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"What is this life if full of care;

We have no time to stand and stare."

From the poem Leisure by W H Davies
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Summary

The aim of this thesis was to improve our understanding of the effects that dietary
therapies have on improving cardiac autonomic activity in healthy and diabetic
people, particularly the effects of omega 3 polyunsaturated fatty acids (PUFA) on
healthy people. Research conducted to date suggests that diet has specific effects
on cardiac autonomic activity; however, much of this research has ignored the
underlying influence of specific therapies and weight loss. In this thesis, heart rate
variability (HRV) is used to assess cardiac autonomic activity. Cardiac autonomic
activity is chiefly responsible for the beat to beat control of heart rate and has been
implicated in sudden cardiac death and prognosis of an adverse cardiovacular event

following myocardial infarct.

The first experiment was designed to systematically examine the dose-response
changes in cardiac ANS activity and vascular compliance after supplementation with
omega 3 polyunsaturated fatty acids. In sixty seven overweight middle aged
volunteers, HRV, cardiac sympathetic activity (assessed via low frequency
component of HRV), parasympathetic activity (assessed by the high frequency
component of HRV), Low Frequency/High Frequency (LF/HF) ratio (representing the
balance of sympathetic/parasympathetic nervous activity on heart rate), heart rate
(HR), arterial compliance, systolic and diastolic blood pressure were assessed
during rest. All variables showed the greatest change in the highest dose group.
Arterial compliance and the LF/HF ratio changed in a dose-dependent manner with
the omega 3 PUFAs. These results suggest that the observed relationships between

fish oil dose and changes in arterial compliance and LF/HF suggest that regular fish
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oil supplementation can improve the regulation of HR, HRV and consequently blood
pressure by increasing parasympathetic regulation of cardiac autonomic tone in a

dose-dependent manner

In the second experiment twenty healthy, young male subjects were subjected to
graded lower body negative pressure (LBNP) before and after a 6 week dietary
supplement intervention of omega 3 PUFAs. Both periods of LBNP were immediately
followed by venepuncture to assess lipid and omega 3 content of the blood cells.
After the intervention of omega 3 PUFAS an improvement in cardiac autonomic
activity (HRV frequency measures) together with a reduction in HR demonstrated
that cardiac autonomic activity was improved during rest. Graded LBNP significantly
reduced overall HRV and increased the LF/HF ratio of the frequency domain. After
the 6 week intervention of omega 3 PUFAs, the autonomic control of heart rate was
improved at the highest level of LBNP. Omega 3 PUFAs were significantly increased
in the treatment group. In conclusion, the changes in HR and HRV measures during
orthostatic stress demonstrated a cardiovascular response likely to be caused by
increasing parasympathetic regulation of cardiac autonomic tone in young active
males. These mutual changes may reduce CVD risk from an early age and provide

further justification for increased intakes of fish oil.

In the third experiment forty nine type 2 diabetic middle aged subjects undertook a
16 week dietary weight loss intervention. Before and after the trial, HRV measures
were recorded for 10 minutes while the patients were supine and at rest for 10

minutes followed by venepuncture for metabolic and lipids markers. HRV frequency
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and time domain data indicated that weight loss produced an improvement in cardiac
autonomic activity and the mean level of cardiac PNS activity (assessed via the root
mean square of the successive differences in R-R intervals, RMSSD) during rest.
The observed changes in cardiac ANS activity were attributed to weight loss only,
despite similar reductions in several metabolic and cardiovascular blood markers.
The results of this study suggest that a calorically restricted diet has favourable
effects on cardiac ANS activity and implicate weight loss as a mediator of these

effects.

The results of this thesis indicate that dietary intervention in people with and without
disease, particularly type 2 diabetes, may specifically influence cardiac autonomic
activity, which may improve -cardiovascular health outcomes. Moreover, the
observed effects of diet on cardiac autonomic activity support the notion that weight
loss and omega 3 PUFAs have positive cardiovascular health outcomes. The results
of the thesis demonstrate that in order to comprehensively understand the effects of
dietary therapeutics on cardiac autonomic activity, it is essential that concomitant

changes in HRV are considered.
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Chapter one begins with a general discussion about the value of using heart rate
variability to assess autonomic nervous system activity. The importance of the
different measures within heart rate variability are discussed in detail and their
importance outlined. This is followed by discussion of invasive techniques which
were not used in this thesis due to the discomfort to the participants. The heart rate
variability measures make up the bulk of the experimental work in the following

chapters.

HRV has been accepted over the past decade by the scientific community as a
measure of cardiac autonomic activity (1, 2). This includes the use of HRV in
assessing cardiac autonomic activity in many recent studies involving non-alterable
and alterable factors of cardiac autonomic activity (discussed in chapter 2) which
include age, gender, genetics, smoking, blood pressure, circadian rhythm, diet and
lifestyle (3-9). However controversy still surrounds its use in respiratory sinus
arrythimia (RSA) and as a biomarker of disease. The long held discussion around
assessment of HRV and RSA appears to be mostly methodological with differing
views on how to best to calculate RSA using HRV (10, 11). More important is the
conjecture over the usefulness of HRV as a biomarker (12). HRV and been
implicated in numerous disorders and diseases which include cardiovascular
diseases, pulmonary disease and arterial hypertension (13-17). The current
shortcoming of HRV is the need for indexing of measurements, that is to say that
there is no currently agreed ‘'healthy’ HRV for individuals, for which large
epidemiological studies are needed. As it stands, increases in HRV in many disease
states are seen as positive particularly when this increase heads towards the same

HRV measures as non disease groups (2, 4, 6).
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Heart rate variability and cardiac autonomic dysfunction.

Cardiovascular disease (CVD) and type 2 diabetes are among the most prominent
ailments in the western world and preventative measures such as exercise training
and nutrition are proving to be paramount in lowering its incidence(18, 19). ECG
based heart rate variability (HRV) measurements have become a vital method of
assessing cardiac autonomic regulation. There is a large amount of clinical evidence
showing that reduced HRV is a predictor of death in patients after myocardial
infarction and with heart failure. Diabetic autonomic neuropathy (DAN) is a common
and serious complication of diabetes. Cardiovascular autonomic neuropathy (CAN)
is the most investigated and clinically significant form of DAN. Published data shows
that CAN is strongly linked with an increased risk of myocardial ischaemia, serious
arrhythmias, exercise intolerance and mortality. Measurement of HRV is a readily
available technique and consists of a remarkable index of cardiac autonomic
dysfunction(20) which serves to establish diagnosis of autonomic dysfunction. The
decreases in parameters of HRV seem not only to carry negative prognostic value in
patients with diabetes but also to precede the clinical expression of autonomic

neuropathy.

While it is known that dieting and its associated weight loss is beneficial to the
cardiovascular system the exact mechanisms remain unclear. We aim to
investigated whether omega 3 PUFASs or calorically restricted diet have any potential
cardiovascular benefits in the healthy and type 2 diabetic population as assessed by

HRV.
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Cardiac Control and HRV

Heart rate variability refers to the beat-to-beat (R-R) alterations in heart rate thought
to reflect changes in autonomic nervous system activity. In healthy individuals during
rest, the electrocardiogram (ECG) displays periodic variations in R-R intervals. One
example of these rhythmic variations is cardio-acceleration during inspiration and
cardio-deceleration during expiration, called respiratory sinus arrhythmia (RSA)
which is an indicator of parasympathetic activity(21). There are two frequency
components of HRV (Figure 1), high frequency (HF, 0.15-0.4 Hz) and low frequency
(LF, 0.04-0.15 Hz)(1). The HF component has been considered to reflect efferent
parasympathetic activity (PNS, predominant at rest), whereas the LF component is
thought to reflect sympathetic (SNS) and PNS interactions controlled largely by
baroreceptor activity. The latter factor seems to rely on more sophisticated
mechanisms. Manoeuvres enhancing the sympathetic drive or pathological
conditions associated with sympathetic hyperactivity lead to a marked relative
increase in the LF component(22). Some discrepancies in its relationship with
sympathetic tone are due to the observation that both LF and HF are reduced after
atropine (23). However, the hypothesis that LF can be influenced by the vagus is
valid only if LF is evaluated in absolute and not in relative terms. Thus it is more
appropriate to consider the relationship between LF and HF (LF/HF ratio) in terms of
sympatho-vagal balance, rather than consider them independently as separate
indices of sympathetic and vagal activity. In fact, several studies (24-28) have
confirmed that the LF/HF ratio offers a suitable indication of the autonomic vagal-
sympathetic balance in heart control. Previous studies have established that an
unbalanced sympathetic/parasympathetic tone, with a predominance of sympathetic

activity, is associated with an increased cardiovascular mortality in type Il diabetic
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patients (29-32). Such unbalanced sympathetic/ parasympathetic tone can be
responsible for several cases of sudden death (29-32) in diabetic patients, despite

the absence of documented pre-existing heart disease(31).

Time Domain

Heart rate variability may be calculated by several methods, the simplest of which
are the time domain measures. These methods are determined by using the
intervals between successive normal complexes. In a ECG recording, each QRS
complex is detected, and the R-R intervals or the instantaneous heart rate is
determined. Time domain variables that can be calculated include the mean NN (the
same as R-R interval) interval, the difference between the longest and shortest NN
interval, the median NN interval and so on. Other measurements that can be shown
in this method include variations in instantaneous heart rate secondary to respiration

(RSA), tilt and Valsalva manoeuvre.

A general time-domain measure is the standard deviation of all normal R-R intervals
(SDNN). SDNN reflects all of the cyclic mechanisms responsible for variability during
the time of recording and has been proposed to reflect PNS activity or a mixture of
SNS and PNS activity (22, 33). In addition to being an imprecise marker, SDNN can
be argued as inaccurate on the fact that it is directly reliant on the length of time
being analysed. SDNN increases in accuracy with length of recording and as such
can't be reliably compared with records of a shorter period. A comparable method
which controls for the length of recording is the standard deviation of the average of
normal R-R intervals (SDANN). This measure may have prognostic value in

determining the probability of recovery following acute myocardial infarction (34).
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Although, the level to which SDANN reflects cardiac SNS or cardiac PNS activity has

not been comprehensively examined.

A different and more suitable measure of cardiac PNS activity is the root mean
square of the successive differences in normal R-R intervals, measured in
milliseconds (1). Similar to RSA, RMSSD is a measurement of the fast HR changes
that are mediated by the modulation of vagal activity. While RSA forms part of a
frequency measure of HRV, RMSSD is a time domain measure and is therefore less

sensitive to the confounding effects of respiration.
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Figure 1.

This figure shows the conversion of the ECG to a power spectrum. The ECG
recording is used to establish the series of beat-to-beat intervals. These beat-to-beat
intervals have then been plotted on a tachogram in milliseconds vs the interval
number. The tachogram has then been converted into a power spectrum by fast
Fourier transformation and divided into its corresponding frequencies, including LF

and HF.
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Power Spectrum

Several spectral methods(1) for the analysis of the variations in heart rate are
available to be used in the analysis of HRV. Power spectral density (PSD) provides
the essential information of how power (or in other terms, variance) allocates itself as
a function of frequency. In any of the methods used, only an estimation of the actual

PSD of the signal can be gathered by suitable mathematical algorithms.

Nonparametric and parametric methods can generally be utilised for the calculation
of PSD. In many cases, both methods show comparable results. The advantages of
the nonparametric methods are the simplicity of the algorithm used (fast fourier
transform) and the high processing speed. On the other hand, the advantages of
parametric methods are smoother spectral components that can be determined
independent of preselected frequency bands, easy post-processing of the spectrum
with an auto-calculation of LF and HF power bands. This can be done with simple
detection of the central frequency of each component, and precise assessment of
PSD even on a small amount of samples on which the signal is supposed to
preserve lack of change. The disadvantage of parametric methods is the requirement

of confirmation of the suitability of the selected model and of its complexity.

Within the PSD there are three main spectral components which can be calculated
from short-term recording of 2 to 5 minutes(28, 35-38): LF and HF components as
discussed previously and very low frequency (VLF). The power distribution and the
central frequency of LF and HF vary as they relate to changes in autonomic
fluctuations of heart rate (28, 37, 39). The physiological mechanism controlling the
VLF component is much less defined, and a precise physiological mechanism

attributable to these heart rate changes is unknown. VLF requires longer recordings
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to be effective as it assesses individual frequency changes with cycle lengths of
between 25-250 seconds (i.e. up to more than 4 minutes) in duration. To obtain
reasonable estimates of power from a Fourier transform, about 10 “wavelengths” of
data are needed, meaning that estimates of VLF need over 40 minutes of recording
(in practice, more is needed because of loss of accuracy near the beginning and end
sections of the record). Shorter recording periods than this suffer unacceptable
degradation of accuracy. Therefore, VLF evaluated from short-term recordings is a
dubious measure and should not be used when the PSD of short ECG recordings is
assessed. Ultra low frequency is another measure which is occasionally taken during
HRYV recordings. However, as for VLF, ultra low frequency requires much longer
recordings (approx. 24hrs) and the physiological mechanisms behind it are not well

understood.

The use of VLF, LF, and HF components is typically made in absolute values of
power (milliseconds squared). LF and HF may also be calculated in normalized
units, (28, 37) which correspond to the relative value of each component in proportion
to the total power minus the VLF component. The use of LF and HF in normalized
units highlights the controlled and balanced behaviour of the SNS and PNS.
Furthermore, the normalisation tends to reduce the effect of the changes in total

power on the values of LF and HF power components.

Controversy around low freqguency power.

Spectral analysis of HRV shows not only a HF peak at 0.15 to 0.40 Hz, but also a
low frequency peak located at about 0.10 Hz. These slower heart rate periods have

been linked with efferent SNS activity in the baroreflex control of blood pressure(40).
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However, the value of the LF component of the and its relation to the power

spectrum in cardiac autonomic balance is controversial.

Many studies have established that sympathetic activity is a component of LF

of the cardiac power spectrum. These experiments changedSNS activity
pharmacologically (37, 41, 42), by changing posture (37, 41, 43) and by inducing
mental stress (40, 44). With regards to these experiments, the LF component has
been used as an index of cardiac SNS activity by researchers investigating the
cardiac effects of diet (45-47) and weight loss in general (48-50). The LF to HF ratio
of the cardiac power spectrum has been considered an indicator of sympatho-vagal

balance(1, 35, 51-53).

A major body of research has established that the LF component of the cardiac PSD
is not a precise indicator of cardiac SNS activity. This is confirmed by the
observation that SNS spinal anaesthesia does not change the LF component of the
cardiac PSD in the supine posture (54, 55). Another significant study conducted by
Jokkel showed that short-term beta-adrenergic blockade resulted in decreases in the
power in the LF component of the cardiac PSD (56). This emerging data shows that
the LF component of the cardiac PSD holds both sympathetic and vagal properties.
In agreement with this idea, the LF component has varied in response to
interventions known to change vagal activity, including pharmacological interventions
(35, 41, 42, 44). Consequently, many researchers now refer to the LF component of

the cardiac PSD as an index of sympathovagal balance (33, 35, 44, 57).

While the LF component is usually taken as an index of sympathovagal
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balance, this explanation remains problematic. This is because it cannot be inferred
whether alterations of the LF component of the PSD are the consequence of
reciprocal changes in the SNS and the PNS, independent changes in the SNS or the

PNS, or exchanges between the SNS and the PNS.

Indirect versus direct measurements of autonomic activity

In this thesis cardiac ANS activity was assessed using a mathematical

analysis of HRV, specifically using the ECG. This method is beneficial because it is
non-invasive, does not influence the resting state of the body and allows the
concurrent evaluation of the activity of both branches of the ANS. Additionally, ECGs
can be collected over short or long periods of time. A multitude of mathematical
analyses have been created in order to separate the SNS and PNS involvement with
the ECG. The following discussion establishes some of the more accepted types of
analyses accessible and their advantages and disadvantages. There are three
common comments concerning the non-invasive assessment of cardiac ANS

activity.

First, to make sure that non-invasive methods of cardiac ANS activity are
meaningfully analysed, it should simultaneously consider associated practical
information, such as heart rate (1). The reason being that, in order for a measured
change in the activity of either the SNS or the PNS to be regarded as meaningful, it
should be reproduced in changes in cardiac function, rather than being compensated

for by a mutual change in the opposite ANS branch or another system of regulation.
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Secondly, most non-invasive measurements of cardiac ANS activity presume that
instances such as the central respiratory generator, baroreflex and chemoreceptor
and pulmonary stretch receptor afferents remain constant(58). These influences can
be altered by cognitive and behavioural changes coming from brain sites such as the
hypothalamus and amygdala. Consequently, non-invasive measures of cardiac ANS
activity should be used while the use of higher brain sites is relatively constant, such

as during a rested supine position.

The third point to be considered when utilising non-invasive measures of cardiac
ANS activity is that cardiac ANS activity changes in response to many influences
which include neurotransmitter release, nerve activity and tissue responsiveness.
While non-invasive measurements give important information concerning the scale
of cardiac ANS changes, from these measures one cannot deduce the exact cause

of change.

The main aim of this thesis was to investigate the effects of specific dietary
interventions on cardiac SNS and cardiac PNS activity. This could have preferably
been attained by directly assessing PNS and SNS activity. Many factors stopped
such an measurement from being possible. First, the direct measurement of post-
ganglionic sympathetic activity is attained using a technique called
microneurography, which utilises the insertion of a small tungsten electrode into a
superficial nerve(59). Microneurography is invasive, painful, cannot be utilised over a
extended time period, and is susceptible to error by movement. Secondly,
microneurography is used to assess SNS activity innervating the vaso-constricting

muscle in the skeletal muscles and not cardiac muscle (60-62). The last reason that



30

SNS and PNS activity of the heart could not be directly measured in this thesis is
that a method allowing the direct assessment of post-ganglionic PNS activity in

humans has not yet been developed (63).

Other methods of assessing cardiac ANS activity include the extraction and
measurement of plasma catecholamines, or NA spill-over in the plasma from the
sympathetic nerve terminals (57). The evaluation of NA spill-over uses the injection
of a NA tracer into the blood stream, and then waits for a equilibrium to be attained
and then taking coronary sinus venous plasma. NA spill over was unsuitable to be
used in this thesis because it can only be assessed for short time periods and is not
specifically reflective of cardiac SNS activity. Moreover, the evaluation of

catecholamines doesn't provide evidence on the activity of the PNS(57).

ANS activity can also be determined via the use of ANS blockades. This technique is
based on the idea that a selective blockade of one branch of the ANS gives evidence
on the activity of both branches. Pharmacological blockades were not used in the
experiments contained in this thesis because they cannot be applied for extended
time periods without harming the individual(57). Moreover, the use of these
blockades doesn't allow the concurrent assessment of the activity of both branches
of the ANS, and can show inconsistent results because of connections between the
ANS branches, indirect or reflexive alterations in the unblocked branch, or the non-

selective behaviour of the blocker agents(40, 44, 64).

To sum up, ANS activity can be determined using methods which include
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microneurography, the evaluation of plasma catecholamines and pharmacological
blockades. These methods are useful in that they provide direct evidence regarding
the ANS. Nevertheless, as these methods are invasive and could cause pain to the

participants in these studies they were not utilised.



Chapter 2

Factors influencing cardiac autonomic activity
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The following chapter demonstrates the significance and the way by which particular
non-modifiable and modifiable factors may influence cardiovascular regulation. This
is not an exhaustive list and rather means to present some important examples. The
large background on the effects of age on HRV and HR set the scene for the
following factors that can alter HRV. This is to demonstrate that the other factors can

act to simply accelerate the negative impact of age on the cardiovascular system.

Non-alterable factors of HRV

Age

Several cross-sectional studies have shown that HRV, measured using time and
frequency domain measures, is higher in young people than in middle-aged or
elderly healthy subjects (33, 34). Studies in small groups of selected subjects have
suggested that non-linear HR dynamics may also have age-dependent features(65-
67). Studies investigating both time and spectral domain indices of HRV have shown
that HRV decreases with increasing age (68-70). This has been attributed to a
decline in parasympathetic activity and also possibly to a decline in sympathetic

activity (69)

Age has a strong influence on short term HRV, and hence should be considered in
the analysis of HRV data comparing diseased and normal populations (69, 71-73).
With increasing age, there is a decrease in RSA, which is related to the high
frequency components of HRV (10, 68). There is nearly a linear decrease of RSA
from 20 to 80 years old. Shannon et al. and Schwartz et al. found that HF declined
linearly in supine posture in subjects of 9 to 28 years(71, 72). Yeragani et al. found

on short term HRV using orthostatic challenge in the age range of 4 to 43 years
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demonstrated significant negative correlations between age and supine LF and HF,

and standing HF (73).

As HRV and heart rate are so closely interrelated it is likely that the mechanisms
governing heart rate also affect HRV (1, 74, 75). There has been a defined
physiological related effect of age on the normal control of heart rate. First, a
physiological age-related modification in left ventricular diastolic function is a
predisposing factor in the progression of diastolic heart failure, which is prevalent in

elderly patients, with up to 50% of all heart failure patients in this age range(76, 77).

Secondly, the occurrence of enhanced pulse wave velocity together with prolonged
ejection time contributes to summation of antegrade and retrograde arterial waves,
which may lead to an increase of systolic blood pressure and pulse pressure in older
subjects.(78, 79) This has clear implications as a strong mechanism favouring the
beginning and/or progression of vascular damage and higher risk of adverse
physiological or clinical outcomes, including extreme cardiac workload and oxygen
demand, left ventricular hypertrophy, advanced arterial stiffening itself, vascular

events, and impaired renal function.(80-82)

Third, impaired endothelial function in aging coronary vessels is an additional
element that causes advanced age to be listed among coronary risk factors (83).
Similarly, there is substantial evidence that increased carotid intima or media

thickness predicts incidences of cardiovascular events(84, 85)

Fourth, slowed arterial baroreceptor-mediated blood pressure reactions in the elderly
may weaken moment-to-moment adjustments of sympathetic nerve activity and

peripheral vascular resistance, with increased tendency of elderly subjects to
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postural or postprandial hypotension as well as excessive blood pressure peaks(86-
88). Even without such clinically significant occurrences, the age-related changes in
neural cardiovascular control are likely to be responsible for the higher spontaneous
blood pressure variability (with associated reduction of heart rate variability)

characteristic of middle-aged or elderly subjects(89-91).

Fifth, there is a persuasive argument from studies linking decreased baroreceptor
control of heart rate to the risk of life-threatening arrhythmias in cardiac patients and
foresee that the adverse potential of this change may also worsen the aging
condition(92-97). In many respects, habitual exercise is well known to show an
antiarrhythmic effect and that in elderly populations it was shown to counter several

age-related alterations (82), including impairment of the arterial baroreflex (90).

With an increase in age there is a lowering in maximal heart rate and HRV in
ostensibly healthy subjects and this has been consistently reported (98). There are

several reasons for this.

Heart rate has been demonstrated by many studies to gradually decrease with aging
(98-102). These changes have been shown to be related when the effects of multiple
confounders (some of which are mentioned in this chapter) were taken away by
multivariate analysis in data coming from a cardiovascular survey (100). However,
some evidence has established a positive relationship between heart rate and
increasing age (103, 104). This has been establish by large prospective population
studies (103-105). Some other reports have shown that heart rate is reasonably

stable throughout adulthood (106, 107).
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Maximum heart rate is lowered with age independent of additional factors such as
sex and habitual level of physical activity (108, 109). The lowered maximal heart rate
shown with age signifies the main determinant of the gradual decrease in aerobic
exercise capacity primarily by way of a decline in maximal cardiac output (108, 109).
While the mechanisms concerned in the decrease of maximal heart rate with age in
ostensibly healthy subjects is still a controversy, new data proposes that such
change is mainly shown by a reduction in both intrinsic heart rate and chronotropic
beta-adrenergic sensitivity (110). In short, increasing age seems to alter autonomic
control of heart rate, this is supported by other studies using a variety of measures of

short and long-term HRV (111, 112).

Gender

Gender also a determinant of HRV. There is a large amount of data concerning the
effects of gender on HRV, however most have been determined incidentally in
experiments that focused in other areas (34, 113-118). Currently the available
evidence is controversial, with some showing a higher HRYV for female than for male
participants (113, 115, 117) and others reporting the opposite (34, 114, 116, 118).
Therefore, genders relationship to HRV requires clarification. Also, because HRV is
correlated with HR in healthy subjects(116), and HR is determined by gender (113,
116), the effects of aging and gender on HR also need to be elucidated. The scope
of this thesis was to determine the effects of dietary supplementation on humans and
while gender was taken into consideration, much larger population studies would be

required to determine the HR and HRYV differences between genders.
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Genetic determinants

There is a significant genetic factor to the variation in heart rate. However, the
molecular mechanisms which form the basis for the control of heart rate variability
(HRV) remain unknown(119). New evidence from experiments as part of the
Framingham Heart Study(120) and other groups(121) show that there is a genetic
factor that accounts for a significant amount of the HRV. HRV phenotypes(120) have
been established to be heritable, with heritability estimates similar to traditional
cardiovascular risk factors such as high-density lipoprotein cholesterol,
triglycerides(122), and complex qualities like hypertension(123). Further studies are
warranted to identify genes in these regions that may influence autonomic tone.
Acknowledgment of the genetic factors of HRV may give added insights into the
pathophysiology of the autonomic nervous system and present evidence to its
modulation. Genetics were not considered in this thesis due to the difficulty of
genetic screening which would require clear evidence on which genes were

responsible for HRV and the magnitude for which these genes alter HRV.

Alterable factors of HRV

Smoking

Short and long term effects of smoking on heart rate variability and on baroreflex
responses have been well described in the literature. Most of these experiments
have shown that cigarette smoking seriously disturbs the cardiovascular physiology.
Short term effects of smoking comprise of a heightened heart rate and blood

pressure (124-128). The chronotropic and pressor effects of smoking are partly as a
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result of peripheral adrenergic receptors which have resulted in increased
concentrations of plasma catecholamines(124, 125). It has also been reported that
smoking a filtered cigarette markedly decreased, in healthy subjects, sympathetic
nervous activity(129). Such decreases in sympathetic nervous activity, which was
inversely associated to the pressor response, were likely to be secondary to an
increase baroreflex activity. This has been shown in multiple experiments in which
cigarette smoking decreases sympathetic nervous activity in healthy subjects whose
baroreflex responses were slowed by nitroprusside(130) and in regular smokers with

coronary artery disease and impaired baroreflex function (131).

Some experiments have proposed that smoking damages the baroreflex input into
the variation of heart rate (129, 132) when the baroreceptor activity comes from
instantaneous blood pressure modulation and not when reflex changes in heart rate
depend on laboratory stimuli such as carotid mechanical stimulation by a neck
suction device (133). Decreases in baroreflex sensitivity has been found to a reduce
HRV(132), this has been established more accurately in an additional experiment in
which 24 hour ECG monitoring (129) with Portapres was performed in daily life in
smoking individuals. These experiments have shown that smoking impairs baroreflex
responses over the long-term. Indeed, smokers showed considerably elevated heart
rate and blood pressures compared to non-smokers. This was established in a large
population study measuring the determinants of resting heart rate involving more
than 5000 men and 4000 women (134). In males, cigarette smoking was the second
largest factor affecting resting heart rate after blood pressure; such a correlation was

smaller in females.
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Since smoking has profound effects on HRV, it was used as an exclusion criterion

(124, 127, 129-132, 135, 136).

Blood pressure

While the cause of the majority of hypertension cases is uncertain, a poor regulation
of the autonomic nervous system has been suggested in its development. HRV has
grown as a useful, non-invasive means to quantitatively examine cardiac autonomic
dysregulation in hypertension. Experiments have shown lowered HRV among
hypertensives (137-148) and that the correlation with blood pressure and HRV is
presentacross a broad array of blood pressures(148, 149). The Framingham heart
study has found data in its cohort and in a subset of the Atherosclerosis Risk in
Communities cohort that suggests that people with lowered HRV have a higher risk
of developing hypertension, while the outcomes are conflicting across different
measures of HRV(137, 138).It is not yet known to what magnitude hypertensives and
normotensives experience similar declines in HRV. Therefore, while the autonomic
nervous system is implicated in the regulation of blood pressure, the temporal

relationship between hypertension and HRV is unclear.

Heart rate has also consistently been implicated with blood pressure in both
epidemiologic and pathophysiologic experiments (99-101, 134, 150-153). In the
population, the association linking heart rate and blood pressure has been long-
established over the entire range of blood pressure values and has been accounted

for at any age (100, 134, 151, 153).
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Because of the strong effect that blood pressure exerts on both HR and HRV people
that were hypertensive or hypotensive were excluded from the experiments within

this thesis.

Influence of circadian cycle

The way in which circadian rhythm influences the heart has been shown by
neuroanatomical and physiological evidence. Research performed on animals shows
how the suprachiasmatic nucleus works to control the heart. Particularly, in rats,
lesions of the suprachiasmatic nucleus eliminate the 24 hour rhythmicity in blood
pressure, heart rate, food intake and motor control (154-156). The effects of
suprachiasmatic nucleus -lesions on these cardiac dependent factors are not a result
of the changes in motor activity. This was established in a study of rats with
suprachiasmatic nucleus lesions that determined that there was no 24 hour rhythm in
blood pressure and heart rate in data collected only throughout periods of temporary

voluntary inactivity (157).

Circadian rhythms are made by transcriptional and translational feedback loops
connecting numerous clock genes (158) and these genes have been shown in heart
tissue (159). However, the way the circadian pacemaker intervenes with the control
of heart rate is not yet known. As the circadian variation in HR is usually not present
after heart transplantation, it seems probable that synaptic activities are mainly
responsible (160, 161). Therefore, a multi-synaptic autonomic association from
suprachiasmatic nucleus neurones to the heart has been suggested (157, 162).

Additionally, the suprachiasmatic nucleus has many projections into the
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paraventricular nucleus of the hypothalamus, a higher brain centre that is highly

implicated in the regulation of cardiac activity (163, 164).

It has been shown that some of the hormones that may have a secondary function in
the circadian regulation of cardiac activity comprise of the renin angiotensin system,
predominantly angiotensin Il (165), atrial natriuretic peptide (166), insulin (167, 168)
and cortisol (169). Lately, researchers have started to develop an interest in the
significance of melatonin in the circadian control of the heart. Melatonin is secreted
in a circadian rhythm and it has been hypothesised that it has a vital role in the
communication linking the pacemaker and secondary physiological systems.
Furthermore, exogenous melatonin lowers blood pressure in healthy and
hypertensive rats (170, 171), and potentiates dose dependent vasoconstriction of

isolated coronary arteries (172).

From the above evidence it was decided in this thesis that when participants were to
return for their final test they would be done at the same time in the morning. It was
also a requirement of each volunteer to remain awake throughout the ECG
recording. Therefore, the effect of the circadian rhythm carries through the
experiment and can be considered the same for both the baseline and final

recordings.

Excess body weight

There is currently a large body of evidence linking obesity with reduced HRV, which
confirms negative changes in cardiac regulation by the ANS (173-176). Weight loss

undoes this alteration and ANS dysfunction is considered to play a part in obesity
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related cardiac pathology. However despite this knowledge few studies have

examined the influence of weight loss on cardiac autonomic control

Despite the comparatively reliable conclusions of increased occurrence of
cardiovascular disease in obesity, the cause for these relations remain unclear.
Several contributing factors have been suggested as reasons for this association,
such as insulin resistance, hypertension, and lowered high density lipoprotein.
Conversely, it has also been hypothesised that a decrease in autonomic function
may be the mechanism for the increase in frequency of cardiovascular disease in
obesity (173-179). However, these experiments have not focussed on the autonomic
activity of the heart itself. HRV measures the effect of autonomic function on the
heart alone. It is vital to highlight the effect of obesity on HRV; lowered HRV
considerably increases cardiovascular mortality (29, 180-183). Since obesity is
connected to increased morbidity and mortality in cardiovascular diseases it is
prudent to determine whether excess body weight has a effect on HRV which may

be prognostic of cardiovascular outcomes (184-186).

The studies involving overweight and obese subjects contained in this thesis were
performed on the assertion that obese people have a different HRV response at rest
and to applied stimulus. As obesity is known to lower HRV, it is likely that responses
to orthostatic challenges will also be lowered as compared with normal weight
population. To test this hypothesis, HRV was measured at rest and in response to

such stimuli as LBNP and postural changes.
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Exercise and lifestyle

Recently, both time and frequency domain indices of HRV have gained increasing
interest in sports and training sciences(187). In these fields, HRV is currently used
for the non-invasive evaluation of autonomic changes linked with short term and long
term endurance exercise training in both leisure sports activity and high performance
training. Additionally, HRV is being studied as a diagnostic marker of overreaching
and overtraining(188-191). A large body of evidence shows that, in healthy subjects
and cardiovascular patients of all ages (up to an age of 70 years), regular aerobic
training usually results in a significant improvement of overall HRV(20, 192, 193).
These changes, which are accompanied by significant reductions in heart rates both
at rest and during submaximal exercise, reflect an increase in autonomic efferent
activity and a shift in favour of enhanced vagal modulation of the cardiac rhythm.
Consistent aerobic training to a moderate degree and intensity over a minimum 3
months seems to be essential to ensure these effects, which might be associated
with a prognostic benefit concerning overall mortality(187, 194). At present, available
data does not allow for final conclusions with respect to the usefulness of traditional
HRV indices in assessing an individual's exercise performance and monitoring
training load. The ambiguous results published so far are due to several factors
including insufficient study size and design, and different HRV methods. Large-sized

and well planned studies are necessary for clarification.

On the other hand, the effects of habitual aerobic exercise have been demonstrated
to decrease factors linked with atherogenesis. Positive lipoprotein results have been

suggested as the cause. Cardioprotective modifications in haemodynamic factors
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have been shown, by altering sympathetic activity and a associated change in
parasympathetic outflow (195, 196). Other studies have established a reduction in
arterial compliance among smokers and sedentary people when compared to
physically trained ones (197, 198). Additionally, it has demonstrated a change in
respiratory sinus arrhythmia following an augmentation in aerobic capacity (135,

199).

There is no clear understanding of the relative benefits of aerobic and resistance
exercise training for the treatment of poor HRV in type 2 diabetes, and there is
confusion surrounding what exercise prescription will be most beneficial for
improving HRV in this patient group. For the purposes of this thesis we turned our

attention to the effects of habitual exercise and lifestyle on spectral analysis of HRV.

Diet supplementation (emphasis on a8 polyunsaturated fatty acids)

The importance of the type, as opposed to quantity, of fat in the diet is increasingly
emphasized by nutritionists and health authorities (200-205) who recommend that
we eat more polyunsaturated fatty acids, particularly the w3, EPA and DHA, in
seafood. The extensive health benefits of w3 are well documented including
improved cardiovascular health, a reduced risk of sudden cardiac death and reduced
inflammation (206-212). Despite the evidence that increased consumption of w3 can
improve health, there is little information on intakes needed to attain a given level of
risk reduction. There has never been a controlled study to ascertain the minimum w3
intake required for a specified health benefit. Recent estimates of w3 intakes in

Australia suggest that most Australians consume less than 0.2 g/day (7,8). This
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means that the potential benefits of dietary w3 are not accessed by the vast majority
of Australians and evidence suggests that identifiable risk groups (individuals with
high blood fats, high blood pressure or obesity) may be suffering due to a lack of
protective effects that w3 afford. The latest recommendation of w3 intake in
Australia is DHA + EPA + DPA: 160 mg/day for men and 90 mg/day for women,
however a recent report written by Colquhoun et al. has suggested that to reduce
chronic disease a dose of 610 mg/day for men and 430 mg/day for women OF DHA
+ EPA + DPA is required (213). This effect on chronic disease has been suggested
by some groups to be from a reduction of cardiac arrythmias, coronary heart
disease, and cardiac arrest (214-219). This reduction in cardiovascular risk by w3

intake may be able to be assessed by HRV (45, 46, 220)

By establishing a dose-response relationship between changes in erythrocyte w3
levels and changes in cardiovascular and anti-inflammatory risk factors, the
incorporation of w3 can be used as an index of the protective benefit that can be
obtained by consuming supplements or foods containing w3. Increased dietary
intakes of EPA, DPA and DHA will result in increased levels of the respective fatty
acids in erythrocytes. The integration of DHA and EPA into the diet has proven to be
efficacious in raising both DHA and EPA in human tissue, with DHA being more
readily absorbed (221). However, all will contribute to elevation of DHA. As the
cardiovascular health benefits of w3 are predominantly associated with DHA, our aim

is to establish a DHA Index.

There is a large body of evidence linking w3 and cardiovascular risk, however the

role the HRV plays remains to seen (173