections. These are required to enable the uptake of blood
glucose and the dose of insulin and site of injection may
vary according to types and levels of PA /exercise. The type
I diabetic’s diet should also be monitored, avoiding high
glycaemic foods, such as simple carbohydrates.

TYPE 1l DIABETIC

Type Il diabetes can be controlled by a lifestyle change
which incorporates appropriate diet and increased
PA/exercise (p. 69) in order to reduce body weight
and blood lipid levels. This type of intervention is
generally the one initially employed for obese type II
diabetics. Nonetheless, even this lifestyle change does not
always regulate blood glucose levels, and medication may
therefore be required, usually in the form of tablets, which
are usually prescribed for the non-obese type II diabetic. If,
however, insulin output is also reduced, and oral medica-
tion is ineffective, insulin injections may be required (Patel
1999).

New medications are always being developed but at
present the most common types of oral medication for the
type II diabetic are sulphonylureas, which increase insulin
secretion (there are short- and longer-acting types);
biguanides (metformin), which increase intracellular glu-
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Table 4.10 Medications commonly prescribed to diabetic individuals

Medication

Effect

Type | diabetic
Type Il diabetic

Insulin injection
Sulphonylureas

Biguanides (metformin)
Thiazolidinediones
Alpha-glucosidase (acarbose)
May also require insulin

T glucose uptake

T insulin secretion

T intracellular glucose metabolism and 4 hepatic glucose output
T insulin action

 postprandial hyperglycaemia by | digestion of carbohydrate

cose metabolism and decrease hepatic glucose output;
thiazolidinediones, which enhance insulin action by
promoting glucose uptake in the peripheral tissues, and
alpha-glucosidase inhibitors (acarbose), which reduce
postprandial hyperglycaemia by slowing down the diges-
tion of carbohydrate, thereby reducing the glycaemic effect
(Patel 1999, BMA, RPS GB 2004) (Table 4.10). These types
of drugs do have side effects and may be prescribed in
combination. It is therefore important for the exercise
practitioner to be aware of the potential effects of these
drugs (see BMA, RPS GB 2004). For more details on
diabetic drug therapies refer to Patel (1999) and Bailey &
Feher (2004).

PHYSICAL ACTIVITY/EXERCISE

Regular PA/exercise is known to have a protective effect
against type II diabetes (Manson et al 1992). Whilst the
optimal amount of PA /exercise for reducing the occurrence
of type II diabetes has yet to be determined, epidemio-
logical evidence indicates that increased levels of leisure
time energy expenditure and exercise intensity reduce
one’s risk of developing this disease.

ENERGY EXPENDITURE

Epidemiological evidence from a prospective study, carried
out on 5900 males from the alumni of the University of
Pennsylvania, showed that the incidence of non-insulin-
dependent diabetes declined with an increase in leisure
time energy expenditure. Energy expenditure was meas-
ured in 500kcal per week increments, and for each
incremental increase diabetes was reduced by around 6%.
The protective effect of the physical activity was strongest
in those individuals with the highest risk of diabetes,
notably those with high body mass index, a history of
hypertension or parental history of diabetes (Helmrich et al
1991). Similarly, another study found that the greater the
energy expenditure through PA/exercise, including low-
intensity activities such as gardening and walking, the
lower the risk of developing type II diabetes (Hu et al
1999a), providing support for the role of PA/exercise in
reducing incidence of type II diabetes.

PHYSICAL ACTIVITY/EXERCISE INTENSITY

The exact intensity of PA/exercise required to reduce the
risk of type II diabetes has not yet been established, and
although Hu et al (1999a) found even low level PA/exercise
to reduce risk of type II diabetes, Manson et al (1991) did
not. Manson et al (1991) followed a group of 87253
female nurses for a period of 8 years. The findings of the
study revealed that those nurses who carried out vigorous
exercise at least once a week had a 67% reduced risk of
developing type II diabetes when compared to their
sedentary counterparts. Interestingly, frequency and
duration of PA/exercise did not appear to influence this
outcome.

PHYSICAL ACTIVITY/EXERCISE AND INSULIN
RESISTANCE

Skeletal muscle insulin resistance entails the dysregulation
of both glucose and fatty acid metabolism. The effect of
physical activity on glucose intolerance and insulin
resistance in relation to obesity has been reviewed, and has
shown that physical activity has a favourable effect on
reducing insulin resistance in obesity and among type II
diabetics. The probable mechanisms for this are outlined on
page 70. The effect of PA/exercise on glucose tolerance,
however, has been less consistently observed, and appears
to be related to variations in PA /exercise intensity between
the different studies, changes in adiposity, the interval
between PA/exercise, testing of glucose tolerance and
baseline severity of glucose intolerance (Kelley &
Goodpaster 1999).

Although PA/exercise alone has been reported to be
effective in the enhancement of insulin sensitivity (p. 70),
many interventions looking at insulin resistance in obese
individuals employ interventions of PA /exercise with diet
control. For example, a study carried out on 9 obese men
and 16 obese women (age 39 +4 years), who underwent
16 weeks of moderate-intensity physical activity with a
calorie-reduced diet, found that rates of resting fat
oxidation were enhanced, with greater proportions of
resting energy being derived from fat, which was also
found to be the strongest predictor of improved insulin
sensitivity (Goodpaster et al 2003). This indicates the effec-
tiveness of PA/exercise and diet combined in enhancing
insulin sensitivity.
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MECHANISM

Whilst regular PA/exercise is now seen as an essential
part of the treatment for type II diabetes, it does not
assist in the control of type I diabetes. Furthermore, despite
regular PA/exercise being associated with enhanced
insulin sensitivity, the exact mechanism by which
PA /exercise assists individuals with type II diabetes
is still under investigation. Nonetheless, PA/exercise is
known to assist through its effect on glucose uptake,
enhanced insulin sensitivity and the downregulated
secretion from the pancreatic beta cell (Zonderland et al
2000).

The rate-limiting step in glucose metabolism is
glucose transport, which in skeletal muscle is mediated
by the translocation of glucose transported GLUT 4
(p.62). In simplified terms, within the cell there are
compartments that store the GLUT 4 transporters.
These GLUT 4 transporters are required for the uptake
of glucose into the cell, and in order for this to be
achieved these need to translocate to the cell membrane
(p.62). In skeletal muscle two distinct and separate
signalling pathways activate translocation of GLUT 4.
Insulin activates one pathway (p. 61), and muscle con-
traction activates the other (Ryder et al 2001). Although
the mechanisms behind PA/exercise-induced activation
of glucose transport still remain to be fully determined,
the stimulatory effect of muscle contraction upon the
activation of adenosine monophosphate (AMP)-activated
protein kinase (Gautier & Mauvais-Jarvis 2001), nitric
oxide synthase and release of calcium may be involved
(Ryder et al 2001). AMP-activated protein kinase appears
to stimulate the translocation of GLUT 4 to the cell
membrane, thus allowing for the uptake of glucose
into the cell (Gautier & Mauvais-Jarvis 2001) (Fig. 4.3) and
improvement of whole-body glucose homeostasis in
insulin resistant individuals (Ryder et al 2001). The
resultant effect of this can be illustrated through the acute
effect of PA/exercise. Interestingly, slow twitch muscle
fibres possess larger quantities of GLUT 4 transporters
than do fast twitch fibres, suggesting that aerobic
activities provide greater glucose uptake than anaerobic
activities. This does not appear to play a part in the patho-
genesis of diabetes, since type II diabetics and non-diabetics
appear to be similar in muscle fibre composition. There is,
however, good evidence that PA/exercise training impacts
upon insulin sensitivity in healthy individuals as well
as in type II diabetics by increasing skeletal muscle
GLUT 4 expression, which may partly explain the
beneficial effect of regular PA/exercise (Daugaard &
Richter 2001).

ACUTE BOUTS OF PHYSICAL ACTIVITY/EXERCISE

During a bout of PA/exercise glucose uptake in the
working muscle may increase to around 7 to 20 times

that of resting levels, the extent of the increase being
dependent upon the intensity of the PA /exercise (Jeng et al
2003). Therefore, in order to meet this demand, transport of
glucose into the working skeletal muscle needs to
increase, and this demand is the same for diabetics and
non-diabetics alike.

A single bout of PA/exercise brings about a transient
effect that enhances insulin sensitivity and glucose
transport into muscles (Lutoslawska 2000). For example, a
study carried out on 10 untrained healthy young adults,
who exercised for 60 minutes on a cycle ergometer at
a mean of 73% peak oxygen uptake, found a post-exercise
upregulation of skeletal muscle GLUT 4 transporters
(Kraniou et al 2000). Furthermore, research on young
healthy subjects, looking at the effect of 60 minutes
of one-legged exercise, found that, in the exercised leg,
insulin increased glucose uptake and glycogen synthase
activity (an enzyme that increases the storage of glucose
as muscle glycogen) by around two to four times
(Wojtaszewski et al 2000). This PA/exercise-induced
increase in glucose transport is also observed in
insulin-resistant individuals and diabetics. Research
carried out on diabetic rats, for instance, has shown muscle
contraction to stimulate glucose transport despite severe
insulin-induced insulin resistance (Wallberg-Henriksson &
Holloszy 1984). Crucially, these effects have also been
observed in human diabetics, since 45 to 60 minutes of
cycling was also found to stimulate translocation of
GLUT 4 in skeletal muscle of both healthy and type II
diabetic subjects. This was regardless of there being around
a 30% reduction in GLUT 4 in the diabetic subjects,
compared to the non-diabetics, both prior to and after
the exercise (Kennedy et al 1999), thus indicating the
potential importance of acute PA/exercise in glucose
homeostasis in type II diabetics. However, the intensity
required to induce these effects may be at a level that
some individuals are not able to tolerate (DoH 2004).

REGULAR AEROBIC PHYSICAL ACTIVITY/EXERCISE

In addition to the beneficial effect of acute PA/exercise
upon glucose uptake, habitual PA/exercise has been
shown to enhance whole-body glucose homeostasis,
insulin-stimulated glucose transport (Houmard et al 1993)
and insulin sensitivity, and to reduce insulin resistance
(Rodgers et al 1988), although research has only found
at most modest improvements in glycated Hb (DoH 2004).
The mechanism by which regular PA/exercise enhances
glucose uptake may, in part, be related to an increase in
the expression and/or activity of key proteins, such as
GLUT 4, hexokinase II and glycogen synthase. All of
these are involved in the regulation of glucose uptake
and metabolism in skeletal muscle, and are found to
upregulate with exercise training. Although the role of
GLUT 4 is clear, the roles of hexokinase II and glycogen
synthase are less so. Initially hexokinase II was reported
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to enhance insulin-stimulated glucose transport, indicating
that hexokinase activity may be the rate-limiting step for
glucose uptake. However, reports have been conflicting,
with some showing no improvement in glucose uptake
with over-expression of hexokinase II. Additionally, even
though glycogen synthase dramatically increased the
storage of glucose as muscle glycogen, over-expression
does not appear to enhance glucose transport capacity in
skeletal muscle. Insulin signal transduction may be
another process by which glucose homeostasis is improved
through PA/exercise training (Ryder et al 2001). For ins-
tance, important signalling proteins have been found to
upregulate within 5 days of swim training in rats (Chibalin
et al 2000); and in humans, after 7 days of exercise training
(Houmard et al 1999).

The beneficial effect of exercise training in reducing
body mass and blood pressure is also linked to reduced
insulin resistance (Esler et al 2001). Reductions in
blood pressure are also paralleled by changes in insulin
resistance, and favourable changes in insulin have been
found to correlate with improved baroreflex function and a
decrease in heart rate. Moreover, corrections in sympathetic
nervous system activity have been associated with the
amelioration of hyperinsulinaemia, suggesting improve-
ment in neuro-metabolic factors (Kohno et al 2000).

PRE-EXERCISE PRESCRIPTION

Even though the majority of diabetics will be referred for
PA/exercise prescription via other health professionals,
they still require thorough screening in order to determine
other related co-morbidities, such as cardiovascular
complications, neuropathy, retinopathy and nephropathy
(Table 4.11), which will significantly affect the PA/exercise
prescription. If insulin resistance or diabetes (usually type
II) is suspected in an individual who has not previously
been considered at risk for insulin resistance or diabetes, it
would be unwise to prescribe PA/exercise before further
evaluation has been carried out. It would, however, be
essential to refer the individual back to their general
practitioner for further medical evaluation.

PHYSICAL ACTIVITY/EXERCISE PRESCRIPTION

Generally it is recommended that PA/exercise should
not be prescribed until adequate diet, metabolic control
and blood glucose levels are achieved. Prescribing
PA/exercise to the diabetic individual is indeed a
challenge to the exercise practitioner. There are numerous
factors that need to be considered not only when
prescribing a programme, but also immediately prior to
and following a bout of PA/exercise. The nature of
diabetes suggests that the diabetic individual will have or
will be highly predisposed to micro and macro

Table 4.11  Risk factors, signs and symptoms for diabetic
complications (adapted from ADA 2000)

Complication Risk factors, signs and symptoms

Cardiovascular >35 years

Type Il diabetes for >10 years
Type | diabetes >15 years
Coronary heart disease risk factors
Microvascular disease
Macrovascular disease

Peripheral vascular disease

Autonomic neuropathy

Intermittent claudication

Cold feet

Decreased or absent pulses
Atrophy of subcutaneous tissues
Hair loss

Peripheral vascular
disease

Retinopathy Blurred vision

Nephropathy Microalbuminuria:
Incipient — 30 -300mg/day albumin
excretion rate
Overt - >300 mg/day albumin excretion rate
Peripheral Insensitive feet
neuropathy Ulcerations
Fractures
Autonomic Resting tachycardia
neuropathy Orthostastic hypotension

Skin - tingling/numbness
Gastrointestinal
Thermo-dysregulation

complications (p. 63), and an attempt will be made below to
simplify these complex issues.

Notwithstanding this, and taking into account any
considerations and contraindications (p.76), generally the
type of PA/exercise prescribed for type II diabetics would
be low-intensity aerobic PA/exercise of longer duration
(around 40 to 60 minutes). This type of activity will
maximize a reduction in any risk factors associated with
macro complications (p.63), and minimize any further
micro complications (p.64), though resistance training
may be prescribed for certain diabetic individuals (p.76
and Table 4.14). Similar types of PA/exercise may also be
prescribed for type I diabetics, but maintaining metabolic
control may be more of a problem.

PHYSICAL ACTIVITY/EXERCISE
CONSIDERATIONS

The type, frequency, duration and intensity of PA/exercise
suitable for the diabetic individual will depend upon
glycaemic control, micro and/or macro complications,
and any other co-morbidity. The individual’s fitness
status will also determine the type of PA/exercise
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prescription. For instance, despite the fact that the majority
of diabetics requiring PA/exercise prescription will be
physically unfit, there are many extremely physically fit
diabetics who participate in competitive sports, and the
type of prescription they require will be very different,
despite the commonality of diabetes. This therefore high-
lights the vast range of variation between individuals, and
challenges the skills of the exercise practitioner in deter-
mining appropriate PA/exercise prescription. Nonetheless,
the benefits of regular aerobic PA /exercise are most notable
for those with type II diabetes, as it assists with the
metabolic control of the disease, and where possible
PA /exercise should be carried out on most days. Although
PA /exercise may help in enhancing glucose uptake (thus
there is the need to adjust injected insulin), generally for
the type I diabetic PA/exercise does not help in metabolic
control. However, if PA/exercise is carried out under
controlled conditions it can help reduce the impact of
certain associated complications. Most PA/exercise prog-
rammes that have shown beneficial effects have typically
consisted of three bouts of walking or cycling per week, for
around 40 minutes in each bout (DoH 2004). Furthermore,
studies that have included higher PA/exercise intensity
tend to show greater improvements in fitness, glycated Hb
(clinically significant reduction being around 15%) and
insulin sensitivity (McAuley et al 2002, Boule et at 2003).

PA/exercise programmes should employ an adaptive
programme of aerobic and resistance activities in addition
to mobility and flexibility components (Tokmakidis et al
2000). However, when designing a PA/exercise prog-
ramme, the fact that aerobic activities provide greater glu-
cose uptake than anaerobic activities should be considered
(Daugaard & Ritcher 2001).

BLOOD GLUCOSE LEVELS AND PHYSICAL
ACTIVITY /EXERCISE

It is important to determine when it is and is not appro-
priate for the diabetic to carry out PA/exercise. Therefore,
for anything other than very light PA/exercise (exercise
intensity <20% of maximum aerobic capacity ~ <10 ratings
of perceived exertion (RPE), Appendix B, Table B.3), prior
to PA/exercise the diabetic individuals should carry out a
test of their current blood glucose levels. This can detect
risk of hypoglycaemia (p. 66), or hyperglycaemia (p. 67)
and the respective metabolic consequences.

HYPOGLYCAEMIA AND PHYSICAL
ACTIVITY/EXERCISE

Although PA/exercise assists in the control of type II
diabetes, it does not assist the type I diabetic, who is at risk
of hypoglycaemia. Whilst both type I and type II diabetics
can become hypoglycaemic as a result of PA/exercise, it is
relatively uncommonly in type II diabetics not injecting
with insulin.

Hypoglycaemia (blood glucose levels around 2.8
mmol/1, ~50 mg/dl, Table 4.6) rarely occurs in non-diabetic
individuals, and in the non-diabetic individual the control
of blood glucose during PA/exercise is mediated by the
hormones insulin and glucagon (p. 60). During the early
stages of PA/exercise an increase in the ratio of glu-
cagon/insulin is required in order for the liver to release
glucose into the systemic circulation, and this is also the
case during prolonged PA /exercise, when muscle glycogen
stores start to diminish. In type I diabetics, who are insulin
deficient, and type II diabetics injecting insulin, these
hormonal adaptations are essentially respectively lost or
inadequate (ADA 2000). The problems of blood glucose
control in physically active insulin-treated diabetics can be
explained by imbalances between blood insulin levels and
available blood glucose. During PA/exercise, insulin-
treated diabetics may have higher blood insulin levels
than non-diabetic individuals undertaking similar
PA /exercise. This is because the non-diabetic will naturally
adjust the level of blood insulin to the body’s increased
sensitivity to insulin and blood glucose uptake during
PA/exercise. But whilst the insulin-treated diabetic’s body
will still become increasingly sensitive to insulin and blood
glucose uptake, if the insulin injection stays as it is under
resting conditions, essentially there will be too much
circulating blood insulin. Concurrently, under this situation
where normal amounts of insulin have not been adjusted,
blood glucose will also be too low, because high insulin
levels block hepatic glycogenolysis, thus causing a
propensity toward hypoglycaemia (Grimm 1999). It is
therefore important for the client/patient and exercise
practitioner to understand the ways to avoid
hypoglycaemia during and after PA /exercise (Table 4.12).

Pre-physical activity/exercise blood glucose levels

Prior to the commencement of any PA/exercise, other than
that of very low intensity, it is vital for diabetics to become
habituated to taking their blood glucose levels. If blood
glucose levels are <4.0 mmol/1 (~71 mg/dl) or <5.6 mmol/1
(100 mg/dl) for vigorous PA /exercise, it is advisable not to
carry out PA/exercise (White & Sherman 1999, Colberg &
Swain 2000), ingest some fast-acting carbohydrate and wait
for levels to come up to a suitable level, which may be
around 5.6 mmol/I (100 mg/dl) and, for some top sports
people as much as 20 mmol/l (~358 mg/dl). However,
suitable pre-PA/exercise levels will vary according to the
individual and it is important for the client/patient and
the exercise practitioner to become familiar with an
individual’s responses.

Insulin-treated diabetics

The way to avoid hypoglycaemia in insulin-treated
diabetics is to reduce the amount of injected insulin and/or
adjust the amount of food ingested (Table 4.12). It has been
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Table 4.12 Hypoglycaemia and physical activity/exercise

Insulin-dependent diabetics

Do not carry out PA/exercise if
blood glucose levels are <4.0 mmol/I
(~71 mg/dl) or <5.6 mmol/I

(100 mg/dl) for vigorous PA/exercise

How to avoid hypoglycaemia

Pre-PA/exercise blood glucose levels
should be between 5.6 (100 mg/dl)
and 11.1 mmol/l (200 mg/dl)

Carry out PA/exercise in the
morning rather than the evening

Reduce amount of injected insulin

Do not inject insulin into the active
muscles

d insulin by ~30% and ingest fast
acting carbohydrate at a rate of
40 g/h (~3-4 teaspoonfuls of sugar)

Non-insulin-dependent diabetics

Individuals taking sulphonylureas
and thiazolidinediones may need to
adjust their dose of medication

How to avoid hypoglycaemia

Be aware when treating
hypoglycaemia that alpha
glucosidases slow the ingestion of
carbohydrates

Masking of hypoglycaemia (Table 4.7)

Individuals with autonomic
dysfunction (i.e. cardiac patients)
may not show signs of
hypoglycaemia

Individuals taking beta-blockers may
not show signs of hypoglycaemia

The effect of increased circulating
catecholamines in response to
PA/exercise may mask signs of
hypoglycaemia

Post-PA/exercise hypoglycaemia

Be aware that PA/exercise-induced
sensitivity to insulin may last for
several hours post PA/exercise.
Therefore, there is still a risk of
hypoglycaemia. Hence carry out
PA/exercise in the morning rather
than the evening

suggested that the amount of injected insulin should be
reduced by around 30-35% for intermediate-acting insulin,
and 50-65% for short-acting insulin (Schneider et al 1988).
However, this will vary between individuals. A reduction
in exogenous insulin will reduce blood glucose uptake and
lessen the risk of hypoglycaemia (Patel 1999) (p.66).

Additionally, since working muscles cause an increase
in insulin sensitivity (Koivisto & Felig 1978), injecting
insulin into the working muscles will further increase
risk of hypoglycaemia. Thus it is advised that insulin
be injected into non-active areas (for more details refer
to Patel 1999 and Burr & Dinesh 1999).

Balancing the amount of insulin required during
PA /exercise is initially by trial and error, as each
individual will respond slightly differently. Therefore, a
pattern of response needs to be established prior
to any unsupervised PA/exercise, and it is generally recom-
mended that type I diabetics do not carry out anything
other than mild PA/exercise. It is always advisable,
where possible, to discuss these and any adjustments
in medications with the individual’s diabetic team.

Non-insulin-dependent diabetics

Although hypoglycaemia is unlikely to occur in non-
insulin-dependent diabetics, certain medications, such as
sulphonylureas and thiazolidinediones (Table 4.10), do
increase the action of insulin and thereby, with the increase
in insulin sensitivity during PA/exercise, may result in
too great an uptake of blood glucose, and the potential
for hypoglycaemia. Therefore, adjustment of the dose
of these medications may be required, though the extent
will be dependent upon the individual response (White &
Sherman 1999). Type II diabetics taking biguanides
(metformin) are unlikely to suffer from hypoglycaemia as a
result of PA/exercise, but may need some food soon
after (Diabetes UK 2000). Furthermore, since alpha-
glucosidases slow the digestion of carbohydrate, they may
inhibit oral treatment for hypoglycaemia (White &
Sherman 1999).

As with insulin-dependent diabetics, any modifications
to medications should be discussed with the individual’s
diabetic team.

Ingestion of carbohydrate and meals

In order to avoid hypoglycaemia some diabetics may
need to ingest carbohydrate prior to embarking upon
PA /exercise. It has been suggested that during prolonged
exercise, in conjunction with around a 30% reduction in
insulin, fast-acting carbohydrate should be ingested at a
rate of around 40 grams per hour (3 to 4 teaspoonfuls of
sugar) (Schneider et al 1988). However, the amount
required will depend upon the individual’s response, the
volume and intensity of PA/exercise being carried out and
medications being taken, and their adjustment. Therefore,
discussion with the client/ patient and their diabetic team is
advisable in order to establish the best protocol for the
individual, and over time a pattern of procedures and
responses should develop. Supplemental carbohydrate is
not generally needed for non-insulin-injecting diabetics.
However, monitoring of blood glucose levels is essential in
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order to respond to low blood glucose levels and prevent
the possibility of hypoglycaemia (White & Sherman 1999,
Colberg & Swain 2000).

The timing of meals in relation to PA/exercise is also
important and it has been suggested that a suitable time to
carry out postprandial PA/exercise is around 1 to 2 hours
after eating, or when insulin is not at its peak. Additionally,
after prolonged PA/exercise it is essential to replenish
muscle glycogen stores within 1 to 2 hours of the
PA /exercise (White & Sherman 1999), which is when gly-
cogen synthase activity is at its greatest (Ryder et al 2001).

Post-physical activity/exercise or delayed
hypoglycaemia

The PA/exercise-induced increase in insulin may persist
for anywhere between 6 (Nagasawa et al 1991) and 15
hours and possibly (MacDonald 1987, White & Sherman
1999) 28 hours after prolonged PA/exercise (Horton 1988,
White & Sherman 1999). This is generally the result
of the PA/exercise-induced increased glucose uptake
(MacDonald 1987) and, after prolonged PA/exercise,
hepatic synthesis of depleted glycogen stores (Bogardus et
al 1983), which take longer to replenish (Horton 1988).
Hence, there is still a risk of hypoglycaemia during this
time. Thus, if carrying out PA/exercise late in the day,
to avoid hypoglycaemia during the night (nocturnal
hypoglycaemia) blood glucose levels should be checked
and food taken to make sure that blood glucose levels
are not too low. It is therefore recommended that most
diabetics do not carry out PA/exercise in the evening
(White & Sherman 1999).

Time of day

As explained above, it is better to exercise during the day
rather than in the evening when there is a greater risk of
nocturnal hypoglycaemia. Moreover, given that in the
morning insulin levels are generally lower, and there are
higher levels of the hormone cortisol, which also raises
blood glucose levels, the morning is a good time for the
insulin-treated diabetic to carry out PA/exercise.

Masking of hypoglycaemia

There are certain factors that can mask hypoglycaemia. For
instance, catecholamines of the sympathetic nervous
system increase during PA/exercise (Farrell et al 1987), and
their effect can produce symptoms that are similar to those
of hypoglycaemia (Table 4.7). Likewise, individuals who
possess autonomic dysfunction, such as cardiac patients,
may also exhibit symptoms that are comparable to those of
hypoglycaemia and therefore may not be aware of its
onset. Furthermore, since beta-blockers essentially block
the action of the sympathetic nervous system, individuals
taking beta-blockers may not display the effects of
hypoglycaemia (Patel 1999).

HYPERGLYCAEMIA AND PHYSICAL
ACTIVITY/EXERCISE

Whilst hypoglycaemia is a major consideration during
PA /exercise, so is hyperglycaemia; the metabolic con-
sequences can be just as deleterious and therefore blood
glucose monitoring prior to PA/exercise is essential.
Hyperglycaemia, when blood glucose levels exceed
10 mmol/1 (178 mg/dl), is usually a problem in poorly
controlled diabetics (p. 67). At this level the osmolarity of
the blood increases, leading to a cascade of metabolic
reactions (Table 4.8). However, pre-PA/exercise levels of
10mmol/1 (178 mg/dl) are acceptable, as enhanced
exercise-induced glucose uptake should lower this value.
Nonetheless, at blood glucose levels above 10 mmol/]
(178 mg/dl), the individual will probably be dehydrated,
which needs correcting prior to PA/exercise. During
PA / exercise sweating may further exacerbate the situation.
Therefore, adequate intake of fluids is essential. However,
fluid intake should be free of carbohydrate in order to
avoid further increases in blood glucose levels. Some drinks
contain potassium and sodium, which will help with
rehydration. It is therefore a good idea to find a drink that
contains these electrolytes without high carbohydrate
levels.

When values exceed 14 mmol/l (250 mg/dl), the like-
lihood of the body being able to control these blood glucose
levels is reduced and care should be taken. It is difficult at
these blood glucose levels to determine whether it is safe
or not to exercise. If blood glucose values do exceed
14 mmol/1 (250mg/dl), then check for ketones in the
urine. If these are absent then ketoacidosis is not currently
present, and PA /exercise may be carried out after rehyd-
ration. However, it is important that PA/exercise levels
remain at a low intensity. The rationale is that as
PA/exercise intensity rises so do catecholamine levels
(Farrell et al 1987), and one of their effects is to enhance
hepatic glucose output; therefore, there could be an
increase in blood glucose levels, which would be undesir-
able. Thus it is imperative that blood glucose levels
are checked at regular intervals.

There are other consequences of high pre-PA/exercise
blood glucose (Table 4.8), regardless of lack of ketoacidosis,
and these may affect the PA/exercise ability of the
individual. High acute levels of blood glucose have been
found to reduce the function of the endothelium (Du et al
2001) and muscle blood flow (Kim et al 2003b), and to
enhance lactic acidosis (p. 66) as a result of cellular hypoxia.
This is in conjunction with an increase in blood viscosity
and consequent propensity toward hypercoagulation
(Keating et al 2003), in addition to hypotension as a result
of dehydration (Groer & Shekleton 1989), affecting
PA /exercise ability. Therefore, if the client/patient is
carrying out PA/exercise with high pre-PA/exercise blood
glucose levels, regular assessment of the their physical
status should be taken. Furthermore, as the symptoms,
such as breathlessness and fatigue, are similar in
PA/exercise to those for these metabolic disturbances it
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Table 4.13  Physical activity/exercise recommendations (above light intensity) for diabetics from pre-PA/exercise

blood glucose levels (mmol/l)

Blood glucose levels PA/exercise recommendations

Potential consequences

<4.0 (~71 mg/dl)
<5.6 (100 mg/dl)
8.4 (150 mg/dl)

>10 (180 mg/dl)

Advisable not to carry out PA/exercise

Fine to carry out PA/exercise
Vigorous or prolonged PA/exercise

>10 (180 mg/dl) Low to moderate intensity, PA/exercise

with caution
>14 (250 mg/dl) Vigorous intensity or prolonged PA/exercise.
Athletic individuals only

>14 (250 mg/dl)

PA/exercise not recommended

>16.9 (300 mg/dl) PA/exercise not recommended

Advisable not to carry out vigorous PA/exercise

Risk of hypoglycaemia
Risk of hypoglycaemia

Insulin-treated individuals should check for ketones. If no
ketosis, only for individuals that are physically fit and healthy
enough to carry out PA/exercise at this level, then risk of
worsening metabolic state reduced

Insulin-treated individuals should check for ketones. If no
ketosis, still risk of worsening metabolic state. May cause
additional problems for those with cardiovascular disease
Insulin-treated individuals should check for ketones. If no
ketosis, only for individuals who are physically fit and healthy
enough to carry out PA/exercise at this level, then risk of
worsening metabolic state reduced

Insulin-treated individuals should check for ketones. Even if
there is no ketosis there is still risk of worsening metabolic
state. Only very light intensity PA/exercise advisable

Risk of worsening metabolic state

may be difficult to determine the physical status of
these individuals. Therefore, great care should be taken
when they undertake PA/exercise. Blood glucose levels
above 17 mmol/1 (300 mg/dl) are seen as contraindicating
PA/exercise as the metabolic state will be worsened
(Leutholtz & Ripoll 1999). Based on the metabolic con-
sequences of different pre-PA/exercise blood glucose
levels, recommendations whether or not to carry out
PA /exercise are summarized in Table 4.13.

THE DIABETIC CARDIAC PATIENT

Diabetes is a known risk factor for cardiovascular disease
and those cardiac patients who also suffer from diabetes
have to be additionally cautious when exercising with
high blood glucose levels. In addition to the factors men-
tioned above, these individuals are likely to have endothe-
lial dysfunction (p. 15) and are prone to ischaemia and
arrhythmias that will be further aggravated by the
consequences of high blood glucose levels (Table 4.8).
Therefore, threshold levels such as 14 mmol/1 (250 mg/dl)
for diabetics without cardiovascular disease and keto-
acidosis should be lowered in the cardiac-diabetic to avoid
the consequence of an adverse cardiac event. Notwith-
standing this, a study carried out on 17 non-ketotic cardiac
patients with type II diabetes, who regularly had blood
glucose levels >12mmol/1 (214 mg/dl), found that 6
hours post-PA/exercise blood glucose levels were
significantly lower than pre-PA/exercise levels, with no
consistently elevated blood glucose levels 24 hours post-
PA /exercise. However, hypoglycaemia (blood glucose
<3.3mmol/l, ~59mg/dl) was found in some patients,
but no other complications were reported (Badenhop et al

2001). This further illustrates the fact that individuals
will react differently and finding acceptable levels will be
by trial and error. Therefore, it is advisable that these
individuals carry out PA/exercise in consultation with the
cardiac and diabetic teams. Furthermore, although water-
based PA/exercises are often recommended for diabetic
individuals, especially those who cannot undertake weight-
bearing activities, these may be problematic for the cardiac
patient with diabetes (p. 15).

KETOACIDOSIS

If a patient with diabetes is referred for PA/exercise
prescription and their diabetes is under control, keto-
acidosis should not occur. Ketoacidosis usually occurs in
undiagnosed individuals or from an inadequate dosage
of exogenous insulin. However, ketosis can be triggered
by stress, illness and/or infection (Patel 1999). If a
client/patient presents with high blood glucose levels,
>10mmol/1 (178 mg/dl), then check for ketones in the
urine. If these are present, then do not allow the
individual to carry out PA/exercise; if they are not
present then PA /exercise may be undertaken with caution
(Table 4.14).

NEPHROPATHY

Specified PA/exercise recommendations have not been
set for those with incipient or overt nephropathy. However,
those with overt nephropathy often have impaired
functional capacity, which leads a limitation in their
activity levels; thus any PA/exercise greater than
60% of their aerobic capacity should be discouraged. There
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Table 4.14 Basic considerations for physical
activity/exercise prescription in diabetics with complications

Complication Physical activity/exercise considerations

Cardiovascular Keep intensity below ischaemic threshold

PA/exercise to pain then change to non-
weight-bearing activity until pain subsides

Peripheral vascular
disease

Avoid strenuous, anaerobic activities,
jarring or Valsalva manoeuvres - may lead
to haemorrhage or retinal detachment

Retinopathy

Nephropathy Avoid high intensity strenuous activity

Peripheral neuropathy  Possible diabetic foot. Shock absorptive
and supportive shoes required and
regular foot care. In severe cases avoid

weight-bearing activities

At risk of adverse cardiac event and
impaired thermoregulation; ensure
appropriate hydration. Similar
consideration to cardiac patients
(Ch. 2, p. 26)

Autonomic neuropathy

is, however, no research to suggest that low to moderate
PA / exercise (around 40-60% of aerobic capacity) is harmful
and this can therefore be prescribed if suitable for a
particular individual (ADA 2000, Colberg & Swain 2000)
(Table 4.14).

RETINOPATHY

Vitreous haemorrhage can result from unstable prolifer-
ative retinopathy. Diabetics with retinopathy should
avoid vigorous PA /exercise as this can hasten haemorrhage
or retinal detachment. Activities that cause a sudden
increase in blood pressure such as vigorous PA/exercise
involving strain, jarring or the Valsalva manoeuvre
(p. 90) should be avoided as they may exacerbate the
situation (White & Sherman 1999, ADA 2000, Colberg &
Swain 2000) (Table 4.14).

NEUROPATHY

Neuropathy can be divided into autonomic and peripheral
neuropathy and diabetics can be subject to both types.

Autonomic neuropathy

Autonomic neuropathy predisposes the diabetic to
greater risk of an adverse cardiac event during PA /exercise.
These individuals will be prone to complications similar
to those outlined for individuals with cardiovascular
disease, and will require the same PA/exercise con-
siderations (White & Sherman 1999) (Ch. 2, p.26). Those
with autonomic neuropathy will be prone to both post-

PA /exercise hypotension and hypertension. Thermo-
regulatory mechanisms may also be impaired. Therefore,
measures should be taken to ensure sufficient hydration
during PA/exercise (ADA 2000, Colberg & Swain 2000)
(Table 4.14).

Peripheral neuropathy

Peripheral neuropathy predisposes the diabetic to
‘diabetic foot” (p. 64). Therefore it is vital that appropriate
footwear be worn (White & Sherman 1999) and that
regular foot checks are undertaken. During PA/exercise
use of silica gel or cushioned midsoles, with polyester or
synthetic-blend socks, may help reduce blisters and
prevent additional damage. Feet should also be kept dry
(Colberg & Swain 2000). In severe cases non-weight-
bearing PA/exercise is suggested, such as water-based
PA /exercise. However, for those with cardiovascular and
autonomic complications this may not be advisable (p. 25).

Individuals with peripheral neuropathy may also
suffer from peripheral vascular disease (PVD). The signs
include intermittent claudication — intermittent pain in the
lower leg during physical exertion, caused by local
ischaemia and consequent build-up of lactic acid and
anaerobic metabolites. Those with PVD should carry out
walking (if able to do weight-bearing activities) inter-
spersed at the onset of pain with non-weight-bearing
activities, such as cycling, to allow for build-up of aerobic
capacity (Appendix B, Table B.2) (Table 4.14).

WARMING UP AND COOLING DOWN

Diabetics with autonomic dysfunction will require longer
warm-up and cool-down periods. The reasons are
comparable to those for cardiac patients who are prone to
similar complications (p. 25).

CONTRAINDICATIONS FOR PHYSICAL
ACTIVITY/EXERCISE

Unplanned weight training is contraindicated in those with
proliferative retinopathy, hypertension and uncontrolled
diabetes (Canabal 1992), and also in those with ketosis,
hypo- or hyperglycaemia. Other contraindications for
PA/exercise are as given in Appendix A, Table A.1.

MEDICATIONS

Certain medications are known to affect glucose regulation
and interfere with blood glucose tests. It is important
therefore for the exercise practitioner to be aware of these
effects. Hence, during the client/patient screening process
the effect of medications should be looked into prior
to PA/exercise prescription and constant updates regar-
ding changes in medication should be made. Additionally,
the acute effect of medications such as aspirin and para-
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cetamol may cause falsely low glucose readings when
home monitoring from a fingerprick blood sample. Since
these types of blood samples are taken prior to PA/exercise
it is important to determine whether such medications
have been taken prior to these measures. Additionally,
vitamin C (ascorbic acid) and aspirin can cause a false posi-
tive urine test. Furthermore, other types of medication may
have a counter-regulatory effect upon insulin. For example,
beta, agonists, commonly prescribed to asthmatics to dilate
the bronchial tubes, reduce insulin output. Additionally,

beta-blockers, particularly the non-selective types, given to
lower blood pressure and myocardial work, block the pan-
creatic beta, receptors, which are associated with the release
of insulin. These drugs have also been known to mask the
effects of hypoglycaemia, as they decrease the sympathetic
system warning signs (Patel 1999) (Table 4.7). For the
potential side effects of these and other medications refer to
an up-to-date National Formulary, and for more details on
diabetic drug therapies refer to Bailey & Feher (2004).

SUMMARY

o Diabetes is a syndrome of disordered metabolism with
inappropriate hyperglycaemia; it affects around 1.4
million people in the UK and is the seventh leading
cause of death in the USA.

® Metabolic syndrome is a precursor for diabetes.

® There are two types of diabetes:

Type I diabetes is the result of inadequate production
of insulin and may be caused by autoimmune destruc-
tion of pancreatic beta cells or arise from unknown
causes.

Type II diabetes is generally related to lifestyle
(poor diet and inactivity leading to obesity and related
disorders).

® Appropriate habitual
generally results in:

T general physical fitness

PA /exercise intervention

modification of CHD risk factors, diabetes and insulin
resistance, obesity, blood lipids, blood pressure
T insulin sensitivity
T metabolic control in
diabetics.

® Medications may affect blood glucose monitoring
tests, and mask signs of hypoglycaemia, as can
catecholamines.

® Diabetics are susceptible to micro and macro compli-
cations, such as retinopathy, peripheral and autonomic
neuropathy, hypertension, cardiovascular disease,
hyperlipidaemia and hypercoagulation, all of which
need to be addressed when prescribing PA /exercise.

® Additional complications which have to be considered
during PA/exercise are hyperglycaemia, ketosis, lactic
acidosis and hypoglycaemia.

non-insulin—dependent
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Chapter 5

Blood pressure and hypertension
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PREVALENCE OF HYPERTENSION

Hypertension (HT) is endemic throughout the world and
is considered to be a significant public health problem,
especially in middle-aged and elderly individuals. It is
estimated that nearly 50 million people in the USA have
this disorder (Burt et al 1995) and figures from the
Australian Bureau of Statistics (2002) state that around 16%
of Australians over the age of 18 years are hypertensive.
Although the incidence of HT has been reported to be
declining in the West (WHO 1986-1995, National Center for
Health Statistics 1994), in countries like Mexico (Secretaria
de Salud 1996) and the Middle East (National Nutritional
Survey 1998) it appears to be still rising; and yet despite this
decrease in the West it has been estimated that more than
half of the 10 million individuals over 65 years of age in the
UK are hypertensive (Colhoun et al 1998).
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DEFINITION

Hypertension is defined as an abnormally high blood
pressure (BP) (>140-159 mmHg systolic or >89-99 mmHg
diastolic, AMA 1998) and is a primary risk factor for
coronary heart disease (CHD). However, it must be noted
that the classifications for BP differ slightly between the
USA (Jones & Hall 2004) and Europe. The main difference is
that in the USA guideline BPs of 120-139 mmHg systolic
and 80-89 mmHg diastolic are termed ‘prehypertension’
and in Europe they have retained the previous classification
of pressures for ‘high normal’ (Table 5.1). Hypertension
often displays no symptoms, and around a third of those
estimated to be hypertensive are unaware of their con-
dition. Moreover, HT is highly related to other disorders,
such as non-lethal myocardial infarction (MI) (heart attack),
stroke and permanent retina and kidney damage, and
because of the lack of symptoms is aptly named ‘the silent
killer’. The risk to health is evident even for those with
‘high normal” BP (130-139 mmHg systolic or 85-89 mmHg
diastolic, Table 5.1), as there is a linear relationship
between BP and the related diseases. Therefore, high BP left
untreate will soon lead to health complications. In some
individuals, HT remains asymptomatic until the occurrence
of an acute cardiovascular event, such as MI. It is evident
therefore that screening for HT is extremely important,
especially as one increases in age.

Several factors have been associated with HT (p.83);
thus it is difficult to clearly pinpoint the exact
cause. The majority of hypertensives have what is termed
essential or primary HT where the cause of their
condition is unknown. Hypertension with an attributable
cause is termed secondary HT. Primary or essential
(p.83) HT can in most cases be treated but is difficult
to cure, as the cause is unknown. However, secondary
(p.84) HT is often curable as the cause can often be
determined.

Table 5.1
Clinical Effectiveness Guidelines 2000)

BLOOD PRESSURE

Blood pressure is essential for the function of the human
body as it maintains a constant flow of blood to the tissues
and organs. Blood pressure tends to increase with age
(p.84) and is dependent upon body size. For example,
normal weight children and adolescents have lower blood
pressure than normal weight adults. Blood pressure also
varies within an individual and can change very quickly as
it is very sensitive to emotions, such as stress and anxiety.
An example of this is known as the ‘white coat syndrome’.
For instance, a doctor can induce patient stress merely by
taking the BP and thereby cause the patient’s BP to rise.
However, in a relaxed and familiar situation the patient’s
BP tends to normalize and a truer indication can be gained.

MECHANISMS THAT CONTROL BLOOD
PRESSURE

There are three major systems that are responsible for
BP control and these are the heart, the blood vessels
and the kidneys. These systems are also sensitive to
hormones and chemicals, such as catecholamines and
angiotensin II, which influence cardiac contractility and
vasoconstriction, respectively (p. 83).

Cardiac output (Q) and the total peripheral resistance
(TPR) within the blood vessels have a significant
effect on BP and alterations in either or both will cause
BP to change. Likewise, Q is also influenced by stroke
volume (SV) and heart rate (HR) and changes in these
will also have an effect. Furthermore, SV is affected
by cardiac contractility and venous return (Starling’s
law, p. 87) to the heart. Hence any factor that influences SV,
HR and TPR will have an effect on BP (Fig. 5.1).

Hypertension is often seen as a cardiovascular problem.
However, if Q and TPR are high, renal excretion can de-
crease blood pressure to normal by reducing the intra-
vascular volume. Renal participation can normalize BP

Blood pressure classifications for adults over 18 years and follow-up recommendations (AMA 1998, and Primary Care

Category Systolic BP (mmHg) Diastolic BP (mmHg) Follow-up recommendations

Optimal <120 And <80 Recheck in 2 years

Normal 120-129 And 80-84 Recheck in 2 years

High normal 130-139 Or 85-89 Recheck in 1 year

Hypertension

Stage/grade | hypertension (mild) 140-159 Or 90-99 Confirmation within 2 months
Stage/grade Il hypertension (moderate) 160-179 Or 100-109 Evaluate within 1 month

Stage/grade Ill hypertension (severe) 180 or > Or 110 or > Evaluate immediately or within 1 week
Isolated systolic hypertension >140 With <90 Not stated

A diagnosis of hypertension is based upon two or more BP readings taken at separate visits.
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BP = Q x TPR; changes in Q and/or TPR will affect BP
Q = SV x HR; SV = cardiac contractility and venous return to
the heart

Figure 5.1 Factors that contribute toward blood pressure.

even though the problem may not be in the kidneys. How-
ever, the kidney can induce a volume-based HT by retain-
ing excessive sodium and water (Deshmukh et al 1997).

RENIN-ANGIOTENSIN-ALDOSTERONE SYSTEM
AND BLOOD PRESSURE CONTROL

The kidneys’ contribution to the control of blood pressure
is based around many factors that influence the secretion
of an enzyme known as renin. Renin catalyzes the cleavage
of angiotensin I from a larger plasma protein called angio-
tensinogen, which is then converted to angiotensin Il by a
converting enzyme (angiotensin-converting enzyme (ACE)).
Angiotensin II is a powerful vasoconstrictor, acting on the
arterioles. It is also the predominant regulator of aldosterone
synthesis and secretion. Aldosterone is secreted by the adre-
nal cortex (as is the catecholamine adrenaline). It acts on the
distal renal tubule and also on the gut to promote the reab-
sorption of sodium and the secretion of potassium and
hydrogen ions. The absence of aldosterone can cause the
excretion of around 15g of sodium per day, whereas, the
presence of aldosterone will cause virtually no sodium to
be excreted. Hence, the presence of aldosterone can cause an
increase in blood volume through the retention of sodium
and water. Thus the renin-angiotensin—aldosterone system
plays a central role in the regulation of arterial BP and in the
maintenance of sodium and potassium homeostasis (Vander
et al 1990, Cartledge & Lawson 2000).

Renin is released in response to various physiological
factors, the most important being sodium depletion, de-
crease in blood volume and pressure, and beta-adrenergic
stimulation. Whenever the systemic BP falls, the rate of
renin release increases (due to activation of the renal
baroreceptors’ stimulation of the sympathetic nervous
system (SNS)). The elevation of circulating renin leads to an
increase in the rate of angiotensin II formation. This
promotes arteriolar vasoconstriction and maintenance of
BP, and via the action of aldosterone, the increased reab-
sorption of sodium by the kidneys. It should be noted, that
the renin-angiotensin-aldosterone system also interacts
with several systemic circulatory and local factors
(Cartledge & Lawson 2000).

PRIMARY HYPERTENSION

It is estimated that 95% of a hypertensive patient’s con-
dition is not definable, and because of the strong relation-

ship between HT and certain ethic groups, such as
African Americans (AHA 1997), it is probable that there
are different underlying defects in different populations.
Primary HT is likely to result from a synergy of many BP
regulatory defects and interaction with environmental
stressors. These may be acquired or genetically determined
and independent of each other. Genetic factors are impor-
tant in primary HT, although the markers have yet to be
identified. Nonetheless, it is thought that genetic abnor-
malities include sodium sensitivity (p.84) and/or abnor-
mally high autonomic nervous system response to external
stressors.

Around 80% of those with primary HT have stage I HT
(Table 5.1) and the remaining 20% have either moderate or
severe degrees. Since the majority of hypertensives have
primary as opposed to secondary HT, primary HT is res-
ponsible for greater morbidity and mortality.

From a review on the prevalence of high BP, it appears
that the main risk factors for HT are heredity, low birth
weight for gestational age, large increase in weight as
a teenager, low physical activity and excessive alcohol
consumption (Krzesinski 2002). Other contributing factors
for primary hypertension are thought to be smoking,
age, hyperinsulinaemia and sodium sensitivity and
consumption.

RISK FACTORS FOR DEVELOPING PRIMARY
HYPERTENSION

Smoking

Smoking has been identified as a risk factor for HT as it
leads to changes in the vasculature (Ch. 2, p.10) and has a
temporary effect on the nervous system. Nicotine causes a
transient vasoconstriction and an increase in HR leading to
augmented peripheral resistance and cardiac output,
respectively. Smoking a cigarette can raise BP by about
5-10mmHg for around 30 minutes, and combined with
caffeine the effect is even greater and lasts for longer.
Despite this, epidemiological studies have found that
smokers and non-smokers of the same weight tend to have
similar BP (National Cancer Institute 1995).

Obesity

There is a relationship between HT, hyperinsulinaemia
and obesity (Pouliot et al 1994). A review from the
department of medicine at the University of Mississippi
(Wofford et al 2002) stated that obesity is closely associated
with HT, and is now recognized as an independent
risk factor for cardiovascular disease. Indeed a study
carried out by Jones (1996) found that when overweight
individuals lost weight there were also reductions in their
BP. It was further concluded that there could have been
additional reductions in BP with the inclusion of hyper-
tensive drug therapy. However, the mechanisms linking
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changes in weight with changes in BP are complex and still
not fully understood. Nonetheless, the link between obesity
and insulin sensitivity may be a contributing factor.

Insulin resistance

Hyperinsulinaemia is defined as excessively high levels
of blood insulin (see Ch. 4, p.64, and Ch. 6, p.102) and
can lead to an increase in BP. Although the hypertensive
mechanisms of insulin are not yet fully known, reductions
in BP have been observed in association with a fall in
blood glucose levels (Jaber et al 1992). High levels of
insulin are known to stimulate the SNS (Facchini et al
1996) to release catecholamines (noradrenaline and adren-
aline). Catecholamines cause an increase in sympathetic
tone, which contributes to the stimulation of the
renin—angiotensin—-aldosterone system (Esler et al 2001),
resulting in vasoconstriction and aldosterone-led renal
sodium reabsorption, and an increase in intravascular
volume (p.83). Catecholamines also increase HR and
force of myocardial contractility leading to enhanced car-
diac output, all of which contribute towards an increase in
BP. The release of sympathetic neurotransmitters, prin-
cipally the catecholamine noradrenaline and the hormone
adrenaline (transported in the blood), cause the heart
rate to speed up by acting on special beta-adrenergic,
receptors (beta, receptors). However, the effect of these
catecholamines on the beta, receptors of the smooth
vascular muscle is vasoconstriction, thereby increasing TPR
and BP.

High levels of circulating insulin are also associated
with the acceleration of atherosclerosis and vascular
damage (Preuss 1997). This is caused, in part, by con-
sistently high levels of circulating insulin stimulating
arterial vascular smooth muscle hypertrophy, which as a
consequence alters membrane ion transport leading to an
increase in intracellular calcium and augmentation of
vascular tone and BP. It can therefore be seen that
hyperinsulinaemia has a considerable pathophysiological
effect contributing to various diseases.

Increasing age

increase in BP (Lilly 1997, Copstead & Banasik 2000). The
tension produced by the heart muscle after contraction
(afterload) as a result of HT leads to an increase in left
ventricular wall thickness (concentric hypertrophy), which
causes a reduction in diastolic filling (Liebson et al 1993).
This is also seen in healthy individuals where concentric
remodelling of the left ventricle (LV) is the result of the
age-related stiffening of the arterial tree (Ganau et al 1995).
This stiffening causes a reduction in vessel compliance
that leads to the often age-related elevation in systolic
blood pressure (SBP) (Guyton & Hall 1996). All of these
factors have an effect on BP whether as a result of disease or
increasing age.

Excess sodium intake

Epidemiological studies indicate that excess sodium intake
is associated with high BP (Krzesinski 2002). There is also
evidence to suggest that only the blood pressure of
individuals who have a genetic predisposition toward
sodium sensitivity will be affected by its consumption
(Saruta et al 1995). This is supported by the fact that
those who are insensitive to sodium tend not to show a
reduction in BP when sodium intake is reduced (Guyton &
Hall 1996). Type Il diabetics, obese and hypertensive
individuals are often sodium sensitive and usually
respond to a reduction in intake after about 2 to 5
weeks (Conlin et al 2000, Feldstein 2002). Although the
mechanisms regarding sensitivity are not fully known
there does appear to be an interaction between
sodium intake and noradrenaline concentration, which is
capable of influencing blood pressure (Rankin et al 1981).
In a study on rats it was found that the ingestion of sodium
was associated with an increase in plasma angiotensin
II (Hodge et al 2002), a potent vasoconstrictor, the
effect of which is to increase peripheral resistance
(p-83). Sodium retention occurs in exchange for
potassium. Therefore, it has been postulated that BP
may be controlled by an increase in potassium intake
(Geleijnse et al 1996).

Low physical activity

Rates of HT tend to increase with age. Whether this is partly
due to age-related diseases, such as coronary heart and
vascular disease, or ageing per se is difficult to determine
clearly. However, the vascular changes related to ageing do
tend to result in an increase in BP.

In hypertensive individuals of less than 40 years it
is cardiac output that is relatively high with normal
peripheral resistance. However, over time and with
increasing age the contribution from cardiac output
tends to decline, while peripheral resistance increases
as the heart and vessels adapt to prolonged stress.
Hypertrophy of the vessels due to disease also causes
a narrowing of the lumen, further contributing to an

The contribution of physical activity to the control of hyper-
tension is of prime concern to the exercise practitioner
(p- 87).

SECONDARY HYPERTENSION

Secondary HT is relatively uncommon and affects
approximately 5% of hypertensives. It is often curable;
however, if left untreated it can lead to adaptive
cardiovascular problems (Ch.2). Secondary HT is not
known to be associated with insulin insensitivity but
there does appear to be a genetic link. The cause is usually
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structural or hormonal and is indicated when it
develops in young individuals less than 20 years of age.
Furthermore, it presents abruptly, with BP raised to
stage III rather than stages I or II (Table 5.1) (Deshmukh et
al 1997). The most common cause of secondary HT for
both adults and children is renal disease (Sadowski &
Falkner 1996). Endocrine, neurological and vascular
disorders also contribute to secondary HT (Copstead &
Banasik 2000), as do exogenous factors, such as the
oral contraceptive pill and other medications. Occasionally
pregnant women develop a condition known as
gestational HT, which is an abnormal rise in BP that often
returns to normal postpartum.

ORTHOSTATIC OR POSTURAL HYPOTENSION

Orthostatic or postural hypotension is common in indi-
viduals with low BP, cardiovascular disease and/or
taking medication to lower BP. It is characterized by
a lack of venous return to the heart as a result of low
BP (hypotension). This can cause a reduction in cerebral
blood flow causing an individual to feel dizzy, light-headed
or syncopic. Postural hypotension generally occurs when
an individual moves from a supine to an upright
position. When an upright position is assumed blood
volume transiently shifts to the lower limbs. The barore-
ceptors in the carotid arteries and aortic arch sense
a fall in circulating volume and trigger mechanisms
(renin-angiotensin-aldosterone system) that cause peri-
pheral vasoconstriction and an increase in HR to
restore arterial BP (Copstead & Banasik 2000). The
normal postural response to moving from a supine to an
upright position is an increase in HR of about 15% above
rest, and a decrease of up to 15 mmHg SBP and change
in diastolic blood pressure (DBP) of around 10 mmHg
(Guyton & Hall 1996). Changes in SBP and/or DBP greater
than these values will result in postural hypotension. The
lack of fluid volume returning to the heart as a result of
these changes in BP will prevent the prompt return to
normal BP with the postural change and cause postural
hypotension.

Individuals with cardiovascular disease may have
impaired responses to postural changes as a result of
cardiac and/or vascular damage. Impaired vasocon-
striction and/or HR response will cause a lack of
venous return and consequently postural hypotension
will occur. Diabetics who have peripheral neuropathy
(which may limit vasoconstriction) are also susceptible
to postural hypotension, especially if they are on
medications to reduce fluid volume and BP (Copstead &
Banasik 2000).

It is therefore important that the exercise practitioner be
aware of those who are prone to postural hypotension and
modify the individual’s programme appropriately by
avoiding sudden changes in posture.

PATHOPHYSIOLOGY OF HYPERTENSION

If left untreated, HT can lead to left ventricular hypertrophy
(LVH), diastolic dysfunction, systolic dysfunction, coronary
artery disease (CAD), cerebrovascular accidents (such as
stroke), structural alterations to the aorta and peripheral
vasculature, nephropathy (nephrosclerosis) and hyper-
tensive retinopathy (Deshmukh et al 1997).

DIASTOLIC DYSFUNCTION, LVH AND CAD

Hypertension places an abnormally high stress on the
arteries and arterioles, especially if left untreated over a
long period of time. This can lead to a reduction in
arterial elasticity and compliance, hardening of the
vessels and CAD. Hypertension requires the heart to use
more energy to work against the greater peripheral
resistance. More energy requires more oxygen and, for
someone with CHD/CAD, hypertension may eventually
lead to angina pectoris (Ch. 2). Over time, the LV of the
heart adapts to consistently having to work against an
abnormally high pressure. It becomes thickened and
enlarged (concentric hypertrophy) and less powerful,
leading to LVH. Left ventricular hypertrophy affects
diastolic filling eventually causing diastolic dysfunction.
The weight of an average heart is about 500g but an
enlarged heart can be less efficient and weigh as much as
800g. In the Framingham study LVH was associated
with 21-33% mortality within 5 years of diagnosis (Kannel
1991).

SYSTOLIC DYSFUNCTION

Systolic dysfunction will generally occur if HT is left
untreated. Left ventricular hypertrophy is initially
compensatory through an increase in LV mass. However,
this may be insufficient to offset the high wall tension
caused by the increase in the tension produced by the heart
muscle after contraction (afterload). Over time, LV con-
tractility decreases, which leads to a decrease in cardiac
output leading to systolic dysfunction and eventually
pulmonary congestion with the back up of fluid. This
can often be detected by oscilloscope from crackles in the
lungs and an extra heart sound, dyspnoea (breathlessness)
and fatigue.

STROKE AND CEREBROVASCULAR ACCIDENTS

Stroke was given its name because it happens very
suddenly and the effects are often physically striking.
Cerebrovascular accidents such as stroke are closely linked
to the magnitude of SBP. High SBP leading to stroke
can be the result of either a haemorrhage from ruptured
microaneurysms, thrombosis or embolism (Ch. 7) or
general narrowing of the vessels causing a significant
reduction in blood flow to the tissue of the brain.
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Table 5.2 Recommended lifestyle modifications for those with hypertension (adapted Leutholtz & Ripoll 1999 and ACSM 2000

guidelines for exercise testing and prescription)

Reduce body weight

Limit alcohol consumption

For every 2 Ib (~1 kg) of weight loss there is around a 2 mmHg reduction in
mean arterial BP
No more than 30 ml and 15 ml of ethanol for men and women (or lightweight

individuals), respectively, the latter being around 720 ml beer or 300 ml wine

per day
Reduce sodium intake
Maintain potassium intake
Stop smoking
Reduce saturated fat intake and cholesterol intake
Increase physical activity

<2.4-3.0 g per day

3.5 g per day (about one banana)

Prevent further vascular damage

<300 mg cholesterol per day to reduce CHD risk
Reduces risk of HT and CHD

It is therefore imperative that those will high resting
SBP do not exercise until it is under control (Table 5.2).

AORTA AND PERIPHERAL VASCULATURE

Hypertension can contribute to an increase in athero-
sclerosis, which results in plaque formation and
narrowing of arterial vasculature contributing to increased
peripheral resistance. Furthermore, the damage to the
vessels can also affect the vasodilatory mechanisms,
again contributing to an increased peripheral resistance.
Over time, the increase in peripheral resistance can
weaken the vessel walls, particularly in areas of high
mechanical stress such as the aorta (particularly in
the abdominal area), which can in some cases lead
to aneurysms.

NEPHROPATHY (DISEASE OF THE KIDNEYS)

It is clear that HT can lead to smooth muscle hypertrophy,
resulting in a thickening of the vessel walls. This is also
true for the vasculature of the kidneys, which can lead
to a reduction in the blood supply to the kidneys, pro-
ducing ischaemic atrophy of tubules and glomeruli and
resulting in renal failure. This compromises the kidneys’
ability to regulate blood volume, further contributing to an
increase in BP.

HYPERTENSIVE RETINOPATHY

A visual examination is often able to detect poorly con-
trolled blood pressure. This is usually evident by small
indentations of the retinal veins and is often an
asymptomatic clinical marker of high blood pressure. In
severe HT small retinal vessels may burst, causing haemo-
rrhages and local infarction resulting in blurred vision.
Another condition not generally seen in those with chronic
HT is a swelling of the optic disc known as papilloedema.
This is the result of very high BP causing high
intracranial pressure.

TREATMENT

Reductions in BP have been associated with decreased rates
of mortality and morbidity (Roman et al 2002, Zarnke et al
2002). Figures from the USA show that a reduction of
15 mmHg and 6 mmHg for SBP and DBP, respectively, can
reduce the risk of stroke by around 4% and CHD by
around 19% over 5 years (National Center for Health
Statistics 1995). Primary HT is usually treated by the use
of medications and non-pharmacological treatments, such
as lifestyle changes (Table 5.2). For those with high
normal or stage I BP (Table 5.1) without organ damage,
lifestyle changes may be effective on their own. However,
for those with stage II or III hypertension, a mixture of
pharmacological and non-pharmacological interventions
should be employed.

PHARMACOLOGICAL

Pharmacological treatments can significantly reduce HT
and risk of complications and there are numerous hyper-
tensive medications on the market. These range in type
from diuretics, vasodilators, angiotensin-converting enzy-
me (ACE) inhibitors, angiotensin II receptor antagonists
to sympatholyic agents such as beta-blockers (Ch. 2, p. 13).

NON-PHARMACOLOGICAL

Lifestyle modifications include weight reduction, dietary
intervention, smoking cessation, relaxation therapy and an
increase in physical activity (PA)/exercise (Table 5.2).

The connection between weight reduction and fall in BP,
although not yet fully understood, is probably related to
the relationship between body weight, high circulating
levels of insulin (hyperinsulinaemia) and catecholamines.
The link between alcohol consumption and high BP is again
not fully known but reductions in consumption are
associated with reduced SBP. Despite the epidemiological
link between sodium reduction and decrease in BP, this
treatment may only be effective for those who are
sodium sensitive.
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Caffeine and nicotine have a transient effect on BP
and therefore need to be modified. Caffeine raises BP
through the stimulation of the SNS, which increases
vessel tone and stiffness (Mahmud & Feely 2001, Okuno et
al 2002). Smoking cessation is also extremely important
in the treatment of HT because of its links with ather-
osclerosis (Ch. 2) and its transient effect on the nervous
system. Relaxation therapy is also a valuable tool in the
reduction of BP, especially for those who have an
abnormally high autonomic nervous system response to
external stressors.

PHYSICAL ACTIVITY AND EXERCISE

Low levels of physical fitness have been associated with
increased risk for all-cause mortality in normotensive and
hypertensive men (Blair et al 1991). However, since fitness
is highly dependent upon genetic factors, the relationship
between energy expenditure and physical activity probably
gives a better indication of the influence of PA/exercise
upon BP. Evidence suggests that those who expend more
than 2000 kcal per week through physical activity have a
significantly lower risk of developing HT than those who
expend less than this amount (Paffenbarger et al 1983).
A review of various interventional studies has shown that
regular aerobic exercise reduces BP in both normotensive
and hypertensive adults (Fagard & Tipton 1994), and
although the mechanisms of training-induced hypotension
are not fully known, a more recent review estimated that in
about 75% of hypertensive individuals systolic and
diastolic BP decreased by an average of 11 mmHg and
8 mmHg, respectively (Hagberg et al 2000).

SINGLE BOUT OF PHYSICAL
ACTIVITY/EXERCISE

During an acute bout of aerobic activity there is a gradual
increase in SBP due to an increase in stroke volume and
cardiac output (due to the influence of catecholamines). In
healthy adults SBP will peak during exercise at around
180-210 mmHg. However, for normotensive men, elevated
SBP during exercise recovery is a predictor of new-onset
HT (Singh et al 1999 (Framingham study)), which is an
indication of preclinical, pathophysiological cardiovascular
changes (ACSM 2001). The acute effect of exercise on DBP
tends to show either no change or a decrease (60-85 mmHg)
(due to dilation in the peripheral vasculature from the effect
of catecholamines on the beta, receptors); and in normo-
tensive adults an enhanced diastolic response to exercise
is also a predictor of new-onset HT (Singh et al 1999
(Framingham study)). It has also been demonstrated that
during exercise men at high risk of HT also show
blood pressures >230 mmHg systolic and 100 mmHg
diastolic. This is thought to be the result of a blunting in

vasodilation causing an increase in peripheral resistance
during exercise (Wilson et al 1990).

An acute bout of mild to moderate aerobic exercise has
been shown to reduce BP post-exercise (exercise
hypotension) for both normotensive and hypertensive
individuals. For example, when stage I hypertensive adults
underwent 30 minutes of treadmill exercise at 50% and at
75% Vo,max there were significant mean post-exercise
reductions in systolic and diastolic blood pressure of 4
and 9 mmHg and 5 and 7 mmHg, respectively. These reduc-
tions in BP remained for around 13 and 4 hours for SBP, and
for 11 and 4 hours for DBP, from exercise at 50% and at
75% Vo,max, respectively. These results suggest that the
greater the intensity the longer the post-exercise effect
(Quinn 2000). However, for hypertensives with organ
damage and stage II or III BP, exercise greater than
50% Vo,max would not be recommended.

The mechanism for exercise hypotension is mainly due
to a reduction in peripheral resistance as a result of the
vasodilatory effect of local metabolites and the cate-
cholamine stimulation of the beta, receptors.

LOCAL METABOLITES

During acute activity local metabolites, such as lactic acid,
nitric oxide, hydrogen ions, adenosine and prostaglandins,
are thought to have a local vasodilatory effect on the
working muscles, causing an increase in blood flow
(Deshmukh et al 1997). This effect can persist for several
minutes after exercise and contributes to post-exercise
hypotension (Hussain et al 1996).

REGULAR AEROBIC EXERCISE

The long-term resting adaptations to regular aerobic
exercise include a reduction in sympathetic tone (decrease
in sympathetic catecholamines), resulting in a decrease in
resting HR and increase in stroke volume. The latter is
partly associated with an augmented venous return
and diastolic filling, leading to an enhanced systolic
emptying due to the combined effect of Starling’s law and
enhanced contractile state of the myocardium, resulting
in a decrease in SBP. This reduction in SBP and HR
also reduces the workload on the heart. A method used
to calculate cardiac workload, both at rest and during
exercise, is known as the rate pressure product (RPP) and
is based upon SBP multiplied by HR divided by 100
(RPP = (SBP x HR)/100). It can be a useful tool for deter-
mining changes in cardiac workload as a result of
exercise intervention (Fig. 5.2).

MECHANISMS

In normotensive subjects it was found that the hypotensive
effect of chronic aerobic training was the result of a
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SBP x HR

RPP = 100

Figure 5.2 Calculation for rate pressure product (RPP).

reduction in vascular resistance of about 12-22% despite
an increase in cardiac output. However, the mechanisms
for the hypotensive effect of exercise on hypertensive
patients are difficult to determine (Meredith et al 1990,
1991). Hence the possible mechanisms contributing to-
wards the reduction in blood pressure, as a result of chronic
aerobic training (training), are currently based primarily on
non-hypertensive individuals.

SYMPATHETIC NERVOUS SYSTEM

Physical training results in a reduction in sympathetic
tone at rest as the parasympathetic nervous system
(acetylecholine) predominates.

RENIN-ANGIOTENSIN-ALDOSTERONE SYSTEM

Endurance trained athletes have been found to have
lower plasma renin activity at rest compared to those
who are non-endurance trained (Meyer et al 1988). It
has also been found that despite little change in BP,
resting plasma renin activity and aldosterone concentration
were reduced in a group of 18 ischaemic heart disease
patients after training for 3 months, three times a week at
70-90% of their maximal capacity (Vanhees et al 1984).
However, in a group of 38 healthy elderly men and women
(aged 60-82 years) after 6 months of endurance training,
three times a week for 30-45 minutes at 75-85% of
maximal HR reserve, there were no changes in
aldosterone, sodium, potassium and catecholamines. It
was postulated that this was due to a possible resetting
of plasma and blood volume receptors (Carroll
et al 1995). Nonetheless, the influence of training on the
renin—angiotensin-aldosterone system remains to be
elucidated as it is complex and may respond differently in
different populations.

INSULIN

Insulin resistance is associated with obesity and HT; hence
those who are overweight or obese are prone to
hyperinsulinaemia (Esler et al 2001). The high circulating
levels of plasma insulin lead to an augmentation in SNS
activity and sodium reabsorption by the kidney tubules,
resulting in an increase in BP. Over a period of time, high
BP will also impair the vasculature. A single bout of
PA /exercise and physical training increases insulin
sensitivity and glucose transport into muscles (Ch. 4, p. 70),
which can assist in the control of insulin insensitivity and
diabetes (Lutoslawska 2000). Furthermore, since regular

aerobic training tends to result in a decrease in body mass,
this also helps to reduce insulin resistance and BP (Esler et
al 2001). A study on 30 HT patients (63+7 years) looking
into the effect of 6 months of aerobic training found an
increase in insulin sensitivity. The study also found that the
small change in SNS activity had a strong positive
relationship with the change in mean arterial BP. It was
suggested that the suppression in SNS activity might play a
role in the reduction of mean arterial blood pressure in
response to aerobic training (Brown et al 2002). Similarly
3 weeks of aerobic training in a group of 29 hypertensive
patients, at an intensity of 75% of Vo,max, showed
reductions in BP with parallel changes in insulin resistance.
These changes in insulin were correlated with improved
baroreflex function and a decrease in HR. Furthermore,
the correction in SNS activity was associated with the
amelioration of hyperinsulinaemia. These findings suggest
that the improvement of neuro-metabolic factors may be
involved in the depressor effect caused by aerobic training
(Kohno et al 2000).

STRUCTURAL

Aerobic training appears to have no effect on vessel wall
thickness; however, the animal model has shown an
increase in the lumen area, causing a reduction in
peripheral resistance and BP (Amaral et al 2000).

TYPES OF AEROBIC PHYSICAL
ACTIVITY/EXERCISE

It is clear that regular aerobic activity is beneficial to those
with HT and from the findings of meta-analysis that
moderate to low-level intensity is most effective. A meta-
analysis of 48 training groups using isotonic endurance
exercise, such as walking, jogging, running or cycling,
ranging between 4 and 68 weeks (median 16 weeks) with
an average of 3 weekly sessions of 15-90 minutes at around
50-85% Vozmax, found a net average reduction in blood
pressure of 5.3 mmHg and 4.8 mmHg for SBP and
DBP respectively, with only one of the studies showing
an increase in BP. The beneficial changes became apparent
at around 2 to 7 weeks of regular training; however, the
hypotensive effect did not persist after training ceased.
Thus training needs to be current and regular. Furthermore,
it appeared that the hypotensive effect of training is
greatest in hypertensive individuals (Table 5.3) (Fagard &
Tipton 1994). This is commonly seen in exercise physiology
where those with initially poor baseline values tend to
show a greater potential for change. Nonetheless, the
parameters of duration and intensity of training have not
yet been able to explain the variance in BP response to
training in normotensive or hypertensive individuals.
Nevertheless, slightly greater reductions in BP have been
found with exercise seven versus three times per week and
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Table 5.3 Mean reductions in blood pressure (mmHg) after
aerobic training (adapted from Fagard & Tipton 1994)

Category Systolic blood Diastolic blood
pressure pressure

Normal 3.2 3.1

Borderline hypertensive 6.2 6.8

Hypertensive 9.9 7.6

with moderate versus vigorous exercise, respectively
(Fagard & Tipton 1994, Cleroux et al 1999). However, the
exact mechanisms for this response are not fully
understood, and although low to moderate-intensity
aerobic exercise has been found to be the most effective, the
optimal frequency, intensity, time and type (FITT) of
PA /exercise for HT has still to be determined.

RESISTANCE TRAINING

Weight training, isometric or high anaerobic work is
not recommended as the primary exercise therapy for
those with hypertension or cardiovascular disease.
Isometric and any static component tends to increase
afterload (Leutholtz & Ripoll 1999). These types of exercises
may also increase HR, BP and RPP and may lead to an
ischaemic event. In the past resistance training was also
avoided. However, within the past 15-20 years appro-
priately prescribed resistance training, consisting of low
weights and high repetitions, has gained support as a
means of improving upper and lower body strength and
self-confidence to perform daily tasks that require moder-
ate amounts of strength (Vescovi & Fernhall 2000). Indeed,
this type of resistance exercise causes the HR to increase
less than aerobic exercise with, in numerous cases, a lower
RPP than aerobic training of the same metabolic demand
(ACSM 2001). An increase in muscle strength may also
reduce RPP, as a given amount of muscular work will be
proportionally less of the maximal voluntary muscle

contraction. Hence, there will also be a corresponding
reduction in peripheral resistance, SBP and RPP (Franklin
2002).

The majority of studies looking into the effect of
resistance training on hypertensive populations have
been carried out on only mildly hypertensive subjects.
Nevertheless, a meta-analysis looking at 11 studies found
an average of a 2% and 4% reduction in resting SBP and
DBP, respectively (Kelly & Kelly 2000). Research inves-
tigating the combined effect of circuit training and aerobic
exercise versus antihypertensive medication on mildly
hypertensive men found similar reductions in SBP and DBP
(Keleman et al 1990, Stewart et al 1990).

PHYSICAL ACTIVITY/EXERCISE PRESCRIPTION

There are no specific PA/exercise prescription guidelines
for those with hypertension. However, the following
guidelines are given taking into account the known
pathophysiology and evidence-based research.

Prior to the prescription of PA/exercise, an individual
must be suitably screened (Appendix A), which should
include risk stratification (Table 5.4) and if appropriate
undergo some pre-exercise tests (Appendix A). This will
assist in determining the appropriate type of PA/exercise
programme for each individual.

The demands of the various physical activities will
differ physiologically, psychologically and sociologically. It
is therefore important for the practitioner to consider all
these factors when prescribing to the individual.

CATEGORY A AND B AND STAGE |

Individuals who fall into categories A and B (Table 5.4) and
stage I (Table 5.1) HT are initially advised to undertake
regular aerobic exercise using large muscle groups, which
might later include some resistance circuit training. It is not
advisable for these individuals to carry out weight training
unless they are low risk and capable of doing so.

Table 5.4 Risk stratification and treatment recommendations for those with hypertension (adapted from ACSM 1993, 2001)

Category Classification

Recommendation

A No CHD risk factors, no target organ damage or clinical
cardiovascular disease (CVD)

B One main CHD risk factor not including diabetes, no target
organ damage or CVD

C Target organ damage, CVD and/or diabetes with or without

other risk factors

Initial lifestyle modifications (Table 5.2) including exercise

for those with high normal BP and stage | HT (Table 5.1)

Initial lifestyle modifications (Table 5.2) including exercise for
those with high normal BP and stage | HT (Table 5.1)

Any level of HT or any risk group with stage Il and Il HT should
begin drug therapy prior to PA/exercise intervention. They
should also initiate the other lifestyle modifications (Table 5.2)
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Intensity

Intensity

The initial aerobic intensity should start off at around
40% Vo,max for elderly patients/clients and around
50% Vo,max for those who are more capable. This can
slowly increase over time to a maximum of around
50% Vo,max for elderly persons and 70% Vo,max for
the majority of hypertensives. Those younger low-risk indi-
viduals, when habituated to exercise, may exercise at
up to around 85% Vo,max (if symptom free during
exercise), but only if they are capable of working pre-
dominantly at an aerobic level. However, the PA/exercise
intensity will depend very much upon the capabilities of
the individual.

Monitoring intensity

During a session SBP should not exceed 250 mmHg and
DBP should not exceed 120 mmHg in order to avoid undue
strain on the heart and vasculature. Ratings of perceived
exertion (RPE) should also not be greater than 13 (somewhat
hard) on the 6-20 scale (Nobel et al 1983) (Appendix B) for
the same reason.

For those patients who are on medications to lower their
BP, such as beta-blockers (Ch. 14) it is better to use RPE.
Medications can alter the HR response to activity and
should therefore not be relied on as an indicator of exercise
intensity. Moreover, once an individual is habituated to
PA /exercise and their condition is reasonably stable, for
this population, RPE is the preferred method of deter-
mining PA/exercise intensity.

Duration

The PA/exercise duration of each session is still very
much under debate for asymptomatic and symptomatic
individuals. However, the initial session may start at
around 10-15 minutes. It is not advisable to increase
the duration by more than 10% per week. Exceeding
this increment will not allow the individual time to
adjust to the activity and may put them at an increased
risk of injury. Once the individual can manage about
20 minutes of aerobic activity they may increase the
intensity if appropriate. The activity may range between
15 and 90 minutes per session, with between 3 and 7
sessions per week.

CATEGORY C AND STAGES Il AND Il

Individuals who fall into category C (Table 5.4) or have
greater than stage II (Table 5.1) HT should initially undergo
pharmacological treatment to stabilize their BP.

It is inadvisable for patients in this category to carry
out weight training, but they may incorporate resistance
circuit training into their regimen after they have become
accustomed to a programme of aerobic training.

As with other individuals with BP, this category of hyper-
tensive should carry out aerobic activities at an intensity of
40-50% Vo,max. When able to exercise at 50% VO,max light
circuit training may be introduced. These individuals
should be encouraged to breathe normally throughout all
movements, exhaling on the ‘sticking point’ and under no
circumstances should they hold their breath and force
against a closed glottis (Valsalva manoeuvre).

During aerobic activity RPE and target HR should be
at a level below that of the individual’s peak SBP. If possible
it is advisable to find out the individual's maximum SBP.
Then a target SBP can be determined using a modified
version of the Karvonen equation (for example, a target SBP
of 60% of peak may be prescribed, then the equation would
be: Target SBP = 0.60 x (peak SBP - resting SBP) + rest SBP
= target SBP). Furthermore, during activity BP should not
rise above SBP 250 mmHg or DBP 120 mmHg, nor should
activity intensity be above an RPE of 13 (somewhat hard)
(Nobel et al 1983).

Duration

For this category of HT, the duration of aerobic activity may
be similar to that for category A, B and stage I, but at a
lower intensity, especially at durations longer than 20
minutes.

RESISTANCE CIRCUIT TRAINING AND WEIGHT
TRAINING

After a few weeks of training and if deemed appropriate
resistance circuit training may be included into the
regimen, and once the individual is experienced and stable
they can use either free weights or machines, but correct
technique must be taught to avoid strain and injury. Breath
holding during resistance training (Valsalva manoeuvre)
can cause BP to rise to values in excess of 200 mmHg
(Childs 1999), placing some individuals at risk of stroke
(Narloch & Brandstater 1995). Hence, resistance weight
training is not advisable for those in category C and/or
whose resting BP is greater than SBP 160 mmHg or DBP
100 mmHg (greater than stage II HT, Table 5.1).

The Valsalva manoeuvre during resistance exercise
usually occurs during isometric or heavy resistance exercise
of prolonged strenuous effort. The glottis closes and intra-
abdominal pressure increases by the forcible contraction of
the respiratory muscles. This results in a decrease in venous
return to the heart, causing cardiac output to decrease and
a transient drop in BP. Baroreceptors of the carotid sinus
and aortic arch stimulate the secretion of renin and SNS to
maintain BP. However, when the individual exhales there is
a rapid return of venous return to the heart, causing an
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additional increase in BP resulting in an abnormal
mechanical load on the heart (Kisner & Colby 1990).
Therefore the teaching of correct breathing technique is of
great importance for those with hypertension.

CONSIDERATIONS AND CONTRAINDICATIONS

Resting BP values of SBP >200 mmHg or DBP >115 mmHg
are considered a contraindication for exercise and
attaining SBP >250 mmHg or DBP >120mmHg during
an exercise session would indicate that the exercise
session should be terminated (Nobel et al 1983, ACSM
1993), as would a sudden drop in BP (indicating ischaemic
threshold and/or ventricular dysfunction). Hypertensives
with uncontrolled SBP >160 mmHg or DBP >100 mmHg
(stage II hypertension) should avoid circuit and weight
training. Contraindications for any circuit weight training
would include congestive heart failure, uncontrolled
arrhythmias, severe valvular disease, aerobic capacity
<17 ml/kg per minute (5 METs, Appendix B).

Patients on vasodilators (Ch. 14, p.223) will require
longer cool-downs to prevent venous pooling following
an abrupt cessation of activity. Also, any sudden change
in posture that may cause postural hypotension, such as
from the supine to the upright position, should be avoided,
as should any floor-based exercise that may increase
venous return to the heart and cause an increase in
cardiac work by increasing SBP through the principle of
Starling’s law.

As intravascular volume has such an effect on BP,
practitioners should make their patients/clients aware
of factors that might affect their BP such as heat and
humidity and advise them on sufficient fluid intake,
especially those on diuretics. Additionally, beta-blockers
also impair the ability of the body to regulate temperature.
Therefore, patients/clients should be made aware of
the potential to develop ‘heat illness’ when exercising
(Ch. 14, p. 223).

Suggested readings, references and bibliography

SUMMARY

® HT is endemic throughout the world and is a
significant public health problem, especially in
middle-aged and elderly individuals.

® HT is defined as abnormally high BP (>140-
159 mmHg systolic or >89-99 mmHg diastolic).

® HT is a primary risk factor for CHD.

® Ninety-five per cent of HT is essential, i.e. without a
known cause. The other 5% has a known cause and
is often curable.

® Rises in BP can occur as a result of the ‘white coat
syndrome’.

® Many organs and systems are involved in the control
of BP.

® BP is: stroke volume X heart rate = cardiac output x
total peripheral resistance.

© BP tends to increase with age.

® Untreated hypertension can result in:
diastolic dysfunction of the heart, LVH and CAD
nephropathy (kidney disease)
increase in atherosclerosis.

® High SBP can lead to stroke and cerebrovascular
accidents.

® Hypertension can be treated pharmacologically
and/or through change in lifestyle (Table 5.2).

® Acute and chronic PA/exercise affect BP.

® The dose of PA/exercise for optimal reductions in BP
has yet to be determined.

® Aerobic PA/exercise of a moderate intensity carried
out between 3 and 7 times a week for around 15-90
minutes has been found to be beneficial for showing
reductions in BP of around 5.3 mmHg SBP and
4.8 mmHg DBP.

© Weight training is only recommended for individuals
whose BP is stable and within acceptable limits.

o Contraindications for PA/exercise are:
resting SBP >200 mmHg or DBP >115 mmHg
exercising SBP >250 mmHg and DBP > 120 mmHg
sudden drop in BP.

® Longer cool-down is required due to possibility of
orthostatic hypotension.
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Chapter 6

Overweight and obese adults
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INTRODUCTION

In the developed world, the incidences of obesity are now
estimated to be similar in number to those suffering from
hunger in developing countries (Campbell & Dhand 2000).
In many countries, overweight and obesity have reached
epidemic levels and obesity is now well recognized as
a disease in its own right. Obesity induces diseases such
as type II diabetes (p.65) and heart and vascular diseases
(p. 10), and increases the risk of several types of cancer,
gallbladder disease, musculoskeletal disorders and res-
piratory problems. Findings from the third NHANES,
(2002) estimate that as many as 47 million Americans
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may exhibit a cluster of medical conditions, termed
‘metabolic syndrome’, which is characterized by insulin
resistance in the presence of obesity, and high levels of
abdominal fat, blood glucose, cholesterol and triglyceride
and high blood pressure. For the majority of these
individuals this is largely preventable, through changes in
lifestyle; and it has been stated that the diverse and
extreme impact of obesity should be regarded as one of
the greatest neglected public health problems of our
time (WHO 1997).

PREVALENCE

Recent studies have shown that overweight and obesity
affect over half the adult population in many countries.
Obesity is common in industrial nations and is rapidly
increasing in many developing countries. In the UK rates
of obesity have been related to the increase in number
of cars and televisions per household (Prentice & Jebb
1995). The prevalence of obesity in adults is around
10-25% in most countries of Western Europe, and 20-25%
in some countries in the Americas. This figure increases up
to 40% for women in Eastern Europe and Mediterranean
countries and black women in the USA, with probably
the highest rates in the world among Melanesians, Micro-
nesians and Polynesians (WHO 1997).

The financial burden of overweight and obesity is of
extreme concern to many countries, especially those with
already overstretched resources, and if obesity rates con-
tinue to rise, most countries will be unable to meet the
demands for health care. In 2000, for example, the financial
cost of obesity for the treatment of US adults was estimated
at around $117 billion (CDP 2003). In the UK the indirect
cost of obesity for the National Health Service was around
£4.4 billion per annum (Josling 2000). Therefore, since obe-
sity is largely preventable, government strategies to tackle
overweight and obesity are vital.

DIAGNOSING

High abdominal fat is highly related to cardiovascular
disease (Pihl & Jurimae 2001), diabetes and hyper-
lipidaemia (Ramachandran et al 2000, Idzior-Walus et al
2001) and even as long ago as the 1940s is was believed
that it was excess fat (adipose tissue) rather than body
weight per se that was related to greater risk of cardio-
vascular disease and type II diabetes (Vague 1947). Thus, it
has been suggested that high abdominal circumference be
used as an indicator for identification of not only obesity
but also related diseases (WHO 1997).

There are many methodologies for determining degrees
of adiposity, and those that are most easily employable

Table 6.1 BMI in normal males and females of different ages
from a Saudi population (data from El-Hazmi & Warsy 1997)
Male Female
Age groups Number  Mean Number  Mean
(years)
14-15 219 18.8 198 16.3
16-20 177 22.3 202 19.7
21-25 93 25.0 138 24.4
26-30 81 24.8 131 27.2
31-35 52 27.6 104 28.4
36-40 73 26.4 80 29.4
41-45 42 27.1 4 30.8
46-50 41 28.6 29 I3
51-55 32 28.9 27 33.1
56-60 27 28.2 15 27.7
61-65 14 27.3 1 29.8
66-70 9 27.1 6 27.7
>70 3 29.6 10 21.8

Table 6.2 Overweight and obesity classifications in BMI
(kg/m?) (not gender specific) (adapted from WHO 1997)

Overweight and obesity classifications BMI
Pre-obese (overweight) 25-29.9
Obese 30
Class | obese 30-34.9
Class Il obese 35-39.9
Class Ill obese 240

are bioelectrical impedance, the measurement of skin
folds, waist circumference, waist to hip ratio (WHR) and
body mass index (BMI) (weight (kg) divided by the square
of height (metres) (kg/m?). Arguably, BMI, waist circum-
ference and WHR are the easiest and quickest methods
for classifying adiposity and risk to health.

Waist circumferences of greater than 102 cm (~40 inches)
for men, for example, and 88 cm (~35 inches) for women
are seen as risk factors (if the adult is not too short in
stature) (CDC 2003). So is a WHR ratio of 1.0 or higher,
whereas ratios less than 0.9 for men and 0.8 women
indicate lower risk to health.

Body mass index is a commonly used method for quick
assessment and although BMI may vary between genders,
different age groups and within different populations
(Table 6.1), for the majority of the population
BMI is generally a good indicator of overweight and
obesity (Table 6.2), and a high BMI is associated with
many health risks (Table 6.3). However, BMI assumes that
the muscle-to-fat ratio is normal. Thus, for certain athletic
groups who possess high proportions of fat-free mass
(muscle weighing more per unit volume than adipose
tissue) BMI may not be a suitable method of determining
adiposity. The body of the average male, for instance,
comprises around 15-16% fat and that of the normal
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Table 6.3 BMI and health risk (data from Huskey 1998)

Health risk BMI % increase in
risk
Death/all causes (BMI <19) vs 27-29: 60
29-32: 10
32-35: 120
Death/cancer (BMI <19) vs 27-32: 80
32-35: 110
Death/heart disease (vs. BMI <19) vs 27-29: 210
29-32: 360
32-35: 480
Type Il diabetes (BMI <22-23) vs 27-29: 1480
29-31: 2660
31-33: 3930
33-35: 5300
High blood pressure (BMI <23) vs 26-28: 180
29-31: 260
32-35: 350
Degenerative arthritis (BMI <25) vs 30-35: 400
Gallstones (BMI <24) vs 27-29: 150
30-35: 270
Neural birth defects (BMI 19-27) vs 29-35: 90

Table 6.4 Classifications for percentage body fat

Classification Men Women
Low 6-10 14-18
Optimal 1-17 19-22
Moderate 18-20 23-30
Obese >20 >30

female around 19-22% (Table 6.4), whereas athletes
may reduce their body fat to less than 9% but still have
normal body weight. Therefore, for certain athletic
individuals other methods, such as WHR or skin fold
measures may be more appropriate (Groer & Shekleton
1989).

ADIPOSE TISSUE

Adipose tissue is a collection of adipocytes and has
been described as an organ acting in response to
various hormones, such as those of the sympathetic
nervous system. Adipose tissue acts as storage for
excess consumed calories when the energy needs of
the body are less than the calorie intake. The converted
food molecules are carried as fatty acids by lipoproteins
from the liver (p.35) and taken up by the adipocytes.
Adipocytes are situated predominantly in the sub-
cutaneous tissues and mesentery, and are found in collec-
tions throughout the body, which contribute to around

10 to 20 kg of body weight. The absolute amount of adipose
tissue can increase by hypertrophy of the adipocytes, which
can swell by up to ten times their normal size, beyond
which the cells divide and increase in total number, termed
hyperplasia (increase in number). For fat cells to divide
it appears that they need to reach this critical volume
and probably require some adipogenic signal. Once
formed, adipocytes are thought to remain for life. It is
believed that there are critical stages of human develop-
ment when hyperplasia of adipocytes occurs. These stages
are during infancy and early childhood, adolescence
and pregnancy, and only in response to excess calorie
intake. Hence, excess calorie intake in childhood may
predispose the individual to obesity. It may also be that
some individuals are more prone to adipocyte hyperplasia
in response to excess calorie intake than others, thus
causing greater predisposition toward obesity. In adults,
however, obesity generally occurs in response to excess
calorie intake and hypertrophy of the adipocytes (Groer &
Shekleton 1989).

Adipocytes are not uniform in structure or function,
which is dependent upon their anatomical location.
Gender influences the deposition of adipose tissue, which
is related to sex hormones; men, for example, tend to
collect fat in the upper body and abdomen, whilst women
generally store fat peripherally in the thighs, arms and
buttocks (Groer & Shekleton 1989). Central fat deposition
is metabolically more active, contributing to the risk of
many diseases associated with obesity, such as hyper-
lipidaemia (Lean 2000), insulin resistance and diabetes
(Idzior-Walus et al 2001). Whereas the gluteofemoral fat
in females is less lipolytically active (Bjorntorp 1989), other
than during pregnancy, and appears not to contribute
toward these diseases.

INFLUENCES UPON BODY WEIGHT

Body weight is influenced by many biological functions
and although these contribute toward overweight and
obesity, they are not considered to be the direct or primary
cause. This section will outline some of these influencing
factors.

THE HYPOTHALAMUS, PITUITARY AND THYROID
GLAND

The influence of the hypothalamus upon the pituitary
and thyroid gland is important in the effect that it has upon
body weight and other biological processes. The
hypothalamus and pituitary are both positioned at the
base of the brain, where the hypothalamus secretes
hormones that affect anterior pituitary hormones, which
in turn affects the thyroid gland. The pituitary is
an endocrine gland, supplying numerous hormones
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(including growth hormone) that govern many vital
processes. The hypothalamus is a portion of the brain
that controls the appetite, and therefore has a significant
influence upon body weight. The hypothalamus also
controls and integrates the peripheral autonomic nervous
system, body temperature, sleep and appetite, which all
have an influence upon body weight (for greater
explanation refer to Vander et al 1990).

Th