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Efferent L commands 

1 

Muscle Heart 

Brain 

Afferent 
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Literature Review 
Chapter 1 

I nterpretation of afferent 

sensations against expected 

outcome 

Conscious perception of effort 

Figure 2: A modified schematic diagram of the teleoanticipation and 

perceived exertion model, first proposed by Hampson et al. (2001). 

Therefore in the context of an integrative model of fatigue during exercise, there is 

no single regulation system, but rather a complex interplay between both feed 

forward and feedback regulation of exercise performance where all physiological 

systems interact continuously to maintain homeostasis. The "gain" and time 

constant of the gain of the system is the amount of change a variable deviates 

from baseline after reacting to a perturbation, and the speed at which a system 

returns to baseline respectively. The success and strength of a physiological 

system is therefore related to the gain and time constant of the gain of the 

different system variables and the efficiency of its physiological function and 

signalling processes. 

Although there is integrative control of the different systems, factors such as 

training, muscle reserve, physiological perturbations and prior or antecedent 

activity initiate changes in the peripheral and/or central physiological systems 

5 
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Literature Review 
Chapter 1 

which ultimately alter the gain and time constant of the activity in the different 

systems. 

Therefore, the primary objective of this literature review is to provide insight into 

the integrative regulatory system controlling exercise and the relationship between 

the 'sensation of fatigue' (perceived exertion), muscle activation levels (motor 

output/command) and performance (force production) during open and closed 

loop exercise at either a self-paced or constant workload, and to focus on various 

antecedent exposures and perturbations that may alter these three variables. 

1.2 PERCEIVED EXERTION AND PERFORMANCE REGULATION 

Perception of effort can be defined as the "subjective intensity of effort, strain, 

discomfort, and/or fatigue that is experienced during physical exercise" 

(Robertson and Noble, 1997). It is an area of research that was first studied in the 

1800's, and has since developed into an established scientific field undertaken by 

exercise physiologists, clinicians, psychologists and physical educators. As the 

individual's subjective level of effort, the value of perceived exertion evaluation 

has proved to be a useful supplement to the measured physiological variables in 

the field of exercise physiology. The use of ratings of perceived exertion (RPE) as 

an investigative tool has yielded clinical applicability and has become a popular 

instrument in assessing effort perception. 

1.2.1 Methods of Measurement 

It is necessary in the assessment and interpretation of perceived exertion during 

exercise to use valid and appropriate scaling methodology. A variety of psycho­

physiological methods have been developed over the years to investigate "effort 

perception" . 

6 
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function [] = 

file13. file14, file15, file16, tilei 

Ulo 

(/0 

(10 

%) usage poo 

% 

% 

'/rl been 

%, been 

'Yo 

,,1rnT,!"'t'i at 1984Hz. 

<:>rn,n!",t'i at this rate - it 

8, file19, file21 ) 

fde10, flle11, flle12, 

MATLAB 

header information. 

that you know to have 

tell you if the EMG has not 

to do so .. ) 

(% First you will be for the of data in seconds that you wish to process. 

% POO then the EMG data contained in file. you will be asked to select 

(10 a area of imarest on the for The left hand side of the 

JIt) will be the start of the time that you for an eye on 

% the 9 title - it will give information. The button on the bottom left Can 

% be used to see the data not on screen that will be selected when 'return' is 

°lr, Alternativel one can enter the start time in seconds at the 

% 

% POO will then the selected raw the filtered EMG and the EMG 

% 

'Yo If a second filename is the process will for that and the 

% shift of the second EMG selection will be as a of the first Note that 

% the same of data will be taken from the second file as from the first If 

% you want to compare data from different of the same enter the filename twice on the 

% command line 

U/h If more files are the cn<>rrr"" shift of these flies will be in terms 

% of the 

'Yu table 

'''''~rt''", of the first file. In 

THE FIRST EMG FILE SHOULD 

°lr) default file IS 

(/0 

N THE MORMALISATION EMG DATA 

and to an 
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(x) See also PLOP 

% Both POO and PLOP come. like in nature, as is. They take no responsibilty for any mess 

'/u they may cause. 

Information (as by 

mean IS removed. 

[~) /\ 2nd 3dB 15Hz Butterworth higtl pass filter is used to remove the low uency motion 

(Yo artifact Note that trlis filter was used for EMG For isometnc work a 

'/u lower cutoff is advisable but not necessary 

lJ'U The is then rectified 

c;{ 

(.lit) The amplitude is calculated a 2nd 3dB 5Hz Butterworth low pass 
(if 
/0 filter 

the data is subsarnpled 

(X, 

'Ie SUBTLETY The signals are filtered both ways through the digital filters. This means 

%: that all the signal's frequencies will travel through the filter at the same 

)it) leading to no distortion This also doubles the order of the which means that 

[1ci the 3d B cut-off points of the filtering Ilave been moved to about 18 and 4 Hz for the high 

'io and low pass filters respectively. 

clear global 

i tlnlemaX 

(x) /\ array of variable names- this IS all because I can't be arse how to take 

% commands of variable 

% In Inatlab5 

) :-:: 'flleD1' 

'fileD3' 

, ) == 'file04'; 

) '" 'flle05', 

) C~ 'file06', 

. )::: 'flleOT, 

tllat 

number from matlab4 - indeed the presence of 

is wank 
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names(8,) :;:: 'flie08'; 

names(9, ) ::: 'flle09'; 

names( 1 0, )::: 'file10'; 

names( 11. )::: 'file11'; 

names(12 ) =: 'file12'; 

names(13. ) ;:; 'flle13'; 

names(14. )::: 'file14', 

names(15. ) ::: 'file15'; 

names(16,.) ::: 'flle16', 

names(17) ""' 'file1?', 

names(18, ):= 'flle18'; 

names(19, ):= 'flle19'; 

) :: 'file20', 

1,)::: 'file21'; 

'ii) Check the number of 

if( 

usage poo file 

end 

'ie III 

<file2. <file3. 

'% Zero the to them all the same 

GIr) aile matrix 

lor n fl 

Ilame_length(nn) ::: length(eval(names(nn,. 

end 

for Iln ::: 1.nargin 

need(nn) ::: 

end 

for rm ::: 1nargin 

filez(nn. ) :: [eval(names(nn,.)),blanks(need(nn))]; 

end 

228 
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the files check that 

for I 1 narg In 

are all real and don't reopen any files 

filename c:: 

:-.: ); 

else 

fld(i) ::: 

ellLl 

end 

, 'J 

') 

, \ 
! 

'Xi Start a that will 

for I 

bits 

") 

I, )); 

between 

the and 

[08 458 

stored in rlly,,,rf,C\nc,,,, the as their reference 

, the second number the channel number.'); 

-> Patient fred01, session 3, channel 2 data.'); 

what I believe to be the rate marker 

file does not appear to have been at 1984Hz. .') 

in the data. That number converts from ADC values to volts. It was 

'ii, also determined max/min values with that the 

229 
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'X) program. 

EMGdata ::: 020757511668611 e-6 * 

%, F:ind out the total number of with other silly info and output to screen. 

i) length( 

File no " num2str(i),' (' )),'), 

V EMG Min.' 

'Ic) Create a time vector for plotting 

time == 1/1 984 (datalen(i)-1 )/1 

::: max(time), 

l)i) Plot out the data, each one on a separate figure 

figure 

plot(time, 

xlabelCtime (secs)') 

ylabel(,amplltude (volts)') 

enu 

') 

no ',num2str(i),' '.filez(i, 

'XLim',[O timemax(i)]) 

'V']) 

0/c, Here we clear all variables the we need. We do this out of memory 

U/c, considerations 

clear EMGdata time ans 

global tselection I time EMGdata timernax 

230 
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'X, l ClOp h all the u res 

for I 1 narg in 

% Load back in the EMG from the current file 

150, 'bot'); 

EMGdata::-" 0.20757511668611e-6 ~ fread(fid(i) 'short'); 

time::: (01/1984.(datalen )/1984)'; 

'irl The setting-·up rUrl, where the amount of data seconds) to be processed is decided 

(Ir) All comments marking statements executed when ;==1 only are marked I\J. 

if( 1=::: 1) 

O,{, I\J Blurb for user 

') 

'The have been on the amount of data in') 

from the left hand side of the screen that you wish to process. Maximum 

'allowed IS the shmtest EMG data set') 

H return Will select the displayed EMG for ') 

') 

tselection ::: TER TIME II\J SECOr-.,IDS (max ',num2str(min(timemax)),'): 

'Ill I\J Check the selection time is not too large here 

wllile (tselection > min(timemax)) 

') 

tselection too Enter number 

') (ctrl-c to quit) 'J); 

end 

°lrl I\J Decide which mode we are gOing into .. .fixed time or screen selection 

d 

mode =: 0; 

dlsp(' 'J 

dlspCOnly plotted data Will be processed') 

else 
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mode = 1, 

dlsp(' ') 

') 

**,1...,,, " .. *"X"*I<,'"k****** ** **.".**'* 

disp(['Now processing file number ',num2str(i),' called ',filez(i,:)]) 

disp([num2str(tselection), , second(s) of data will be processed 

side of plot 'J) 

end 

'X, N Close down all the figures and start selecting the start (and if 

'1u data end-points 

close all 

°It) N Plot the EMG ctlannel 

'XLim', [0, 

from left hand 

the 

% N Nowa routine for data selection the tricky stuff is just to 

'/rl postion In the title of plot and the wee buttons on the bottom 

data on cursor 

zoom xon 

1 ) 

grid 

'J 

dlsp(,Click and 

1, 

so that the left hand side of the data 

(jlsp('desired start of tile EMG selection. mouse button zooms out.') 

to 

0/) set(gcf. 'WindowButtonMotlonFcn' 'axislimits=get(gca,"XLim");mainscreen == 

get(0, "PointerLocation");thefigure = get(gcf. "Positlon");jlggerypokery1 = 

theflgure( 1), malnscreen(2) 
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"Cu rrentPoi nt"); title([num2str( axisli m its( 1))," to 

" secs ,nowat", 1)),"secs, 

UlcontroICString','View Proposed Data','Position', 5, 

'Callback','v=get(gca"XLim");global tseleclion,set(gca,"XLim" 1) (v(1) + tselection)]);'); 

Ulcolltrol(,Stnng' 'Reset Plot','Position',[160, 5, 100, 20],'Callback','globa/ time EMGdata 

tirnemax i,plot(tlme. set(gca, "XLim", [0 

(V)"):xlabel("time 

timemax(abs(i))]);zoom xon;grid 

on ylabe/("amplitude (s)"); set(gcf, "WindowB uttonMotionF en", 

"" secs now at "",Il 

end 

c/loosetime ::: Press return when satisfied or enter a time '); 

else 

dlsp(['Press return when satisfied']) 

pause 

end 

,/,(, N Now find out what data was selected 

% N TI1is just gets the start and stop of the x-axis on the plot 

vv( ,i) ::: get(gca, 'XLim')' 

1 ,i) ::: 

elld 

the limits If a amount of time was selected 

If(mode) 

,I) ::: 1,1) + tselection 

end 
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if (vv(1 ,i»lImemax(i)) 

dlsp(' ') 

dlspCTlle start time is after the end of the data 

'Yo N Check that in the case of screen selection mode that the time selected is less 

''it) than the smallest data sequence 

elseif(vv(2, i)-vv( 1, i»min(timernax)) 

dlsp(' ') 

disp(['Ttle screen selected data is longer than an entire other EMG file of 

',num2str(mln(timemax)),' secs ']) 

dlsp(,Please select a shorter data sequence.') 

% N Check that the calculated end point is within the data sequence 

elseif I) > max(tlmernax(i))) 

dlspC ') 

time of the selected data sequence is outside the range of the data') 

choosetime := I]; 

d select an earlier start to the data sequence.'); 

else 

select an earlier start to the data sequence.') 

end 

else 

end 

end % end of while loop 

0, 

'it, If we are in plott:3d data only mode, determine the tselection time for further files 

if({ -rnode)&(i"'=1)) 

tselection :;: vv(2,i)-vv(li); 

end 

%, Close the 

close 
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(Yo That's the end of tile where the time of roces~sed data is decided and the 

data IS obtained 

lX) We have a now to process the files that contain the data to be 

I)/r, normalised All comments in this section are marked D. It is essentially the 

I;') same process With different error and no time selection 

else 

"(\1 0 Blurb for user 

') 

['Now processing file number ',num2str(i),' called ',filez(i,:)]) 

[num2str(vv(2,1 )-vv(1, 1 )), ' second(s) of data will be 

I;;', 0 Plot the EMG channel 

figure 

plot(tlme, 

tltle( 

'XUm', 

EMG data in tile' num2str(i),': ' 

(V)'); 

),', ']) 

'J) 

'/;, D Now a routine for data selection - the stuff is to data on cursor 

'Yl III the title of plot and again, that daft button 

we_are_not_~lappy = 1, 

while(we __ are_nothappy) 

zoom xon 

1 ) 

set(gcf, 'units', 'pixels'); 

') 

and so that trle left hand side of the displayed data to the') 

start of the EMG selection, R mouse button zooms out ') 

'Press return when satisfied ') 

'X) 'WmdowButtonIVlotionFcn', 

"POInterLocation");thefigure = 

1 )mainscreen(2) 

"XLim");mainscreen 
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,'VIew Data'.' Position', 

20] 'Callback', 

1)), " 

1))," secs. 

5. 

1) + 

to 

,'Reset Plot','Positlon',[1 5. 1 'Callback','global time EMGdata 

timemax "Xlim",[O 

on, ylabel("amplitude ),xlabel("time "WindowButtonMotionFcn", 

""XLim""); mainscreen = 

= 1 ) 

thefigure(2)] ""CurrentPoint"");title([num2str( axislimits( 1)), "" 

"" secs now at "",num2str(jiggerypokery2(1 "" secs.""])");'), 

pause 

(Yo D Now find out what data was selected 

'Yo D This just 

,i) ::: 

the start and stop of the x-axIs on the plot 

'XLim')'; 

oft) D A time selection is at this stage specified 

vV(2,i) ::: 1 ,i) + tselection; 

'It) D Check that the calculated end point is within the data sequence 

if i) :> max(timemax(i))) 

') 

disp('The ending time of the selected data sequence is outside the range of the data') 

select an earlier start to the data sequence. ') 

else 

o 
end 

end % end of while 

(% Close the 

close 
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end '% end of first file/other file divisions 

'Yr, We then take the raw data this business of 

'Xc to both limits is to make the liklihood of 

two very small irrational numbers 

a time 

'X) as tl"le start time of the data selection, which will result in that time tlaving 

U/r) one more and up the Ttlis can if one 

"Jr) chooses zero time as the start of the EMC3 data selection. 

index = find( 

FMC; ::: 

'X So far so good, we have selected our data - let's process it, one at a time (we are still 

'It; in the original filename loop at the very 

'Yo Plot the raw EMG in the top of the figure 

figure 

1 1), plot(time(min(index)max(index)),EMG) 

['Raw Selected EMG']); 

ylaiJel('arnplltude (V)') 

'XL 1m' 

% The the linear 

(Ii> We process 

(Ic) of that file 

'Yc, Start of zegait. m 

'!u contact 

and find trle area under the curve and RMS 

tile m file The following is a modification 

.ie 

characteristics 
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1984/2), 

lX, H pass filter characteristics 

nfiltll 

wch=1 

the mean 

pass filtered 

y 

% the nal 

%, Low pass filter 

"it) be sure to filter in both 

('/0 make a data vector 

''Ie so end effects can 

y = 

Uf, End of 

make sure the filtered data has zero 

ap- to filter and back 
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'XLim', 

area under the curve 

.. ( + 

arrea; 

ttlis info to Ule screen 

is 

') 

the and calculate the cumulative power 

the of 

(}h We fft data All this code makes sure the 

See tile Matlab demo to find out more. 

) ::: 0: 

n ,,: 

if( lem(n 

ll~cn··1 

end 

%1 Note that the 

in the command line 

variable stores fft 

,i) ) 
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'Ic) Here we reclear all the data which may affect the next run through. We hold on to the 

data if there are files to be 

clear global EMGdata 

clear global time 

time EMGdata 

later 

end o/,) End of all the file looping - NO LOOPS FROM HERE ON OUT 

If (nargin>1) 

"/C, USing the cumulative power 

% WItr1 the first 

find the 

"j" This is the corrected version of the zlg.m file 

shift for each file in 

C% Find the length of the data streams up to 500, 100 and 350 Hz respectively in 

% the - this will be the same for all files 

h500::: round((n/2)*500/(1984/2)): 

h100::: round((n/2)*100/(1984/2)); 

h350 ::: round((n/2)*350/(1 

l% Calculate the cumulutative 

for count:::; 1.nargln 

totalpowerin500Hz::; sum(amplitude(1h500,count)), 

for nn ::: 1h500 

for all data 

q(countnn) ::: sumlamplitude(1 nn,count))/totalpowenn500Hz; 

end 
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el1d 

'Ic) Now for 100 Hz to 350 Hz in the first data file. find the 

'Yo in tile other data files below which the same amount of 

for count 1. 

for nn 'I h350-h 100 

mint abs( q( 1, nn+h 100-1 

k( = 1984/2)/(n/2); 

end 

end 

frequencies 

is contained 

divide Ulese by tile onginal frequencies to find by how much they 

'X) have shifted in the range 100 to 350 Hz 

f (h100.h350-1 1984/2)/(n/2); 

for count:::: 1.nargm 

:= 1 h350-h100, 

enli 

0/;) This IS end the corrected version of the m file. 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

u;;] Output all tile data in tabular format to the 

') 

') 

for nn "" 2 

Normalised 

1. )), '), RMS ' 

'%.']) 

)/RMS(1 )),', frequency 

dlsp(COata file 110. ',num2str(nn-1).' (" deblank(filez(nn,)), '), RMS: 

num2strmMS(nn)/RMS( 1) ),'. frequency compression ',num2str(1 00-ratlo(nn)*1 00),'°1c).']) 

end 

") 

241 
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Appendices 
9 

'/0 all this data to an ascii file and more 

') 

a file name for the detailed information :::: 

') 

') 

hours == 

millS 

Itt 

== 'c \results.txt' 

end 

flcjd fopen( outputn. 

'POO Ver 2.1 pEMG Information '); 

was created on " 'hrs 

file data taken from %f to %f 

sees.'. 1,1 1 )); 

tor nn ::: 

file no. %d: data taken from to sees, normalised RMS 

%f '%'Yo' 1, 100-

end 

end oft) That's the end of the in 

clear 

clear 

242 
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/Udl bll J I'liysloi (2()(J(li I 727 737 
II) III07:s!)0424,,\J():\·i 16·1 

SadJa ,.I. West· .Julia II. GOl'decke . Lizl vall Nicked, 
l'<talcollll Collins' Alan SI Clair Gihson 
Ian A. ;\"1acllonahl . D. Noakt·s 
Estelle V. Lamhert 

I(,CCI\ l·ll. :'(, Jul) 21)(),~ '\LCl'pILri,,' Sl-Plcl11lwr ]005 l'llblishcd l'liline: H OCI{)\)cr 200S 
G) Sllrillger,Ycria)! 2ilU" 

Abstract The ~Iim ur Illi" st was t() dilTnentlate the 
:Idren,dinc r) c()ncentratlOns 

rellCil ,leti",1 t Ill!] associated WI tit mod" 
l:Lltl>lnll:nslly l~xercise. un Jilw;cie 'lctivation. card 
IllUll:!ry responsl";, rucl II1c'ubolisl11. ,ll1d riltings uf 

exenion (IU'E) ell! exercise. 
Twu groups ur (MUl), /I 6; LOW. /I 7) 
on two OlTilSIOllS t'l\!' ,)() l!1111, MOD 

willi saline j 

Adr infusilln LUW tWice at 34'/;) 
l'ltller Adl UI 'idille Il1fuSIllll, Infusions ((UIIS g 
Illm) started a1 15 llll11 and l11creased 
somewhat higher lllal1 dUring exercise at 

6))':" 
with 

(" 1.0 v, I 11M. ,It 7S minL Ml',lIl gilicose 
and 1;lclilLc cOllcl'ntratiolls during LOW were 
slgniJiGI with ;\lir thall saline illfusiull 

I I O,(l vs.4.4 0,,1 I. P < 0,0 I illld 2,1 ,1- U,S vs, 
1,,1 l D,S l'.: (l.1l I, 1:lev,lled [Adr]. 
without 111lTeascd \.~xereisc III did not alter 

There wen: also llO efrects or /\dr infusion al 

:\4o/~) \ Uti he,lrI rate. uxygen 
respir,lt"ry exeh,lllgc' ratil!, Intramuscular 
lltiliziiliull, musc!!: activatioll or Rill':. In CllllClllSiCJIL 
clev,lleci [Adr[ similclr It) those found liming moderate-

exercise increased glllellse and bctate 
bill did llot aller intrmnlisclIli!r rllel utiliza-

lioll, eJfllrt l)('rn:11tI0[1 or muscle actlvatlOll, 

S J Wes[ J II (illdl'Lkc' (, <.]) , L van Nlekl'lk '!'vi (,Jllill, 
A, SI Cluir eilhsoll I [) N(lclkcs L V l,clmhcll 
Lkparlll1cnl ot'11uI1l<l1l lIioie)g), UC"1'/\1 RC Rl:scarcl1 linil rill 

Excrvisl' Sl'i(,IlCC and SI)orh MediClnc, UllI\l:l"lY ol'('apc i'uWIL 
P,U, Ilu.\ II NnvlCllllk SUlliiJ ACnel 
L>1l1Clii 
Tel., I 
1:,1,' : F/·:>I·(lSh7,"lO 

I ;\ 1\IL;(',ilHlald 

.;tCj~l 

(illl'Cll\ 1vlcciic'dl C"lll,c, Ullilcr'lly of N,ltlill"hill11 
Mcdll.i1 School, "JOIIIIl,dl'<ll1, L:K 

nervous system Substrate 

Introduction 

A n increase 111 exercise 
creased ncllvarion of the 

), as well as the response. 
in an increase in endogenous adrenaline 

ami llllradrenalinc (N orAd r) secretion [23]. There IS 

Illdircet evidence t hat it is the increased circulatmg cat­
echolamine concentrations that arc for the 

effects on cllcrgy meta holism 

have al1cm to differentiate tbe 
role ur from or sympat-
110adrcnal response in regulating the metabulic sequelae 
during exercise of dilfcrcnt intensities, These sludies 
Iwve'ty Iy ini'IlSe(1 Adr to levels at least twice the 
llormal nlllgc measured d exercise, 
these sludlcs have demonstrated that Adr infusion in­
CIT,lses tile mobilization of resulting ill elevated 

and lactate concentrations during 
dynamic exercise l7, II. 14, :19,40]. The elevated 

. glucose lcvels with Adr infusiun can be explained 
il~cre'IS(~ ill hepatic Olltput [14. J 5] alld a 

attenuation in the exercise-induced increase in 
uptake rl~, WaLL et. aL 1.191 pos-

tulated lilat the reduction til glucose with Adr 
illfusillll be attributed to an increase in 

1\ reSUlting ill an accul11ulation of 
gl with the consequent inhibition of 
hl~xllklml"e and glucose 

IluIVcver, not all stlldies have demonstrated un 
increase ill with Adr infusion during 
muderate and exercise 
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,I re a ware, 1 hal Iw ve l1Ieasu red 
III 1I11rlll11USnilar 1 (lMTCi) utilisation 

to Adr infusill!l, and 
tlenHln~lr<\ted u mi:il1wtch 

heIWl't'n ll1(lbill~;ttlol1 and oXltiallull lll' FI"!\ with Adr 
inJ'lIsiull, found Ihal Ii 

) cxerusl', feSli 
'"'FA C(JIlCClllratjllIJS, with 
1e"l'Slenfit.:dlio[l, 

Kjaer d al. I 
is not ell on 

lliand or he ll11ht.:it:, bill IS Ihl' resull 
a Iced-rorward control 

assot.:ia1l'd Wl1h 
activalioll levels ILl, 

I his e()J11e~ I rom stud ies 
d 

and 
eVidence for 

blockade 
[I, X, 1(, 'lj. In 

Ihl'se stlldies, hlot.:kade rl~sLllted III an 
illt.:rease III l'I1Url perception :Ind Uvl U acli vi I v 
n'ductllln;., in heart nile und I (lj, 1:(II'tller !t1 

models of unaesthetised <ll1illlals, SNS ClClivatillll 
pi IlIw<k L'olll ractliilV !Il 

lllu,';/es III Sltli II <)1, 
These "ludl':S eswbllsh Cl rdatiollslllP hetween svm­

<lclll allOIl and llHlscl.: aelivation levels ~1ll(1 
Wllll:h lllay be 

~il1lihlr 
lor the humoral .:Ireds or increa~t'd otherwis.: 

Wlth SNS :lctival!on, Therd'ore, 
to evaluille the hUll1(lwl 

Methods 

be! weell I he 
were recruited to pate in 

was the EthiL's and 
Research COInmiUce or the lleallh Selell.:es 
or lht' Uu of Cupe Town. 'T'o in the 

hud to be hetwe':l1 the age's of 21 ami 
a local IOl) kill race ill 

hn no known metabolic comhtiullS 
affect metabolism, 

excluded if' they werc takin!! any medica-
conditions s~Jeh as ~ - pressure 

measurcmenlS or ,1Ild 
described below. between groups, 

or 
of the trial were 

[hell' informed 
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The sum ur skinfolds rale. 

All 

a n.Jercllce. 
test with H 

Vl:1 (ura, (. 

were I1H::HsurL'd 
the ClIlI;lii(ln~ uf Durnin ,ll1d 

POII"'F oll/1ml {esl 

rcagent. 
Uknvista. SOllth AfrIca I 
wa~ c,tlihrated before 

I Vacul11cd. 
were calibrated 

gas mixture. This 
usl Ihe work I'Hk III 1he 

to either 34 or of 

The werc reqUired In 
exen:ise (flab III randomised order. 
I week The 1'v10D (II 

ell ledlO lillni nes, 
acid (FFA) concentrations. 

I/IC1/.1 IJ rC!IIcn (.I' 

The 10 eaeh 

iaelate llnd free 

fequested to abstain from any 
to l'ollnw the same diet. In 

red to avoid calleinc 12 h hef'ore the 
lIenl the arrived at thc 

7:00 and 7:30 AM after an 

was assessed on the 
was measured as 

were (hen to rest for alleasl 40 min 
to minimize the c;tkels of I he musclc and veni-
punclure. thb time the were 
instructed on the use ur the 15 for the 

exertion 

on Ihe sl 
Holland) al a workload 

or 68 'X, of Cor 
na(IOIl ofmusdc content. I){) mill, mHlll a ped£l fa le of 90 rpm 
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botlt trials. FifttX'!1 minutes intu the exercise 
A(lr ,lr s;illlll' VVClS illl'used at il constant rail' 

Ill) Ulltll the end ot the trial All 
,I c;iliiJr,lted automatic 

Lil)()ratories, Hnokset t, 1'\.1, 
arler th,' Infusioll starled ,llld at 15-

edell trwl, VOc and 
Ivcrl; recurded rllr 5 mill, ,ll1d hluod were 

drawn, ,IS described. (n IlllditlOIl, RPE ,I lilt 
I,MG ,ILlivily «IS described were recurded ,It 
I) min intervals t the e\ercise tnal. 

(LMCl) aClivity W,IS nlt~,lsured from 
vastus lakralis muscle. The elel'lrode 

1111' W,IS sLll1dardill'd ["or each ami tbl' 
ciccI rude was not moved t tlte '1'he 
hair al till' sile was shaved and the Skill 

1Jl(llIsln:d All ,lkohnl SWilh 
remuved any 011 and din lrolll Ihe Skill, WhlCi1 facIlitated 
declrode adherence ,IIllI condllctiull of tlte l':/'v1U 
AftCl prl'p:lwtltln oj" the Skill, ,l s\IIlacc FMG triude 
clee!rmle (I Clll radius, I em imcr-clcctro(le dlslancl', 

Ill") ,l self-adhesive _ TIlllllgllt Tceh-
TriodeI'M MII'PO 1 00, MOlltreaL C:lnada) W,IS 

the sk1l1 over the or thl~ vast us latcralis 
hetween the greater trncilantcr alld 

the linL' Ill' the fL'lllur. 
lSlll1ldric Corcl' W:IS assessed on the 

lower limb Oil a Klll-CllHl isoklllelic momt:ll'l 
(Cllatt:ll1oug:1 GrollP I Ill'., Ch<ltt:lIlong:l, l The 

upper bodie'S wCle Jirmly SlLlpped to 
Cur each test was st:tnlbrdisecl 

with e,lCh Sll IllS arms uH'r IllS chest All 
isometric tes\:' were condllcte(1 :It 60" IlexiulL wilh 0' 

I he li!llb III lull extellsion. The stil11danlised warm­
lip ll1c1uded Iwo iSlllllL'tric contractions of the knee l~X-
tensors :11 ~()':,-;, Illllllwed two L'ontr:lctilHls at ?is ':/;, or 
l'Hch Sli llI:I:\lmunL The Isometric test 
IIlCiu<il'd ruur lllaXll11111ll volulltary cuntractllll1S (MYC) 
of .~ S l'Clch, by .5 s intervals, were 

llH>tival.ed tn C:llcourage them to adlll:ve tllL'll" 

l11a;mnllll1 I. f~MG acll of Ihe Vilstus lateralis 
W:IS rect)rdd d tile M VC Isometric force lest <lml 
the MVC with thl: hlghcst meall force was used for 

Ilcnl 
The purpose llr the M VC ,liluws lhe 

1l111sciL' :lctivatlOl1 levels d tht' Sli 
tmil to Ill' Cl, it 

NOnlwlislll)', each rel<ltiVt' 
to their own nwxll1wl <lcti ,liso excludes CDl1rOlInd 

L.ll'tllrs 'illel] :IS dt:l'lrode IX)sll\(ll1ing, skin 1111[ledal1l't: 
:Iml dilkn:nces in percentage fat. 

The trilll1c electrode WilS ,lltached to Ille IIlllselL: 

above and c(ll1necled to a pre· 
was linked ViiI Ii 

til the I;MG ,Ipparatlls (I 

and host eompuler. 
at IlJ?i4 a 
collection and quantitative 

[J PrillI' to EMU sampling, EMG sig-
nals from the electrode were band-pass filtered (20 
'iOO and ifkd standard dillerentia! 
,Implifiers (Thought 
common mode rejection ratio 

-- olle milliun The samplL'd 
EMCi was through a 50 Hz line /iller to removc 
inlert'erenee from electrical sources to raw data, 
'fhe SO IV filler was with a narrow Slop-band 
to remove as little of Ihe signal LIS 

Its lise was necessary due to the intClmillent silllulta­
neous utilisation oj' l1Iotorised equipment in the hlho­
ratory, sLlch as treadmills, etc" during data capture. 
Mu ct al. 13lJ demonstrated that the presence or I.he 
50 Hz liiter did not aileci the statistical povver or 1 heir 
conclusions with similar frequency analyses and fewer 

ill their Movement a.rLef'lct wa, re-
moved rrol11 the raw FMC; wilh a high-pa;;s 
second order llllLLerworth lllter with a cut 011' 
Dr 15 Hz, to EMU dala. The filtering 

MATLABrM software 
Inc.), 

Out of the fOllr 5 s isometric maximal 
cOllt filtered EMU data were 
['rom the contraction that the grealest force oul­
put. The fllil 5 s or Jiltered EMU data durIng the 5 s 
MVC were d tliL: contraction. III a similar 
manneL 5 s or filtered FMC} data were from 
the 20 s or filtered EM G data collected during the 
trial every 15 min, The filtered EMel dala were 
,IS I'ullows: the EMCi data from each trial was zero­
Illeaned, the zero-mealled filtered EMCi amplitude 01' 
e,lch trial WilS then determined ta the 
RMS of the Iiltered EMG normalised 10 the RMS 
of lhe EMe; taken during the MYC contraction 1.101. 

PI'/'cei ved ('xert iOIl 

Subjects were educated 011 lhe lise or "rale of 
Prin tcd sca le 

as well ,IS 

exertion" ( scale [2J, 
instructions were to ramiliarise 
,In explanatilln ur each scale and a description of how 
the scale should be lIsed. The Borg! RPE scn!e 
W,IS used tll 0111ail1 the over;lll 
ellort. 

Blood 

cues, lInd 
score their level of exertion Olilhe IS-point 

IIlId 

Blood samples (10 ml) were in lubes L'Dntaining 
oxalate and sodium lIuoride (21111) ror the 

lIent determination or glucose and ial:tate 
concentrations, and lithium heparin tubes (5 for lhe 
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~LJ deknnillallOIl llr pi<ISllW Adr and t\orAdr 
l'ol1cenlrali()n~. Till' relll;]!Iling ,dlqllllt (.) was 
inlO a tube Cl)J] (lild dot activator 1'01' the 
detenllinatioll or serllm I:I-A concentrations. The lubes 

Oil ice <lnd, on orlile 
al 300() rpm and 4''(' ror 10 min. The 

supcnw[clills were then Ir,l1\sfcrrcd to 
:111(1 slllred al20 or :-:0'(' ror Sli 
meta bolite and Iwrmolle c()llcenlra tlOns, 

Ulilcentraliolls \WIT detcnnined 
()j,id,IS(: metiJod W,ll1g a 

2; Beckman Inslrulllenls, FlIlkrL,ll1, 
CA. USA). LilCl,11l' Cllllcentralions were measured Oil 
the Silllll' ,,1m enzymallc colOrimetriC as­
says (Lactate PAl), bloMerinlx, Fra Serlllll 
FI,'A eOllcclltratiollS were measured 
culorlllwtril' dSSa'y (lLdlmiclO IGsl; 

). Plasma cilteci10lamines were measurl:c! 
11 PLe wit h eleclrucilenHcal detectioll the Hwtlwd 
descrihed hl[ster Lind MacllOlwld I i I 

InlulII/IiSClililf {lnd (,Ollel'lI/nl/ions 

/\ of the i'rozt'll lI1uscie mg) 
was lrec/c-dnl'd and dissected frec or any Visible fat 
()I connedlve tissue. Muscle cOlltenl was 

Fig, I a, II I'laslllCl /\d r 'lilt! 

Nnri\dr l"1I1h'l:nlralinns dllrlng 
l~X(:!\.:lSl.:" at J~l°~J \\'lth 
'lIlt! wllllOlll !\t11 alhl 
during \..:'xl'I .. :isc ;'11 fl~(I.'lJ VO_'llic\\' 

MOl) Ird, pl:lsliLI ,\clICvcl,. 
p, ll.()() I Illi h011! Irlal ai]d 1111]<.' 

L":\I) IlIlll) LU\V I ,'Ial, plasllw 
Adr kvcb. /' iJ 1101 1(1[ Illlll. 
Illlle Cllillllill) <Inti Illlcr'lcilllll 

-:lreel MOl) Inlil, plaslllil 
11<ll<,cill'lliilIIIC (Nor,ldrj icwl", 
1" (1.1)0 I luI' tri:ll. llllIL' 

a 

1/ 
(J 

731 

ucose oxidaze lllelhod; 
Illstruments, Fullerton, 

of approximately hall' of the 
in 2 M Hel at 95°C for 3 h 

,IS coneentratiolls 
werc measured in the remaining portion of the freeze 
dried muscle llsing a commercial glycerol kit 
Mannheim, Mannheim, ) ,lnCr the TG was Ii., 

Kiens and 

SldlistlCtl 

All dala ,liT as mean sumdard deviation. 
j'-tests for independent were L1sed to examine 
dilTcrel1ces in subject charaderislics between groups, 

or variance were 
used to examine dillcrences between trials over time Cor 

metaboliles and hormolle concentrations, muscle 
substrate levels,]{ gas heart rate alld 
1':\1U A HSD post hoc test was per-
fonned tu locate differences over time. An alpha level of 
<,0.05 W,lS considered 

In order 

•. ., MOD (68%, Sal) 

.,<},-, MOD (34°/~ Adr) 

111 LOW (34%, Sal) 

-0- LOW (34%, Adr) 

r:JIJ llllll) llfld Inkr:1CiI()t1 
dlcl:L I.OW lrilli. Ili;ISlllll 

IlllrllcilTllllllllC I Nor 'j(/r) kvelb. 
not ~)Jgl1Jj[Cdt1! 

r---·---- "T-""---'--;"'··- -·-,---------,--·-l 

12 

10 

8 

6 

m 4 E 
(/) 
m 2 0:: 

0 

o 15 30 45 60 75 90 

Exercise 

b 

I '1' ., ----.. ,. --'''-,--'--'-' r 

0 15 30 45 60 

Exercise 

'r-----'-, 

.-- MOD (68°/", Sal) 

'D'" MOD (34% Adr) 

--111-- LOW (34°/", Sal) 

-(]- LOW (34% Adr) 

75 90 
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7.l2 

I I1l1ll I with iI stillldard 

iL:y,,1 or (LOS, and with XO':/" P()\wr, 
() :-: would be net'd.:d. To tHlr 

there ;lIe IlO rll\;Y10lIS slllti,,,;; examl 1I1 

muscle ~lClivati(Jl\ ill respOIlS" to ~I simtlm p"rllIIb~lti(lll, 
I1l1W"yel data rrom our sl III IV ed 

ddl",ft'IlCt's III lIluscie activatioll (luring 
c)<,crClse similu r Jevd 

cOl1centration I % dirferelH:c III 
Efl.1G. with a stulllbrd deviatiun 0[' between ulld I (llYn, 

~Il 30'~'" d T detect d ilk'rem;cs III 

Results 

Plasma ad rena line :l nd 
conct: Il t f" IIOIlS 

Pbsma ALir COllCt'IUrations 
both Adr inrihillil groups, 
illfllSllllI ,II both (,X"" amI 14'/r) or 
p. 000 I L Plasnl~1 NllfAdr u)J1ccntr<Jtions 

tIll' 

dUring t'.\l'IL"ISt' ~It M,',,", V( 1 I P OJJO\), 
cllmp~lrl·tI ttl .14':" V( whether or nol was 
III fused. 

Intramuscular 
CUll lellt 

,Inti muscl.: 

The I MT(; cnllccnlmtions did nUL ciw 
III both the .\;10]) Hnd LOW 11' 
I n,li, (1'<1 ble ,'j The CllIll;cnt rations tkcn:aseti 
d lilt: LOW lillL' lilal (fJ 

d 

MOl) (11- 6) 

Lu\\· ghlUp t;J 

14"··" :-.,' 11I~ 
.14": l\dl 

40 I j I 
l j of ' 

I I I X 
.1640 r j'll() 

Table 3 Muscle 
l)(l;,H:XGn:lse :II 
al 6H(:~i 

MOll group (II (,) 

Pn: 

(,i>".;, salinl' 406 
.14"" !\dr 36lj 

10\\1 group (Ii C~ 7) 
J41~<J salme 
34'1" Aut 

Valll~S are mcans '" Sf). MOD 
grollp, l' 001, for lime: and /, = 

134 
106 

PlaSlllH metabolite L'ul1ccntratiolls 

;;xercise 
34(Yu no 
II1crease tn serum I''FA cPllccntraliollS aller 60 min of 
exercise. In contrast, lll;;rc were no dillcrenccs in 
I· b\ concentrations ill resrons~, to Adr d 

excrc\s;;, 

Hl'~lrt r;\te, gas cxchange and elTurl 

ValllCS arc n)call:-. 
I'or lrial >: lillie 

SIJ grllllp. P IUI7 Normalised FMG 
(P',005) dUllng 
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li'ig,. 2 ~~ t.0 PI~!Snl;\ 

laclate elllL! ,l'IlIlll IIlIly Ul'lei 

(Fr>!) l·UlICl;lIllaLiOIIS d 
l'.\l:rClS(, '-It VO~~II~:!'\' 
"!lei Wlil1<)['1 Ad, lill·IISioJl. alld 

titHing C'Xt'rLISl' at hHo/(l V().~dLi\' 

MOL) Inell, plaslllil gilie-ii": 
it.·vels. 1" IUJ" I'llr Inal, 
I'·· 0.001 lor Illdi ". l111W elkcl 
('>45 mill) lOW trull, 
glucose !evl'Is,!' 000 I'm 
In:1I " ll11h' c'ikcl k4S 11lin). 
MOL) tn:;], pllhlllH IClC'[dil'. 

I' 0.05 Illl lUlle: (I :\1) .11\(.1 

45 III Ill). }', 0.0 I Illi 

Illid / 11111<: c·lke! LUW Irled. 

piasillil Il.lnlltc. l' 00 I lUI 

Inal. 1111le (>10 111111) "ml 
IIlil'rll,.'UUII l'lk,.·I 1Y1()1) [ll:Ii. 
."'Uill I·h\ :C\cl.s.}' (j ClIJI 1,,1' 
lillie:. I" I!.OS [·or llul /11ll1l' 

dkn (l)() lIlill) LOw lildl, 

~('n;Ul FI<'/\ ll'vcb, (lot 

.'l1)..!nillC<!J)t 

I1l 
E 
til 
!I'l a:: 

I1l 

E 
<II 
<tl a:: 

6.0 

5.5 

:5.0 

4 ,-.0 

4.0 

3.5 

:~O 

4 ,-." 
4.0 

3 .. 5 

3.0 

2.5 

20 

,5 

1.0 

0.5 

a 

1 

0 15 

b 

-,. ··--·--1----- ·-T----r---,--·-, 
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.•. - MOD (68%, Sal) 

--<)-- MOD (34%., Adr) 

--l1li-- LOW (34%, Sal) 

---0- LOW (34%, Adr) 
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Adr illfusion d 
( 4). 

The pUIPlht.: or Lilt: sl was to inYeSl'l::,.ale lhe role or 
r~l!sed cllcuic,l i Ilg Ad r lcvcb, sitnil;l!- Lll lhost' ("ound 

d lin 1112. l'XCITISt.:, on 
substrate uliilsatloll alld clrculal suhstrate aV<lII:lhll-

. liS \vell a~ musele ncllVallOI1 and dfort perception 
exercIse. To ollr knowl­

or Ihis lwture lu eXHminc tbe 

Exercise 

hU1110ral cOects or Adr on elTon pcrceptitm and muscle 
activation as well as muscle alld lri~ 

utilizatIOn, measured using the leL'h~ 
LIe, during prolonged, low-to-moderate intensity 

eXefl'lSe. 
Tht' design or this study was such that it allowed one 

10 dilkrentiate helween the humoral efrects of physio-
I levels of Adr, from the exercise response itself. In 

contrast to most studies that have examined the role of 
Adr dunng exercise, and which have in­
('used Adr to levels two to SIX limes that or normal 

levels while the exercise intensity 
III this study at a 
and Adr was inf'used to 
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lilln ,'Ild 1':1 "I' P"I'cl'lvl'd cxerll"ll l'xcn.:isc al 3'1"'" 
VO.)I\i;I\' \'v'llh WJ(!HHl[ Adr ill(ll~;i{)ll, ,llld CXCJ\:i~L;;.Jt ()8\);1: 
YO,,,,,,,, :-'1(1) 11""1. I"carl I'ale, /' IU)UI 1',,1' IrI:li and IInll', 
/' '(J,()', iur 11',:11 x L:nll' dkc'l 1l'"I), LUW Ilia!, l,cHrl I'11[c, 
IJ 0 (Jill I'ur l'I1H: I>Hl II,ill) MOl) 11'1111. IU'IC /'/001 I'in Inal 

kvcls lo malL'h lhose I11l':,ISUred d \lJOlJeI'd le-intcn-
eXl;rcise (hi) "I" 

Snnilar to the lind or prcvi(\lIs ,stndies II, 14, 
2'L 2(I,l l ), 40], we round thaI Adl ini'usiun resulted in Ull 

Illcrease In the lllohilisation or fllels, stich Ilwl 
ami laclate COllcentr,ltillllS were elevated 

(Fig, ,:a, 'flIt' incrc:lse III glilcllse conCelllnl-

11011 wilh Adr lllilLstOIi is mosl Ii related to an in-
crease 111 til' lIclioll [14, 1\ and 

, to ,Jiler<lLions in lht' nleiaholic clearance rate of 
gilicose II 'i, .2(1[, I'ur , Illlwlet1 l't ai, [1)1 lind 
Willi et ,tI, 1,1')[ delilollstrated ;1 lkcrease 1Il g.llIcose up­
lake iIlHll11elahullc c1e;If<IIlCe rate whell Adr was infused 
lo levels or --4 5 lllllui/l d exercise ill adrcnalec­
LOll1ised p:ltinlts ,Inc! 1ll0liel'iltcly-lr;lined athleles, 

In l',)lllrnst. Kreisllwn t:l ai, I round an 
lllCre;hl'lI1 the rate or disappeilr,lllec ;Intl the mctaholic 
ciL'arallce mit: ur glucose when Adr was infused 10 SlI-

logIcal Inels ("l) ) in Irall1ed alhleles, 
DespIte the !ley ill Ihese Adr infusiull 
was assuclliled Wilh :1 grealer Illcre,lse in the rail' or 
'1I1pe;lr:tI1ce lhan lhl' rate of disaPfKar:l11cc llf 
bUill thest: studlCS, kadillg to e;cvilled 

b 

f ~ ~""'---I [ !- r'- '----r -- -r 

iI- MOD (68% Sal) 

'D" MOO (34% /.\dr) 

--. LCM/ (34°/9 Sal) 

---(}- LCM/(34% IIdr) 

o 15 30 45 GO 75 90 105 

•. MOO (68"lq Sal) 

. 0-- MOO (34% Adr) 

--<11._- LOW (34% Sal) 

-jJ--- LOW (34% /.\dr) 

I--'---~--'--- ---'·-T-'"""----~-l -----T-" ------r ------1 

o 15 30 45 60 75 00 105 

:tllll lillIe (~::45 mill), P< 0,00\ for IIlleraclion clkel. LOW IriaL 
RI'R, 1'<0.011'01' lime (I), 11l1l1in), MOl) Irial, 1l1l1HilC \'cnLJia· 
l,n11, f'<, P,UOI lor tn:d ami lime (;.>5 min), MOD lnal, I{I'I:, 
I' !I,OS Cor trial, }'< 0,(1)1 I'or tillle (;.>15 nllll) alld illkr:lctHllI 
drcl'l. LOW tnal, RPF, /' O,()OI for Ilmc (2)10 111111) 

cOllcenl ra lions d exerCIse, These therefore 
dcmonstralc that the mcrcase in Adr during moder'lle­
lind exercise results III it mismatch Ix> 
tween the mobilisation Hnd oxidalion or glucose, 

The reduction in glucose disposal and the consequent 
mlTe"sc III concentrations, as well as 
the increase in lactaLe conccnlrations with Adl' 
1111'usiol1 have been attrihuted, in part, lo an increase ill 

IT7, 191 Wall cl al. fOllnd 

increase in muscle 
6-phosphate and lacl<lte content. 
bled lhat the elevated muscle 

tioll , 
tielll ('or thc reductioll in 
infusion 

hexokinase, 

[II, 2(), iaCl<II.e and glucose levels 13,)[ 
ll~lve previullsly been demLlllstratcd with Adr illCllsion, 

In (,'LlI11Ulst, we railed to demonstrate all iucrl'ase 
III muscle wllh Adr infusion (Table ~\) 
In 1ill' presenl study, the c:xercised at a low 
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). Plasma Alir l'ollcent ral J(ltlS incre~lsed to II 

mllXinlllll1 !ll-,·Ix aller 75 rnill ur wllich 
luwer Ihan tllllse 1I.'it~d m studics. 

or Adr thlll Ihese low 
were 1101 :';\1 tlkielltto .'i1111lulate However. 
d the MOl) lridl ((,N"i" whieh was assu-
cwted with grcater muscle cllnlrllclioll (Fig. muscle 

stores deCrl'ilseci the lJ() min 
even lower 

I) MUfeovcr. I'ehhraio d al 
crease ill llet Illilscil' 

Adr il'vels l~ 1.1 nmoll 
II II del1wI1s1rated an 111-

utIlisation when 
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Exercise 

ill llie present , IMTG content was and 
even tended to increase, following YO 111111 of moderate-

Similar 
lInd 

exerCIse with Adr infllsion ble Although 
musl be with caution due to 

Adr cUllccnlr:illUIlS were l'1l'v<lled tu mg III concentrations, with 
40 mill or exerl'lsc :11 71"/" DU1Ct-ellces 

stalus UI :lbsurpliVL' slate or Ihe cannot 
the dilferl'!1ees in Ihese findings. Rather, differ­

(W~O vs. 
nalion. !\ 
:ll'llvaled 

ill these silidies 

studics. thc l'.'lcrClse still1ulus used in the MOD 
Inal illld the sllidy oj Fehhraio et al II11 would have 
resulted, :1I11011gsl othel ractors 13 in ,I higher rate llf 
AlP tmn()ver and all aSSllciatcd I!1lTeaSe in rrec AM P 
Ij41. :IIHI Pi eOIlL'elllr:ltiulls Ii III the adive muscle. 
.... 11111 

In L·()lIlrasl. till' low cxereise stimulus ill tlie 
presl:nl LOW trial would be associ:llcd with a lower 
All' turtlOVL'r rate allli lower Al'vtl' and Pi levels. whieh 
would m:ll11ldln :IIHI hence 

at ,I luwCJ' levell') 5.27. J·t] Tile duratiOn 01' 
tilC l'x(cITis(C buut l'oliid also the i'ailure to dem-

witil Adr infusion. 
II activity lends to increase 

in exercise and then revert. back lu 
tiJC illUClivl' h I'orm us the duration or the exercise bout 
inercllses 1:1. (), \il· 

In par;dkl III the II1crease III 

L:t :d. 12.:1 I also (uund an increase in skel-
lISL with Ad! 1Il1'llsion. Ulllortli 

did nlll measure any other 
m,lrkcrs oi' rul metabclli,m. One might expel'! illl:r,';[sl'd 
IMTU ulliJsailllll with elevated liS!. :Iclivity; however. 

showed that Adr 
1.92 and 

resulted in corresronding ill-
concentrations (0.57, 0.62, 

tl1:111 dur-

l-!owever, in the presenl 
met FFA concentrations exercise did not increase 
ill rcsplll1S(c 10 elevation:; in Adr concentratIons and 

ued lil ,·"U,4 Rather, 
II:A levels 1!1creased throughout lhe MOl) trial 

t.o~O.7 11111101/1, ,mel corresponded to the pro-
Illcrease In N orAd r levels I 
ill the rates or lolal fat 

para Ileled lhc~e 

pears lh;lt the 34'% 
Hud the eonsequent elevation in No-

rAdr levels (·~4 VS. 2.2 were sullieient (0 atten­
uate the increase in lipolYSIS and FFA levels in 
the present compared to that of 
and I Indeed. delTlonstrated an attenu<I-

and an inerease III fat 
spondillg to :111 increase ill NorAdr 

was il1lTe,lSed l'rom 25 to 45% 
Adr levels This lTlay alsu 

FFA levels were not elevated III 

response to Adr infusion in most other studies that have 
ted the 111eta bolie dl'eets of Ad rat higher 

e.xcreisc int(Clisities II, 
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it \Va:, nol sullicicnt [0 

n:spUllsC d Uri llg the low- ([cllvat ion 
exer.:ise, Previous studies that h~\ve CXer(;1Se, 

increusc's ill heart rate with Adr infusion II I, 
utilised Illudl exereise intensIties 

I'rlllll 50 10 70 "It, or Thercl',lrc, thl' crlel'\s or Adr 
respollse Illay 

manifesl Wlll~ll thl'n: is a l'oncllllli1anl llJCreaSe in S:-JS 
aetivation wilh c\ercise intenSIties, 
Ihe Adr 1IliUSIllIJ mlhc prl's':llt st n:sullcd in less than 
:1 twol'lld Adr levels ( la), In 

that ha\c shown an dlCu on 
respunses havc 

I.:veb lhal 
threefold II II to Icnlole! I 

Adr infusion 

bel ween 
activity 

It 
l'XertlUll and neural 

incl'l::lscd tu compensate ror the reduccd 
assoeiated witli 11 blllckadl', In 

there Wl're II<) :lpparcllt changes in 
muscll' aetivatiull kvds ,IS a COIlSl'quence ur any ilU­
mural dice! 01' ralsl'd circlilallllg: 1'1 in tilt.: ah~l'ncc ul' 

ll1~ltchcd incrcas,' ill or 111-

As EMG 
)!I\:~ali:;r a t ()~ ';;;, 

however Adr infusion had 
lll' tilt' 01' the 
urm the exercIse lask, It 

ore, lilat ill tilt' absl!lll:e or direct S 
humoral circus levels 
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Fat adaptation followed by carbohydrate loading compromises 

high-intensity sprint performance 
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Havemann, L., S. J. West, J. H. Goedecke, r. A. Macdonald, A. 
St Clair Gibson, T. D. Noakes, and E. V. Lambert. Fal adaptation 
followed by carbohydrate loading compromised high·intensity sprint 
pelformancc. J Appl Physio/ 100 194·202, 2006. First published 
September I, 2005 ; doi 10.1 152ljapplphysioL00813 .2005.- The aim 
of this study was to investigate the effect of a high·fat diet (HFD) 
followed by I day of carbohydrate (CHO) loading on substrate 
utilization, heart rate variability (HRV), effort perception [rating or 
perceived exertion (RPE»), muscle recruitment [electromyograph 
(EMG»), and performance during a 100·km cycling time trial. In thi s 
randomized single·blind crossover study, eight well·trained cyclists 
completed two trial s, ingesting either a high·CHO diet (HCD) (68% 
CHO energy) or an isoenergetic HFD (68% fat energy) for 6 days, 
followed by I day of CHO loading (8-10 g CHO/kg). Subjects 
completed a I OO·km time trial on day I and a I·h cycle at 70% of peak 
oxygen consumption on days 3, 5. and 7, during which resting HRV 
and resting and exercising respira tory exchange ratio (RER) were 
measured. On day 8. subjects completed a 100·km performance time 
trial, during which blood samples were drawn and EMG was reo 
corded. Ingestion of the HFD reduced RER at rest (P < 0.005) and 
during exercise (P < 0.0 I) and increased plasma free t'ally acid levds 
(P < 0.01), indicating increased fat utilization. There was a tendency 
for the low· frequency power componenl of HRV to be greater for 
HFD·CHO (P = 0056), suggestive of increased sympathetic activa · 
tion. Overall lOO·km time·trial performance was not different be· 
tween diets; however, I·km sprint power output after HFD·CHO was 
lower (P < 0.05) compared with HCD·CHO. Despite a reduced 
power output with HFD·CHO, RPE, hearl rate, and EMG were not 
different between trials . In conclusion, the HFD·CHO dietary strategy 
increased fat oxidation, but compromised high intensity sprint perfor· 
mance, possibly by increased sympathetic activation or altered con · 
tractile function . 

muscle recruitment; rating of perceived exertion; heart rate variability; 
fat oxidation; endurance exercise 

FATIGUE DURING ENDUR .. \NCE EXERCISE has been associated with , 
among other things, a depletion of muscle glycogen stores (2, 
21). In an attempt to delay the onset of fatigue during enduro 
ance exercise, various nutritional strategies have focused on 
optimizing muscle glycogen stores before exercise andJor 
"spnring" muscle glycogen stores during exercise. A more 
recent nutritional strategy aimed at achieving this encompasses 
5-6 days of fat londing, followed by I day of carbohydrate 
(CHO) loading before the event (3, 4, 6). This strategy has 
been shown to increase fat oxidation at rest and during exer· 

Address for reprint requesl s and other correspondence: 1. H. Goedecke, 
tJCT/MRC Research Unit for Exercise Science and Sports Medicine. Depl. of 
Human Biology. Univ . of Cape Town. PO Box tt5. Newlands 7725, South 
Africa (e·mail: juliag@spons.ucl.ac. za). 

cise, in the fasted (3) and nonfasted state (4, 6), and even when 
CHOs are ingested during exercise (4, 6). This strategy has also 
been shown to increase muscle glycogen stores and reduce 
muscle glycogen utilization during exercise (3) . However, 
despite this mu~cle glycogen-sparing effect, overall improve· 
ments in performance have not been demonstrated (3, 4, 6). 

The effects of this particular dietary strategy on perfonnance 
have only been tested under time·trial conditions (~25 min to 
I h) after prolonged submaximal steady-state exercise [2-4 h 
at 65-70% of peak oxygen consumption (V02 peale)] (3, 4. 6) . 
The effects of 5-6 days of fat loading, followed by I day of CHO 
loading. have not been investigated during exercise that simulates 
race conctitions. which includes high-intensity (>85% V02 penk) 

sprints. Because glycogen is the predominant fuel during 
high·intensity exercise (28). a nutritional strategy that not only 
stores muscle glycogen but also promotes glycogen sparing 
would most likely benefit endurance exercise that includes 
high·intensity exercise bouts. However. factors other than 
muscle glycogen content may also have an effect on exercise 
performance after a high-fat diet (HFD). 

In fact, the ingestion of a HFD has been shown to increase 
sympathetic activation during exercise (17, 20. 29) . Sasaki et 
al. (29) demonstrated an increase in sympathetic activation 
during exercise with 7 days of high·fat feeding (50% fat 
energy), which was associated with muscle glycogen depletion 
in the working muscle. Conversely, Helge et al. (J7) demon· 
strated increased sympathetic activation during exercise with 
prolonged high -fat intake that persisted despite muscle glyco­
gen restoration . Ingestion of the HFD was also associated with 
increased effort perception (18) and reduced endurance exer­
cise capacity. possibly as a consequence of the increased 
sympathetic activation (17) . Moreover, an increased effort 
perception has also been reported during high-intensity (~85% 
V02 peak) sprint bouts (16.0 ± 1.3 vs. J 3.8 ± 1.8) (33) and 
during submaximal exercise at intensities between 30 and 900/0 
V02 peak (14.3 ± 2.5 vs. 12.6 ± 2.2) (27) after 3 days of 
high·fat compared with 3 days of high-CHO feeding. The 
coupling between the sympathetic activation with high·fat 
intake and the increase in effort perception during exercise 
requires further investigation. 

The decrement in perfonnance with increased sympathetic 
activation associated with high·fat feeding may be related to 
alterations in central drive. Using microneurography, Seals and 
Enoka (30) found that increased muscle sympathetic activation 

The costS of publication of thi s article were defrayed in part by Ihe paymenl 
of page charges. The article mUSI therefore be hereby marked "advertisement" 
in accordance with t8 U.S.c. Section t734 solely to indicale Ihis facl. 
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during fatiguing isometric handgrip exercise was associated 
with increased electromyograph (EMG) activity . To our 
knowledge, no other studies have investigated the effeci of 
dietary manipulation, in particular high-fat feeding , on neural 
recruitment strategie~, central regulalion and "awareness of 
fatigue" during exercise . Therefore, the aim of the present 
study was to investigate the effect a HFD followed by 1 day of 
CHO loading on substrate utilization, heart rate variability as a 
proxy measure of sympathetic activation, effort perception , 
muscle recruitment, and performance during a IOO-km cycling 
time trial, including high-intensity sprints, simulating race 
situations . 

METHODS 

SubjeCls and preliminary testing. Eighl endurance-trained male 
cyclists participated in this study, which was approved by the Re ­
search and Ethics Commillee of the Faculty of Medicine of the 
University of Cape Tuwn. All subjects were free from known meta­
bolic conditions and were currently not taking any medications for 
ctu·onic conditions such as high blood pressure ur stimulants for 
conditions such as asthma . The subjects were informed of Ihe nature 
of the study and wrillen, informed consent was obtained before the 
start of the study. Body weight and height were measured to the 
nearest decimal place . Th<: percent body fat was determined from 
measurements of skinfold thickness, using the equations of Durnin 
and Womersley (10). The characteristics of the subjects are summa­
rized in Table I. 

V02 pc"k and peak power output (W pcnl.) were measured on an 
electronically braked cycle ergometer (Lode, Groningen, The Neth­
erlands) modified with toe clips and racing handlebars as described by 
Hawley and Noakes (16). Work ratt!s wt!re started at 3.33 W/kg body 
mass and increased first by 50 Wand Ihen by 25 W every 150 s until 
the subjeci was exhausted. W pc" k was defined as the highest exercise 
intensity the subject completed for 150 s (in W), plus the fraction of 
time spent in the hnal workload. During the progressive exercise test, 
ventilation volume, oxygen uptake (V02) and carbon dioxide produc­
tion (VC02) were measured over 15-s intervals using a breath·by­
breath Oxycon Alpha analyzer (Jacger-Mijnhardt, Bunnik, The Neth­
erlands). Heart rate was recorded continuously by means of a Polar 
hean rate monitor (Polar Electro, Kempele, Finland) . Before each test, 
the gas meter was calibrated with a Hans Rudolph 3-liter syringe 
(Vacumed , Ventura, CAl, and the analyzers were set with room air 
and a 4% carbon dioxide-96% nilrogc:n gas mixtur<:. W pcak values 
were used to set the wurk rates in the experimental trials to correspond 
to 63% of <:ach subject's Wp,""k (- -70% V02 pc" k). 

The subjects were funher instruclCd to complete a 3-day dietary 
record consisting of 2 week days and I weekend day. These dietary 
records were analyzed with the Foud Finder 3 program (Medtech, 
Medical Research Council. Tygerberg, South Africa) to detamine the 
subjects' self-reponed energy intake and macronutrienl cunsumplion. 
This dietary information was used as a guideline to devise the two 

Table I. Subjeci characteristics 

ChaiJC lcnstic 

Age, yr 
Weight, kg 
Height, m 
Body fat. % 
\102 pc<lk, ml'kg I'min I 

Wpc.,k, W 

Mean (SO) 

26.0 (3.3) 
8 J.3 (9.6) 
1.80 (0.10) 
14.0 (2.8) 
57.8 (55) 
3u I (36) 

Ronge 

22.0-32.0 
74.0-100.0 
1.65-1.91 
8.90-18.1 
51.1-67.2 
290-419 

Values are means (SO) for 8 subjccls . V02 po·,," pcuk oxygen L1plak e; W •. . ". 
peak power QUlpUI. 

Days 1 -6 Day7 Day 8 

High-CHO diet 168%CHO energy) 
CHO-toadlng 

OR 
18-10gCHO/kg) 

II 
Hlgh.lft diet (68%lot onrrgy) 

I I 
I I I 

Day 1 Day 3 Day 5 Day 7 Day 8 

100.km n 60 mtn 55 60 min 55 60 min 55 100-km n 
Fig. I. Summary of diet and testing protocol. CHO, carbohydrate; SS, steady­
state cycle at 63% of peak power output (W pcok); TT, 100-km lime trial. 

experimental diels. To aid adherence 10 the diets, subjects were also 
required to indicate their food preferences. 

Study design. Each subject completed two trials in a randomized, 
single-blind, crOSsover design with a 2-wk washout period separating 
each trial. Each trial consisted of an 8-day diet, training, and testing 
period (Fig. I) . During the trials, subjects reported to the laboratory on 
days I, 3, 5, 7, and 8 to undertake supervised training and testing. 

Dierary manipulations. Subjects were required to ingest either a 
HFD ( -68% energy from fat) for 6 days followed by I day of CHO 
loading (-90% energy from CHO), or an equal-energy CHO diet 
(68% energy from CHO) for 6 days followed by I day of CHO 
loading (-90% energy from CHO). A registered dietician formu lated 
individualized menus. To control dietary intake, all the meals were 
prepacked and provided for the subjects togelher wilh a diary to 
record any deviations from the diet. Efforts were made to blind 
the diets by covertly manipulating Ihe macronutriem compositions of 
Ih" diets. 

Exercise lraining sessions. On days f, 3, and 5, subjects reported to 
lhe laboratory after a 10- to 12-h fasl and completed an exercise 
training session. On the firsl day of training (day f), subjects com­
pleled a 100-km familiarizalion time trial on their own bicycles 
mounted on a Kingcycle trainer (EDS POrlaprompt, High Wycombe, 
UK) . The calibration and reliability uf the Kingcycle has been de­
scribed in detail previously (25). The time trial included five J-km 
sprint dislances after 10, 32, 52, 72, and 99 km, as well as four 4-km 
sprint distances after 20, 40, 60, and 80 km during which subjects 
were requested to cycle "as fast as possible." The familiarization time 
trial also served as a screening lrial to see whether the subjects were 
adequately Irained to complete the trial. 

On days 3 and 5, subjects completed a 60-min steady-state cycle at 
70% V0 2 peak on a lode bike , maintaining their cadence at 90 rpm. The 
sleady-slate training sessions on days 3 and 5 were undenaken to 
ensure consislency in Ihe subjects' training during the trial. as well as 
monilur their physiological and metabolic responses to the dietary 
interventions . During the steady-stale cycle, heart rale was recorded 
continuously by means of a Polar heart rate monitor (Polar Electro) 
and V02 and VC02 values were measured for 4 - 5 min every 15 min 
(IS, 30, 45 , and 60 min), using the unline computerized system 
(Oxycon Alpha Annlyzer, Jaeger-Mijnhardt). Rate of perceived exer­
lion (RPE) scores were also recorded at IS-min intervals, using the 
validaled Borg 6-20 RPE scale (9). Prinled scale instructions together 
with a verbal explanation of how the scale works, were given to lhe 
subjects before the trial to familiarize them with the operation 01 Ihe 
scales. 

Before exercise on all 3 days, V02 and VC02 values were measured 
while the subject wos seated in a resting position for 15-20 min to 
dett!rmine the resting respiratory exchange ratio (RER), using the 
online computerized syslem, as previously described. Heart rale 
variability (HRV) was also recurded before exercise using a heart rale 
monitor (Body lQ, Cape Town, South Africa). HRV has been impli· 
cated as an indirect measure of autonomic nervous system activation 
(23). During the HRV test , heart rale measurements were recorded 
while subjects breathed rhythmically (12 breaths/min) for 5 min of 
supine lying, followed by 5 min of standing. Power spectrum analysis 
for low frequency (LF) (indicative of sympathetic activalion) and high 
frequency (HF) (indicative of parasympalhetic activation) was per-
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formed based on the HRV interval, using MATLAB software (The 
MathWorks). The natural logarithm of LF and HF power, as well as 
the ratio of LF power to HF power was calculated from the power 
spectrum values. 

Experimenfal frials. On day 7, subjects reponed to the laboralory 
after a 10- to 12-h overnight fas!. HRV, Yo,,- and Ye02 values wen: 
measured at rest as described earlier. Subjects then completed a 
60-min steady-state cyck: at 70% Y02 peak, during which heart rate 
was recorded continuously and YU2 and Yeo, values were measured 
for 4-5 min every 15 min (15, 30, 45, and 60 min). Blood samples 
were drawn at rest and at 15-min intervals (15, 30, 45, and 60 min) 
during the conslnnt-Ioad exercise for the subsequent analysis of 
plasma glucose, lactate, free fally acids (FFA) and catecholamine 
concentrations (see Blood sampling and analysis). In addition, elec­
tromyography (EMG) amplitude (EMC measurements) and RPE were 
recorded at 15-min intervals. 

On day 8, CHO-Ioaded subjects reponed to the laboratory after a 
10- to 12-h overnight fas!. HRV, Y02, and Y,02 values were mea­
sured at rest as described earlier. After a 5-min warm-up, subjects 
completed a I OO-km performance time trial. During the 100-km time 
trial, a blood sample was drawn at rest and again immediately before 
the I-km sprints at 32, 52, 72, and 99 km for the subsequent analysis 
of plasma glucose, lactate, FFA, and catecholamine concentrations. 
EMG amplilude was recorded during the midpoinl of each I-km sprint 
(10.5,32.5,52.5,72.5, and 99.5 km), each 4-km sprinl (22, 42, 62, and 
82 km), and al Ihree nonspri nl dislances (5, 55, and 95 km) during the 
100-km lime Irial. Power output and hean rate were measured con­
tinuously throughout the Irial. RPE was recorded immediately before 
and after every sprint. The only feedback the subjects received during 
Ihe 100-km time trial was their elapsed distance. During bOlh trials, 
subjects ingested a 10% glucose polymer solution at regular inlervals 
(200 ml every 20 min) to maintain plasma glucose concentrations. 

/somefrie maximal voluntmy contraefion. Before the exercise trial 
on days 7 and 8. subjects' peak isometric force was assessed on the 
low.:;r right limb on a Kin-Com isokinetic dynamometer (Challanooga 
Group, Chattanooga, TN). The subject's hIps and upper body were 
firmly strapped to the seal. The arm position for each test was 
standardized with each subject crossing his arms over his ches!. All 
isometric tests were conducted al 60° knee flexion, with the limb 
being in full extension at 0°. The angle of 60° l1exion has been shown 
to be the angle of maximal isometric force generation (34). The 
standardized warm-up included two isometric contractions of Ihe knee 
extensors at 50% followed by two contractions at 85% uf each 
subject'S subjective maximum. The isometric test included four max­
imum voluntary conlractions (MVC') of 5 s each separated by 5-s 
intervals. Subjects were verbally motivated 10 encourage them to 
achieve their maximum potential. EMG amplilude of the vast us 
lateralis was recorded during Ihe MVC isomelric force test, and the 
MVC with the highest mean force was used fur subsequent analyses. 
The purpose of the MVC was to allow measurement of muscle 
recruitment pallerns during the subsequent cycling trials to be ex­
pressed as a percenlage of the MVC. Normalizing each subject'S 
EMG muscle activity relalive 10 his own maximal activity also 
excluded confounding variables such as electrode positioning, skin 
impedance, and differences in percenl body fa!. 

EMG measuremenl~·. Before the isomellic MVC and the exercise 
trials, an EMG triode electrode (Triode Mil 'PO 100, Thoughl Tech-

Mean dietary intake during dietary treatments 

CHO 

Energy. cal g glkg %Encrgy 

0.95 

0.90 

a:: 0.85 
UJ 
a:: 0.80 

0.75 

0.70 

---- HFD 

~. /I p<0.001 for trtal 

r----r-----rr 
5 7 8 

Day 

Fig. 2. Resling respiratory exchange ratio (RER) in response to the high-fat 
diet (HFO) and high-carbohydrale diet (HCD) interventions. Values are means 
(SO) 

nology, Montreal, Canada) was placed over the belly of each subject's 
right vastus lateralis to measure muscle recruitment pallems during 
the isometric MVC, the steady-state cycle on day 7 and the 100-km 
time-trial on day 8. The electrode positioning was standardized for 
each subject. The hair at the placement site was shaved off, and the 
skin was scraped using industrial sandpaper. An alcohol swab was 
used 10 remove any oil and dirt from the skin. To minimize interfer­
ence, the electrode was taped onto the leg with self-adherent wrap and 
covered with cotton pads. 

The triode electrode was allached to the muscle "belly" as de­
scribed above and connected to a preamplifier. The amplifier was 
linked via fiber-optic cable to the FlexcomplDSP EMG apparatus 
(Thought Technology) and host computer. EMG activity was sampled 
al 1,984 Hz, a high enough frequency for reliable data collection and 
quantitative daln analyses (19). EMG signals from the electrode were 
band-pass filtered (20-500 Hz) and amplified using standard differ­
ential ampliliers (Thought Technology, common mode rejection ra­
tio:> 103 dB at I kHz, input impedance = I x 106 M!l; adjustable 
gain up to 1,600). The sampled EMG was passed through a 50-Hz line 
filter to remove interference from electrical sources to yield raw data. 
Movement artifact was removed from the raw signals with a high-pass 
second-order BUllerworth filter with a cut off frequency of 15 Hz. The 
means of tile EMG signals were then removed, and the signals were 
full wave rectilled. The signals were smoothed with a linear envelope 
using a low-pass second-order Butterworth filter with a cutoff fre­
quency of 10 Hz. Filtering procedures were performed using MAT­
LAB software (The MathWorks). 

Of the four 5-s isometric maximal voluntary contractions from the 
right limb, EMG was only sampled from the contraction that yielded 
the greatest force output. The full 5 s of EMG data were sampled 
during this contraction. In a similar manner, 5 s of EMG were sampled 
from the 20 s of EMG data collected during the steady-state cycling 
trial every 15 min and during the I-km, 4-km, and nonsprint distances 
of the I OO-km time trial. The filtered EMG data was processed to yield 
mean amplitude data using specifically developed software (Mullany 
POO. [2.2] computer program, 2000; Ref. 24). EMG amplitude was 
calculated lIsing the root mean square method. 

Fal Protein 

glkg g glkg %Energy 

J,560 (246) 
J,550 (206) 

t50 (14)' 
602 (J2)* 

1.85 (0 10)* 
7A8 (OA6)* 

16.8 (0.6)' 
67.8 (07) 

270(18)' 
68 (6)' 

J.JJ (0 t6)* 
0.8J (O.OJ)* 

68.2 (0.6)* 
17.1 (0.6)* 

IJ4 (8) 
I J4 (to) 

1.65 (009) 
1.66 (0.10) 

15.0 (0.5) 
15.1 (OA) 

Values are means (SO) CHO, carbohydrale; HFO, high-fal diel; HCLJ. high-carbohydrale die!. 'Significanl Irial effecl, (P < 0.001). 
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Table 3. Mean resting heart rate variabiliry in response to Ihe HFD and HCD 

Day 8 

6.2 1 (0.73) 
6.07 ( ll5) 

7.14 (0.b3) 
7.03 (0.93) 

P V.lue 

0.056 trial 

NS 

Values are means (SU) expressed s" the natural logarithm. LF supine, low-frequency supine: LF standing. low-frequency standing. NS, not significanl. 

Blood sampling and analYSis. Venous blood samples (-12 ml) 
were drawn during Ihe sleady-state cycle on day 7 and during the 
100-km time Irial on duy 8 by inserting a flexible 20-gauge cannula 
into a forearm antecubilal vein and allaching il to a Ihree-way 
stopcock. The cannula was kept patent by flushing with I ml sterile 
saline after each blood sample . One aliquot (2 mIl was placed into a 
vacutainer containing potassium oxalate and sodium fluoride for 
subsequent analysis of glucose and lactate concentrations. Two ali­
quots (2 x 3 ml) were placed inlo vacutainers containing lithium 
heparin for analysis of plasma epinephrine and norepinephrine con­
centrations. The remaining aliquot (2 ml) was placed into a vacutaincr 
containing gel and clut activator for determination of serum FFA 
(nonesterified) concentrations . All samples were kept on ice and th .;n 
centrifuged at 3,000 rpn' at 4°C for 10 min at the end of the trial. The 
supernalants were stored at -80°C (epinephrine and norepinephrine) 
and -20°C (glucose. lactate, insulin, and FFAs) for later analysis. 

Plasma glucose conce:ntrations WL!re detemlined using the glucose: 
oxidase methOd (GlUCOSe analyzer 2. Beckman Inslruments, Fullerton , 
CAl. Plasma lactate and serum FFA concentrations were determinc:d 
by spectrophotometric measu rements (model 35, Beckman) using 
commercial k.its (Lactate Pap, Bio-Merieux, Marcy-L'Etiole. France; 
and FFA Half-micro le,l. BO~hringer, Mannheim , Germany). Plasma 
catecholamine concentr1l1ions were analyzed by high-performance 
liquid chromulOgraphy, according to Ihe method described by Forster 
and MacDonald (12). 

Sralislicai analysis. Values are presented as means (SO). An 
ANOVA with repeated measures and the Tukey post hoc analysis 
were performed using STA TlSTICA analysi s software (version 6, 
Statsoft, Tulsa. OK). Statistical significance was accepted when p , 
0.05. 

RESULTS 

Training and dierary control. All subjects followed the 
experimental diets, ingested the food that was provided during 
both trials, and achieved the recommended target of fat and 
CHO inlakes . The mean dietary inlakes during both trials are 
presented in Table 2. According to design, there was a signif­
icant difference (P < 0.00 I) between the CHO and fat contents 
of the HCD and HFD that were consumed . Although diets were 
blinded and covertly manipulated, subjects were able to dis­
tinguish Ihat the diels were different but were unaware of Iheir 
composition. 

All the subjects attendl:d all the training sessions, but two 
subjecis only completed 45 min of the 60-min steady-state 
training session on day 5, afler 4 days of high-fat intake . 
Although the remaining subjects successfUlly completed all the 
training sessions, four subjects experienced difficulties during 
the steady-state cycle on day 3 and/or day 5 on the HFD 
treatment, complaining of "tired" and "burning" legs or having 
difficulties in maintaining the training cadence at the defined 
workload . 

Resting variables. The melln fllsting RER was significantly 
lower with the HFD compared with the HCD trial (P < 0.00 I). 
RER decreased over 6 days of the high-fat intake (0.84 :::+.:: 0.04 
day J to 0.78 :::+.:: 0.04 day 7) and remained low (0.77 :::+.:: 0.02) 
on day 8 despite I day of CHO loading on day 7 (Fig. 2). In 
contrast, RER in the HCD trial did not change significantly 
over the 1:1 days. 

The mean normalized HRV values for LF, reflecting sym­
pathetic moJulation for supine and standing, are presented in 
Table 3. No significant differences between trials were dem­
onstrated for HF or LF-to ·HF ratio (data not shown), but there 
was a tendency toward a significant trial effect (P = 0.056) for 
the LF supine values (Table 3). No significant differences in 
mean resting RPE or heart rate were found between the two 
diet treatments (data nol shown). 

RER, heart rale. and RPE during steady-stale training rides. 
Mean exercising variables, including heart rate, RER , and 
RPE, measured at IS-min intervals during the 60 ·min steady­
state cycle on days 3, 5, and 7, are presented in Table 4. Mean 
exercising RER on days 3,5, and 7 was significantly lower on 
the HFD compared with the HCD (P < 0.05). Conversely , 
mean exercising heart rate was significantly higher in response 
to the HFD treatment (P < 0.05) during the three stelldY-Slale 
rides. There was a tendency (P = 0.063) for mean effort 
perception dUring the three training rides to be higher when 
ingesting the HFD compared with the HCD. 

Experimental sleady-stale cycle on day 7. Tables 5 and 6 
summarize the metabolic responses during the sleady-state 
cycle on day 7, after 6 days of high-fat intake. Mean RER was 
significantly lower (P < O.OJ) on the HFD compared with 
HCD. Heart rate increased during the exercise bout (P < 0.05) 
and was significantly higher for HFD (P < 0.05) compared 

Table 4. Mean exercising values during the 60-min steady­
state cycle on days 3, 5, and 7 in response to 
the HFD and HCD trealmenlS 

Day J Day 5 Day 7 P V~lu~ 

RER 
HFD 0.85 (004) 0.86 (0 03) 0.87 (003) 
HCD 0.93 (0.04) 0.92 (0.01) 0.93 (0.02) <0.05 for lrial 

Heart rate. 
beats/min 

HFD 153.0 (5.73) 1520 (634) 151.0(861) 
HCD 149.0 (7JJ) 146.0 (7.2)) 147.0 (8.19) <0.05 for trial 

RP" 
HFD t4.0(l.t7) 13 .9 (1.21) 12.7(0.58) 
HCD 13.2 (0.96) 12.6 (109) 12.6 (0.74) 0.06) for trial 

values are means (SD). RER, respiratory exchange ratio: RPE. rating or 
perc~ived ~xc,'ion . 
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Table 5. Mean exercising values during the 60-min steady-stale cycle on day 7 in response 10 Ihe HFD and HCD Irealments 

15 nlln JO min 

RER 
HFD 0.89 (0.03) 086 (003) 
HCD 096 (003) 0.91 (001) 

He~rI rale. beals/min 
HFD 149 (9) 151 (7) 
HCD 143 (II) 148 (8) 

RPE 
HFD 11 (1) 13 (I) 
HCD II (2) 12 (I) 

Normalized EMG amplilude, ~c 
HFD 36 (13) 29 (7) 
HCD 37 (8) 32 (I) 

Values are means (SD). EMG, eleclromyograph. 

with HCD. Despite rhe increase in heart rate after HFD, mean 
RPE was not different between trials. Similarly, there was no 
significant difference in normalized EMG amplitude in re­
sponse to the two dietary interventions. The EMG amplitude 
did, however. decrease signi ficantly during the exercise bout 
(P < 0.0 I) during both trials. 

Euglycemia was maintained during the steady-stare cycle 
during both trials, and plasma glucose concentrations were not 
differenl between the HFD and HCD. An interaction effect was 
demonstrated for plasma lactate concentrations (P < 0.05) in 
response to the dietary interventions, with the mean plasma 
lactate response being signi ficantly lower (P < 0.0 I) after 
HFD compared with HCD. In contrast, plasma FFA concen­
trations were signi ficantly higher (P <-: 0.00 I) at rest and 
during the steady-state cycle after the HFD compared with 
HCD. Plasma catecholamine concentrations were not different 
between trials. 

Metabolic and peiformul1ce data during IOO-km lime trial. 
Circulating blood levels, obtained immediately before the 
I -km sprints at 10, 32, 52, 72, and 99 km during the 100-km 
time trial, are summarized in Table 7. Plasma glucose concen­
trations were not significantly different between the HFD-CHO 
and HCD-CHO and subjects remained euglycemic throughout 
the 100-km time trial after both diet treatments. Plasma FFA 
concentrations increased significantly during both trials (P < 
0.00 I), but they were not different in response to the two diet 

45 min 60 min p V.lue 

0.84 (0.01) 0.85 (0.03) <0.005 for trial 
0.91 (0.01) 0.91 (0.02) <0.001 for lime 

156 (7) 158 (7) <0.05 for Irial 
151 (6) 154 (8) <0.001 for lime 

14 (I) 14 (1) 
13 (I) 13 (I) <;0.00 I for time 

27 (9) 25 (9) 
35 (13) 32 (8) <0.01 for lime 

interventions. Similarly plasma lactate concentrations in­
creased during both trials (P < 0.00 I) and there was a ten­
dency (P = 0.069) for the levels to be higher after the 
HCD-CHO compared with the HFD-CHO, Plasma catechol­
amine concentrations also increased significantly during both 
trials (P < 0.00 I) but were not different between the two 
dietary treatments. 

Overall 100-1un time trial performance was not significantly 
different between trials (P = 0,23); however, mean perfor­
mance time was 3 min 44 s slower on the HFD-CHO compared 
with the HCD-CHO (Fig. 3). Performance of three of the eight 
subjects improved on the HFD-CHO, with no order effect 
observed (P = 0.28). Variables recorded during the 4-km 
sprints are summarized in Table 8. No between-trial differ­
ences were demonstrated during the 4-km sprints. Mean power 
output and sprint time recorded during 4-km sprints decreased 
significantly over time during both trials (P < 0.01). Con­
versely. RPE recorded immediately after 4-1un sprints in­
creased similarly over time (P < 0.00 I) in both trials. 

In contrast to the overall and 4-1un perfonnance, mean 
power output recorded during the high-intensity J-km sprints 
was significant lower (P < 0,05) after the HFD-CHO com­
pared with the HCD-CHO treatment (P < 0.05 time X trial; 
Fig. 4). Consequently, 1-1un sprint times tended to be slower 
(P = 0.07) after the HFD-CHO compared with the HCD-CHO. 
Mean heart rate was similar for both treatments (Fig. 5A). RPE 

Table 6. Mean circulalinl5 blood concentrations during the 60-min srecuiy-slate cycle on 
day 7 in response to rhe 111'0 dietary treatments 

15 min JO min 45 min 60 min P Value 

Plasma glucose, mmolfl 
HFD 39 (061) 4.3 (0.86) 4.3 (0.70) 4.0 (052) NS 
HCD 4.5 (0.78) 4.5 (078) 4A (078) 4.5 (091) 

Plasma laclale, mmolll 
HFD 2.5 (0.94) 2.55 (1.05) 256 (098) 2.57 (0.90) <0.05 lime X lrial 
HCD 401 (128) 4.26 (1.31) 3.88 (l28) 3.85 (13J) 

Serum frce rally acids, mmol!1 
HFD 0.27 (0.09) 0.37 (0.11) OAI(0.12) 0.47 (0.12) <0.005 for trial 
HCD 0.20 (0.07) 0.24 (010) 0.29 (0 12) 0.35(0.15) <0.001 for lime 

Plasma epinephrine, nmolll 
HFI) 0.99 (022) 1.15 (0.28) 127 (0.27) <0.001 for lime 
HCD 1.02 (008) 1.14 (0.22) 1.15 (0.08) 

Plasma norepinephrine, nmolll 
HFD 8.42 (2.43) 8.81 (2.34) 10.30 (2.48) <0.001 for lime 
HCO 8.10 (120) 8.55 (225) 9.48 (196) 

Values are means (SO). 
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Table 7. Circulating blood concentrations during the IOO-km time trial in response to 
the HFD-CHO and HCD-CHO treatments 

10 km 32 km 

Plasma glucose. mmolfl 
HFD-CHO 4.3 (047) 4.4 (0.70) 
HCD-CHO 4.4(1.23) 4.7 (075) 

Serum free fatly acids. mmoll1 
HFD-CHO 0.3 I (0.09) 0.28 (014) 
HCD-CHO 0.28 (U.12) 0.25 (0 12) 

Plasma laclale. mmoll1 
HFD-CHO LIS (0.26) 4.69 (2.26) 
HCD-CHO 1.58 (037) 5.35 (345) 

Plasma epinephrine. nmolll 
HFD-CHO 0.25 (0.04) 0.91 (0.30) 
HCD-CHO 0.21 (005) 0.95 (038) 

Plasma norepinephrine. nmolll 
Hf'D-CHO 1.68 (049) 1140 (0.13) 
HCD-CHO 1.90 (051) 1272 (799) 

52 km 72 km 

4.5 (0.66) 4.2 (0.35) 
4.7 (0.83) 4.4 (0.76) 

0.35 (0.23) 0.46 (0.29) 
030 (0.18) 0.38 (0 16) 

4.51 (2.04) 4.04 (1.83) 
515 (333) 5.00 (2.87) 

I 10 (0.31) 1.46 (0.65) 
1.20 (0.58) 1.58 (0.28) 

12.25 (6.93) 14.01 (733) 
12.88 (617) 14.56 (4'.)8) 

99 km 

4.3 (0.43) 
4.4 (0.70) 

0.78 (0.38) 
0.77 (0.35) 

2.95 (0.9S) 
4.23 (2.19) 

2.S6 (1.58) 
3.61 (1.49) 

1542 (8.48) 
19.b'.) (747) 

P Value 

NS 

<O.OOllime 

0.069Irial 
<O.OOllime 

<O.OOllime 

<O.OOllime 

Values are means (SD) . HFD·CHO, 6-dny high-fal diet + I day carbohydrale loading; HCD-CHO. 6-day high-carbohydrate diel + I-day carbohydrale 
loading. 

recorded immediately after the I-km sprints rose progressively 
over time (P < 0.0 I) but was not different between treatments 
(Fig. 58). Nonnalizl:d EMG amplitude measured during the 
I-km sprints was also similar for both treatments (Fig. 5C). 

DISCUSSION 

In this study, we examined the effects of 6 days of a high-fat 
intakl:, followed by I day of CHO loading, on substrate 
utilization, HRV, effort perception, muscle recruitment, and 
perfonnance during endurance exercise. The study is unique in 
that it is the Ilrst study tu investigate the effect of high-fat 
feeding, followed by CHO loading, on endurance exercise, 
including high-intensity sprints that simulate actual race situ­
ations. It was hypothesized that the potential glycogen-sparing 
effect of this dietary strategy (3) would be most benellcial for 
exercise that included high-intensity sprint bouts, where mus­
cle glycogen is the predominant fuel (28). However, in contrast 
to our hypothesis, the HFO-CHO strategy actually compro­
mised high-intensity I-km sprint pelfonnance (Fig. 4) This is 
a novel Ilnding and, to our knowledge, has not previously been 
reported. 

The ing~stion of a HFO for 6 days resulted in a shift in 
substrate metabolism toward a greater reliance on fat and a 
reduction in CHO oxidation. The increase in fat oxidation in 
the present study persisted despite I day of CHO loading on 
day 7 as demonstrated by the lower resting RER (0.77 :!:: 0.02 
vs. 0.88 :!:: 0.05, Fig. 2) and higher circulating FFA (Table 7) 
during exercise after HFO-CHO compared with HCO-CHO on 
day 8. These Ilndings are consistent with the findings of Burke 
et al. (3, 4) and Carey et al. (6), who also demonstrated an 
increase in fat oxidation with short-term high-fat feeding that 
persisted even after restoration of CHO stores . Burke et al. (3) 
demonstrated that I day of rest and CHO loading was sufllcient 
to restore muscle glycogen levels to above baseline levels in 
both dietary treatments (470 :!:: 24 to 554 :!:: 45 mmol/kg dry wt 
after HFD-CHO; 470 :+: 24 to 608 ::+:: 51 mmol/kg dry wt after 
HCO-CHO). Although muscle glycogen was not measured in 
our study, it is assumed that muscle glycogen levels were 
restored on day 8 as a similar dietary strategy was used to that 
of Burke et al. (3) in which muscle glycogen levels were 

measured directly. The increase in fat oxidation with this 
dietary regime can therefore not be explained by low glycogen 
stores (36), and it may be related to changes in insulin sensi­
tivity (13), increased fatty acid uptake into the muscle (5), and 
changes in skeletal muscle enzyme activities that favor fat 
oxidation (II, 13). In addition to an increase in fat oxidation, 
Burke et al. (3) have shown that the ingestion of a HFD-CHO 
resulted in a signillcant reduction in muscle glycogen utiliza­
tion (~ 100 mmol/kg dry wt) during a 120-min cycle at ~ 70% 
maximal oxygen consumption with the HFO-CHO compared 
with the HCO-CHO dietary strategy. 

Ingestion of a HFO for 6 days was associated with a 
signillcant increase in heart rate, as well as a tendency toward 
a higher effort perception during training on days 3 and 5. Six 
of the eight subjects complained of fatigue and difllculty in 
maintaining the dellned workload during the steady-state cycle, 
with two subjects failing to complete the 60-min training 
session. Burke et al. (3) reported similar subject complaints 
while training on a HFO. The increa.~ed effort perception and 
heart rate may be attributed to low glycogen stores and an 
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(HCD-CHO) inlervenlions. Solid lines. individual perfonnance changes. Val­
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Table H, Variables measured during the 4-km sprilJlS in response to Ihe f-IFD-Cf-IO and f-ICD-Cf-IO IrealmenlS 

20 k01 40 kill 60 km 80 km P Value 

Power, W 
HFO-CHO 289 (50) 291 (50) 279 (50) 268 (48) <0,01 time 
HCO-CHO J08 (56) 308 (61) 305 (62) 295 (55) 

Sprint time, S 

HFO-CHO 336 (26) 338 (26) 340 (24) 347 (29) <0,05 lime 
HCO-CHU 327 (27) 330 (31) 328 (28) 335 (3 I) 

Henrt rute, beats/min 
HFO-CHO 166 (6) 166 (8) 167 (6) 168 (7) NS 
HCO-CHO 166 (7) 166 (9) 164 (10) 166 (9) 

RPE 
HFD-CHU 16,6 (2,07) 17,6 (1.30) 184 (160) 18,8 (1.04) <0,001 time 
HCO-CHO 158 (266) 17,3 (205) 175 (2,14) 18,3 (1.75) 

Normalized lOMG amplitude, '/u 

HFO-CHO 33,8(126) 31,13 (1/0) 3 I ,2 (134) 32, I (IU) NS 
HCO-CHO JI.J (100) 27,7 (62) JI.2 (53) 294 (8,3) 

Values are means (SO), 

increase in sympathetic activation (Tables 3 and 4) (17,29), 
This has practical implications for athletes ingesting a low­
CHO/high-fat diet, for example the Atkins diet, in terms of 
lheir ability to train at high intensities, Moreover, athletes that 
rely on heart rate to set their training loads may fai I to achieve 
a desired power output and hence training stimulus, 

Although the HFD-CHO dietary strategy was associated 
with an increase in fat oxidation and an apparent sparing of 
muscle glycogen stores on day 8, overall 100-krn time trial 
(156 min 54 s for HFD-CHO vs, 153 min lOs for HCD-CHO) 
and 4-krn sprint performance times after the two dietary treat­
ments were not significantly different. Similarly, Burke et al. 
(3) and Carey et al. (6) demonstrated no overall improvements 
in perfurmance during a 7 kJ/kg time trial (lasting-25 min) 
after a 2-h submaximal steady-state cycle (3) or a I-h time trial 
after 4 h of constant-load exercise (6), However, in buth 
studies, there were individual differences in performance, In 
the first study, time trial time was H% faster in five of the seven 
subjects during the HFD-CHO compared with the HCD-CHO 
trials (.1), Similarly, Carey et al. demonstrated improved per­
formance in fi ve of the seven subjects after the HFD, However, 
these studies did not simulate race conditions where high­
intensity sprint bouts (.>90% of W rcok ) are integral to perfor­
mance, Mean power output during the 25-min time trial in the 
two studies of Burke et al. (3, 4) after fat adaptation were 281 
W (76% of Wpeak ) and 302 W (76% of Wpeak ), respectively, 
and mean power output during the \-h time trial of Carey et al. 
(6) was 312 :': 15 (77.4% of W rCilk ), The present study is the 
fi rst study that included high-intensity sprints (mean power 
output during I-km sprints >90% of W pcak) with endurance 
exercise, simulating race conditions, In contrast to the original 
hypothesis, we found that HFD-CHO dietary strategy actually 
compromised high-intensity I-km sprint power output. Power 
output during the I-km high-intensity sprints was l:ven com­
promised in the three subjects whose overall J OO-km time-trial 
performance was improved on the HFD-CHO dietary strategy, 

We postulated that this reduced performance might be re­
lated to changes in sympathetic activation associated with 
high-fat feeding, as we demonstrated an increase in LF power 
spectrum for HRV, suggestive of increased sympathetic acti­
vation after high-fat intake that persisted after I day of CHO 
loading, HRV has previously bel:n shown to be a noninvasive, 

practical, and reliable measure of sympathetic modulation (14), 
In addition, heart rate was similar during the I-krn sprints (Fig, 
5A) despite reduced I-km power output after the HFD-CHO 
diet, suggesting increased sympathetic activation during the 
HFD-CHO trial. Previous research (29) has demonstrated an 
increase in sympathetic activation during exercise, as measured 
by plasma norepinephrine levels, with 7 days of high-fat 
feeding, which was associated with low muscle glycogen 
stores, However, Helge et al. (17) demonstrated that the in­
crease in sympathetic activation during exercise with high-fat 
feeding persisted despite the restoration of muscle glycogen 
stores, An increase in sympathetic activation in response to a 
high-fat intake, as suggested by findings in the present study, 
has previously been associated with increased effort perception 
(17,27,33), The present study showed similar RPEs immedi­
ately after the J -km sprints for both trials, despite reduced 
power output in the HFD-CHO trial, indicative of increased 
effort perception for less work pruduced (Fig, 58), 

Similarly, EMG amplitude was similar between treatments, 
and it failed to track the change in power output during the 
I-krn sprints, This suggests that the decrease in power output 
during the HFD-CHO trial was associated with a relative 
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Fig. 4. Power output during the I-Ion and 4-km sprints in response to the 
HFO-CHO and HCO-CHO interventions, Values are means (SO). 
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increase in muscle recruitment (Fig. 5C), indicating that sub­
jects recruited a greater number of motor units for less power 
produced. In contrast to our findings, 5t Clair Gibson et al. (31) 
reported no effect of dietary manipulation on neuromuscular 
activity during a self-paced 100-km time-trial and showed 
similar reductions in power output and EMG activity during 
the I-Iun or 4-km sprints between the placebo and CHO­
loading exercise trials. It is not obvious how high-fat feeding 
increased muscle recruitment during the present study, but it 
may be related to the increased sympathetic activation associ­
ated with high-fat intake. It has previously been shown that an 
increase in sympathetic activation is associated with increases 
in EMG activity; however, this measure was during static and 
not dynamic exercise (30). It may also be possible that the 
increased muscle recruitment was a result of the development 
of peripheral fatigue due to altered contractile function andJor 
metabolic substrate perturbations (15). 

Ingestion of the HFO-CHO may have compromised the 
ability to oxidize the available glycogen at a sufllcient rate to 
fuel the high-intensity sprint bouts. The I-Iun sprints were 
performed at an intensity of >90% of W pea\;, during which 
muscle glycogen is the predominant fuel source (28). In con­
trast, power output during the 4-1un sprints was perfonned at a 
lower intensity (~78-84% of Wreak) and was not affected by 
the high-fat intake. Therefore, the glycogen-sparing effect of 
the HFO-CHO strategy, which was thought to be beneficial for 
endurance perfonnance, may in fact compromise high-inten­
sity sprint performance. This may possibly be mediated by 
changes in pyruvate dehydrogenase (POH) activity (7, 26). 
Indeed, studies investigating the effects of a high-fat intake for 
between 3 days and 3 wk on POH activity demonstrated a 
decrease in the active form of POH, suggesting reduced gly­
cogenolysis and reduced CHO oxidation (7, 26). Furthermore, 
preliminary data from 5tellingwerff et al. (32), using a similar 
HFO-CHO strategy to the present study, also demonstrated a 
decrease in mean active POH activity during steady-state 
exercise. Further studies, however, are required to examine this 
hypothesis. 

There was an increase in power output during the final l-Iun 
sprint in both the HFO-CHO and HCO-CHO trials, which is 
indicative of a reserve capacity. This suggests the presence of 
a pacing strategy (35), even though subjects were verbally 
encouraged to exercise as hard as possible during each sprint. 
The EMG amplitude of the HFO-CHO and HCO-CHO trials 
did not track the increase in power output during the last I-km 
sprint. In this trial, muscle recruitment was only measured from 
the vastus lateralis muscle. However, it is possible that the 
muscle recruitment of the entire quadriceps femoris was altered 
as subjects fatigued, and the maintenance or increase in power 
output during the last high-intensity sprint was the result of 
motor unit rotation andJor substitution (37) or additional re­
cruitment of non measured synergistic muscles (I, 8). 

In conclusion, ingestion of a HFO for 6 days, followed by I 
day of CHO-Ioading, increased fat oxidation, but it reduced 
high-intensity sprint power perfunnance, which was associated 
with increased muscle recruitment, effort perception, and heart 
rate. The mechanisms associated with the decrement in perfor­
mance are not clear, but they could possibly be related to 
increased sympathetic activation or altered contractile function 
andJor the inability to oxidize the available CHO during the 
high intensity sprints. Further research is required to investi-
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Fig. 5. Heurl .. ale (A), ratings of perceived exertion (RPE; 8), and normalized 
EMG amplitude (C) during the I-km sprints in response to the HFD-CHO and 
HCD-CHO interventions. 

gate mechanisms associated with high-fat feeding and compro­
mised high-intensity exercise perfonnance. 
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SI"'lll1',lT' Vl:rLt" .. )IlI!.) 

Abstnu:1 The dim or this was 10 eXal1l1lW sub-
maximal Isometric rurce uctioll hy percep-
IU;II or cxerllllii. 'l'hirly young adlliis perlunned 
isomelnc knee extcnsluns on an isukinetlc 
lcr. Jive dill'erl.:nt tests; the lil'st lest 
wa, the sallll: rllr ;ill htandard n;tlvc I,"sl), 

till' standard naive test. 

,SIlleS , 5U';,o and 7),';" or lheir maximum vuluntary 
L:ontrtlCllllll (~v1VC')), IVlt[\ [O()()/, MVC as tlte 
[ill;ll I i\llln1cllsities. including the [00';;" MVC, 

III t[IC llther fOllr tcsts trol 
pusl :::0';';, M VC and pust [00% M VC 

\("sts) Post 20'/,;, M VC' and [lost IOU'/';, MVC tests ill-
cilided isumct ric exercise at 20'/1) aBd 100% 
MVC' y, which IVere IlrIlJr to the 
test Rt'sults SilllW that ,Ihsolute 
lIlcrcasc(1 with i!ltenslty (/'<0'()01) d 
k,'>ts DUring Ille slalld,lrd IldlVt' Icst, absl)[ute force 
<II 25";', and 5()"10 M VC W,IS signi1il:alltly low,:r 
(/' ()()f)l») l:(lill 10 conlrol ll''>t 2, post 2()% MV(' 
and IO()% M V(' ieSls, ant! relative force was lower 
:11 <III inlel1sllic's tll ;ili other tests (I' O'c)(JI), 
!\bsolull' ;lIld n:liillvc peak force was most ,lccurate at 
50';'" MVC ( [2,()() N <llld 2.42%, Prior 

isometric ncrClse did !lnt all'ecllhe su unn 
response range In conclusion, lSOJllL'lric renTe 

W,]S lllos1 aL'cmale ,It 25'j'l) M ve but lIndn-produccd 
(percl:ptuaiiy llv,crestiJ11L1tcd) during cOlllr:lcliol1 
inlenslties a lll<lxilll;1i VoluliLlry ccllltrdcrioll 
(I()(JO{, The' alnlity to JlIatch absolute I'orcc Wilh 
tmgtl cuniractiull intensities was most ,lccur:i!e at 50';,;, 

M 1{('/llt' I 1<,,,,cllrcl1 L IHI r<lr L:,~"n:l'C Scicncc 
/Illtl Sp"r~" rl'kdlUllc:, t)Cl'llriIllL:nI or llUlllllll Illulugy, 
LIlIVl"'IIY "I' ("pc ['''Wll, 1'.0 11m; 11:i, Nc:wLlliCk 

C'apl llmll, SPilth AI'I'lC<I 
1:-!lUlI!. 
Tel 'i 
]'d\ )1-()K(,7~\U 

MVC dUring all nve tal conditions and pl)Or 
ends of the force domain. 

isometric exercise did not have an dTect 
response range. 

Isometnc exercise' Maximum volllntary 
contraction Perceived exertion' 

Introduction 

Perceived exertion call he delined as the 
of effort, strain, and/or 

d exercise" (Robertson and 
There is an increasing focus on the role of 

in t he oj' f:iligue 
and in the limitations to work output 

(II mnjlSllll el aL :::00 I) The of perceived exer-

and work 
understuod. 

correlated to and 

measurements of peri'orma nee 
but this relationship is not well 

H.esearch 0[' 

important for theoretical 
and for application 10 

and human and occlIpa-

met hods Ita ve been 
"elTon 

Rali() scaling procedures, magnitude estimation ,Int! 
magnitude production, are C0I11111lll1 and valid proCl'-

durt~S used in perceived exertion involving 
iJl>th static ,lIld cI exercise Mag-
nitude estimation requires the individual to 
]'ilte Ihe [evel or elron with a verbal llf number score, 
whereas ude prod lICtiOIl, the individual is re­
qlliruito exercise 10 intensities determined their sense 
or exertion. Recent evidence has shown a close 
corre/aLton belween subm<lxim:J1 is()metric conlractillJlS 
,Illel exertion measured via the Borg CR- [0 
scale (Pincivcrn el ,Ii, However, other studies 
llilve established thai the :lbility or indiViduals to ,lCCU-
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monel" 19')4; I'illl:ivero e1 al, 

scalc <lnri}(Jrs (liT 

vidual wlll1 a pt'fu.:plll<l I rani!c I hat is the salllc 
,llmllilis range (Il:. exercise in L as well ~IS .'ill 

minimal and maxim;li 
SlUt'S bdween jmiividunls (Rohertson and Nohle 
It has beell howl'ver, that dl'ml 

a milxunnl l'llntracllOIl 

a SlIbl1l<lXlmal contraction 
underestll1wllllll 11Illl1,)n t'l al 

or an M Vt' 

pen:ept ion al'lcr 
Cnl11m.,;iltllJ lnay he and confllund their 

estimilte force (Enoka and Stuart Il)(J~'). 

The alIllS or thl' present lhel'ei'ufc, lIsi 

mlUlk the suhnl;lXl-
mal n;spOl1se r;ll1ge 
1111IXi 111 a I force productioll ;IS all dIH:i1nr, (2) l:ol!1p.m.: the 
~lI)sl'llite furce tll the target force lIctillll or 
relative illlllnsi\lcs or M Vl', ,\ilL! C1) exulliinc lilt, elfeci 01' 

bOJl1clric c;xcrci~c; on the lIenl 
abi ill y tll Isome[ ric run:e 

or exerLlolL 

Thirly ac:tl\'e individuals (15 male and 
recruited to III Ihe 

were young adulls wilh a 
, mean or 66.7: 12. 

four warm lip iso­
metric eonlraclilll1s ur the knee cxlcm,ors, al a volulltary 

oUlput below their for 5 
10 il1lervals. The same 

ures for all till' 
verbal encouragement. 

The abs()lule peak 
e,lch rl'd COflLrm.:lIon 
Klll-COI11 isokinc[[c 
before eadl or 

isometric 
lute value 
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volul1tary 
50':/0 and 

encouragt:ment 10 
lhl! strllHlard na'ive lesl, 

the test t!:IYs Ihal i'oll(}wed Each cllntl'<Iclioll 
s scpnntlt'd 10 S Illtervais. or mort.: if :ldditilJllcii 

LIme W:IS 

j('"ll' J Ulid ] 

contrae-
Results 

s intervals. lllllf'C ir Absolute 
addiliol1al fe,t limc lVas reqUl'sted 

539 

could until volitional 
Cor 10 min before the same 

and relative 
relative roree cr­

the 

inleractiolls, Where 
occurred, a HS!) po:,1. hue 

force 

the dillcrences, Statistical 
when P' IL05, 

The results demol1slrale thaI force in-
1'0,11 ;H)'C'II'Sf erea~cd wi Lh eo III ra.l:\ ion 

Relal!ve 

rahle I 11(' ,\I,,,,IUI(' p"a!; rOtCe produced dutin)! I Ill' ,lund,ltd na'ivc Ic,t, 
or iii': l'XpClllllcnlrd s;1Il1plc ( 30) 

100 

1\ I' \ ;[1 cXI1l'l""cd Im.:an, 
1\1>:,(1II1I( )'cal, ""I i, r('I';)[I([ iii 

,\1;1111 imenS!1y' /' _. 0.00001 
1\1:1111 ilia I /' ()lIOO) 
inlc),;!CII"11 <:Ike I , f' !J.OIl'l 

and 100';;;, M VC 
Ie;;L bOlh cOlllro] tests ami the post 20'~'~, 

tests. Absolute and 50% 

k force 

lestS I lind ~ pus 1 

p[),[ 2()(:~;, MVC 
(I'oln: ItJ N) 

Posl IOO'!o MVC lest 
(Force in 1\) 

0,L 
,)f 

(hc 

the 
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Fig. I Th~ l:fI 01:" 01 lite a 
'Ihsollilc k i~\H1H'11 il I'nnx 
(1\ ) <Inc! II rl'l ~lll '" 
Isornel1'i ... .' r ( {;i;J , ~\! l<lrgl'1 
l:()nl r~lctl.()r! UllCn~lttl'S ,)1' ')(1 

and 7 SO:J MVC dlllll1g ,til 
c.xpcrimC!lldl CUl1dlliulb (i!' lile 
l'\p"nlllCllI~tl '~Illlplc, ;\:1 vahlVS 
;lTC Sil * 
p 

""nlml [c:-;[ 
, 

~~Ul) IJ MVC 
mid I (jO '~<, M It"ls I ,III 
Illlnisilies (ah,,'lnk PC:I" 
1') U!l1l'trll' I'llle" ! Ji j' (lOUI 

'l;tmbrd n:llvc k'SI u)lllrlll 
lc:sls I :ll1d 2, }()!i'IJ MV( 
am! 1 011 '~;, M l L'~; ! ~,; d I :ill 
III tl:n~~ll1C.'" I r,'1:i II \ C peak 
lSI )J1H'1 riC J"nnx) I rC]lrl;:~(,lll s 

HIlt: ,,:1 l:S I !I1ld !l\')ll \),' : tHL~:, 

rcprC"'llh O\lTl'sL!I1WlJllll ,'/" 
lorcc) 

a 

Q,) 
u ... 
0 
u.. 
-" ~ ro 
Q,) 0 a. ... 
~ 

... 
(\) 

::J 

0 
<J) 

.0 
<t 

b 

QJ 
u 
(5 
u.. 
-" ro e QJ 
a. 
Q,) Qj 

,?: 
ro 
ii 
a: 

~~bO 

200 

1"0 

iOO 

50 

a 
-50 

00 

-150 

?OO 

·250 

40 

:JO 

20 

iO 

0 

-10 

-20 

25% MVC 50% MVC 

_ Standard Naive Test 

I~cg Control Test 1 

L-=-:J Control Test 2 

r---:-'-l Post 20% MVC Test 

75% MVC 

_ Standard Naive Test 

1:<,1 Control Test 1 

c::::J Control Test 2 

·:30 ' 11 

-40 

WClt: 1ll,J(le between lhe largel contraction 
inlt'nsities and the absolute and relative 
iSllllletrtl' I'O!Cl;, 'liid tile \.;fl'll!S were then calculated 
(Fig. l:t, h). The ,I hSll lute furce ermn, I'" the 
slandard na'il'l' lesl \Wlt' dilfcrent 
(pc O,()OI) fltll1l cLllltrol te~t 2, post 2()'~;, !\!VC unti 
100";, MVC ksts, al ,III Illtt'llsllies ( la), 'fhe relative 
pt'ak fDrce ,'rllll'S \)ltl1t' .-;lalld:,lrd llaJ'Vl' It'st \V,IS 

c<Inlly dlffcrent (fJ CUll) I) irulll control \e~ts I CllJd 2, 
MVC ,Inti IOO'!" MVC tcsts al all intensities 

cOllsisten ovcr produced IS0111elric 
['nice LllldeTcstim;lted) ul 25';/0 M ve, ex-
ccpl tI standard naivc ICSt.. Isollletric forcc al 

50% ilnd 75% MV(' IIltclJsilies was luwer Ull mosl 
,lCcaSIOIlS tilall eq III vCllent pacnl 1 values or the target 
Ctlntractl,lll I1ltellSities I uverestlnwtion). 

tended 10 he less aCCliLltc Cit dbsollilC 
fcm'e vvith the targct cOIlI!'uclion intensi1ics at l'xtrl'llle 
ends or till' r,lITC d01l1ain lind the most accurate ;11 50",1" 
MVC (Tdblci) 

Discussion 

The must ur the present siudy wus 
a nwximal volulltary 

Ii 

25% MVC 50% MVC 75% MVC 

contraction (uscd as an anchor), was most accurate at 
the low and Linder 
produced overestimated) at higher per-
cl~ptual intensities. Subsequent exposure to il I()O'~';, 

IVI VC resulted III a better j oj force 
vulullt<l!'Y contractiolls at 50'~;J <llld 75':1., MVC guided 
hy the perceptual o!' exertion, Match-

isometric jorce with target contraction intensities 
lended to be less ,tCClInt le al ends of the rorL'C 

dllJ1J<lm (2S';;, ,Ind 75';/0 M all live 
lllental conditions, 111 additilll1, submaximal 

isometric exercise did nol ,llket 
response range, 

produced ring the standard naIve 
test, whcre the m<lxim,i1 voluntary contraction (100",;, 
IVI was lhe most accuratt' at 

!icHnily lower than the isometnc 
force produced at the SO% and 75':';, contractiol1 inten-

the utller rour lcst II is ullclear 
Sli judge force at the low 
C(lntrac!wl1 These rt'stilts dll 
11Owt'ver ~lIggcsl, range at 
euntractiull intensities was not established with llO 

k or olle's maximal force genenlling 
and therefore a dissociatioll exists between etfort per-· 

and rmce tllilput in an LInder produc-· 
IItlll or !'mee (perceptual at submaxllllal 
contractioll intensities and 75'Yt, MVC)_ Horslman 
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T,lhlc 2 Tile lelallve il';;lk 100111l'111c' fell,",:;l1 111<' l"r11el c',l1l1r;ICllun 11lll'Ibllics dUl'IlIg lite slrllld"rd naIve lest, conlrollesls I and 2, post 
20"." MVt k,1 <1m! 1'0,,1 II)(I"!~ MV( le,1 ul Illl' c\l",rlllll'lllal "lIl1pic (N 3(1) 

COllILIl'II()1I 
illll'!)~Jl)- l \I u) 

S I ;llllLlld 
na"lvl' k.')l 

( !~,';) J 

",r,LJ 111 
',1)1 1(,= 
5·t3 , i{),() 

( \llllllli 

h~.')l I 
( (~ II ) 

11,(' I 

4) 01 I,U, 
(,::: 01. 

;\11 V,tI'I,'s ill" cXPlcs,,,:ci ;1, mc'unl SD 
ReI,IIIY,' ['l';lk ["'IU' IS Illpolled <I,; '1 pCl'<-'<:nl<l[;c ('~',,) (d' Illl' abs1l1uk 
i"'<lk IOll'l' at emh l'C1l'Cl y <xl conlraclion illlClhity 

llwl tr,IIISICllt 
llex p~l t 
C(lIllIll<llHj, II)' ;IL'! 

dlorl perecpllOn 
The :Ibilitv tIl crCCl! 

l:l'pIWII I' or c,ertiol1 to be p()orer 

dt OppuSIll' ends uf the Corce dOll1<lin where /'oree WilS 

(llcr :It 25 1;;;, MV( ami under 
VlVe. The most accurate j I 

uf ISOIlIl'tllC flll'ce occurred at 50% MVC, The present 
lindin,l!: is III ;Ign:ement with research .I0llCS 

,llld IllInter (Il):,::') who showed that forces under 40'~/{) 

M V(' WLTt' (,(lJlShlc'n over /'orccs ,Ihove 
(,0"/;) M V(' tlillicr Ill'eLl ,lllll 1 he mosl ,Icnmile uc-
cllrrL'l1 dllllinti the lllllldic or the forcl' dt)lJ1,lin, Simil:lr 
rcsults WCIC ;i1,1l illlilld ilv Kunwr ,lllll Smllllllllds (llJ'J'i) 
wi\() Ihlld :t i!rJjl, JH1I\l'1 and sltlLl!, 

ildivily ill Illl',I'ilirC ,1l'Cmill':Y 'lIll.l till' reli,1 01 drlll' I 
dUring thl~St> ~Il'llvitie.s, This 'it tuumi ,I 

:-.yslell1illw hl:l, <It ,til suhm;l:-;iIl1<l1 fOlce conlractlons 
cxcellt rt t '1O<~" M V C The I'ofce a l 6()'/I) alld SOL)';) M VC 
Wil, l(lwcr whercas at 20% MVe WilS higher than the 
,) lallil's haSl'd Oil the MVe' Llcksun ,1Ill! 
])lshm:1Il ('Olilll measured pl:rcCIl'cd subm;lxim~d Corce 
pruductIuIl uSing 'I dK'Sl press cxercise In the order oj' 
'~):i". ',0"", "I' IIJa\illllll1l dnd a linid MVC, JnL! 

Ileli,)11 ur IOll:C at 25'~'" MVC and 
al hoth '10% and 75"/~,VI V(' 

'illbll' 3 The ,11""lucc '11lll Il'LIII\c' 1'<1<1[, :'olccllrrllrs 
C',\l'crilllcnlal c'll1lllillUlh "I lh,' 1;lrgL'1 c(llllraClioll inlcnSl 
l'X1''-'I'illlelll;iI "I!lll,ie (:\1 ,0) 

;iI: liVe 
01' Ihe 

(',lIlIl';ll:IIPII 

illlcll'lly (",,, I 

Ab",[ulc 1"':,11. 
j'urcl' CJ l'Pl 

(l'orcL'lIl N) 

~3,hX 

120(, 
l) I 20 

ReiallVl' peClk 
l'oru; ('I rut 
(1-<'Ul'lT (l~ (\ !:<)) 

~ ,j.:' 
14l)~ 

n:pn.'\l'!ll 'J L!Jldl'I\~:')[ jnl~l thljl 01 I'lllTl' lTprv",CI1 h \ J\ LTl"stltnatlull 

ur j'1)ITC 

( 01111'01 

k.')[ '2 
(° 0 ) 

q 'i I 14 ) 
4~,1 I, l.' 4 
5(, (),J ~U,() 

Po,t 20°!" 
MVC lest 
( "I,.) 

Y),I .t 12,0 
510.1" 15.4 
62,0 -t 14,3 

M<lllI effects, 111lCilsily' P 1),()OOOl 
\Llin L'iICch, Inal: /J = (J.()()OOI 

when force 

Post WO<Yo 
MVC ksl 
(%) 

17,6 12,1 
52,7 13.4 
(,:i.1ct 14,2 

It Hppears that of this result occur~ 
whether thc contraclion intensities are presented 1I1 ei­
ther il linear Ltshion (Jackson and Dishman or in a 
ranliomised manner (JonG~ lind Hunter Il)~Q; Kumar 
and Simmonds 1':)1)4: Pincivcro et ill. 2tl()<,;I), 

The reason for thiS perceptual ova-and-underestl­
is not immcdiately clear It is possible t1wt since 

musculature of the c:-;tensilln is more 
involved 1Il gross ll1Dvemenls rela III 

power, it IS insensitive in identifying and per­
forming the luwer levels of /'orce such as those feq uired 
in line llluvelllenls titus ual underes­
timaliull (,I Dnes and II unter 1 

Sli 

inlcnsilies LIS a proteclIvc rnecitalllSIn, in order to 
maintain a reserve y and therefore prevent 
meclianlcal and damage which may occur 
from maxnnal rorce generatiull, Another lion fur 
I he inaccuracies may he the absence oj' an 
~Inchuring process, which allows lhl; 10 cogni-
I establish a perceptual range a low and a hi/!h 
rel'erl'llce et a l. 200Ja, 

In lhe present we introduced two dilkrent 
fal a maximal IC\O':;(J MVC and a sub-
maxllmtl 20';/0 M VC test. Central ancl 
i'at has been showll to develop during maxirnal and 
Sll bmilxlll1al sustained voluntary muselc contractions 

nd-Ritchie et a!. 1 ISOInelric exercise was 
used during the /'atigue te~t to he consistent with the test 

that I'ullowcd, II has been found that 
the make 

Judgements of force (Uandevi,1 and I 
Jones and Hunter ['J8:la), as well as Increases elfort 

and Hunkr lOur results how­
cver, suggest that a 
exercise: did not 
lu match isometric foree with targel contraction intcl1-
silles, 

;\ explanation I'or the contradiction 111 re-
SLllt~ may he the dillcrencc ill the with 

tll thc fatigue tests, A 10 min rest interval was 
given to Sli in lhe presICnt after lile ratiguillg 
isometl'le exercise before performing the tICst 
Resl intervals or 40 s compared to 160 s (I'incivel'll 
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111111 (Woods c:t ~iI, 200A) 
lW!IVl:cn CXl:ll'bl' bOlilS haH' showll 110 
reJV\.'d e.\crliolL and <ielllOllstnl 

eeiVt:d eXertIOn 1ll,IY \lot he alketcd 

Oil p\:!r~ 

that per~ 

rest lllknai 
or may !lut he a Sl'nSIIlVi:: Indicator or l11L1sck 

recovery II 
1Illerva!s 0(' 
ll1l1scle r 

spcrllve of 
lal excrCIS,:, Furl II Drk required 10 

illve;;llgalt' Ihe CUllS,: or percl'pllwl ()ver,,'stlmali,lll al the 
ll)llIr~leliLlIl inlellsiln.:s and the actlll: of 

1d11,12.11C 011 cXl:rtioll the 

dllcllllil method, 

;llld Ihe 1 laITY 
"j' tlie 1:llIVl'ISIlI ,,1 ('ape '1,)WII, 

('nlilleil ofSOlllil!\ 
Sldl)' H.cs,"lrch rU1Il1o 

111.:,lItli ,lllti tilt: l'\,\. 
Il<lnal Rc.:s"'lrl'll hJlllJdilll<lIl "f Sml1ll l\fric,1. !11<; TIlRll' 
IlIlIi'IIIVc'. pro\ lekd 111I,llIel<l1 Ihis 
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