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CHANGES IN VASCULAR FUNCTION AND STRUCTURE FOLLOWING
EXERCISE TRAINING
Daniel J Green
Research Institute for Sport and Exercise Sciences,

Liverpool John Moores University;

School of Sport Science, Exercise and Health,
The University of Western Australia

Summary
This presentation will address questions such as:
® Does risk factor modification explain the risk reduction associated with exercise?
e What could account for the positive effects of exercise beyond traditional risk factors?
e How does exercise training affect the vascular wall?
e What is the relationship between change in artery function and structure with training?
e Are the benefits of exercise training evident at all levels of the arterial tree?
e Are changes in artery function and structure clinically relevant?
e Can we use information about the direct vascular effects of exercise to optimise

interventions aimed at decreasing cardiovascular risk?

Exercise is associated with an approximate 30% benefit in terms of decreased cardiovascular (CV)
risk (Thompson et al. 2003), a magnitude similar to that associated with antihypertensive and lipid
lowering interventions. The impact of exercise on traditional cardiovascular risk factors is,
however, relatively modest. Indeed, a recent analysis of 27,000 subjects reported that around 50%
of the cardiovascular risk reduction associated with exercise cannot be explained by changes in CV
risk factors (Mora et al. 2003). Clearly, other explanations for the cardioprotective benefits of

exercise must exist.

Exercise is associated with acute changes in central haemodynamics, arterial blood pressure and flow.
The vascular endothelium, which forms the interface between the circulating blood and the artery
wall, produces numerous paracrine hormones (eg nitric oxide NO) which are anti-atherogenic.
Endothelial dysfunction can be considered an early and integral manifestation of vascular disease
(Green et al. 2004). An important physiological stimulus to endothelium-mediated vasodilation is
arterial shear stress. Exercise exerts direct effects on the vasculature via the impact of repetitive

increases in shear stress on the endothelium.



There is strong evidence that exercise training of small and large muscle groups is associated with
improvement in endothelial function (Green et al. 2004), which can occur in the absence of changes
in lipid levels (Green et al. 2003), blood pressure (Green et al. 2003; Higashi et al. 1999), glucose
tolerance (Green et al. 2003) and BMI (Watts et al. 2004). The mechanisms responsible may
involve shear stress-mediated increases NO-synthase protein expression/phosphorylation or impacts
of exercise on oxidative stress. Exercise training also induces changes in artery lumen diameter,
arterial remodelling, which may contribute to decreased atherothrombotic risk (Dinenno et al. 2001;
Green et al. 1996; Naylor et al. 2006). Studies of the relationship between changes in artery
function and structure in humans are now emerging (Tinken et al. 2004), as is information relating to

the impact of exercise training in microvessels (Black et al. 2008).

A direct effect of exercise on the vasculature therefore provides a plausible explanation for the
reduction in cardiac events associated with exercise training. Since different forms of exercise are
associated with distinct patterns of shear stress, it is likely that exercise prescription may be

optimised if the direct effects of exercise on vascular shear stress are taken into consideration.
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THE ROLE OF CENTRAL COMMAND IN THE CARDIOVASCULAR REGULATION
DURING EXERCISE
Jon W. Williamson
Health Care Sciences,
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The University of Texas, Southwestern Medical Center at Dallas, USA.

Summary

The goal of this talk is to provide an update of current concepts on the role of central command in
humans with a particular emphasis on the regions of the brain that may be involved in cardiovascular
regulation during exercise. Central modulation of the cardiovascular system via descending signals
from the cerebral cortex has been well recognized for over a century, yet the specific regions of the
human brain involved in this exercise-related response have remained speculative. The concept of
central command during exercise has been classically defined as "a feed forward mechanism
involving parallel activation of motor and cardiovascular centers". The primary focus of many
central command-related investigations has involved the modulation of motor effort and the resulting
alterations in cardiovascular responses. However, most researchers would concur that the magnitude
of central command during exercise can be largely dictated by an individual's perception of effort
during actual or even attempted physical exertion, independent of the actual work load or force
production. This suggests that the magnitude of a central command mediated cardiovascular
response during exercise can be independent of force production (e.g. imagined exercise) and
dictated more by an individual’s perception of effort. Therefore, we would propose the use of the
term "central command" to imply a central neural mechanism that can function as a feedback system,
responding to an individual’s sense of effort, to elicit proportional changes in cardiovascular
responses, which does not require a parallel motor activation to exert its influence. However, during
actual exercise, neural networks involving both “motor” and “cardiovascular” systems would be
activated, yet these individual networks have not been well defined. Studies investigating the
functional anatomy of central command-induced changes in regional cerebral blood flow (rCBF)
have identified a network of structures activated in the human brain. These regions include the
insular cortex and anterior cingulate cortex or the medial prefrontal region, as well as thalamic
regions. These findings are consistent with findings from studies in animals. The structures involved
appear to be activated in response to an increased perception of effort during exercise when heart
rate and blood pressure are elevated. The cardiovascular and hemodynamic adjustments to exercise
are primarily mediated by alterations in parasympathetic and sympathetic neural activity. These

exercise-induced changes in autonomic neural outflow are designed to help meet the metabolic



demands of the exercising muscle. Central command appears to initiate autonomic adjustments
during exercise which involve a resetting of the arterial baroreflex during exercise. More specifically,
central command input appears to be responsible for the relocation of the operating point
(pre-stimulus blood pressure) away from the centering point (point at which there is an equal
depressor and pressor response to a given change in blood pressure) and closer to the threshold of
the cardiac baroreflex stimulus response curve. This effect of central command on the operating
point appears to be mediated via vagal withdrawal associated with increases in exercise intensity. It
has been shown to occur in order to allow the arterial baroreflex to adapt to and potentially modify
the increases in blood pressure induced by activation of the exercise pressor reflex. A clear
understanding of the role of central command and defining the regions involved in
centrally-mediated cardiovascular modulation is of critical importance in furthering our
understanding of this concept and may have important clinical implications related to various types
of autonomic dysfunction (e.g. emotional syncope, white coat hypertension, etc.). Future
investigations must be performed in humans to more clearly define the specific sites within these
regions responsible for changes in autonomic function and how they interact to effectively modulate

cardiovascular responses during exercise as well as during non-exercise conditions.
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His research activity has mainly been focused on the development and application of near infrared
spectroscopy (NIRS) or imaging on different fields of medicine including sports medicine, cognitive
neuroscience and psychiatry. In particular, his results have demonstrated the importance of reporting
NIRS data for single subject/patient rather than as averaged data. Moreover, he 1) designed and
realized specific probe holders for measuring oxygenation changes at cortical frontal lobe level of
both hemispheres, and 2) developed/tested a software for data handling and statistical analysis.
Research efforts were also made on the refinement of NIRS muscle measurements and data analysis.
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Her research activity has mainly been focused on the study of the vascular and metabolic mechanism
regulating the cerebral and muscular oxygenation and metabolism by using near infrared
spectroscopy (NIRS) and functional NIRS with a multidisciplinary approach. In particular, her
results want to give a contribution for: 1) understanding the mechanism of the muscle fatigue during
exercise and the kinetics of the transition rest-exercise, and 2) supporting the hypothesis that
prefrontal/frontal lobe plays a role in maintaining strength of the forearm muscles and ensuring a
correct execution of motor tasks which require a fine motor control and coordination.
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Introduction

Functional near-infrared spectroscopy (fNIRS) is a not harmful, non-invasive and safe optical
technique allowing the simultaneous acquisition of oxygenated and deoxygenated hemoglobin
concentration changes ( A [O,Hb] and A [HHb], respectively) from an array of optical fibers on the
scalp to construct maps of cortical activity (Wolf et al. 2007). The hemodynamic response typically
observed over an activated cortical area consists of a decrease in [HHb] accompanied by an increase

in [O,HD] of two or threefold of magnitude, resulting in an increased total hemoglobin concentration



([tHb]=[O,Hb]+[HHb]). This hemodynamic pattern is representative of a localized increase in
regional blood flow (rCBF).

The effect of fatiguing skeletal muscle exercise (involving small or large muscle groups) on brain,
and in particular on ipsi- and contralateral frontal cortex (FC) has not been fully clarified (Liu et al.
2005). The aim of this study was to investigate by fNIRS the FC oxygenation response to a
prolonged fatiguing rhythmic handgrip exercise performed at the maximal voluntary contraction

(MVC).

Methods

Twelve right-handed healthy volunteers completed two separate experimental sessions while lying
supine.

I session: subject performed 5 MVCs (2-s contraction with a 120-s interval).

II session: two rhythmic handgrip exercises at MVC were executed, one exercise for each hand. The
task consisted of a 5-min rhythmic exercise (100 MVCs, 2-s contraction at 100% MVC and 1-s
relaxation) with the first hand. The same task was performed with the other hand 15-min after the end
of the first one.

Handgrip force was measured by a digital handgrip analyzer. Heart rate (HR) was measured by a
pulse oximeter. An 8-channel fNIRS system (NIRO-200 with multi-fiber adapter, Hamamatsu, Japan)
was used to investigate the effects of this motor task on FC [O,Hb] and [HHb] changes.

Results

A significant progressive decline (up to about 60%) of force was observed over the exercise duration.
The so-called cortical activation of both FC areas (ipsi and contralateral) was observed in all subjects
during rhythmic maximal handgrip exercise. The mismatched patterns of HR and [O,Hb] changes
suggest that the observed FC oxygenation changes were task related. The amplitude of [O,HD]
changes was found greater in the FC ipsilateral to the exercising hand (p<0.001).

Conclusions

Results confirm the previous ones obtained by functional Magnetic Resonance Imaging (Liu et al.
2005) and provide further evidence that FC plays a role in maintaining strength of the forearm
muscles and ensuring a correct execution of motor tasks which require a fine motor control and

coordination.
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