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EXERCISE AS VASCULAR MEDICINE

Professor Daniel J Green PhD
School of Sport Science, Exercise and Health, The University of Western Australia
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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.
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Changes in Vascular Function
and
Structure Following
Exercise Training

Exercise as Vascular Medicine

Professor Daniel J Green
Liverpool John Moores University, United Kingdom
and The University of Western Australia, Perth

The University of Western Australia
Perth

Australia
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Why should we care
about artery function
and structure?




Physiological Relevance

Exercise Training Effects

CARDIAC  OUTRUT MEAN BLOO0 PAESSURE TOTAL VASCULAR CONDUCTANCE
" mm Ha

1 min-
@:lvnlnlng aiter
» P / 10

Must Be Higher
After Training

1 [
balure

Clausen Physiol Revs 1977

FT) 30
Before Training

Vascular conductance must 1 to accommodate T CO
(also explains BP lowering effect of exercise)

Arterial Function: Change in vasodilator capacity ?

Arterial Structure: Arterial remodelling ?

Epid

iCireulatton. 20716 2
Physical Activity and Reduce
Cardiovascular Events

Exercise { CV risk by
30-40%

Women’s Health Study
Apparently healthy women >45 yrs
(n=27 055, 1992-1995)

But how?

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

Unknown factor(s)
40-60%

* >40-60% unexplained!

Direct vascular conditioning effects
of training?

Conduit artery assessment

Clinical Relevance

Coronary Artery Discase -—---- Macrovascular Disease (Conduit arterics) - Stroke

rovascular Disease (Resi arteries): Reti , Nephropathy, Neuropathy

Endothelial
dysfunction

— Age, CV Disease

How do we measure artery function and structure
in humans?

Flow-mediated dilation (FMD)

DD 5. CHLIRMAIR. KELD B Soalasi VAT M. G
Dy . Srcaisiad i Owis L MILLEE  Las D SULLvas
IS K, Lot Job B DRSPS
Laneer 16952 380 111115

i i of in
«children and adults at risk of atherosclerosis

Slide by Kyra Pyke




ACh infusion
NOTT

Saline control

Mitric Oxide inhibiticn|
( LMMMA = moncametyt-L srgirine

\ Y

Ferearm blood flow (ml/dl/min

Hinutes sfter cannutation

i LNMMAmfusmn(Nou) P |

| Brachial Artery Blood Flow Analysis Display

B_L  Continuous

A .y P Diameter Data

Blood Velocity

ZOOM IN

Blood Flow

f

Mean Blood Flows
calculated between
cursors
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Resistance artery assessments

Ultrasound/Doppler:
Artery Diameter and Blood Flow

Effect of Exercise on the Vasculature

Large muscle group dynamic
exercise training

walking, running, swimming etc




RANDOMISATION H
Resistance Vessel
1| Effect of exercise training on endothelium-derived Function
1enesaa | MItFiC oxide function in humans 1 [
¥ ¥ i= i-
) Eight Week 3 - .
Randomised Cross-Over Assessment i £~
1 1 i e
Trained Non-Trained E : fa - 3 -
MODE - Circuit Training 7 7 L | S e —
- Aerobic - (70-85% of HRmax Sixteen Week ol A Do
- Resistance - (55-65% of MVC)E Assessment (I;HF Type 2 diabetes
: | . Maiorana et al AJP 279, 2000 Maiorana et al JACC 38: 2001
Maiorana et al JAP 88, 2000 Maiorana et al DCCP: 2002 CAD
DU RATION - Hambrecht et al NEJM 2000
3 x 1 hr/wk, for 8 weeks.
* Healthy subjects: 6/13 (46%) studies show improvement
:’R,OG,?ESSION - * CVD/Risk factors: 11/16 (70%) studies show improvement
circuit,

2

) Training enhances resistance vessel function
then 3 circuits over 2/3 wks

— Especially in subjects with risk factors and CV diseases

Conduit Artery Function [~ ' i i
v Exercise Training Normalizes Vascular Dysfunction
— and Improves Central Adiposity in Obese Adolescents
[, - Katic Watts, BSC{HONs)," Petra Beye, MD,t Ans Siafari [0t Elizabeth A. Davis, FRACP, 1
o " [r— P ey .: : . peas Timeothy W, Jones, FRACP,1# Gerard O'Driscoll, FRAC Jamiel J. Green, PubD"s
i' ! il
‘l < 3 Children
i | é 1 Obese Lean
£ .ﬁ I Age-8.9 £ 1.6 yrs Age- 8.6 ¢ 2.4 yrs
1 = - _ Height- 1.45 0.03 m Height- 1.35 £ 0.05 m
Type 2 diabetes ~ CAD patients = ] Weight— 62.8 5.6 kg (1401b) Weight- 293 + 2.5 kg (661b)
Maiorana et al JACC 38: 2001 Walsh et al. JAP 285, 2003
Maiorana et al DCCP: 2002 Walsh et al. Eur Heart J 2003 8 - >

Hambrecht et al NEJM 2000

=

Obese ¥
Age-143+1
Height- 1.67 | &%
Weight- 96.44

* Healthy subjects: 3/6 (50%) studies show improvement 3
14.9 £ 2.7 yrs

vht- 1.64 = 0.02 m

- 57.5 £ 3.1 kg (1251b)|

« CVD/Risk factors: 26/30 (87%) studies show improvement

Training significantly increased conduit vasodilation
— Especially in subjects with risk factors and CV diseases

Exercise Tr:l'lrl'u'lg Normalizes Vascular D)-'sﬂmf:tinn s et o
and Improves Central Adiposity in Obese Adolescents
n i Umevasiey o
:I@“..tl:-r::l,l: 4- v“-» wenee: | Exercise Alone Reduces Insulin Resistance in Obese
& +2JMU | Children Independently of Changes in Body Composition
2
—_T T
o 120 ——re——
2 2 =
s - E
= 2 I
o -4 2
=< Adolescents 3w
61 E
2
-8 4 )
* &Y Qa0 soemss [EL0 as
-10 - rTe  TDe

pre-enercise post-caercise

No change in body weight or BMI.
. . M = mg glucose needed per kg lean body mass to maintain BGI at 5.0mmol/L
Decreased measures of central adiposity
8 wks exercise markedly improves insulin sensitivity in

Emphasises importance of comprehensive assessment of body o bes e lescents

composition
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se Training Normalizes Vascular Dysfunction

s "Mm and Improves Central Adiposity in Obese Adolescents

A

Katic Wa
Timeathy

10t Elizabeth A. Davis, FRACP.#

BSC(HONS)" Petra Beye, MDDt Ans Sq
s, FR. niel J. Green, PHIS

ACP 1 Gerard O'Driscoll,

maistedt
vasodiation

+ .
Watts et al -
J Pediatrics 2004

JACC 2004 °
Sports Med 2005
Cire editorial 2003

Fiow-madined dilation (FMO %]

Exercise training normalises endothelial function
in obese children and adolescents

Effect of localised (eg hand-grip)

Localised Exercise and Conduit Structure/Function

Si

and blood flow of cen

and peripheral arteries
in highly trained able-bodied and disabled athletes
M. Huonker, A Schmid, A Schmidt-Tracksan, . Grathwohl, snd J. Keal!

Paraplegic athlete

Leg amputee (intact leg)

Leg Amputee (affected)
Road cyclist athlete

Tennis player

Untrained normal (right) 7= b= —
Untrained normal (left arm) 5= o —
4 2 1 8 1 3 3 4 & & T & 8 w o u
or €M mm

T Abdominal sorta @ Common femaral artery
« Large elastic arteries show less adaptation than smaller conduit arteries

» Localised adaptations evident in tennis players, amputees
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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?

Localised Training and Arterial Function

FMD%

Heart Failure (+ve)
Hornig Circ 1996
— Katz J4AP 1997
— Hambrecht JACC 2000; Circ 1998
— Bank J Card Fail 1998

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

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

* 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?




Comparison of forearm blood flow responses to
incremental handgrip and cycle ergometer exercise;
relative contribution of nitric oxide

Handgrip

Retrograde flow

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

Time course of change in vasadilator function and capacity

20 Healthy, Sedentary Males
in response o exercise training in humans. I

'/\

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

8-week Training Programme No Training

Measurements  DXA, VO, DXA, Y0,
Vascular Function FMD FMD FMD FMD FMD
VEECIT SIS CADC CADC CADC CADC CADC
Arterial Remodelling

b f P
| |
FMD = flow-mediated dilation CADC = conduit artery

dilator capacity

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

Thijssen, et al MSSE 2008

b
E

S 1

™ Easeine
S 2 Dllrvsi 3

¥

Mean biood flaw (mimin}

Antero-retrograde bload flow (miimin) w

Modality May Alter the Training Response

s S46.20 2008 g S003-5011

in response to exercise training in humans

Tomi M. Tinken', Diick H. . Thijssen™?, Mark A. Black', M. Timaothy Cabde' and Daniel . Green'*

e Background: Exercise training in healthy subjects:
@ 1 NO function (4 weeks)
@ No change in function (8-12 weeks)
@ Results have been inconsistent

Hornig et al. 1996; Hambrecht et al. 2000;

/M NO Function Linke et al. 2001; Pullin et al. 2007

J € no

Function

Maiorana et al.2001;
Thijssen et al. 2007

03

Time course of change in vasodilator function and capacity

Maiorana et al. 2001
Rakobowchuk 2005;
Moriguchi et al. 2005

0 4 8 12
= + Fryd 58610 (008 pp 50038011 $003
Time course of change in vasodilator function and capacity
in response to exercise training in humans
Brachial Artery Responses Popliteal Artery Responses
y A i, 8 Contt wiey dmr sty
A bty ) 5 '] - Feremt—

i ™ . . . i ” .

i ./ — - ;1: H . -

[ ——. i

— o9 |

o ? £

. W |
2] _ FUNCTION 5
. [ ) 2 ) 4 B L3 B [ .
- B W
w1 x - i
o1 L. * :_ =
o T £ =1 —t
ay 2 .
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Time course of change in vasodilator function and capacity
in response to exercise training in humans

Exercise training and physical activity:
1. Enhance artery function
then
2. Enlarge arteries via remodelling

Both adaptations decrease atherosclerosis

£y V20,14 (008 pa FS1- 4 1N

=| Exercise prevents age-related decline in nitric-oxide-

mediated vasodilator function in cutaneous microvessels

Mark A, Black', Daniel L Green' and N. Timathy Cable®

Table 1. Subjects charactertstics at baseline
Young Qe Sodontary oiler <Gy Fit older

ach tH Ach tH Ach tH
=12 {n=12  (n=18) =18 =18 (n=18
Age (yoars) 2641 £ 5921} O£} S8£2 s8+1
Bodly weight (gl 68E7 6943 BSaAi a3441] 6542 63
EMI 2381 351 295114 1 2381 2a£1
DEXA
Fat mass (kg 1522 1241 264211 poFeIn 1ax2 1542
Lean body mass (kg) 52t3 5313 5743 5414 4%k2 5243
% body fat 2123 042 L2t 34421 ez 2242
Ve (i kg=" min-') 5083 4843 284141 W14 4643 aa+7
Resting blood pressure (mmkig)
systolic 10953 10523 126431 12325 124247 11545
Diastalic 6613 6041 7241 0&2¢ 7043 6743

Values are meanssim, 1P < 0.01 versus young subjects, {P < 0.01 versus older fit subjects. LH, local
heating protocel; ACh, acetykholine protoel.

Methods : Microdialysis and Laser Flowmetry

Laser Doppler
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Does adaptation occur at all
levels of the arterial tree?

Exercise prevents age-related decline in nitric-oxide-
mediated vasodilator function in cutaneous microvessels

Table 2. Changes In charactertstics with training in alder sedentary individuals
Entry <G (Pwecks <G Mwesks
w ach w Ach 0] ach
=8 (=% =8 (=% in=8) n=g)
Body wlght (kg #he? Bad 847 Bbd #7147 Thar
B 30£2 042 0£2 1341 41 821
DEXA
Fat mass (hgh 2962 2943 2042 2843 ez 2641
Lear body mass kgl 5745 Si44 5745 s14 5146 5143
% body fat e ¥4 W2 gy Rz i
Vo, e Ml g1 min-ty 2682 43 |l R 0211 24434
Ruesting blood presire (mmHg)
systoiic 13056 W26 2124 e 106 naza
DHastolic T2 6442 GBal 6642 41 Ll
12wk 4wk
Testing Testing|
Paint Point
Pre-raining 60% HRR Swk
Easeline
J0% HRR 3wk 30% HRR Shwk
& wks & wks 12 wks

Experimental Protocol: Pharmacology

i
}

Control site .')ﬁ

5 200
£
E- ' v
§ i
£ Al W
B D ek v
‘ ot v A
ACh ACh
She 1 Ringers Dose 1 Dose 2 Dose 3 ”:‘3’?:"?
ACh ACh
Dose 1 Dose 2 Dose 3
sito 2 [Ringors] TomM L-NAME | g

P Mmwm we me owm ue W wm m owm

)
Time (mins)

R




Experimental Protocol: Physiology

Control site

V] P

Site 1[Fown]

Sitn 2
u

T

Toc

Prolonged ., wn o '3

heating 1 heating 1 Parfusion
TS M EEEEEEEE T
Time {mins)

ACh dose response curve (% CVCmax)

0, —% Young
—m— Older Fit
60 | —e—Older Sedentary
50
P<008

fg‘ = * P < pts|
E 30
2
b

Baseline A5 mM 1.6 mM 15 mM
iRingers)
ACh Dose

Contribution of NO to ACh dose
response curves, post training

"
“
—4 = Training group 12 whs
w{ % Training group 24 whs
% = owerrn Fy, S
= 3
£
S i
o
F»
n
"
]

Microvascular (Skin) BF, Exercise Training and NO Function

AT
I Ly
M / et
M Mm § = | I
d gt 1 1
T argeri E “1 :
= re = E 1 e
o e |3 ) ~
18 . . -
o N B
_______________________ . [ »
T e omet 425

I Training effect

- JESsamtN |
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PRI —
o) g ganpante=
T 1f
D36 34348 35 9830 30837 1A 08 MW WA LN MAL @
o e C1 "
g | —
D 5 0 15 3026 3 35 40 48 %0 55 80 85 YO TS 80 B8 W 12
Tore ()

Arterial Adaptations: Relevance

Falty Intermadials

Amherord

Endothelial
dysfunction

. ) Inaktjeity
Exercise/Fitness
/ — CSeBéseige

» Exercise training:
— 1 conduit artery function and size =1 CAD, stroke, PYD
— 7 resistance artery function and size = {BP, T O, delivery

— 1 microvessel function =l retinopathy
nephropathy
impotence
neuropathy




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 (AT,) during passive heating, blood flow in
these vessels slightly decreased in the early stage of AT, elevation, then increased with a rise in
AT, during exercise, so that blood flow was significantly greater during the former condition than
the latter at a given AT, (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 AT, (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 AT.. This difference is suggested not only to be

due to the mean skin temperature but also exercise effects.

183



REHR BRI & EBIRF 381T 2 bt B8 i % o i $iAS B R

R EZ%
PP R EE R e N TR FE S BR B A FE Y

RREF

AHFFETHER R v 7T — 5% W T Rt OB BRI & O #IR 0 MG 2 22 iR B A
IRf & BRSSOV T L7z, 20 44 OYBRE VAN BB A2 & 0, LR 55 k- 721%%, 1R
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Comparison of blood flow in conduit
arteries and veins in the upper arm
during passive heating and leg exercises
in humans

Anna Ooue, Ph.D.

Laboratory for Applied Human Physiology,
Kobe University

Introduction

During passive heating and exercise, the splanchnic blood flow
(BF) and inactive muscle BF are decreased, so that skin blood
flow (SkBF) is increased for maintaining core temperature (Tc).

However, BF redistribution during exercise is more complex
than during passive heating because of the competition of BF
between skin and active muscle. In fact, the pattern of SkBF in
the forearm to a rise in Tc is different between two conditions
(Johnson and Park 1981; Kellogg et al. 1991).

Passive heating

Skin blood flow
in the forearm

Core temperature

1

(‘\ Forearm i Upper arm
1
Y i

Superficial vein
—> Deep vein
Skin || Muscle
I = Artery

+ Conduit artery supplies blood to the whole
forearm and hand.

Upper arm

Superficial vein

(\\ Forearm

- Superficial vein returns blood from skin. § Purpose §
+ deep vein returns blood from muscle. o E . ) S E
2s To examine how BF responds in the 2 &
Because SkBF in the forearm during = . . P S ©
9 52 conduit artery and veins of the upper 2 &
exercise is different from passive heating, BF g u:; n ith . in Tc duri R S u=) u
in conduit vessels of the upper arm, especially 2 £ am _Wl a rnse in fc during Passwe es
artery and superficial vein, may be also c © heating versus the response during leg ¢ %
different between two conditions. However, itis 5 Core temperature exercise. & Core temperature
not clear.
Methods ® Measurements

® Passive heating experiment

*Subjects: 15 men and 5 women
* Ambient condition: 25 °C, RH 50%
*Protocol:

Baseline: 6 min

Rest: 55 min ~ Passive heating: 50 min

Circulation of hot water
to keep Tsk=37~38 °C

Circulation of 35 °C water
to keep Tsk=34~35°C

® [ eg exercise experiment

»Subjects: 12 men and 2 women
*Ambient condition: 28 °C, RH 50%
-Exercise intensity: 60~69%VO2max
*Protocol:

Baseline: 6 min

Rest: 55 min ~ l Exercise: 30 min

=Core temperature (Tc: esophageal temperature, and oral temperature)
«Local skin temperature
*Heart rate (HR), and Mean arterial blood pressure (MAP)
=Skin blood flow (SkBF) in the forearm (Laser-Doppler velocimetly)
«Blood velocity, and vessel diameter in the conduit artery and veins
(pulsed and echo Doppler ultrasound)

Blood flow (BF) = Blood velocity * (vessel diameter /2) 2 *

Frcaints

Brachial vein
(Deep vein)

Basilic vein
(Superficial vein)

Brachial artery |
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Results O: Passive heating  : significantly difference between conditions Brachial artery *: significantly difference between conditions
@: Leg exercise — *
160, * 800, O: Passive heating » 40
[ ] 1 i _ @: Leg exercise E 1 L
. P 600 . ; 30. :
T 120 . o o * = 5 500, 2 |
g i o . v‘“ g 20 ' *
8 . w 400 ' " 2 : o
= @ . ’ £ 400, s | A
€ g0 = i ¢ . E - 10, @ ik
o—a— 200 7 oY E 300/ b g | L 4
Lo - £ & B o-——
40 0 ) % 200. ¥ ogs The difference of blood flow
; a d * = 1 e . * 7| between conditions depend
. ; 38/ o 1 - on that of blood velocity.
120 | | _ g 100, o o7 g -
=] .y kyd o o Lo 5
100 7 e 7| @ o 7 < s .
£ | T 3/ J 00 02 04 06 g PN a5
o 8ol * : l':‘_, ] ACoretemperature ('C) £ 4| "% g 4 o *
G —C— 35 L]
= o 0o oot B
60, 34/ 1) The difference of Tsk between conditions
y v e T et e e (Thermal factor) 00 02 04 08
00 02 04 086 00 02 04 06 o . . . .
ACore temperature (°C) ACore temperature (°C) 2) Effect of exercise itself (Nonthermal factor) A Core temperature (°C)
i vei o ; *: significantly diff bet diti ; ; ;
Basilic vein (Superficial vein) - significantly diiierence between conditions Brachial vein (Deep vein) -
e ‘v 40
[: Passive heating E 40 A: Passive heating E |
l: Leg exercise S 30' * A Leg exercise % 30.
z £
__ 500, " % 2 ~ 500, 820,
Y: \ % ‘.‘z | 2 |
£ 400! s 2 1 T 400, < 10 s 1
E g 10, E g = ¢ A
E 300 3 E 300 @ oo AT
3 r L 3
S 200 Z . . 7 S 200 7.
- ' g
3 100 ; e € 6. 3 100 . = 3
@ g E o e = T Bl B
00 02 04 06 5 . " 00 02 04 06 5
A Core temperature (°C) g 4 N = anll ACore temperature ('C) 2 4
= =
B 3{The difference of blood flow a 3
1) The difference of Tsk between conditions 2| between conditions depend 2
(Thermal factor) on that of blood velocity and 0.0 02 04 08
2) Effect of exercise itself (Nonthermal factor) diameter. A Core temperature (°C)

Conclusion

1. Changes in and the control of BF in the artery and superficial
vein, but not the deep vein, is different between passive
heating and exercise, even comparing the BF response
versus changing ATc.

2. These differences may be induced by not only Tsk, but also
exercise effects.
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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 (VOimax) for 30 min
(con-condition), 2) intermittent exercise at 50% VOjm,x for 60min (30-s intervals of exercise and

rest; 30-s condition), and 3) intermittent exercise at 50% VOjmax 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 (VO,) 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 VO, 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 VO, 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.

187



o 58 BE 0D R ] ] OB B RF 2 d6 1 % IR AR ke

U <
TP R EE R e N TR FE B B AR T2 Y

RREE

v B [ GBI (2 35 1 2 IRIRAREI SO ORI A T 5 7212, A USEBY IR EE OREFEEBIRE & Lk L
7. 10 AR B RFAIT=EIR 26°C, MXHEE 505D EREE T2V T 50%V02max O fikif iEE)
(continuous) % 30 4yfHl, [F] CIiEB)FREE O KEH) (30s Ef+30s RS, 30sec 35 LU 180s JEH)+180s
RE, 3min) % 60 4rfE15EHE L7z, WIEHE BT OME (HR), RiEIR (Tes), Bf&iE (Mo, LR, Al
K FOVFRR), FiIT&E (Wi L ORIE, SR), RAGMmitE (M L Ok, SkBF), #fA=EE & (TSL)
BLOMFBERR (0,) b L. SO Tes ICHBEARAEIRBNARD T8, 30sec 55 LT 3min 5
O R, FHIREEER (Tsk) L O Th I continuous &eff & ik L CHEICIKfEZ /R L7=. 7=, SKBF,
SR, TSL 35 £ T8 V0, 1% continuous i & ¥ 30sec 35 L T8 Smin 4efh TH IR 725 7228, 30sec & 3min
FUMICAEBRETAON 5Tz, ZThbHDZ b, Tes OEAGIZGMA TEN/RVA, ThIZEN
bV, THUTHIRIEEBRFOBGEA RITAFOEEIRF O E L VD7, THICBEE L TEREL /NI
ERBZOHND.

188



Thermoregulatory responses
during prolonged intermittent
exercise at medium intensity

Jian Lin
Graduate School of Human Development and
Environment , Kobe University

= High intensity intermittent exercise

1560 yer 35| 352w

Ekblom et al.
(1971)

m Purpose: we have investigated the thermoregulatory
responses during medium intensity continuous and
intermittent exercise at same total workload, if we could see
the same results during medium intensity as well as higher
exercise intensity.

= Measurements :

O Heart rate (HR), Blood Pressure (BP) and Oxygen uptake
(VOy)

OEsophageal temperature (Tes), Skin temperature (chest,
upper arm, forearm, thigh and calf, Tsk)

Mean body temperature (Tb)=0.9 * Tes+0.1 * Tsk

OSweating rate (chest and forearm, SR), Skin blood flow
(chest and forearm, SkBF), and Total sweat loss (TSL)
Cutaneous vascular conductance (CVC)= SkBF/MAP
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Introduction

m Thermoregulatory responses during exercise

— | No heat loss |—
— [Heattoss |

Heat
production
in the active

muscles

m Earlier studies in thermoregulatory responses during
exercise

(continuous : most

2 _high intensity : a few

Lintermittent

medium intensity: none

Methods

= Subjects: ten males

(Age:22.9% 1.4years, Body mass:62.8+2.7kg,
Height: 171.2%2.4cm, VO,,,,.:54.7%2.3ml /kg/min)

m Experimental conditions

25°C and 50% relative humidity
-5 0

B

30min

= Protocol

1) 50%VO,,,continuous
exercise (continuous)

2) 50%V O, Intermittent
exercise (30sE: 30sR, 30sec)
3) 50%VO,,,,,Intermittent
exercise (180sE: 180sR, 3min)

59 60min

60min

= Data analyses

Continuous Intermittent (30sec, 3min)

Exercise period: 30min 60min

Data analyses: ~ 3min per 6min per

3 45 67 89 10

12
Section (set)




* :significantly different between con and 30sec
Results 1 * :significantly different between con and 30sec Results 2 L ¢
+ :significantly different between con and 3min

+ :significantly different between con and 3min
> continuous |
* Jsec
® 3Jmin

o continuous
*- J0sec
r| ™ 3min

AHR (beats/min)
AMAP (mmHag)

ATsk (C)

7 4 6 8 1 2 4 6
Section (set) Section (set)

ignificantly different between con and 30sec
Results 3 I — , :
:significantly different between con and 3min Results 4

mean b
fehest, forearm)

:significantly different between con and 30sec

+ :significantly different between con and 3min

mean by
t

(chest, forerarm)
L T 200
*
¢ 15}
! 10}
. . "
¥ i . 0.0l i

continucus 30sec 3min continuous 30sec 3min

SKBF (%)

it‘i“

mean by
{ehest, torearm)

SR (mglem®imin)
VO _ (I/min)

Section (set)

S = MW s M D N ®

T 4 & &
Section (set)

Discussion and conclusion

1) No difference in Tes among three conditions, even VO,
during continuous condition was significantly greater
than the two intermittent conditions.

Due to greater heat dissipation associated with higher skin blood flow
and sweating rate during continuous condition than intermittent
conditions.

this result is different from earlier studies in which change in core
temperature during intermittent exercise was greater than continuous
exercise. This was caused by different exercise intensity between
earlier studies and this study.

Lon!
Thanlomoil 101 Tour Elttem

2) Significant increase in Th during continuous condition.
= indicating that heat storage during continuous exercise was greater
than that during two intermittent exercises at medium exercise
intensity.
due to higher Tsk during continuous condition than two intermittent
conditions.
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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 SOmin
in a climatic chamber with a regulated ambient temperature of 35°C 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 heat loss responses to isometric exercise
under mildly hyperthermic conditions in
sprinters and distance runners

Tatsuro Amano
Laboratory for Applied Human Physiology,
Kobe University

Introduction

* No heat loss
* Ambient temperature i
+ Humidity - SLs
* Heat production in the
muscles Heat loss A
ete....

(&

Body temperature during exercise is controlled by two ways. One
is behavioral temperature regulation, for example, we wear a cap
and get out of clothes when ambient temperature is high.
Another is autonomic temperature regulation such as sweating
and skin vasodilation.

Autonomic temperature regulation

Thermal factors
*Body temperature
= Skin temperature

_ The heat loss
Thermoregulatory » SW.eating l'ﬁ.lte .
F center Skin Vasodilation

Non-thermal factors

* Central command

* Muscle mechanoreceptors
* Muscle metaboreceptors

* Baroreceptors

+ Osmoreceptors etc..

Earlier studies reported that physical
trainings such as endurance training
improve the heat loss responses in
humans.

Previous studies

Table 1 The heat loss responses caused by thermal factors
Authors Experimental conditions Heat loss responses
. Thresholds shifted to lower
Michael et al. .
1977) Training program ) body»ter»nperature )
(Skin vasodilation and sweating)
Baum et al. Psssive heating Sweating threshold
(1976) Untrained > Distance runners
Irion Bicycle ergometer Sweating rate
(1987) Distance runners > Sprinters
The heat loss responses caused by non-thermal factors
Yanagimoto Isometoric handgrip Sweating rate

et al. (2002) exercise Distance runners > Untrained

Thus, there are many studies that showed difference in the heat loss
responses caused by thermal factors between different physical
training groups, however, there is no study that investigates difference
caused by non-thermal factors between these groups.

There are many studies that reported different cardiovascular
responses to isometric handgrip exercise between different
physical training groups.

Table 2
Torok Mean arterial blood pressure (MAP) and heart
etal. 3 min rate (HR)
(1995) Sprinters > Distance runners
Sadamoto . A close correlation between MAP and percentage of
etal. 2 min first-twitch (%FT) muscle fibers
(1992) ) ° )
Hypothesis

There is a possibility that the heat loss responses caused
by non-thermal factors with isometoric exercise are
different between sprinters and distance runners.

Purpose

To investigate the heat loss responses
caused by non-thermal factors
in sprinters and distance runners
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Methods

O Subjects : 17 males
(9 sprinters and 8 distance runners)

Table 3 Characteristic of two groups

O Experimental conditions

35°C and relative humidity of 50%

—Inducing swearing even at rest without
a marked body temperature change.

O Protocol

Maximal voluntary

l

contraction

(MVC) Isometoric handgrip(HG) exercise
(20%, 35% and 50% of MVC)

Distance  Sprinters

Age(yr) 204 =07 205=%03
. 172.1 172.3
Height em) 5y +21

Weight (kg) 58.1 =1.8 61.6 =13
MVC (kg) 24.6+19 241+15

V *
(m‘{,l((’gzmn) 53.9£14 461 %15

Values are mean £SE. *: P < 0.05, compared
with the distance runners

Measurements

Cardiovascular parameters
Heart rate, Blood pressures, Stroke volume, Cardiac
output and Rating of perceived exertion (RPE)

Thermoregulatory parameters

Oral temperature (Tor), Skin temperatures

(forehead, chest, upper arm, forearm, thigh, leg and palm),
Sweating rate (SR : chest, forearm, thigh and palm),

Skin Blood flow (SkBF : chest, forearm, thigh and palm),
Cutaneous vascular conductance (CVC=SkBF / MAP)
and Active sweat glands

Q0 1 0 1 Q0 1
Results 1 -®- Distance runners Results 2 thigh -@- Distance runners
30 20%MvC 35%MVC 50%MvC O-Sprinters 0.4 209 MVC 35%MVC 50%MvC O- Sprinters
20 A0.3 )
= | C]
£ .2
£ 10 it 80 , +
E 3 E
2 o ﬁfi i 0.1
=2 g )
~ % in E /
0 0
E 10 e 5 s
40 gnificant difference ‘ 200 No significant difference ‘
30 }
Eﬁ \
£20 & | 150
d \ S
10 I : /
< ‘ e
Q(f{ 100 %&ﬁ S e o
E 0 &M% oegas w Eeotel 5 %9?
-10 rest | HG | recovery rest { HG i recovery rest i HG!{ recovery rest | HG | recovery rest { HG ! recovery rest | HG{ recovery
60 0 60 120 180-60 O 60 120 180-60 0 60 120 18 60 0 60 120 180-60 0 60 120 180-60 0 60 120 18!
Time (sec) Time (sec) Time (sec) Time (sec) Time (sec) Time (sec)
Results 3 chest -@- Distance runners
1.0- 209MVC 35%MVC 50%MVC O-Sprinters Main results and discussions
0-8[ i O Responses of HR, MAP, SR and CVC at each exercise intensities
EO.G : are not different between sprinters and distance runners.
50.4 @ The change in MAP does not agree with the earlier studies that showed significant
Eﬂo 2 ¥ & difference between the two groups. There may be two reasons why the result in this
- § o) study is different with the earlier studies.
/0.0 M
< i i . . . . .
. . . @ Difference in degree of %FT in muscle — The earlier studies reported a close
400 No Slgnlﬂcant difference relationship between MAP and %FT muscles during HG exercise (Sadamoto, 1992). In
i this study, MAP is similar between sprinters and distance runners throughout the
! experiment, so it could expect that % FT in muscle does not markedly differ between
.9300 é([g two groups.
3 i
: i \J) @ The results of SR and CVC
:200 ) The changes in SR and CVC during each exercise intensities are similar between
< \ 4 sprinters and distance runners. This may be because changes in HR and MAP were
100 X E ' ‘ ] - S similar between two groups. The load of the exercise is too low to induce difference in
rest THG ! recover WG { iy et heat loss response between two groups. There may be difference in heat loss responses
60 0 6I0 120 180 -60 - 0 60 lhﬂ.so 0 60 120 18 if the changes of HR and MAP were different between two groups.
Time (sec) Time (sec) Time (sec)
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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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196



Backgrog__nd The delay of step ree‘a}tio =
The effect of a dual task B " :
on step reaction
to a soft surface ground
in older adults

The difficulty with

Graduate School of a dual task

Human Development and Environment,
Kobe University

A lack of sensory
information from the
bottom of feet

Nobuko Harada, MA

Older adults take multiple
M IERS0El steps or a single step in order

to regain their balance.

Previous studies about compensatory step reaction

Mcllroy  Unpredictable The older adults take additional Mclliroy  Unpredictable The older adults take additional

(1996) perturbations steps, which were directed so (1996) perturbations steps, which were directed so
as to preserve lateral stability. as to preserve lateral stability.

Luchies Pulled The older adults often used Luchies P used

The older adults often

n balance.

(1994) backward multiple steps to regain balance. £

Wojcik Released The older female were not able to TP q q to
(1999)  from forward take a single rapid step because of Older adults delay the initiating time in Jy

leans the delay in response onset in step reaction and the delay in response

older. may be related to reduction of
peripheral sensory inputs.
Three Important sensory inputs to control posture Three Important sensory inputs to control posture
1. Vestibular 2. somatosensory 3. visual 1. Vestibular 2. somatosensory 3. visual

system system system

system

The mechanical properties of skin and its

Previous studies found that receptors change with age and reduce the
= Meissner’s corpuscles become sparse and afferent sensory information from the bottom of
irregular with increasing age. (Bolton 1965) feet.

= Tactile and vibratory sensitivity decrease in « Tactile and vibratory sensitivity decrease in
age at the foot than at the hand site of older age at the foot than at the hand site of older
adults. (Kenshalo 1986) adults. (Kenshalo 1986)
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*Investigate the effect of a dual
task on step reaction to a soft
surface ground, which cause less
somatosensory information from
the bottom of feet.

We hypothesized that in a dual situation,
older adults would have difficulty with

controlling posture more than in a single
task.

r
Previous studies about the effect of a dual task Older adults are affected by a dual
task but it is doubtful about the clear s
standing Shumway- Auditory Posture sway was increased i
Cook (2000) memory task in older adults dlﬁerence between OIder and yOUng
Melzer stroop test Posture sway was increased adUItS or fa”erS and non'fa"ers.
(2001) in older adults.
walking Lundin- talking Identifying fall-prone people all-prone people
Olsson is tending to stop talking Olsson is tending to stop talking
(1997) (1997)
Toulotte Grasping a cup  Gait parameters (e.g. speed, Toulotte Grasping a cup  Gait parameters (e.g. speed,
(2006) filled with water stride) were lower in the (2006) filled with water stride) were lower in the
fallers . .
Voluntary Melzer stroop test Step reaction was prolonged Voluntary Melzer Few StUdleS have examm_ed
stepping (2007) in older adults. stepping (2007) the effect of a dual task in
condition of the changes on
somatosensory from the
bottom of feet.
Purpose Method 1. subjects

-Eleven older healthy female
Age: 69.0+=3.1 years old
Height: 151.9%+3.9 cm
Weight: 51.3+6.3 kg

*Nine young healthy female
Age: 19.0+0.9 years old
Height: 157.4+4.8 cm
Weight: 52.1+6.1 kg

2. Experimental protocol

(®Subjects were instructed to stand up right
and barefoot on a force plate.

@They stepped forward as quickly as
B possible following tap cue on the back of

! heel, landed on a soft mattress, which
caused less afferent information from the
i bottom of feet, placed toward and put their
feet side by side.

@They grasped an empty cup as a single
task and a cup with filled water as a dual
task during stepping.

@They were instructed to focus on stepping
as quickly as possible.

3. Measurement

o"fﬂ time Foot-contact

Tap cue H =
P £ Foot-0ff = Foot-offon left

Lhffof

O= the initiation phase —

Tap cue switch ~ onset time

(mV) N

Distance of the / T P= B :
center of foot °| | | onset time~ foot-off on right
pressure (M) 41 — side

Ground reaction
force in right to

left (N) =l S= the swing phase
Groundreaction foot-off ~foot-contact on
force in anterior- . .
posterior direction _,| rlght side
(N) &
Vertical ground 1 *| / B= the double-stance phase
:::)’0"0" foree 1\ /| foot-contact on right side ~

= = =. foot-off on left side

ol P | s |8

Traces of force plate data during stepping




Peripheral sensory t

% { r K ‘
detection and afferent 3 B X
nerve conduction time i 9 - S [\P

followed by central \O=\_the inttiation _the =
processing switch ~ onset time

P=
/oféet time~ foot-off on right
side

8= the swing phase
foot-off ~foot-contact on
right side

B= the double-stance phase
—foot-contact on right side ~
foot-off on left side

Distance of the °
Conduction time to cause
muscle start to contract and

e joints move
Ground reaction
force in anterior-
posterior directiol

The times of
performance

Tracesof force plate data during stepping

-total time of stepping(sec): O+P+S+B
step length (cm) : L
step velocity (cm/sec): L/ ( O+P+S+B )

-each reaction phase as the percentage
of a stride time (%)
:0,P, S,B/(0O+P+S+B) *100

1. Trail Making Test A-B (TMT)

——— —————— ATMT: TMT-A-TMT-B.

- an assessment of

Result 1

Table 1. The result of relationship between ages for ATMT and BBT

i A\ capacities of a ATMT BBT
person’s (sec) (point)
N independence and
self-serving behavior
with attention. 75.01+46.2 54.8+1.4
2. Berg Balance Test
-including ability to sit, stand, TRSEES S
reach, lean over, turn and look over
* :p<0.05
each shoulder and step. + +spot
The Older had difficulty with The Older had difficulty
performing activity independently with controlling balance Result 2 .
with attention compared to the young | compared to the young Step velocity
female. ( female . .
ATMT BBT ! )
(sec) (point) _ —
g — -
75.0+46.2 54.8+1.4 = a single task
: * é -
§ a dual task
14.6+6.2 55.9+0.3 ?
Older Young
::* pf:%?.m Fig 1. Average step velocity and standard deviations :;pf:é?m
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"@The step velocity was significantly lower in the older than
in the young female in both tasks.
@The step velocity was significantly lower in the dual task
than in the single task in both ages.

The step velocity to the soft surface ground
was affected by the dual task for all
female ,especially the older female.

Older Young

* :p<0.05

Fig 1. Average step velocity and standard deviations * % :p<0.01

.
.

—_—
§ - —
=
:g 025 -
c
° 02 a single task
£
o9
28 o [ |
E e a dual task

006
.g E * :p<0.05
:p<0.

Fa * * :p<0.01

Older Young

Fig 2. Average time of the initiation phase and standard deviations

The time of initiation
phase in the dual task

Result 3

significantly increased

c 03
o

The time of the initiation phase
is dependent on peripheral

sensory detection and afferent
nerve conduction time followed
by central processing.

£ c
o

—

The dual task influenced
the step reaction by
neural processing in the
older female.

* :p<0.05
* % :p<0.01

Older Young

Fig 2. Average time of the initiation phase and standard deviations

Result 4

A single task -Adual task

young

older

R e mm ame e MR I

* :p<0.05
* % :p<0.01

Fig 3. The step reaction phase as the percentage of a stride time (%)

The older adults were influenced

Result 4

their step reaction by the dual
task in central processing.

Because of reduction of sensory
information from the bottom of
feet, the older had difficulties with
controlling balance in both tasks.

I vicaton phase

Fig 3. The step|

Conclusion

*The older female, who could have a decrease
of sensory information from the bottom of feet,
had difficulty with controlling posture so that
they could have already allocated attentional
demands before they started the step reaction
against the soft surface ground.

-Adding another attentional demand could be
adverse to effect the step reaction in the older
female by increasing responsibility of central
processing.
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