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Abstract 
Exercise is associated with an approximate 30% benefit in terms of decreased cardiovascular (CV) 
risk, a magnitude similar to that associated with antihypertensive and lipid lowering drug therapies.  
The impact of exercise on traditional cardiovascular risk factors is, however, relatively modest.  
Clearly, other explanations for the cardioprotective benefits of exercise must exist.  The vascular 
endothelium, which forms the interface between the circulating blood and the artery wall, produces 
numerous paracrine hormones which are anti-atherogenic.  Endothelial dysfunction can be 
considered an early and integral manifestation of vascular disease.  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.  Exercise training also induces changes in artery lumen 
diameter, arterial remodelling, which may contribute to decreased atherothrombotic risk.  Studies 
of the relationship between changes in artery function and structure in humans are now emerging, as 
is information relating to the impact of exercise training in microvessels.  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.   
 



Changes�in�Vascular�Function�
and

Structure�Following�
Exercise�Training

Exercise�as�Vascular Medicine

���&������.����(�N�8����
2�/��-��(�N����'���������/����� $������!�G���!��

��!��������/����� ��&�1�������)�����(��$������

Research�Institute�for�Sport�and�Exercise�Sciences
Liverpool John�Moores�University

PerthThe�University�of�Western�Australia
Perth

Sports
Science
Exercise

and
Health

School�of�Sports�Science,�Exercise,�Health
University�of�Western�Australia,�Perth�

AustraliaJapan

The�UK Everywhere?

Why should we care 
about artery function 

and structure?



Clausen Physiol�Revs�1977

TOTAL�VASCULAR�CONDUCTANCE

Must�Be�Higher�
After�Training

Physiological Relevance

Vascular conductance must � to accommodate � CO
(also explains BP lowering effect of exercise)

Arterial Function:  Change in vasodilator capacity ?

Arterial Structure:  Arterial remodelling ?
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Exercise�Training�Effects

Before Training

After Training

Coronary Artery Disease  ------ Macrovascular Disease (Conduit arteries)  ------ Stroke

Microvascular Disease (Resistance arteries): Retinopathy, Nephropathy, Neuropathy

Clinical Relevance

Endothelial
dysfunction

Age,�CV�Disease

Novel�lipids�

Hemostatic factors�

Hypertension

Traditional�lipids�

BMI�

Diabetes�

Homocysteine

Women’s Health Study
Apparently healthy women >45 yrs

(n=27 055, 1992-1995)
Endpoints:  

CVD (MI, stroke, PCI, CABG, CV death), 

Unknown�factor(s)�
40�60%

• Risk factor modification explains 
~50% of beneficial effect of 

exercise

• > 40-60% unexplained! 

Direct vascular conditioning effects 
of training?

Exercise�� CV�risk�by�
30�40%

But�how?
How do we measure artery function and structure 

in humans?

Conduit artery assessment
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Slide�by�Kyra�Pyke

Occluding cuff ~220 mmHg

Flow�mediated�dilation�(FMD)



Baseline FMD

FMD %

Cuff

Resistance artery assessments

Plethysmography

LNMMA infusion (NO � �)

Saline control

ACh infusion
NO � �

Ultrasound/Doppler:
Artery Diameter and Blood Flow

Brachial�Artery�Blood�Flow�Analysis�Display
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Effect�of�Exercise�on�the�Vasculature

Large�muscle�group�dynamic�
exercise�training

walking,�running,�swimming�etc
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Children
Obese Lean
Age- 8.9 ± 1.6 yrs Age- 8.6 � 2.4 yrs
Height- 1.45 ± 0.03 m Height- 1.35 ± 0.05 m

Adolescents
Obese Lean
Age- 14.3 ± 1.5 yrs Age- 14.9 ± 2.7 yrs
Height- 1.67 ± 0.01 m Height- 1.64 ± 0.02 m

Weight– 62.8 ± 5.6 kg (140lb) Weight– 29.3 ± 2.5 kg (66lb)

Weight– 96.4 ± 3.3 kg (211lb) Weight– 57.5 ± 3.1 kg (125lb)

Emphasises importance of comprehensive assessment of body 
composition

No change in body weight or BMI.
Decreased measures of central adiposity
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M = mg glucose needed per kg lean body mass to maintain BGl at 5.0mmol/L

8 wks exercise markedly improves insulin sensitivity in 
obese adolescents



Exercise training normalises endothelial function 
in obese children and adolescents

Watts et al -
J Pediatrics 2004

JACC 2004
Sports Med 2005

Circ editorial 2003

So�far�……

• Large muscle group dynamic exercise training:
Enhances coronary and peripheral resistance vessel 

vasodilator function 

Enhances coronary and peripheral conduit artery 
vasodilator function

Effects more evident in subjects with CV disease and 
risk factors

Reflex changes or localised effect?

Effect�of�localised�(eg�hand�grip)�
exercise�training�in�humans

Heart Failure (+ve)
– Hornig Circ 1996
– Katz JAP 1997
– Hambrecht JACC 2000; Circ 1998
– Bank J Card Fail 1998

Localised�Training�and�Arterial�Function

Adaptations more readily apparent in subjects with 
impaired function a priori?

Healthy subjects (~ or –ve):
– Green et al JAP 1994
– Green et al JAP 1996
– Franke et al Clin Physiol 1998
– Maiorana et al MSSE 2001

FM
D

%

Paraplegic�athlete

Leg�amputee�athlete�

Road�Cyclist�Athlete

Tennis�player�(racket�arm)

Tennis�player�(opp arm)

Untrained�normal�(right)

Untrained�normal�(left�arm)

Localised�Exercise�and�Conduit Structure/Function

• Large elastic arteries show less adaptation than smaller conduit arteries
• Localised adaptations evident in tennis players, amputees

Paraplegic�athlete

Leg�amputee�(intact�leg)�

Leg�Amputee�(affected)

Road�cyclist�athlete

Tennis�player

Untrained�normal�(right)

Untrained�normal�(left�arm)

• Small muscle group training:

– Can induce resistance and conduit artery remodelling

– Evidence for functional adaptations is poor in healthy 
subjects, but good in CVD

• Function may be more amenable to adaptation in those 
with initially impaired function

– Localised or intrinsic mechanisms since:

• Unilateral adaptations occur

• Not due to transmural pressure as BP is bilaterally affected

• Localised changes in shear stress?



Anterograde�flow

Retrograde�flow

Cycle Handgrip

Rest

Modality�May�Alter�the�Training�Response
Thijssen,�et�al��MSSE�2008

Walk Kicking

Cycle

What about:
Functional vs structural change?
Timecourse of arterial adaptation

• Background:��Exercise�training�in�healthy�subjects:
^ � NO�function�(4�weeks)
^ No�change�in�function�(8�12�weeks)
^ Results�have�been�inconsistent

�NO�Function

�� NO�
Function

0 4 8 12

Maiorana�et�al.2001;
Thijssen�et�al.�2007

Hornig et�al. 1996;�Hambrecht�et�al.�2000;�
Linke et�al. 2001;�Pullin et�al.�2007

Maiorana�et�al.�2001�

Rakobowchuk 2005;�

Moriguchi et�al.�2005

FMD�=�flow�mediated�dilation

FMD FMD FMD FMD FMDVascular�Function

CADC�=�conduit�artery�

dilator�capacity

CADC CADC CADC CADC CADC
Vascular�“Structure”
Arterial�Remodelling

0 2 4 6 8

Exercise�Training��
^ 30�mins,�3�x�week
^ 15�mins�cycling�and�15�mins�treadmill�running
^ 80%�HRR,�prevent�any�upper�limb�exercise

DXA,�VO2max DXA,�VO2maxMeasurements . .

20�Healthy,�Sedentary�Males

Exercise�Training�(n�=13) Controls�(n�=7)

8�week�Training�Programme No�Training�

Brachial�Artery�Responses Popliteal�Artery�Responses

STRUC
TURE

FUNCTION

STRUC
TURE

FUNCTIONFUNC
TION FUNC

TION



Function

Structure

Weeks�of�Training
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)Exercise�training�and�physical�activity:

1.��Enhance�artery�function

then

2.��Enlarge�arteries�via�remodelling

Both�adaptations�decrease�atherosclerosis

Does adaptation occur at all 
levels of the arterial tree?

Methods�:�Microdialysis�and�Laser�Flowmetry

Laser�Doppler

Experimental�Protocol:�Pharmacology

Control�site



Experimental�Protocol:�Physiology
Control�site

��C

ACh�dose�response�curve�(%�CVCmax)

Contribution�of�NO�to�ACh�dose�
response�curves,�post�training

Microvascular�(Skin)�BF,�Exercise�Training�and�NO�Function

Training�effect

Exercise/Fitness Inactivity
Sedentia

Arterial�Adaptations:��Relevance

Endothelial
dysfunction

Age
CV�Disease

• Exercise training:
– � conduit artery         function and size    = � CAD, stroke, PVD
– � resistance artery     function and size   = � BP, � O2 delivery
– � microvessel function  = � retinopathy 

nephropathy
impotence
neuropathy

zzzz…..zzzzz……zzzzz



Comparison of blood flow in conduit arteries and veins in the upper arm 
during passive heating and leg exercises in humans 

 

Anna Ooue 

Postdoctoral Research Fellow, Graduate School of Human Development & Environment 

Kobe University 

 

 

Abstract 

This study compared the blood flow in the conduit arteries and veins of the upper arm between 

passive heating and leg exercises by using ultrasound Doppler. In passive heating experiment, hot 

water was circulated for 20 rested subjects in the supine position to keep the mean skin 

temperature at 37–38°C for 50 min after the rest for 55 min. In exercise experiment, 14 subjects 

performed a supine cycling exercise at 60–69% of maximal oxygen uptake for 30 min after the 

rest for about 55 min. Although blood flow in the conduit artery and superficial vein of the upper 

arm increased linearly with rising core temperature (�Tc) during passive heating, blood flow in 

these vessels slightly decreased in the early stage of �Tc elevation, then increased with a rise in 

�Tc during exercise, so that blood flow was significantly greater during the former condition than 

the latter at a given �Tc (P < 0.05). In contrast, blood flow in the deep vein of the upper arm did 

not change under either condition. Blood flow in the artery depended primarily on the blood 

velocity, but blood flow in the superficial vein was related to both blood velocity and diameter. 

Moreover, the mean skin temperature and skin blood flow during passive heating were 

significantly higher than during exercise at a given �Tc (P < 0.05). These results suggest that the 

controls of blood flow in conduit arteries and superficial veins, but not deep veins, are different 

between passive heating and exercise at a given �Tc. This difference is suggested not only to be 

due to the mean skin temperature but also exercise effects.  

 

 



 

 

 

 

 

 

 

20 55

37�38 50 14 55

60�69VO2max 30

P < 0.05

P < 0.05
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Thermoregulatory responses during prolonged intermittent exercise at the 

medium intensity 
 
Jian Lin 
Graduate School of Human Development & Environment , Kobe University 
 
 
Abstract 
To investigate the thermoregulatory responses during prolonged intermittent exercise at the medium 
intensity ten healthy male subjects cycled under three different conditions at the same total 
workload, 1) continuous exercise at 50% maximal oxygen uptake (VO2max) for 30 min 
(con-condition), 2) intermittent exercise at 50% VO2max for 60min (30-s intervals of exercise and 
rest; 30-s condition), and 3) intermittent exercise at 50% VO2max for 60min (3-min intervals of 
exercise and rest; 3-min condition) at an ambient temperature of 25�C and a relative humidity of 
50%. In each experiment, heart rate (HR), esophageal temperature (Tes), skin temperature (chest, 
upper arm, forearm, thigh and lower leg), sweating rate (chest and forearm, SR), skin blood flow 
(chest and forearm, SkBF), total sweating loss (TSL) and oxygen uptake (VO2) were measured. HR, 
mean skin temperature and mean body temperature were significantly lower during the two 
intermittent conditions than continuous condition. Although there is no significant difference in Tes 
among three conditions, changes in SkBF, SR, TSL and VO2 were significantly smaller during the 
two intermittent conditions than the continuous condition. In addition, there are not a marked 
differences in these variables between 30sec- and 3min conditions. Thus, there were no significant 
differences in Tes among three conditions even VO2 during continuous condition was significantly 
greater than the two intermittent conditions. It is suggested that this is due to greater heat dissipation 
associated with higher skin blood flow and sweating rate during continuous condition than 
intermittent conditions. In addition, a significant difference in Tb indicates that heat storage in 
intermittent conditions is lower than that in continuous condition at medium exercise intensity.  
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The heat loss responses to isometric exercise under mildly hyperthermic 
condition in sprinters and distance runners. 
 
Tatsuro AMANO 
Faculty of Human Development, Kobe University 
 

ABSTRACT 
To clarify the distinction of heat loss responses to a sustained handgrip exercise (non-thermal factors) 
between sprinters and distance runners, we compared the sweating response and skin blood flow 
responses during isometric handgrip exercise in the two groups under mildly hyperthermic 
conditions. Eight men sprinters and seven men distance runners performed isometric handgrip 
exercise at 20, 35 and 50% maximal voluntary contraction (MVC) for 60s after supine rest for 50min 
in a climatic chamber with a regulated ambient temperature of 35  and relative humidity of 50% to 
induce sweating response at rest by rising skin temperature without a marked change in internal 
temperature. Sublingual and mean skin temperatures (thermal factors) in both sprinters and distance 
runners groups were essentially constant throughout all exercise intensities. Changes in heart rate, 
mean arterial blood pressure and rating of perceived exertion with increased exercise intensity were 
similar in both groups. Responses of sweating rate and cutaneous vascular conductance on the chest, 
forearm, thigh and palm at each exercise intensities were not significantly different between sprinters 
and distance runners. Our results suggest that the physical trainings in sprinters and distance runners 
have similar effects on the sweating response and skin blood flow responses caused by non-thermal 
factors. However, there is a remain possibility that the heat loss responses caused by non-thermal 
factors may differ between sprinters and distance runners because the earlier studies indicated that 
cardiovascular responses was different between two groups during exercise for more than 2min. 
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The effect of a dual task on step reaction to a soft surface ground in older 
adults 
 
Nobuko HARADA, MA 
Graduate School of Human Development & Environment, Kobe University 
 
Abstract 

The ability to maintain postural stability is a basic requirement for determinants of daily 
activity for older adults with independence, but there are a number of complicated 
environments to survive in real life and then falls are frequent. To avoid falling, a rapid step is 
a very important protective strategy to recovery balance and it can contribute to age-related 
changes in postural stability. To stabilize human posture, the somatosensory is very important 
for controlling posture stability, but changes in mechanical properties of the skin and its 
receptors with age reduce the afferent information from the bottoms of the feet for their 
posture control. Meanwhile, older adults may have difficulty in moving and controlling 
posture while concurrently performing some tasks.  

The purpose of this study was to investigate the effect of dual task on step reaction to soft 
surface ground which could cause less afferent information from the bottom of feet for older 
females. Nine young and eleven older females participated in this study. There were two task 
conditions: stepping while grasping an empty cup (single task) and stepping while grasping a 
cup filled with water (dual task). In both the tasks they had to land on a low-resistant mattress 
placed in front of them. The results revealed that step velocities for both ages were 
significantly slower in dual task than in single task. An interested finding was that the 
initiation time of stepping reaction in dual task was significantly longer for the older subjects 
than in single task. Furthermore %DSP (duration of swing phase as the percentage of a total 
stepping reaction time) was significantly lower and %DDP (duration of double-stance phase 
as the percentage of a total stepping reaction time) was significantly higher for the older than 
for the young females in both the tasks. These results suggested that a soft surface caused 
balancing difficulty and could adversely affect the step performance for the older females in 
dual task resulted by increasing the burden on the central nerve system.  
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