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1.1

INTRODUCTION

The aim of this thesis is to investigate the effects of moderate-intensity exercise
on established and novel risk factors for cardiovascular disease (CVD) and
fitness.

It contains the findings of two studies that examine the effects of

unsupervised home-based programmes of brisk walking.

Physical activity has been defined as "any bodily movement produced by the
contraction of skeletal muscle that increases energy expenditure above the
basal level" (Caspersen, Powell & Christenson 1985).

The terms 'physical

activity' and 'exercise' have been used synonymously, but more recently
‘exercise’ has been used as a term to describe a sub-class of physical activity
which is "planned, structured, repetitive, and purposive in the sense that
improvement or maintenance of one or more components of physical fitness is
the objective" (Caspersen, Powell & Christenson 1985).

1.2

THE HISTORY OF EXERCISE AND HEALTH

From the beginnings of modern medicine, physicians have recognised the
benefit of regular physical activity on health. The ancient Greeks were among
the first to recognise that a proper amount of physical activity was necessary for
healthy living.

In their 'laws of health' (US Department of Health and Human
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Services 1996), regular exercise was proposed to confer 'well-being'.

These

'laws' originate from as far back as 500 BC.

The ancient Greek scholars associated physical well-being with physical activity.
Of these, Hippocrates (490-370 BC) is possibly the best known. He wrote: "all
parts of the body which have a function, if used in moderation and exercised in
labours in which each is accustomed, become thereby healthy, well-developed,
and age more slowly, but if unused and left idle, they become liable to disease,
defective in growth and age quickly" (Daintith 1989). He is called the "Father of
Medicine" and wrote the famous 'Hippocratic Oath,' a statement that every
physician must uphold. In this Hippocrates writes, "I will prescribe regimen for
the good of my patients". 'Regimen', Cumston (Cumston 1926) writes, can also
be translated 'treatment' and means diet, baths, massage and exercise. Thus,
in the very foundations of medicine the forerunner of an exercise prescription for
good health is found.

Cumston (Cumston 1926) reports that Claudius Galen was strongly influenced
by Hippocrates and wrote many books of great importance to medical history.
Cumston noted that they contained much information regarding the relationship
of exercise to health and quoted Galen as having said that everyone, including
infants, needed exercise. Galen had recommended an assortment of different
exercises including horse riding, sailing and walking to benefit health.

The

philosophy that one could improve one's own health through one's own actions,
for example eating properly and taking exercise, was a strong influence on
2
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medical theory. The emphasis of this philosophy appeared to be placed on an
individual’s moral duty to preserve their own good health by taking appropriate
exercise.

MacAuley (MacAuley 1999) recognised that, following the Greek example, the
Romans advocated good health through regular physical activity. He notes the
famous Roman baths were places where men came and received health advice
from their physical trainers.

Some of the baths were large municipal sports

centres where citizens could partake in exercise for sport and health.

During the Dark Ages, the church dominated cultural activities and physical
education was preserved only for knights and warriors (MacAuley 1999). The
Renaissance, which followed this period, re-kindled the interest in many of the
Greek theories and the practice of physical activity for good health was re
awakened. Early in the 13th century medical schools were teaching the benefits
of physical activity and health as part of their general instruction in medicine
(MacAuley 1999).

1.3

EXERCISE AND HEALTH IN MODERN MEDICINE

Over the past two thousand years, patterns of daily life have changed
significantly.

Since Hippocrates first advocated regular exercise for the

promotion of health, automation of many daily activities has further lessened the
requirements of exertion for survival. Advancements in technology have been
hugely beneficial, but have decreased the level of physical activity in the general
3
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population by creating a “take-it easy culture” (Department of Health, Physical
Activity, Health Improvement and Prevention 2004).

The latter half of the twentieth century has seen huge advances in the
knowledge of the effects of physical activity on health.

In the 1950's the

evidence linking regular physical activity and the prevention of coronary heart
disease (CHD) began to emerge.

Published in 1953, one of the first

epidemiological studies to associate levels of physical activity and CHD
morbidity was the London bus conductors’ study (Morris et al. 1953).

This

pioneering study showed that bus conductors were at less risk of a myocardial
infarction than their bus driving colleagues and attributed this to their
occupational physical activity levels.

Since this study, a wide range of both

epidemiological studies and controlled trials have been carried out to investigate
the types and levels of physical activity required to reduce a variety of risk
factors associated with CHD. This has led to physical inactivity being classified
as an independent risk factor for coronary heart disease, putting it on a par with
other risk factors like smoking, hypercholesterolemia, hypertension and diet
(Fletcher et al. 1996).

4
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1.4

CHANGING EXERCISE RECOMMENDATIONS

Since the 1950's, the recommended duration, frequency, intensity and mode of
exercise

to

confer improvements

in fitness

and

health

have

changed

considerably. In 1978, the American College of Sports Medicine (ACSM) were
the

first

to

analyse

the

available

recommendations regarding exercise.

evidence

and

formulate

general

They proposed that the general public

should partake in three to five exercise sessions per week at 60% to 90% of an
individual’s maximum heart rate. The exercise sessions were to be 15 to 60
minutes in length and composed of high-intensity aerobic exercise like running,
cycling or team sports.

These recommendations formed the basis of most

exercise prescriptions right up to 1990. They were originally given with changes
in cardio-respiratory fitness and body composition in mind and did not address
the volume, intensity, duration and type of exercise required to confer health
benefits (Anonymous 1978).

From 1978 to 1990 other groups, such as the

YMCA (National Council of Young Men’s Christian Associations of the United
States 1989), published their recommendations for exercise.

These groups

used the same scientific data as the ACSM and so their recommendations did
not differ significantly. In 1990, in light of growing interest in the health benefits
associated with regular exercise, the ACSM updated their recommendation.
They proposed a slight increase in the duration of activity, from 15 to 60 minutes
to 20 to 60 minutes per session, though the intensity and frequency and mode
were similar.
associated

They recognised that moderate-intensity exercise may have
health

benefits,

independent

of

cardio-respiratory

fitness

(Anonymous 1990).
5
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In 1995 their recommendations changed again. This new recommendation was
that “every adult should accumulate at least 30 minutes of moderate-intensity
exercise on most or all days of the week” to improve their health. These 30
minutes of exercise could be achieved in one single bout or accumulated in a
number of shorter bouts lasting 8 to 10 minutes (Pate et al. 1995).

This

recommendation has recently been re-iterated by the Chief Medical Officer for a
general

health

benefit (Department of Health,

Physical

Activity,

Health

Improvement and Prevention 2004).

This recommendation was made in the light of accruing evidence that the
benefits of exercise could be 'accumulated' through more than one bout.

It

differed from previous ones in three areas: (1) the intensity was lowered to
'moderate' (2) the frequency was increased from as little as 3 sessions to 5 to 7
sessions per week and (3) it included the option of accumulating the exercise in
shorter, more manageable bouts.

This was a dramatic shift away from the prescription of traditional exercise types
such as jogging or team sports, to a type of exercise that could be incorporated
into daily routines. This became known as 'lifestyle physical activity'. It included
activities such as gardening, walking, or occupational activities that were at least
of moderate intensity (Dunn, Andersen & Jakicic 1998).

It was seen as the

answer to many of the reasons people gave for not exercising, including the
need for specialist equipment and lack of time.

A number of questions still
6
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surround the arguments for this new form of exercise prescription (Dunn,
Andersen & Jakicic 1998).

Can it be applied to all populations with differing

levels of fitness? What are the long-term health benefits as compared to the
traditional exercise forms? What is the shortest 'bout' of exercise that confers
benefit to health and fitness? Should this lifestyle activity be maintained over
months and years for continuing benefit to health and fitness? Some of these
questions are still to be answered, but there is a clear pattern of benefit
emerging.

1.5

PHYSICAL ACTIVITY IN SOCIETY

In Northern Ireland less than one third of adults take the recommended amount
of physical activity to confer a health benefit (The Northern Ireland Statistics and
Research Agency 2002). In the UK, between only one quarter and a third of all
adults meet the current exercise recommendation (Department of Health 1999,
Office for National Statistics 2004) and the data for the United States are similar
(Anonymous 1998a). According to the World Health Organisation, at least 60%
of the global population fails to achieve the minimum physical activity
recommendation

(World

Health

Organization

2002),

highlighting

physical

inactivity as a global problem. It is estimated that this shortfall in activity costs
the NHS £8.2 billion each year in England alone (Department of Health, Physical
Activity, Health Improvement and Prevention 2004).

In the United States, the

direct costs of inactivity and obesity account for approximately 9.4% of the
national health care expenditure (Colditz 1999).

7
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In addressing this shortfall, barriers to regular physical activity should be noted.
These were described in the Northern Ireland Health and Activity Survey
(MacAuley et al. 1994).

Some of the results, presented as percentage of

respondents who cited each item as a barrier to regular exercise, are shown in
Table 1.1. Similar results were found in the 2001 Northern Ireland Health and
Wellbeing Survey (The Northern Ireland Statistics and Research Agency 2002).
In a study of physical activity habits and barriers in the United States, individuals
in the lower-socioeconomic groups were the least likely to take the appropriate
amount of physical activity and reported similar reasons to those cited for
Northern Ireland in Table 1.1 (Parks, Housemann & Brownson 2003). It would
appear logical that the key to designing a programme of activity that would have
the highest take-up and adherence would be to seek to overcome these
barriers, making regular physical activity manageable and attractive.

This shows that though there are gender differences (more females cite the
need to look after young children than their male counterparts), there are also
general barriers that could be overcome with more careful design of exercise
programmes. These include lack of time and facilities, embarrassment and not
being the 'sporty type'.

8
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1.6

THE DEVELOPMENT OF PROGRAMMES TO PROMOTE PHYSICAL
ACTIVITY

Noting the current shortfall in physical activity levels and the barriers that hinder
the increase in these levels, this thesis will examine programmes of brisk
walking designed to encourage an increase in activity levels.

The next chapter will review the current knowledge of the benefits of exercise to
health and focus specifically on brisk walking. Following that, two studies of the
benefits of home-based brisk walking will be presented and discussed.

9
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Table 1.1
Reported barriers to taking exercise in males (n=430) and females (n=471)
sampled from the Northern Ireland population (MacAuley et al. 1994)

Percentage

Percentage of

of Males (%)

Females (%)

An injury that prevents exercise

19

18

Too fat

14

16

Not the sporty type

36

55

Embarrassment

7

14

A need to rest in any spare time

31

35

Inability to keep it up

28

41

Young children to look after

16

29

Lack of time

36

49

No one to exercise with

14

24

No suitable facilities nearby

7

15

Barrier
Physical Barriers

Emotional Barriers

Motivational Barriers

Time Barriers

Availability Barriers

10
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2.1

INTRODUCTION TO THIS REVIEW

As already noted, the ACSM and Centre for Disease Control and Prevention
(Pate et al. 1995) recommend moderate-intensity physical activity for 30
minutes on most days of the week for the development of physical fitness
and health. They also refer to the fact that this exercise may be accumulated
through several shorter bouts, a theory that has become known as
'fractionisation'.

This chapter provides an overview of scientific literature

relating to effects of physical activity, and specifically moderate-intensity
exercise (brisk walking) on existing and novel cardiovascular risk factors and
fitness.

Haskell (Haskell 2001) proposed that before exercise could be prescribed as
a health promoting activity, the effects from different volumes of exercise, the
mechanisms of its action and any potential adverse effects needs to be
determined. The first part of this chapter will deal with the general benefits of
physical activity to health and fitness.

It will then focus on the effects of

moderate-intensity exercise, and specifically on the effects of brisk walking,
on cardiovascular risk factors and fitness. It will conclude with a discussion
of the mechanisms of action and potential adverse effects from brisk walking.
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2.2

THE BENEFITS OF REGULAR PHYSICAL ACTIVITY

The changes in recommendations for physical activity came as a result of
numerous epidemiological and randomised controlled trials of the benefits of
physical activity on fitness and risk factors for certain diseases.

The 1996 US Surgeon General’s report on physical activity (US Department
of Health and Human Services 1996) listed the following as benefits from
regular physical activity:
•

Lower mortality rates for both older and younger adults

•

Decreased risk of cardiovascular disease mortality in general and of
coronary heart disease mortality in particular

•

Prevention or delay in the development of high blood pressure

•

A reduction in blood pressure in people with hypertension

•

Decreased risk of colon cancer

•

Lower risk of developing non-insulin-dependent diabetes mellitus

•

Maintains normal muscle strength, joint structure, and joint function

•

May favourably affect body fat distribution

•

May reduce the risk of developing depression and appears to relieve
symptoms of depression and anxiety and improve mood

2.2.1 PHYSICAL ACTIVITY AND ALL-CAUSE MORTALITY
The World Health Organisation has cited physical inactivity as one of the 10
leading causes of death in developed countries, leading to 1.9 million deaths
per year worldwide (World Health Organisation 2002). In the Harvard Alumni
Study (Lee, Paffenbarger 2000), male students reported their levels of leisure
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time physical activity including walking, stair-climbing and recreational sports.
They were followed up 15 years later and asked to report their levels again.
The results of the study showed that those who took regular moderate or
vigorous physical activity had a significant reduction in mortality rates
compared to those who took only light physical activity.

Erikssen et al

(Erikssen et al. 1998) found similar results in their study of 2014 Norwegian
men.

They concluded that even small improvements in physical fitness,

measured using a bicycle exercise test, are associated with a significantly
lowered risk of death.

2.2.2 PHYSICAL ACTIVITY AND CARDIOVASCULAR DISEASE
Cardiovascular disease (CVD), including CHD and stroke, remains one of the
major causes of morbidity and mortality in the United Kingdom at present
(Petersen, Peto & Rayner 2003). It has been estimated that 37% of CHD
deaths can be attributed to physical inactivity (Britton, McPherson 2002).
Since Morris et al (Morris et al. 1953) did their defining study finding the
relationship of physical activity to a reduction in the risk of CHD, many
epidemiological studies have reached similar conclusions. One such study
(Shaper, Wannamethee & Weatherall 1991) assessed the relationship
between physical activity and the risk of heart attacks in middle-aged British
men. Levels of physical activity were recorded and validated against heart
rate and lung function.

Participants were followed up eight years later.

It

was found that the risk of having a heart attack decreased significantly with
moderate-intensity physical activity and there was a greater risk reduction
with more intense levels of physical activity. It is interesting to note that the
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groups of men who reported moderate-intensity activity patterns experienced
less than half the rate of heart attacks compared to groups who reported
inactivity.

Blair et al (Blair et al. 1996) took this further in their epidemiological study of
25,341 men and 7,080 women who ranged in age from 20 to 88 years. They
ranked them according to level of fitness, followed them up approximately 19
years later and analysed the effect of level of fitness on CVD and all-cause
mortality. They found that low fitness was an "important precursor of CVD
and all-cause mortality", whereas moderate fitness seemed to be protective.
Their conclusion was that physicians should encourage sedentary patients to
become active and so reduce the risk of CVD. Leon et al (Leon et al. 1987)
found, from their Multiple Risk Factor Intervention Trial, that men with an
existing high risk of heart disease (calculated using the Framingham Risk
Score), who performed moderate-intensity physical activity in their leisure
time, had a lower incidence of CHD and overall mortality than their sedentary
counterparts.

In a study of 1975 middle-aged British men, Yu et al (Yu et al. 2003)
examined the relationship between the volume of leisure time physical
activity and the risk of all cause, CVD and CHD mortality as part of the
Caerphilly study. Initially all participants were free of CHD. When they were
followed up 11 years later, a significant relationship between mortality and
heavy-intensity leisure time physical activity was found.

They found no

significant relationship between light and moderate-intensity physical activity
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and mortality.

Similar studies of British civil servants aged 45-64 years

(Morris et al. 1980) and middle-aged men in the Harvard alumni health study
(Lee, Hsieh & Paffenbarger 1995) have found that vigorous activity is
required to confer a risk reduction.

Other epidemiological studies that have shown moderate intensity physical
activity to be sufficient to reduce the risk of developing CVD have involved
women or older men. The Women’s health study (Lee et al. 2001), a study
of 39372 women over 4 years, found that walking for an hour a week was
sufficient to decrease the risk of developing CHD events by about half,
compared with no walking at all. In the Honolulu heart study (Hakim et al.
1998), the daily walking habits of 707 men aged 61-81 years were recorded
and followed up after 12 years. Those who walked for more than 2 miles a
day had a 60% reduction in their risk of CVD mortality compared with those
who walked less than one mile per day.

Possible reasons why the Caerphilly study and others reported seemingly
contradictory findings to previous work involving moderate-intensity physical
activity have been proposed (Lee 2004).

It may be that the differences,

instead of being a contradiction, are in fact a reflection of true differences
among study participants in characteristics such as age, sex and level of
baseline physical fitness.

It would appear that in groups with the lowest

levels of physical activity and fitness, for example women and older men,
even moderate-intensity physical activity has an effect. However in groups
with higher baseline levels of activity and fitness, vigorous activity may be
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required to confer additional benefits to cardiovascular health.

Also, the

investigators in the Caerphilly study did not adjust the results for the effects
of other lifestyle factors such as smoking. This was done by Blair et al (Blair
et al. 1996) in the study discussed above. They found that moderate fitness
protects against the influence of negative lifestyle factors, such as smoking,
on premature mortality. Regular moderate intensity physical activity improves
fitness and will be discussed in section 2.3.4.1.

2.2.2.1

PHYSICAL ACTIVITY AND VASCULAR COMPLIANCE

Recent advances have been made in the understanding of the relationship
between the pathogenesis and progression of CHD and endothelial function
(Ross 1993) and markers of inflammation (Ross 1999, Lindahl et al. 2000).

The arterial system is a complex network of vessels designed to convert the
intermittent flow of blood from the heart into a continuous flow across the
capillaries (Glasser et al. 1997).

Vascular compliance, defined as “the

change in geometry (volume, diameter, area, etc) per change in pressure” is
a measure of the storage capacity of the vasculature (Glasser et al. 1997).
Stiffening of the arterial walls is associated with aging (Arnett, Evans & Riley
1994, Vaitkevicius et al. 1993), but has been observed prematurely in
patients with borderline hypertension (Christen et al. 1997), type 2 diabetes
(Taniwaki et al. 1999) and obesity (Yamashita et al. 1998). This stiffening
leads to the inability of arteries to maintain a continuous flow through the
vasculature.
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There are a limited number of studies relating vascular compliance and
physical activity. Epidemiological studies have shown that older, physically
active males (Vaitkevicius et al. 1993) and females (Tanaka, DeSouza &
Seals 1998) do not experience the same extent of age-related vascular
stiffening as their sedentary counterparts. Tanaka et al (Tanaka et al. 2000)
studied 151 healthy men aged 18 to 74 years. They divided them into three
groups according to age (young, middle-aged and older) and subdivided
these groups

based

on their level of physical

recreationally active or endurance-trained).

activity

(sedentary,

Arterial compliance in the

endurance-trained, middle-aged and older men was 20 to 30% higher than in
the two less active groups. They concluded that regular “aerobic-endurance
exercise” attenuates the age-related reductions in arterial compliance.

Tanaka et al (Tanaka et al. 2000) followed their epidemiological study with a
3 month exercise intervention. In this they allocated 20 sedentary, healthy,
middle-aged and older men to an exercise programme.

The participants

initially walked for 25 to 30 minutes per day, 3 to 4 days per week at low
intensity.

The intensity and duration of exercise was increased over the

course of the study, until they were walking for 40 to 45 minutes, 4 to 6 days
per week at a moderate intensity.

As a result of the exercise, arterial

compliance was significantly increased to a level similar to that of their
physically active counterparts.

A study of 13 sedentary young males has

found a similar increase in arterial compliance following a 4-week trial of
supervised exercise sessions (Cameron, Dart 1994).
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2.2.2.2

PHYSICAL ACTIVITY AND INFLAMMATORY MARKERS

Atherosclerosis has been considered as an inflammatory disease (Ross
1999).

The injury to the arterial wall during atherogenesis leads to an

inflammatory response, the production of markers of inflammation and their
release into the circulation (Ross 1999). These include
c-reactive protein (CRP) and cell adhesion molecules (CAMs).

CRP was the first acute-phase protein to be identified and is an “exquisitely
sensitive systemic maker of inflammation and tissue damage” (Pepys, Baltz
1983). As well as a marker of inflammation, Blake and Ridker (Blake, Ridker
2002), in their review of inflammatory bio-markers suggested that CRP may
have a direct role in atherogenesis by causing the expression of CAMs as
well as initiating coagulation by increasing the release of tissue factor by
macrophages (Volanakis 1982).

In healthy populations, CRP levels increase with age, with females having
slightly higher circulating concentrations (Hutchinson et al. 2000). The level
of circulating CRP is a useful indicator of inflammation and its uses include
screening for disease and assessing the response to treatment (Hirschfield,
Pepys 2003).

In healthy individuals with a high risk (based on classical risk factors such as
cholesterol, diastolic blood pressure and smoking status) of developing CHD,
Kuller et al (Kuller et al. 1996) showed a relationship between CRP and CHD
mortality in a prospective 17-year case-control study in 12,866 men aged
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between 35 and 57 years.

This was the first study to highlight the

relationship between CRP and risk of CHD mortality amongst individuals
without clinical evidence of disease.

Since then, associations between

circulating concentrations of CRP and future risk of the development of
ischaemic heart disease in healthy individuals (Danesh et al. 2000, Mendall
et al. 2000, Danesh et al. 2004) have been suggested.

Cross-sectional studies have demonstrated an inverse relationship between
physical activity and CRP. Studies of 15,604 individuals in the NHANES III
study (Ford 2002), almost 2,000 individuals in the ATTICA study (Pitsavos et
al. 2003) and 2,833 individuals in the PRINCE study (Albert, Glynn & Ridker
2004) have demonstrated a dose-response relationship between physical
activity level and CRP, showing those at the very highest level of activity
have the lowest levels of CRP.

A longitudinal study of 109 men and women who had their physical activity
level, BMI and CRP measured five times in one year was carried out by
Rawson et al in 2003 (Rawson et al. 2003). BMI and CRP were unchanged
over the course of the year, though activity level increased on the third
measurement. CRP was found to be related to the average BMI from the
five measurements, but not current physical activity or the year’s average
physical activity. The possible reasons for the discrepancy in the results of
this study when compared with the epidemiological data are a difference in
participants’ age, health or activity status. This study included only healthy
subjects that were younger than those in the epidemiological studies.
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Therefore, though there was an increase in physical activity over the course
of the year, it may not have been to a sufficient level to improve levels of
CRP. It would appear logical that those with the highest initial levels have a
greater opportunity to improve.
Physical fitness, a measurement of the ability to perform physical activity and
not necessarily of the volume of physical activity habitually taken, has been
shown also to be inversely related to CRP level in children and adolescents
(Isasi et al. 2003), middle aged men (Church et al. 2002) and Native
American and Caucasian middle-aged women (LaMonte et al. 2002)

Cellular adhesion molecules are expressed by diseased endothelium (Blake,
Ridker 2002) and mediate the attachment of leukocytes to the endothelium
as part of the inflammatory response (Adams, Shaw 1994).
adhesion molecule-1

Intercellular

(ICAM-1) and vascular-cell adhesion molecule-1

(VCAM-1) are two of these molecules.

Elevated levels of ICAM-1 are

predictive of future Ml in healthy men (Chae et al. 2001) and of a future
coronary event in individuals with existing coronary artery disease (Haim et
al. 2002). VCAM-1, in contrast, has not been shown to be predictive of future
Ml in healthy men (de Lemos, Hennekens & Ridker 2000), suggesting that
different CAMs have different pathophysiological roles. In studies involving
mice, VCAM-1 and ICAM-1 expression was increased in atherosclerotic
lesions.

However, VCAM-1 was shown to play a dominant role in the

initiation of atherosclerosis (Cybulsky et al. 2001) and ICAM-1 in the
elaboration of mature atherosclerotic lesions (Bourdillon et al. 2000).
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There is a lack of studies investigating the relationship of regular aerobic
physical activity and CAMs. Levels of leisure time physical activity (LIRA)
have been demonstrated to have an independent and inverse association
with ICAM-1 in a case-control study of 312 patients aged 40 to 68 years with
stable CHD and 479 age and sex-matched controls (Rothenbacher et al.
2003). The authors suggested a direct role of physical activity in “triggering
the immune response that is characteristic for atherogenesis” (Rothenbacher
et al. 2003).

Physical activity has been shown to have an acute effect on CAMs in a
number of studies. These include a study of 18 healthy individuals after a
long duration (5 hours) of exercise (Tilz et al. 1993) and a study of 12 healthy
men aged 21 to 45 years after a treadmill exercise test (Rehman et al. 1997)
In both studies ICAM-1 rose significantly after the exercise session.

To the author’s knowledge, only two trials have studied the effects of an
exercise programme on CAMs. Wegge et al (Wegge et al. 2004) examined
the effects of a 2 week high-fibre, low-fat diet and daily exercise (mostly
walking) on CAMs, CRP, serum lipids and body composition in 20
postmenopausal women at an increased risk of CHD. They found significant
reductions in BMI, cholesterol, CRP and ICAM-1 after the programme, but no
change in VCAM-1. In contrast, an increase in ICAM was seen among 20
male athletes after a 2-month endurance-training programme. No change
was observed in the control group of 13 physical education students. The
apparent discrepancy in ICAM was attributed to an activation of the immune
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system, which has been previously noted in athletes undergoing a long
duration of exercise training (Tilz et al. 1993).

2.2.2.3

PHYSICAL ACTIVITY AND CARDIOVASCULAR RISK

Using a combination of the relative risk associated with the major risk factors
for CHD, risk prediction equations have been developed. One example is the
risk prediction equations developed from the findings of the Framingham
study (Anderson et al. 1991a, Anderson et al. 1991b). The aim of this study
was to identify the common factors that contribute to CVD by following its
development over a long period of time, initially in a group of 5,209, 30 to 62
year old adults residing in Massachusetts, United States of America. Since
in began in 1948, participants have been followed up every two years. Two
further generations of Framingham residents have been recruited since the
the beginning of the study. Monitoring of the Framingham population has led
to the identification of the individual risk factors for CVD and the development
of algorithms to calculate an individual’s risk of developing CVD.

Framingham risk equations can be used to calculate the likelihood of an
individual developing CHD over a particular time (Tonkin, Lim & Schirmer
2003).

They are recommended for use in the primary prevention of CVD

jointly by the British Cardiac Society, British Hyperlipidaemia Association and
the British Hypertension Society (Anonymous 1998b).

Framingham risk equations were originally developed for use in an American
population and therefore may overestimate the risk of CVD in a UK
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population (Brindle et al. 1993, Empana et al. 2003). Other risk equations
have been developed for use in European populations include the Procam
(Voss et al. 2003) and Sheffield (Haq et al. 1995) risk equations. However,
from a comparison of the accuracy of a number of risk prediction equations
these have also been shown to overestimate risk (Reynolds et a. 2004).

Framingham risk equations are traditionally used to assess baseline risk of
an individual and not as an outcome measurement following an intervention.
However, the justification for using it in this way, in the studies presented in
this thesis, is that increases in physical activity, associated with changes in
relevant risk factors, should be maintained following the end of the study
intervention. If maintained, the change in risk would also be maintained.

Examples of the use of Framingham risk equations in measuring response to
intervention studies are those of Sartorio et al (Sartorio et al. 2001) and
LaMonte et al (LaMonte et al. 2001).

A

3-week

hospital-based

weight

reduction

programme,

involving

a

combination of a calorie controlled diet and moderate-intensity exercise, led
to a significant reduction in Framingham score of 16% among 268 obese
patients (Sartorio et al. 2001).

In a cross-sectional study of 137 healthy

middle-aged women with a mean age of 53 years, a dose-response
relationship was observed between levels of physical fitness and 10-year
Framingham risk score (LaMonte et al. 2001) However, the relationship
between physical activity and Framingham risk score did not reach statistical
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significance, possibly due to imprecision in the measuring tools (LaMonte et
al. 2001). To the author’s knowledge, these are the only studies that have
reported relationships between physical activity and Framingham risk score.

2.2.2.4

PHYSICAL ACTIVITY AND BLOOD PRESSURE

Hypertension (defined as a blood pressure greater than 140/90 mmHg) is a
highly prevalent, major contributor to CVD (Kannel 1996).

In a review of

studies of the effects of exercise on hypertension, Van Baak (van Baak 1998)
concluded that regular aerobic exercise reduces systolic blood pressure by
between 3 and 10 mmHg and diastolic blood pressure by between 3 and 9
mmHg. The extent of the change observed from exercise, however, may be
influenced

by

“individual

(level

of

blood

pressure,

ethnicity)

and

environmental factors (type of exercise)”.

Van Baak’s review included numerous epidemiological and intervention
studies which showed that exercise both prevents the development of
hypertension (Paffenberger et al. 1983, Blair et al. 1984, Anonymous 1993a,
Fagard 1993) and lowers blood pressure in the previously hypertensive
(Miura et al. 1994).

Further discussion regarding the effects of moderate

intensity exercise on blood pressure will be discussed in section 2.3.4.2.

The effects of physical activity on lipids will be discussed later in this chapter.
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2.2.3 PHYSICAL ACTIVITY AND METABOLIC DISORDERS
Regular physical activity has been shown to be effective in the prevention
and treatment of a variety of metabolic disorders, including obesity and
diabetes.

In Northern Ireland approximately 60% of adults are overweight (a body
mass index between 25 and 30 kg/m2) and 1 in 6 are obese (a body mass
index over 30 kg/m2) (Department of Health, Social Services and Public
Safety 2003). Obesity is a problem in most developed countries. In England
over half of women and two thirds of men are either overweight or obese
(Department of Health 1999).

The figures are even worse in the United

States, where 65% of adults are either overweight or obese and 30% of all
adults have a BMI over 30 kg/m2 (Flegal et al. 2002).

The cause of obesity is an imbalance between the amount of energy
ingested in the diet and expended through physical activity (Bray 2004).
Obesity doubles the risk of all-cause mortality, CHD, stroke and type 2
diabetes. (USA National Institutes of Health 1998).

Prentice and Jebbs

(Prentice, Jebb 1995) in their review concluded that physical inactivity "plays
an important, if not dominant role in the development of obesity". It has been
proposed that a viable public health strategy to reduce the progression of an
obesity epidemic should be to “reduce sedentary behaviour by encouraging
participation in self selected physical activities” (Pescatello, VanHeest 2000).

25

CHAPTER 2 - REVIEW OF LITERATURE

The effect of physical activity on type 2, late-onset diabetes has also been
widely reported. It is estimated that the prevalence of type 2 diabetes in
England is 3.3% for men and 2.5% for women, and increasing rapidly
(Department of Health 1999).

Physical activity has been shown to reduce the risk of developing type 2
diabetes (Albright et al. 2000, Tuomilehto et al. 2001, Zinman et al. 2004).
Regular exercise has been shown to improve blood glucose control in type 2
diabetes control by altering insulin sensitivity (Kriketos et al. 2004, Houmard
et al. 2004).

2.2.4 PHYSICAL ACTIVITY AND MUSCULOSKELETAL DISORDERS
Physical

activity

is

a

preventative

measure

against

osteoporosis.

Osteoporosis is a structural deterioration of bone tissue leading to fragile
bones and increased susceptibility to fractures (US Department of Health and
Human Services 1996). It affects one in three women and one in twelve men
in the United Kingdom (Rutherford 1999).

Throughout life, bone mass is

replaced and physical activity plays a role in this process.

Following the

menopause, women are particularly vulnerable to bone mineral loss and
research has shown that women who partake in regular physical activity can
reduce the risk of osteoporotic fractures by up to a half (Law, Wald & Meade
1991). It is estimated that doing more than 5 hours of physical activity per
week reduces the risk of hip fractures (Cooper, Barker & Wickham 1988).
Weight bearing exercise is thought to be better at preventing osteoporosis,
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but participation in moderate-intensity exercise like walking may also be
effective (Rutherford 1999).

2.2.5 PHYSICAL ACTIVITY AND PSYCHOLOGICAL DISORDERS
Physical activity imparts a preventive and therapeutic effect on mental illness
(Department of Health, Physical Activity, Health Improvement and Prevention
2004). Physically active people report feeling happier and more satisfied with
life (Biddle 2000). Improvements in psychological function have been seen in
patients suffering from depression (Szabadi 1988) and these improvements
would appear to be in a dose-response manner (Dunn, Trivedi & O'Neal
2001).

In a review of the effects of exercise on depression, Lawlor and

Hopker (Lawlor, Hopker 2001) noted that though it was difficult to motivate
patients with depression to take regular exercise, there was a net benefit that
may even be similar to that from pharmacological anti-depressants.

2.3

APPROPRIATE PHYSICAL ACTIVITY FOR HEALTH GAIN

2.3.1 EFFECTIVENESS IN A TARGET POPULATION
As with any other intervention, it is important to be able to show that physical
activity is an effective form of preventative medicine for a specific population.
This thesis will consider its effect on the risk of CVD.

When considering the appropriateness of a type of exercise to a target
population, there are some important features to be examined.

These

include the applicability of the exercise to the group, the availability of
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resources to carry out this activity and the risks involved. The target group of
this thesis is middle-aged men and women. This is a particularly important
group to target with preventative techniques, as it is during the middle to late
years of life that the risk of CVD increases dramatically (Department of
Health 1999).

It is important to consider which type of exercise is most appropriate for a
particular purpose.

For example, if an individual wanted to increase leg

muscle mass, the most appropriate form of exercise would be strength
training as opposed to aerobic training. When considering CVD the effects
that are desired are an increase in aerobic power and an improvement in the
known risk factors.

2.3.2 MEASUREMENT OF EFFECTIVENESS
Measuring the effectiveness of exercise involves objectively measuring the
exercise performed and the outcomes affected.

Exercise performed is commonly measured in terms of intensity.
intensity of exercise is usually described as light, moderate or heavy.

The
A

number of techniques have been employed to measure intensity of exercise,
including the use of a target heart rate (HR) zone, a visual scale of perceived
exertion and the application of pre-determined, exercise specific, metabolic
equivalents.
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The intensity of exercise can be measured using a target HR zone. This is
the range within which an individual should attempt to keep their HR during
exercise. This can be calculated during a maximal oxygen test, by noting the
heart rate at a specific percentage of maximal oxygen uptake (VOainax), or
using the Karvonen formula, as a percentage of maximum predicted HR
(defined as 220-age) (Swain et al. 1994). Calculation of V02max requires a
laboratory maximal or sub-maximal oxygen test, which can be difficult to
perform in the context of large trials and is not without risk (Gibbons et al.
1997).

The Borg scale (Wilson, Jones 1989) is the most common visual analogue
scale to measure an individual’s rating of perceived exertion during, or just
after exercise.

It measures intensity on a scale from zero to ten. A zero

equates to doing no activity (i.e. rest) and ten is equivalent to maximum
effort.

The final method to measure exercise intensity is to use standard tables of
metabolic equivalents (MET), for example those of Ainsworth et al (Ainsworth
et al. 2000).

These rate exercise intensity as a multiple of energy

expenditure at rest (equal to 1 MET) and give a standardised equivalent
energy expenditure for different forms of physical activity. For example, brisk
walking has an associated MET score of 4, indicating it uses four times the
amount of energy compared to rest.
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Intensity, classed as either light, moderate or heavy, can be prescribed using
one or a combination of the above methods. Moderate-intensity exercise is
usually classed as 60 to 70% V02max, 70 to 80% of maximal heart rate or 3
to 4 METs (American College of Sports Medicine 2000).

To assess the benefit of an exercise programme, it would appear logical that
the outcome measurements employed should be based on the expected
changes from the intervention. Given the evidence presented above, when
assessing the effects of an exercise programme, measurements of fitness
and risk factors for CHD (e.g. blood pressure, lipid profile) should be
included.

2.3.3 BRISK WALKING AS A MODEL
Brisk walking as a form of exercise is safe (Powell et al. 1998, Hootman et al.
2001) and is an acceptable form of exercise to a wide proportion of the
population (Siegel, Brackbill & Heath 1995). More vigorous forms of exercise
(like jogging) have been shown to be effective at reducing risk factors of CVD
(Kraus et al. 2002), but it is important from a public health viewpoint to
determine if less intense forms of exercise, such as walking, are effective.
Walking is the most popular form of exercise in Northern Ireland (MacAuley
et al. 1994). In America those in low social classes are generally less active,
unemployed, more obese and at a greater risk of heart disease. Though this
group of people are generally sedentary, the majority of those who do
exercise choose to do so in the form of walking, suggesting that this is an
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acceptable and accessible type of exercise for this needy group (Siegel,
Brackbill & Heath 1995).

Its appeal is in the fact that it requires no skill or formal training, is cheap and
accessible to all and requires no specialist equipment. For the majority of the
population, walking has no embarrassment associated with it as it is a normal
everyday activity which can be performed alone or in groups and leads to a
low rate of injury in participants (Pollock et al. 1991).

Walking allows sedentary people to gain access to the habit of regular
exercise: their adherence to such a programme is better than to programmes
involving more vigorous exercise (Coleman et al. 1999).

The most recent

guidelines of the ACSM and Centre for Disease Control (Pate et al. 1995)
state that every adult should engage in moderate-intensity exercise for a total
of 30 minutes per day on almost all days of the week. The metabolic cost of
brisk walking has been estimated as 3 to 4 METS (Metabolic Equivalents),
which is 3 to 4 times the energy expenditure of doing no activity at all. Thus
brisk walking has been classified as a moderate-intensity exercise (Ainsworth
et al. 1993).

2.3.4 BENEFITS OF BRISK WALKING
Regular brisk walking has been shown to lead to improvements in cardio
respiratory fitness, lipid profiles, blood pressure and weight loss.

The

following sections will expound these and relate them to the issues which
Haskell (Haskell 2001) raised regarding the necessary information for
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exercise to be prescribed like other interventions; notably the required
dosing, mechanisms, efficacy and possible adverse effects.

In a landmark paper, Duncan et al (Duncan, Gordon & Scott 1991)
randomised 120 women to three different types of walking programmes and
to a control group. These programmes differed by the speed of walking. The
fastest group walked at 8 km/h, the brisk walking group at 6.4 km/h and the
slowest at 4.8 km/h 5 days per week for 24 weeks.
standard distance, of at most 4.8km per day.

They walked for a

There was a significant

increase in fitness (seen by a rise in maximal oxygen uptake) in the walking
groups compared to the control group, and in a dose-response manner to the
intensity of walking.

However the response of high-density lipoproteins

(HDL) was not significantly different between the walking groups (i.e. not
dose related) but did increase significantly as a result of the walking. Lowdensity lipoprotein (LDL) fell significantly in the brisk walking group. This was
one of the first papers to suggest that changes in lipoproteins were not
related to changes in fitness.

2.3.4.1

BRISK WALKING AND CARDIO-RESPIRATORY FITNESS

The most widely studied aspect of the benefits of brisk walking is in relation
to cardio-respiratory fitness. Cardio-respiratory fitness refers to the ability “to
perform large muscle, dynamic, moderate-to-high intensity exercise for
prolonged periods” (American College of Sports Medicine 2004).
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Many studies have examined the effect of brisk walking on fitness (Duncan,
Gordon & Scott 1991, Ready et al. 1996, Woolf-May, Bird & Owen 1997,
Kukkonen-Harjula et al. 1998, Murphy, Hardman 1998, Hamdorf, Penhall
1999, Woolf-May et al. 1999, Asikainen et al. 2002a, Asikainen et al. 2002b,
Murphy et al. 2002). These generally measure improvements in fitness in
terms of a change in maximal oxygen consumption (V02max) or a predicted
value for the same. Since there is a dose-response relationship between the
intensity of exercise and the improvements in cardio-respiratory fitness (Oja
2001), recent research has focused on the fractionisation of walking into
shorter bouts. Murphy and Hardman (Murphy, Hardman 1998) studied the
effect of one 30-minute bout of brisk walking as compared to three 10-minute
bouts of brisk walking per day over 10 weeks.

They found that fitness

(measured as an increase in V02max) improved to the same degree (8%) in
both groups. This finding is an important one, and has further led the way for
exercise prescription to be modified to acknowledge the accumulated benefit
from a number of short bouts of exercise.

2.3.4.2

BRISK WALKING AND BLOOD PRESSURE

In Northern Ireland, 19% of male adults and 27% of female adults have a
blood pressure over 140/90 mmHg and are classified as hypertensive (The
Northern Ireland Statistics and Research Agency 2002).

The most recent population measure relating to blood pressure, in the age
group included in the studies in this thesis, was reported in 1994. MacAuley
et al (MacAuley et al. 1994) reported an overall blood pressure in males and
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females similar to that reported in 2002. 21% and 18% of males and females
respectively within the 55 to 65 year old category had a blood pressure
greater than 140/90 mmHg.

An elevated blood pressure is strongly

associated with the development of CHD (Wood et al. 1997)

There are conflicting results from a variety of exercise programmes as to the
effect of walking on blood pressure. Duncan et al (Duncan, Gordon & Scott
1991) found no significant change in blood pressure in response to 3 different
intensities of walking (including brisk and fast walking). No suggestions were
made as to why no response in blood pressure was observed. On the other
hand, Moreau et al (Moreau et al. 2001) found that 12 weeks of brisk walking
was sufficient to lower systolic blood pressure in postmenopausal women
with mild to moderate hypertension. In an attempt to try to draw conclusions
from these varied results, Kelley et al (Kelley, Kelley & Tran 2001) performed
a meta-analysis on all available randomised controlled trials involving walking
and blood pressure.

In the 16 studies that they analysed, they found the

collective net effect of regular walking was to reduce resting systolic blood
pressure by 3 mmHg and diastolic blood pressure by 2 mmHg.
considered this level of change to be clinically significant.

They

They also

concluded that changes in resting blood pressure were not associated with
initial blood pressure levels and so were independent of the nature of the
participant (i.e. normotensive or hypertensive).

Robert Fagard (Fagard 2001) attempted to analyse the dose-response
relationship of exercise and blood pressure. From his meta-analysis, he

34

CHAPTER 2 - REVIEW OF LITERATURE

concluded that training three to five times per week for 30 to 60 minutes at an
intensity of 40 to 50% V02max (equivalent to brisk walking), was sufficient to
reduce systolic blood pressure in normotensive and hypertensive patients by
3mmHg and 7mmHg respectively.

He also concluded that this type of

training programme would reduce diastolic blood pressure in normotensive
and hypertensive patients by 2mmHg and 6mmHg respectively.

It also

appeared that training at a higher intensity had no greater value and that
similar changes could be expected if the exercise was done in shorter, more
frequent bouts (i.e. fractionized).

The mechanisms whereby regular exercise lowers resting blood pressure are
complex and not fully understood (Fagard 2001).

Blood pressure is a

function of cardiac output and the total resistance in the peripheral blood
vessels. A single bout of exercise has a temporary and immediate effect of
dilating the peripheral vascular bed thus lowering blood pressure. (US
Department of Health and Human Services 1996). Exercise may also have
the ongoing effect of attenuating the sympathetic nervous activity in the blood
vessels and so lowering blood pressure (US Department of Health and
Human Services 1996a).

2.3.4.3

BRISK WALKING AND BODY COMPOSITION

Individuals who are overweight or obese are at a higher risk of CHD (Wood
et al. 1997).

Obesity is associated with increased blood pressure, blood

cholesterol and blood glucose, all independent risk factors for CHD (Wood et
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al. 1997). There are different ways to measure body composition including
body mass index and waisthip ratio.

Body mass index (BMI) is an "index of obesity" (MacAuley et al. 1994) and is
derived by dividing weight (kg) by height (cm) squared. An individual with a
BMI of over 25 kg/m2 is considered overweight and obese if over 30 kg/m2
(Wood et al. 1997).

In Northern Ireland 60% of people are overweight or

obese and so are at a much higher risk of CHD than normal (Department of
Health, Social Services and Public Safety 2003).

Waishhip ratio is derived by dividing the circumference of an individual’s
waist by that of their hips. This gives a measurement of the distribution of
body fat.

The threshold for CHD risk is a ratio of 1.0 in men and 0.8 in

women (MacAuley et al. 1994).

In Northern Ireland the average is 0.94 in

males and 0.8 in females. 21% of males and 42% of females exceed the
thresholds for risk (MacAuley et al. 1994).

Physical activity has been proposed as an intervention to reduce obesity (as
well as diet and pharmacological interventions) (Wood et al. 1997).

The

mechanism on which this is said to work is the 'energy in - energy out'
balance. If the daily amount of calories ingested in food is less than the daily
amount expended in normal functional processes and physical activity, then it
is natural to assume that there will be an overall reduction in body fat as
these energy stores will need to be utilised.

What is yet unclear is the

influence of different levels of activity on the reduction of obesity, but when
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looking at the emerging data from a range of exercise interventions, it has
been proposed that there is moderate evidence of a reduction in total fat
when exercise programmes are shorter than 4 months in duration (Ross,
Janssen 2001).

To the author's knowledge, 30 intervention studies since 1966 have analysed
the effects of walking on body composition.

Of these, 17 showed an

improvement in some aspect of body composition (Pollock et al. 1975,
Bouchard et al. 1990, Powell et al. 1994, Aldred, Hardman & Taylor 1995,
Sale et al. 1995, Ready 1996, Ready et al. 1996, Mertens et al. 1998,
Murphy, Hardman 1998, Coleman et al. 1999, Walker et al. 1999, Donnelly et
al. 2000, Petrella 2000, Parkkari et al. 2000, Powell et al. 2001, Asikainen et
al. 2002b, Slentz et al. 2004) and 13 showed no significant improvement
(Duncan, Gordon & Scott 1991, Hardman et al. 1992, Hinkleman, Nieman
1993, Kingwell, Jennings 1993, Stensel et al. 1993, Braith et al. 1994,
Stensel et al. 1994, Santiago, Leon & Serfass 1995, Snyder et al. 1997, Ross
et al. 2000, Byrne, Wilmore 2001, Moreau et al. 2001, Keller, Trevino 2001).
There appears to be no clear association between the duration of these
walking studies and improvements in body composition.

The reason why some of the studies did not show a response remains
unclear. It could be the level of energy expenditure in these studies was not
high enough. Ross and Janssen (Ross, Janssen 2001), in their analysis of
the dose-response of weight loss to exercise, proposed that an obese
individual may need to expend as much as 3000 kcal.wk"1 in order to see
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significant weight loss. Another reason for a lack of response could be the
lack of control for diet. In many walking studies subjects are asked to control
their own diet and no assessment is made as to the efficacy of this. This
could mean that hidden changes in dietary habits could account for some
lack of change in measures of body composition. To control for this, some
investigators have administered a dietary questionnaire at the beginning and
end of the programme. However, Duncan et al found no change in body
weight or diet after a 24-week intervention involving brisk walking and offered
no explanation for this (Duncan, Gordon & Scott 1991). No pattern
developed as to the characteristics of the individuals in whom a response
was seen. In normal, overweight, and obese subjects, walking mediated a
decrease in BMI, percentage body fat and waisthip ratio. On average, there
are only 30 (with a range of 13 to 48) participants in the exercise groups in
these studies. This suggests that another reason why no change was
observed is that the studies are underpowered.

Only one study examined the response of multiple bouts of shorter duration
exercise as compared to longer bouts in relation to body composition.
Murphy and Hardman (Murphy, Hardman 1998) found that three 10-minute
bouts of brisk walking a day were at least as effective as longer bouts in
decreasing body fatness.
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2.3.4.4

BRISK WALKING AND BLOOD LIPIDS

Lipids are a diverse group of organic compounds found in living organisms.
They are not soluble in water but are in organic solvents. Their functions in
the body include providing an energy store, protecting organs from physical
trauma by forming a surrounding cushion and providing insulation (McArdle,
Katch & Katch 1996).

2.3.4.4.1

LIPIDS AND THEIR SUBFRACTIONS

There are 3 main types of lipids: simple, compound and derived.

Simple

lipids (e.g. triglycerides (TG)) are the most abundant lipid in the body and
form 95% of body fat, which is the main form in which lipids are stored
(McArdle, Katch & Katch 1996). The major source of simple lipids is the diet.

Lipids circulate in blood in lipoprotein particles, which are classified according
to their relative amounts of protein. Chylomicrons are the largest and least
dense of the lipoproteins and are composed mostly of TG and are produced
from dietary TG in the intestinal epithelium.

From here they enter the

lymphatic vasculature, are taken up by the liver, metabolised and then stored
as adipose tissue.

2.3.4.4.2

LIPOPROTEIN METABOLISM

Lipoprotein metabolism (Figure 2.1) is a dynamic process involving
considerable movement of lipids and apolipoproteins between the individual
classes as well as enzyme-catalysed reactions. The net result of these
interactions is the receptor-mediated delivery of cholesterol to, or removal
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from, cells.

There are three main pathways for lipid metabolism, the

exogenous pathway, the endogenous pathway and reverse cholesterol
transport.

Figure 2.1

2.3.4.4.3

EXOGENOUS PATHWAY

Dietary fatty acids and cholesterol are initially absorbed directly into the cells
of the small intestine. In these cells the fatty acids and cholesterol are reesterified to form cholesterol esters and triglycerides, which are then
packaged for transport via intestinal lymph into the bloodstream as nascent
chylomicrons containing apo B48. On entering the circulation HDL donates
apo A, C and E to the chylomicron particles. The apo E is essential for
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receptor-mediated uptake of the chylomicron remnants produced after
lipolysis, which is mediated by the action of the enzyme lipoprotein lipase
(LPL). This enzyme, activated by the presence of apo CM on the chylomicron
particle, causes the hydrolysis of triglycerides to glycerol, monoacylglycerol
and free fatty acids. The fatty acids are taken up by surrounding cells as an
energy source, or resynthesised into triglycerides for storage. The resultant
chylomicron particle returns apo A and apo C to the HDL particle, becoming
reduced in size in the process; they also become enriched with cholesterol
ester, donated by HDL in exchange for triglycerides, under the influence of
the enzyme cholesterol ester transfer protein (CETP). The remaining
triglyceride poor, cholesterol-ester enriched chylomicron remnants are avidly
taken up by the apo B/E receptors in the liver where they serve as an
important source of cholesterol (Packard et al. 1984).

2.3.4.4.4

ENDOGENOUS PATHWAY

Very low-density lipoprotein (VLDL) particles are the vehicles for plasma
triglyceride transport in the post-absorptive state. They are the chylomicron
equivalents in the endogenous pathway and have a similar metabolic fate,
although there are subtle differences between these two classes of
lipoproteins. Unlike chylomicrons, VLDL particles are manufactured in the
liver not in the intestine. They contain apo B10o, not apo B48, and are much
smaller particles. However, similarly to chylomicrons, once the nascent
VLDLi particles have been secreted from the liver into the circulation there is
an exchange of apoproteins from HDL. Lipolytic enzymes are responsible for
the remodelling of the VLDL particles, as described for chylomicron
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metabolism. The action of LPL causes the hydrolysis of core triglycerides
within the VLDL producing VLDL2 particles, which are further remodelled to
intermediate density lipoproteins (IDL), also known as VLDL remnants. The
IDL particles can have two metabolic fates; firstly, they can be removed by
apo B receptors in the liver, distinct from those receptors, which remove
chylomicron remnants; and secondly, they can be further delipidated by the
action of a second lipolytic enzyme, hepatic lipase (HPL), with the end
product being LDL. VLDL particles secreted by the liver are a heterogeneous
mixture, ranging in size and composition, and it appears that only the smaller
particles are remodelled to LDL. The larger VLDL particles form VLDL
remnants within the small VLDL/IDL density range and under normal
circumstances are removed without further degradation by apo B/E receptors
of the liver (Shepherd 1994).

The LDL produced by VLDL remodelling remains in the circulation for about
48 hours before being cleared by the apo B-ioo receptors. Its major function is
the delivery of cholesterol to the tissues; however, the liver is responsible for
the removal of about 75 % of these LDL particles. LDL is removed in both
circumstances by receptor-mediated endocytosis (Brown, Ho & Goldstein
1976, Brown, Kovanen & Goldstein 1981) and once internalised into a cell it
is catabolised by lysosomal enzymes. The protein component of LDL is
hydrolysed to free amino acids while the cholesterol esters are hydrolysed by
a lysosomal acid lipase. The released unesterified cholesterol can be used
for membrane biosynthesis or re-esterified for storage within the cell by the
action of the enzyme acyl CoA:cholesterol acyl transferase (ACAT). Entry of
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cholesterol into the cell is regulated in two ways. Firstly, the released
cholesterol suppresses transcription of the gene responsible for synthesis of
the

enzyme

3-hydroxy-3-methylglutaryl

CoA

reductase

(HMG

CoA

reductase), which is responsible for the committed step in cholesterol
biosynthesis. Secondly, the LDL receptor itself is subject to feedback
regulation; new receptors are not synthesised when cholesterol is abundant
within the cell, so the uptake of additional cholesterol from plasma LDL is
blocked (Brown, Goldstein 1979).

2.3.4.4.5

REVERSE CHOLESTEROL TRANSPORT

Reverse cholesterol transport is the transfer of free cholesterol from
peripheral tissues to the liver where it is disposed of via the hepato-biliary
system. Small lipid-poor HDL3 particles released from the liver are
responsible for the removal of free cholesterol from peripheral tissues. Free
cholesterol is esterified by lecithimcholesterol acyltransferase (LCAT) to
cholesterol ester, thereby converting HDL3 particles into the larger HDL2
particles (Fielding, Fielding 1995), which are then directly removed by the
liver. A second alternative pathway, mediated by the enzyme CETP, involves
the transfer of cholesteryl ester in exchange for triglycerides from HDL2 to
triglyceride-rich lipoproteins such as VLDL and IDL. Subsequently hepatic
lipase hydrolyses the triglycerides within HDL2 releasing its free fatty acids
and produces small HDL3, which can again participate in reverse cholesterol
transport (Fielding, Fielding 1995).
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2.3.4.4.2

POPULATION LEVELS OF LIPIDS

Table 2.1 lists the levels of cholesterol and the different lipoproteins in the
Northern Ireland population (MacAuley et al. 1994). As part of this survey,
the levels of different lipids were compared with activity levels. HDL and LDL
appeared not to be related to physical activity.

However, those who took

more exercise did seem to have higher levels of ApoA-i, ApoA2 and lower
levels of ApoB.

All these were associated with a reduced risk of CHD

(MacAuley et al. 1994)

The recommendations of the Third Joint Task Force of European and other
Societies on Coronary Prevention (De Backer et al. 2003) are that cholesterol
should be lower than 5 mmol/L, LDL should be below 3 mmol/L and HDL
should be above 1 mmol/L in men and 1.2 mmol/L in women. This would
suggest that the population as a whole is at an increased risk of
cardiovascular disease. This is especially true when those in the middle and
older age groups are studied as, with age, the lipid profile was seen to
deteriorate (MacAuley et al. 1994).

In England, the mean HDL level for men is 1.3 mmol/l and for women is 1.6
mmol/L. About 17% of men and 5% of women in England have HDL levels
of less than 1.0 mmol/L (Department of Health 1999). Total cholesterol (Tc)
levels in the UK are high compared to other countries. For example, in China
the population mean is about 4.5 mmol/L for men and women aged 35 to 64
and only 20% of men aged 35 to 64 and 19% of women have levels above
5.2

mmol/L (Tunstall-Pedoe 2003).
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2.3.4.4.3

EFFECTS OF EXERCISE ON LIPIDS

Regular aerobic exercise has been advocated as one method of reducing the
risk of CHD (Wood et al. 1997) and as a therapy to improve poor lipid profiles
(Thomas, LaFontaine 2001). However, there is still much debate as to the
volume, intensity, type and frequency of exercise that would be needed to
confer a benefit and the mechanisms involved (Leon, Sanchez 2001).

In a meta-analysis, Tran and Weltman (Tran, Weltman 1985) compared data
from 95 studies (the authors do not describe the proportion of these that
were randomised controlled trials) of the relationship of exercise to lipids and
whether or not the changes seen were related to, or independent, of changes
in weight. They did this in an attempt to resolve conflicting results. They
concluded that persons engaging in an exercise programme in order to
improve their lipid profile should at least aim to maintain a steady body
weight. If large changes in lipids are desired, then individuals should seek to
reduce their body weight.

More recently Leon and Sanchez (Leon, Sanchez 2001) reviewed the
response of blood lipids to exercise training.

They concluded that even

though the results were inconsistent, there still was sufficient evidence to
infer a causal relationship between exercise and improvements in the lipid
profile. They noted that the most frequently reported changes were seen in
significant increases in HDL levels, which is cardio-protective. Reductions in
LDL and TG are also associated with exercise, though the changes are not
as significant. Thus, exercise should only be used as a secondary treatment
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to diet if the clinical goal is to alter levels of these lipids. It is of interest to
note that the changes that were reviewed did not appear to be related to age,
sex or ethnicity.

This makes exercise interventions applicable to a wide

group of individuals.

Most epidemiological studies show a favourable effect of exercise on lipids.
A good example of this is the Tromso Study (Thune et al. 1998). Men and
women aged 20 to 49 took part in two surveys of physical activity over 7
years. Certain risk factors for CHD (including HDL and TG) were studied in
relation to levels of physical activity.

Men and women who reported

sustained, very intense exercise had the lowest concentrations of Tc and TG
and the highest HDL levels. A favourable change was also seen in those
men and women who, though initially sedentary, increased their levels of
activity over the 7-year period.

Cross-sectional studies have also

demonstrated the benefits of exercise to lipids. Compared with runners who
ran less than 16km per week, there is an 85% reduction in the prevalence of
low levels (i.e. <1 mmol/L) of HDL amongst long distance runners who run
more than 80 km per week. Long distance runners have also been shown to
have an a 2.5 fold increase in the prevalence of clinically defined high levels
of HDL (i.e. >1.55 mmol/L), the level thought to be protective against heart
disease (Williams 1997). These epidemiological studies, with others (Leon et
al. 1987) support the hypothesis that regular exercise has a significant effect
on reducing the risk of CHD by improving the lipid profile.
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The evidence of epidemiological studies is supported by some, but not all
intervention studies. Changes have been seen in many intervention studies
(Wood et al. 1983, Stein et al. 1990, Williams et al. 1990, King et al. 1995,
Crouse et al. 1997, Donnelly et al. 2000, Cox et al. 2001) but not in others
(Santiago, Leon & Serfass 1995, Stefanick et al. 1998).

Overall there is a strong body of evidence to show a favourable effect of
exercise on lipids (Leon, Sanchez 2001), but there must be reasons why
there is a failure in the lipid response on certain occasions.

One reason

might be in the effect of hidden alterations in diet. Stefanick et al (Stefanick et
al. 1998) showed that though exercise alone had no significant effect on
lipids, when combined with a low fat, low cholesterol diet, LDL was reduced
in both men and women. Another factor might be the characteristics of the
subjects involved in the study.

It would be expected that those who are

initially less fit, have a greater BMI and a poorer lipid profile would benefit
most from more exercise (Leon, Sanchez 2001). A final factor might be that
if the studies that showed no response were extended over a greater time,
the changes might have increased to a significant level. This can be seen in
the study by King et al (King et al. 1995) who saw very little change after one
year of regular exercise, but found significant changes after two years.
The mechanisms whereby exercise affects lipids are still unclear. Williams et
al (Williams et al. 1990), in their discussion of a one-year study comparing
the effects of diet and exercise on lipoprotein subtractions, proposed that
there is an increased lipoprotein lipase (LPL) activity in muscle and adipose
tissues following exercise, which in turn affects the catabolism of lipoproteins.
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More recently, Olchawa et al (Olchawa et al. 2004) demonstrated increased
reverse cholesterol transport in a group of 25 endurance-trained athletes
when compared to a group of 33 age-matched physically active males.
Reverse cholesterol transport is a multi-step pathway whereby excess
cholesterol is removed from peripheral tissues, including arterial walls, and
delivered to the liver for excretion (Barter et al. 2003).

They found significantly higher levels of prep1-HDL, LCAT as well as the
capacity of plasma to promote cholesterol efflux from macrophages in the
endurance-trained group compared to the control group.

Levels of prepi-

HDL are higher in patients with hypercholesterolemia (Miyazaki et al. 2000)
and coronary artery disease (Miida et al. 1996). It is thought to be a product
of cholesterol efflux (Olchawa et al. 2004) and increases in prep1-HDL are an
indication of the capacity of plasma to promote cholesterol efflux, the first
steps of reverse cholesterol transport (Sviridov, Nestel 2002). The increased
activity of LCAT, an enzyme which is involved in the esterification of
cholesterol and the formation of HDL (Sviridov,

Nestel 2002), also

demonstrates an increase in reverse cholesterol transport.

48

CHAPTER 2 ~ REVIEW OF LITERATURE

2.3.4.4.4

EFFECTS OF BRISK WALKING ON LIPIDS

It is therefore generally agreed that exercise has some benefit in relation to
lipids. However, it is not known if all types of exercise have the same benefit.
The benefits of brisk walking in relation to fitness, blood pressure and body
composition and its attractiveness compared to other forms of more intense
exercise have already been noted, but does regular walking affect blood
lipids to the same extent as does other types of exercise?

As in the case of the general effects of exercise on lipids, there is much
conflicting evidence as to the efficacy of walking programmes to improve
blood lipids.

Brisk walking (as with other exercise) has both acute and chronic effects on
lipids. In the short term, a two-hour walk on a treadmill leads to a 17% HDL
increase in normo-lipidaemic healthy subjects (Pay et al. 1992).

In obese

women, a 45-minute brisk walk leads to increases in both HDL and HDL3
which last for 1.5 hours after the cessation of exercise (Lee et al. 1991). This
evidence suggests that single bouts of walking have a transient, but
significant effect on lipids.

There is, however, considerable evidence supporting the accumulation of
these acute effects leading to a long-term benefit of walking on lipids. Twelve
weeks of brisk walking has been shown to lead to significant improvements in
HDL and HDL2 in previously sedentary middle-aged women, which remained
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significant (though fell slightly) 12 weeks after the exercise stimulus was
withdrawn (Hardman, Hudson 1994).

Other studies have shown similar improvements in HDL including a 7 month
study of walking on a golf course three times per week in 55 sedentary males
aged between 48 and 74 years (Parkkari et al. 2000), and 12 weeks of brisk
walking, three to four times per week for 45 minutes per day in sedentary pre
and post-menopausal women leading to an increase in HDL and reduction in
LDL and ApoB which was shown to be independent of menopausal status
(Yanagibori et al. 1993).

Walker et al (Walker et al. 1999) found that brisk walking for 1 hour, 5 days
per week, for 12 weeks was effective in reducing the LDL levels of 20
postmenopausal normoglycemic women.

A one-year programme of brisk

walking led to a significant increase in HDL among 28, middle-aged females
(Hardman et al. 1989). Six months walking, in a community based trial of 24
post-menopausal women walking for an average of 54 minutes per day, 5
days per week has been shown to lead to significant decreases in Tc and
TG, which were reported to be related to changes in body fat and not
increases in aerobic fitness (Ready et al. 1995).

Much debate has taken place about the required intensity and frequency of
brisk walking required to alter blood lipids. In a 12-week walking programme,
the effects of 2 miles of high intensity walking and moderate-intensity walking
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were compared (Spate-Douglas, Keyser 1999). Significant increases in HDL
and HDL2 were shown to be independent of the intensity of the walking.

In a landmark paper, Duncan et al (Duncan, Gordon & Scott 1991) compared
three groups of women who walked at three different frequencies. The first
group walked at a very fast pace (8 km/h), the second at a brisk pace (6.4
km/h) and the last walked at a slower pace (4.8 km/h).

All three groups

walked 4.8km per day, 5 days a week for 24 weeks.

HDL levels were

significantly increased at the end of the programme in the very fast and
slowest groups and increased (but not to a significant level) in the brisk
walking group. The increase may not have been as pronounced in the brisk
walking group because their initial lipid profile was better, so they had a lower
potential for change.

When 56 middle-aged men and women took part in an 18 week walking
programme, it was shown that walking done in one long bout or fractionized
into shorter bouts of 10 to 15 minutes yielded similar decreases in LDL
(Woolf-May et al. 1999).

Not all studies relating the effects of brisk walking to lipids have shown
positive improvements.

However there are suggestions as to why no

changes could be expected.

In a 40-week brisk walking programme,

normolipidaemic women saw no change in their lipids, even though there
was an improvement in their fitness (Santiago, Leon & Serfass 1995a). It
was postulated that this may be due to the initial status of the subjects. All
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had previously good levels of lipids so the potential for change was not as
great, suggesting that brisk walking is more suitable to bring benefit to those
who are less healthy.

This study showed greater changes in the lipids of

those individuals who had started out with the poorest lipid profile.

Similarly Snyder et al (Snyder et al. 1997) found no overall effect from a 32week programme of brisk walking in 13 sedentary obese females. On further
analysis, they found a sub-group who did show changes in their lipid profiles.
These were older, less fit, had a greater baseline percentage body fat and
lost more weight as a result of the exercise.

Recently Kelley et al examined the effects of walking on lipids and
lipoproteins in adults, using meta-analysis (Kelley, Kelley & Tran 2004).
They included the results of 25 randomised controlled trials in their analysis,
the majority (18) of which included only females.

They found statistically

significant decreases in LDL and the Tc:HDL ratio as well as a statistically
significant increase in aerobic fitness.

Their findings suggested that the

current minimum exercise recommendation of 30 minutes of moderateintensity exercise on most days of the week, when performed using walking
as the mode of exercise, is sufficient to improve LDL and Tc:HDL levels.
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2.3.4.5

POTENTIAL ADVERSE EFFECTS OF BRISK WALKING

Having extolled the benefits of regular physical activity, it should be noted
that there are also certain risks associated with physical activity. The risks
associated with exercise can be classed as a risk of a sudden cardiac event
or a risk of injury.

There is a small risk of cardiac complications during exercise. For individuals
without existing heart disease, the risk can range from one in 400,000 to
800,000 hours of exercise (Fletcher et al. 2001). For patients with existing
heart disease an event can occur once every 70,000 hours of brisk walking
(Fletcher et al. 2001). This risk is significantly lower among those who take
regular exercise (Myers 2003). Myers (Myers 2003) concluded that since the
majority of heart attacks (about 90%) occur when resting, physical activity is
extremely safe as long as individuals are aware of the early signs that
indicate a problem. He listed these as chest discomfort or pain, pain in the
jaw or neck, unusual shortness of breath, dizziness or irregular heart rhythms
(Myers 2003). He recommended that if any of these symptoms should occur,
an individual should cease their activity and seek medical attention (Myers
2003).

Sedentary individuals have the most to benefit from regular

moderate-intensity activity and should realise their potential by increasing
their levels of activity gradually (Department of Health, Physical Activity,
Health Improvement and Prevention 2004).

The other main risk from exercise comes from injuries sustained while
exercising. These are largely from vigorous forms of activity, a topic outside
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the remit of this thesis. Injury from sport is mainly a result of the nature and
intensity of the activity and therefore the physical stresses placed on the
body.

Since individuals exercising for health can control both of these

variables, the risk of injury should be minimised (Department of Health,
Physical Activity, Health Improvement and Prevention 2004).

2.4

PHYSICAL ACTIVITY PROMOTION IN PRIMARY CARE

A large proportion of the population have regular contact with primary care
professionals and the primary care setting is an important site for health
promotion (including physical activity) to the public (Department of Health
2001). Primary health care professionals may promote physical activity by
giving opportunistic advice during routine consultations or by referring
patients to activity promoting programmes. These include exercise referral
schemes (whereby the patient is given a prescription for exercise sessions at
the local leisure centre) or supervised training sessions (such as an
organised walk led by a health care professional).

One of the most significant trials of exercise prescription was the Newcastle
Exercise Project (Harland et al. 1999). In this trial, 523 adults were randomly
assigned to one of four intervention groups or a control group.

The

intervention was a mixture of motivational interviewing (to encourage a
change in lifestyle) which was brief (one interview in 12 weeks) or intensive
(six interviews in 12 weeks), with or without vouchers that entitled individuals
to free sessions at their local health centre. The most effective intervention
was the most intense, consisting of six interviews over 12 weeks and the
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vouchers.

The intervention produced only short-term changes in self-

reported physical activity and led the investigators to question the
effectiveness of short-term activity intervention in primary care.

This

conclusion has been challenged; an alternative interpretation might have
been that this study shows that though it is difficult to change sedentary
lifestyles, some change (though short term) can be achieved and that
encouragement to become more physically active should be seen in the
context of a long term contact between the patient and the health care
professionals (Department of Health 2001).

In a study of a primary care based physical activity intervention, Stevens et al
(Stevens et al. 1998) offered either a personalised exercise programme to
363 inactive 45 to 74 year old individuals in the intervention group or an
information pack about local leisure-centre facilities to 351 individuals in the
control group. The intervention lasted ten weeks. When they followed up the
participants 8 months later, the intervention group reported higher levels of
moderate-intensity physical activity.

There is need for more study of physical activity programmes delivered
through primary care and a lack of well designed trials of activity promotion
has been identified (Eaton, Menard 1998).
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Table 2.1
Population mean levels of cholesterol and lipoproteins in Northern Ireland
(MacAuley et al. 1994)

Male

Female

Total Cholesterol

5.25 mmol/L

5.37 mmol/L

HDL

1.27 mmol/L

1.44 mmol/L

hdl2

0.26 mmol/L

0.34 mmol/L

hdl3

1.01 mmol/L

1.11 mmol/L

LDL

3.28 mmol/L

3.21 mmol/L
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3.1

WHAT IS KNOWN?

Traditionally

physical

activity

recommendations

have

focused

on

the

improvement of physical fitness by promoting participation in vigorous types of
activity (Anonymous 1978).

The focus on high-intensity physical activity has

done nothing to inspire the two thirds of the Northern Ireland population who do
not take the recommended amount of physical activity (The Northern Ireland
Statistics and Research Agency 2002).

The last decade has seen a paradigm shift in the focus of physical activity
recommendations. This shift has been away from fitness as an attribute towards
physical activity as a behaviour.

This can be seen in the move away from

recommending high-intensity physical activity, towards encouraging sedentary
individuals to accumulate moderate-intensity physical activity, integrated into the
activities of daily living (Pate et al. 1995).

Exercises such as stairclimbing

(Boreham, Wallace & Nevill 2000), golf (Parkkari et al. 2000), gardening
(Wannamethee, Shaper 2001) and walking (Jitramontree 2001) have all been
promoted. This allows for individuals’ autonomy in the choice of exercise type
and the convenience of integrating activity into already busy daily lives.
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3.2

WHAT IS NEEDED?

In a recent report (Department of Health, Physical Activity, Health Improvement
and Prevention 2004), the Chief Medical Officer for England recognised the
difficulty many people have in translating physical activity recommendations into
a meaningful behaviour pattern that can fit into daily life. The efficacy and safety
of an exercise programme designed to meet this need would need to be fully
tested before implementation.
2001)

proposed

that

As discussed in chapter 2, Haskell (Haskell

before physical

activity could

be

prescribed,

the

effectiveness in a target population, the recommended dosing for the designated
outcome, the mechanisms of action, the efficacy for a specific condition and the
potential adverse effects must be understood.

3.3

WHAT IS NEW?

This thesis describes two studies that were designed to test the effects of a
translation of the current physical activity recommendations on health and
fitness.

These studies examine the effects of home-based, unsupervised

walking programmes.

The chosen population for both studies was healthy, sedentary, middle-aged
adults.

Research has shown that the greatest health gain will be from

increasing activity among those who are least active or sedentary (Haskell 1994,
Blair et al. 1995).

For this reason only sedentary individuals were included.

Middle-aged adults are more likely to be sedentary (MacAuley et al. 1994) and
are at a low risk of an adverse coronary event from moderate-intensity exercise
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(American College of Sports Medicine 2000).

The age-related increase in

cardiovascular risk factors in men and women (Jousilahti et al. 1999) suggests
that individuals in this age group should exhibit a greater potential for change
than those who are younger.

The first study examined the effects of walking for five days per week on health
and fitness measurements.

This is an equivalent exercise prescription to the

current recommendations. No previous studies have been identified in current
literature, which examined the effects of unsupervised home-based walking on
cardiovascular risk factors and fitness in 50 to 65 year old patients of primary
care.

Previous similar studies which included examination of the effects of

unsupervised home-based walking also included elements of supervised activity
(Ready et al. 1995, Aldred, Hardman & Taylor 1995, King et al. 1995).

The second study compared the effects of an exercise programme equivalent to
the current recommendations with a programme of walking at a lower frequency.
The rationale for this study was to obtain information regarding the minimum
dose of exercise required to confer benefit for cardiovascular health.

In both of these studies the effects of walking on traditional and novel
cardiovascular risk factors and fitness are examined. The effects of walking on
traditional cardiovascular fitness have been widely reported previously but, it has
been noted that more information on the specific benefits derived from walking is
needed (Hardman 2001).
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To my knowledge these are the first studies examining the effects of
unsupervised,

home-based

walking

programmes

on

arterial

compliance,

biochemical markers of inflammation, the composition of lipid subfractions and
CHD risk prediction equations. The studies also allow the report of any adverse
effects that might be

related to an

unsupervised

home-based walking

programme in healthy individuals. An understanding of this is important if the
programme is to include less healthy individuals in future.

60

CHAPTER 4
STUDY 1: A PILOT STUDY OF THE EFFECTS OF AN UNSUPERVISED
HOME-BASED BRISK WALKING PROGRAMME

CHAPTER 4 - A PILOT STUDY OF UNSUPERVISED BRISK WALKING

CHAPTER 4
STUDY 1: A PILOT STUDY OF THE EFFECTS OF AN UNSUPERVISED
HOME-BASED BRISK WALKING PROGRAMME

4.1

INTRODUCTION

Little information is available regarding the effects of translating the current
minimum exercise recommendation into practical advice for unsupervised homebased programmes based in primary care. Primary care has been identified as
an important site for the delivery of physical activity (Department of Health
2001). As previously discussed, walking is a very acceptable form of exercise to
a wide proportion of the population (Siegel, Brackbill & Heath 1995). It does not
require any formal training or specialist equipment and can be performed in an
individual’s own locality and time. Some health benefits of brisk walking have
been demonstrated in a variety of settings, mostly including an element of
supervision. Such benefits include a reduction in blood pressure (BP) (Kelley,
Kelley & Tran 2001), increased fitness and improved lipid profiles (Duncan,
Gordon & Scott 1991).

Little information is available regarding the effects of

regular brisk walking on CHD risk scores.

It has been noted that more information on the specific benefits derived from
walking is needed (Hardman 2001).

Asikainen et al (Asikainen et al. 2002a)

examined the effect of the current exercise recommendations using a 24 week
walking

programme,

which

included

a

combination

of supervised

and
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unsupervised sessions. It led to a significant improvement in fitness and body
composition among 121

postmenopausal women. One other home-based

walking programme, which did not include any direct supervision has been
identified in the literature (Davison et al. 1992).

This study, however, lacked

detail in respect to its’ reporting of the methodology employed to recruit
participants and test outcome measurements. They reported that middle-aged
women who walked for 30 minutes, four times a week improved in fitness, but
showed no change in cardiovascular risk factors.

Their adherence to the

walking programme was low which could account for the absence of change but
full details of the programme were not reported.

In view of this, we have carried out a pilot study into the effects of a 12-week
programme of unsupervised home-based brisk walking on cardiovascular risk
factors and functional capacity delivered in primary care.

The aim of the study was, through a randomised controlled trial, to examine the
effects of 30 minutes of self-paced, unsupervised, brisk walking, 5 days per
week on traditional and novel cardiovascular risk factors and fitness in people
aged 50 to 65 years.
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4.2

METHODS

4.2.1

ETHICAL APPROVAL

The Queen’s University of Belfast Research Ethical Committee approved the
study on 20th November 2001 (Application no: 325/01).

4.2.2 PARTICIPANTS
Potential participants were identified by searching the medical records of three
urban general practices for individuals aged between 50 and 65 years, with no
history of (1) coronary heart disease, (2) peripheral vascular disease, (3)
musculo-skeletal disease, (4) pulmonary disease, (5) diabetes mellitus or (6)
hypertension.

Individuals,

who were currently

prescribed

lipid-lowering

medication, had a body mass index (BMI) over 35 kg/m2 or BP greater than
140/90 mmHg were excluded.

Females who were post-menopausal (no

menstrual period in the last 12 months) and had begun taking hormone
replacement therapy in the previous three months were excluded.

Figure 4.1 shows the flow of participants through the trial. 527 men and women,
whose records suggested that they met the pre-determined inclusion criteria,
were invited by a letter from their own GP, to complete a Health and Lifestyle
Questionnaire (Appendix A) and to agree to being contacted by a research
worker.

The questionnaire sought information about the individual's health

status and regular exercise habits. A sub-sample of 90 non-respondents were
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telephoned by their GP after 3 weeks and given a second invitation to
participate.

Figure 4.1
Flow of participants through the trial

527 Questionnaires sent

418 (79.3%) did not
respond

109 (20.7%) Responded
Ineligible = 60
Reasons
Health problems = 13
Took regular exercise = 43
Could not commit for duration = 4

90 phoned by GP to give
verbal invitation

1 accepted the invitation

50 invited to Information session

31 randomised

19 Not randomised

Walking group = 21

Control group = 10

17 completed

9 completed

Reasons for
withdrawal
III health = 2
Lack of time = 2

Reasons for
withdrawal
health = 1

Reasons
Failed to attend = 2
Did not meet inclusion
criteria = 17

64

CHAPTER 4 - A PILOT STUDY OF UNSUPERVISED BRISK WALKING

From the returned questionnaires, 50 sedentary individuals were identified.
Sedentary was defined as not taking regular moderate- or vigorous-intensity
exercise, for more than 20 minutes twice weekly, over the previous 6 months.
These individuals were invited by telephone to attend an information session. At
this session eligibility to participate was confirmed and informed consent sought.
Of the 527 healthy, sedentary 50-65 year old individuals invited to participate, 31
met the inclusion criteria and were randomly allocated, 21 to the walking group
(9 males, 12 females) and 10 (4 males, 6 females) to the control group.
Participants were allocated in the ratio of 2:1 in the walking and control groups
because it was envisaged that it would be difficult to recruit healthy individuals
who agreed to take part in a walking programme and then allocate them to a
control group, without providing significant incentives.

Table 4.1 presents the

baseline characteristics of the participants. The overall recruitment rate to the
study was 5.9% (31/527).

4.2.3 INFORMATION SESSION
As mentioned, the purpose of this session was to fully explain the details of the
study, to confirm suitability to take part and to seek informed consent to
participate.

4.2.3.1

INFORMED CONSENT

Prior to entering the study, all of the procedures involved and the potential risks
and benefits of participation were fully explained to subjects in an information
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sheet.

Each subject was asked to read it and any queries were addressed

before signing a statement of informed consent (Appendix B).

4.2.3.2

HEALTH SCREENING

At the familiarisation session, a medically trained researcher measured BP and
took a brief medical history to confirm individuals met the inclusion criteria.
Those whose BP was greater than 140/90 mmHg or who reported limitation in
the ability to exercise were excluded from the study.

This also included the

administration of a pre-participation screening questionnaire (Appendix C),
which requested details of personal and family medical histories and a full
description of current medication. Individuals with a family history of premature
cardiac episode or with a personal history or symptoms of cardiac or systemic
disease, hypertension, musculo-skeletal injury or acute illness were excluded
from participation.

Individuals were also excluded from the study if they exhibited any of the
following criteria:
•

Body Mass Index (BMI) over 35 kg/m2

•

Commenced a course of HRT in previous 3 months

•

Currently taking lipid lowering agents

•

History of alcohol abuse
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4.2.4 TESTING SESSION 1
Participants were invited to attend their health centre again one week later. At
this session they completed a food-frequency questionnaire (a modified version
of the Dine questionnaire (Roe et al. 1994)) indicating their consumption of
different foods and beverages in an average week (Appendix D).

The Dine

questionnaire has been validated for use in the primary care setting (Roe et al.
1994) and it primarily assesses the amount of fat and fibre in an individuals diet.
Baseline

anthropometric,

functional

capacity

and

vascular

compliance

measurements were made by observers blinded to individual’s group allocation
and a fasted blood sample was taken. This session was recorded as the first
day of the 12-week programme.

Participants were allocated to walking or

control groups using previously determined computer generated random
numbers. The group allocation was only revealed after the initial measurements
were completed.

Appropriate instructions were given to each

individually by the principal researcher.

subject

In each testing session for each

individual, the elements of the protocol were carried out in the same order.

4.2.4.1

ANTHROPOMETRY

Anthropometric measurements were obtained at the first testing session and
compared with measurements taken after 12 weeks by the same investigator.
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4.2.4.1.1

BODY MASS INDEX

Height and weight were determined using a stadiometer (Seca 709, Germany).
Weight was measured to the nearest 0.1 kg with subjects in light clothing,
without shoes. For height measurement, subjects stood with heels together
against the metal upright and height was measured using the horizontal ruler
resting on the subject’s head, ensuring a perpendicular angle between the ruler
and the upright to which it was attached.

Height was recorded to the nearest

0.1 cm from the graduated scale on the upright.

The weight and height measures were used to calculate body mass index (BMI),
according to the equation:
Weight (kg)

= kg/m2

Height2 (m2)

4.2.4.1.2 WAIST:HIP CIRCUMFERENCE RATIO
Waist and hip circumference were measured using a fibreglass tape and
standard techniques (Taylor et al. 1998). Subjects stood in an upright position
with stomach muscles relaxed. The circumference of the waist was measured
at the widest point of the abdomen below the bottom of the rib cage and above
the iliac crest.

Hip circumference was determined at the maximum width over

the greater trochanters. Both dimensions were measured to the nearest 0.1 cm
using an anthropometric fibreglass tape measure over one layer of clothing.
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The waist and hip circumference measures were used to calculate waisthip
ratio (WHR), according to the equation:
Waist (cm)
Hip (cm)
4.2.4.2 BLOOD PRESSURE
Resting arterial BP was assessed as part of the health screening of all subjects
before

and

after the

12-week

programme,

by the

same

investigator.

Measurements were made using a mercury sphygmomanometer calibrated to
manufacturer’s specifications. Individuals rested for 5 minutes in a seated
position before the inflatable cuff was wrapped around the upper arm, which was
supported horizontally. The collapsed cuff was placed snugly onto the
individual’s arm, 2.5 cm above the antecubital fossa.

The brachial artery was palpated and the cuff inflated to 20 mmHg above the
point where the pulse disappeared. A stethoscope was placed over the brachial
artery while the cuff was slowly deflated (at a speed of 2 mmHg per second).
Systolic pressure was recorded at the point where at least 2 consecutive
Kortocoff sounds could be heard (Kortocoff phase 4) and diastolic pressure
when sounds disappear (Kortocoff phase 5) (Beevers, Lip & O'Brien 2001). The
cuff was then deflated and removed. If an unexpected, abnormally high pressure
was found, measurement was repeated at the end of the session and the lower
of the two readings was used for analysis.
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4.2.4.3

BLOOD SAMPLING

Venous blood samples were collected before and after the 12-week programme.
Both were taken at the same time of the morning, following a 10 hour fast of
food and alcohol.

30 ml of blood was obtained by venepuncture of the antecubital vein on the arm
for which the patient indicated preference.

Samples were obtained by an 18

gauge (45 mm) needle attached to a 30 ml syringe (BOC Ohmeda, Sweden).
Care was taken to minimise stasis.

Each venous blood sample obtained was

divided between 6 ml tubes (Vaccuette, Austria).

20 ml of blood was divided between four tubes containing beads coated in a
clotting activator. 10 ml of blood was divided between the other two tubes which
contained potassium ethylene diamine tetra acetic acid (EDTA) to prevent the
blood from clotting.

Once filled, the tubes were gently inverted to mix the

contents. All tubes were labelled with the patient’s initials and their anonymous
code.

Following the session, all blood samples were taken to the laboratories at the
Royal Victoria Hospital, Belfast. Here they were centrifuged at 5°C at a speed of
2000 rpm for 10 minutes in a refrigerated centrifuge (Beckman J-6B, USA).
Plasma and serum samples were then aspirated out and stored in 2 ml
microtubes (Sarstedt, Germany) at -75°C for analysis at the end of the study.
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4.2.4.4

TEN METRE SHORT WALK TEST (SWT)

The short walk test was carried out in the corridor of the health centre according
to standard techniques (Singh et al. 1992). A course was set up using cones 9
meters apart according to Figure 4.2.

Figure 4.2
Set-up for the 10 m Short Walk Test.
10 meters

◄

►

= Cone
= Path to walk

The test was explained to each patient using the pre-recorded instructions on
the tape. Following the instructions the test started. It consisted of a series of
signals between which the subject attempted to walk at steady pace along the
course, aiming to turn at each end when the next signal was heard.
The test started with a 1-minute calibration period of very slow walking to allow
the individual to become accustomed to the technique.

At the end of each

minute of walking, the speed of walking increased. Each increase in speed was
signalled on the tape and identified as an increase in level.
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The test was terminated either when:
•

The subject was too breathless to maintain the required speed or

•

After an indication from the researcher to stop as the subject failed to
complete shuttle in the time allowed (assessed as more than 0.5 m away
from the cone on 2 successive shuttles)

The numbers of completed levels and shuttles were recorded and used to give a
measurement of total distance walked according to Table 4.2.

4.2.4.5

VASCULAR COMPLIANCE

Vascular

compliance

photoplethysmograph

was

measured

(PulseTrace

manufacturer’s instructions.

PCA,

using
England)

a

Micro
according

Medical
to

the

This involved the individual sitting at rest for 3

minutes. A finger probe was attached to the second finger of the left hand. The
photoplethysmograph automatically calculated compliance by measuring the
impedance to an infrared light, which was emitted through the finger.

If a

reading could not be made from that finger, the second finger of the right hand
was used. The results are presented as the reflection index (Rl), a measure of
the tone of the small arteries and the stiffness index (SI), a measure of the
stiffness of the large arteries.
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CALCULATION OF CORONARY RISK FACTOR ESTIMATES

Changes in CHD and stroke risk factor scores were estimated by applying the
Framingham risk score equation (Anderson et al. 1991) before and after the 12
weeks.

This uses an individual’s gender, age, BP, smoking status, To, HDL-

cholesterol and diabetic status to calculate a percentage likelihood of a coronary
event over a 10-year period.

4.2.4.7

ALLOCATION TO THE GROUPS

Subjects were allocated successive anonymous code numbers on entry into the
study.

Prior to the study beginning, the anonymous codes were randomly

allocated on a two to one basis to the exercise and control groups using
computer generated random numbers.

4.2.4.8

INSTRUCTIONS FOR THE EXERCISE GROUP

Seventeen subjects were allocated to the exercise group. These subjects were
asked to walk at a brisk pace for 30 minutes, 5 days per week.

‘Brisk’ was

defined as a pace that is faster than normal and would leave the individual
slightly short of breath but still able to converse. Subjects were given the choice
to complete the 30 minutes in one walk, or break it up into shorter bouts of no
less than 10 minutes.

All exercise subjects were given a pedometer (Oregon Scientific PE316CA,
England) to record total number of steps taken during each walking session and
a diary to return every fortnight (Appendix E). The training diary provided a place
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to record number of steps, duration of exercise, a score (between 1 and 5) of
how breathless they felt after the walk and a section for comments. Instructions
were given on how to use the pedometer (Appendix F) and the correct site for
the placement of the pedometer was demonstrated (Appendix G).

Subjects

were contacted by telephone every two weeks to allow feedback and encourage
ongoing participation.

4.2.4.9

INSTRUCTIONS FOR THE CONTROL GROUP

Members of the control group were asked not to significantly change their
lifestyle over the course of the 12 weeks. They were also given a training diary
and were asked to record any exercise they performed.

All members of the

control group were given a pedometer at the end of the study and instructed on
its use to facilitate them beginning their own walking programme if they so
desired.

4.2.5 TESTING SESSION 2
All measurements were repeated after 12 weeks at the same time of day and
when possible by the same investigators. Participants also completed the foodfrequency questionnaire again.

Feedback was provided

confidentially to

individuals in relation to their own results.
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4.2.6 BLOOD ANALYSIS
An overview of the blood biochemistry undertaken in the study is provided
below. These were carried out at the Wellcome Laboratories in the Department
of Medicine at the Queen’s University, Belfast.

4.2.6.1
Tc,

total

BLOOD LIPIDS
TG

and

HDL-cholesterol

(HDL-C)

levels

were

determined

spectrophotometrically by enzymatic methods (Randox, UK, cat no CH 200, CH
203 & TR 210). Spectrophotometric assays were performed on an automated
Cobas Fara analyser (Cobas Bio analyser, Roche Diagnostic Systems, U.K.).
The analyser was programmed with the parameters for each assay and the
absorbance readings were used to calculate concentrations. LDL-cholesterol
(LDL-C) was calculated by applying the Friedewald Equation (Friedewald, Levy
& Fredrickson 1972). The ratio of Tc:HDL was also calculated. The accuracy
of this assay was monitored using quality control sera. All samples from one
subject were analysed in a single batch. Following this, LDL, HDL, HDL2, HDL3,
VLDL and VLDL subfractions were isolated and their composition analysed.

4.2.6.2

LDL ISOLATION

LDL was isolated from heparinised plasma by floatation non-equilibrium
ultracentrifugation using previously validated methods (McDowell, McEneny &
Trimble 1995).
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In brief, this involved adding 0.9 ml of heparinised plasma to a 3 ml bell top
ultracentrifuge tube (Beckman: Polyallomer Bell-top, USA) containing 0.4451 g
of potassium bromide (KBr). The plasma was added using a pipette attached to
a fine bore tube. After gentle mixing, the solution has a density of 1.30 g/ml.
This was overlaid with 2.1 ml of sodium chloride (NaCI) with a density of 1.006
g/ml.

This was done using a peristaltic pump (Gilson Medical Electronics,

France) attached to tubing with a 21G needle at the end.

The solution was

gently allowed to run down the side of the tube onto the top of the plasma. The
ultracentrifuge tubes were sealed using a Beckman tube topper and carefully
placed in the Beckman rotor.

The tubes were spun in a Beckman tabletop

ultracentrifuge (Beckman Coulter Optima Max, USA) using a Beckman fixed
angle rotor (Beckman Coulter, USA) at 100,000 rpm for one hour at 4°C with six
minutes allowed for acceleration and a further six minutes allowed for
deceleration.

On completion, the tubes were removed, and placed in a tube

rack. An orange band of LDL, located in approximately the middle of the tube,
was aspirated out using a 2 ml syringe attached to a 21G needle. To do this,
two holes were made in the top of the tube to break the vacuum and allow air to
enter. Using a different needle, a hole was placed in the tube at the level of the
LDL. The removed LDL was placed in a labelled 2mL O-ring microtube using a
2 ml syringe connected to a third 21G needle. This was stored at -75°C until
analysis.
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After aspiration,

the

purity

of the

LDL was

confirmed

by

lipoprotein

electrophoresis using the Beckman Paragon Lipoprotein (Lipo) Electrophoresis
Kit (Beckman, Brea, CA) following the manufacturer’s instructions.

When all the samples were isolated, Tc (Randox, UK, cat no ch 200), free
cholesterol (Fc) (Wako Chemical, USA, cat no 274-47109), TG (Randox, UK, cat
no TR 210) and phospholipid (Wako Chemical, USA, cat no 990-54009) content
were

determined

spectrophotometrically

by

enzymatic

assays

with

an

automated Cobas Fara analyser (Cobas Bio analyser, Roche Diagnostic
Systems, U.K.). An example of an electrophoresis gel is included in Appendix
H.

4.2.6.3

HDL ISOLATION

HDL subtractions were isolated by first isolating HDL according to the method of
Sattler et al (Sattler, Mohr & Stocker 1994).

This involved adding 0.9 ml of

plasma to a 3 ml ultracentrifuge tube (Beckman: Polyallomer Bell-top, USA)
containing 0.4451 g of KBr.

When mixed, this adjusted the density of the

plasma to 1.30 kg/L. This was overlaid with 2.1 ml of NaCI solution (d=1.006
g/ml) using a peristaltic pump (Gilson Medical Electronics, France).

Once

sealed, the tubes were centrifuged in a Beckman Table Top ultracentrifuge
(Beckman Coulter Optima Max, USA) for two hours at 100,000 rpm and 4°C.
On completion, the tubes were sliced 0.8 cm from the bottom using a Beckman
tube slicer (Beckman Coulter, USA). On completion, the HDL was placed in a
labelled 2mL O-ring microtube and stored at -75°C.
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Two subfractions were then isolated from the HDL. This was done according to
the method developed by of McEneny (McEneny 2004), a modification of the
protocol by Chung et al (Chung et al. 1986). In brief this involved adding 1 ml of
HDL to 0.0913 g of KBr and gently mixing. This solution was added to a 3 ml
ultracentrifuge tube (Beckman: Polyallomer Bell-top, USA) and gently overlaid
with a NaCI solution with a density of 1.125 g/ml using a peristaltic pump (Gilson
Medical Electronics, France). The tubes were then placed in a Beckman fixed
angle rotor (Beckman Coulter, USA) and spun for two hours at 100,000 rpm,
allowing six minute for acceleration and six minutes for deceleration.

Once

complete, the tubes were sliced using a Beckman tube sheer (Beckman Coulter,
USA), 1.8cm up the tube.

The supernatant, which contained HDL2, was

aspirated using a syringe and needle. The infranatant, which contained HDL3
and plasma proteins, was aspirated using a Pasteur pipette. Both samples were
stored separately in labelled o-ring microtubes at -75°C.

When all the samples were isolated, Tc (Randox, UK, cat no ch 200), Fc (Wako
Chemical, USA, cat no 274-47109) and phospholipid (Wako Chemical, USA, cat
no 990-54009) content of HDL and the two HDL subtractions were determined
spectrophotometrically by enzymatic colorimetric methods with an automated
centrifugal analyser (Cobas Bio analyser, Roche Diagnostic Systems, UK).
Changes in the HDL2:HDL3 ratio of Tc, phospholipid and Fc content were
analysed for each group.
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4.2.6.4
Firstly,

VLDL ISOLATION
VLDL

was

isolated

from

heparinised

plasma

using

the

rapid

ultracentrifugation method of Mceneny et al (McEneny et al. 1997). In brief, this
involved adding 1.8 ml of heparinised plasma to a 3 ml Ultracentrifuge tube
(Beckman: Polyallomer Bell-top, USA). This was gently overlaid with 1.2 ml of
NaCI (d=1.006) using a peristaltic pump (Gilson Medical Electronics, France)
attached to tubing with a 21G needle at the end.

Ultracentrifugation was

performed in a Beckman Table Top ultracentrifuge (Beckman Coulter Optima
Max, USA) using a Beckman fixed angle rotor (Beckman Coulter, USA) at
100,000 rpm for 60 minutes at 4°C. The VLDL, located at the top of the tube,
was removed by aspiration after tube slicing, 1.8 cm down the tube.

The extract, which equated to VLDL, was stored at -75°C in a labelled 2 ml Oring microtube until subfractionation was performed. The purity of the isolated
VLDL was assessed

by lipoelectrophoresis

using

a

Beckman

Paragon

Lipoprotein Electrophoresis kit (Beckman Coulter, USA) according to the
manufacturer’s instructions.

On completion, VLDL subfractions were isolated using the method of McEneny
et al (McEneny et al. 2002).

This involves the isolation of 4 subfractions by

sequential ultracentrifugation.

VLDL (0.875 ml) was added to a Beckman open top ultracentrifugation tube
(Beckman Coulter, USA) containing 0.1225 g of KBr. After gentle mixing, the
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resulting solution had a density of 1.11 g/ml.

This was overlaid with three

solutions of decreasing density in the following proportions: 0.688 ml of saline
solution with a density of 1.065 g/ml, 0.688 ml of saline solution with a density of
1.020 g/ml,

0.75

ml of saline solution with

a density of 1.006 g/ml.

Ultracentrifugation was performed in a Beckman Table Top ultracentrifuge
(Beckman Coulter Optima Max, USA) using a Beckman fixed angle rotor
(Beckman Coulter, USA) at 4°C allowing five minutes for acceleration.

The four steps, each yielding a different subtraction, were:
1. Subtraction A was obtained after 16 minutes of ultracentrifugation at
40,000 rpm. The subtraction was removed from the top of the tube by
aspiration of a volume of 0.75 ml using a pipette. Following removal
of fraction A, the volume was replaced with 0.75 ml saline (d=1.006
kg/L). This was done after the removal of all subtractions.
2. The second subtraction, B, was isolated after ultracentrifugation at
80,000 rpm for 12 minutes. As with the first fraction, it was removed
in a volume of 0.75 ml by aspiration.
3. Subtraction C was removed by in a volume of 0.75 ml by aspiration
following 13 minutes of ultracentrifugation at 80,000 rpm.
4. The last subtraction, D, was isolated after ultracentrifugation at
100,000 rpm for 1 hour 45 minutes in a volume of 0.75 ml.

All four subtractions, once isolated, were stored at -75°C in o-ring microtubes.
Purity of the samples was tested using a Beckman Paragon Lipoprotein
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Electrophoresis kit (Beckman Coulter, USA) adhering to the manufacturer’s
instructions.

Once isolated, Tc (Randox, UK, cat no ch 200), Fc (Wako Chemical, USA, cat
no 274-47109), TG (Randox, UK, cat no TR 210) and phospholipid (Wako
Chemical, USA, cat no 990-54009) content of VLDL and the four VLDL
subfractions were determined spectrophotometrically by enzymatic colorimetric
methods using an automated centrifugal analyser (Cobas Bio analyser, Roche
Diagnostic Systems, U.K.).

4.2.6.5

TOTAL PROTEIN DETERMINATION

Total protein concentration of LDL, VLDL and the four VLDL subfractions were
used to standardise the composition of each.

The protein adjusted composition

of LDL, VLDL and the four VLDL subfractions are presented as pmol of lipid per
mg of protein.

Protein concentration was determined using a commercial kit based on the
Coomassie Blue reaction with proteins (Biorad, Munich, Germany, cat no 500006) and calculated from the standard curve prepared from bovine serum
albumin (BSA).

A stock solution of BSA (25 pg/ml) was used to prepare the

standard solutions (0, 2.5, 5, 10, 20 pg/ml), final volume 1.2 ml. Standards and
samples were prepared in duplicate.

Lipoproteins with unknown protein content

were prepared to a final volume of 1.2 ml by adding 10 pi of the lipoprotein to
1.19 ml of deionised water.

Biorad die (300 pL) was added to each standard
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and sample. These were then sealed with parafilm and gently inverted so as not
to denature the protein.

The absorbance was determined at 595 nm using a

Hitachi U200.1 spectrophotometer within 5 to 60 minutes of addition of the dye
reagent being added. The protein concentration of the sample was calculated
from the standard curve, allowing for sample dilution.

4.2.6.6

APO Ai DETERMINATION

The major protein component of HDL is apo Ai (Hersberger, von Eckardstein
2003). The apo Ai concentration of HDL, HDL2 and HDL3 was determined by
single radial immunodiffusion according to the method used by McEneny et al
(McEneny et al. 2002) and was used to standardise the composition of each.
The composition of HDL, HDL2 and HDL3 is presented in its original form in
pmol/L and also as a ratio to apo A1 content as pmol of lipid per gram of apo At.
Change of the apo A1 concentration was calculated within each group as well as
the change in the ratio of apo A1 in HDL2:HDL3for each group.

The agarose gel was prepared with 238 pL of anti apoA (Immuntoturb Apo Ai
diresct, Vienna, Austria, cat no 4700010) per 10 ml of gel on a glass plate. 2
mm wells were cut out of the gels and 4 pL of either the sample or standard
solution (human serum albumin, HSA) was added.

The concentration of the

standard solutions were in the range of 25 - 200 mg/dl.
incubated in a humidified box at 37° C for 48 hours.

The gels were

The gels were then

pressed, washed and dried under a stream of hot air. Following this the gel was
stained using a Coomassie Blue staining solution containing 1.25 g of Comassie
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Blue, 112.5 ml of ethanol, 25 mg of acetic acid and 112.5 ml of distilled water. A
destaining solution, containing 225 ml of ethanol, 50 ml of acetic acid and 225
ml of distilled water, was used to wash surplus stain off the gels. This enabled
visualisation of the precipitated rings of both standards and samples (Appendix
I).

The concentrations of the standard solutions were plotted against the

diameter of the rings squared, and the unknown concentration of the apo Ai in
the sample was determined from the standard curve.

4.2.6.7

C-REACTIVE PROTEIN

Circulating levels of c-reactive protein (CRP) were measured in serum samples
using an automated enzyme assay. This was conducted using a commercially
available high-sensitivity latex immunoturbidimetric kit (Randox, UK, cat no CP
2475) in the Wellcome Research Laboratories, Royal Victoria Hospital, Belfast.
The test was calibrated using commercial standards ranging from 0.05 mg/dl to
1.1 mg/dl (High Sensitivity Calibrator Series, Randox, UK, cat no CP 2478). The
assay had a lower detection limit of 0.5 mg/L.

4.2.7 STATISTICAL ANALYSIS
A sample size calculation was performed based on the observations of Hardman
et al (Hardman et al. 1989). It was estimated that 40 participants in the walking
group and 20 in the control group would allow detection of a 25% increase in
HDL from the walking programme with an alpha level of 0.05 and a power of
80%.
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Data were analysed using SPSS v11.5. Descriptive statistics were used to
summarise data.

The values reported are mean + standard deviation (SD).

Differences between groups (inter-group) in body composition, BP, distance
walked in the 10m SWT, blood lipids and CHD risk score were assessed at
baseline and at 12-weeks using an independent t-test.

Differences within a group (intra-group) were assessed by comparing the results
at baseline with those after 12 weeks using a paired t-test.

The extent of

change was compared between the two groups by subtracting the baseline
results from the 12-week results and comparing the differences of this data
between the two groups using an independent t-test. Differences in food intake
were determined, for each food type, before and after the 12 weeks using a
Wilcoxon signed rank test because the data was non-parametric.

Framingham risk scores, plasma TG concentration, the TG content of LDL,
VLDL, VLDL-A, VLDL-B, VLDL-C and VLDL-D data were not normally
distributed.

Also the Tc, phospholipid, Fc and apo Ai concentrations of the

FIDL2:HDL3 data were not normally distributed.

These data sets were

transformed using natural logarithms before statistical analysis.
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RESULTS

There were no differences in baseline characteristics between the walking and
control groups (Table 4.1).

For the walking group, the mean time spent walking was 27.72 (±9.79) minutes
on each day within the study. Adherence, defined by expressing the number of
minutes walked as a percentage of the number of minutes prescribed by the
protocol, was 90.3%.

From the training diary, only 4 participants reported

accumulating their daily walking time in multiple bouts. Of these, two individuals
performed multiple bouts on only one day of the 12 weeks and the other two
performed multiple bouts on 10 days and 20 days of the 12 weeks. Overall, only
3.14% of prescribed walking was reported as being carried out in multiple bouts,
the rest was performed in one single bout.

Over the course of the programme, five individuals withdrew for the reasons
cited in Figure 4.1.

No individuals withdrew due to walking induced injuries.

Seventeen (81%) individuals in the walking group and nine (90%) in the control
group completed the programme.

The precision of all biochemical tests was evaluated using internal quality
control sera. The intra-day coefficients of variation were 0.65% and 1.35% for
CRP and TO respectively.

The intra-day coefficients of variation for Tc were

2.3% and 4.5% in the two days it was measured. The inter-day coefficient of
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variation for To was 1.46%. HDL, TG and CRP measurements were performed
on the same day.

Significantly decreased systolic (figure 4.3) and diastolic BP (figure 4.4) and
increased functional capacity were found within the walking group between
baseline and 12-week measurements (Table 4.3).

Significant reductions in

systolic BP 10-year risk of CHD were observed in both groups and a significant
reduction in stroke risk was observed within the walking group (Table 4.4). No
significant changes were found in lipid levels, anthropometric measurements or
recorded dietary measures over the study. At the end of the 12 weeks, the mean
distance walked (10m SWT) was significantly higher (p=0.015) in the walking
group compared to the control group.

Comparison of the extent of change

between groups showed no significant differences.
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Figure 4.3 Change in systolic BP in the walking and
control groups
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Figure 4.4: Change in diastolic blood pressure in the
walking and control groups
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There was no significant difference between the two groups in the composition
of their lipid subtractions at baseline (Tables 4.5 to 4.8).

Significant changes

were observed over the 12 weeks in the To content in VLDL-A (Table 4.10), the
unadjusted To, TG, phospholipid and Fc content of VLDL-B (Table 4.11) and the
unadjusted TG and phospholipid content of VLDL-C (Table 4.12).

The To

concentration of C-HDL (Table 4.15) and the phospholipid concentration of
HDL2 was reduced in the walking group (Table 4.16).

There also was a reduction in the Tc concentration of C-VLDL (Table 4.9) in the
control group over the 12 weeks. There were no changes in the composition of
VLDL-D (Table 4.12), LDL (Table 4.14), HDL3 (Table 4.17) and the HDL2:HDL3
ratio (Table 4.18) over the course of the 12 weeks.

4.3

DISCUSSION

4.3.1

SUMMARY OF MAJOR FINDINGS

The findings of this study indicate that translating the current minimum exercise
recommendations for health benefit into a 12-week unsupervised, home-based
programme of brisk walking improves fitness and decreases cardiovascular risk.
This is reflected by decreased systolic and diastolic BP and improved
Framingham risk score in previously sedentary 50-65 year olds.
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4.3.2 STRENGTHS
This was a randomised controlled trial with allocation of participants to the study
groups taking place after initial baseline measures had been completed, thus
minimising potential for bias in participants’ readiness and ability to engage in
the walking programme. Measurement of BP and anthropometric outcomes was
performed by observers blinded to the group allocation.

Questionnaires were

self-completed thus avoiding any interviewer influence on responses.

One of the novel aspects of this study was the use of pedometers to allow self
monitoring of exercise. Pedometers have been proposed as a valid method of
assessing habitual daily activity and as a tool to produce a target for the volume
of activity required to confer a health benefit (Tudor-Locke et al. 2002).
Pedometers give immediate feedback to the user. This can be useful to foster
behaviour changes in intervention studies (Leenders, Sherman & Nagaraja
2000). Two studies that have used pedometers as a tool to allow objective self
monitoring of exercise are Moreau et al (Moreau et al. 2001) and Tudor Locke et
al (Tudor-Locke et al. 2004). The primary driver of the exercise in both these
studies was the accumulation of a pre-determined number of steps across the
day. In this study, participants recorded the number of steps taken in a single
walking session and recorded this in a diary which was returned to the
researcher. This is a novel use of pedometers, which, as a reminder for
participants to complete their walking session, may have enhanced compliance.
The pedometer used has been validated as a reliable measure of steps taken
(Crouter et al. 2003).
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Reported adherence to the walking programme was very high at over 90%. In
comparison, adherence to a leisure-centre based exercise protocol (King et al.
1995) was between 50% and 75%, suggesting greater acceptability of a
pedometer driven, home-based model.

Leisure-centre exercise programmes

require travel to and from the place of exercise and require training to use
equipment. Reasons for good adherence to the study protocol may also lie in
the accessibility and ease of availability of resources.

The outcome

measurements, including the 10m short walk test, were performed in familiar
surroundings.

This may have resulted in subjects being more favourably

disposed to finishing the programme. Furthermore, subjects were allowed the
choice to perform the walking in one or multiple bouts of exercise. This may be
a more ecologically valid approach and allows individuals the choice of how to
best fit the exercise programme into their daily life.

4.3.3 WEAKNESSES
Recruitment to the study was poor. Only 20% responded to letters of invitation
to participate and approximately 1% responded positively to a follow-up
telephone invitation from their GP. Overall, only 3% of patients invited took part
in the programme.

It was not possible for the investigators to follow-up

individuals who did not return their invitation to participate due to the ethical
constraints of accessing patients personal information.

Other schemes to

promote physical activity have suffered similar difficulties in recruitment.

In a

previous study of exercise prescription in primary care (Fielder, Shorney &
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Wright 1995), only 38 patients were recruited from seven general practices over
4 months. That scheme was abandoned due to lack of interest. Margitic et al
(Margitic et al. 1999) have suggested that multiple strategies should be
employed

to

recruit

patients

from

primary

care

into

physical

activity

interventions.

Insufficient numbers in this study may have led to a type 2 statistical error. This
may have led to the chance, changes in the composition of the lipoprotein
subtractions, and also resulted in a lack of power to detect potentially significant
changes.

The problem of recruitment was unavoidable due to the poor

response to invitation.

4.4.4 COMPARISON WITH PREVIOUS WORK
4.4.4.1

FITNESS

Physical fitness, the ability of the respiratory and circulatory systems to supply
oxygen during physical activity (Caspersen, Powell & Christenson 1985), has
been proposed as a risk factor for CVD and CHD risk (Williams 2001) and the
risk of acute myocardial infarction (Lakka et al. 1994). Williams (Williams 2001)
found that the reduction in the relative risk for CHD and CVD are nearly twice as
much for fitness than physical activity. This could be because inactivity may not
be the principal cause of poor fitness when subclinical disease or genetic
predisposition are involved (Williams 2001).

91

CHAPTER 4

A PILOT STUDY OF UNSUPERVISED BRISK WALKING

In the current study, a significant increase in fitness, measured using the 10m
SWT, resulted from a 12-week programme of brisk walking.
previous trials examining the effects of brisk walking
improvement in fitness.

The majority of
have shown an

These have included trials examining the difference

between walking and more intense types of exercise (Kingwell, Jennings 1993,
Suter, Marti & Gutzwiller 1994), between walking at different intensities (Duncan,
Gordon & Scott 1991) or durations (Ready et al. 1996, Woolf-May, Bird & Owen
1997) and between performing walking in one continuous or in multiple bouts
(Murphy, Hardman 1998, Coleman et al. 1999, Murphy et al. 2002).

In a comparison of jogging and walking, performed at similar weekly energy
expenditures, no difference was observed in the improvements in fitness
between the two groups (Suter, Marti & Gutzwiller 1994). These results indicate
that the volume of exercise and not the intensity are important for changes in
fitness.

In the same study, (Suter, Marti & Gutzwiller 1994) joggers suffered

one-third more injuries than walkers.

This suggests that walking is a safer

alternative to more intense exercise, yielding similar benefits to fitness when
performed in similar volumes.

As noted in chapter 2 (section 2.3.4), Duncan et al (Duncan et al. 1985)
demonstrated brisk walking at 8.4km/h for 30 minutes per day, 5 days per week
led to a 9% rise in fitness in a 24 week study of 59 sedentary, postmenopausal
women.

This is similar to the current findings.

When the changes in fitness

from walking at three different speeds were compared (strolling at 4.8 km/h,
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brisk walking at 6.4 km/h and aerobic walking at 8 km/h), Duncan et al (Duncan
et al. 1985) demonstrated that fitness increases in a linear, dose-response
manner.

Programmes involving walking for longer daily durations (Kingwell, Jennings
1993, Stensel et al. 1993, Hardman, Hudson 1994) (range from 45 to 60
minutes per day) and at a higher frequency of sessions (Suter, Marti &
Gutzwiller 1994, Coleman et al. 1999) (six sessions per week) than those in this
study, have led to increases in fitness in younger, healthy sedentary adults. The
current findings indicate similar benefits for older, 50-65 year old adults with
walking programmes of lesser duration and frequency than previously studied.

Performing exercise in multiple bouts has received interest as a useful tool to
facilitate sedentary adults becoming more active (Hardman 1999).

Studies

comparing the effects of 30 minutes walking in multiple bouts versus one
continuous bout have shown no difference in the improvements in fitness
between the two frequencies following 16 weeks of walking, six times per week
(Coleman et al. 1999) and 10 weeks walking, five times per week (Murphy,
Hardman 1998). In a more recent study by Murphy et al (Murphy et al. 2002)
performing walking in multiple bouts led to a significantly greater increase in
fitness compared to performing it in one continuous bout, over six weeks. This
finding appears to be the result of a flaw in the study design. The study was a
crossover trial with participants performing exercise in a period of short bouts
followed by long bouts or vice versa. The greater change in fitness was only
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seen in the group who performed the short bouts first, possibly due to the fact
that the washout period was not long enough, so fitness had not returned to the
baseline figure. All three of these studies involved younger subjects than those
in this thesis.

In the current study, participants were allowed to choose to

perform the daily prescribed walking in one or multiple bouts.

Based on the

evidence above, this should not have altered the response of fitness to the
walking programme.

To the author’s knowledge, only 3 studies have failed to show a response of
fitness to walking (Snyder et al. 1997, Thomas, LaFontaine 2001). Thomas et al
(Thomas, LaFontaine 2001) failed to show a response amongst students after a
12-week study comparing 30 minutes of brisk walking done in one bout versus
multiple bouts.

The reasons cited for not showing an effect was that the

subjects were young (mean age 22.2 years) with good baseline fitness, so
training at moderate intensity may not have been enough to improve fitness. It
was however noted that the walking group did not experience the deterioration
in fitness over the 12 weeks as was demonstrated in the control group.

This

suggests that even though walking according to the minimum exercise
recommendation was not enough to promote gains in fitness amongst this
population, it may prevent deterioration in fitness levels. Similarly Snyder et al
(Snyder et al. 1997) failed to show a response in fitness to 32 weeks of walking
performed in three, 10-minute bouts per day, five days per week in sedentary,
moderately obese females.

However, a subgroup analysis indicated that older,
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less fit and heavier individuals responded positively in terms of fitness to the
programme.

Few previous studies have examined the effects of only unsupervised, homebased walking programmes on fitness. Studies involving unsupervised walking
programmes have included healthy sedentary men (Stensel et al. 1993, Suter,
Marti & Gutzwiller 1994, Davison, Grant 1995, Paillard et al. 2002) and women
(Hardman, Hudson 1994, Davison, Grant 1995), patients with intermittent
claudication (Wullink, Stoffers & Kuipers 2001) and patients with type 2 diabetes
(Walker et al. 1999).

All of these trials have found an increase in fitness following 12 weeks to one
year of walking. The range of response in fitness was from 8% to 30% increase
in fitness, measured using a maximal oxygen treadmill test.

The closest exercise prescription to that being currently studied was that of
Hardman et al (Hardman, Hudson 1994). They allocated 20 women, aged 40 to
50 years, to either an exercise (n=10) or control group (n=10).

The exercise

group followed a 12-week programme of brisk walking. The walking prescription
increased from 180 minutes in the first two weeks to 315 minutes in the final
three. The pace of walking was at a self-selected brisk pace. Walks were to be
no shorter than 20 minutes and the total walking had to be completed in at least
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three sessions per week. Training diaries were completed and returned every
two weeks to record the time walked per session. In the exercise group, oxygen
uptake was measured during a treadmill exercise and used to predict maximal
oxygen consumption. After 12 weeks oxygen uptake was significantly increased
by 30%. For 12 weeks after the study, members of the exercise group stopped
participating in exercise sessions.

At the end of this period their fitness had

returned to baseline levels. This decline in fitness following the removal of an
exercise stimulus indicates the need to encourage participants to continue
walking after an intervention has ended.

The current study findings are in

keeping with those of Hardman et al (Hardman, Hudson 1994).

The intensity, frequency and duration of exercise need to be considered when
reporting improvements in fitness.

The magnitude of change in fitness

increases from 50 to 100% of maximal oxygen uptake (Wenger, Bell 1986).
Though the intensity of exercise performed was not measured in this study, it
has been shown previously that when individuals are asked to walk at a selfselected brisk pace, they walk at 4 mph (Murtagh, Boreham & Murphy 2002), a
level which is equivalent to 50-60% of maximal oxygen uptake (Ainsworth et al.
2000). There is an important interaction between the intensity of exercise and
the frequency and duration at which it is performed. The combination that elicits
the greatest increase in fitness is 90 to 100% of maximal oxygen uptake (highintensity exercise like running), four times per week for 15 to 25 minutes per
session (Wenger, Bell 1986). This combination should lead to approximately a
30% increase in fitness. (Wenger, Bell 1986). However, high intensity exercise,
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like this, leads to the greatest risk of injury (Suter, Marti & Gutzwiller 1994)
Moderate intensity exercise, such as brisk walking, though it will not lead to as
great an increase in fitness, has less associated risks (Suter, Marti & Gutzwiller
1994) and therefore may be a more suitable exercise for sedentary individuals.
Wenger et al predicted that moderate intensity exercise, 5 days a week for 2534 minutes per day should lead to approximately an 11% increase in fitness,
similar to this study (Wenger, Bell 1986).

In the current study, the differences in the distance walked in the SWT act as a
proxy for changes in fitness. It is important to note that different studies have
employed various techniques to measure fitness.

The ‘Gold Standard’

(American College of Sports Medicine 2000) in fitness testing is the maximal
oxygen uptake test performed on either a treadmill or cycle ergometer.

Other

measures used in the assessment of fitness include a laboratory based
prediction of maximal oxygen uptake using the Bruce submaximal treadmill test
(American College of Sports Medicine 2004) or fitness tests performed in the
field like the McArdle step test (McArdle, Katch & Katch 2001), the 6-minute
walk test (Butland et al. 1982) or the 10m SWT that was used in the current
studies.

The 10m SWT was developed to measure fitness in patients with respiratory
disease (Singh et al. 1994). More recently it has been used in patients before
and after cardiac rehabilitation, either following cardiac surgery (Tobin, Thow
1999) or pacemaker insertion (Payne, Skehan 1996). It has also been used to
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monitor functional capacity in patients with chronic heart failure (Francis 2000),
cancer (Booth, Adams 2001) and chronic low back pain (Taylor et al. 2001). A
significant correlation in the prediction of maximal oxygen uptake has been
shown between the 10m SWT and conventional treadmill testing (Singh et al.
1994).

Also in patients with chronic heart failure (Morales, Montemayor &

Martinez 2000), the 10m SWT has been shown to predict event-free survival at
one year better than the 6-minute walk test.

Its validity in measuring fitness

along with its ease to administer makes the 10m SWT an attractive fitness test
for use in exercise studies outside the laboratory setting.

4.4.4.2

BLOOD PRESSURE

There was a significant reduction in BP in the walking group of the current study.
Previous research on the effects of walking programmes on BP have yielded
conflicting results. To the author’s knowledge, 28 randomised controlled trials
have been published in peer-reviewed journals examining the effects of walking
programmes on BP. Of these, 17 (Jennings et al. 1986, Hagberg et al. 1989,
Kingwell, Jennings 1993, Braith et al. 1994, Arroll, Beaglehole 1995, Palmer
1995, Seals et al. 1997, Tanaka, Railing & Seals 1998, Coleman et al. 1999,
(wane et al. 2000, Moreau et al. 2001, Asikainen et al. 2002b, Bond Brill et al.
2002, Paillard et al. 2002, Ohta & Tanaka 2003, Swartz et al. 2003, IshikawaTakata, Ketelhut, Franz & Scholze 2004) have shown an improvement in BP
and 10 (Duncan, Gordon & Scott 1991, Seals, Reiling 1991, Flamdorf et al.
1992, Stensel et al. 1993, Leon, Casal & Jacobs 1996, Ready et al. 1996,
Murphy, Hardman 1998, Parkkari et al. 2000, Lamb et al. 2002, Murphy et al.
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2002) no change. The duration of these studies range from 4 weeks to 3 years.
They involved a mix of male and female participants whose ages ranged from
18 to 74 years and included both normotensive and hypertensive individuals.

Only five of these studies involved unsupervised home-based walking (Stensel
et al. 1993, Davison, Grant 1995, Seals et al. 1997, Moreau et al. 2001, Evcik,
Sonel 2002). Of those five, three showed no change in systolic or diastolic BP
after the walking programme (Stensel et al. 1993, Davison, Grant 1995, Ready
et al. 1996) and two demonstrated a positive effect (Seals et al. 1997, Moreau et
al. 2001). The unsupervised programmes that did not demonstrate a benefit to
BP differed from the current work in that they involved only men (Stensel et al.
1993, Ready et al. 1996) or only women (Davison, Grant 1995).

Moreau et al (Moreau et al. 2001) showed a mean reduction in systolic BP of 6
mmHg after 12 weeks and 11 mmHg after 24 weeks of walking. Their protocol
employed the use of pedometers, but it differed from the studies in this thesis,
as the exercise target was to increase daily walking by 3 km per day.

They

translated the current exercise recommendation of 30 minutes, five days per
week into a need to take an extra 3 km of walking per day. This showed the
benefits to BP of translating the current recommendations into practical advice.
However, to apply this programme into routine daily life would require the
wearing of a pedometer all day, everyday.

Therefore, it might be that a 3099
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minute walking programme, which could be taken in one or multiple bouts, may
be a more realistic programme to allow people to take their exercise in defined
periods.

Another study, by Seals et al (Seals et al. 1997), has also demonstrated a
benefit to BP from 12 weeks’ walking for 40-45 minutes per day, four or five
days per week.

This led to a decrease in systolic BP of 10 mmHg and a

decrease in diastolic BP of 7 mmHg. The decrease in systolic BP is similar to
the findings presented in the current study, but the change in diastolic BP is of
greater magnitude (4 mmHg). This could be due to the difference in duration of
walking in the study programme.

In a meta-analysis of 16 studies, Kelley et al (Kelley, Kelley & Tran 2001)
demonstrated a reduction in both systolic and diastolic BP from regular walking.
It has been suggested that the reason some studies have failed to show a
response in BP is due to better baseline levels with less capacity for
improvement in participants (Murphy et al. 2002). However, Kelley et al found
that the changes in BP were not dependent on initial BP levels and found no
difference in the responses of normotensive or hypertensive individuals.

A meta-analysis of the dose-response effect of exercise on BP (Fagard 2001)
concluded that exercising for 30-60 minutes, three to five times per week at a
moderate intensity was an appropriate intervention to reduce systolic BP by
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between 3 mmHg and 7 mmHg and diastolic BP by between 2 mmHg and 6
mmHg. The findings of this thesis are in keeping with these conclusions.

A reduction in BP of the magnitude demonstrated in the studies of this thesis
would lead to a significant reduction to future risk of CVD and stroke. In patients
with hypertension, Collins et al (Collins et al. 1990) have shown that 5 to
6mmHg reduction in diastolic BP results in a 42% reduction in stroke and a 14%
reduction in CVD. Though the subjects were not hypertensive, there was a clear
reduction in BP after 12 weeks.
hypertensive.

None of the subjects in this study were

No one with a BP over 140/90 was admitted. However, the

American College of Sports Medicine (Pescatello et al. 2004) states that the
positive relationship between CVD risk and BP occurs with BP as low as 115/75
mmHg and doubles for each 20/10 mmHg increase, indicating a possible
reduction in CVD risk.

4.4.4.3

ANTHROPOMETRY

Body composition is the relative proportions of fat or fat-free tissue in the body
(American College of Sports Medicine 2004). It can be measured by assessing
body build or body fat.

Changes in body build were assessed by measuring

changes in weight and BMI.

Changes in the body fat were assessed by

measuring changes in waist and hip circumference and WHR.

This is a

measure of changing fat distribution in the body.
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WHR is a comparison between the circumference of an individual’s waist to that
of their hips. The ratio represents the distribution of body fat. Individuals with
more fat on their trunk have a higher risk of hypertension, type 2 diabetes and
CVD compared to a person of equal weight but with fat distributed more in their
extremities (American College of Sports Medicine 2004).

Weight, BMI (Field et al. 2001), waist circumference (Han et al. 1995) and WHR
(Dalton et al. 2003) are independent predictors of cardiovascular risk. BMI is an
indicator of how far the body weight of an individual deviates from standard in
relation to height (American College of Sports Medicine 2004).

WHR, a

comparison between the circumference of the waist and hip, is a representation
of fat distribution in the body.

Individuals with more fat located around their

waist, thus with a higher WHR, are at an increased risk of CVD (Han et al. 1995)
than those who have the same overall weight but whose fat is distributed in
other areas.

When the goal of an exercise programme is to promote weight loss, the current
recommendation of the American College of Sports Medicine (Jakicic et al.
2001) is for adults to perform 200-300 minutes of moderate intensity exercise
per week. This is much higher than the minimum recommendations to promote
health, which equate to approximately 150 minutes of moderate intensity
exercise per week. Body weight is a function of energy output and intake over a
period of time (Bouchard, Blair 1999). It would appear logical therefore that to
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lose weight, energy output can be increased by taking more activity, energy
intake can be reduced by controlling the amount of calories consumed or the
balance of these shifted by combining both strategies.

The studies presented in this thesis focus on increasing energy output by
increasing physical activity. For an average person weighing 60 kg, walking for
30 minutes at a brisk pace, 5 days per week would expend 150 kcal per day
(Ainsworth et al. 2000). In this first study, walking five days per week led to no
change in body composition in 50 to 65 year olds.

One explanation for this

finding is that the subjects in the walking group also increases their calorie
consumption, thus negating the effects of the increased energy expenditure. No
changes were observed in the dietary questionnaire.

This may be because it

was not sensitive enough to pick up small changes in diet.

Studies of 5-days a week unsupervised walking have led to a variety of results.
King et al (King et al. 1995) found no change in body composition following a 2year programme of unsupervised home-based moderate intensity exercise that
included walking in 50 to 65 year old sedentary adults. Ready et al (Ready et al.
1996) found no change after 12 weeks of walking three or five times per week in
postmenopausal women.

Keller and Trevino (Keller, Trevino 2001) found no

change in body weight or BMI after a 24-week study of postmenopausal women
walking five days per week.

However, other studies have shown beneficial

effects of unsupervised walking. Paillard et al (Paillard et al. 2002) found a 1.2
kg decrease in body weight in subjects aged between 63 and 69 years, after 12
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weeks of unsupervised walking for a maximum of 60 minutes per day, five days
per week.

Changes in waist circumference and WHR, observed in both groups of the
second study have also been demonstrated by Sykes et al (Sykes, Choo &
Cotterrell 2004). This was an eight-week study of indoor walking on a treadmill
for a maximum of 40 minutes, five days per week in overweight adult
Singaporean females.

Suter et al (Suter, Marti & Gutzwiller 1994) also

demonstrated similar results after a one-year study of walking six days per week
in sedentary men. Tudor-Locke et al (Tudor-Locke et al. 2004) demonstrated a
reduction in waist circumference after a 16-week study in a group a sedentary
diabetic patients who increased the number of steps they took in a day during
the course of the study.

Ross (Ross, Janssen 2001) concluded in a review of the relationship between
exercise and body composition that the effect of moderate intensity activity on
abdominal obesity remains unclear. Therefore the results of the studies in this
thesis contribute to clarifying this issue.

Further discussion of the relationship

between anthropometric measurements and walking follows the presentation of
the findings of the second study in this thesis (chapter 5, section 5.4.4.3).

4.4.4.4

FRAMINGHAM RISK SCORE

A significant reduction in the 10-year risk of CHD and Stroke based on systolic
BP was observed in the walking group of the current study.

This change, as
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well as the unexpected reduction in the control group will be discussed in detail
in chapter 5 (section 5.4.4.4).

4.4.4.5

LIPIDS AND LIPOPROTEIN COMPOSITION

No significant changes in Tc, TG, HDL-C or LDL-C were observed in either the
walking or control group in the current study.

To determine if this is a true

finding, or a result of the lack of power due to the recruitment of insufficient
numbers, a second study was performed.

A discussion of the effects of

unsupervised brisk walking on lipids will be included in chapter 5 (section
5.4.4.5)

The significant changes found in the composition of VLDL, HDL and their
subfractions will be discussed chapter 6 (section 6.4.2.1).

4.4.4.6

VASCULAR COMPLIANCE

Vascular compliance is a measure of the distendibility of the vasculature
(Glasser et al. 1997).

Regular physical activity has been associated with

increased arterial compliance in 25 elite male athletes aged 30 to 58 years
(Kingwell et al. 1995) and in 62 resistance trained men aged 20 to 39 years and
40 to 60 years, when compared to age-matched sedentary controls (Miyachi et
al. 2003).

Vascular compliance decreases with age in healthy individuals (Arnett, Evans &
Riley 1994, Vaitkevicius et al. 1993). Cross-sectional studies have associated
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regular physical activity with an attenuation of this age-related change. This was
first demonstrated by Wijnen et al (Wijnen et al. 1991) who studied a variety of
vessels by ultrasound in 15 trained male cyclists versus 15 healthy sedentary
males and found that compliance was higher in the brachial artery (a muscular
artery) in the trained men.

In the Baltimore Longitudinal Study of Aging

(Vaitkevicius et al. 1993), higher levels of fitness were associated with lower
arterial stiffness across all adult age groups and for both sexes. Arterial stiffness
was 26% lower in men aged 54 to 75 years who had a history of regular
endurance exercise when compared to their sedentary peers.

The age-related

attenuation of vascular compliance has also been demonstrated in a comparison
of 53 sedentary and active premenopausal and postmenopausal women
(Tanaka, DeSouza & Seals 1998), of 151 (Tanaka et al. 2000) and 138 men
(Gates et al. 2003) aged 18 to 77 years.

Short-term improvements in vascular compliance have been demonstrated
following a single, 30-minute bout of cycling in 12 male sedentary volunteers
aged 24 years. Compliance was increased half an hour after exercise and
returned to normal within one hour (Kingwell et al. 1997). Naka et al (Naka et al.
2003) also demonstrated this acute effect in a study of a single bout of treadmill
exercise on arterial compliance in sedentary, healthy adults aged under 45
years.

Pulse wave velocity, a measure of stiffness was reduced immediately

(three minutes) after exercise and remained reduced for 60 minutes.
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Possible mechanisms whereby exercise improves vascular compliance include
indirect effects mediated by improvements in traditional CHD risk factors such
as hypertension and elevated cholesterol (Schmitz et al. 2001). There may also
be more direct structural and functional changes to the arterial walls. Structural
changes following exercise have been demonstrated in animal studies, which
have observed an increase of elastic in the artery wall, leading to increased
distendibility (Matsuda et al. 1993).

Functional changes have been proposed to

be mediated through an increase in the production of vasodilators following
exercise, such as nitric oxide, which reduces vascular smooth muscle tone
(Higashi, Yoshizumi 2004).

Long-term improvements in compliance have also been demonstrated following
a limited number of randomised controlled trials.

The effects of a four-week

supervised exercise training programme of vigorous-intensity cycling on total
systemic arterial compliance was measured in a group of 18 to 32 year old
sedentary men (Cameron, Dart 1994). Training led to an increase in fitness, a
decrease in systolic BP and an increase in mean total arterial compliance.
Compliance returned to normal when participants were followed up four weeks
after the exercise stimulus had been withdrawn.

The authors concluded that

changes in compliance was not related to changes in BP, but was linearly
related to changes in fitness.

In a more recent study by Tanaka et al (Tanaka et al. 2000), 20 middle aged and
older men (mean age = 53 years) were randomly allocated to a three-month
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exercise programme (which primarily involved walking) or to a control group.
Compliance increased in the exercise group to levels similar to those of
endurance-trained men of the same age. As with the study by Cameron et al
(Cameron, Dart 1994), changes in compliance were independent of changes in
BMI and BP. Tanaka et al (Tanaka et al. 2000) concluded that improvements in
vascular compliance “may be one mechanism by which habitual exercise lowers
the risk of cardiovascular risk".

Tanaka et al (Tanaka et al. 2000) suggested that the mechanism involved in the
effect of exercise on vascular compliance may entail structural changes in the
walls of the arteries.

They suggested that the internal diameter of arteries is

expanded due to the increased blood flow during exercise. This expansion in
diameter, causing stretching of the walls may lead to collagen fibres being
extended and modifying their cross-linking, thus raising compliance.

No change in vascular compliance was observed following the 12-week
programme of brisk walking. To the author’s knowledge, two other studies have
failed to show a response in compliance. Wijnen et al (Wijnen et al. 1993) found
no change in compliance following a six-week programme of moderate intensity
exercise despite changes in fitness in a group of 19 sedentary males aged 22 to
44. Perrier et al (Perrier et al. 2001) performed a crossover study of 10 patients
with isolated systolic hypertension aged 64 years who took part in an eight-week
programme of cycling. Although fitness also increased in this study, no change
in systolic hypertension, a clinical manifestation of large artery stiffness was
108

CHAPTER 4

A PILOT STUDY OF UNSUPERVISED BRISK WALKING

observed. Ferrier et al (Ferrier et al. 2001) suggested that either the length of
the programme or the intensity of training was not sufficient to lead to the
changes that would be expected from the aforementioned cross-sectional
studies and controlled trials.

This, coupled with the small numbers involved,

may explain why no changes were observed in the first study of this thesis.

4.4.4.7

C-REACTIVE PROTEIN

CRP was significantly reduced in the control group, but there was no change in
the walking group of the current study. The effects of brisk walking on CRP will
be discussed following a study involving a larger cohort in chapter 6 (section
6.4.2.2).

4.4.5 IMPLICATIONS & FUTURE WORK
The study has provided evidence for the benefit to fitness and cardiovascular
risk of the “30 minutes brisk walking, 5 days a week” message, delivered in the
primary care setting to people over 50 years old. The positive health benefits of
physical activity are of relevance to many people consulting GPs.

Chao et al (Chao, Foy & Farmer 2000) propose setting goals, self-monitoring
and

environmental

management

to

enhance

adherence

to

exercise

programmes. The goals set in this study were 30 minutes of brisk walking for 5
days

a

week.

Pedometers were

used

to

allow

self-monitoring

and

environmental management was achieved by choosing a form of exercise that
was acceptable and performed at the individual’s convenience.

Home-based
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programmes of moderate intensity activity with ongoing professional contact
have been suggested to be more likely to lead to longer term changes in activity
levels (Hillsdon et al. 1995) than programmes delivered in more formal settings.
However, the problem of poor recruitment requires further study.

A second study was designed based on the results of this pilot study. The site
for delivery of the programme was changed to a workplace based programme.
This was to try to overcome some of the difficulties in recruitment by allowing
recruitment from a wider population.

It also involved exercise at two different

weekly frequencies. This was chosen to examine the effect of exercise below
the current recommendation.
walking

on

changes

in

lipid

Also further investigation into the effects of
composition

and

biochemical

markers

of

inflammation was undertaken.
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Table 4.1
CHD risk factors and fitness at baseline in the walking and control groups
(mean±SD)
Walking Group
Centro I Group
(n=21)
(n=40)
SD
Mean
SD
Mean
Variable
55.52
4.64
Age (years)
3.99
57.75
0.07
Height (m)
1.66
0.11
1.64
77.14
12.29
73.27
10.29
Weight (kg)
BMI (kg/m2)
3.98
27.29
3.25
28.09
Waist Measurement (cm)
87.94
8.37
85.67
8.9
0.84
0.07
0.07
Waist-to-Hip ratio
0.85
130
9
14
Systolic BP (mmHg)
126
4
78
77
8
Diastolic BP (mmHg)
27.17
55.67
58.00
32.58
Rl (%)
8.85
4.78
9.63
5.11
SI (m/s)
Distance Walked (meters walked in
587
112
10m SWT)
106
500
6.34
1.46
6.29
0.67
Tc (mmol/L)
1.28
0.97
1.39
0.88
TG (mmol/L)
0.03
0.024
0.11
0.29
Logic TG
1.31
0.53
1.48
0.79
HDL-C (mmol/L)
4.27
0.88
4.45
1.62
LDL-C (mmol/L)
4.4
0.91
1.77
Tc:HDL ratio
4.79
3.78
2.99
2.35
2.5
C-reactive Protein (mg/dl)
0.42
0.19
0.38
0.43
Logic C-reactive Protein
10 Yr Risk Estimate for CHD based on
5.12
8.35
8.39
4.23
Systolic BP (%)
Logic 10 Yr Risk Estimate for CHD
0.24
0.27
0.86
0.86
based on Systolic BP
10 Yr Risk Estimate for CHD based on
4.97
3.52
8.44
8.06
Diastolic BP (%)
Logic 10 Yr Risk Estimate for CHD
0.22
0.88
0.21
0.86
based on Diastolic BP
10 Yr Risk Estimate for Stroke based
0.75
1.42
0.56
1.50
on Systolic BP (%)
Logic 10 Yr Risk Estimate for Stroke
0.12
0.25
0.11
0.20
based on Systolic BP
10 Yr Risk Estimate for Stroke based
0.48
1.55
0.69
1.30
on Diastolic BP (%)
Logic 10 Yr Risk Estimate for Stroke
0.19
0.15
0.15
0.09
based on Diastolic BP
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Table 4.2
Calculation of distance walked in the 10m short walk test
Speed
Time per
No. of
Total no.
Level
shuttles
(mph)
shuttle (Sec)
shuttles
1
1.12
20.00
3
3
4
7
2
1.50
15.00

Accumulated
Distance (m)
30
70

3

1.88

12.00

5

12

120

4

2.26

10.00

6

18

180

5

2.64

8.57

7

25

250

6

3.02

8

33

330

7

3.40

7.50
6.67

9

42

420

8

3.78

6.00

10

52

520

9

4.16

5.46

11

63

630

10

4.54

5.00

12

75

750

11

4.92

4.62

5.30

4.29

88
102

880

12

13
14

1020
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Table 4.5
Unadjusted baseline composition of VLDL and VLDL subtractions in the
walking and control groups.
Walking Group
(n-21)
Variable

Control Group
(n=10)

Mean

SD

Mean

SD

629.09
952.73
2.96
489.47

223.76
271.52
0.14
172.64

790.00
1106.00
3.01
576.05

438.24

2560.25

1062.38

3670.29

1920.56

VLDL-A To (pmol/L)

128.46

52.42

115.71

52.24

VLDL-A TG (pmol/L)
Log10 VLDL-A TG
VLDL-A phospholipid (pmol/L)
VLDL-A Fc ((pmol/L)

191.54
2.23
99.22
564.95

88.68
0.24
40.02
337.75

154.29
2.11

89.23
0.30
48.89
277.18

VLDL-B To (pmol/L)
VLDL-B TG (pmol/L)

172.50
280.71
2.38
133.44

116.19
0.30
52.24

690.29

289.35

VLDL To ((jmol/L)
VLDL TG (|jmol/L)
Log10 VLDL TG
VLDL phospholipid (pmol/L)
VLDL Fc (pmol/L)

Log10 VLDL-B TG
VLDL-B phospholipid (pmol/L)
VLDL-B Fc (pmol/mg)
VLDL-C Tc (pmol/L)
VLDL-C TG (pmol/L)

135.38
149.17

59.87

38.65

75.28
441.00
158.57
306.67
2.46
114.66
742.34
115.00
172.00

528.90
0.19
266.45

77.98
126.60
0.19
66.85
440.38
73.42

2.15
83.20

49.81
0.17
23.24

VLDL-C Fc (pmol/L)

459.30

199.15

318.69

36.15
233.67

VLDL-D Tc (pmol/L)
VLDL-D TG (pmol/L)

123.85
70.77

44.07

123.75
78.75

66.10
33.57

Log10 VLDL-D TG

-12.31
63.79

37.00
33.75

12.50

66.49

Log10 VLDL-C TG
VLDL-C phospholipid (pmol/L)

22.90

2.22
71.84

59.33
0.14

53.98
25.60
VLDL-D phospholipid (pmol/L)
VLDL-D Fc (pmol/L)
375.97
173.04
302.76
155.28
Note: VLDL-A to VLDL-D are in order of decreasing density and increasing size
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Table 4.6
Unadjusted baseline composition of LDL, HDL and HDL subtractions in
the walking and control groups
Walking Group
(n=21)
Variable
LDL To (pmol/L)
LDL TG (pmol/L)
Log10 LDL TG
LDL phospholipid (pmol/L)
LDL Fc (pmol/L)
HDL To (pmol/L)
HDL phospholipid (pmol/L)
HDL Fc (pmol/L)

Control Group
(n=10)

Mean

SD

Mean

SD

3204.38
223.13
2.34

1024.08
44.98
0.09

2941.25
232.50
2.34

1050.75
9464.31

313.40
3071.71

989.42
8659.65

1200.71
1343.19
2795.68

346.73
282.27

1041.43
1339.83
2496.13

1226.46

123.59

24.36

102.50
118.34

57.51
79.15
194.47
4.83

512.01
98.81
0.16
173.07
1925.58
307.97
305.71

HDLapo A, (g/L)

114.72

862.42
13.74

HDL2 To (pmol/L)
HDL2 phospholipid (pmol/L)
HDL2 Fc (pmol/L)*
HDL2 apo At (g/L)

183.08
165.27
850.73
6.84

136.22
108.49
352.25
3.76

437.80
6.70

HDL3 Tc (pmol/L)

236.43

98.11

208.57

84.94

HDL3 phospholipid (pmol/L)
HDL3 Fc (pmol/L)
HDL3 apo A, (g/L)

322.19
695.89
32.43

64.28
382.52
5.84

277.65
674.10
28.72

122.87
249.14

HDL2:HDL3 Tc
Log10 HDL2:HDL3 Tc
HDL2:HDL3 Phospholipid

0.98
-0.20
0.51

1.08
0.43
0.37

0.70
-0.30
0.47

0.73
0.36
0.24

Log10 HDL2:HDL3 Phospholipid
HDL2:HDL3 Fc

-0.38

0.29
2.65

-0.38
0.60

0.21

0.32

-0.25

0.12
0.25

0.25
-0.66

0.19
0.14

Log10 HDL2:HDL3 Fc*
HDL2:HDL3 apo A-,
Log-io HDL2:HDL3 apo At

1.91
0.11
0.24
-0.63

4.60

0.22

0.25
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Table 4.7
Adjusted baseline composition of VLDL and VLDL subtractions in the walking
and control groups, adjusted by protein content.
Walking Group
Control Group
(n=21)
(n=10)
SD
SD
Mean
Mean
Variable
0.41
0.35
1.04
0.80
VLDL Tc (pmol/mg protein)
0.50
1.47
1.24
0.53
VLDL TG (pmol/mg protein)
0.15
0.15
0.06
0.19
Logic VLDL TG
0.24
0.26
0.76
0.63
VLDL phospholipid (pmol/mg protein)
1.79
4.84
3.25
1.63
VLDL Fc (pmol/mg protein)
VLDL-A Tc (pmol/mg protein)
VLDL-A TG (pmol/mg protein)
Logic VLDL-A TG
VLDL-A phospholipid (pmol/mg
protein)
VLDL-A Fc (pmol/mg protein)

1.96
2.98
0.27

1.55
3.15
0.46

1.61
2.03
0.19

1.18
1.47
0.37

1.53
9.68

1.47
10.13

1.07
5.63

0.97
5.01

VLDL-B Tc (pmol/mg protein)
VLDL-B TG (pmol/mg protein)
Logic VLDL-B TG
VLDL-B phospholipid (pmol/mg
protein)
VLDL-B Fc (pmol/mg protein)

2.05
3.51
0.45

1.23
1.81
0.38

2.07
3.69
0.55

1.23
1.25
0.14

1.64
8.98

0.90
6.13

1.53
9.60

0.90
5.33

VLDL-C Tc (pmol/mg protein)
VLDL-C TG (pmol/mg protein)
Logic VLDL-C TG
VLDL-C phospholipid (pmol/mg
protein)
VLDL-C Fc (pmol/mg protein)

2.01
2.13
0.25

1.63
1.36
0.26

1.75
1.98
0.21

1.41
1.21
0.33

1.17
6.52

0.66
5.23

0.97
3.84

0.75
2.57

1.87
0.84
0.23

1.99
1.22
-0.2

2.07
0.98
0.32

2.67
VLDL-D Tc (pmol/mg protein)
1.4
VLDL-D TG (pmol/mg protein)
0.09
Logic VLDL-D TG
VLDL-D phospholipid (pmol/mg
1.69
protein)
10.72
VLDL-D Fc (pmol/mg protein)
Note: VLDL-A to VLDL-D are in order of decreasing

0.77
0.87
2.85
5.92
15.07
5.11
density and increasing size
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Table 4.8
Adjusted baseline composition of LDL, HDL and HDL subtractions in the
walking and control groups, adjusted by protein content
Walking Group
(n=21)

Control Group
(n=10)

Variable

Mean

SD

Mean

SD

LDL To (pmol/mg protein)

4.24

LDL TG (pmol/mg protein)
Log10LDL TG

0.30
-0.54

1.07
0.07
0.1

3.9
0.31
-0.54

0.66
0.14
0.17

LDL phospholipid (pmol/mg protein)
LDL Fc (pmol/mg protein)

1.39
12.25

0.33
3.37

1.31
11.42

0.21

HDL To (pmol/g apo
HDL phospholipid (pmol/g apo Ai)

10.44

2.7

11.74

8.62
11.14

2.88
3.19

HDL Fc (pmol/g apo A,)

24.30

2.16
6.7

20.75

11.15

HDL2Tc (pmol/g apo A,)
HDL2 phospholipid (pmol/g apo A^
HDL2 Fc (pmol/g apo A-,)

7.16
2.12
18.23

18.02

21.30
109.03

5.21
2.60
58.92

7.61

3.03

10.42
24.16

2.05
13.55

7.08
9.54
23.10

HDL3 Tc (pmol/g apo A-i)
HDL3 phospholipid (pmol/g apo Ai)
HDL3 Fc (pmol/g apo Ai)

19.79

18.59
72.5

2.75

2.35
3.87
6.95
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CHAPTER 5
STUDY 2: THE EFFECTS OF DIFFERENT DURATIONS OF BRISK WALKING
ON CARDIOVASCULAR RISK FACTORS AND FITNESS

5.1

INTRODUCTION

This study was developed on the basis of the results of the pilot study described
in

the

previous

cardiovascular

chapter.

health

and

In

that

fitness

study,

were

significant

observed

unsupervised, home-based walking programme.

improvements

following

a

in

12-week

However, due to difficulties

recruiting healthy middle-aged adults from the primary care setting, insufficient
numbers meant that the study was underpowered to detect meaningful changes
in lipids.

Recruiting patients to randomised controlled trials has previously been shown to
be difficult (Margitic et al. 1999). In the pilot study, only approximately half of the
required sample size was recruited. The source of participants was changed in
the current study to a large local workforce. The change of site for recruitment
was made for pragmatic reasons, to allow sampling from a larger ‘captive’
population.

The current study retains the aspects of study design employed in the pilot
study.

It was felt that the first study was too small to generate a new sample

size calculation since the numbers recruited fell short of those estimated to be
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required to show significant changes in HDL.

Therefore, the sample size

calculation for the current study was based on the figures used for the sample
size estimation in the first study presented in this thesis (section 4.2.7).

It is

recognised that a 25% increase in HDL appears larger than expected from
studies other than Hardman et al (1989). The design of the study by Hardman
et al (1989) was however similar to that which the current study proposes to
examine and which included brisk walking for on average 155 minutes per week
for one year.

Other studies have shown lower levels of changes in HDL,

however these have employed considerably smaller sample sizes (Hardman,
Hudson 1994).

Finally, the current study addressed an additional issue, namely the difference in
the response of cardiovascular health and fitness from brisk walking at different
frequencies. To do this, a second exercise group was included. This group was
asked to exercise for three days per week, an amount lower than the current
recommendations (Pate et al. 1995).

Given the shortfall in the numbers of

people taking regular exercise, it would appear logical that it is important to
determine the minimum dose of exercise that sedentary individuals would need
to take to gain a benefit to their health.

Few studies have been published

comparing the benefits of exercise at the recommended levels of activity with
the same mode and intensity of exercise at lower weekly frequency. Keller and
Trevino (Keller, Trevino 2001) compared the effect of walking 3 versus 5 days
per week in a group of Mexican-American women.

The results of their study
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indicate a positive effect of a low-frequency exercise regimen on cardiovascular
risk factors, but there was poor adherence to the protocol.

The current study was a definitive study into the effects of a 12-week
programme of unsupervised home-based brisk walking of different frequencies,
on cardiovascular risk factors and functional capacity. The aim was to compare
the effects of 30 minutes self-paced, non-supervised, brisk walking, on three or
five days per week on the health and fitness of people aged 40 to 65 years.

In this chapter, the changes in traditional risk factors and fitness following brisk
walking programmes of different frequencies are reported. In the next chapter,
the effects the brisk walking programmes of different frequencies on novel
cardiovascular risk factors and the composition of lipoprotein and lipoprotein
subtractions will be reported.

5.2

METHODS

5.2.1

ETHICAL APPROVAL.

Ethical approval for the study was granted on the 23rd January 2003 by the
Queens University, Belfast Research Ethics Committee (Application no: 32/03).

5.2.2 PARTICIPANTS
Participants were recruited from the Northern Ireland Civil Service (NICS). The
NICS Personnel Department sought permission from all departments based on
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the Stormont Estate and in Belfast City Centre to contact their employees. This
involved giving consent for suitable employees to take part in a 12-week walking
programme and be given time out of work to attend the familiarisation and
testing sessions.

In the departments where consent was granted, all individuals over 40 years old
were contacted by e-mail or telephone. The individuals were asked to indicate
their interest to participate in a 12-week walking programme. Figure 5.1 shows
the flow of participants through the trial. Due to a need for confidentiality, it was
not possible to obtain the exact number of individuals invited to participate. An
informal estimation of approximately 3,000 was provided by the NICS.

Of the 168 responses to the initial invitation, 116 individuals were emailed or
phoned to invite them to a familiarisation session, when more details about the
programme would be explained.

The reason why 52 of the individuals who

indicated an interest in the programme were not invited was because insufficient
contact details were provided or because they worked in a department, which
had the lowest response rate.

For pragmatic reasons, individuals from those

departments from which a larger response was received were invited first, to
allow colleagues the opportunity to attend the familiarisation session together.
This was done in an attempt to increase the attendance at the familiarisation
session.
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Figure 5.1
Flow of participants through the trial

Of the 116 individuals invited to a familiarisation session, 113 healthy sedentary
individuals attended and 106 (93.8%) were found to be eligible according to the
criteria outlined in Table 5.1 and entered the study. Seven individuals did not
enter the study because they did not meet these inclusion criteria or did not wish
to participate (four had a BP greater than 140/90 mmHg, two could not commit
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the time required to participate and one did not wish to give a blood sample
because of religious beliefs). Those who entered the study were randomly
allocated to one of three groups, 44 to the three-day a week (3-day) group (21
males, 23 females), 42 to the five-day a week (5-day) group (16 males, 26
females) and 20 to the control group (5 males, 15 females). Tables 5.2 and 5.3
present the baseline characteristics of the participants.

Over the course of the programme, 13 (12.2%) individuals withdrew.
reasons for withdrawal are included in Figure 5.1.

The

Thirty nine (88.6%)

individuals in the 3-day walking group, thirty-six (85.7%) individuals in the 5-day
walking group and eighteen (90%) in the control group completed the
programme.

5.2.3 FAMILIARISATION SESSION
The purpose of this session was to outline the details of the study, to perform a
health screen and to invite individuals to give informed consent.

5.2.3.1

INFORMED CONSENT

Full details of the study were explained in an oral presentation. Following this,
an information sheet (Appendix J) was distributed and time was given to read it.
After a period for questions, individuals were invited to sign a consent form
(Appendix J), indicating their willingness to participate and their understanding of
the study, including the right to withdraw at any time without causing any
displeasure, having to give a reason or incurring any disadvantage.
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5.2.3.2

HEALTH SCREENING

Before entry to the study, all individuals were invited to participate in a health
screen. This involved completing a questionnaire relating to their health status
and lifestyle (Appendix K). A physician took a brief medical history to ascertain
their suitability to participate. Individuals were included if they met the
conditions outlined in Table 5.1. As part of this interview, a pre-participation
questionnaire was completed (Appendix L) and measurements of BP, heart rate,
height and weight were made.

5.2.3.3

BODY MASS INDEX

Height was measured using a portable stadiometer (Seca Leicester, Germany).
Participants were asked to stand without shoes and with their heels together
against the upright. Measurements were made using a horizontal ruler resting
on the subject’s head, ensuring a perpendicular angle between the ruler and the
upright to which it was attached. Height was recorded to the nearest 0.1 cm
from the graduated scale on the upright. Weight was measured to the nearest
0.1 kg with subjects in light clothing using a Seca Weight Scales (Seca 761,
Germany).

The weight and height measures were used to calculate BMI according to the
equation:
Weight (kq)

=kg/m2

Height2 (m2)
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5.2.3.4

BLOOD PRESSURE AND HEART RATE

Resting arterial BP and heart rate were assessed during the familiarisation
session and again at the end of the 12 weeks, by the same investigator.
Measurements were made using a validated automatic sphygmomanometer
(Omron Devices MSI, USA) according to the manufacturer’s instructions. Briefly
this involved individuals resting for three minutes in a seated position. The
collapsed cuff was positioned around the upper arm, ensuring the bladder was
correctly positioned above the antecubital fossa. Subjects were asked to remain
still and the automatic sphygmomanometer started. Once completed, the cuff
was removed and the measurements of BP and resting pulse were recorded. In
the case of an unexpected abnormally high pressure being found, BP
measurement was repeated to validate the reading. The lower of the two
readings was used for the purposes of analysis.

5.2.4 TESTING SESSION 1
Approximately one week later, individuals were invited back to allow further
testing. At this session a fasting blood sample was taken and fitness measured.
Baseline anthropometric and functional capacity measurements were made by
observers blinded to individual’s group allocation.

5.2.4.1

BLOOD SAMPLING

Blood samples were taken following a 10-hour fast and treated using the same
procedure described in chapter 4, section 4.2.4.3.
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5.2.4.2

TEN METRE SHORT WALK TEST (10M SWT)

This was performed using the same method as chapter 4, section 4.2.4.4. In
brief, this involved subjects walking between two cones in response to a series
of sounds of increasing frequency. Fitness was determined by the distance
walked until the individual could not keep up to the set pace.

5.2.4.3

WAIST:HIP CIRCUMFERENCE RATIO

Methods described in chapter 4, section 4.2.4.1.2 were used to measure
waisthip ratio. Measurements of waist and hip circumference were measured
using a fibreglass tape and WHR calculated according to the equation below.
Waist (cm)
Hip (cm)

5.2.4.4

CALCULATION OF CORONARY RISK FACTOR ESTIMATES

Changes in CHD and stroke risk factor scores were estimated by applying the
Framingham risk score equation (Anderson et al. 1991) as in chapter 4, section
4.2.4.6.

5.2.4.5

FOOD FREQUENCY QUESTIONNAIRE

Each participant was asked to complete a brief food frequency questionnaire, a
modified version of the Dine questionnaire (Roe et al. 1994) before and after the
12-week programme, as in chapter 4, section 4.2.4 (Appendix M).
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5.2.4.6

ALLOCATION TO THE WALKING PROGRAMME

Subjects were allocated successive anonymous code numbers on entry into the
study. Prior to the study beginning, the anonymous codes were randomly
allocated on a 2:2:1 basis to one of the exercise groups or the control group,
using computer generated random numbers. At the end of testing session 1, on
completion of all measurements, individuals were informed of their group
allocation and given the appropriate instructions.

5.2.4.7

INSTRUCTIONS FOR THE EXERCISE GROUPS

Instructions given to these groups were similar to those given in chapter 4,
section 4.2.4.8. Individuals allocated to the 3-day group were asked to walk
briskly, three days per week, for 30 minutes per day, over the course of the 12week programme. Similarly, individuals in the 5-day group were asked to walk
briskly five days per week.

Both groups were supplied with a pedometer (Oregon Scientific PE316CA,
England) and instructions on its use (Appendix F). They were asked to record
the total number of steps walked per day of the programme. A training diary
(Appendix N) was supplied to record the number of steps, the duration of
walking to the nearest minute, a measurement of intensity using the Borg Scale
of Dyspnoea (Wilson, Jones 1989) and a section to record any comments or
difficulties. The Borg Scale has been validated as a measure of exercise
intensity in adults (Chen et al. 2002). These diaries were returned every two
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weeks; when a new one was sent out and individuals phoned by a researcher to
allow feedback and attempt to resolve any difficulties experienced.

5.2.4.8

INSTRUCTIONS FOR THE CONTROL GROUP

Members of the control group were asked to maintain their current lifestyle over
the course of the 12 weeks. They were supplied with a training diary and asked
to record any exercise they performed above what they would normally. At the
end of the 12 weeks, as a gesture of goodwill, they were supplied with
pedometers and instructed on their use to allow them begin their own walking
programme if they chose to do so.

5.2.5 TESTING SESSION 2
This session was performed at the end of the 12-week programme. All
measurements were repeated, the food frequency questionnaire completed
again, a fasting blood sample taken and feedback of individual results provided
confidentially.

5.2.6

BLOOD ANALYSIS

Blood samples were analysed for Tc, TG and HDL-C content using enzymatic
methods (Boehringer Mannheim Ltd., U.K) as described in chapter 4, section
4.2.6.1. This data was used to calculate Tc:HDL ratio. Individuals’ baseline and
12-week samples were analysed at the same time. LDL-C was calculated by
applying the Friedewald Equation (Friedewald, Levy & Fredrickson 1972).
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Analyses of the composition of HDL, LDL and VLDL as well as the HDL
subtractions, HDL2 and HDL3i and four VLDL subtractions was also performed.
This is described in chapter 6, which also includes the findings and a discussion
of the effects of the current study of lipoprotein composition.

5.2.7 STATISTICAL ANALYSIS
Data were analysed using SPSS v11.5. The statistics presented in this chapter
are given as mean ±SD. Due to the problems of recruitment, the sample size of
the first study was too small to perform a separate sample size calculation.
Therefore, the sample size calculation of the current study was the same as that
reported in chapter 4, section 4.2.7. It estimated that 40 subjects were required
in each of the exercise groups and 20 in the control group, allowing detection of
a 25% increase in HDL with 80% power and an alpha level of 0.05.

Differences between groups at baseline were compared for each variable using
an independent t-test. Change within each group was analysed using a paired ttest on baseline and 12-week results. The extent of change within each group
was compared with the other groups by analysing the difference between
baseline and 12-week results using an independent t-test.

A more complicated analysis of covariance test (ANCOVA) was then employed
to allow a comparison of the results, based on each individual’s baseline
measurement (used as the covariate). The benefit of using this kind of test is
that it reduces the probability of a type 1 statistical error that can occur when
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using multiple t-tests (Pallant 2001). Changes in the responses to the foodfrequency questionnaire were assessed using a Wilcoxon sign-rank test.

Framingham risk scores and TG data were not normally distributed and were
transformed using natural logarithms before statistical analysis.

5.3

RESULTS

At baseline, there were significant differences between the 3-day and 5-day
groups in waist circumference, WHR, TG and the 10-year risk for CHD based on
systolic and diastolic BP. The observed difference in the Framingham risk score
between the two groups may have been because the 3-day group had a higher
baseline level of HDL, though the difference in FIDL at baseline was not
statistically different.

Differences were also found between the 3-day group and the control group in
weight, distance walked and TG (Table 5.2). No changes in diet were observed
within any of the groups after analysis of the food frequency diaries.

Comparing the results at baseline with those at the end of the 12 weeks using a
paired t-test (Table 5.4 & 5.5) revealed a significant decrease in weight (figure
5.2), BMI (figure 5.3), waist (figure 5.4), hip (figure 5.5), systolic BP (figure 5.6),
10 year risk estimate of CHD based on systolic BP (figure 5.8) and a significant
increase in fitness (figure 5.9) (measured by the distance walked in the 10m
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SWT) and TG in the 3-day group. In the 5-day group, a significant reduction in
waist (figure 5.4), hip (figure 5.5), systolic (figure 5.6), and diastolic BP (figure
5.7) and the 10-year risk estimate of stroke based on both systolic (figure 5.10)
and diastolic BP (figure 5.11). There was also a significant increase in fitness
observed (figure 5.9).

The possibility of analysing the results by intention to treat was discussed with a
medical statistician and was not felt to be indicated. A preliminary analysis by
intention to treat was performed. For those who did not complete the study, the
baseline values were used for the post intervention value and these analyses
did not alter any of the findings.
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Figure 5.2 Change in weight in the 3-day, 5-day and
control groups
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Figure 5.3 Change in BMI in the 3-day, 5-day and control
groups
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Figure 5.4 Change in waist measurement in the 3-day,
5-day and control groups
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Figure 5.5 Change in hip measurement in the 3-day,
5-day and control groups
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Figure 5.6 Change in systolic BP in the 3-day,
5-day and control groups
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Figure 5.7 Change in diastolic BP in the 3-day,
5-day and control groups
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Figure 5.8 Change in 10 yr risk of CHD based on systolic
BP in the 3-day, 5-day and control groups
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Figure 5.9 Change in distance walked in the 3-day,
5-day and control groups
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Figure 5.10 Change in 10 yr risk stroke based in systolic
BP in the 3-day, 5-day and control groups
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Figure 5.11 Change in 10 yr risk stroke based in diastolic
BP in the 3-day, 5-day and control groups
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Comparing the change within the groups using ANCOVA test revealed a
significant increase in fitness in the 3-day group compared to the control group
(p = 0.03). The exact number of individuals originally invited to participate in the
study was not obtainable so the exact recruitment rate cannot be calculated.
Using the informal estimation of 3,000 provided by the NICS, the recruitment
rate to the study was approximately 5.6%.

This corresponds closely to the

recruitment rate in the first study (5.9%).

The mean daily time spent walking and compliance to the protocol by
participants in the walking groups is presented in Table 5.6. Adherence was
calculated by expressing the number of minutes walked as a percentage of the
number of minutes prescribed by the protocol. The combined adherence of the
2 groups is similar to that of the first study (98.26%).

From the training diary, only 8 participants in the 3-day group reported
accumulating their daily walking time in multiple bouts. Overall, only 38 days of
the prescribed 1404 (2.7%) were completed in multiple bouts. Similarly for the
5-day group, only 9 individuals chose to accumulate their daily walking in
multiple bouts. The 5-day group performed 137 days of the prescribed 2340
(5.86%) in multiple bouts.

Thirty nine (88.6%) individuals in the 3-day walking group, thirty-six (85.7%)
individuals in the 5-day walking group and eighteen (90%) in the control group
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completed the programme. Over the course of the programme, 13 (12.2%)
individuals withdrew which is similar to the first study (16.1%).

The precision of all biochemical tests was evaluated using internal quality
control sera. The intraday and interday coefficients of variation for the analysis
of blood samples are presented in Table 5.7. The analyses of Tc and TG
content in blood samples were performed on the same day.

5.4

DISCUSSION

5.4.1

SUMMARY OF MAJOR FINDINGS

The findings of this study indicate a 12-week programme of unsupervised brisk
walking below the current minimum recommendation confers benefit to both
health and fitness.

This is shown by the significant improvement in body

composition, 10-year risk for CHD, TG and fitness in the 3-day group. Additional
benefits in terms of diastolic BP and 10-year risk of stroke were observed in the
5-day group.

Comparing these findings to those of the first study reveals a similar
improvement in BP and fitness for the groups following a 5-day walking
programme. The estimated recruitment rate, compliance and dropout rate were
also similar to the first study.
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5.4.2 STRENGTHS
The strengths of the study design are outlined in chapter 4, section 4.3.2. The
failure of the first study to achieve adequate power due to recruitment of
insufficient numbers was addressed in this study.

There was a clear advantage to recruiting participants from a large local
employer as opposed to primary care setting used in the pilot study. Recruiting
from the NIGS allowed access to a larger number of individuals who could be
invited to participate. Using data from the first study presented in this thesis, in
order to invite the same number of individuals to participate, the practice lists of
over 17 practices of similar size would have to be used.

As in the pilot study, adherence to both walking programmes was high. This
suggests that a home-based, pedometer driven programme of walking is an
acceptable form of exercise to middle-aged sedentary adults aiming to increase
their physical activity.

Comparing the results from the two walking groups suggests that there is a
significant benefit from exercising below the current minimum recommendation.
Since a large proportion of individuals cite a lack of time as a barrier to regular
exercise, this should help alleviate the problem of finding time to exercise
(MacAuley et al. 1994).
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5.4.3 WEAKNESSES
As in the first study, the recruitment rate was poor. Sufficient numbers were
obtained, however, by recruiting from a larger source. This would suggest the
difficulties faced in recruiting individuals to an exercise programme are not
unique to general practice, but perhaps reflect a wider difficulty in encouraging
sedentary adults to take more exercise.

5.4.4 COMPARISON WITH PREVIOUS WORK
5.4.4.1

FITNESS

Previous discussion has related to studies of walking programmes, which
included sessions on most days of the week. This current study compares the
findings of a three days per week programme with a five days per week
programme.

Recently, Cox et al (Cox et al. 2003) compared the effects of

centre-based versus home-based exercise and failed to show an improvement
in fitness. Their 18-month study of 126 women aged 40 to 65 years, involved a
leisure-centre based group who participated in 3 weekly sessions of supervised
high-intensity exercise for the first six months.

For the rest of the study they

completed the exercise at home. The home-based group, after an initial period
of exercise instruction, performed all their exercise sessions at home.

Home-

based, moderate-intensity exercise included one video based aerobics session
per week and four walking sessions per week. They demonstrated only small,
non-significant increases in fitness within each group.

On further analysis of

their data, Cox et al demonstrated that changes in fitness were related to overall
adherence to the study protocol and not to the intensity at which the exercise
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was performed.

This suggests that unsupervised moderate-intensity exercise

may be enough to improve fitness if the correct volume is taken.

In the current study, a slightly larger increase in fitness in the 3-day group
compared to the 5-day group was found.

Though this difference was not

statistically significant, there was not the dose-response that would be expected.
This could be accounted for in a couple of ways.
protocol was higher in the 3-day groups.

Adherence to the walking

Individuals in the 3-day group

performed an average of 29.48 (±10.51) minutes of walking over the 12 weeks
compared to 26.92 (±10.77) minutes in the 5-day group. The 3-day group may
also have walked at a faster pace during their walking sessions. Walking was at
a self-selected pace and no method was employed to assess speed of walking.

5.4.4.2

BLOOD PRESSURE

When the results of the two walking groups in the current study are compared, it
would appear that there is a greater benefit in terms of BP from walking for 30
minutes, five times a week than three times per week. Another study that has
included walking for 30 minutes, three times per week has failed to show an
effect on diastolic BP in keeping with the findings of the studies presented in this
thesis (Coleman et al. 1999).
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5.4.4.3

ANTHROPOMETRY

The relationship of these measures has been discussed previously in this thesis
(chapter 4, section 4.4.4.3).

In this second study, a significant reduction in

weight, BMI, waist and hip circumference resulted from brisk walking, three days
per week for 12 weeks. In the 5-day group, waist and hip circumferences were
reduced but no change in weight or BMI was observed.

Other studies examining the effects of brisk walking, three days per week have
shown improvements in weight.

Keller and Trevino (Keller, Trevino 2001)

compared a programme of 30 minutes of unsupervised walking for three days
per week versus five days per week involving postmenopausal MexicanAmerican women. A significant fall in body weight (2.3 kg) and BMI (0.29 kg/m2)
was seen after 24 weeks in the 3-day group but not in the 5-day group or the
control group.

They found that the adherence to the protocol was greater,

especially in the second half of the study, in the 3-day group. Over the last 12weeks, the frequency of walking in the 5-day group fell away. They proposed
that the frequency of walking was the probable reason they experienced
changes in body composition.

Adherence in the 3-day group in the current

study was also higher than the 5-day group, which may explain the greater
changes in the 3-day group in the second study.

Another study by Irwin et al (Irwin et al. 2003) showed a significant reduction in
body weight resulting from 3-days per week of centre and home-based
moderate intensity exercise in 173 overweight sedentary women aged 50 to 75
153

CHAPTER 5 -THE EFFECTS OF DIFFERENT DURATIONS OF WALKING ON
CARDIOVASCULAR RISK AND FITNESS

years.

The exercise in this study involved both walking and other forms of

exercise, though walking was reported as the most popular.

Not all studies of walking three days per week have shown changes in body
composition. Studies of brisk walking in postmenopausal women (Ready et al.
1996) 3 days per week and middle-aged sedentary men (Stensel et al. 1994)
and women (Hardman, Hudson 1994) walking at least 3 days per week have
failed to show improvements in body weight. The reasons given by the authors
were that the energy expenditure may not have been high enough; subtle
changes in diet or other activities may have been undetected and led to no shift
in the energy balance.

5.4.4.4

FRAMINGHAM RISK SCORE

There was a significant reduction in the 10-year risk of CHD based on systolic
BP in the 3-day group and a reduction in the 10-year risk of stroke based on
systolic and diastolic BP in the 5-day group after a 12-week walking programme
in the current study. In the control group, a significant reduction in the 10-year
risk of stroke based on systolic BP was also observed.

In a cross-sectional study of healthy middle-aged women, physical fitness, but
not moderate-intensity physical activity, was inversely associated with 10-year
risk of CHD calculated using Framingham risk scores (LaMonte et al. 2001). No
comparison was made between the risk scores of women who performed
regular vigorous versus moderate intensity exercise. It is therefore not possible
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to determine if there would have been any added benefit in these women
partaking in more vigorous exercise.

In adults, physical fitness is related to

genetic and cultural factors as well as volume of activity (Frederiksen,
Christensen 2003), therefore these factors may have led to this discrepancy.
Also, physical fitness was tested using a well-validated method but levels of
physical activity were measured using a 24-hour recall of activity. This form of
assessment does not take into account day to day differences in activity, which
may lead to errors in the self-reporting of activity taken.

Few intervention studies have examined the effects of exercise on Framingham
risk scores.

Studies of the effects of a one year exercise based cardiac

rehabilitation programme in 302 adults (Lear et al. 2003) and a one year
exercise intervention in 96 renal transplant patients (Painter et al. 2003) have
failed to demonstrate improvements in the 10-year risk of CHD calculated using
the Framingham risk equations.

A study by Elley et al (Elley et al. 2003) examined the effects of a 12-month
‘green prescription’ programme based in primary care, New Zealand.

The

‘green prescription’ involved health care professionals attempting to increase
patients’ physical activity by discussing with them appropriate goals through
motivational interviewing. These goals usually involved home-based exercise or
walking.

The 451 sedentary patients aged 40 to 79 years allocated to the

intervention group were followed up by an exercise specialist via three phone
calls in the subsequent three months. At the end of the 12 months, there was a
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significant increase in the weekly physical activity in the intervention group but
not in the control group who received their usual care.

Increases in weekly

physical activity were not mirrored by reductions in the four-year risk of CHD
using a modified Framingham risk score.

Two studies have shown improvements in Framingham risk scores following diet
and exercise interventions. Sartorio et al (Sartorio et al. 2001) demonstrated a
16% reduction (from 7.8 to 6.2) in CHD Framingham risk score following a 3week hospital-based supervised diet and exercise programme in 268 obese
adults aged 18-91 years.

Hellenius et al (Hellenius et al. 1993) demonstrated a similar reduction in
Framingham risk score 157 healthy middle aged men, aged 35 to 60 years,
following a six-month programme involving either diet alone, exercise alone or
combined diet and exercise programme.

The exercise and diet and exercise

groups were advised to partake in two or three sessions of moderate-intensity
aerobic activity like walking or jogging for 30 to 45 minutes per session.
Participants were also given the option of attending a supervised exercise
session on two to three occasions per week.

The reductions in risk scores in the studies of Sartorio et al (Sartorio et al. 2001)
and

Hellenius et al (Hellenius et al. 1993) are similar to those found in the

current study of a 12-week unsupervised home-based programme of brisk
walking. Previously, no randomised controlled trials have been performed to
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examine the effects of regular brisk walking on Framingham risk score. In the
control group, the unexpected reduction in systolic BP 10-year risk of CHD in the
first study and the 10-year risk of stroke in the second study seen may be a
chance finding due to the relatively small size of the groups.

The biological

variation in the individual risk factors may have an effect on the calculated risk
estimate, therefore confounding the results. To account for the daily variation in
risk factors, future studies may perform risk score calculations on a number of
occasions (Reynolds, Twomey & Wierzbicki 2002).

Using the Framingham risk score equations allowed an interpretation of the
combined effect of changes in a number of CHD risk factors.

When the,

sometimes modest, changes in the individual risk factors are combined, a clear
benefit in the reduction of future risk of CHD is observed following a 12-week
brisk walking programme. It must be noted that the changes in the Framingham
risk score will only be real if the increased exercise is maintained long term.
Assessment of the long term adherence to the walking programme was not
possible in the studies presented in this thesis.

5.4.4.5

LIPIDS

Sub-optimal levels of lipids, particularly raised levels of LDL, increase the risk of
morbidity and mortality from CHD (Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults. 2001). The World Health Report
2002 highlighted the importance of raised blood cholesterol as a risk factor for
CHD. The World Health Organisation estimated that around 8% of all disease
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burden in developed countries is caused by raised blood cholesterol (World
Health Organization 2002). The National Service Framework for coronary heart
disease recommends a cholesterol target of less than 5.0 mmol/L for both the
primary and secondary prevention of CHD (Department of Health 2000). The
mean blood cholesterol level for men aged 16 and above in England is 5.5
mmol/l and for women is 5.6 mmol/L (Petersen, Peto & Rayner 2004),
highlighting the importance of interventions to reduce cholesterol in the general
population.

Regular walking has been proposed as a low-risk, low-cost intervention to
reduce the risk of CHD (US Department of Health and Human Services 1996).
Evidence of the benefits of moderate-intensity exercise, like brisk walking, can
be obtained from the results of observational, cross-sectional or intervention
studies.

5.4.4.5.1

TOTAL CHOLESTEROL

There is little evidence of an independent effect of exercise on Tc (Haskell
1986). The failure of exercise to improve Tc concentration may be masked by
changes in the individual lipoproteins. It would appear logical, for instance, that
an increase in the cholesterol content of HDL may be matched by a decrease in
the cholesterol content in LDL, leading to no overall change in Tc.

Observational studies have demonstrated little or no difference in the mean
plasma concentration of Tc in endurance athletes when compared to their less
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active counterparts. This has been shown in a group of 41 middle-aged male
runners (Wood et al. 1976), in a group of 84 male and female long distance
runners (Wood et al. 1977) and in a group of professional cyclists (Mena,
Maynar & Campillo 1991) when their fasting Tc was compared to that of
sedentary controls.

In a meta-analysis of the response of blood lipids to exercise training with or
without dietary intervention, Leon et al concluded that there is an average 1%
reduction in Tc in exercise only interventions which often does not reach
statistical significance (Leon, Sanchez 2001).
HERITAGE family study (Leon et al. 2000).

An example of this is in the
In this study 299 men and 376

women, aged 17 to 65 years, took part in a 20-week programme of structured,
gym-based exercise or increased their lifestyle physical activity.

No significant

change was observed in Tc in either exercise group. Kelley et al performed a
meta-analysis on the results of all available trials of walking (Kelley, Kelley &
Tran 2004). Similarly to Leon et al, they found that regular walking has no effect
on Tc levels.

Trials examining the acute effects of single bouts of walking have led to
reductions in Tc. Brisk walking for 45 minutes led to a significant decrease in Tc
immediately after exercise in premenopausal women (Pronk et al. 1995). After
24 hours the levels of Tc and LDL had returned to normal. Similarly, in a study
of 12 men and women (mean age 28 years), Tsetsonis and Hardman
(Tsetsonis, Hardman 1995) demonstrated that after 90 minutes of brisk walking
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on a treadmill, To was reduced.

This evidence suggests that single bouts of

walking have a transient, but significant effect on Tc.

The results of studies of the long-term effects of walking programmes on Tc
have not been consistent. Some studies have reported a decrease in Tc after
12 and 15 weeks of brisk walking (Kukkonen-Harjula et al. 1998, Walker et al.
1999). These studies involved walking between 50 and 60 minutes, four to five
times per week in middle-aged healthy men and postmenopausal women with or
without type 2 diabetes. The magnitude of effect is usually no more than a 5%
to 7% reduction in these studies (Haskell 1986).

Most of the larger and better-designed studies, however, have produced no
significant effect on Tc. These include studies of younger subjects than those of
the studies in this thesis (Duncan, Gordon & Scott 1991, Hinkleman, Nieman
1993, Suter, Marti & Gutzwiller 1994, Santiago, Leon & Serfass 1995, Leon,
Casal & Jacobs 1996) and subjects of similar age to those in the studies
presented in this thesis (Hardman et al. 1989, Stensel et al. 1993, Hardman,
Hudson 1994, Ready et al. 1995, Ready 1996, Ready et al. 1996, Woolf-May et
al. 1998, Kraus et al. 2002, Paillard et al. 2002). These studies range in length
from 12 weeks to one year. They involved brisk walking from between 150 to
270 minutes per week.
sessions.

Most of the studies involved supervised exercise

The studies of unsupervised walking were those of Stensel et al

(Stensel et al. 1993), Hardman and Hudson (Hardman, Hudson 1994), Ready et
al (Ready et al. 1995) and Paillard et al (Paillard et al. 2002).

The length of
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these programmes ranged from 12 weeks to one year and involved men and
women aged between 42 and 69 years.

In keeping with these findings, neither of the studies presented in this thesis
showed any changes in Tc. The lack of effect in other studies of brisk walking
has been attributed to the exercise being of insufficient intensity.

When the

results of the two studies were combined, a non-significant decrease in Tc of
2.6% was seen in the walking group, which is in keeping with the results of the
studies that have been discussed previously.

5.4.4.5.2

TRIGLYCERIDES

Endurance athletes like long-distance runners (Wood et al. 1977), professional
cyclists (Mena, Maynar & Campillo 1991), cross-country skiers (Lehtonen,
Viikari 1978) and male and female tennis players (Vodak et al. 1980) have all
been shown to

have

more favourable TG

levels than their sedentary

counterparts. Moderately active individuals also have lower TG levels than
sedentary individuals, as shown, for instance, by Kronenberg et al in the NHLBI
Family Heart Study (Kronenberg et al. 2000).

In this study, the associations

between time spent watching television (as a measure of physical inactivity) and
of time spent in leisure time physical activity with fasting levels of TG, were
examined.

The investigators reported that leisure time physical activity was

negatively associated and time spent watching television was positively
associated with TG level. The benefits of being moderately active on TG level
have also been demonstrated in elderly women (Nieman et al. 1993).

In a
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comparison of walking volume and CHD risk factors, Adamopolous et al
(Adamopoulos et al. 1993) demonstrated that increasing levels of weekly
distance walked were associated with reductions in TG level in 1205 Greek men
and women.

In a review of the effects of exercise on lipids and lipoproteins, Haskell et al
state

that

“endurance

exercise

training

usually

decreases

plasma

TG

concentrations when pretraining values are elevated above 1.35 - 1.69 mmol/L,
but when pretraining values are relatively low, no further lowering is achieved”
(Haskell 1986).

The TG lowering effect of exercise has both acute and chronic components.
Following a short bout of moderate-intensity activity, TG are temporarily
decreased by between 16% and 70% following single sessions of intense
exercise (Enger, Stromme & Refsum 1980, Berg et al. 1983, Lamon-Fava et al.
1989) in endurance trained adults.

However, the chronic response of TG to long-term exercise training is not as
consistent. Levels of TG have been improved after a six month intervention of
high and moderate intensity exercise in a group of 111 overweight men and
women with dyslipidemia (Kraus et al. 2002). In a meta-analysis of the effects of
exercise on lipids, Leon and Sanchez (Leon, Sanchez 2001) conclude that
exercise training without simultaneous dietary changes results in a small (3.7%)
but statistically significant reduction in TG, which are related to changes in body
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weight. They also comment that in general, there was a greater reduction in TG
in men than women, possibly due to higher baseline levels.

No changes in TG after 12-weeks walking five days per week in either of the two
studies of this thesis were shown. However, an unexpected significant increase
in TG in the 3-day group in the second study was observed. To the Author’s
knowledge, an increase in TG following an exercise training programme has not
been observed elsewhere. When the data from the two studies were combined
(chapter 7), a non-significant reduction in TG of 3.4% was seen in the
participants who completed

12-weeks walking.

This suggests that the

statistically significant increase in TG was not a true finding but possibly a type 1
statistical error.

The risks of this are greater for parameters with substantial

biological variability, such as TG. Another possible explanation for the increase
in TG in the 3-day group is that they may have increased their dietary intake of
carbohydrate, which could explain the increase in plasma TG (West et al. 1990).
The dietary assessment used in the studies presented in this thesis, the Dine
questionnaire, does not measure carbohydrate intake specifically, therefore it is
impossible to assess if an increase in carbohydrate

intake may have

confounded the results.

Most studies of moderate-intensity exercise, like brisk walking, have shown no
change in TG (Duncan, Gordon & Scott 1991, Hinkleman, Nieman 1993,
Kingwell, Jennings 1993, Woolf-May et al. 1998, Murphy et al. 2002).

These

studies have involved supervised walking sessions for 30 to 60 minutes, five
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times per week for between 4 and 24 weeks.

Programmes of unsupervised

walking in younger participants (Hardman, Hudson 1994, Ready et al. 1995) and
in participants of similar age (Paillard et al. 2002) to the studies in this thesis
have also failed to show a response in TG. This is likely to be because the dose
of exercise is not enough to evoke changes in individuals with good baseline
levels.

Only two walking studies have shown a decrease in TG.

Kukkonon et al

(Kukkonen-Harjula et al. 1998) demonstrated a decrease in TG after a 15-week
study of middle-aged sedentary adults walking for 40 minutes per day, five days
per week. Adherence in this study was very high which may explain why they
observed change that the others did not.

Leon et al (Leon, Casal & Jacobs

1996) demonstrated a decrease in TG following a 12-week programme of
walking combined with stairclimbing for 45 minutes, 5 days per week in
sedentary adults aged 22 to 44 years.

The addition of stairclimbing, a more

intense form of exercise than walking, may have contributed to the change in TG
that has not been observed in the previously mentioned studies.

In a meta-analysis of the effects of walking on lipids, Kelley et al (Kelley, Kelley
& Tran 2004) combined the results of 25 randomised controlled trials.
found no significant effect of walking on TG.

They

The mean TG level of study

participants was said to be within the recommended range at baseline, thus
room for improvement was limited and may explain why no improvement was
seen. This is in keeping with the findings in this thesis, of no change in the 5-
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day groups in either study. The unexpected increase in TG in the 3-day group in
the second study requires further examination.

5.4.4.5.3

HDL-CHOLESTEROL AND LDL-CHOLESTEROL

No significant changes in levels of HDL-C of LDL-C were observed in any of the
groups over the course of the 12-week programme. Further discussion of the
effects of brisk walking on HDL-C and LDL-C will be made in chapter 7 (section
7.4.2.4)

5.4.4 IMPLICATIONS & FUTURE WORK
This study provides strong evidence of the benefits of unsupervised home based
walking programmes at or below the current minimum exercise
recommendation. The next chapter will focus specifically on the biochemical
changes observed in this study and will report the effects of brisk walking on
lipoprotein composition and novel risk factors for CHD.
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Table 5.1
Inclusion Criteria to determine suitability for entry to Study 2
•

Over 40 years of age

•

Sedentary (had not performed more than one session of moderate
intensity exercise per week over the last 6 months)

•

Normotensive (BP less than 140/90 mmHg)

•

No previous history of:
- Diabetes Mellitus
- Musulo-skeletal disease
- Circulatory system diseases
- Chronic Obstructive Pulmonary Disease

•

If on Hormone Replacement Therapy (HRT), it must have been
stabilised for the 3-month period prior to the start of the study.
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Table 5.2
CHD risk factors and fitness at baseline in the 3-day, 5-day and control groups
(mean±SD)
3-Day Group
(n=39)
Variable

Baseline

SD

5-Day Group
(n=36)
Baseline

Control Group
(n=18)

SD

Baseline

SD

48.18

5.97

46.20

4.87

48.56

6.08

1.71

0.11

1.69

0.10

1.65

0.10

Weight (kg)*

81.16

18.07

73.53

15.17

71.44

13.43

BMI (kg/m2)

27.80

4.92

25.77

4.09

26.54

6.04

Waist (cm^

97

16

89

12

89

12

108

11

104

9

105

10

0.07

0.85

0.08

Age (Years)
Height (M)

Hip (cm)
WHR1

0.90

0.10

0.85

Systolic BP (mmHg)

134

15

132

15

129

13

Diastolic BP (mmHg)

87

11

86

11

83

9

70.62

11.62

71.97

9.71

75.78

9.99

651

140

620

114

570

137

Heart Rate (beats/min)
Distance Walked (meters
walked in 10m SWT)*
Tc (mmol/L)

5.55

1.03

5.60

0.84

6.02

1.11

TG (mmol/L)

1.17

0.46

1.49

0.45

1.59

0.66

Log10 TG*1

0.04

0.17

0.15

0.15

0.16

0.19

HDL-C (mmol/L)

1.30

0.83

0.97

0.49

1.03

0.67

LDL-C (mmol/L)

3.80

0.84

3.68

0.94

3.97

1.30

Tc:HDL ratio

6.51

5.74

7.15

17.99

4.35

2.75

‘Comparison of measures between groups at baseline using an independent t-test showed
the 3-day group was significantly different from the control group (p<0.05)
'''Comparison of measures between groups at baseline using an independent t-test showed
the 3-day group was significantly different from the 5-day group (p<0.05)_______________
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Table 5.3
Framingham risk score at baseline in the 3-day, 5-day and control groups
(mean±SD)
3-Day Group
(n=39)
Variable
10 Yr Risk Estimate for CHD
based on Systolic BP (%)
Log-io 10 Yr Risk Estimate for
CHD based on Systolic BP1
10 Yr Risk Estimate for CHD
based on Diastolic BP(%)
Log-io 10 Yr Risk Estimate for
CHD based on Diastolic BPf
10 Yr Risk Estimate for Stroke
based on Systolic BP (%)
Log-io 10 Yr Risk Estimate for
Stroke based on Systolic BP
10 Yr Risk Estimate for Stroke
based on Diastolic BP (%)
Log1010 Yr Risk Estimate for
Stroke based on Diastolic BP

Baseline

SD

5-Day Group
(n=36)
Baseline

SD

Control Group
(n=18)
Baseline

SD

6.14

8.70

8.90

6.46

4.79

4.28

0.55

0.42

0.79

0.43

0.50

0.42

6.25

8.48

8.76

6.60

5.06

4.44

0.57

0.40

0.78

0.42

0.53

0.41

1.04

0.93

1.28

0.92

0.91

0.60

-0.13

0.36

-0.01

0.34

-0.12

0.27

1.01

0.91

1.15

0.83

0.86

0.58

-0.13

0.34

-0.04

0.30

-0.14

0.26

‘Comparison of measures between groups at baseline using an independent t-test showed
the 3-day group was significantly different from the control group (p<0.05)
Comparison of measures between groups at baseline using an independent t-test showed
the 3-day group was significantly different from the 5-day group (p<0.05)_______________
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Table 5.6

Compliance to the protocol in the 3-day and 5-day walking groups

Average daily walking time
(min)
Adherence to the Protocol (%)

3-Day
Group

5-Day
Group

Combination of
both groups

29.48
(±10.51)

26.92
(±10.77)

27.96
(±10.74)

98.26

89.72

93.20

Table 5.7

Coefficients of variation for analysis of lipid content of blood samples

Intraday

Interday

Tc (%)

TG (%)

HDL (%)

CRP (%)

1.49

1.59

1.24

2.03

0.27

1.35

2.23

0.34
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CHAPTER 6
STUDY 2: THE EFFECTS OF DIFFERENT DURATIONS OF BRISK WALKING
ON NOVEL CARDIOVASCULAR RISK FACTORS AND THE COMPOSITION
OF LIPID SUBFRACTIONS

6.1 INTRODUCTION
As discussed in chapter 2, regular physical activity has been associated with a
significant reduction in the risk of future cardiovascular events (Morris et al.
1980, Lee, Hsieh & Paffenbarger 1995, Yu et al. 2003). The mechanism of this
reduction has been proposed to be an improvement in traditional risk factors like
BMI, BP and lipids (US Department of Health and Human Services 1996).
However, as new risk factors are identified, study of the effects of exercise on
these variables requires examination.

This will allow a more complete

understanding of the interaction between regular physical activity and CHD
progression.

As well as the effects of unsupervised brisk waling on the traditional risk factors
for CHD, its effect of novel risk factors was also examined in the second study of
this thesis. These included the effects of CAMs, CRP and the composition of
lipoprotein and lipoprotein subtractions.
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As has been already discussed in chapter 2, atherosclerosis can be regarded as
an inflammatory disease.

Raised inflammatory markers are an indication of

damage to the vascular wall during atherogenesis (Ross 1999).

Increased levels of CRP, a protein released during the inflammatory process,
have been associated with the future risk of developing CHD in healthy
individuals (Danesh et al. 2000, Mendall et al. 2000, Danesh et al. 2004) and
increases with age (Hutchinson et al. 2000).

Cross-sectional studies have demonstrated that regular physical activity is
associated with lower levels of CRP, when active individuals are compared with
their sedentary counterparts (Ford 2002, Pitsavos et al. 2003, Albert, Glynn &
Ridker 2004). There is a lack of randomised controlled trials of the effects of
exercise on CRP.

Of the studies that have been reported, a six-month exercise

programme has been shown to lead to a reduction in CRP (Duncan et al. 2004),
but a one-year programme led to no change (Rawson et al. 2003).

During inflammation, CAMs are expressed by diseased endothelium are
involved in the recruitment of monocytes into the vascular wall during
atherogenesis (Blake, Ridker 2002).

Increased levels of ICAM (Chae et al.

2001) and VCAM (de Lemos, Hennekens & Ridker 2000), are predictive of
future coronary events.

Regular physical activity has been associated with

decreased levels of circulating CAMs in cross-sectional studies (Rothenbacher
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et al. 2003), but there is a lack of evidence from intervention studies of the
effects of exercise programmes.

The composition of lipoproteins and their subtractions are also predictive of the
future risk of CHD (Colhoun et al. 2002). The positive effect of exercise on the
lipid profile has been demonstrated in many studies and is discussed in chapter
2.

Exercise has been demonstrated to lead to a reduction in the size of VLDL
particles and an increase in the size of HDL particles, mediated by an increase
in the HDL2 subtraction (Kraus et al. 2002).

Examining the effects of exercise

on the composition of lipoproteins and lipoprotein subtractions, allows the study
of subtle changes within these particles that may not be identified in the
traditional lipid profile. This may account for the reason why some studies have
failed to show a benefit of exercise on lipids, notably HDL. There is however, a
lack of studies examining the effects of unsupervised moderate intensity
exercise on the composition of lipoproteins.

This chapter describes the effects of an unsupervised home-based programme
of brisk walking on inflammatory markers of CHD and the composition of
lipoproteins and their subtractions. This is the second part of a 12-week study
comparing the effects of brisk walking of different frequencies on the
cardiovascular health and fitness of sedentary middle-aged adults.
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6.2

METHODS

The full design has been described in chapter 5.

This section contains a

description of the biochemistry analysis performed.

6.2.1

BLOOD LIPIDS

HDL, LDL and VLDL were isolated form plasma and their composition analysed,
as well as HDL and VLDL subfractions.

6.2.1.1

HDL ISOLATION

HDL, HDL2 and HDL3 were isolated by rapid ultracentrifugation according to the
method described in chapter 4, section 4.2.6.3.

The Tc (Randox, UK, cat no ch 200), Fc (Wako Chemical, USA, cat no 27947106) and phospholipid (Wako Chemical, USA, cat no 999-54006) content of
HDL and its subtractions (HDL2 and HDL3) were analysed using enzymatic
colorimetric methods with an automated centrifugal analyser (Cobas Bio
analyser, Roche Diagnostic Systems, U.K.).

6.2.1.2

LDL ISOLATION

LDL was isolated from heparinised plasma by floatation non-equilibrium
ultracentrifugation using previously validated methods (McDowell, McEneny &
Trimble 1995) as described in chapter 4, section 4.2.6.2.
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The Tc (Randox, UK, cat no ch 200), Fc (Wako Chemical, USA, cat no 27947106) and phospholipid (Wako Chemical, USA, cat no 999-54006) composition
of LDL were analysed using enzymatic colorimetric methods with an automated
centrifugal analyser (Cobas Bio analyser, Roche Diagnostic Systems, U.K.) as
in chapter 4, section 4.2.6.2.

6.2.1.3

VLDL ISOLATION

VLDL and four VLDL subfractions were using the rapid ultracentrifugation
method of Mceneny et al (McEneny et al. 1997) as in chapter 4, section 4.2.6.4.
The composition of VLDL and its four subfractions were analysed using
enzymatic methods as in chapter 4, section 4.2.6.4.

6.2.1.4

TOTAL PROTEIN DETERMINATION

Total protein concentration of LDL, VLDL and the four VLDL subfractions were
calculated and used to standardise the composition of each.

Protein

concentration was determined using a commercial kit based on the Coomassie
Blue reaction with proteins (Biorad, Munich, Germany, 500-006) and calculated
from the standard curve prepared from bovine serum albumin (BSA). This was
done according to the method described in chapter 4, section 4.2.6.5. The
adjusted composition of LDL, VLDL and the four VLDL subfractions were
calculated as a ratio of protein content of lipid to protein content (pmol of lipid
per mg of protein).
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6.2.1.5

APO A! DETERMINATION

The apo Ai concentration of HDL, HDI_2 and HDL3 were determined by single
radial immunodiffusion according to the method used by McEneny et al
(McEneny et al. 2002). Apo Ai was used to standardise the composition of each
according to the methods described in chapter 4, section 4.2.6.6. The adjusted
composition of HDL, HDL2 and HDL3 were calculated as a ratio of lipid to apo Ai
content (pmol of lipid per gram of apo Ai).

6.2.2 C-REACTIVE PROTEIN
Circulating levels of CRP were measured in serum samples using an automated
enzyme assay.

This was conducted using a commercially available high-

sensitivity latex immunoturbidimetric kit (Randox, UK, cat no CP 2475) in the
Wellcome Research Laboratories, Royal Victoria Hospital, Belfast as in chapter
4 (section 4.2.6.7).

6.2.3 CELLULAR ADHESION MOLECULES
Circulating levels of intercellular adhesion molecule-1 (ICAM-1) and vascular cell
adhesion molecule-1 (VCAM-1) levels were measured using enzyme-linked
immunosorbent assay (ELISA) kits (Diaclone, France, cat no 851.590.005 &
851.660.005). This was done according to the manufacturer’s instructions. In
brief, this involved coating a 96 well plate with coating antibody made up in PBS
coating buffer. After overnight incubation, the plate was washed twice with PBSTween 0.05%. Wells were then blocked by adding saturation buffer of PBS with
5% bovine serum albumin (PBS 5% BSA) and incubating for 2 hours at room
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temperature. After this, the plate was emptied by tapping on tissue paper and
left at room temperature for 24 hours. Once complete, the plate was stored at
4°C in a dry pouch.

Standards and samples were diluted in standard diluent buffer (PBS 1% BSA).
100pl of the dilution were dispensed into each well.
were run in duplicate.

Samples and standards

Biotinylated detection antibody was reconstituted and

50pl of this was added to each well.

The antigen and biotinylated detection

antibody were co-incubated for one hour at room temperature.
the plate was washed 3 times with wash buffer.

Following this,

Immediately after this, 100pl

HRP-Streptavidin Diluent Buffer was added to each well and incubated for 20
minutes at room temperature. After washing a further three times, 100pl of TMB
was added to each well and the plate was wrapped in aluminium foil and let
develop for 10-15 min in the dark.
addition of 100pl of 1M H2SO4.

The colour reaction was stopped by the

Absorbance was read at 450nm using an

automatic microplate spectrophotometer (Molecular Devices SpectraMAX
190, US).

6.2.4 STATISTICAL ANALYSIS
Statistical analysis was performed according to the method described in chapter
5. In brief, this involved comparing the groups at baseline and after 12 weeks
using an independent t-test. The extent of change in the groups was compared
using an independent t-test on the difference of baseline and

12-week

results.
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The change within groups was compared using a paired t-test and ANCOVA
test.

The TG content of LDL, VLDL, VLDL-A, VLDL-B, VLDL-C and VLDL-D data
were not normally distributed.

Also the Tc, phospholipid, Fc and apo At

concentrations of the HDL^HDLa data were not normally distributed.

These

data sets were transformed using natural logarithms before statistical analysis.

6.3

RESULTS

There were no differences in CAMs or CRP at baseline (Table 6.1). There were
a number of minor differences between the groups at baseline in the
composition of the VLDL subtractions (Table 6.2 and 6.4) and HDL and its
subtractions (Table 6.3 and 6.5).

Overall, these differences resulted from an

increased lipid content of VLDL and decreased lipid content of HDL in the 3-day
group compared to the other two groups.

The precision of all biochemical tests was evaluated using internal quality
control sera. The intraday and interday coefficients of variation for the analysis
of the lipid composition of blood samples are presented in Table 6.6.

Significant reductions were observed in VCAM in the 5-day group (Figure 6.1),
with no statistically significant changes in ICAM or CRP in any of the three
groups (Table 6.7).
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Figure 6.1 Change in VCAM in the 3-day, 5-day
and control groups

VCAM
(ng/ml)

3-day

5-day

Control

‘Significant change over the 12 weeks using a paired t-test

Tables 6.8 to 6.17 contain the results of the comparison of changes in the
composition of the lipoproteins and lipoprotein subfractions.

In the control

group, there was a significant decrease in the unadjusted TG content of VLDLD.

In the 3-day group, a significant increase was observed in both the unadjusted
and adjusted levels of Tc, TG, phospholipid and Fc content of VLDL as well in
the unadjusted Tc and phospholipid content of HDL2. A significant decrease in
the TG content of VLDL-D was also observed in this group.
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In the 5-day group, a significant increase in the unadjusted Tc content of VLDL,
the unadjusted Fc content of VLDL-B and the unadjusted TG content of VLDL-D
was observed.

There also was a significant increase in the unadjusted Tc,

phospholipid and apo

content of HDL2 and increased Tc and apo

content

in the HDL2:HDL3 ratio. There were no significant changes in any variables from
the ANCOA statistical test.

6.4

DISCUSSION

6.4.1 SUMMARY OF MAJOR FINDINGS
Significant improvements in the lipid content (represented by the unadjusted
data) and particle size (represented by the adjusted data) were observed in HDL
subtractions following 12 week programmes of brisk waking, with greater
changes observed in the 5-day group than the 3-day group.

An unexpected

increase in the lipid content and particle size of VLDL was also observed in the
3-day group.

The strengths of this study have already been discussed in chapter 5 section
5.4.2. Comparing the results from the two walking groups suggests that there is
a significant benefit in terms of cardiovascular risk from exercising at a level
below the current minimum recommendation.

This was supported by the

changes in the HDL subtractions in the 3-day group. It would appear that there
may be a dose-response effect of brisk walking on cardiovascular risk, observed
by the greater changes in the HDL subtractions and VCAM in the 5-day group.
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6.4.2 COMPARISON WITH PREVIOUS WORK

6.4.2.1 COMPOSITION OF LIPOPROTEINS AND LIPOPROTEIN
SUBFRACTIONS

6.4.2.1.1 COMPOSITION OF HDL AND HDL SUBFRACTIONS
The beneficial effects of exercise on levels of circulating HDL will be further
discussed in chapter 7 (section 7.4.2.4.1).

The two main subtractions of HDL are HDL2 and HDL3 (Durstine, Haskell 1994).
They differ in size, density and role. HDL3 is the smaller and denser of the two
subtractions.

It is synthesized in the liver and involved in the uptake of free

cholesterol from the peripheral tissues, including arterial walls (Krieger 1998).
As the HDL3 molecule increases in cholesterol content, it becomes more
buoyant and is classified as HDL2, the larger of the two subtractions. Cholesterol
is removed from HDL2 in the liver and HDL3 is recycled into the circulation.
HDL2 is thought to indicate a higher degree of cardioprotection than HDL3
(Salonen et al. 1991, Lamarche etal. 1997).

The main protein component of HDL is apolipoprotein Ai, which is involved in
the activation of the enzyme LCAT.

LCAT esterifies free cholesterol and

internalises it into the HDL molecule (Blomback, Hanson 1979). Apo Ai is also
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involved in the stimulation of cholesterol efflux from cells (von Eckardstein, Nofer
& Assmann 2001).

Levels of HDL2 and HDL3 have been associated with a number of lifestyle
factors. Smoking has been associated with lower levels of HDL2 (Manttari et al.
1991) and moderate alcohol intake had been associated with increased HDL3
(Gaziano et al. 1993). Regular physical activity had been associated with higher
levels of HDL2.

The association of HDL2 with regular physical activity has been demonstrated
across all age groups.

A cross-sectional study of 2,358 children and young

people aged 9 to 24 years has demonstrated an association between level of
physical activity and HDL2 (Raitakari et al. 1997).

Owens et al (Owens et al.

1992) followed 541 women aged 42 to 50 years over three years.

They

demonstrated a reduction in HDL and HDL2 over the course of the study, related
to increases in weight. Women who increased their activity over the three years
had smallest decreases in HDL and HDL2, suggesting that regular physical
activity has an effect on HDL subfractions in middle-aged adults.

Studies of

high-intensity exercise have also shown an association between regular
exercise and HDL2.
men who ran

Herbert et al (Herbert et al. 1984) studied HDL levels in

16 km per day and compared them to their sedentary

counterparts. The mean HDL level was significantly higher in runners than the
sedentary controls which, they concluded, was accounted for by increased
HDL2. HDL3 in the running group was similar to that of the sedentary controls.
183

CHAPTER 6 ~ STUDY 2: THE EFFECTS OF DIFFERENT DURATION OF WALKING ON
NOVEL CARDIOVASCULAR RISK FACTORS AND LIPID SUBFRACTIONS

An association between regular physical activity and apo Ai has also been
demonstrated by cross-sectional studies.

Boutcher (Boutcher et al. 2003)

compared aerobically trained postmenopausal women (mean age 56 years) with
their sedentary counterparts and found that the trained individuals had a
significantly higher apo Ai level (24% higher) than the sedentary women. This
has also been demonstrated in younger men and women who take regular
moderate intensity activity as part of their leisure time (MacAuley et al. 1996,
Panagiotakos et al. 2003).

Intervention studies have demonstrated both acute effects and chronic effects of
exercise on HDL subfractions.

Studies of the acute effects of exercise have led to conflicting results. Davis et
al (Davis, Bartoli & Durstine 1992) compared the effects of single bouts of low
versus high-intensity exercise in a group of 10 aerobically trained men and
found no change in HDL, HDL2, HDL3 or apo Ai at either intensity.

A single

exercise session of 30 to 60 minutes of cycling has also been shown to lead to
no change in HDL2, HDL3 and apo A-i in a group of previously active women with
a mean age of 22 years (Imamura et al. 2000). Other studies of the effects of a
single bout of walking at a low or moderate intensity in young healthy men and
women (Tsetsonis, Hardman 1995) and in normotensive and hypertensive men
aged 35 to 55 years(Grandjean, Crouse & Rohack 2000) have shown no change
in HDL or HDL subtractions.

Possible reasons why no change was seen in
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these programmes are that the baseline levels were initially good, the exercise
was of insufficient intensity or that the because of the small size of the studies,
there was a lack of power to detect a meaningful change.

However, other studies of the acute effects of exercise on HDL subfractions
have shown increases in HDL2, HDL3 or both. Acute increases in HDL3, but not
in HDL2, have been shown in studies involving nine sedentary men following 30
minutes of treadmill exercise (Angeiopoulos, Robertson 1993) and in 12 obese
women with a mean age of 23 years who walked at a moderate-intensity for 45
minutes (Lee et al. 1991).

In a study of the effects of a moderate duration of

exercise in previously active premenopausal women, Gordon et al (Gordon et al.
1998) demonstrated similar increases in HDL and HDL3.

However, they

attributed the rise in total HDL to the increase in HDL3 as well as a non
significant rise in HDL2. In contrast, studies of previously active men aged 22
years (Ferguson et al. 1998) and postmenopausal women (Pronk et al. 1995)
have shown acute increases in HDL2, but no change in HDL3.

Increases in both HDL2 and HDL3 have been demonstrated in studies of 78
male athletes from different disciplines (Sgouraki, Tsopanakis & Tsopanakis
2001) and in 18 college aged athletes (Park, Ransone 2003). Frey et al (Frey,
Baumstark & Berg 1993) examined the effect of 130 minutes running in
endurance trained men on the composition of lipid subfractions.

They found

significant improvements in the composition of both HDL2 and HDL3.
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In the current study, of the effects of longer term exercise on HDL subfractions,
improvements have been demonstrated in the composition of HDL2 and the
HDL2:HDI_3 ratio in the 5-day group of the second study and also when the
results of the two studies are combined (chapter 7), with improvements in the
composition of HDL2 in the 3-day group of the second study also.

These

changes were not observed in the first study, possibly due to the effect of the
small sample size.

The significant changes in the unadjusted composition of HDL2 reflect an
increase in the total number of particles, but no change in the size of the
particles, reflected by the lack of change in the apo Ai adjusted values.

The

increase in the composition of the HDL2: HDL3 ratio represents a shift towards a
greater amount of the HDL2 subfraction, reflecting a decrease in the risk of CHD
(Cheung et al. 1991, Pascot et al. 2001). These positive results show the value
of examining the changes in lipoprotein subtractions. The finding of no change
in total HDL masks a shift in the composition of the subtractions towards a more
cardioprotective profile.

Most other studies of the chronic effects of exercise have also shown
improvements in HDL2, but no change in HDL3.

These studies can be

considered in terms of the intensity of the exercise involved.

Williams et al (Williams et al. 1990) compared the effects of a one year
programme of exercise (jogging for up to 45 to 50 minutes, five days per week)
186

CHAPTER 6 - STUDY 2: THE EFFECTS OF DIFFERENT DURATION OF WALKING ON
NOVEL CARDIOVASCULAR RISK FACTORS AND LIPID SUBFRACTIONS

with a calorie controlled diet with no exercise and a control group, in 155 men
aged 30 to 59 years. A significant increase in HDL2 was observed after both the
exercise and diet interventions. High intensity exercise on a cycle ergometer has
led to increases in HDL2 after 24 weeks training in 26 hypercholesterolemic men
(Crouse et al. 1997). This result has been replicated in other studies involving
cycling. A six month programme of calorie restricted diet and exercise in nine
hypertensive sedentary men aged 50 to 75 years (Dengel et al. 1998) and a 12
month supervised exercise programme of cycling for 50 minutes per day, five
days per week in 17 healthy men aged 26 to 49 years (Zmuda et al. 1998) have
shown similar results.

Finally, a 20-week study of cycling in 675 adults who

exercised for 30 to 50 minutes, five days per week showed increases in HDL2,
which was related to changes in apo A-i (Leon et al. 2000).

Studies of moderate intensity exercise have also shown improvements in HDL2,
which is in agreement with the findings of the studies presented in this thesis.
Twelve weeks of brisk walking has been shown to lead to significant
improvements in HDL2 in previously sedentary middle-aged women (Hardman,
Hudson 1994) and this change has been shown to be independent of the
intensity of walking performed (low versus moderate intensity) (Spate-Douglas,
Keyser 1999). A large study involving 229 postmenopausal women (mean age
= 57.7 years) found no overall change in HDL, HDL2 or HDL3 following a 2 year
intervention to increase weekly walking using supervised sessions and selfreported diaries (Cauley et al. 1987).

However, when the changes in a

subgroup of those who walked more than seven miles per week were examined,
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there was a significant increase in HDL and HDL2 compared to those who
walked less than seven miles per week. This indicates that there is an important
interaction between the volume of exercise performed and changes in HDL
subfractions.

To compare the effect of intensity and volume of exercise on changes in
lipoproteins, Kraus et al (Kraus et al. 2002) compared the effects of six months
high intensity high volume exercise with high intensity low volume and moderate
intensity low volume of exercise in 111 sedentary overweight adults aged 40 to
65 years with mild to moderate dyslipidemia. A significant increase in the size of
the HDL particles was observed in the high-intensity high volume group, with
non-significant increases in the other two groups. This confirms the influence of
volume of exercise on change in lipoproteins, independent of the intensity of the
exercise and is in keeping with the findings of the current study.

Significant changes in HDL3 following exercise training are not as consistent.
Lehman et al (Lehmann et al. 2001) demonstrated increases in HDL and HDL3,
following three months supervised cycling sessions in 10 type 2 diabetic men.
Reductions were also observed in the TG content of HDL, HDL2 and HDL3,
though no overall change in HDL2. The reason for the difference in the findings
in this study, compared to those above, was related to a difference in the
response of diabetics to exercise training.
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In agreement with the findings in this thesis, a study of 12 weeks unsupervised
brisk walking showed no change in apo Ai in a group of 72 sedentary men aged
42 to 59 years (Stensel et al. 1993). Another study of the effects of six months
endurance exercise training in 39 sedentary (mean age 57 years) also failed to
show a response in apo At (Wilund et al. 2002).

6.4.2.1.2 COMPOSITION OF VLDL AND VLDL SUBFRACTIONS
A significant shift occurred in the number and size of VLDL particles in the
exercise groups in the current study and when the results from the two studies
are combined data (chapter 7), reflected by the significant increase in the
adjusted and unadjusted composition of C-VLDL and the VLDL subtractions.
Large VLDL particles of low-density are associated with diabetes (Taskinen,
Packard & Shepherd 1990), obesity (Fisher et al. 1993), hypercholesterolemia
(Bagdade, Ritter & Subbaiah 1991) and the progression of atherosclerosis
(Mack, Krauss & Hodis 1996).

This change was unexpected as if it was a

genuine change, it would be a move towards an increased risk of CHD.
Interestingly, there was a significant decrease in the number and size of VLDL
particles in the first study, although due to a lack of power, it is difficult to
interpret these findings with confidence.

This finding conflicts with the findings of previous studies of the effects of
exercise on the composition of VLDL.

In a cross-sectional study of 54 adults

aged 30 to 53 years by Thomas et al (Thomas, Ziogas & Harris 1997), increased
levels of regular physical activity were associated with lower levels of larger,
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more buoyant VLDL particles.

A single bout of 90 minutes cycling has been

shown to lead to a significant change in the composition of VLDL in eight
physically active males with a mean age of 23 years (Borsheim, Knardahl &
Hostmark 1999). A similar reduction in the size of VLDL particles, as well as a
decrease in the number of particles was found after a single session of running
for 130 minutes in endurance trained men of a similar age (Baumstark. Frey &
Berg 1993).

In a study of 111 sedentary, overweight adults with dyslipidemia, aged 40 to 65
years, Kraus et al (Kraus et al. 2002) examined the effects of nine months
exercise on lipoproteins. They compared a group who performed a high volume
of high intensity exercise (20 miles jogging per week) with a group who
performed high intensity low volume (12 miles jogging per week) and a group
who performed moderate intensity low volume (12 miles walking per week).
There was a significant reduction in number of large VLDL particles and an
overall reduction in the size of VLDL particles in the high intensity high volume
group.

In the other two groups, similar, but non-significant changes were

observed. Another study of the effects of six months exercise in obese patients
with type 2 diabetes (Alam et al. 2004), found that 20 to 40 minutes of
supervised or unsupervised exercise on four days per week led to a reduction in
the number of large VLDL particles, but no change in their composition. Finally,
reductions in the composition of VLDL have been demonstrated following a
programme involving of high intensity exercise after 10 days in 6 sedentary
obese men (Angelopoulos et al. 1998) and after 20 weeks in 675 adults (mean
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age 35) (Leon et al. 2000). To the author’s knowledge, there are no studies that
report the changes in the composition of VLDL observed in the studies
presented in this thesis.

The unexpected changes in the composition of VLDL cannot be accounted for
by analytical bias.

The samples were analysed in a random order and

investigators were blinded to the details of the group allocation of the individuals
whose samples they were analysing. This was done by the allocation of random
numbers to each individual sub-sample. Changes in lifestyle factors, such as
diet or alcohol intake, also do not explain the unexpected changes.

No change

was observed in the self-reported diet or alcohol intake from the food-frequency
questionnaires.

However,

questionnaire does

as discussed

in section

not measure carbohydrate intake,

5.4.4.5.2, the Dine
which

may have

increased over the course of the study, possibly leading to the unexpected
changes in both plasma triglycerides and the VLDL. There is also the possibility
that this is a chance finding possibly related to a type I statistical error.

The

changes in the composition of VLDL require further investigation to elucidate the
effects of exercise.
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6.4.2.1.3 COMPOSITION OF LDL
There were no changes in the composition of total LDL in the studies presented
in this thesis.
particles.

This suggests no change in either the size or number of LDL

Previous studies have shown that favourable changes in the

composition of LDL occur after exercise training programmes.

In a four-week

study of the effects of high-intensity exercise training in 13 men (mean age 47
years), Houmard et al (Houmard et al. 1994) found a significant increase in free
cholesterol and phospholipid, which reflected a significant increase in particle
size. Smaller, more dense LDL particles are associated with increased risk of
CHD (Slyper 1994). A reduction in the density of LDL particles has also been
shown following a single bout of running (Baumstark, Frey & Berg 1993,
Sanchez-Quesada et al. 1995). Studies of the chronic effects of exercise on the
composition of LDL have also demonstrated beneficial changes.

Kraus et al

(Kraus et al. 2002) found a significant increase in the size of LDL particles after
six months high intensity adults in 111 overweight adults aged 40 to 65 years.
Finally a reduction in the TG content of LDL has been demonstrated in a 93-day
study of male monozygotic twins following supervised exercise sessions
designed to induce weight loss (Lakka et al. 2004).

The lack of change in the composition of LDL in the studies presented in this
thesis is most likely due to a lack of effect of moderate intensity exercise on the
composition of LDL. According to the results above, if the studies in this thesis
had involved high-intensity exercise, significant changes might have been
expected.
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6.4.2.2

C-REACTIVE PROTEIN

The normal range of CRP on healthy individuals is less than 2 mg/L (Macy,
Hayes & Tracy 1997).

The CRP levels on participants in the studies in this

thesis were at the upper end of this range due to the age-related increase in
CRP (Hutchinson et al. 2000).

The NHANES III study (Ford 2002), the ATTICA study (Pitsavos et al. 2003), the
PRINCE study (Albert, Glynn & Ridker 2004) and the British Regional Heart
study (Wannamethee et al. 2002) have all demonstrated an inverse doseresponse relationship between physical activity and CRP. These studies have
demonstrated that individuals who participated in regular moderate and vigorous
intensity physical activity had significantly lower CRP levels than their sedentary
counterparts.

Other studies have demonstrated physical fitness is related to

levels of CRP (Isasi et al. 2003, Church et al. 2002, LaMonte et al. 2002).

No significant change in CRP was demonstrated following the 12-week walking
programmes presented in this thesis even though increases in physical activity
and fitness were observed. In studies where there have not been significant
reductions in weight, CRP has not been shown to change. Following a one year
intervention to increase physical activity, Rawson et al (Rawson et al. 2003)
showed no change in CRP among 109 previously sedentary men and women.
They proposed that this could be because there was no associated change in
BMI over the year. Smith et al (Smith et al. 1999) have also demonstrated the
association between a lack of change in CRP with no changes in BMI in a six193
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month study of 52 adults who undertook a programme of supervised physical
activity.

This has also been shown in a six-month study of 324 middle-aged

adults (Duncan et al. 2004) who were randomised to exercise programmes of
different intensity (vigorous versus moderate intensity) or frequency (at least five
times per week versus at least three times per week). In the later study, Duncan
et al (Duncan et al. 2004) found no change in CRP or BMI with either intensity or
frequency of exercise.

They related the lack of change in BMI to CRP and

concluded “exercise training without weight loss or dietary intervention does not
appear to be effective at reducing baseline levels of CRP”.

Significant weight loss from a one-year calorie controlled diet has been shown to
decrease CRP by 32% (Tchernof et al. 2002).

Esposito et al (Esposito et al.

2003) studied the effect of a calorie controlled diet combined with advice about
increasing activity levels.

They found that the significant change in physical

activity and diet was related to reductions in BMI and CRP.

Nicklas et al

(Nicklas et al. 2004) compared the effects of a calorie controlled diet aimed at
reducing weight, with an exercise programme comprising of walking and weight
training, in a group of 316 sedentary men and women over 60 years old. They
found the 18-month diet led to the expected significant reduction in weight and a
concurrent reduction in CRP. The exercise only group experienced no reduction
in weight or CRP.
The findings of these studies suggest that the reason there were no significant
changes in CRP in the studies presented in this theses is related to a lack of
adequate change in body composition.
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6.4.2.3

CELLULAR ADHESION MOLECULES

Atherogenesis, the development of atherosclerotic plaques in arterial walls,
begins with the recruitment of inflammatory cells across the arterial endothelium
(Price, Loscalzo 1999).

The immunoglobulin molecules ICAM and VCAM

contribute to the adhesion of such cells to the vascular endothelium (Smith
1993).

Macrophages and endothelial cells produce ICAM-1 in response to

inflammatory cytokines (Davies et al. 1993). ICAM-1 mediates the adhesion of
monocytes, lymphocytes and neutrophils to endothelial cells (Faruqi, DiCorleto
1993) .

The expression of VCAM-1 is primarily by vascular endothelial cells

(Davies et al. 1993).

VCAM-1 binds to lymphocytes and monocytes (Faruqi,

DiCorleto 1993) and is involved in their attachment to and migration across the
vascular endothelium (Braun et al. 1999).

Elevated levels of CAMs have been observed in patients with atherosclerosis
(Miwa, Igawa & Inoue 1997). ICAM-1 and VCAM-1 have also been detected on
intimitial smooth muscle cells in the atherosclerotic vascular walls (Jang et al.
1994) , where they are actively involved in the progression and stability of
atherosclerotic plaques (Braun et al. 1999).

In the Physicians’ Health Study

(PHS), the circulating level of ICAM-1 was shown to be an independent predictor
of future cardiovascular risk. However they did not find an association between
levels of VCAM-1 and future risk (Ridker et al. 1998). In contrast to the PHS, in
a population with previously documented coronary artery disease, baseline
levels of both ICAM and VCAM were elevated amongst those who subsequently
died of cardiovascular related causes (de Lemos, Hennekens & Ridker 2000).
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VCAM was associated with a greater increase in the risk of death than ICAM
suggesting different roles of CAMs in the development and progression of
atherosclerosis (Blankenberg et al. 2001).

Cross-sectional studies have demonstrated a significant association between
regular physical activity and ICAM.

Rothenbacher et al (Rothenbacher et al.

2003) performed a case-control study of 312 patients with CHD, aged 40 to 68.
Levels of self-reported physical activity and ICAM were measured and
compared between a group of patients with stable CHD and a group of 479
healthy age and sex-matched controls.

A significant independent inverse

association was observed between levels of leisure time physical activity and
ICAM-1 in both groups.

In a study of athletes who regularly partake in high

levels of physical activity, Tomaszewski (Tomaszewski et al. 2003) compared
the level of circulating ICAM in 67 male ultramarathon competitors compared
with that of aged-matched sedentary controls. Levels of ICAM were significantly
lower in the marathon runners. To the author's knowledge, no cross-sectional
studies have demonstrated an association between VCAM and regular exercise.

Intervention studies of the effects of acute bouts of exercise have demonstrated
no change or an increase in ICAM. Tomaszewski (Tomaszewski et al. 2003)
showed no change in ICAM following a 100km ultramarathon in male athletes.
The investigators concluded that the discrepancy in the results of studies of the
acute bouts that have failed to show a change when compared to crosssectional studies may be because the reduction may be dependant on relatively
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slow mechanisms.

Similarly, Goebel and Mills (Goebel, Mills 2000) found no

change in ICAM following 15 minutes of cycling in 45 healthy volunteers whose
mean age was 36 years.

Signorelli et al (Signorelli et al. 2001) performed a

study of the effects of a maximal treadmill test on CAMs in 15 patients with
occlusive peripheral artery disease.

No changes in ICAM and VCAM were

observed after the exercise period.

Other studies have shown a rise in ICAM following acute bouts of exercise. A
significant rise in ICAM has been observed directly after a maximal exercise
treadmill test in 12 males aged 21 to 45 years (Rehman et al. 1997). The raised
ICAM remained elevated for one hour after the exercise session. Tilz et al (Tilz
et al. 1993) performed a study of the acute effects of a long duration of exercise
on ICAM in which ICAM was increased following five hours of exercise in a
group of 18 mountain climbers.

In studies of longer duration, CAMs have been shown to change significantly.
An animal study of the effects of exercise on hypercholesterolemic rabbit aortae
demonstrated a significant reduction in the expression of VCAM following an
eight-week exercise programme (Yang, Chen 2003). Wegge et al (Wegge et al.
2004) studied the effects of a two-week high-fibre, low fat diet combined with 45
to 60 minutes of moderate intensity walking in 20 postmenopausal women aged
51 to 79 years. A significant reduction in ICAM, but no change in VCAM was
observed. There is a possibility that the VCAM did not change due to the limited
time period of the study.
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In contrast, Baum et al (Baum, Liesen & Enneper 1994) studied the response of
ICAM in three different two-month exercise programmes in 20 male athletes
compared to 13 students who acted as a control group.
programmes involved a period of endurance training,

The three exercise

a period of speed and

strength training and a period when the athletes were involved in regular
competitions.

At the end of the endurance-training period,

ICAM was

significantly increased, which the authors proposed was a protective mechanism
against infections.

The significant decrease in VCAM in the 5-day walking group observed in the
second study presented in this thesis has not been demonstrated elsewhere.
This change may be a real effect and if so would suggest a reduction in the risk
of future CHD. However, since other studies have not shown similar findings, it
could be a chance finding.

The study was not powered to detect meaningful

changes in CAMs, which could have led to a type 1 statistical error.

Further

investigation of the effects of moderate intensity exercise is required to confirm
this finding.
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6.4.3 IMPLICATIONS & FUTURE WORK
This study provides strong evidence of the benefits of unsupervised home based
walking programmes at or below the current minimum exercise recommendation
on novel cardiovascular risk factors. In the next chapter, all the data from the
two studies are merged to examine the effects of sedentary adults partaking in a
12 week unsupervised brisk walking programme, independent of the amount
undertaken.
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Table 6.1
Novel CHD risk factors at baseline in the 3-day, 5-day and control groups
(mean+SD)

CRP (mg/L)
Log-ioCRP
ICAM
Log-io ICAM (ng/ml)
VCAM
Log-ioVCAM (ng/ml)

3-Day Group
(n=39)
Baseline
SD
1.47
1.86
0.16
0.31
1384.96 677.09
0.21
3.09
1040.29 313.83
3.06
0.21

5-Day Group
(n=36)
Baseline
SD
1.97
1.89
0.17
0.33
1282.21 511.19
3.06
0.23
1290.03 650.10
3.06
0.17

Control Group
(n=18)
Baseline
SD
2.39
3.48
0.10
0.46
1210.81 440.57
3.05
0.19
1244.62 574.17
0.13
3.00
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Table 6.2
Unadjusted baseline composition of VLDL and VLDL subtractions in the 3-day,
5-day and control groups.

VLDL Tc (pmol/L)
VLDL TG (pmol/L)
Log10 VLDL TG
VLDL phospholipid (pmol/L)
VLDL Fc (pmol/mg)

3-Day Group
5-Day Group
Control Group
(n=39)(n=36)(n=18)
Baseline
SD
Baseline
SD
Baseline
SD
420.32
232.29
338.13
166.78
299.38
223.29
700.65
367.35
593.75
291.18
384.22
584.38
2.80
0.21
2.72
0.23
2.69
0.27
350.65
180.07
305.94
135.14
282.50
182.56
1855.16
1050.72
1647.81
955.23
1377.50
875.23

VLDL-A Tc (pmol/L)
VLDL-A TG (pmol/L)
Log10 VLDL-A TG
VLDL-A phospholipid (pmol/L)
VLDL-A Fc (pmol/L)*§

64.35
120.97
1.97
532.76
342.70

42.30
86.96
0.35
332.10
213.53

51.11
100.88
1.92
726.01
252.63

33.20
58.64
0.30
869.64
167.23

42.50
93.89
1.85
420.71
159.43

29.15
79.20
0.35
268.85
104.39

VLDL-B Tc (pmol/L)*§
VLDL-B TG (pmol/L)
Log10 VLDL-B TG*§
VLDL-B phospholipid (pmol/L)
VLDL-B Fc (pmol/L)+

79.64
170.67
2.16
643.30
494.79

48.11
102.01
0.26
592.68
303.22

67.10
145.45
2.10
669.31
353.93

44.66
80.35
0.25
339.35
214.12

51.25
112.22
1.96
569.98
302.56

26.55
72.89
0.29
341.88
145.37

VLDL-C Tc (pmol/L)
VLDL-C TG (pmol/L)
Log10 VLDL-C TG*§
VLDL-C phospholipid (pmol/L)
VLDL-C Fc (pmol/L)*§

58.89
108.67
1.93
548.60
354.22

49.64
77.76
0.31
405.03
308.76

53.85
80.94
1.83
418.14
247.03

31.63
46.10
0.29
220.28
151.20

47.14
67.22
1.74
379.52
173.32

27.85
45.86
0.28
249.30
131.64

VLDL-D Tc (pmol/L)
VLDL-D TG (pmol/L)
Log10 VLDL-D TG+
VLDL-D phospholipid (pmol/L)+
VLDL-D Fc (pmol/L)

67.78
63.45
-56.29
448.92
243.82

42.64
36.57
25.70
237.63
140.80

60.00
44.24
15.45
317.57
206.92

37.42
25.25
32.60
169.53
107.86

79.09
65.00
-61.99
432.68
259.09

50.09
46.62
47.20
262.17
178.06

‘Comparison of measures between groups at baseline using an independent t-test showed
the 3-day group was significantly different from the control group (p<0.05)
Comparison of measures between groups at baseline using an independent t-test showed
the 5-day group was significantly different from the control group (p<0.05)
■"Comparison of measures between groups at baseline using an independent t-test showed
the 3-day group was significantly different from the 5-day group (p<0.05)
Note: VLDL-A to VLDL-D are in order of decreasing density and increasing size_________
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Table 6.3
Unadjusted baseline composition of LDL, HDL and HDL subtractions in the 3-day,
5-day and control groups

LDL Tc (pmol/L)
LDL TG (pmol/L)
Log10 LDL TG
LDL phospholipid (pmol/L)
LDL Fc (pmol/L)
HDL
HDL
HDL
HDL

Tc (pmol/L)*§
phospholipid (pmol/L)*§
Fc (pmol/L)*§
apo At (g/L)

3-Day Group
5-Day Group
Control Group
(n=39)(n=36)(n=18)
SD
Baseline
Baseline
SD
Baseline
SD
2256.45
563.27 2314.44
609.09
2231.33
877.39
203.23
74.31
177.04
200.67
39.01
66.49
2.28
0.14
2.24
0.09
2.28
0.14
8377.67
2114.17 8671.24 2013.81
8446.67
2770.94
6341.50
1759.50 6891.77 1798.12 6588.63
2543.25
955.19
135.27
515.91
104.61

359.28
46.00
271.27
32.59

939.43
133.34
551.66
111.43

283.19
37.44
238.45
28.38

1191.76
172.94
728.46
125.22

323.37
41.41
303.45
43.04

HDL2
HDL2
HDL2
HDL2

Tc (pmol/L)
phospholipid (pmol/L)*§
Fc (pmol/L)
apo Ai (g/L)

139.64
11.25
96.00
5.38

136.26
13.51
111.60
5.61

133.94
11.94
99.94
4.59

90.93
8.54
68.83
2.17

217.37
22.28
151.78
6.53

135.35
14.88
117.18
2.46

HDL3
HDL3
HDL3
HDL3

Tc (pmol/L)
phospholipid (pmol/L)*§+
Fc (pmol/L)+
apo A, (g/L)

244.81
36.88
139.65
33.80

115.94
11.83
66.99
6.43

288.86
43.37
185.47
34.74

103.38
10.73
86.62
7.50

304.44
46.34
240.57
36.86

120.55
15.11
257.92
11.65

0.69
-0.30
0.29
-0.68
0.77
-0.25
0.17
-0.90

0.83
0.29
0.38
0.31
0.70
0.34
0.18
0.30

0.45
-0.42
0.27
-0.66
0.52
-0.36
0.14
-0.92

0.29
0.27
0.18
0.28
0.31
0.27
0.06
0.22

0.75
-0.19
0.46
-0.40
0.86
-0.19
0.19
-0.77

0.46
0.24
0.25
0.24
0.61
0.38
0.09
0.21

HDL2:HDL3 Tc
Log10 HDL2:HDL3 Tc
HDL2:HDL3 phospholipid
Log10 HDL2:HDL3 phospholipid*5
HDL2:HDL3 Fc
Log10 HDL2:HDL3 Fc
HDL2:HDL3 apo
Log10 HDL2:HDL3 apo A-,

‘Comparison of measures between groups at baseline using an independent t-test showed
the 3-day group was significantly different from the control group (p<0.05)
Comparison of measures between groups at baseline using an independent t-test showed
the 5-day group was significantly different from the control group (p<0.05)
■"Comparison of measures between groups at baseline using an independent t-test showed
the 3-day group was significantly different from the 5-day group (p<0.05)_______________
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Table 6.4
Adjusted baseline composition of VLDL and VLDL subtractions in the 3-day,
5-day and control groups, adjusted by protein content

VLDL Tc (pmol/mg protein)
VLDL TG (pmol/mg protein)
Logic VLDL TG
VLDL phospholipid (pmol/mg
protein)
VLDL Fc (pmol/mg protein)
VLDL-A Tc (pmol/mg protein)
VLDL-A TG (pmol/mg protein)
Log10 VLDL-A TG
VLDL-A phospholipid (pmol/mg
protein)
VLDL-A Fc (pmol/mg protein)*
VLDL-B Tc (pmol/mg protein)
VLDL-B TG (pmol/mg protein)
Log10 VLDL-B TG
VLDL-B phospholipid (pmol/mg
protein)
VLDL-B Fc (pmol/mg protein)
VLDL-C Tc (pmol/mg protein)
VLDL-C TG (pmol/mg protein)
Log10 VLDL-C TG
VLDL-C phospholipid (pmol/mg
protein)5
VLDL-C Fc (pmol/mg protein)
VLDL-D Tc (pmol/mg protein)
VLDL-D TG (pmol/mg protein)
Log10 VLDL-D TG
VLDL-D phospholipid (pmol/mg
protein)
VLDL-D Fc (pmol/mg protein)

3-Day Group
(n=39)
SD
Baseline
0.49
0.40
0.88
1.15
-0.03
0.26

5-Day Group
(n=:36)
Baseline
SD
0.50
0.21
1.04
0.48
-0.03
0.22

Control Group
(n=48)
Baseline
SD
0.49
0.21
0.83
0.40
-0.13
0.22

0.44
2.19

0.27
1.36

0.43
2.26

0.18
1.07

0.45
2.35

0.16
1.08

1.42
3.61
0.49

0.94
2.22
0.29

1.93
4.09
0.47

1.47
3.30
0.39

1.93
4.42
0.52

1.38
3.65
0.36

18.27
6.66

14.00
7.74

20.01
14.62

13.99
9.78

26.23
10.80

20.46
10.58

1.93
3.85
0.51

1.66
2.40
0.27

1.92
4.34
0.56

0.96
2.19
0.31

2.05
4.52
0.58

1.56
2.89
0.29

20.74
15.31

15.38
19.16

20.29
11.50

10.03
6.26

20.36
10.84

11.03
7.15

1.83
3.88
0.34

1.47
4.82
0.48

2.37
3.83
0.47

1.97
2.77
0.32

2.21
2.82
0.33

2.12
1.70
0.38

18.35
6.74

15.76
6.01

26.16
19.25

35.84
35.98

16.71
8.91

9.59
5.75

3.10
3.61
-0.73

2.98
3.66
4.83

3.17
3.01
-0.87

2.83
3.03
3.35

3.96
2.92
0.33

5.11
3.49
4.92

481.26
153.04

497.82
145.05

319.90
135.19

358.63
111.57

175.43
100.66

136.04
59.92

'Comparison of measures between groups at baseline using an independent t-test showed
the 3-day group was significantly different from the control group (p<0.05)
Comparison of measures between groups at baseline using an independent t-test showed
the 5-day group was significantly different from the control group (p<0.05)
Note: VLDL-A to VLDL-D are in order of decreasing density and increasing size_________
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Table 6.5
Adjusted baseline composition of LDL, HDL and HDL subtractions in the 3-day,
5-day and control groups, adjusted by protein content

LDL Tc (pmol/mg protein)
LDL TG (pmol/mg protein)
Log10 LDL TG
LDL phospholipid (pmol/mg protein)
LDL Fc (pmol/mg protein)

3-Day Group
(n~ 39)
Baseline
SD
4.52
3.04
0.36
0.16
-0.47
0.17
16.86
10.11
13.21
8.54

5-Day Group
(n=36)
Baseline
SD
3.81
0.75
0.35
0.13
-0.49
0.15
14.20
3.00
10.77
2.37

Control Group
(n=18)
SD
Baseline
1.27
3.98
0.30
0.08
-0.54
0.12
14.89
4.41
11.83
3.78

HDL Tc (pmol/g apo Ai)
HDL phospholipid (pmol/g apo
HDL Fc (pmol/g apo A^

10.41
1.50
6.32

4.40
0.57
3.64

9.66
1.38
5.16

3.92
0.60
2.84

8.82
1.27
5.18

2.93
0.49
2.41

HDL2Tc (pmol/g apo A,)
HDL2 phospholipid (pmol/g apo A-i)*
HDL2 Fc (pmol/g apo At)

31.67
3.12
19.72

14.36
1.43
9.23

29.65
2.17
18.35

9.66
0.61
8.75

28.97
2.46
19.91

17.56
1.20
9.05

HDL3 Tc (pmol/g apo A-i)
HDL3 phospholipid (pmol/g apo A1)*+
HDL3 Fc (pmol/g apo A1)+

8.72
1.28
4.85

2.05
0.27
2.21

7.21
1.09
4.16

3.28
0.28
1.87

8.60
1.31
5.86

2.83
0.29
3.33

‘Comparison of measures between groups at baseline using an independent t-test showed
the 3-day group was significantly different from the control group (p<0.05)
+Comparison of measures between groups at baseline using an independent t-test showed
the 3-day group was significantly different from the 5-day group (p<0.05)
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Table 6.6
Coefficients of variation for analysis of lipid composition and CRP

Intraday

Tc (%)
1.24

TG (%)
0.69

Phospholipid (%)
0.91

Fc (%)
1.74

1.46

1.03

2.08

3.52

1.6

0.24

1.00

1.53

0.95

0.23

1.41

2.69

0.87

1.58

CRP (%)
2.03
1.35

1.45

0.85
1.77
1.77
Interday

1.31

2.08

2.19

0.34
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COMBINED RESULTS OF THE EFFECTS OF BRISK WALKING

CHAPTER 7
COMBINED RESULTS OF THE EFFECTS OF BRISK WALKING

7.1

INTRODUCTION

The aim of this chapter is to provide an overall analysis of the effects of moving
a group of individuals from a sedentary state to regular moderate intensity
exercise. Data from the two studies previously described have been collated to
form

one combined exercise group and

one combined

control group.

Examination of the baseline characteristics of individuals in both studies
presented in this thesis showed no difference in any baseline parameters. The
socio-economic class of the participants was not measured objectively but the
authors are aware that individuals recruited from both settings represented a
wide range of occupations and socio-economic backgrounds.

7.2

METHODS

7.2.1 DATA COLLECTION
This chapter combines the results of the two studies to form two groups for
analysis. The first group, the ‘combined walking group’, includes all individuals
who were allocated to the intervention arm of study 1 (5 days walking per week)
and study 2 (3 days and 5 days walking per week).

The second group, ‘the

combined control group’, included only individuals who were allocated to the
control groups in the two studies. Vascular compliance was only measured in
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the first study and CAMs were only measured in the second, therefore they are
not included in this chapter.

7.2.2 STATISTICAL ANALYSIS
Statistical analysis was performed using SPSS v11.5. The statistics are given as
mean ±SD.

Differences between the groups (inter-group differences) were compared at
baseline and after the 12 weeks for each variable using an independent t-test.
The change within each group over the 12 weeks was analysed using a paired ttest.

The extent of change was compared between the two groups by

subtracting the baseline results from the 12-week results and comparing the
differences of this data between the two groups using an independent t-test.

A more complicated analysis of covariance test (ANCOVA) was then employed
to allow a

comparison

of the

results,

based

on

individual’s

baseline

measurement (used as the covariate).

Framingham risk scores, plasma TG concentration, the TG content of LDL,
VLDL, VLDL-A, VLDL-B, VLDL-C and VLDL-D data were not normally
distributed.

Also the Tc, phospholipid, Fc and apo Ai concentrations of the

HDL2:HDL3 data were not normally distributed.

These data sets were

transformed using natural logarithms before statistical analysis.
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7.3

RESULTS

Combining data from both studies resulted in 107 individuals being allocated to
the walking groups (46 males, 61 females) and 30 (9 males, 21 females) to the
control groups.

Over the course of the two studies, 15 participants withdrew

from the exercise groups and three from the control groups, leaving 92
participants in the combined walking group and 27 in the combined control
group.

Combining the self-reported adherence in the three walking groups, a total
93.9% of the prescribed walking time was completed.

Of the 4764 days of

walking prescribed in the protocol of the two studies, 207 (4.4%) were
completed in a number of shorter bouts and the majority (95.6%) were
completed in a single bout of 30 minutes.

The baseline characteristics of these groups are presented in Table 7.1 and
Table 7.2. At baseline, there was a significant difference in distance walked in
the 10m SWT between the groups, when they were compared using an
independent t-test.

Change within each group, analysed by comparing data before and after the 12
weeks using a paired t-test (Table 7.3 & 7.4), revealed a significant reduction in
weight (figure 7.1), waist circumference (figure 7.2), hip circumference (figure
7.3), systolic blood pressure (figure 7.4), diastolic blood pressure (figure 7.4),
LDL-C (figure 7.5), 10 year risk of CHD based on systolic and diastolic blood
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pressure (figure 7.6) and 10-year risk of stroke based on systolic blood pressure
(figure 7.7) in the combined walking group.

There was also a significant

increase in distance walked in the 10m SWT (figure 7.8).

In the combined control group (Tables 7.3 & 7.4), a paired t-test revealed a
significant reduction in systolic blood pressure (figure 7.4), 10-year risk of CHD
based on systolic blood pressure (figure 7.6) and 10 year risk of stroke based on
systolic blood pressure (figure 7.7).

Figure 7.1 Change in weight in the combined walking
and combined control groups
78

□ Pre DPost

77.47

77
76
75
74
Weight (kg)
73
72.05

71 92

72
71
70
69

Combined walking group

Combined control group

‘Significant change over the 12 weeks using a paired t-test
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Figure 7.2 Change in waist in the combined walking
and combined control groups
□ Pre □ Post

93
92 91 90 Waist 89 (cm) 88 87 86

-

85 84 -■

Combined walking group

Combined control group

‘Significant change over the 12 weeks using a paired t-test

Figure 7.3 Change in hip in the combined walking and
combined control groups

Combined walking group

Combined control group

‘Significant change over the 12 weeks using a paired t-test

221

Figure 7.4 Change in BP in the combined walking and
combined control groups
□ Pre □ Post

Blood
pressure
(mmHg)

Systolic BP
Diastolic BP
Systolic BP
Diastolic BP
combined
combined
combined
combined
walking group walking group control group control group
‘Significant change over the 12 weeks using a paired t-test

Figure 7.5 Change in LDL-C in the combined walking
and combined control groups

4.1
4
3.9
LDL (mmol/L) 3.8
3.7
3.6
3.5

Combined walking group
Combined control group
‘Significant change over the 12 weeks using a paired t-test
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Figure 7.6 Change in 10 yr risk of CHD in the
combined walking and combined control groups
□ Pre DPost

10 yr risk
10 yr risk
10 yr risk
based on
based on
based on
diastolic BP
systolic BP
systolic BP
Combined
Combined
Combined
walking group walking group control group

10 yr risk
based on
diastolic BP
Combined
control group

‘Significant change over the 12 weeks using a paired t-test

Figure 7.7 Change in 10 yr risk of stroke in the
combined walking and combined control groups
□ Pre □ Post

10 yr risk
10 yr risk
10 yr risk
10 yr risk
based on
based on
based on
based on
systolic BP
diastolic BP
diastolic BP
systolic BP
Combined
Combined
Combined
Combined
walking group walking group control group control group
‘Significant change over the 12 weeks using a paired t-test

223

Figure 7.8 Change in distance walked in the combined
walking and combined control groups

Combined walking group

Combined control group

‘Significant change over the 12 weeks using a paired t-test

Comparing the amount of change over the 12 weeks in the combined walking
group with the change in the combined control group using an independent t-test
revealed a significantly greater change in the distance walked in the 10m SWT
and CRP in the walking group compared to the control group (Table 7.3).
Comparing the groups at the end of the 12 weeks using an independent t-test
revealed members of the walking group were significantly fitter (Table 7.3)
(demonstrated by the distance walked in the 10m SWT) and had a higher mean
CRP level (Table 7.4).

The combined walking group also had a significantly

lower mean Tc and LDL at the end of the 12 weeks when compared to the
combined control group (Table 7.3).

224

Analysing the results using ANCOVA statistical test revealed a significant
increase (p=0.0004) in fitness in the combined walking group compared to the
combined control group. Significant changes in the primary measurements over
the 12 weeks in the combined walking and combined control groups, using a
paired

t-test,

are

presented

in

figure

7.9.

Figure 7.9 Significant changes in the combined walking and combined
control groups after 12 weeks
Combined walking
Combined control
Parameter
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group
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Analysis of the composition of the lipids and lipid subtractions revealed no
significant differences in the unadjusted (Table 7.5) or the adjusted composition
of VLDL or VLDL subtractions (Table 7.7) at baseline.

Significant differences

between the groups in the unadjusted Tc and apo Ai content of HDL and the
ratio of the phospholipid content of HDL2:HDI_3 (Table 7.6) was found at
baseline, with no difference between the groups for the adjusted values (Table
7.8).

Over the course of the 12 weeks there were significant increases observed in
the combined walking group in the unadjusted and adjusted Tc content and the
adjusted TG and Fc content of VLDL (Table 7.9).

Significant increases were

also observed in the adjusted Tc content of VLDL-A (Table 7.10), the unadjusted
Tc content of HDL2 (Table 7.15) and the unadjusted phospholipid and apo Ai
ratio of HDL2:HDL3 (Table 7.17). In the combined walking group, a significant
decrease in the unadjusted TG content of VLDL-D was also observed (Table
7.13).

No changes in the composition VLDL-B (Table 7.11), VLDL-C (Table

7.12), LDL (Table 7.14) and HDL3 (Table 7.16) were observed in the combined
walking group.

When the ANCOVA test was applied, no significant changes were found in
either the walking or control group in the composition of the lipoproteins of
lipoprotein subtractions over the 12 weeks.
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In the combined control group significant increases in the unadjusted TC and the
unadjusted and adjusted Fc content of VLDL-C (Table 7.12) and a significant
decrease in the unadjusted TG composition of VLDL-D (Table 7.13) were
observed. There was also an increase in the unadjusted Fc content of FIDL2
(Table 7.16). No other changes were observed in the combined control group
over the course of the 12 weeks (Table 7.9, 7.10, 7.11, 7.14, 7.15, 7.16 and
7.17).

At the end of the 12 weeks, the combined walking group had a significantly
lower apo Ai content of FIDL (Table 7.15), phospholipid content (adjusted) of
HDL2 (Table 7.16) and unadjusted Fc content and adjusted phospholipid and Fc
content of FIDL3 (Table 7.17) compared to the combined control group.

The

combined walking group also had a higher adjusted phospholipid content of LDL
at the end of 12 weeks (Table 7.15).

Comparing the extent of change over the 12 weeks in the combined walking
group with the change in the combined control group using an independent t-test
revealed a significantly greater change in the unadjusted Fc content in FIDL2 in
the control group compared to the walking group (Table 7.15).
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7.4

DISCUSSION

7.4.1

SUMMARY OF MAJOR FINDINGS

The findings of this study indicate that a clear benefit in terms of cardiovascular
health and fitness can be gained by sedentary, healthy, middle-aged adults
partaking in a 12-week programme of regular exercise.

This has been

demonstrated by the significant improvements in the distance walked in the 10m
SWT, weight, waist circumference, hip circumference, blood pressure and 10year risk of CHD and stroke.

These changes indicate that when targeting

interventions to improve health and fitness through regular exercise, a group
who will receive a significant benefit are sedentary middle-aged individuals.

Combining the results of the two studies, one large intervention group and one
large control group were formed. This allowed an estimation of the benefit of
individuals moving from a sedentary state into regular unsupervised, homebased moderate intensity exercise. This meant that this study was considerably
larger than the other studies that have examined the benefits of unsupervised
home-based walking in younger adults, which have also demonstrated an
improvement in to health and fitness (Hardman et al. 1992, Hardman, Hudson
1994, Murphy, Hardman 1998, Spate-Douglas, Keyser 1999,).

The combined compliance with the protocol of the two studies was very high
(94%). As discussed in chapter 4, this is higher than in other exercise
programmes that have involved individuals attending supervised exercise
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sessions (King et ai. 1995) and suggests that this may be a more suitable form
of exercise for sedentary adults who wish to begin taking more regular exercise.

7.4.2 COMPARISON WITH PREVIOUS WORK

7.4.2.1

FITNESS

As in the individual studies, there was a significant increase in fitness in the
combined walking group following 12-week programmes of brisk walking. A
detailed discussion of the effects of unsupervised brisk walking on fitness has
been included in chapter 4 (section 4.4.4.1).

7.4.2.2

BLOOD PRESURE

The effects of unsupervised brisk walking on blood pressure have been
discussed in chapter 4 (section 4.4.4.2). The results of this chapter suggest a
significant improvement in blood pressure can be achieved when sedentary
adults increase their physical active through moderate-intensity exercise
programmes.

7.4.2.3

ANTHROPOMETRY

When data from the two studies were combined, a significant reduction in
weight, waist circumference and hip circumference was demonstrated.

This

suggests that unsupervised home-based brisk walking contributes to a reduction
in cardiovascular risk through improvements in body composition.
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Studies of vigorous-intensity exercise have shown improvements in BMI and
YVHR. After a 14-month programme of vigorous-intensity exercise, a group of
obese women aged between 32 and 50 years had a significantly lower BMI
iDespres et al. 1991). Slentz et al (Slentz et al. 2004) compared the effects of
three different doses of exercise on body weight and composition as part of the
STRIDE study.

They demonstrated a dose-response relationship between

weight loss and the volume of exercise performed, with those performing
vigorous-intensity jogging receiving the most benefit. Compared to the control
group, the walking group had a significant decrease in body weight as well as a
reduction in waist and hip measurements. Participants in the walking group in
this 15-week study walked 12 miles per week.

This is approximately 180

minutes of brisk walking (at four miles per hour) per week, 30 minutes per week
more than that performed in the studies presented in this thesis. However, Ross
(Ross, Janssen 2001) concluded in a review of the relationship between
exercise and body composition that the effect of moderate intensity activity on
abdominal obesity remains unclear.

The findings from the current study, of no changes in BMI or WHR in the
combined walking group, are in keeping with those of previous studies of brisk
walking amongst younger people (Coleman et al. 1999, Hardman et al. 1989).
The volume of exercise in this study fell short of the recommended 200-300
minutes of exercise per week (Jakicic et al. 2001). This may explain why, even
though energy intake was controlled (i.e. no change in diet), the energy output
from the exercise may not have been of sufficient magnitude to promote
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substantial weight loss over 12 weeks.

As discussed in chapter 4, another

explanation is that the questionnaire used in the studies presented in this thesis
may not have been sensitive enough to pick up small changes in calorie intake,
which may have offset the estimated energy expenditure of 150 kcal per day
from walking.

7.4.2.4

LIPIDS

7.4.2.4.1

HDL-CHOLESTEROL

Brisk walking was not associated with a significant increase in HDL-C in any
individual study in this thesis.

When the results of the two studies were

combined a non-significant 3.65% increase was observed.

HDL-C is an independent risk factor for CHD (Anonymous 1993b). Interventions
to increase HDL-C such as the Lipid Research Clinic’s Coronary Primary
Prevention Trial (Anonymous 1984) have attributed a 2% reduction in risk of
CHD to a 1% increase in HDL-C .

Higher levels of HDL-C are associated with individuals who perform higher
levels of physical activity. Cross-sectional studies have shown that individuals
who take regular exercise have higher levels of HDL-C than their sedentary
counterparts. Studies of male runners (Wood et al. 1976), male cyclists (Mena,
Maynar & Campillo 1991), male and female long distance runners (Wood et al.
1977) and male and female tennis players (Vodak et al. 1980) have all
demonstrated HDL-C levels at least 19% higher in the athletes than their
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sedentary counterparts. Also in adults aged 50 to 89 years who were not
endurance-trained athletes, men who took the highest volume of exercise had
significantly higher HDL-C than those who took no exercise (Reaven et al.
1990). In the same study women who took regular moderate intensity exercise
had significantly higher levels of HDL-C.

As with Tc and TG, short bouts of exercise have a significant acute effect on
HDL cholesterol. Increases in HDL-C have been demonstrated following 30
minutes exercise on a treadmill in previously sedentary male university students
(Angelopoulos, Robertson 1993). Elevated levels of HDL-C had returned to
normal within 24 hours. Tsetsonis and Hardman (Tsetsonis, Hardman 1995)
demonstrated a significant increase in HDL-C following 90 minutes of treadmill
walking in men and women with a mean age of 28 years. Studies of single
bouts of walking in 22 healthy sedentary and trained men and women (Pay et al.
1992) and 12 obese women (Lee et al. 1991) have also shown transient
increases in HDL-C, which have returned to normal shortly after the exercise
ceased. However a study by Pronk et al (Pronk et al. 1995) failed to show any
change in HDL-C following a single bout of walking at low or moderate intensity
in postmenopausal and premenopausal women. The authors gave no reason
for the lack of effect, but it could be related to the good baseline level or that the
exercise was not of the required intensity to induce changes. This can be
supported by a study of Ferguson et al (Ferguson et al. 1998) who compared
the effects of four different exercise sessions of different intensity. They
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reported that only sessions of higher intensity led to increases in HDL-C among
men aged 21 to 44 years.

Exercise increases HDL-C in a dose-response manner (Durstine et al. 2001). In
general intervention studies report a 10% to 25% increase in HDL-C levels in
response to exercise training (Anonymous 1993b).

Interventions of high-intensity exercise have led to marked improvements in
HDL-C. One-year programmes of running in sedentary overweight men
(Williams et al. 1990) and sedentary middle aged men (Williams et al. 1982,
Williams et al. 1983, Wood et al. 1983) led to significant increases in HDL-C.

Results from interventions involving moderate intensity exercise have not
resulted in the same consistent changes in HDL-C. Studies that have found
increases in HDL-C, include those in sedentary, healthy pre-menopausal women
following 12 week (Hardman, Hudson 1994) and 12 month (Hardman et al.
1989) walking programmes which have included subjects of lower age and
baseline HDL-C levels. A six week study, of younger adults than were involved
in the studies of this thesis but with similar baseline HDL-C, resulted in a
significant increase in HDL-C following supervised walking five days per week
(Murphy et al. 2002). The increase in HDL-C was the same in participants who
performed the walking in one long bout or multiple short bouts. In a comparison
of the effects of different walking intensities on HDL-C, groups of women aged
20 to 40 years who walked at the slowest and fastest pace experienced a
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significant increase in HDL-C (Duncan, Gordon & Scott 1991). HDL-C in those
women who walked at a brisk pace did not change over the course of the 24
weeks. This was attributed to their higher baseline values (1.53 mmol/L versus
1.34 mmol/L and 1.39 mmol/L respectively). This suggests that if the target of
an exercise programme is to improve lipids, participants who have the poorest
initial lipid profile would benefit most. A meta-analysis of 25 studies by Kelley et
al (Kelley, Kelley & Tran 2004), which examined the effects of walking on lipids,
reported no improvement in HDL-C. The lack of effect may not be because
walking does not affect lipids as some studies have shown changes, but may be
related to other factors such as the baseline levels of HDL-C, which are
generally good. In their meta-analysis, when the data from all the studies were
combined, the mean HDL-C was 1.4 mmol/L and 1.35 mmol/L for the walkers
and control participants respectively. These levels are well above the
recommended 1 mmol/L suggesting there is little room for improvement in the
average participant in the walking studies that were reviewed.

However, previous studies of younger women, aged between 20 and 45 years
also failed to show improvement in HDL-C, following 15 week (Hinkleman,
Nieman 1993), 24 weeks (Keller, Trevino 2001), 40 weeks (Santiago, Leon &
Serfass 1995) and 43 weeks (Snyder et al. 1997) of brisk walking. A study of
sedentary men aged between 42 and 59 also showed no effect on HDL-C
cholesterol from 1 year’s home-based brisk walking for up to 40-45 minutes per
day, 2 to 3 days per week (Stensel et al. 1993). Other walking studies in elderly
women (Nieman et al. 1993), in sedentary middle aged men (Suter, Marti &
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Gutzwiller 1994), in 63 to 69 year old previously active men (Paillard et al. 2002)
and in women with or without type 2 diabetes (Walker et al. 1999) have also
failed to show changes in HDL-C.

Two reasons why studies have found no change in HDL-C following walking
programmes have been proposed. In a 40 week study of women walking four
times a week for 45 to 60 minutes per day, Santiago et al (Santiago, Leon &
Serfass 1995) found no change in HDL-C, but they reported that in subgroup
analysis, those with the lowest baseline level of HDL-C had the greatest
improvement in HDL-C. They concluded that a lack of change in lipid levels was
likely to be due to favourable baseline values. The mean values of HDL-C in the
walking group of the first study (1.31 mmol/L) and the 3-day group in the second
study (1.3 mmol/L) were within the recommended range, which could explain
why no change was observed. The mean HDL-C in the 5-day group in the
second study (0.97 mmol/L) was just below the recommended level, but there
was a small, non-significant increase in HDL-C in this group, which supports this
hypothesis. A review of the effects of exercise on lipids suggested that the
response of HDL-C to exercise is thought to be independent of age, sex,
baseline body weight or increases in aerobic fitness but inversely proportional to
baseline HDL-C level (Leon, Sanchez 2001).

Another reason for a lack of change is that the total volume of exercise in
walking programmes is not enough to induce changes. Volume is considered as
a measure combing the duration and intensity of exercise. This explanation can
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be supported by the study of Spate-Douglas and Keyser (Spate-Douglas,
Keyser 1999). In this 12-week study the investigators sought to compare the
effects of high-intensity and moderate intensity training in 25 healthy females.
They found no difference in the increases in HDL-C in either group. Both
programmes of exercise led to the same weekly volume of exercise, suggesting
that it is volume and not intensity of exercise that is the important factor.

This hypothesis can be further supported by an eight-month study by Kraus et al
(Kraus et al. 2002). In this study 11 overweight sedentary men, aged 40 to 65
years, were randomised to one of three exercise groups. Two of the exercise
groups jogged for either 20 miles (high-intensity, high volume) or 12 miles (highintensity, moderate volume) per week. The third, a moderate intensity exercise
group, walked for 12 miles per week, the equivalent to walking for 30 to 45
minutes, at a brisk pace, 5 days per week. HDL-C increased only in the highintensity, high volume group. Change in HDL-C was independent of intensity,
but related to weekly volume. The high-intensity high volume group were
performing approximately 150% more exercise in terms of weekly energy
expenditure than the other two groups, which were approximately equivalent to
the studies presented in this thesis.
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7.4.2.4.2

LDL-CHOLESTEROL

The development of atherosclerosis is directly related to the concentration of
LDL-C in plasma (Caggiula, Mustad 1997). The reduction of high levels of LDLC is therefore an important target to reduce the risk of CHD.

As with Tc, TG and HDL-C, levels of LDL-C are more favourable in individuals
who take regular exercise than those who do not. The findings of previous
studies have not all been consistent. Middle aged male (Wood et al. 1976) and
female (Wood et al. 1977) runners and professional cyclists (Mena, Maynar &
Campillo 1991) have all been shown to have significantly lower levels of LDL-C
than their sedentary counterparts. In a study comparing the fitness of young
men with their lipid levels, those with the lowest fitness had significantly higher
levels of LDL-C (Halle et al. 1999). However no difference was observed in the
LDL-C level of male and female tennis players when compared to their
sedentary counterparts (Vodak et al. 1980). Reaven et al (Reaven et al. 1990)
reported no difference in LDL-C when groups of active and sedentary older men
and women were compared.

A single bout of 45 minutes brisk walking in premenopausal and
postmenopausal women has been shown to lead to a decrease in LDL-C (Pronk
et al. 1995). However in another study of 12 obese women, no change in LDL-C
was observed after 45 minutes brisk walking (Lee et al. 1991). In a study
comparing short bouts of treadmill exercise of increasing dose, only higher
volumes of exercise led to acute changes in LDL-C in 11 male athletes aged 21
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to 44 years (Ferguson et al. 1998). Increased levels of LDL-C returned to
normal within 24 hours of the end of the exercise session. The baseline levels in
all of these studies were below 3 mmol/L, suggesting that the volume of activity
is an important factor in acute changes in LDL-C.

Studies of the chronic effects of exercise on LDL-C have also shown changes in
LDL-C. A meta-analysis of the effects of exercise on lipids concluded that there
is a significant reduction of about 5% following exercise. A more recent meta
analysis of the effects of walking on lipids yielded a similar 5% reduction in LDLC when the results of 25 walking studies were combined.

A statistically significant decrease of 4.68% was observed when the data from
the two studies in this thesis were combined. A decrease in LDL-C of this
magnitude has been shown, in a meta-analysis of the effects of statin therapy
(Law, Wald & Rudnicka 2003), to reduce the risk of ischaemic heart disease by
between 6% and 21% if reduced for between one and six years. This highlights
the clinical importance of these findings. Decreases in LDL-C were observed
after 12 weeks walking in each of the three walking groups when analysed
separately, though this did not reach statistical significance.

A 12-week study of unsupervised walking involving older men (Paillard et al.
2002) has also demonstrated a decrease in LDL-C. However studies of
unsupervised walking in younger women (Hardman, Hudson 1994, Keller,
Trevino 2001) and men (Stensel et al. 1993) and women of similar age to the
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studies presented in this thesis (Ready et al. 1995) have not shown this effect.
Studies of brisk walking under supervised conditions have also led to a
reduction in LDL-C (Duncan, Gordon & Scott 1991, Kukkonen-Harjula et al.
1998, Walker et al. 1999) or no change (Hinkleman, Nieman 1993, Nieman et al.
1993, Suter, Marti & Gutzwiller 1994, Santiago, Leon & Serfass 1995, Leon,
Casal & Jacobs 1996, Ready 1996, Ready et al. 1996, Snyder et al. 1997,
Woolf-May et al. 2000, Murphy et al. 2002).

The reason why some studies have failed to show a response in terms of LDL-C
could be related to biological variation in participants (genetic differences
between the participants or day to day fluctuations in lipid levels), behavioural
changes during the programme (diet, cigarette smoking, alcohol intake,
medications or other physical activity) or aspects of study design (lack of
adequate sample size, poor compliance to the study protocol or the exercise
was not of sufficient dose to induce changes) (Leon, Sanchez 2001).
Behavioural change in the studies presented in this thesis was controlled using
standard requests not to change lifestyle and was measured using
questionnaires relating to diet, smoking and alcohol consumption. It is unlikely
that other physical activity was reduced as participants in the studies were
sedentary and therefore not taking a significant amount of other activity to begin
with. The studies were designed on previous evidence of the beneficial effects
of brisk walking and the second study met the required sample size. Compliance
to the study protocol was high in both studies. Therefore biological variation in
the study participants may account for the lack of change.
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Heritability has been shown to be a strong contributor to the response of lipids to
exercise in the HERITAGE Family Study (Despres et al. 1988). The use of a
control group and random allocation minimised the risk that change or lack of
change was influenced by group bias.

7.4.2.4.3

TOTAL CHOLESTEROL AND TRIGLYCERIDES

As in the individual studies, there was no change in Tc or Tg in the combined
walking group. A complete discussion of the effects of unsupervised brisk
walking has been included in chapter 5 (section 5.4.4.5.1 and 5.4.4.5.2).

7.4.2.4.4

TOTAL CHOLESTEROL:HDL RATIO

Changes in the Tc:HDL ratio represents a shift in the proportion of overall
cholesterol that is in the form of HDL. Tc:HDL was unchanged in the walking
groups of each of the individual studies and also in the analysis of the combined
data in this study.

Previous studies of high intensity exercise have resulted in

decreases in the Tc:HDL ratio following eight weeks of step aerobics in female
university students (Kin Isler, Kosar & Korkusuz 2001) and seven weeks
stairclimbing in females aged 18 to 22 years (Boreham, Wallace & Nevill 2000).

Moderate intensity exercise studies have also demonstrated changes in the
Tc:HDL ratio.

Motoyama et al (Motoyama et al. 1995) demonstrated a

significant reduction in Tc:HDL after 9 months of supervised walking on a
treadmill, for 30 minutes per session, three to six days per week in 30 men and
women over 65 years old.
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The reason no changes in Tc:HDL were observed in the studies presented in
this thesis is probably related to the lack of change in either Tc or HDL, for the
reasons discussed earlier.

7.4.2.4.5

THE EFFECT OF THE DAILY VARIATION OF LIPIDS ON THE

FINDINGS
One reason for the discrepancies in the results of the effects of exercise on
lipids is that the results were confounded by the intra-individual daily variation in
the lipid levels. It is estimated that there is a 3% daily variation in TC and HDLC (Pereira et al. 2004), and up to a 21% variation for TG (Ricos et al. 1999). As
in the studies in this thesis, LDL-C if commonly calculated by applying the
Friedwald equation, therefore is subject to the combined effects of variation in
Tc, HDL-C and TG. The changes seen in many studies, though statistically
significant, can be accounted for by daily variation. This can be observed by the
degree of change in Tc and TG in the combined data in chapter 7, which was
below the estimated daily variation. However, the change in HDL-C in the
combined walking group was greater than that attributable to daily variation and
therefore can be considered as a true effect.
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7.4.2.5

COMPOSTION

OF

LIPOPROTEINS

AND

LIPOPROTEIN

SUBFRACTIONS
Significant increases in the lipid content and particle size of VLDL was observed
in the combined walking groups. There was also a significant increase in the Tc
content of HDL2 and changes in the HDL2:HDL3 ratio.

As discussed in chapter 6 (section 6.4.2.1.2), the increase in the lipid content
and particle size in VLDL was unexpected as it represents an increase in the
risk of CHD (Mack, Krauss & Hodis 1996) and is the opposite to what has been
demonstrated in previous studies (Kraus et al. 2002, Alam et al. 2004).

The

combined walking group includes the results of over twice the number of
participants of the exercise groups involved in the second study. As discussed
in chapter 6, this still may not result in adequate power and so this finding may
be the result of a type 1 statistical error.

The changes in HDL2 and HDL2:HDL3 are similar to those of the second study.
These changes are discussed and compared with previous studies in detail in
chapter 6 (section 6.4.2.1.1).

The next chapter highlights the major findings of the studies presented in this
thesis. A discussion of the major themes of the studies will be undertaken and
recommendations for possible future research will be made.
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Table 7.1
Traditional CHD risk factors and fitness at baseline in the combined
waking group and the combined control group (mean±SD)___________
Combined
Combined
walking group
control group
(n=92) (n=27)
Mean
SD
Mean
SD
Age (Years)
48.8
6.18
51.67
7.16
Height (M)
1.69
0.11
1.64
0.09
Weight (kg)
77.47
16.27
72.05
12.30
Body Mass Index (kg/m2)
27.08
4.53
26.79
5.22
Waist measurement (cm)
92
14
88
11
Hip measurement (cm)
106
10
104
10
WHR
0.87
0.09
0.85
0.08
Systolic blood pressure (mmHg)
133
13
127
14
Diastolic blood pressure (mmHg)
85
10
81
9
Heart Rate (beats/min)
71.36
11.23
75.08
10.23
Distance Walked (meters walked
in 10m SWT)*
628
126
547
132
To (mmol/L)
1.07
5.75
6.10
1.00
TG (mmol/L)
1.18
0.76
1.22
0.80
0.22
0.01
0.01
0.26
Logio TG
HDL-C (mmol/L)
1.37
0.47
1.58
0.56
LDL-C (mmol/L)
3.85
1.05
3.98
1.11
Tc:HDL
6.52
11.96
4.36
2.30
‘Comparison of measures between groups at baseline using an
independent t-test showed the combined walking group was significantly
different from the combined control group (p<0.05)__________________
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Table 7.2
Novel CHD risk factors and fitness at baseline in the combined waking
group and the combined control group (mean±SD)
Combined
Combined
walking group
control group
(n=:27)
____ (nzM
Mean
SD
Mean
SD
10 year Risk Estimate for CHD
based on Systolic BP (%)
7.15
5.65
6.85
7.69
Logio 10 Risk Estimate for CHD
0.68
0.43
based on Systolic BP
0.65
0.40
10 Year Risk Estimate for CHD
7.15
5.62
based on Diastolic BP (%)
6.95
7.50
Logio 10 Risk Estimate for CHD
0.41
0.67
0.37
based on Diastolic BP
0.69
10 Year Risk Estimate for Stroke
based on Systolic BP (%)
1.16
0.77
0.89
1.19
Logio 10 Risk Estimate for Stroke
based on Systolic BP
-0.03
0.30 -0.05
0.35
10 Year Risk Estimate for Stroke
0.70
1.18
0.87
1.06
based on Diastolic BP (%)
Logio 10 Risk Estimate for Stroke
0.27
-0.04
0.32
-0.06
based on Diastolic BP
3.34
1.90
3.01
2.03
CRP (mg/L)
0.45
0.17
0.33
0.25
Log 10 CRP
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Table 7.5
Unadjusted baseline composition of VLDL and VLDL subtractions in the combined
waking group and the combined control group
Combined
Combined
walking group
control group
(n=92) (n=27)
Variable
Baseline
SD
Baseline
SD
VLDL Tc (pmol/L)
415.81
224.40
416.19
348.79
VLDL TG (pmol/L)
691.89
708.57
340.69
467.43
Logic VLDL TG
2.79
0.22
0.29
2.76
VLDL phospholipid (pmol/L)
351.95
235.81
170.13
352.39
VLDL Fc (pmol/L)
1870.31
1043.71
1923.40
1521.03
VLDL-A Tc (pmol/L)
VLDL-A TG (pmol/L)
Logic VLDL-A TG
VLDL-A phospholipid (pmol/L)
VLDL-A Fc (pmol/L)

71.90
123.97
1.99
544.74
344.39

50.09
81.58
0.33
644.53
246.40

76.67
110.80
1.92
314.42
265.02

54.99
84.85
0.35
276.14
227.97

VLDL-B Tc (pmol/L)
VLDL-B TG (pmol/L)
Logic VLDL-B TG
VLDL-B phospholipid (pmol/L)
VLDL-B Fc (pmol/L)

89.86
179.87
2.17
561.74
475.53

61.26
106.86
0.28
473.74
291.10

83.91
160.83
2.09
456.15
473.59

68.47
121.69
0.34
357.67
359.92

VLDL-C Tc (pmol/L)
VLDL-C TG (pmol/L)
Logic VLDL-C TG
VLDL-C phospholipid (pmol/L)
VLDL-C Fc (pmol/L)

71.97
103.24
1.92
418.47
331.34

51.51
65.23
0.30
336.32
244.95

67.50
90.00
1.84
293.37
216.93

54.47
64.95
0.33
253.44
175.78

75.76
47.04
97.89
VLDL-D Tc (pmol/L)
56.27
31.44
69.58
VLDL-D TG (pmol/L)
-16.57
44.80
-37.16
Logic VLDL-D TG
326.12
229.32
316.16
VLDL-D phospholipid (pmol/L)
254.26
147.00
274.50
VLDL-D Fc (pmol/L)
Note: VLDL-A to VLDL-D are in order of decreasing density and increasing size

60.05
42.48
63.91
280.53
166.78
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Table 7.6
Unadjusted baseline composition of LDL, HDL and HDL subtractions between the
combined waking group and the combined control group
Combined
Combined
walking group
control group
(n=92)
(n=27)
Variable
Baseline
SD
SD
Baseline
LDL Tc (pmol/L)
2482.57
790.17
2478.26
832.36
LDL TG (pmol/L)
197.97
59.50
211.74
78.49
2.28
Logic LDL TG (pmol/L)
0.12
2.30
0.15
LDL phospholipid (pmol/L)
6900.59
5852.84
3589.98
4252.52
LDL Fc (pmol/L)
7217.48
2415.40
7247.59
2519.18
HDL
HDL
HDL
HDL

Tc (pmol/L)*
phospholipid (pmol/L)
Fc (pmol/L)
apo A1 (g/L)*

993.16
356.90
952.33
109.63

334.44
487.62
978.76
27.87

1147.92
513.28
1244.03
124.74

319.93
564.90
1063.05
38.00

HDL2
HDL2
HDL2
HDL2

Tc (pmol/L)
phospholipid (pmol/L)
Fc (pmol/L)
apo A1 (g/L)

144.73
40.29
239.79
5.33

117.76
76.16
341.53
4.12

187.31
52.23
233.02
6.55

129.01
62.69
191.58
3.35

HDL3
HDL3
HDL3
HDL3

Tc (pmol/L)
phospholipid (pmol/L)
Fc (pmol/L)
apo A1 (g/L)

263.55
92.42
260.44
33.94

108.33
113.60
269.16
6.78

277.60
117.51
379.30
34.36

118.44
127.42
324.12
10.62

0.63
-0.34
0.32
-0.62
0.89
-0.22
0.17
-0.87

0.71
0.32
0.31
0.31
1.33
0.35
0.13
0.27

0.70
-0.24
0.46
-0.39
0.82
-0.18
0.21
-0.74

0.51
0.27
0.24
0.23
0.52
0.30
0.11
0.23

HDL2:HDL3 Tc
Logic HDL2:HDL3 Tc
HDL2:HDL3 phospholipid
Logic HDL2:HDL3 phospholipid*
HDL2:HDL3 Fc
Logic HDL2:HDL3 Fc
HDL2:HDL3 apo A1
Logic HDL2:HDL3 apo A1

‘Comparison of measures between groups at baseline using an independent t-test
showed the combined walking group was significantly different from the combined
control group (p<0.05)
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Table 7.7
Adjusted baseline comparison of VLDL and VLDL subtractions, adjusted by
protein content, in the combined waking group and the combined control group.
Combined
Combined control
walking group
group
(n=92)
(n=27)
Variable
Baseline
SD
Baseline
SD
VLDL Tc (pmol/mg)
0.54
0.26
0.62
0.46
VLDL TG (pmol/mg)
0.98
0.47
1.22
0.80
Logic VLDL TG
-0.06
0.22
0.02
0.25
VLDL phospholipid (pmol/mg)
0.47
0.19
0.52
0.29
2.44
VLDL Fc (pmol/mg)
2.82
1.84
1.20
VLDL-A Tc (pmol/mg)
VLDL-A TG (pmol/mg)
Logic VLDL-A TG
VLDL-A phospholipid (pmol/mg)
VLDL-A Fc (pmol/mg)

1.94
4.03
0.46
19.42
11.94

1.42
3.43
0.39
18.40
10.24

1.51
3.17
0.40
12.76
6.25

1.03
2.13
0.34
14.07
6.59

VLDL-B Tc (pmol/mg)
VLDL-B TG (pmol/mg)
Logic VLDL-B TG
VLDL-B phospholipid (pmol/mg)
VLDL-B Fc (pmol/mg)

2.01
4.26
0.54
16.59
10.65

1.31
2.47
0.31
12.04
6.61

1.97
3.81
0.52
15.94
13.09

1.52
2.15
0.24
15.73
15.30

VLDL-C Tc (pmol/mg)
VLDL-C TG (pmol/mg)
Logic VLDL-C TG
VLDL-C phospholipid (pmol/mg)
VLDL-C Fc (pmol/mg)

2.23
3.08
0.37
17.58
12.44

1.95
2.19
0.35
24.42
23.12

1.81
3.47
0.31
14.01
5.98

1.42
4.34
0.45
15.58
5.41

3.39
3.80
2.58
VLDL-D Tc (pmol/mg)
3.02
2.67
2.78
VLDL-D TG (pmol/mg)
0.24
0.26
0.36
Logic VLDL-D TG
188.57
257.21
255.19
VLDL-D phospholipid (pmol/mg)
93.84
88.99
97.57
VLDL-D Fc (pmol/mg)
Note: VLDL-A to VLDL-D are in order of decreasing density and increasing size

2.58
3.19
0.42
430.11
134.56
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Table 7.8
Adjusted baseline comparison of LDL, HDL and HDL subfractions, adjusted by
protein content, in the combined waking group and the combined control group
Combined
Combined control
walking group
group
(n=92) (n=27)
SD
SD
Variable
Baseline
Baseline
LDL Tc (pmol/mg)
3.96
1.03
4.28
2.41
LDL TG (pmol/mg)
0.32
0.34
0.10
0.15
-0.52
0.17
0.13
-0.50
Log-io LDL TG
LDL phospholipid (pmol/mg)
11.82
6.28
10.94
11.01
LDL Fc (pmol/mg)
11.45
3.17
12.58
7.02
HDL Tc (pmol/g)
HDL phospholipid (pmol/g)
HDL Fc (pmol/g)

9.43
3.32
8.84

3.29
4.26
8.43

9.89
4.32
10.53

4.04
4.79
9.30

HDL2 Tc (pmol/g)
HDL2 phospholipid (pmol/g)
HDL2 Fc (pmol/g)

28.17
4.83
30.83

13.93
6.59
32.28

27.77
7.54
32.91

13.82
7.38
36.65

HDL3 Tc (pmol/g)
HDL3 phospholipid (pmol/g)
HDL3 Fc (pmol/g)

7.88
2.91
8.45

3.07
3.72
9.58

8.24
3.93
10.93

2.22
4.46
9.76
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GENERAL DISCUSSION

CHAPTER 8
GENERAL DISCUSSION

8.1

SUMMARY OF MAJOR FINDINGS

The studies presented in this thesis demonstrate that sedentary middle-aged
adults, undertaking a 12-week programme of unsupervised, home-based
walking, receive a significant benefit in terms of cardiovascular health and
fitness.

The results of the first study demonstrate that a 12-week home-based
programme of 30 minutes brisk walking, 5 days per week is associated with a
significant reduction in mean systolic and diastolic blood pressure, a reduction in
the 10-year estimate of cardiovascular risk and an increase in functional
capacity among previously sedentary people aged over 50 years.

The results of the second study demonstrate that walking for 30 minutes, three
times per week, a level below the current recommendations, is associated with a
significant decrease in weight, BMI, waist, hip, systolic blood pressure, 10 year
risk estimate of CHD based on systolic blood pressure and a significant increase
in fitness and TG.

It would appear that an additional benefit, in terms of a

decrease in diastolic blood pressure, can be gained from walking 5 days per
week. An additional benefit of a reduction in the 10-year risk estimate of stroke
based on both systolic and diastolic blood pressure also appears to be gained
from walking five, instead of three, days per week. However, for the reduction in
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the future risk of stroke to be real, the exercise must be maintained beyond the
12 weeks of the study. Significant improvements in the lipid content and particle
size of HDL.2 were observed following a 12-week brisk walking programme in
both the 3-day and 5-day groups and a significant reduction in VCAM was
observed in the 5-day group.

The significant improvements in the distance

walked in the 10m SWT, weight, waist circumference, hip circumference, blood
pressure and 10-year risk of CHD and stroke and changes in the composition of
HDL2 were also present when the data from the two studies were collated.

The novelty of current work lies in the design of the studies. The brisk walking
programmes in this study did not include any direct supervision and was homebased. The choice to perform the walking in a single bout or in multiple bouts
was given. Therefore each participant could walk at a place and a time that was
suitable to their individual preference.

Previous studies of the effects of brisk

walking have shown similar effects, but have included supervised walking
sessions as part of the programme (Hardman et al. 1992, Hardman, Hudson
1994, Aldred, Hardman & Taylor 1995, Murphy, Hardman 1998).

8.2

MAJOR THEMES

A number of major themes can be identified from the studies presented in this
thesis.

Firstly, the findings of this thesis suggest that the beneficial effects of moderate
intensity exercise on individual cardiovascular risk factors are small and may
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have been exaggerated in previous studies. This may reflect a publication bias,
where only studies that have demonstrated beneficial effects are submitted or
accepted for publication. Studies involving exercise are difficult to conduct and
therefore have generally involved small sample sizes. The second study in this
thesis is one of the larger studies that have examined the effects of moderate
intensity exercise.

In general, the results of the effects of exercise on lipid subfractions and novel
cardiovascular risk factors were inconsistent and disappointing.

This may be

because exercise has only a small effect against a background of significant
biological variation.

To determine the true effects of exercise requires

substantially larger studies to reliably measure changes.

Though

walking

was

seen

to

produce

changes

across

a

variety

of

cardiovascular risk factors, which were often small and sometimes insignificant,
a cumulative decrease in the risk of cardiovascular disease was evidenced by
changes in the cardiovascular risk score. Framingham risk scores have not been
widely used in previous studies of the effects of exercise on cardiovascular
health. This may be because many exercise studies are performed outside the
clinical setting by researchers not aware of appropriate clinically relevant
measures. The findings of the studies in this thesis indicate that cardiovascular
risk scores should be included as a major endpoint in future studies of exercise
as a clinically more useful measurement of the summative changes in
cardiovascular risk factors.
263

The design of the studies presented in this thesis offered participants the choice
to perform the prescribed daily walking time in one single bout, or in numerous
shorter bouts.

Previous studies have demonstrated similar benefits to health

and fitness from performing exercise in single or multiple bouts (Murphy,
Hardman 1998, Murphy et al. 2002).

Allowing individuals the autonomy to

choose whether to perform the prescribed exercise in single or multiple bouts
may be a more ecologically valid approach to recommending exercise, as only
the individual knows how best to incorporate the exercise into their daily lives.

Only one participant dropped out of the walking programmes due to injury. This
suggests that walking is a very safe form of exercise for sedentary 40 to 65 year
old adults.

This finding is in agreement with that of other studies, that have

found the rate of injury from walking to be very low compared to more vigorous
forms of exercise (Powell et al. 1998, Hootman et al. 2001).

Another finding of the research presented in this thesis was that there was a
significant benefit to cardiovascular risk and fitness from walking on three days
per week. The current exercise recommendations are that every adult should
accumulate at least 30 minutes of moderate intensity activity on most days of
the week (Department of Health, Physical Activity, Health Improvement and
Prevention 2004).

These recommendations were formed on the basis of the

results of both epidemiological and intervention studies.

The studies of this

thesis demonstrate that for sedentary middle-aged adults, this recommendation
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overestimates the required amount of exercise to confer benefit. It may,
therefore, be appropriate for health care professionals to recommend their
sedentary patients begin exercise at a level below the current recommendations,
progressing to higher amounts when further benefit is the target.

It would

appear logical that a lower weekly exercise target is likely to be more acceptable
to sedentary adults.

8.3

FUTURE RESEARCH

The results of the two studies presented in this thesis indicate that further
investigation into the effects of unsupervised, home based walking is required.
The studies were targeted at healthy, sedentary, middle-aged individuals.
Studies of the effects of a similar walking programme in less healthy individuals
and in different age groups are needed to confirm the generalisabilty of the
findings.

At baseline, less healthy individuals may also have a poorer

cardiovascular risk profile, thus there might be a greater potential for change.

There is a need for larger studies to definitively determine the effects of exercise
on novel cardiovascular risk factors.

This should also include a further

investigation of the unexpected changes in the composition of VLDL in the
studies presented in this thesis.

Finally,

a clear benefit to cardiovascular health and fitness has

demonstrated.

been

However, the difficulty of encouraging sedentary individuals to

participate in regular physical activity needs to be addressed.

Recruitment to
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the studies was poor. Overall, only 3% of participants invited took part in the
programmes presented in this thesis. To improve the recruitment of sedentary
individuals to exercise programmes, further investigation of effective strategies
of recruitment is required.

Possible strategies include the use of motivational

techniques (Marcus, Lewis 2003), including the use of a contract to commit both
patient and doctor to the programme (Sallis et al. 1994).

266

CHAPTER 9
REFERENCES

CHAPTER 9 - REFERENCES

CHAPTER 9
REFERENCES

Adamopoulos, P.N., Macrilakis, K., Papamichael, C., Malakos, I.,
Panayidis, N. & Moulopoulos, S.D. 1993, "Physical activity and relationship
with coronary heart disease risk factors", Acta Cardioloqica, vol. 48, no. 6,
pp. 523-534.
Adams, D.H., Shaw, S. 1994, "Leucocyte-endothelial interactions and
regulation of leucocyte migration", Lancet, vol. 343, no. 8901, pp. 831-836.
Ainsworth, B E., Haskell, W.L., Leon, A.S., Jacobs, D.R.,Jr, Montoye,
H.J., Sallis, J.F. & Paffenbarger, R.S.,Jr 1993, "Compendium of physical
activities: classification of energy costs of human physical activities",
Medicine and science in sports and exercise, vol. 25, no. 1, pp. 71-80.
Alam, S., Stolinski, M., Pentecost, C., Boroujerdi, M.A., Jones, R.H.,
Sonksen, P.H. & Umpleby, A.M. 2004, "The effect of a six-month exercise
program on very low-density lipoprotein apolipoprotein B secretion in type 2
diabetes", The Journal of clinical endocrinology and metabolism, vol. 89, no.
2, pp. 688-694.
Albert, M.A., Glynn, R.J. & Ridker, P.M. 2004, "Effect of physical activity
on serum C-reactive protein", The American Journal of Cardiology, vol. 93,
no. 2, pp. 221-225.
Albright, A., Franz, M., Hornsby, G., Kriska, A., Marrero, D., Ullrich, I. &
Verity, L.S. 2000, "American College of Sports Medicine position stand.
Exercise and type 2 diabetes", Medicine and science in sports and exercise,
vol. 32, no. 7, pp. 1345-1360.
Aldred, H.E., Hardman, A.E. & Taylor, S. 1995, "Influence of 12 weeks of
training by brisk walking on postprandial lipemia and insulinemia in
sedentary middle-aged women", Metabolism: clinical and experimental, vol.
44, no. 3, pp. 390-397.
American College of Sports Medicine 2000, ASCM's Guidelines for
exercise testing and prescription, 6th edn, Lippincott Williams & Wilkins,
Philadelphia.
American College of Sports Medicine 2004, “ACSM's Health-Related
Physical Fitness Assessment Manual”, Lippincott, Williams and Wilkins,
Philadelphia.
Anderson, K.M., Odell, P.M., Wilson, P.W. & Kannel, W.B. 1991,
"Cardiovascular disease risk profiles", American Heart Journal, vol. 121, no.
1 Pt 2, pp. 293-298.
Angelopoulos, T.J., Lewis, R., Jamurtas, T. & Schumann, C. 1998,
"Significant changes in VLDL-triacylglycerol and glucose tolerance in obese
subjects following ten days of training", European journal of applied
physiology and occupational physiology, vol. 77, no. 6, pp. 556-559.

CHAPTER 9 - REFERENCES

•

Anonymous, 1978, "American College of Sports Medicine position
statement on the recommended quantity and quality of exercise for
developing and maintaining fitness in healthy adults", Medicine and science
in sports, vol. 10, no. 3, pp. vii-x.

•

Anonymous, 1984, "The Lipid Research Clinics Coronary Primary
Prevention Trial results. II. The relationship of reduction in incidence of
coronary heart disease to cholesterol lowering", JAMA: the journal of the
American Medical Association, vol. 251, no. 3, pp. 365-374.

•

Anonymous, 1990, "American College of Sports Medicine position stand.
The recommended quantity and quality of exercise for developing and
maintaining cardiorespiratory and muscular fitness in healthy adults",
Medicine and science in sports and exercise, vol. 22, no. 2, pp. 265-274.

•

Anonymous. 1993a. "American College of Sports Medicine. Position
Stand. Physical activity, physical fitness, and hypertension", 1993, Medicine
and science in sports and exercise, vol. 25, no. 10, pp. i-x.

•

Anonymous. 1993b, "NIH Consensus conference. Triglyceride, highdensity lipoprotein, and coronary heart disease. NIH Consensus
Development Panel on Triglyceride, High-Density Lipoprotein, and Coronary
Heart Disease", JAMA : the journal of the American Medical Association,
vol. 269, no. 4, pp. 505-510.

•

Anonymous. 1998a, "Physical activity trends-United States, 19901998", MMWR. Morbidity and mortality weekly report, vol. 50, no. 9, pp.
166-169.

•

Anonymous. 1998b, "Joint British recommendations on prevention of
coronary heart disease in clinical practice. British Cardiac Society, British
Hyperlipidaemia Association, British Hypertension Society, endorsed by the
British Diabetic Association", Heart, vol. 80 Suppl 2, pp. S1-29

•

Arnett, D.K., Evans, G.W. & Riley, W.A. 1994, "Arterial stiffness: a new
cardiovascular risk factor?", American Journal of Epidemiology, vol. 140, no.
8, pp. 669-682.

•

Arroll, B., Beaglehole, R. 1995, "Salt restriction and physical activity in
treated hypertensives", The New Zealand medical journal, vol. 108, no.
1003, pp. 266-268.

•

Asikainen, T.M., Miilunpalo, S., Oja, P., Rinne, M., Pasanen, M., UusiRasi, K. & Vuori, I. 2002a, "Randomised, controlled walking trials in
postmenopausal women: the minimum dose to improve aerobic fitness?",
British journal of sports medicine, vol. 36, no. 3, pp. 189-194.

•

Asikainen, T.M., Miilunpalo, S., Oja, P., Rinne, M., Pasanen, M. & Vuori,
I. 2002b, "Walking trials in postmenopausal women: effect of one vs two
daily bouts on aerobic fitness", Scandinavian journal of medicine & science
in sports, vol. 12, no. 2, pp. 99-105.

268

CHAPTER 9 - REFERENCES

•

Bagdade, J.D., Ritter, M.C. & Subbaiah, P.V. 1991, "Accelerated
cholesteryl ester transfer in plasma of patients with hypercholesterolemia",
The Journal of clinical investigation, vol. 87, no. 4, pp. 1259-1265.

•

Barter, P., Kastelein, J., Nunn, A., Hobbs, R. & Future Forum Editorial
Board. 2003, "High density lipoproteins (HDLs) and atherosclerosis; the
unanswered questions", Atherosclerosis, vol. 168, no. 2, pp. 195-211.

•

Baum, M., Liesen, H. & Enneper, J. 1994, "Leucocytes, lymphocytes,
activation parameters and cell adhesion molecules in middle-distance
runners under different training conditions", International Journal of Sports
Medicine, vol. 15 Suppl 3, pp. S122-6.

•

Baumstark, M.W., Frey, I. & Berg, A. 1993, "Acute and delayed effects of
prolonged exercise on serum lipoproteins. II. Concentration and composition
of low-density lipoprotein subfractions and very low-density lipoproteins",
European journal of applied physiology and occupational physiology, vol.
66, no. 6, pp. 526-530.

•

Beevers, G., Lip, G.Y. & O'Brien, E. 2001, "ABC of hypertension: Blood
pressure measurement. Part ll-conventional sphygmomanometry: technique
of auscultatory blood pressure measurement", BMJ (Clinical research ed.),
vol. 322, no. 7293, pp. 1043-1047.

•

Berg, A., Johns, J., Baumstark, M., Kreutz, W. & Keul, J. 1983,
"Changes in HDL subfractions after a single, extended episode of physical
exercise", Atherosclerosis, vol. 47, no. 3, pp. 231-240.

•

Biddle, S.J.H. 2000, "Emotion, mood and physical activity" in Physical
activity and psychological well-being , eds. S.J.H. Biddle, K.R. Fox & S.H.
Boutcher, Routledge, London.

•

Blair, S.N., Goodyear, N.N., Gibbons, L.W. & Cooper, K.H. 1984,
"Physical fitness and incidence of hypertension in healthy normotensive
men and women", JAMA : the journal of the American Medical Association,
vol. 252, no. 4, pp. 487-490.

•

Blair, S.N., Kampert, J.B., Kohl, H.W.,3rd, Barlow, C.E., Macera, C.A.,
Paffenbarger, R.S.,Jr & Gibbons, L.W. 1996, "Influences of
cardiorespiratory fitness and other precursors on cardiovascular disease
and all-cause mortality in men and women", JAMA : the journal of the
American Medical Association, vol. 276, no. 3, pp. 205-210.

•

Blake, G.J., Ridker, P.M. 2002, "Inflammatory bio-markers and
cardiovascular risk prediction", Journal of internal medicine, vol. 252, no. 4,
pp. 283-294.

•

Blankenberg, S., Rupprecht, H.J., Bickel, C., Peetz, D., Hafner, G., Tiret,
L. & Meyer, J. 2001, "Circulating cell adhesion molecules and death in
patients with coronary artery disease", Circulation, vol. 104, no. 12, pp.
1336-1342.

•

Blomback, B. & Hanson, L.A. 1979, Plasma Proteins, Wiley, Chichester.

269

CHAPTER 9 - REFERENCES

•

Bond Brill, J., Perry, A.C., Parker, L, Robinson, A. & Burnett, K. 2002,
"Dose-response effect of walking exercise on weight loss. How much is
enough?", International journal of obesity and related metabolic disorders :
journal of the International Association for the Study of Obesity, vol. 26, no.
11, pp. 1484-1493.

•

Booth, S., Adams, L. 2001, "The shuttle walking test: a reproducible
method for evaluating the impact of shortness of breath on functional
capacity in patients with advanced cancer", Thorax, vol. 56, no. 2, pp. 146150.

•

Boreham, C.A., Wallace, W.F. & Nevill, A. 2000, "Training effects of
accumulated daily stair-climbing exercise in previously sedentary young
women", Preventive medicine, vol. 30, no. 4, pp. 277-281.

•

Borsheim, E., Knardahl, S. & Postmark, A.T. 1999, "Short-term effects of
exercise on plasma very low density lipoproteins (VLDL) and fatty acids",
Medicine and science in sports and exercise, vol. 31, no. 4, pp. 522-530.

•

Bouchard, C., Blair, S.N. 1999, "Introductory comments for the
consensus on physical activity and obesity", Medicine and science in sports
and exercise, vol. 31, no. 11 Suppl, pp. S498-501.

•

Bouchard, C., Tremblay, A., Nadeau, A., Dussault, J., Despres, J.P.,
Theriault, G., Lupien, P.J., Serresse, O., Boulay, M.R. & Fournier, G. 1990,
"Long-term exercise training with constant energy intake. 1: Effect on body
composition and selected metabolic variables", International journal of
obesity, vol. 14, no. 1, pp. 57-73.

•

Bourdillon, M.C., Poston, R.N., Covacho, C., Chignier, E., Bricca, G. &
McGregor, J.L. 2000, "ICAM-1 deficiency reduces atherosclerotic lesions in
double-knockout mice (ApoE(-/-)/ICAM-1 (-/-)) fed a fat or a chow diet",
Arteriosclerosis, Thrombosis, and Vascular Biology, vol. 20, no. 12, pp.
2630-2635.

•

Boutcher, S.H., Meyer, B.J., Craig, G.A. & Astheimer, L. 2003, "Plasma
lipid and fibrinogen levels in aerobically trained and untrained
postmenopausal women", The Journal of sports medicine and physical
fitness, vol. 43, no. 2, pp. 231-235.

•

Braith, R.W., Pollock, M.L., Lowenthal, D.T., Graves, J.E. & Limacher,
M.C. 1994, "Moderate- and high-intensity exercise lowers blood pressure in
normotensive subjects 60 to 79 years of age", The American Journal of
Cardiology, vol. 73, no. 15, pp. 1124-1128.

•

Braun, M., Pietsch, P., Schror, K., Baumann, G. & Felix, S.B. 1999,
"Cellular adhesion molecules on vascular smooth muscle cells",
Cardiovascular research, vol. 41, no. 2, pp. 395-401.

•

Bray, G.A. 2004, "Obesity is a chronic, relapsing neurochemical
disease", International journal of obesity and related metabolic disorders :
journal of the International Association for the Study of Obesity, vol. 28, no.
1, pp. 34-38.

270

CHAPTER 9 - REFERENCES

•

Brindle, P., Emberson, J., Lampe, F., Walker, M., Whincup, P., Fahey, T.
& Ebrahim, S. 2003, "Predictive accuracy of the Framingham coronary risk
score in British men: prospective cohort study", BMJ (Clinical research ed.),
vol. 327, no. 7426, pp. 1267.

•

Britton, A. & McPherson, K. 2002, Monitoring the progress of the 2010
target for coronary heart disease mortality: Estimated consequences on
CHD incidence and mortality from changing prevalence of risk factors.,
National Fleart Forum, London.

•

Brown, M.S., Goldstein, J.L. 1979, "Receptor-mediated endocytosis:
insights from the lipoprotein receptor system", Proceedings of the National
Academy of Sciences of the United States of America, vol. 76, no. 7, pp.
3330-3337.

•

Brown, M.S., Ho, Y.K. & Goldstein, J.L. 1976, "The low-density
lipoprotein pathway in human fibroblasts: relation between cell surface
receptor binding and endocytosis of low-density lipoprotein", Annals of the
New York Academy of Sciences, vol. 275, pp. 244-257.

•

Brown, M.S., Kovanen, P.T. & Goldstein, J.L. 1981, "Regulation of
plasma cholesterol by lipoprotein receptors", Science, vol. 212, no. 4495,
pp. 628-635.

•

Butland, R.J., Pang, J., Gross, E.R., Woodcock, A.A. & Geddes, D.M.
1982, "Two-, six-, and 12-minute walking tests in respiratory disease",
British medical journal (Clinical research ed.), vol. 284, no. 6329, pp. 16071608.

•

Byrne, H.K., Wilmore, J.H. 2001, "The effects of a 20-week exercise
training program on resting metabolic rate in previously sedentary,
moderately obese women", International Journal of Sport Nutrition and
Exercise Metabolism, vol. 11, no. 1, pp. 15-31.

•

Caggiula, A.W., Mustad, V.A. 1997, "Effects of dietary fat and fatty acids
on coronary artery disease risk and total and lipoprotein cholesterol
concentrations: epidemiologic studies", The American Journal of Clinical
Nutrition, vol. 65, no. 5 Suppl, pp. 1597S-1610S.

•

Cameron, J.D., Dart, A.M. 1994, "Exercise training increases total
systemic arterial compliance in humans", The American Journal of
Physiology, vol. 266, no. 2 Pt 2, pp. H693-701.

•

Caspersen, C.J., Powell, K.E. & Christenson, G.M. 1985, "Physical
activity, exercise, and physical fitness: definitions and distinctions for healthrelated research", Public health reports (Washington, D.C. : 1974), vol. 100,
no. 2, pp. 126-131.

•

Cauley, J.A., Kriska, A.M., LaPorte, R.E., Sandler, R.B. & Pambianco,
G. 1987, "A two year randomized exercise trial in older women: effects on
HDL-cholesterol", Atherosclerosis, vol. 66, no. 3, pp. 247-258.

271

CHAPTER 9 - REFERENCES

•

Chae, C.U., Lee, R.T., Rifai, N. & Ridker, P.M. 2001, "Blood pressure
and inflammation in apparently healthy men", Hypertension, vol. 38, no. 3,
pp. 399-403.

•

Chae, C.U., Lee, R.T., Rifai, N. & Ridker, P.M. 2001, "Blood pressure
and inflammation in apparently healthy men", Hypertension, vol. 38, no. 3,
pp. 399-403.

•

Chandrashekhar, Y., Anand, I.S. 1991, "Exercise as a coronary
protective factor", American Heart Journal, vol. 122, no. 6, pp. 1723-1739.

•

Chao, D., Foy, C.G. & Farmer, D. 2000, "Exercise adherence among
older adults: challenges and strategies", Controlled clinical trials, vol. 21, no.
5 Suppl, pp. 212S-7S.

•

Cheung, M.C., Brown, B.G., Wolf, A.C. & Albers, J.J. 1991, "Altered
particle size distribution of apolipoprotein A-l-containing lipoproteins in
subjects with coronary artery disease", Journal of lipid research, vol. 32, no.
3, pp. 383-394.

•

Christen, A.I., Sanchez, R.A., Baglivo, H.P., Armentano, R.L., Risk, M.R.
6 Cabrera Fischer, E.l. 1997, "Non-invasive assessment of systemic elastic
behaviour in hypertensive patients: analysis of possible determinants",
Medical progress through technology, vol. 21 Suppl, pp. 5-11.

•

Chung, B.H., Segrest, J.P., Ray, M.J., Brunzell, J.D., Hokanson, J.E.,
Krauss, R.M., Beaudrie, K. & Cone, J.T. 1986, "Single vertical spin density
gradient ultracentrifugation", Methods in enzymology, vol. 128, pp. 181-209.

•

Church, T.S., Barlow, C.E., Earnest, C.P., Kampert, J.B., Priest, E.L. &
Blair, S.N. 2002, "Associations between cardiorespiratory fitness and Creactive protein in men", Arteriosclerosis, Thrombosis, and Vascular
Biology, vol. 22, no. 11, pp. 1869-1876.

•

Colditz, G.A. 1999, "Economic costs of obesity and inactivity", Medicine
and science in sports and exercise, vol. 31, no. 11 Suppl, pp. S663-7.

•

Coleman, K.J., Raynor, H.R., Mueller, D.M., Cerny, F.J., Dorn, J.M. &
Epstein, L.H. 1999, "Providing sedentary adults with choices for meeting
their walking goals", Preventive medicine, vol. 28, no. 5, pp. 510-519.

•

Colhoun, H.M., Otvos, J.D., Rubens, M.B., Taskinen, M.R., Underwood,
S.R. & Fuller, J.H. 2002, "Lipoprotein subclasses and particle sizes and
their relationship with coronary artery calcification in men and women with
and without type 1 diabetes", Diabetes, vol. 51, no. 6, pp. 1949-1956.

•

Collins, R., Peto, R., MacMahon, S., Hebert, P., Fiebach, N.H., Eberlein,
K.A., Godwin, J., Qizilbash, N., Taylor, J.O. & Hennekens, C.H. 1990,
"Blood pressure, stroke, and coronary heart disease. Part 2, Short-term
reductions in blood pressure: overview of randomised drug trials in their
epidemiological context", Lancet, vol. 335, no. 8693, pp. 827-838.

•

Cooper, C., Barker, D.J. & Wickham, C. 1988, "Physical activity, muscle
strength, and calcium intake in fracture of the proximal femur in Britain",
BMJ (Clinical research ed.), vol. 297, no. 6661, pp. 1443-1446.

272

CHAPTER 9 - REFERENCES

•

Cox, K.L., Burke, V., Gorely, T.J., Beilin, L.J. & Puddey, I.B. 2003,
"Controlled comparison of retention and adherence in home- vs centerinitiated exercise interventions in women ages 40-65 years: The S.W.E.A.T.
Study (Sedentary Women Exercise Adherence Trial)", Preventive medicine,
vol. 36, no. 1, pp. 17-29.

•

Cox, K.L., Burke, V., Morton, A.R., Gillam, H.F., Beilin, L.J. & Puddey,
I.B. 2001, "Long-term effects of exercise on blood pressure and lipids in
healthy women aged 40-65 years: The Sedentary Women Exercise
Adherence Trial (SWEAT)", Journal of hypertension, vol. 19, no. 10, pp.
1733-1743.

•

Crouse, S.F., O'Brien, B.C., Grandjean, P.W., Lowe, R.C., Rohack, J.J.,
Green, J.S. & Tolson, H. 1997, "Training intensity, blood lipids, and
apolipoproteins in men with high cholesterol", Journal of applied physiology:
respiratory, environmental and exercise physiology, vol. 82, no. 1, pp. 270277.

•

Crouter, S.E., Schneider, P.L., Karabulut, M. & Bassett, D.R.,Jr2003,
"Validity of 10 electronic pedometers for measuring steps, distance, and
energy cost", Medicine and science in sports and exercise, vol. 35, no. 8,
pp. 1455-1460.

•

Cumston, C.G. 1926, An introduction to the history of medicine, Kegan
Paul, Tench, Trubner and Co. Ltd, London.

•

Cybulsky, M.I., liyama, K., Li, H., Zhu, S., Chen, M., liyama, M., Davis,
V., Gutierrez-Ramos, J.C., Connelly, P.W. & Milstone, D.S. 2001, "A major
role for VCAM-1, but not ICAM-1, in early atherosclerosis", The Journal of
clinical investigation, vol. 107, no. 10, pp. 1255-1262.

•

Daintith, J. 1989, Medical quotes: a thematic dictionary, Facts on File,
Oxford.

•

Dalton, M., Cameron, A.J., Zimmet, P.Z., Shaw, J.E., Jolley, D.,
Dunstan, D.W., Welborn, T.A. & AusDiab Steering Committee. 2003, "Waist
circumference, waist-hip ratio and body mass index and their correlation
with cardiovascular disease risk factors in Australian adults", Journal of
internal medicine, vol. 254, no. 6, pp. 555-563.

•

Danesh, J., Wheeler, J.G., Hirschfield, G.M., Eda, S., Eiriksdottir, G.,
Rumley, A., Lowe, G.D., Pepys, M.B. & Gudnason, V. 2004, "C-reactive
protein and other circulating markers of inflammation in the prediction of
coronary heart disease", The New England journal of medicine, vol. 350, no.
14, pp. 1387-1397.

•

Danesh, J., Whincup, P., Walker, M., Lennon, L., Thomson, A., Appleby,
P., Gallimore, J.R. & Pepys, M.B. 2000, "Low grade inflammation and
coronary heart disease: prospective study and updated meta-analyses",
BMJ (Clinical research ed.), vol. 321, no. 7255, pp. 199-204.

273

CHAPTER 9 - REFERENCES

•

Davies, M.J., Gordon, J.L., Gearing, A.J., Pigott, R., Woolf, N., Katz, D.
& Kyriakopoulos, A. 1993, "The expression of the adhesion molecules
ICAM-1, VCAM-1, PECAM, and E-selectin in human atherosclerosis", The
Journal of pathology, vol. 171, no. 3, pp. 223-229.

•

Davis, P.G., Bartoli, W.P. & Durstine, J.L. 1992, "Effects of acute
exercise intensity on plasma lipids and apolipoproteins in trained runners",
Journal of applied physiology: respiratory, environmental and exercise
physiology, vol. 72, no. 3, pp. 914-919.

•

Davison, R., Grant, S., Mutrie, N., Kelly, M.P.T. & Dargie, H.J. 1992,
"Walk for Health?", Journal of Sports Sciences, vol. 10, pp. 556.

•

Davison, R.C.R., Grant, S. 1995, "The phsiological effects of a 14 week
walking programme on sedentary middle-aged women", Journal of Sports
Sciences, vol. 13, no. 1, pp. 24-25.

•

De Backer, G., Ambrosioni, E., Borch-Johnsen, K., Brotons, C., Cifkova,
R., Dallongeville, J., Ebrahim, S., Faergeman, O., Graham, I., Mancia, G.,
Cats, V.M., Orth-Gomer, K., Perk, J., Pyorala, K., Rodicio, J.L., Sans, S.,
Sansoy, V., Sechtem, U., Silber, S., Thomsen, T., Wood, D. & European
Society of Cardiology Committee for Practice Guidelines. 2003, "European
guidelines on cardiovascular disease prevention in clinical practice: third
joint task force of European and other societies on cardiovascular disease
prevention in clinical practice (constituted by representatives of eight
societies and by invited experts)", Eur.J.Cardiovasc.Prev.Rehabii, vol. 10,
no. 4, pp. S1-S10.

•

de Lemos, J.A., Hennekens, C.H. & Ridker, P.M. 2000, "Plasma
concentration of soluble vascular cell adhesion molecule-1 and subsequent
cardiovascular risk", Journal of the American College of Cardiology, vol. 36,
no. 2, pp. 423-426.

•

Dengel, D.R., Hagberg, J.M., Pratley, R.E., Rogus, E.M. & Goldberg,
A.P. 1998, "Improvements in blood pressure, glucose metabolism, and
lipoprotein lipids after aerobic exercise plus weight loss in obese,
hypertensive middle-aged men", Metabolism: clinical and experimental, vol.
47, no. 9, pp. 1075-1082.

•

Department of Health, 1999, Health survey for England cardiovascular
disease 98, HMSO, London.

•

Department of Health 2000, National Service Framework for Coronary
Heart Disease, DH, London.

•

Department of Health 2001, "Exercise Referral Systems: A National
Quality Assurance Framework. Department of Health".

•

Department of Health, Social Services and Public Safety 2003, Annual
Report of the Chief Medical Officer.

274

CHAPTER 9 - REFERENCES

•

Department of Health, Physical Activity, Health Improvement and
Prevention 2004, At least five a week. A report from the Chief Medical
Officer. Department of Health, London.

•

Despres, J.P., Moorjani, S., Tremblay, A., Poehlman, E.T., Lupien, P.J.,
Nadeau, A. & Bouchard, C. 1988, "Heredity and changes in plasma lipids
and lipoproteins after short-term exercise training in men", Arteriosclerosis
(Dallas, Tex.), vol. 8, no. 4, pp. 402-409.

•

Despres, J.P., Pouliot, M.C., Moorjani, S., Nadeau, A., Tremblay, A.,
Lupien, P.J., Theriault, G. & Bouchard, C. 1991, "Loss of abdominal fat and
metabolic response to exercise training in obese women", The American
Journal of Physiology, vol. 261, no. 2 Pt 1, pp. E159-67.

•

Donnelly, J.E., Jacobsen, D.J., Heelan, K.S., Seip, R. & Smith, S. 2000,
"The effects of 18 months of intermittent vs. continuous exercise on aerobic
capacity, body weight and composition, and metabolic fitness in previously
sedentary, moderately obese females", International journal of obesity and
related metabolic disorders : journal of the International Association for the
Study of Obesity, vol. 24, no. 5, pp. 566-572.

•

Duncan, G.E., Perri, M.G., Anton, S.D., Limacher, M.C., Martin, A.D.,
Lowenthal, D.T., Arning, E., Bottiglieri, T. & Stacpoole, P.W. 2004, "Effects
of exercise on emerging and traditional cardiovascular risk factors”
Preventive Medicine, Vol. 39, no. 5, pp. 894-902.

•

Duncan, J.J., Farr, J.E., Upton, S.J., Hagan, R.D., Oglesby, M.E. & Blair,
S.N. 1985, "The effects of aerobic exercise on plasma catecholamines and
blood pressure in patients with mild essential hypertension", JAMA : the
journal of the American Medical Association, vol. 254, no. 18, pp. 26092613.

•

Dunn, A.L., Andersen, R.E. & Jakicic, J.M. 1998, "Lifestyle physical
activity interventions. History, short- and long-term effects, and
recommendations", American Journal of Preventive Medicine, vol. 15, no. 4,
pp. 398-412.

•

Dunn, A.L., Trivedi, M.H. & O'Neal, H.A. 2001, "Physical activity doseresponse effects on outcomes of depression and anxiety", Medicine and
science in sports and exercise, vol. 33, no. 6 Suppl, pp. S587-97; discussion
609-10.

•

Durstine, J.L., Grandjean, P.W., Davis, P.G., Ferguson, M.A., Alderson,
N.L. & DuBose, K.D. 2001, "Blood lipid and lipoprotein adaptations to
exercise: a quantitative analysis", Sports medicine (Auckland, N.Z.), vol. 31,
no. 15, pp. 1033-1062.

•

Durstine, J.L., Haskell, W.L. 1994, "Effects of exercise training on
plasma lipids and lipoproteins", Exercise and sport sciences reviews, vol.
22, pp. 477-521.

•

Eaton, C.B., Menard, L.M. 1998, "A systematic review of physical activity
promotion in primary care office settings", British journal of sports medicine,
vol. 32, no. 1, pp. 11-16.

275

CHAPTER 9 - REFERENCES

•

Elley, C.R., Kerse, N., Arroll, B. & Robinson, E. 2003, "Effectiveness of
counselling patients on physical activity in general practice: cluster
randomised controlled trial", BMJ (Clinical research ed.), vol. 326, no. 7393,
pp. 793.

•

Empana, J.P., Ducimetiere, P., Arveiler, D., Ferrieres, J., Evans, A.,
Ruidavets, J.B., Haas, B., Yarnell, J., Bingham, A., Amouyel, P.,
Dallongeville, J. & PRIME Study Group. 2003, "Are the Framingham and
PROCAM coronary heart disease risk functions applicable to different
European populations? The PRIME Study", European heart journal, vol. 24,
no. 21, pp. 1903-1911.

•

Enger, S.C., Stromme, S.B. & Refsum, H.E. 1980, "High density
lipoprotein cholesterol, total cholesterol and triglycerides in serum after a
single exposure to prolonged heavy exercise", Scandinavian journal of
clinical and laboratory investigation, vol. 40, no. 4, pp. 341-345.

•

Erikssen, G., Liestol, K., Bjornholt, J., Thaulow, E., Sandvik, L. &
Erikssen, J. 1998, "Changes in physical fitness and changes in mortality",
Lancet, vol. 352, no. 9130, pp. 759-762.

•

Esposito, K., Pontillo, A., Di Palo, C., Giugliano, G., Masella, M.,
Marfella, R. & Giugliano, D. 2003, "Effect of weight loss and lifestyle
changes on vascular inflammatory markers in obese women: a randomized
trial", JAMA : the journal of the American Medical Association, vol. 289, no.
14, pp. 1799-1804.

•

Evcik, D., Sonel, B. 2002, "Effectiveness of a home-based exercise
therapy and walking program on osteoarthritis of the knee", Rheumatology
international, vol. 22, no. 3, pp. 103-106.

•

Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults. 2001, "Executive Summary of The Third Report of
The National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, And Treatment of High Blood Cholesterol In Adults
(Adult Treatment Panel III)", JAMA : the journal of the American Medical
Association, vol. 285, no. 19, pp. 2486-2497.

•

Fagard, R.H. 1993, "Physical fitness and blood pressure", Journal of
hypertension. Supplement: official journal of the International Society of
Hypertension, vol. 11 Suppl 5, pp. S47-52.

•

Fagard, R.H. 2001, "Exercise characteristics and the blood pressure
response to dynamic physical training", Medicine and science in sports and
exercise, vol. 33, no. 6 Suppl, pp. S484-92; discussion S493-4.

•

Faruqi, R.M., DiCorleto, P.E. 1993, "Mechanisms of monocyte
recruitment and accumulation", British heart journal, vol. 69, no. 1 Suppl, pp.
S19-29.

276

CHAPTER 9 - REFERENCES

Ferguson, M.A., Alderson, N.L., Trost, S.G., Essig, D.A., Burke, J.R. &
Durstine, J.L. 1998, "Effects of four different single exercise sessions on
lipids, lipoproteins, and lipoprotein lipase", Journal of applied physiology:
respiratory, environmental and exercise physiology, vol. 85, no. 3, pp. 11691174.
Ferrier, K.E., Waddell, T.K., Gatzka, C.D., Cameron, J.D., Dart, A.M. &
Kingwell, B.A. 2001, "Aerobic exercise training does not modify large-artery
compliance in isolated systolic hypertension", Hypertension, vol. 38, no. 2,
pp. 222-226.
Field, A.E., Coakley, E.H., Must, A., Spadano, J.L., Laird, N., Dietz,
W.H., Rimm, E. & Colditz, G.A. 2001, "Impact of overweight on the risk of
developing common chronic diseases during a 10-year period", Archives of
Internal Medicine, vol. 161, no. 13, pp. 1581-1586.
Fielder, H., Shorney, S. & Wright, D. 1995, "Lessons from a pilot study
on prescribing exercise", Health Education Journal, vol. 54, pp. 445-452.
Fielding, C.J., Fielding, P.E. 1995, "Molecular physiology of reverse
cholesterol transport", Journal of lipid research, vol. 36, no. 2, pp. 211-228.
Fisher, R.M., Coppack, S.W., Gibbons, G.F. & Frayn, K.N. 1993, "Post
prandial VLDL subtraction metabolism in normal and obese subjects",
International journal of obesity and related metabolic disorders : journal of
the International Association for the Study of Obesity, vol. 17, no. 5, pp.
263-269.
Flegal, K.M., Carroll, M.D., Ogden, C.L. & Johnson, C.L. 2002,
"Prevalence and trends in obesity among US adults, 1999-2000", JAMA :
the journal of the American Medical Association, vol. 288, no. 14, pp. 17231727.
Fletcher, G.F., Balady, G., Blair, S.N., Blumenthal, J., Caspersen, C.,
Chaitman, B., Epstein, S., Sivarajan Froelicher, E.S., Froelicher, V.F., Pina,
I.L. & Pollock, M.L. 1996, "Statement on exercise: benefits and
recommendations for physical activity programs for all Americans. A
statement for health professionals by the Committee on Exercise and
Cardiac Rehabilitation of the Council on Clinical Cardiology, American Heart
Association", Circulation, vol. 94, no. 4, pp. 857-862.
Fletcher, G.F., Balady, G.J., Amsterdam, E.A., Chaitman, B., Eckel, R.,
Fleg, J., Froelicher, V.F., Leon, A.S., Pina, I.L., Rodney, R., Simons-Morton,
D.A., Williams, M.A. & Bazzarre, T. 2001, "Exercise standards fortesting
and training: a statement for healthcare professionals from the American
Heart Association", Circulation, vol. 104, no. 14, pp. 1694-1740.
Ford, E.S. 2002, "Does exercise reduce inflammation? Physical activity
and C-reactive protein among U.S. adults", Epidemiology (Cambridge,
Mass.), vol. 13, no. 5, pp. 561-568.
Francis, D.P. 2000, "Low-cost shuttle walk test for assessing exercise
capacity in chronic heart failure", International journal of cardiology, vol. 76,
no. 2-3, pp. 105-106.

CHAPTER 9 - REFERENCES

Frederiksen, H., Christensen, K. 2003, "The influence of genetic factors
on physical functioning and exercise in second half of life", Scandinavian
journal of medicine & science in sports, vol. 13, no. 1, pp. 9-18.
Frey, I., Baumstark, M.W. & Berg, A. 1993, "Acute and delayed effects of
prolonged exercise on serum lipoproteins. I. Composition and distribution of
high density lipoprotein subfractions", European journal of applied
physiology and occupational physiology, vol. 66, no. 6, pp. 521-525.
Friedewald, W.T., Levy, R.l. & Fredrickson, D.S. 1972, "Estimation of the
concentration of low-density lipoprotein cholesterol in plasma, without use of
the preparative ultracentrifuge", Clinical chemistry, vol. 18, no. 6, pp. 499502.
Gates, P.E., Tanaka, H., Graves, J. & Seals, D.R. 2003, "Left ventricular
structure and diastolic function with human ageing. Relation to habitual
exercise and arterial stiffness", European heart journal, vol. 24, no. 24, pp.
2213-2220.
Gaziano, J.M., Buring, J.E., Breslow, J.L., Goldhaber, S.Z., Rosner, B.,
VanDenburgh, M., Willett, W. & Hennekens, C.H. 1993, "Moderate alcohol
intake, increased levels of high-density lipoprotein and its subtractions, and
decreased risk of myocardial infarction", The New England journal of
medicine, vol. 329, no. 25, pp. 1829-1834.
Gibbons, R.J., Balady, G.J., Beasley, J.W., Bricker, J.T., Duvernoy,
W.F., Froelicher, V.F., Mark, D.B., Marwick, T.H., McCallister, B.D.,
Thompson, P.D., Winters, W.L.,Jr, Yanowitz, F.G., Ritchie, J.L., Cheitlin,
M.D., Eagle, K.A., Gardner, T.J., Garson, A.,Jr, Lewis, R.P., O'Rourke, R.A.
& Ryan, T.J. 1997, "ACC/AHA guidelines for exercise testing: executive
summary. A report of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines (Committee on Exercise
Testing)", Circulation, vol. 96, no. 1, pp. 345-354.
Glasser, S.P., Arnett, D.K., McVeigh, G.E., Finkelstein, S.M., Bank, A.J.,
Morgan, D.J. & Cohn, J.N. 1997, "Vascular compliance and cardiovascular
disease: a risk factor or a marker?", American Journal of Hypertension :
Journal of the American Society of Hypertension, vol. 10, no. 10 Pt 1, pp.
1175-1189.
Goebel, M.U., Mills, P.J. 2000, "Acute psychological stress and exercise
and changes in peripheral leukocyte adhesion molecule expression and
density", Psychosomatic medicine, vol. 62, no. 5, pp. 664-670.
Gordon, P.M., Fowler, S., Warty, V., Danduran, M., Visich, P. &
Keteyian, S. 1998, "Effects of acute exercise on high density lipoprotein
cholesterol and high density lipoprotein subtractions in moderately trained
females", British journal of sports medicine, vol. 32, no. 1, pp. 63-67.
Grandjean, P.W., Crouse, S.F. & Rohack, J.J. 2000, "Influence of
cholesterol status on blood lipid and lipoprotein enzyme responses to
aerobic exercise", Journal of applied physiology: respiratory, environmental
and exercise physiology, vol. 89, no. 2, pp. 472-480.

CHAPTER 9 - REFERENCES

•

Hagberg, J.M., Montain, S.J., Martin, W.H.,3rd & Ehsani, A.A. 1989,
"Effect of exercise training in 60- to 69-year-old persons with essential
hypertension", The American Journal of Cardiology, vol. 64, no. 5, pp. 348353.

•

Haim, M., Tanne, D., Boyko, V., Reshef, T., Goldbourt, U., Leor, J.,
Mekori, Y.A. & Behar, S. 2002, "Soluble intercellular adhesion molecule-1
and long-term risk of acute coronary events in patients with chronic
coronary heart disease. Data from the Bezafibrate Infarction Prevention
(BIP) Study", Journal of the American College of Cardiology, vol. 39, no. 7,
pp. 1133-1138.

•

Hakim, A.A., Petrovitch, H., Burchfiel, C.M., Ross, G.W., Rodriguez,
B.L., White, L.R., Yano, K„ Curb, J.D. & Abbott, R.D. 1998, "Effects of
walking on mortality among nonsmoking retired men", The New England
journal of medicine, vol. 338, no. 2, pp. 94-99.

•

Halle, M., Berg, A., Baumstark, M.W. & Keul, J. 1999, "Association of
physical fitness with LDL and HDL subfractions in young healthy men",
International Journal of Sports Medicine, vol. 20, no. 7, pp. 464-469.

•

Hamdorf, P.A., Penhall, R.K. 1999, "Walking with its training effects on
the fitness and activity patterns of 79-91 year old females", Australian and
New Zealand Journal of Medicine, vol. 29, no. 1, pp. 22-28.

•

Hamdorf, P.A., Withers, R.T., Penhall, R.K. & Haslam, M.V. 1992,
"Physical training effects on the fitness and habitual activity patterns of
elderly women", Archives of Physical Medicine and Rehabilitation, vol. 73,
no. 7, pp. 603-608.

•

Han, T.S., van Leer, E.M., Seidell, J.C. & Lean, M.E. 1995, "Waist
circumference action levels in the identification of cardiovascular risk
factors: prevalence study in a random sample", BMJ (Clinical research ed.),
vol. 311, no. 7017, pp. 1401-1405.

•

Hardman, A.E. 1999, "Accumulation of physical activity for health gains:
what is the evidence?", British journal of sports medicine, vol. 33, no. 2, pp.
87-92.

•

Hardman, A.E. 2001, "Physical activity and health: current issues and
research needs", International journal of epidemiology, vol. 30, no. 5, pp.
1193-1197.

•

Hardman, A.E., Hudson, A. 1994, "Brisk walking and serum lipid and
lipoprotein variables in previously sedentary women--effect of 12 weeks of
regular brisk walking followed by 12 weeks of detraining", British journal of
sports medicine, vol. 28, no. 4, pp. 261-266.

•

Hardman, A.E., Hudson, A., Jones, P.R. & Morgan, N.G. 1989, "Brisk
walking and plasma high density lipoprotein cholesterol concentration in
previously sedentary women", BMJ (Clinical research ed.), vol. 299, no.
6709, pp. 1204-1205.

279

CHAPTER 9 - REFERENCES

Hardman, A.E., Jones, P.R., Morgan, N.G. & Hudson, A. 1992, "Brisk
walking improves endurance fitness without changing body fatness in
previously sedentary women", European journal of applied physiology and
occupational physiology, vol. 65, no. 4, pp. 354-359.
Harland, J., White, M., Drinkwater, C., Chinn, D., Farr, L. & Howel, D.
1999, "The Newcastle exercise project: a randomised controlled trial of
methods to promote physical activity in primary care", BMJ (Clinical
research ed.), vol. 319, no. 7213, pp. 828-832.
Haskell, W.L. 1986, "The influence of exercise training on plasma lipids
and lipoproteins in health and disease", Acta Medica Scandinavica.
Supplementum, vol. 711, pp. 25-37.
Haskell, W.L. 2001, "What to look for in assessing responsiveness to
exercise in a health context", Medicine and science in sports and exercise,
vol. 33, no. 6 Suppl, pp. S454-8; discussion S493-4.
Haq, I.U., Jackson, P.R., Yeo, W.W. & Ramsay, L.E. 1995, "Sheffield
risk and treatment table for cholesterol lowering for primary prevention of
coronary heart disease", Lancet, vol. 346, no. 8988, pp. 1467-1471.
Hellenius, M.L., de Faire, U., Berglund, B., Hamsten, A. & Krakau, I.
1993, "Diet and exercise are equally effective in reducing risk for
cardiovascular disease. Results of a randomized controlled study in men
with slightly to moderately raised cardiovascular risk factors",
Atherosclerosis, vol. 103, no. 1, pp. 81-91.
Herbert, P.N., Bernier, D.N., Cullinane, E.M., Edelstein, L., Kantor, M.A.
& Thompson, P.D. 1984, "High-density lipoprotein metabolism in runners
and sedentary men", JAMA : the journal of the American Medical
Association, vol. 252, no. 8, pp. 1034-1037.
Hersberger, M., von Eckardstein, A. 2003, "Low high-density lipoprotein
cholesterol: physiological background, clinical importance and drug
treatment", Drugs, vol. 63, no. 18, pp. 1907-1945.
Higashi, Y., Yoshizumi, M. 2004, "Exercise and endothelial function: role
of endothelium-derived nitric oxide and oxidative stress in healthy subjects
and hypertensive patients", Pharmacology & therapeutics, vol. 102, no. 1,
pp. 87-96.
Hillsdon, M., Thorogood, M., Anstiss, T. & Morris, J. 1995, "Randomised
controlled trials of physical activity promotion in free living populations: a
review", Journal of epidemiology and community health, vol. 49, no. 5, pp.
448-453.
Hinkleman, L.L., Nieman, D.C. 1993, "The effects of a walking program
on body composition and serum lipids and lipoproteins in overweight
women", The Journal of sports medicine and physical fitness, vol. 33, no. 1,
pp. 49-58.

CHAPTER 9 - REFERENCES

•

Hirschfield, G.M., Pepys, M.B. 2003, "C-reactive protein and
cardiovascular disease: new insights from an old molecule", QJM : monthly
journal of the Association of Physicians, vol. 96, no. 11, pp. 793-807.

•

Hootman, J.M., Macera, C.A., Ainsworth, B.E., Martin, M., Addy, C.L. &
Blair, S.N. 2001, "Association among physical activity level,
cardiorespiratory fitness, and risk of musculoskeletal injury", American
Journal of Epidemiology, vol. 154, no. 3, pp. 251-258.

•

Hootman, J.M., Macera, C.A., Ainsworth, B.E., Martin, M., Addy, C.L. &
Blair, S.N. 2001, "Association among physical activity level,
cardiorespiratory fitness, and risk of musculoskeletal injury", American
Journal of Epidemiology, vol. 154, no. 3, pp. 251-258.

•

Houmard, J.A., Bruno, N.J., Bruner, R.K., McCammon, M.R., Israel, R.G.
& Barakat, H.A. 1994, "Effects of exercise training on the chemical
composition of plasma LDL", Arteriosclerosis and Thrombosis : A Journal of
Vascular Biology / American Heart Association, vol. 14, no. 3, pp. 325-330.

•

Houmard, J.A., Tanner, C.J., Slentz, C.A., Duscha, B.D., McCartney,
J.S. & Kraus, W.E. 2004, "Effect of the volume and intensity of exercise
training on insulin sensitivity", Journal of applied physiology: respiratory,
environmental and exercise physiology, vol. 96, no. 1, pp. 101-106.

•

Hutchinson, W.L., Koenig, W., Frohlich, M., Sund, M., Lowe, G.D. &
Pepys, M.B. 2000, "Immunoradiometric assay of circulating C-reactive
protein: age-related values in the adult general population", Clinical
chemistry, vol. 46, no. 7, pp. 934-938.

•

Imamura, H., Katagiri, S., Uchid, K., Miyamoto, N., Nakano, H. &
Shirota, T. 2000, "Acute effects of moderate exercise on serum lipids,
lipoproteins and apolipoproteins in sedentary young women", Clinical and
experimental pharmacology & physiology, vol. 27, no. 12, pp. 975-979.

•

Irwin, M.L., Yasui, Y., Ulrich, C.M., Bowen, D., Rudolph, R.E., Schwartz,
R.S., Yukawa, M., Aiello, E., Potter, J.D. & McTiernan, A. 2003, "Effect of
exercise on total and intra-abdominal body fat in postmenopausal women: a
randomized controlled trial", JAMA : the journal of the American Medical
Association, vol. 289, no. 3, pp. 323-330.

•

Isasi, C.R., Deckelbaum, R.J., Tracy, R.P., Stare, T.J., Berglund, L. &
Shea, S. 2003, "Physical fitness and C-reactive protein level in children and
young adults: the Columbia University BioMarkers Study", Pediatrics, vol.
111, no. 2, pp. 332-338.

•

Ishikawa-Takata, K., Ohta, T. & Tanaka, H. 2003, "How much exercise is
required to reduce blood pressure in essential hypertensives: a doseresponse study", American Journal of Hypertension : Journal of the
American Society of Hypertension, vol. 16, no. 8, pp. 629-633.

281

CHAPTER 9 - REFERENCES

Iwane, M., Arita, M., Tomimoto, S., Satani, O., Matsumoto, M.,
Miyashita, K. & Nishio, I. 2000, "Walking 10,000 steps/day or more reduces
blood pressure and sympathetic nerve activity in mild essential
hypertension", Hypertension research : official journal of the Japanese
Society of Hypertension, vol. 23, no. 6, pp. 573-580.
Jakicic, J.M., Clark, K., Coleman, E., Donnelly, J.E., Foreyt, J.,
Melanson, E., Volek, J., Volpe, S.L. & American College of Sports Medicine.
2001, "American College of Sports Medicine position stand. Appropriate
intervention strategies for weight loss and prevention of weight regain for
adults", Medicine and science in sports and exercise, vol. 33, no. 12, pp.
2145-2156.
Jang, Y., Lincoff, A.M., Plow, E.F. & Topol, E.J. 1994, "Cell adhesion
molecules in coronary artery disease", Journal of the American College of
Cardiology, vol. 24, no. 7, pp. 1591-1601.
Jennings, G., Nelson, L, Nestel, P., Esler, M., Korner, P., Burton, D. &
Bazelmans, J. 1986, "The effects of changes in physical activity on major
cardiovascular risk factors, hemodynamics, sympathetic function, and
glucose utilization in man: a controlled study of four levels of activity",
Circulation, vol. 73, no. 1, pp. 30-40.
Jitramontree, N. 2001, "Evidence-based protocol: exercise promotionencouraging older adults to walk", Journal of Gerontological Nursing, vol.
27, no. 10, pp. 7-18.
Jousilahti, P., Vartiainen, E., Tuomilehto, J. & Puska, P. 1999, "Sex, age,
cardiovascular risk factors, and coronary heart disease: a prospective
follow-up study of 14 786 middle-aged men and women in Finland",
Circulation, vol. 99, no. 9, pp. 1165-1172.
Kannel, W.B. 1996, "Blood pressure as a cardiovascular risk factor:
prevention and treatment", JAMA : the journal of the American Medical
Association, vol. 275, no. 20, pp. 1571-1576.
Keller, C., Trevino, R.P. 2001, "Effects of two frequencies of walking on
cardiovascular risk factor reduction in Mexican American women", Research
in nursing & health, vol. 24, no. 5, pp. 390-401.
Kelley, G.A., Kelley, K.S. & Tran, Z.V. 2001, "Walking and resting blood
pressure in adults: a meta-analysis", Preventive medicine, vol. 33, no. 2 Pt
1, pp. 120-127.
Kelley, G.A., Kelley, K.S. & Tran, Z.V. 2004, "Walking, lipids, and
lipoproteins: a meta-analysis of randomised controlled trials", Preventive
medicine, vol. 38, pp. 651-661.
Ketelhut, R.G., Franz, I.W. & Scholze, J. 2004, "Regular exercise as an
effective approach in antihypertensive therapy", Medicine and science in
sports and exercise, vol. 36, no. 1, pp. 4-8.

CHAPTER 9 - REFERENCES

•

Kin Isler, A., Kosar, S.N. & Korkusuz, F. 2001, "Effects of step aerobics
and aerobic dancing on serum lipids and lipoproteins", The Journal of sports
medicine and physical fitness, vol. 41, no. 3, pp. 380-385.

•

King, A.C., Haskell, W.L., Young, D.R., Oka, R.K. & Stefanick, M.L.
1995, "Long-term effects of varying intensities and formats of physical
activity on participation rates, fitness, and lipoproteins in men and women
aged 50 to 65 years", Circulation, vol. 91, no. 10, pp. 2596-2604.

•

Kingwell, B.A., Berry, K.L., Cameron, J.D., Jennings, G.L. & Dart, A.M.
1997, "Arterial compliance increases after moderate-intensity cycling", The
American Journal of Physiology, vol. 273, no. 5 Ft 2, pp. H2186-91.

•

Kingwell, B.A., Cameron, J.D., Gillies, K.J., Jennings, G.L. & Dart, A.M.
1995, "Arterial compliance may influence baroreflex function in athletes and
hypertensives", The American Journal of Physiology, vol. 268, no. 1 Ft 2,
pp. H411-8.

•

Kingwell, B.A., Jennings, G.L. 1993, "Effects of walking and other
exercise programs upon blood pressure in normal subjects", The Medical
journal of Australia, vol. 158, no. 4, pp. 234-238.

•

Kraus, W.E., Houmard, J.A., Duscha, B.D., Knetzger, K.J., Wharton,
M.B., McCartney, J.S., Bales, C.W., Henes, S., Samsa, G.P., Otvos, J.D.,
Kulkarni, K.R. & Slentz, C.A. 2002, "Effects of the amount and intensity of
exercise on plasma lipoproteins", The New England journal of medicine, vol.
347, no. 19, pp. 1483-1492.

•

Krieger, M. 1998, "The ‘best’ of cholesterols, the ‘worst’ of cholesterols:
a tale of two receptors", Proceedings of the National Academy of Sciences
of the United States of America, vol. 95, no. 8, pp. 4077-4080.

•

Kriketos, A.D., Gan, S.K., Poynten, A.M., Purler, S.M., Chisholm, D.J. &
Campbell, L.V. 2004, "Exercise increases adiponectin levels and insulin
sensitivity in humans", Diabetes care, vol. 27, no. 2, pp. 629-630.

•

Kronenberg, F., Pereira, M.A., Schmitz, M.K., Arnett, D.K., Evenson,
K.R., Crapo, R.O., Jensen, R.L., Burke, G.L., Sholinsky, P., Ellison, R.C. &
Hunt, S.C. 2000, "Influence of leisure time physical activity and television
watching on atherosclerosis risk factors in the NHLBI Family Heart Study",
Atherosclerosis, vol. 153, no. 2, pp. 433-443.

•

Kukkonen-Harjula, K., Laukkanen, R., Vuori, I., Oja, P., Pasanen, M.,
Nenonen, A. & Uusi-Rasi, K. 1998, "Effects of walking training on healthrelated fitness in healthy middle-aged adults--a randomized controlled
study", Scandinavian journal of medicine & science in sports, vol. 8, no. 4,
pp. 236-242.

•

Kuller, L.H., Tracy, R.P., Shaten, J. & Meilahn, E.N. 1996, "Relation of
C-reactive protein and coronary heart disease in the MRFIT nested casecontrol study. Multiple Risk Factor Intervention Trial", American Journal of
Epidemiology, vol. 144, no. 6, pp. 537-547.

283

CHAPTER 9 - REFERENCES

•

Lakka, H.M., Tremblay, A., Despres, J.P. & Bouchard, C. 2004, "Effects
of long-term negative energy balance with exercise on plasma lipid and
lipoprotein levels in identical twins", Atherosclerosis, vol. 172, no. 1, pp.
127-133.

•

Lakka, T.A., Venalainen, J.M., Rauramaa, R., Salonen, R., Tuomilehto,
J. & Salonen, J.T. 1994, "Relation of leisure-time physical activity and
cardiorespiratory fitness to the risk of acute myocardial infarction", The New
England journal of medicine, vol. 330, no. 22, pp. 1549-1554.

•

Lamarche, B., Moorjani, S., Cantin, B., Dagenais, G.R., Lupien, P.J. &
Despres, J.P. 1997, "Associations of HDL2 and HDL3 subfractions with
ischemic heart disease in men. Prospective results from the Quebec
Cardiovascular Study", Arteriosclerosis, Thrombosis, and Vascular Biology,
vol. 17, no. 6, pp. 1098-1105.

•

Lamb, S.E., Bartlett, H.P., Ashley, A. & Bird, W. 2002, "Can lay-led
walking programmes increase physical activity in middle aged adults? A
randomised controlled trial", Journal of epidemiology and community health,
vol. 56, no. 4, pp. 246-252.

•

Lamon-Fava, S., McNamara, J.R., Farber, H.W., Hill, N.S. & Schaefer,
E.J. 1989, "Acute changes in lipid, lipoprotein, apolipoprotein, and lowdensity lipoprotein particle size after an endurance triathlon", Metabolism:
clinical and experimental, vol. 38, no. 9, pp. 921-925.

•

LaMonte, M.J., Durstine, J.L., Addy, C.L., Irwin, M.L. & Ainsworth, B.E.
2001, "Physical activity, physical fitness, and Framingham 10-year risk
score: the cross-cultural activity participation study", Journal of
cardiopulmonary rehabilitation, vol. 21, no. 2, pp. 63-70.

•

LaMonte, M.J., Durstine, J.L., Yanowitz, F.G., Lim, T., DuBose, K.D.,
Davis, P. & Ainsworth, B.E. 2002, "Cardiorespiratory fitness and C-reactive
protein among a tri-ethnic sample of women", Circulation, vol. 106, no. 4,
pp. 403-406.

•

Law, M.R., Wald, N.J. & Meade, T.W. 1991, "Strategies for prevention of
osteoporosis and hip fracture", BMJ (Clinical research ed.), vol. 303, no.
6800, pp. 453-459.

•

Law, M.R., Wald, N.J. & Rudnicka, A.R. 2003, "Quantifying effect of
statins on low density lipoprotein cholesterol, ischaemic heart disease, and
stroke: systematic review and meta-analysis", BMJ (Clinical research ed.),
vol. 326, no. 7404, pp. 1423.

•

Lawlor, D.A., Hopker, S.W. 2001, "The effectiveness of exercise as an
intervention in the management of depression: systematic review and meta
regression analysis of randomised controlled trials", BMJ (Clinical research
ed.), vol. 322, no. 7289, pp. 763-767.

•

Lear, S.A., Ignaszewski, A., Linden, W., Brozic, A., Kiess, M., Spinelli,
J.J., Haydn Pritchard, P. & Frohlich, J.J. 2003, “The Extensive Lifestyle
Management Intervention (ELMI) following cardiac rehabilitation trial”,
European Heart Journal, vol. 24, no. 21, pp. 1920-7.

284

CHAPTER 9 - REFERENCES

•

Lee, I.M. 2004, "No pain, no gain? Thoughts on the Caerphilly study",
British journal of sports medicine, vol. 38, no. 1, pp. 4-5.

•

Lee, I.M., Hsieh, C.C. & Paffenbarger, R.S.,Jr 1995, "Exercise intensity
and longevity in men. The Harvard Alumni Health Study", JAMA : the journal
of the American Medical Association, vol. 273, no. 15, pp. 1179-1184.

•

Lee, I.M., Paffenbarger, R.S.,Jr 2000, "Associations of light, moderate,
and vigorous intensity physical activity with longevity. The Harvard Alumni
Health Study", American Journal of Epidemiology, vol. 151, no. 3, pp. 293299.

•

Lee, I.M., Rexrode, K.M., Cook, N.R., Manson, J.E. & Buring, J.E. 2001,
"Physical activity and coronary heart disease in women: is "no pain, no
gain" passe?", JAMA : the journal of the American Medical Association, vol.
285, no. 11, pp. 1447-1454.

•

Lee, R., Nieman, D., Raval, R., Blankenship, J. & Lee, J. 1991, "The
effects of acute moderate exercise on serum lipids and lipoproteins in mildly
obese women", International Journal of Sports Medicine, vol. 12, no. 6, pp.
537-542.

•

Leenders, N.Y.J.M., Sherman, M. & Nagaraja, H.N. 2000, "Comparison
of four methods of estimating physical activity in adult women", Med Sci
Sports Exerc, vol. 32, no. 7, pp. 1320-1326.

•

Lehmann, R., Engler, H., Honegger, R., Riesen, W. & Spinas, G.A.
2001, "Alterations of lipolytic enzymes and high-density lipoprotein
subtractions induced by physical activity in type 2 diabetes mellitus",
European journal of clinical investigation, vol. 31, no. 1, pp. 37-44.

•

Lehtonen, A., Viikari, J. 1978, "Serum triglycerides and cholesterol and
serum high-density lipoprotein cholesterol in highly physically active men",
Acta Medica Scandinavica, vol. 204, no. 1-2, pp. 111-114.

•

Leon, A.S., Casal, D. & Jacobs, D.,Jr 1996, "Effects of 2,000 kcal per
week of walking and stair climbing on physical fitness and risk factors for
coronary heart disease", Journal of cardiopulmonary rehabilitation, vol. 16,
no. 3, pp. 183-192.

•

Leon, A.S., Connett, J., Jacobs, D.R.,Jr & Rauramaa, R. 1987, "Leisure
time physical activity levels and risk of coronary heart disease and death.
The Multiple Risk Factor Intervention Trial", JAMA : the journal of the
American Medical Association, vol. 258, no. 17, pp. 2388-2395.

•

Leon, A.S., Rice, T., Mandel, S., Despres, J.P., Bergeron, J., Gagnon,
J., Rao, D.C., Skinner, J.S., Wilmore, J.H. & Bouchard, C. 2000, "Blood lipid
response to 20 weeks of supervised exercise in a large biracial population:
the HERITAGE Family Study", Metabolism: clinical and experimental, vol.
49, no. 4, pp. 513-520.

285

CHAPTER 9 - REFERENCES

Leon, A.S., Sanchez, O.A. 2001, "Response of blood lipids to exercise
training alone or combined with dietary intervention", Medicine and science
in sports and exercise, vol. 33, no. 6 Suppl, pp. S502-15; discussion S5289.
•

Lindahl, B., Toss, H., Siegbahn, A., Venge, P. & Wallentin, L. 2000,
"Markers of myocardial damage and inflammation in relation to long-term
mortality in unstable coronary artery disease. FRISC Study Group. Fragmin
during Instability in Coronary Artery Disease", The New England journal of
medicine, vol. 343, no. 16, pp. 1139-1147.

•

MacAuley, D. 1999, Sports Medicine: Practical guidelines for General
Practice, Butterworth-Heinemann, Oxford.

•

MacAuley, D., McCrum, E.E., Stott, G., Evans, A.E., Duly, E., Trinick, T.,
Sweeney, K. & Boreham, C.A. 1996, "Physical activity, lipids,
apolipoproteins, and Lp(a) in the Northern Ireland Health and Activity
Survey", Medicine and science in sports and exercise, vol. 28, no. 6, pp.
720-736.

•

MacAuley, D., McCrum, E.E., Stott, G., Evans, A.E., Sweeney, K.,
Trinick, T.R. & Boreham, C.A.G. 1994, The Northern Ireland Health and
Activity Survey, HMSO, Belfast.

•

Mack, W.J., Krauss, R.M. & Hodis, H.N. 1996, "Lipoprotein subclasses
in the Monitored Atherosclerosis Regression Study (MARS). Treatment
effects and relation to coronary angiographic progression", Arteriosclerosis,
Thrombosis, and Vascular Biology, vol. 16, no. 5, pp. 697-704.

•

Macy, E.M., Hayes, T.E. & Tracy, R.P. 1997, "Variability in the
measurement of C-reactive protein in healthy subjects: implications for
reference intervals and epidemiological applications", Clinical chemistry, vol.
43, no. 1, pp. 52-58.

•

Manttari, M., Koskinen, P., Manninen, V., Tenkanen, L. & Huttunen, J.K.
1991, "Lifestyle determinants of HDL2- and HDL3-cholesterol levels in a
hypercholesterolemic male population", Atherosclerosis, vol. 87, no. 1, pp.
1-8.

•

Marcus, B. & Lewis, B. 2003, “ Physical activity and the stages of
motivational readiness for change model”, Presidents Council on Physical
Fitness and Sports Research Digest, vol. 4, no. 1, pp. 1-8.

•

Margitic, S., Sevick, M.A., Miller, M., Albright, C., Banton, J., Callahan,
K., Garcia, M., Gibbons, L., Levine, B.J., Anderson, R. & Ettinger, W. 1999,
"Challenges faced in recruiting patients from primary care practices into a
physical activity intervention trial. Activity Counseling Trial Research
Group", Preventive medicine, vol. 29, no. 4, pp. 277-286.

•

Matsuda, M., Nosaka, T., Sato, M. & Ohshima, N. 1993, "Effects of
physical exercise on the elasticity and elastic components of the rat aorta",
European journal of applied physiology and occupational physiology, vol.
66, no. 2, pp. 122-126.

286

CHAPTER 9 - REFERENCES

•

McArdle, W.D., Katch, F.l. & Katch, V.L. 1996, Exercise Physiology:
Energy, Nutrition and Human Performance, 4th edn, Lippincott Williams and
Wilkins, Baltimore.

•

McArdle, W.D., Katch, F.l. & Katch, V.L. 2001, Exercise physiology:
energy, nutrition, and human performance, 5th edn, Lippincott Williams &
Wilkins, Philadelphia.

•

McDowell, I.F., McEneny, J. & Trimble, E.R. 1995, "A rapid method for
measurement of the susceptibility to oxidation of low-density lipoprotein",
Annals of Clinical Biochemistry, vol. 32 ( Pt 2), no. Pt 2, pp. 167-174.

•

McEneny, J. 2004, "Isolation of HDL subfractions using rapid
ultracentrifugation", Unpublished protocol, .

•

McEneny, J., Loughrey, C.M., McNamee, P.T., Trimble, E.R. & Young,
I.S. 1997, "Susceptibility of VLDL to oxidation in patients on regular
haemodialysis", Atherosclerosis, vol. 129, no. 2, pp. 215-220.

•

McEneny, J., McMaster, C., Trimble, E.R. & Young, I.S. 2002, "Rapid
isolation of VLDL subfractions: assessment of composition and susceptibility
to copper-mediated oxidation", Journal of lipid research, vol. 43, no. 5, pp.
824-831.

•

Mena, P., Maynar, M. & Campillo, J.E. 1991, "Plasma lipid
concentrations in professional cyclists after competitive cycle races",
European journal of applied physiology and occupational physiology, vol.
62, no. 5, pp. 349-352.

•

Mendall, M.A., Strachan, D.P., Butland, B.K., Ballam, L., Morris, J.,
Sweetnam, P.M. & Elwood, P.C. 2000, "C-reactive protein: relation to total
mortality, cardiovascular mortality and cardiovascular risk factors in men",
European heart journal, vol. 21, no. 19, pp. 1584-1590.

•

Mertens, D.J., Kavanagh, T., Campbell, R.B. & Shephard, R.J. 1998,
"Exercise without dietary restriction as a means to long-term fat loss in the
obese cardiac patient", The Journal of sports medicine and physical fitness,
vol. 38, no. 4, pp. 310-316.

•

Miida, T., Nakamura, Y., Inano, K., Matsuto, T., Yamaguchi, T., Tsuda,
T. & Okada, M. 1996, "Pre beta 1-high-density lipoprotein increases in
coronary artery disease", Clinical chemistry, vol. 42, no. 12, pp. 1992-1995.

•

Miura, S., Tashiro, E., Sakai, T., Koga, M., Kinoshita, A., Sasaguri, M.,
Ideishi, M., Ikeda, M., Tanaka, H. & Shindo, M. 1994, "Urinary kallikrein
activity is increased during the first few weeks of exercise training in
essential hypertension", Journal of hypertension, vol. 12, no. 7, pp. 815-823.

•

Miwa, K., Igawa, A. & Inoue, H. 1997, "Soluble E-selectin, ICAM-1 and
VCAM-1 levels in systemic and coronary circulation in patients with variant
angina", Cardiovascular research, vol. 36, no. 1, pp. 37-44.

287

CHAPTER 9 - REFERENCES

•

Miyachi, M., Donato, A.J., Yamamoto, K., Takahashi, K., Gates, P.E.,
Moreau, K.L. & Tanaka, H. 2003, "Greater age-related reductions in central
arterial compliance in resistance-trained men", Hypertension, vol. 41, no. 1,
pp. 130-135.

•

Miyazaki, O., Kobayashi, J., Fukamachi, I., Miida, T., Bujo, H. & Saito, Y.
2000, "A new sandwich enzyme immunoassay for measurement of plasma
pre-beta1-HDL levels", Journal of lipid research, vol. 41, no. 12, pp. 20832088.

•

Morales, F.J., Montemayor, T. & Martinez, A. 2000, "Shuttle versus sixminute walk test in the prediction of outcome in chronic heart failure",
International journal of cardiology, vol. 76, no. 2-3, pp. 101-105.

•

Moreau, K.L., Degarmo, R., Langley, J., McMahon, C., Howley, E.T.,
Bassett, D.R.,Jr & Thompson, D.L. 2001, "Increasing daily walking lowers
blood pressure in postmenopausal women", Medicine and science in sports
and exercise, vol. 33, no. 11, pp. 1825-1831.

•

Morris, J.N., Everitt, M.G., Pollard, R., Chave, S.P. & Semmence, A.M.
1980, "Vigorous exercise in leisure-time: protection against coronary heart
disease", Lancet, vol. 2, no. 8206, pp. 1207-1210.

•

Morris, J.N., Hagan, A., Patterson, D.C. & Gardner, M.J. 1953,
"Incidence and prediction of ischemic heart disease in London Busmen",
Lancet, vol. ii, pp. 553-559.

•

Motoyama, M., Sunami, Y., Kinoshita, F., Irie, T., Sasaki, J., Arakawa,
K., Kiyonaga, A., Tanaka, H. & Shindo, M. 1995, "The effects of long-term
low intensity aerobic training and detraining on serum lipid and lipoprotein
concentrations in elderly men and women", European journal of applied
physiology and occupational physiology, vol. 70, no. 2, pp. 126-131.

•

Murphy, M., Nevill, A., Neville, C., Biddle, S. & Hardman, A. 2002,
"Accumulating brisk walking for fitness, cardiovascular risk, and
psychological health", Medicine and science in sports and exercise, vol. 34,
no. 9, pp. 1468-1474.

•

Murphy, M.H., Hardman, A.E. 1998, "Training effects of short and long
bouts of brisk walking in sedentary women", Medicine and science in sports
and exercise, vol. 30, no. 1, pp. 152-157.

•

Murtagh, E.M., Boreham, C.A. & Murphy, M.H. 2002, "Speed and
exercise intensity of recreational walkers", Preventive medicine, vol. 35, no.
4, pp. 397-400.

•

Myers, J. 2003, "Cardiology patient pages. Exercise and cardiovascular
health", Circulation, vol. 107, no. 1, pp. e2-5.

•

Naka, K.K., Tweddel, A.C., Parthimos, D., Henderson, A., Goodfellow, J.
& Frenneaux, M.P. 2003, "Arterial distensibility: acute changes following
dynamic exercise in normal subjects", American Journal of Physiology.
Heart and Circulatory Physiology, vol. 284, no. 3, pp. H970-8.

288

CHAPTER 9 - REFERENCES

•

National Council of Young Men’s Christian Associations of the United
States 1989, Y’s way to physical fitness: the complete guide to fitness
testing and instruction, Human Kinetics, Champaign, IL.

•

Nicklas, B.J., Ambrosius, W., Messier, S.P., Miller, G.D., Penninx, B.,
Loeser, R.F., Palla, S., Bleecker, E. & Pahor, M. 2004, "Diet-induced weight
loss, exercise, and chronic inflammation in older, obese adults: a
randomized controlled clinical trial", Am. J. Clinical Nutrition, vol. 79, pp.
544-551.

•

Nieman, D.C., Warren, B.J., O'Donnell, K.A., Dotson, R.G., Butterworth,
D.E. & Henson, D.A. 1993, "Physical activity and serum lipids and
lipoproteins in elderly women", Journal of the American Geriatrics Society,
vol. 41, no. 12, pp. 1339-1344.

•

Office for National Statistics 2004, The national diet & nutrition survey,
adults aged 19 to 64 years, volume 4. nutritional status (anthropometry and
blood analytes), blood pressure and physical activity., The Stationary Office,
London.

•

Oja, P. 2001, "Dose response between total volume of physical activity
and health and fitness", Medicine and science in sports and exercise, vol.
33, no. 6 Suppl, pp. S428-37; discussion S452-3.

•

Olchawa, B., Kingwell, B.A., Hoang, A., Schneider, L., Miyazaki, O.,
Nestel, P. & Sviridov, D. 2004, "Physical fitness and reverse cholesterol
transport", Arteriosclerosis, Thrombosis, and Vascular Biology, vol. 24, no.
6, pp. 1087-1091.

•

Owens, J.F., Matthews, K.A., Wing, R.R. & Kuller, L.H. 1992, "Can
physical activity mitigate the effects of aging in middle-aged women?",
Circulation, vol. 85, no. 4, pp. 1265-1270.

•

Packard, C.J., Munro, A., Clegg, R.J. & Shepherd, J. 1984, "Metabolic
channelling of apolipoprotein B in very low density lipoprotein", Agents and
Actions. Supplements, vol. 16, pp. 115-120.

•

Paffenbarger, R.S.,Jr, Wing, A.L., Hyde, R.T. & Jung, D.L. 1983,
"Physical activity and incidence of hypertension in college alumni",
American Journal of Epidemiology, vol. 117, no. 3, pp. 245-257.

•

Paillard, T., Lafont, C., Costes-Salon, M.C., Dupui, P., Riviere, D. &
Vellas, B. 2002, "Cholesterol reduction and increased cardiovascular fitness
following a 12 weeks brisk walking", The journal of nutrition, health & aging,
vol. 6, no. 2, pp. 138-140.

•

Painter, P.L., Hector, L., Ray, K., Lynes, L., Paul, S.M., Dodd, M.,
Tomlanovich, S.L. & Ascher, N.L. 2003, “Effects of exercise training on
coronary heart disease risk factors in renal transplant recipients”, American
Journal of Kidney Diseases, vol. 42, no. 2, pp. 362-9.

•

Pallant, J. 2001, SPSS survival manual. A step by- step guide to data
analysis using SPSS for Windows (Version 10). , Open University Press,
Buckingham.

289

CHAPTER 9 - REFERENCES

•

Palmer, L.K. 1995, "Effects of a walking program on attributional style,
depression, and self-esteem in women", Perceptual and motor skills, vol.
81, no. 3 Pt 1, pp. 891-898.

•

Panagiotakos, D.B., Pitsavos, C., Chrysohoou, C., Skoumas, J.,
Zeimbekis, A., Papaioannou, I. & Stefanadis, C. 2003, "Effect of leisure time
physical activity on blood lipid levels: the ATTICA study", Coronary artery
disease, vol. 14, no. 8, pp. 533-539.

•

Park, D.H., Ransone, J.W. 2003, "Effects of submaximal exercise on
high-density lipoprotein-cholesterol subtractions", International Journal of
Sports Medicine, vol. 24, no. 4, pp. 245-251.

•

Parkkari, J., Natri, A., Kannus, P., Manttari, A., Laukkanen, R.,
Haapasalo, H., Nenonen, A., Pasanen, M., Oja, P. & Vuori, I. 2000, "A
controlled trial of the health benefits of regular walking on a golf course",
The American Journal of Medicine, vol. 109, no. 2, pp. 102-108.

•

Parks, S.E., Housemann, R.A. & Brownson, R.C. 2003, "Differential
correlates of physical activity in urban and rural adults of various
socioeconomic backgrounds in the United States", Journal of epidemiology
and community health, vol. 57, no. 1, pp. 29-35.

•

Pascot, A., Lemieux, I., Prud'homme, D., Tremblay, A., Nadeau, A.,
Couillard, C., Bergeron, J., Lamarche, B. & Despres, J.P. 2001, "Reduced
HDL particle size as an additional feature of the atherogenic dyslipidemia of
abdominal obesity", Journal of lipid research, vol. 42, no. 12, pp. 2007-2014.

•

Pate, R.R., Pratt, M., Blair, S.N., Haskell, W.L., Macera, C.A., Bouchard,
C., Buchner, D., Ettinger, W., Heath, G.W. & King, A.C. 1995, "Physical
activity and public health. A recommendation from the Centres for Disease
Control and Prevention and the American College of Sports Medicine",
JAMA, vol. 273, no. 5, pp. 402-407.

•

Patrick, K., Sallis, J.F., Long, B., Calfas, K.J., Wooten, W., Heath, G. &
Pratt, M. 1994, “A new tool for encouraging activity”, Physician and Sports
Medicine, vol. 22, pp. 45-55.

•

Pay, H.E., Hardman, A.E., Jones, G.J. & Hudson, A. 1992, "The acute
effects of low-intensity exercise on plasma lipids in endurance-trained and
untrained young adults", European journal of applied physiology and
occupational physiology, vol. 64, no. 2, pp. 182-186.

•

Payne, G.E., Skehan, J.D. 1996, "Shuttle walking test: a new approach
for evaluating patients with pacemakers", Heart (British Cardiac Society),
vol. 75, no. 4, pp. 414-418.

•

Pepys, M.B., Baltz, M.L. 1983, "Acute phase proteins with special
reference to C-reactive protein and related proteins (pentaxins) and serum
amyloid A protein", Advances in Immunology, vol. 34, pp. 141-212.

290

CHAPTER 9 - REFERENCES

•

Pereira, M.A., Weggemans, R.M., Jacobs, D.R.,Jr, Hannan, P.J., Zock,
P.L., Ordovas, J.M. & Katan, M.B. 2004, "Within-person variation in serum
lipids: implications for clinical trials", International journal of epidemiology,
vol. 33, no. 3, pp. 534-541.

•

Pescatello, L.S., Franklin, B.A., Fagard, R., Farquhar, W.B., Kelley,
G.A., Ray, C.A. & American College of Sports Medicine. 2004, "American
College of Sports Medicine position stand. Exercise and hypertension",
Medicine and science in sports and exercise, vol. 36, no. 3, pp. 533-553.

•

Pescatello, L.S., VanHeest, J.L. 2000, "Physical activity mediates a
healthier body weight in the presence of obesity", British journal of sports
medicine, vol. 34, no. 2, pp. 86-93.

•

Petersen, S., Peto, V. & Rayner, M. 2003, Coronary heart disease
statistics, British Heart Foundation, London.

•

Petrella, R.J. 2000, "Moderate aerobic exercise to increase fitness in
older adults", Clinical journal of sport medicine : official journal of the
Canadian Academy of Sport Medicine, vol. 10, no. 4, pp. 307.

•

Pitsavos, C., Chrysohoou, C., Panagiotakos, D.B., Skoumas, J.,
Zeimbekis, A., Kokkinos, P., Stefanadis, C. & Toutouzas, P.K. 2003,
"Association of leisure-time physical activity on inflammation markers (Creactive protein, white cell blood count, serum amyloid A, and fibrinogen) in
healthy subjects (from the ATTICA study)", The American Journal of
Cardiology, vol. 91, no. 3, pp. 368-370.

•

Pollock, M.L., Carroll, J.F., Graves, J.E., Leggett, S.H., Braith, R.W.,
Limacher, M. & Hagberg, J.M. 1991, "Injuries and adherence to walk/jog
and resistance training programs in the elderly", Medicine and science in
sports and exercise, vol. 23, no. 10, pp. 1194-1200.

•

Pollock, M.L., Dimmick, J., Miller, H.S.,Jr, Kendrick, Z. & Linnerud, A.C.
1975, "Effects of mode of training on cardiovascular function and body
composition of adult men", Medicine and science in sports, vol. 7, no. 2, pp.
139-145.

•

Powell, J.J., Tucker, L., Fisher, A.G. & Wilcox, K. 1994, "The effects of
different percentages of dietary fat intake, exercise, and calorie restriction
on body composition and body weight in obese females", American Journal
of Health promotion : AJHP, vol. 8, no. 6, pp. 442-448.

•

Powell, K.E., Heath, G.W., Kresnow, M.J., Sacks, J.J. & Branche, C.M.
1998, "Injury rates from walking, gardening, weightlifting, outdoor bicycling,
and aerobics", Medicine and science in sports and exercise, vol. 30, no. 8,
pp. 1246-1249.

•

Powell, L.A., Nieman, D.C., Melby, C., Cureton, K., Schmidt, D., Howley,
E.T., Hill, J.O., Mault, J.R., Alexander, H. & Stewart, D.J. 2001,
"Assessment of body composition change in a community-based weight
management program", Journal of the American College of Nutrition, vol.
20, no. 1, pp. 26-31.

291

CHAPTER 9 - REFERENCES

Prentice, A.M., Jebb, S.A. 1995, "Obesity in Britain: gluttony or sloth?",
BMJ (Clinical research ed.), vol. 311, no. 7002, pp. 437-439.
Price, D.T., Loscalzo, J. 1999, "Cellular adhesion molecules and
atherogenesis", The American Journal of Medicine, vol. 107, no. 1, pp. 8597.
Pronk, N.P., Crouse, S.F., O'Brien, B.C. & Rohack, J.J. 1995, "Acute
effects of walking on serum lipids and lipoproteins in women", The Journal
of sports medicine and physical fitness, vol. 35, no. 1, pp. 50-58.
Raitakari, O.T., Taimela, S., Porkka, K.V., Telama, R., Valimaki, I.,
Akerblom, H.K. & Viikari, J.S. 1997, "Associations between physical activity
and risk factors for coronary heart disease: the Cardiovascular Risk in
Young Finns Study", Medicine and science in sports and exercise, vol. 29,
no. 8, pp. 1055-1061.
Rawson, E.S., Freedson, P.S., Osganian, S.K., Matthews, C.E., Reed,
G. & Ockene, I.S. 2003, "Body mass index, but not physical activity, is
associated with C-reactive protein", Medicine and science in sports and
exercise, vol. 35, no. 7, pp. 1160-1166.
Ready, A.E. 1996, "Walking program maintenance in women with
elevated serum cholesterol", Behavioral medicine (Washington, D.C.), vol.
22, no. 1, pp. 23-31.
Ready, A.E., Drinkwater, D.T., Ducas, J., Fitzpatrick, D.W., Brereton,
D.G. & Cades, S.C. 1995, "Walking program reduces elevated cholesterol
in women postmenopause", The Canadian journal of cardiology, vol. 11, no.
10, pp. 905-912.
Ready, A.E., Naimark, B., Ducas, J., Sawatzky, J.V., Boreskie, S.L.,
Drinkwater, D.T. & Oosterveen, S. 1996, "Influence of walking volume on
health benefits in women post-menopause", Medicine and science in sports
and exercise, vol. 28, no. 9, pp. 1097-1105.
Reaven, P.D., McPhillips, J.B., Barrett-Connor, E.L. & Criqui, M.H. 1990,
"Leisure time exercise and lipid and lipoprotein levels in an older
population", Journal of the American Geriatrics Society, vol. 38, no. 8, pp.
847-854.
Rehman, J., Mills, P.J., Carter, S.M., Chou, J., Thomas, J. & Maisel, A.S.
1997, "Dynamic exercise leads to an increase in circulating ICAM-1: further
evidence for adrenergic modulation of cell adhesion", Brain, behavior, and
immunity, vol. 11, no. 4, pp. 343-351.
Reynolds, T.M., Twomey, P. & Wierzbicki, A.S. 2002, "Accuracy of
cardiovascular risk estimation for primary prevention in patients without
diabetes", Journal of cardiovascular risk, vol. 9, no. 4, pp. 183-190.
Reynolds, T.M., Twomey, P.J. & Wierzbicki, A.S. 2004, "Concordance
evaluation of coronary risk scores: implications for cardiovascular risk
screening", Current medical research and opinion, vol. 20, no. 6, pp. 811818.

CHAPTER 9 - REFERENCES

•

Ricos, C., Alvarez, V., Cava, F., Garcia-Lario, J.V., Hernandez, A.,
Jimenez, C.V., Minchinela, J., Perich, C. & Simon, M. 1999, "Current
databases on biological variation: pros, cons and progress", Scandinavian
journal of clinical and laboratory investigation, vol. 59, no. 7, pp. 491-500.

•

Ridker, P.M., Hennekens, C.H., Roitman-Johnson, B., Stampfer, M.J. &
Allen, J. 1998, "Plasma concentration of soluble intercellular adhesion
molecule 1 and risks of future myocardial infarction in apparently healthy
men", Lancet, vol. 351, no. 9096, pp. 88-92.

•

Roe, L, Strong, C., Whiteside, C., Neil, A. & Mant, D. 1994, "Dietary
intervention in primary care: validity of the DINE method for diet
assessment", Family practice, vol. 11, no. 4, pp. 375-381.

•

Ross, R. 1993, "The pathogenesis of atherosclerosis: a perspective for
the 1990s", Nature, vol. 362, no. 6423, pp. 801-809.

•

Ross, R., Dagnone, D., Jones, P.J., Smith, H., Paddags, A., Hudson, R.
& Janssen, I. 2000, "Reduction in obesity and related comorbid conditions
after diet-induced weight loss or exercise-induced weight loss in men. A
randomized, controlled trial", Annals of Internal Medicine, vol. 133, no. 2,
pp. 92-103.

•

Ross, R., Janssen, I. 2001, "Physical activity, total and regional obesity:
dose-response considerations", Medicine and science in sports and
exercise, vol. 33, no. 6 Suppl, pp. S521-7; discussion S528-9.

•

Rothenbacher, D., Hoffmeister, A., Brenner, H. & Koenig, W. 2003,
"Physical activity, coronary heart disease, and inflammatory response",
Archives of Internal Medicine, vol. 163, no. 10, pp. 1200-1205.

•

Rutherford, O.M. 1999, "Is there a role for exercise in the prevention of
osteoporotic fractures?", British journal of sports medicine, vol. 33, no. 6,
pp. 378-386.

•

Sale, J.E., McCargar, L.J., Crawford, S.M. & Taunton, J.E. 1995,
"Effects of exercise modality on metabolic rate and body composition",
Clinical journal of sport medicine : official journal of the Canadian Academy
of Sport Medicine, vol. 5, no. 2, pp. 100-107.

•

Salonen, J.T., Salonen, R., Seppanen, K., Rauramaa, R. & Tuomilehto,
J. 1991, "HDL, HDL2, and HDL3 subfractions, and the risk of acute
myocardial infarction. A prospective population study in eastern Finnish
men", Circulation, vol. 84, no. 1, pp. 129-139.

•

Sanchez-Quesada, J.L., Homs-Serradesanferm, R., Serrat-Serrat, J.,
Serra-Grima, J.R., Gonzalez-Sastre, F. & Ordonez-Llanos, J. 1995,
"Increase of LDL susceptibility to oxidation occurring after intense, long
duration aerobic exercise", Atherosclerosis, vol. 118, no. 2, pp. 297-305.

•

Santiago, M.C., Leon, A.S. & Serfass, R.C. 1995, "Failure of 40 weeks of
brisk walking to alter blood lipids in normolipemic women", Canadian journal
of applied physiology, vol. 20, no. 4, pp. 417-428.

293

CHAPTER 9 - REFERENCES

•

Sartorio, A., Lafortuna, C.L., Vangeli, V., Tavani, A., Bosetti, C. & La
Vecchia, C. 2001, "Short-term changes of cardiovascular risk factors after a
non-pharmacological body weight reduction program", European journal of
clinical nutrition, vol. 55, no. 10, pp. 865-869.

•

Sattler, W., Mohr, D. & Stocker, R. 1994, "Rapid isolation of lipoproteins
and assessment of their peroxidation by high-performance liquid
chromatography postcolumn chemiluminescence", Methods in enzymoloqy,
vol. 233, pp. 469-489.

•

Schmitz, K.H., Arnett, D.K., Bank, A., Liao, D., Evans, G.W., Evenson,
K.R., Stevens, J., Sorlie, P. & Folsom, A.R. 2001, "Arterial distensibility and
physical activity in the ARIC study", Medicine and science in sports and
exercise, vol. 33, no. 12, pp. 2065-2071.

•

Seals, D.R., Reiling, M.J. 1991, "Effect of regular exercise on 24-hour
arterial pressure in older hypertensive humans", Hypertension, vol. 18, no.
5, pp. 583-592.

•

Seals, D.R., Silverman, H.G., Reiling, M.J. & Davy, K.P. 1997, "Effect of
regular aerobic exercise on elevated blood pressure in postmenopausal
women", The American Journal of Cardiology, vol. 80, no. 1, pp. 49-55.

•

Sgouraki, E., Tsopanakis, A. & Tsopanakis, C. 2001, "Acute exercise:
response of HDL-C, LDL-C lipoproteins and HDL-C subtractions levels in
selected sport disciplines", The Journal of sports medicine and physical
fitness, vol. 41, no. 3, pp. 386-391.

•

Shaper, A.G., Wannamethee, G. & Weatherall, R. 1991, "Physical
activity and ischaemic heart disease in middle-aged British men", British
heart journal, vol. 66, no. 5, pp. 384-394.

•

Shepherd, J. 1994, "Lipoprotein metabolism. An overview", Drugs, vol.
47 Suppl 2, pp. 1-10.

•

Siegel, P.Z., Brackbill, R.M. & Heath, G.W. 1995, "The epidemiology of
walking for exercise: implications for promoting activity among sedentary
groups", American Journal of Public Health, vol. 85, no. 5, pp. 706-710.

•

Signorelli, S.S., Malaponte, G., Di Pino, L., Digrandi, D., Pennisi, G. &
Mazzarino, M.C. 2001, "Effects of ischaemic stress on leukocyte activation
processes in patients with chronic peripheral occlusive arterial disease: role
of L-propionyl carnitine administration", Pharmacological research : the
official journal of the Italian Pharmacological Society, vol. 44, no. 4, pp. 305309.

•

Singh, S.J., Morgan, M.D., Hardman, A.E., Rowe, C. & Bardsley, P.A.
1994, "Comparison of oxygen uptake during a conventional treadmill test
and the shuttle walking test in chronic airflow limitation", The European
respiratory journal: official journal of the European Society for Clinical
Respiratory Physiology, vol. 7, no. 11, pp. 2016-2020.

294

CHAPTER 9 - REFERENCES

•

Singh, S.J., Morgan, M.D., Scott, S., Walters, D. & Hardman, A.E. 1992,
"Development of a shuttle walking test of disability in patients with chronic
airways obstruction", Thorax, vol. 47, no. 12, pp. 1019-1024.

•

Slentz, C.A., Duscha, B.D., Johnson, J.L., Ketchum, K., Aiken, L.B.,
Samsa, G.P., Houmard, J.A., Bales, C.W. & Kraus, W.E. 2004, "Effects of
the amount of exercise on body weight, body composition, and measures of
central obesity: STRRIDE-a randomized controlled study", Archives of
Internal Medicine, vol. 164, no. 1, pp. 31-39.

•

Slyper, A.H. 1994, "Low-density lipoprotein density and atherosclerosis.
Unraveling the connection", JAMA : the journal of the American Medical
Association, vol. 272, no. 4, pp. 305-308.

•

Smith, C.W. 1993, "Leukocyte-endothelial cell interactions", Seminars in
hematology, vol. 30, no. 4 Suppl 4, pp. 45-53; discussion 54-5.

•

Smith, J.K., Dykes, R., Douglas, J.E., Krishnaswamy, G. & Berk, S.
1999, "Long-term exercise and atherogenic activity of blood mononuclear
cells in persons at risk of developing ischemic heart disease", JAMA : the
journal of the American Medical Association, vol. 281, no. 18, pp. 17221727.

•

Snyder, K.A., Donnelly, J.E., Jabobsen, D.J., Hertner, G. & Jakicic, J.M.
1997, "The effects of long-term, moderate intensity, intermittent exercise on
aerobic capacity, body composition, blood lipids, insulin and glucose in
overweight females", International journal of obesity and related metabolic
disorders : journal of the International Association for the Study of Obesity,
vol. 21, no. 12, pp. 1180-1189.

•

Spate-Douglas, T., Keyser, R.E. 1999, "Exercise intensity: its effect on
the high-density lipoprotein profile", Archives of Physical Medicine and
Rehabilitation, vol. 80, no. 6, pp. 691-695.

•

Stefanick, M.L., Mackey, S., Sheehan, M., Ellsworth, N., Haskell, W.L. &
Wood, P.D. 1998, "Effects of diet and exercise in men and postmenopausal
women with low levels of HDL cholesterol and high levels of LDL
cholesterol", The New England journal of medicine, vol. 339, no. 1, pp. 1220

.

Stein, R.A., Michielli, D.W., Glantz, M.D., Sardy, H., Cohen, A.,
Goldberg, N. & Brown, C.D. 1990, "Effects of different exercise training
intensities on lipoprotein cholesterol fractions in healthy middle-aged men",
American Heart Journal, vol. 119, no. 2 Pt 1, pp. 277-283.
Stensel, D.J., Brooke-Wavell, K., Hardman, A.E., Jones, P.R. & Morgan,
N.G. 1994, "The influence of a 1 -year programme of brisk walking on
endurance fitness and body composition in previously sedentary men aged
42-59 years", European journal of applied physiology and occupational
physiology, vol. 68, no. 6, pp. 531-537.

295

CHAPTER 9 - REFERENCES

•

Stensel, D.J., Hardman, A.E., Brooke-Wavell, K., Vallance, D., Jones,
P.R., Morgan, N.G. & Winder, A.F. 1993, "Brisk walking and serum
lipoprotein variables in formerly sedentary men aged 42-59 years", Clinical
science (London, England: 1979), vol. 85, no. 6, pp. 701-708.

•

Stevens, W., Hillsdon, M., Thorogood, M. & McArdle, D. 1998, "Costeffectiveness of a primary care based physical activity intervention in 45-74
year old men and women: a randomised controlled trial", British journal of
sports medicine, vol. 32, no. 3, pp. 236-241.

•

Suter, E., Marti, B. & Gutzwiller, F. 1994, "Jogging or walkingcomparison of health effects", Annals of Epidemiology, vol. 4, no. 5, pp.
375-381.

•

Sviridov, D., Nestel, P. 2002, "Dynamics of reverse cholesterol transport:
protection against atherosclerosis", Atherosclerosis, vol. 161, no. 2, pp. 245254.

•

Swain, D.P., Abernathy, K.S., Smith, C.S., Lee, S.J. & Bunn, S.A. 1994,
"Target heart rates for the development of cardiorespiratory fitness",
Medicine and science in sports and exercise, vol. 26, no. 1, pp. 112-116.

•

Swartz, A.M., Strath, S.J., Bassett, D.R., Moore, J.B., Redwine, B.A.,
Groer, M. & Thompson, D.L. 2003, "Increasing daily walking improves
glucose tolerance in overweight women", Preventive medicine, vol. 37, no.
4, pp. 356-362.

•

Sykes, K., Choo, L.L. & Cotterrell, M. 2004, "Accumulating aerobic
exercise for effective weight control", Journal of the Royal Society of Health,
vol. 124, no. 1, pp. 24-28.

•

Szabadi, E. 1988, "Physical exercise and mental health", British medical
journal (Clinical research ed.), vol. 296, no. 6623, pp. 659-660.

•

Tanaka, H., DeSouza, C.A. & Seals, D.R. 1998, "Absence of age-related
increase in central arterial stiffness in physically active women",
Arteriosclerosis, Thrombosis, and Vascular Biology, vol. 18, no. 1, pp. 127132.

•

Tanaka, H., Dinenno, F.A., Monahan, K.D., Clevenger, C.M., DeSouza,
C.A. & Seals, D.R. 2000, "Aging, habitual exercise, and dynamic arterial
compliance", Circulation, vol. 102, no. 11, pp. 1270-1275.

•

Tanaka, H., Reiling, M.J. & Seals, D.R. 1998, "Regular walking
increases peak limb vasodilatory capacity of older hypertensive humans:
implications for arterial structure", Journal of hypertension, vol. 16, no. 4, pp.
423-428.

•

Taniwaki, H., Kawagishi, T., Emoto, M., Shoji, T., Hosoi, M., Kogawa, K.,
Nishizawa, Y. & Morii, H. 1999, "Association of ACE gene polymorphism
with arterial stiffness in patients with type 2 diabetes", Diabetes care, vol.
22, no. 11, pp. 1858-1864.

296

CHAPTER 9 - REFERENCES

Taskinen, M.R., Packard, C.J. & Shepherd, J. 1990, "Effect of insulin
therapy on metabolic fate of apolipoprotein B-containing lipoproteins in
NIDDM", Diabetes, vol. 39, no. 9, pp. 1017-1027.
Taylor, R.W., Keil, D., Gold, E.J., Williams, S.M. & Goulding, A. 1998,
"Body mass index, waist girth, and waist-to-hip ratio as indexes of total and
regional adiposity in women: evaluation using receiver operating
characteristic curves", The American Journal of Clinical Nutrition, vol. 67,
no. 1, pp. 44-49.
Taylor, S., Frost, H., Taylor, A. & Barker, K. 2001, "Reliability and
responsiveness of the shuttle walking test in patients with chronic low back
pain", Physiotherapy research international: the journal for researchers and
clinicians in physical therapy, vol. 6, no. 3, pp. 170-178.
Tchernof, A., Nolan, A., Sites, C.K., Ades, P.A. & Poehlman, E.T. 2002,
"Weight loss reduces C-reactive protein levels in obese postmenopausal
women", Circulation, vol. 105, no. 5, pp. 564-569.
The Northern Ireland Statistics and Research Agency 2002, Health and
social wellbeing survey 2001, Department of Health, Social Services and
Public Safety, Belfast.
The Northern Ireland Statistics and Research Agency 2002, Physical
Activity Bulletin.
Thomas, T.R. & LaFontaine, T. 2001, "Exercise and lipioproteins" in The
ACSM's resource manual for guidelines for exercise testing and
prescription, ed. J. Roitman, 4th edn, Lippincott Williams and Wilkins,
Baltimore.
Thomas, T.R., Ziogas, G. & Harris, W.S. 1997, "Influence of fitness
status on very-low-density lipoprotein subfractions and lipoprotein(a) in men
and women", Metabolism: clinical and experimental, vol. 46, no. 10, pp.
1178-1183.
Thune, I., Njolstad, I., Lochen, M.L. & Forde, O.H. 1998, "Physical
activity improves the metabolic risk profiles in men and women: the Tromso
Study", Archives of Internal Medicine, vol. 158, no. 15, pp. 1633-1640.
Tilz, G.P., Domej, W., Diez-Ruiz, A., Weiss, G., Brezinschek, R.,
Brezinschek, H.P., Huttl, E., Pristautz, H., Wachter, H. & Fuchs, D. 1993,
"Increased immune activation during and after physical exercise",
Immunobiology, vol. 188, no. 1-2, pp. 194-202.
Tobin, D., Thow, M.K. 1999, "The 10m Shuttle Walk Test with Holter
monitoring: an objective outcome measure for cardiac rehabilitation.",
Coronary Health Care, vol. 3, pp. 3-17.

CHAPTER 9 - REFERENCES

•

Tomaszewski, M., Charchar, F.J., Przybycin, M., Crawford, L, Wallace,
A.M., Gosek, K., Lowe, G.D., Zukowska-Szczechowska, E., Grzeszczak,
W., Sattar, N. & Dominiczak, A.F. 2003, "Strikingly low circulating CRP
concentrations in ultramarathon runners independent of markers of
adiposity: how low can you go?", Arteriosclerosis, Thrombosis, and
Vascular Biology, vol. 23, no. 9, pp. 1640-1644.

•

Tonkin, A.M., Lim, S.S. & Schirmer, H. 2003, "Cardiovascular risk
factors: when should we treat?", The Medical journal of Australia, vol. 178,
no. 3, pp. 101-102.

•

Tran, Z.V., Weltman, A. 1985, "Differential effects of exercise on serum
lipid and lipoprotein levels seen with changes in body weight. A meta
analysis", JAMA : the journal of the American Medical Association, vol. 254,
no. 7, pp. 919-924.

•

Tsetsonis, N.V., Hardman, A.E. 1995, "The influence of the intensity of
treadmill walking upon changes in lipid and lipoprotein variables in healthy
adults", European journal of applied physiology and occupational
physiology, vol. 70, no. 4, pp. 329-336.

•

Tudor-Locke, C., Ainsworth, B.E., Thompson, R.W. & Matthews, C.E.
2002, "Comparison of pedometer and accelerometer measures of free-living
physical activity", Medicine and science in sports and exercise, vol. 34, no.
12, pp. 2045-2051.

•

Tudor-Locke, C., Bell, R.C., Myers, A.M., Harris, S.B., Ecclestone, N.A.,
Lauzon, N. & Rodger, N.W. 2004, "Controlled outcome evaluation of the
First Step Program: a daily physical activity intervention for individuals with
type II diabetes", International journal of obesity and related metabolic
disorders : journal of the International Association for the Study of Obesity,
vol. 28, no. 1, pp. 113-119.

•

Tunstall-Pedoe, H. 2003, MONICA monograph and multimedia
sourcebook, world's largest study of heart disease, stroke, risk factors, and
population trends, 1979-2002., World Health Organization, Geneva.

•

Tuomilehto, J., Lindstrom, J., Eriksson, J.G., Valle, T.T., Hamalainen, H.,
Ilanne-Parikka, P., Keinanen-Kiukaanniemi, S., Laakso, M., Louheranta, A.,
Rastas, M., Salminen, V., Uusitupa, M. & Finnish Diabetes Prevention Study
Group. 2001, "Prevention of type 2 diabetes mellitus by changes in lifestyle
among subjects with impaired glucose tolerance", The New England journal
of medicine, vol. 344, no. 18, pp. 1343-1350.

•

US Department of Health and Human Services 1996, Physical Activity
and Health: A Report of the Surgeon General, US Department of Health and
Human Services, Centres for Disease Control and Prevention, National
Centre for Chronic Disease Prevention and Health Promotion, Atlanta.

•

USA National Institutes of Health 1998, Clinical guidelines on the
identification, evaluation, and treatment of overweight and obesity in adults,
U.S. Department of Health and Human Sevices, Rockville, MD.

298

CHAPTER 9 - REFERENCES

Vaitkevicius, P.V., Fleg, J.L., Engel, J.H., O'Connor, F.C., Wright, J.G.,
Lakatta, L.E., Yin, F.C. & Lakatta, E.G. 1993, "Effects of age and aerobic
capacity on arterial stiffness in healthy adults", Circulation, vol. 88, no. 4 Ft
1, pp. 1456-1462.
van Baak, M.A. 1998, "Exercise and hypertension: facts and
uncertainties", British journal of sports medicine, vol. 32, no. 1, pp. 6-10.
Vodak, P.A., Wood, P.D., Haskell, W.L. & Williams, P.T. 1980, "HDLcholesterol and other plasma lipid and lipoprotein concentrations in middleaged male and female tennis players", Metabolism: clinical and
experimental, vol. 29, no. 8, pp. 745-752.
Volanakis, J.E. 1982, "Complement activation by C-reactive protein
complexes", Annals of the New York Academy of Sciences, vol. 389, pp.
235-250.
von Eckardstein, A., Nofer, J.R. & Assmann, G. 2001, "High density
lipoproteins and arteriosclerosis. Role of cholesterol efflux and reverse
cholesterol transport", Arteriosclerosis, Thrombosis, and Vascular Biology,
vol. 21, no. 1, pp. 13-27.
Voss, R., Cullen, P., Schulte, H. & Assmann, G. 2002, "Prediction of risk
of coronary events in middle-aged men in the Prospective Cardiovascular
Munster Study (PROCAM) using neural networks", International journal of
epidemiology, vol. 31, no. 6, pp. 1253-62; discussion 1262-64.
Walker, K.Z., Piers, L.S., Putt, R.S., Jones, J.A. & O'Dea, K. 1999,
"Effects of regular walking on cardiovascular risk factors and body
composition in normoglycemic women and women with type 2 diabetes",
Diabetes care, vol. 22, no. 4, pp. 555-561.
Wannamethee, S.G., Lowe, G.D., Whincup, P.H., Rumley, A., Walker,
M. & Lennon, L. 2002, "Physical activity and hemostatic and inflammatory
variables in elderly men", Circulation, vol. 105, no. 15, pp. 1785-1790.
Wannamethee, S.G., Shaper, A.G. 2001, "Physical activity in the
prevention of cardiovascular disease: an epidemiological perspective",
Sports medicine (Auckland, N.Z.), vol. 31, no. 2, pp. 101-114.
Wegge, J.K., Roberts, C.K., Ngo, T.H. & Barnard, R.J. 2004, "Effect of
diet and exercise intervention on inflammatory and adhesion molecules in
postmenopausal women on hormone replacement therapy and at risk for
coronary artery disease", Metabolism: clinical and experimental, vol. 53, no.
3, pp. 377-381.
Wenger, H.A., Bell, G.J. 1986, "The interactions of intensity, frequency
and duration of exercise training in altering cardiorespiratory fitness", Sports
medicine (Auckland, N.Z.), vol. 3, no. 5, pp. 346-356.

CHAPTER 9 - REFERENCES

•

West, C.E., Sullivan, D.R., Katan, M.B., Halferkamps, I.L. & van der
Torre, H.W. 1990, "Boys from populations with high-carbohydrate intake
have higher fasting triglyceride levels than boys from populations with highfat intake", American Journal of Epidemiology, vol. 131, no. 2, pp. 271-282.

•

Wijnen, J.A., Kool, M.J., Kooman, J.P., van Baak, M.A., Hoeks, A.P.,
Struijker Boudier, H.A. & Van Bortel, L.M. 1993, "Vessel wall properties of
large arteries and endurance training", Journal of hypertension. Supplement
: official journal of the International Society of Hypertension, vol. 11 Suppl 5,
pp. S88-9.

•

Wijnen, J.A., Kuipers, H., Kool, M.J., Hoeks, A.P., van Baak, M.A.,
Struyker Boudier, H.A., Verstappen, FT. & Van Bortel, L.M. 1991, "Vessel
wall properties of large arteries in trained and sedentary subjects", Basic
research in cardiology, vol. 86 Suppl 1, pp. 25-29.

•

Williams, P.T. 1997, "Relationship of distance run per week to coronary
heart disease risk factors in 8283 male runners. The National Runners'
Health Study", Archives of Internal Medicine, vol. 157, no. 2, pp. 191-198.

•

Williams, P.T. 2001, "Physical fitness and activity as separate heart
disease risk factors: a meta-analysis", Medicine and science in sports and
exercise, vol. 33, no. 5, pp. 754-761.

•

Williams, P.T., Krauss, R.M., Vranizan, K.M. & Wood, P.D. 1990,
"Changes in lipoprotein subtractions during diet-induced and exerciseinduced weight loss in moderately overweight men", Circulation, vol. 81, no.
4, pp. 1293-1304.

•

Williams, P.T., Wood, P.D., Haskell, W.L. & Vranizan, K. 1982, "The
effects of running mileage and duration on plasma lipoprotein levels", JAMA
: the journal of the American Medical Association, vol. 247, no. 19, pp.
2674-2679.

•

Williams, P.T., Wood, P.D., Krauss, R.M., Haskell, W.L., Vranizan, K.M.,
Blair, S.N., Terry, R. & Farquhar, J.W. 1983, "Does weight loss cause the
exercise-induced increase in plasma high density lipoproteins?",
Atherosclerosis, vol. 47, no. 2, pp. 173-185.

•

Wilson, R.C., Jones, P.W. 1989, "A comparison of the visual analogue
scale and modified Borg scale for the measurement of dyspnoea during
exercise", Clinical science (London, England: 1979), vol. 76, no. 3, pp. 277282.

•

Wilund, K.R., Colvin, P.L., Phares, D., Goldberg, A.P. & Hagberg, J.M.
2002, "The effect of endurance exercise training on plasma lipoprotein Al
and lipoprotein ALAII concentrations in sedentary adults", Metabolism:
clinical and experimental, vol. 51, no. 8, pp. 1053-1060.

•

Wood, D., De Backer, G., Faergeman, O., Graham, I., Mancia, G. &
Pyorala, K. 1997, Prevention of coronary heart disease in clinical practice summary of recommendations of the second joint task force of European
and other societies on coronary prevention, Dorset Press, Dorset, England.

300

CHAPTER 9 - REFERENCES

Wood, P.D., Haskell, W., Klein, H., Lewis, S., Stern, M.P. & Farquhar,
J.W. 1976, "The distribution of plasma lipoproteins in middle-aged male
runners", Metabolism: clinical and experimental, vol. 25, no. 11, pp. 12491257.
Wood, P.D., Haskell, W.L., Blair, S.N., Williams, P.T., Krauss, R.M.,
Lindgren, F.T., Albers, J.J., Ho, P.H. & Farquhar, J.W. 1983, "Increased
exercise level and plasma lipoprotein concentrations: a one-year,
randomized, controlled study in sedentary, middle-aged men", Metabolism:
clinical and experimental, vol. 32, no. 1, pp. 31-39.
Wood, P.D., Haskell, W.L., Stern, M.P., Lewis, S. & Perry, C. 1977,
"Plasma lipoprotein distributions in male and female runners", Annals of the
New York Academy of Sciences, vol. 301, pp. 748-763.
Woolf-May, K., Bird, S. & Owen, A. 1997, "Effects of an 18 week walking
programme on cardiac function in previously sedentary or relatively inactive
adults", British journal of sports medicine, vol. 31, no. 1, pp. 48-53.
Woolf-May, K., Jones, W., Kearney, E.M., Davison, R.C. & Bird, S. 2000,
"Factor XIla and triacylglycerol rich lipoproteins: responses to exercise
intervention", British journal of sports medicine, vol. 34, no. 4, pp. 289-292.
Woolf-May, K., Kearney, E.M., Jones, D.W., Davison, R.C., Coleman, D.
& Bird, S.R. 1998, "The effect of two different 18-week walking programmes
on aerobic fitness, selected blood lipids and factor XI la", Journal of sports
sciences, vol. 16, no. 8, pp. 701-710.
Woolf-May, K., Kearney, E.M., Owen, A., Jones, D.W., Davison, R.C. &
Bird, S.R. 1999, "The efficacy of accumulated short bouts versus single
daily bouts of brisk walking in improving aerobic fitness and blood lipid
profiles", Health education research, vol. 14, no. 6, pp. 803-815.
World Health Organisation 2002, World Health Report, World Health
Organisation, Geneva.
Wullink, M., Stoffers, H.E. & Kuipers, H. 2001, "A primary care walking
exercise program for patients with intermittent claudication", Medicine and
science in sports and exercise, vol. 33, no. 10, pp. 1629-1634.
Yamashita, T., Sasahara, T., Pomeroy, S.E., Collier, G. & Nestel, P.J.
1998, "Arterial compliance, blood pressure, plasma leptin, and plasma lipids
in women are improved with weight reduction equally with a meat-based
diet and a plant-based diet", Metabolism: clinical and experimental, vol. 47,
no. 11, pp. 1308-1314.
Yanagibori, R., Kawakubo, K., Gunji, A., Aoki, K. & Miyashita, M. 1993,
"Effects of 12wk-exercise walking on serum lipids, lipoproteins and
apolipoproteins in middle aged women-does menopause status influence
training effects?", [Nippon koshu eisei zasshi] Japanese journal of public
health, vol. 40, no. 6, pp. 459-467.

CHAPTER 9 - REFERENCES

•

Yang, A.L., Chen, H.l. 2003, "Chronic exercise reduces adhesion
molecules/iNOS expression and partially reverses vascular responsiveness
in hypercholesterolemic rabbit aortae", Atherosclerosis, vol. 169, no. 1, pp.
11-17.

•

Yu, S., Yarnell, J.W., Sweetnam, P.M., Murray, L. & Caerphilly study.
2003, "What level of physical activity protects against premature
cardiovascular death? The Caerphilly study", Heart (British Cardiac
Society), vol. 89, no. 5, pp. 502-506.

•

Zinman, B., Ruderman, N., Campaigne, B.N., Devlin, J.T., Schneider,
S.H. & American Diabetes Association. 2004, "Physical activity/exercise and
diabetes", Diabetes care, vol. 27 Suppl 1, pp. S58-62.

•

Zmuda, J.M., Yurgalevitch, S.M., Flynn, M.M., Bausserman, L.L.,
Saratelli, A., Spannaus-Martin, D.J., Herbert, P.N. & Thompson, P.D. 1998,
"Exercise training has little effect on HDL levels and metabolism in men with
initially low HDL cholesterol", Atherosclerosis, vol. 137, no. 1, pp. 215-221.

302

CHAPTER 10
APPENDICIES

CHAPTER 10 - APPENDICES

Appendix A
Study 1 Health and Lifestyle Questionnaire

303

Queen’s University
Belfast

Health and Lifestyle Questionnaire
D.O.B:

Name:______________________________
Age:_____

/

/

Gender: M / F (please circle)

Address:____________________________
Postcode:
Telephone Number:

Any information contained herein will be treated as confidential
-----Please answer all questions. Circle appropriate answers.------

General Health
1. Have you ever been diagnosed as having any type of heart complaint?

YES / NO

If YES, please give details____________________________________________________

2. Have you had to consult the doctor in the last 6 months?

YES/NO

If YES, please give details

3. Has your doctor ever said that your blood pressure was too high?

YES/NO

If YES, please give details

4. Do you ever feel faint or have spells of severe dizziness?

YES / NO

If YES, please give details

5. Are you presently taking any form of medication (including HRT)?

YES/NO

If YES, please give details
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6. Do you currently have any form of muscle or joint disease that inhibits you from regular
exercise?

YES / NO

If YES, please give details ____________________________________________________

7. How would you rate your present state of health?

A. Excellent
B. Good
C. Fair
D. Poor

Present Lifestyle
8. In the last six months, have you taken regular exercise at least twice per week?
YES/NO
If YES, please give details of type, frequency and duration of exercise?
Type:__________________
Frequency:_____days/week
Duration:_______ min/session

9. Is there anything to your knowledge that may prevent you from taking part in moderate
intensity exercise?

YES / NO

If YES, please give details________________________________________ _____ ______

10. If found to be a suitable subject, would you be willing to have a medical researcher contact
you from Queen's University Belfast in relation to an exercise training programme?
YES / NO /1 REQUIRE MORE INFORMATION

Name (PRINT):

Signature:

Date:

Please return in the prepaid envelope to:
Mark Tully,
Dept, of Gen. Practice,
Dunluce Health Centre,
1 Dunluce Avenue,
Belfast
BT9 7HR
(028) 9020 4252
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Queen's University
Belfast

Information
Sheet

THE EFFECTS OF A MODERATE INTENSITY WALKING PROGRAMME ON
NOVEL CARDIOVASCULAR RISK FACTORS AND PHYSICAL FITNESS IN
SEDENTARY 50-65 YEAR OLDS.
Information
You are invited to take part in a research project entitled " the effects of a moderate intensity
walking programme on novel cardiovascular risk factors and physical fitness in sedentary 50-65
year olds". If you agree, you will begin a 12-week investigation into the effects of brisk walking on
fitness and risk factors for heart disease. The following pages detail what is involved in the study.
Please read these carefully before agreeing to participate as a volunteer. If you have any
questions please don't hesitate to ask.
You are free to decline to participate in this study without giving any reason and your decision to
decline will be accepted without question or displeasure and you will be treated as though the
matter had not arisen and without any disadvantage to your future medical care.
If you agree to participate in this study you will remain free to withdraw at any time, without the
need to give a reason why and the withdrawal will be accepted without question, without incurring
displeasure and without any disadvantage to your future care.
All information collected during the course of the study will remain confidential and no
publications or reports from this study will identify an individual.

•

Week 1

During the first week all subjects will undergo health and fitness testing in your health centre,
comprising of the following:
•
•
•
•
•
•
•
•

Height
Weight
Body Composition (using a special scales)
Hip and waist measurements
Resting blood pressure
Blood sampling (30ml)
A shuttle walk test
Vascular compliance
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•

Weeks 2-13

Individuals will be randomly assigned to an exercise or control group.
Individuals in the exercise group will be asked to walk 'briskly' for 30 minutes, 5 days a week.
This can be accumulated in short bouts of no less than 10 minutes. Brisk walking is at a level
faster then you would normally walk and leaves you slightly breathless.
This can be done at a time suitable to each individual and will be unsupervised. Each subject will
be asked to wear a pedometer (a small device to measure how far you walk), which will record
distance and time walked and to record all training and other activities in a diary.
Individuals in the control group will be asked not to change their lifestyle in any way from the
beginning to end of the study. They are asked not to take up any form of regular exercise over
the course of the study. They will receive the same feedback at the end as the exercise group.
Every two weeks, researchers would like to meet each subject at a time suitable to the individual
to collect diaries, to record the measurements of the pedometers and to assess any difficulties.
All individuals involved in the study are asked, in as far as is possible, not to change their lifestyle
or diet in any way for the duration of the study.

•

Week 14

At the end of the 12-week training period, all subjects will reviewed as in week 1.
We would also like to contact each subject 6 months after the completion of the project to invite
feedback and to see if regular exercise is maintained.

•

Risks and Discomforts

Most of the tests are non-invasive, apart from the blood sampling, which will be carried out by a
trained physician. All necessary precautions will be taken when blood samples are involved.
Sampling of blood may cause minor bruising to the arm.
All other tests will be conducted by trained staff who will closely monitor individuals at all times.

•

Benefits

All subjects who complete the study will be allowed to keep the pedometer to allow them to
continue monitoring their exercise. Also feedback will be offered on resting blood pressure, body
composition, blood lipids and fitness at the end of the study. In addition you will be assisting us in
determining the effectiveness of moderate intensity exercise in altering health status.
If you have any questions or problems please contact:
Mark Tully,
Dept. Of General Practice,
Dunluce Health Centre,
1 Dunluce Avenue,
Belfast BT9 7HR
Tel: (028)9020 4252
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CONSENT FORM

THE EFFECTS OF A MODERATE INTENSITY WALKING PROGRAMME ON
NOVEL CARDIOVASCULAR RISK FACTORS AND PHYSICAL FITNESS IN
SEDENTARY 50-65 YEAR OLDS.

I have read the above description of the study in full and understand it. All tests and procedures
have been fully explained to me and I agree to take part in the study. I understand that I am free
to withdraw at any time without the need to give a reason why and that my withdrawal will be
accepted without question, without incurring displeasure and without any disadvantage to my
future care.

Name (PRINT):

Signed:

Date:

/

/

Witnessed by:
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Appendix C
Study 1 Pre-participation Questionnaire
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Pre-participation Screening Questionnaire
Name: ___________________

ID Number:__________

HISTORY
You have had:
______ A heart attack
______ Heart surgery
______ Cardiac catherization
______ Coronary angioplasty (PICA)
______ Pacemaker / implantable cardiac defibrillator / rhythm disturbance
______ Heart valve disease
______ Heart failure
______ Heart transplantation
______ Congenital heart disease
______Cerebro-Vascular incidents
SYMPTOMS
______ You experience chest discomfort with exertion
______ You experience unreasonable breathlessness
_______You experience dizziness, fainting or blackouts
_______You take heart medications
OTHER HEALTH ISSUES
_______You have musculoskeletal problems
______ You have concerns about the safety of exercise
_______You take prescription medication(s)
______Diabetes
______Chest Disease (COPD, Asthma)
______Liver problems
CARDIOVASCULAR RISK FACTORS
______ You smoke
______ Your blood pressure is >140/90 mmHg
______ You don't know your blood pressure
______ You take blood pressure medication
______ Your blood cholesterol is >5 mmol/L
______ You don't know your cholesterol
______ You have had a close blood relative who had a heart attack before age 55
(father or brother) or age 65 (mother or sister)
______ You are physically inactive (i.e. get <30 minutes of physical activity on at
least 3 days per week)
______ You are >9 kg overweight
Notes:
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Appendix D
Study 1 Food Frequency Questionnaire
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FOOD INTAKE RECORD
Name:

ID:

Please indicate which foods you eat

Less than
once a week

Not daily, but at
least once a
week

Daily

Milk, Yogurt
Cheese
Red Meat
Poultry
Fish

Eggs
Dishes with a mix of meats
Dried beans, legumes
Nuts
Breads, cereal
Potatoes, pasta etc
Fruits, juices
Vegetables
Margarine, butter
Cooking oil
Ice cream
Biscuts, cake etc
Sweets
Soft drinks
CoTee
Tea
Alcohol
Please indicate how much alcohol you drink per week and what type:

313

CHAPTER 10 - APPENDICES

Appendix E
Study 1 Training Diary
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Walking Study
Training Diary

Week 1

Name:
Time
(mins)
Day
Day
Day
Day
Day

Date:
Number of
steps

BS
(1-10)

Comments

1
2
3
4
5
Breathlessness Scale (BS)
On a scale of 1 to 10, how breathless
(an uncomfortable need to breathe)
did you feel over the course of the
exercise?

0 NOTHING AT ALL (just noticeable)
0.5 VERY VERY SLIGHT
1 VERY SLIGHT
2 SLIGHT
3 MODERATE
4 SOMEWHAT SEVERE
5 SEVERE
6

7 VERY SEVERE
8

9 VERY VERY SEVERE (almost maximal)
10 MAXIMAL

Walking Study
Training Diary
Name:
Time
(mins)
Day
Day
Day
Day
Day

Week 2

____ _________________ Date:
Number of
steps

BS (1-10)

Comments

1
2
3
4
5
Breathlessness Scale (BS)
On a scale of 1 to 10, how breathless
(an uncomfortable need to breathe)
did you feel over the course of the
exercise?

0 NOTHING AT ALL (just noticeable)
0.5 VERY VERY SLIGHT
1 VERY SLIGHT
2 SLIGHT
3 MODERATE
4 SOMEWHAT SEVERE
5 SEVERE
6
7 VERY SEVERE
8

9 VERY VERY SEVERE (almost maximal)
10 MAXIMAL
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Appendix F
Study 1 Instructions on the use of the Pedometer
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Instructions on use of pedometer:
The pedometer is placed on a belt or waistband at waist level in the midline of the thigh
To record:
•
Place on belt/waistband
•
Drop the cover down
•
Ensure sensitivity set to lowest (by moving the slider left)
•
Press ’Reset’ - the time should be on the top line and the bottom line should read ’0’
•
Make a note of the time
•
Push protective cover up
•
Begin brisk walk
•
When finished pull the protective cover down
•
Record time and number of steps again in diary (if screen is showing calories (kcal) /
distance (km), press respective button again to bring up number of steps)
•
Also record any notes (e.g. how many bouts of walking did you do, or any changes to
lifestyle)
•
If you require the backlight, press and hold the green button
If you require any more information or find a fault with your pedometer, please contact:
Mark Tully
Dept, of General Practice
DunluceHealth Centre,
1 Dunluce Avenue
Phone: 028 9020 4252
Email: m.tully@qub.ac.uk
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Appendix G
Placement of Pedometer
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Appendix H
Study 1 Lipoelectrophoresis Gel
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I
Beckman
Coulter..

Paragon LiPO Gei

Albumin
HDL
VLDL

LDL
Chylomicron

2

3

4

5

6

An example of a lipoelectrophoresis gel layout
Lane
1
2
3
4
5
6
4
8

Sample
Whole plasma
Crude - LDL
Crude - LDL
Crude - LDL
Crude - LDL
Crude - LDL
Crude - LDL
Whole plasma

321

CHAPTER 10 - APPENDICES

Appendix I
Apo Ai Agarose Gel

-IAP1

10

3ENDI

r

Lanes
1-6

Lanes
7-12

♦

d

Lanes
13-18

Lanes
19-24

d

Lanes
25-30

d

An example of as apo Ai agarose gel layout
Lanes
1-6
7-12
13-18
19-24
25-30

Sample
Standards of increasing concentration
Samples
Samples
Samples
Samples
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Study 2 Information Sheet and Consent Form
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Queen's University
Belfast

Information
Sheet

The effects of different frequencies of moderate intensity
walking on novel cardiovascular risk factors and physical
fitness.
Information
You are invited to take part in a research project entitled " the effects of a moderate intensity
walking programme on novel cardiovascular risk factors and physical fitness". If you agree, you
will begin a 12-week investigation into the effects of brisk walking on fitness and risk factors for
heart disease. The following pages detail what is involved in the study. Please read these
carefully before agreeing to participate as a volunteer. If you have any questions please don’t
hesitate to ask.
You are free to decline to participate in this study without giving any reason and your decision to
decline will be accepted without question or displeasure and you will be treated as though the
matter had not arisen and without any disadvantage to your future medical care. If you agree to
participate in this study you will remain free to withdraw at any time, without the need to give a
reason why and the withdrawal will be accepted without question, without incurring displeasure
and without any disadvantage to your future care.
All information collected during the course of the study will remain confidential and no
publications or reports from this study will identify an individual.

•

Week 1

During the first week all subjects will undergo health and fitness testing, comprising of the
following:
• Height
• Weight
• Waist and hip measurements
• Resting blood pressure
• Blood sampling (30ml)
• A shuttle walk test
Apart from a simple blood sample, none of the above tests are invasive and all measurements
will be made by a trained professional with due regard for privacy.

•

Weeks 2-13

Individuals will be randomly assigned to one of two exercise groups or a control group.
Individuals in one exercise group will be asked to walk ’briskly’ for 30 minutes, 5 days a week and
in another will be asked to walk briskly for 30 minutes, 3 days a week. This can be accumulated
in short bouts of no less than 10 minutes. Brisk walking is at a level faster then you would
normally walk and leaves you slightly breathless.

325

NDK

This can be done at a time suitable to each individual and will be unsupervised. Each subject will
be asked to wear a pedometer (a small device to measure how far you walk), which will record
distance and time walked and to record all training and other activities in a diary.
Individuals in the control group will be asked not to change their lifestyle in any way from the
beginning to end of the study. They are asked not to take up any form of regular exercise over
the course of the study. They will receive the same feedback at the end as the exercise group.
Every two weeks, researchers would like to contact each subject at a time suitable to the
individual to collect diaries, to record the measurements of the pedometers and to assess any
difficulties.
All individuals involved in the study are asked, in as far as is possible, not to change their lifestyle
or diet in any way for the duration of the study.

•

Week 14

At the end of the 12-week training period, all subjects will reviewed as in week 1.
We would also like to contact each subject 6 months after the completion of the project to invite
feedback and to see if regular exercise is maintained.

•

Risks and Discomforts

Most of the tests are non-invasive, apart from the blood sampling, which will be carried out by a
trained physician. All necessary precautions will be taken when blood samples are involved.
Sampling of blood may cause minor bruising to the arm.
All other tests will be conducted by trained staff who will closely monitor individuals at all times.

•

Benefits

All subjects who complete the study will be allowed to keep the pedometer to allow them to
continue monitoring their exercise. Also feedback will be offered on resting blood pressure, body
composition, blood lipids and fitness at the end of the study. In addition you will be assisting us in
determining the effectiveness of moderate intensity exercise in altering health status.
If you have any questions or problems please contact:
Mark Tully,

Dept. Of General Practice,
Dunluce Health Centre,
1 Dunluce Avenue,
Belfast BT9 7HR
Tel: (028)9020 4252
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CONSENT FORM
The effects of different frequencies of moderate intensity walking on novel
cardiovascular risk factors and physical fitness in sedentary 40-65 year
olds.

I have read the above description of the study in full and understand it. All tests and procedures
have been fully explained to me and I agree to take part in the study. I understand that I am free
to withdraw at any time without the need to give a reason why and that my withdrawal will be
accepted without question, without incurring displeasure and without any disadvantage to my
future care.

Name (PRINT):____________________________________________
Signed:_______________________________

Date:

/

/

Witnessed by:
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Study 2 Pre-participation Questionnaire
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PRE-PARTICIPATION QUESTIONNAIRE
Name: ___________________

ID Number:___________

Date:

HISTORY
Have you ever had:
______ A heart attack
______ Heart surgery
______ Pacemaker / implantable cardiac defibrillator / rhythm disturbance
______ Heart failure
______ Heart transplantation
______Stroke
SYMPTOMS
Do you:
______ Experience chest discomfort with exertion
______ Experience unreasonable breathlessness
______ Experience dizziness, fainting or blackouts
______ Take heart medications
OTHER HEALTH ISSUES
Do you:
______ Have musculoskeletal problems
______ Have concerns about the safety of exercise
______ Take prescription medication(s)
______Have diabetes
______Have any form of chest disease (COPD, Asthma)
______Have any liver problems

CARDIOVASCULAR RISK FACTORS
Do you:
______ Smoke (How many per day?__________)
______ Know your blood pressure or been told your blood pressure was high
______ Take blood pressure medication
______ Know your blood cholesterol or been told your cholesterol was high
______ Know of a close blood relative who had a heart attack before age 55 (father or brother)
or age 65 (mother or sister)
______ Take regular exercise
______ Know or think that you have a weight problem
Notes:
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Study 2 Health and Lifestyle Questionnaire
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Queen's University
Belfast

Health and Lifestyle Questionnaire
Name:_____________________________________
Age:_____

D.O.B:

/

/

Gender: M / F (please circle)

Address:______________________________________________________

Postcode:______________ Telephone Number:_____________________

Any information contained herein will be treated as confidential
OOO Please answer all questions. Circle appropriate answers. 000

General Health
1. Have you ever been diagnosed as having any type of heart complaint?YES / NO
If YES, please give details

2. Have you had to consult the doctor in the last 6 months?

YES / NO

If YES, please give details

3. Has your doctor ever said that your blood pressure was too high?

YES / NO

If YES, please give details
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4. Do you ever feel faint or have spells of severe dizziness?

YES / NO

If YES, please give details

5. Are you presently taking any form of medication (including HRT)?

YES / NO

If YES, please give details

6. Do you currently have any form of muscle or joint disease that inhibits you from regular
exercise?

YES / NO

If YES, please give details

7. How would you rate your present state of health?

A. Excellent
B. Good
C. Fair
D. Poor
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Present Lifestyle
8. In the last six months, have you taken regular exercise at least twice per week?
YES/NO
If YES, please give details of type, frequency and duration of exercise?
Type:__________________
Frequency:_____days/week
Duration:_______min/session

9. Is there anything to your knowledge that may prevent you from taking part in moderate
intensity exercise?

YES / NO

If YES, please give details

Signature:

Date:

Mark Tally,
Dept, of Gen. Practice,
Dunluce Health Centre,
1 Dunluce Avenue,
Belfast
BT9 7HR
(028) 9020 4252

333

CHAPTER 10 - APPENDICES

Appendix M
Study 2 Food Frequency Questionnaire
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FOOD INTAKE RECORD
Name:
Please indicate which foods you eat
Less than once a
week

Not daily, but at
least once a week

Daily

Milk, Yoghurt
Cheese
Red Meat
Poultry
Fish
Eggs
Dishes with a mix of meats
Dried beans, legumes
Nuts
Breads, cereal
Potatoes, pasta etc
Fruits, juices
Vegetables
Margarine, butter
Cooking oil
Ice cream
Biscuts, cake etc
Sweets
Soft drinks
Coffee
Tea
Alcohol
Please indicate how much alcohol you drink per week and what type:
Do you smoke cigarettes?

Yes / No

Have you ever smoked
cigarettes?

Yes / No

If Yes - approximately how
many?

Less then one per day
1-10 per day
10-20 per day

If no when did you give up (If applicable)?:
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Study 2 Training Diary
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Walking to Health Study
Training Diary

Week 1

Name:______________________
Time
(mins)
Day
Day
Day
Day
Day

Number of
steps

Date:

BS
(1-10)

Comments

1
2
3
4
5
0 NOTHING AT ALL Gust noticeable)
0.5 VERY VERY SLIGHT
1 VERY SLIGHT
2 SLIGHT
3 MODERATE
4 SOMEWHAT SEVERE
5 SEVERE

Breathlessness Scale (BS)
On a scale of 1 to 10, how breathless (an
uncomfortable need to breathe) did you
feel over the course of the exercise?

6

7 VERY SEVERE
8

9 VERY VERY SEVERE (almost maxima!)
10 MAXIMAL

Walking to Health Study
Training Diary

Week 2

Name:_____________________________
Time
(mins)
Day
Day
Day
Day
Day

Number of
steps

Date:

Comments

BS
(1-10)

1
2
3
4
5

Breathlessness Scale (BS)
On a scale of 1 to 10, how breathless (an
uncomfortable need to breathe) did you
feel over the course of the exercise?

0 NOTHING AT ALL Gust noticeable)
0.5 VERY VERY SLIGHT
1 VERY SLIGHT
2 SLIGHT
3 MODERATE
4 SOMEWHAT SEVERE
5 SEVERE
6
7 VERY SEVERE
8

9 VERY VERY SEVERE (almost maximal)
10 MAXIMAL
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