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ABSTRACT S

The primary purpose of  this sludy was o in.vcsu’gatc the effects of va{io’us
ambient  (emperatures 6n the . anacrobic thrcsholq as 'dcl‘crmincd by gas cxchange
parameters. Twelve endurance trained male cyclists and skiers r_an'ging in age from
171 10 292 (3 = 22.1) parl‘icipatec'i in the study. Subjects fested in the temperature

o .

controlled chamber ‘umil stcady slat‘e.was}reéched afterwhich  thev underwent an
incremental égcrcisc test until cxhausfion on a bic_vc'lc crgometer. They were  tested /in
ambienl lemperatures of S C _(.cold).} 25" C (ncutral) and 35 C (hot) on separate .
~occassions. The order gf‘tésting Was.r.andomiz,cd. The power outpul ‘at which the
anacrobic threshold -occurred was similar in all of the conditions. Significant
- differences ’(p <'().(55) were ‘fpund with respect “to oxvgen consumption'al‘anaerobic

and. hot

threshold in relative terms; however this was only true between the

L N
-conditions  (58.3 and 53.1 ml/kg/min respectively). A significant  difference (p - <

0.01) was" also‘noted in the relative maximal aerobic powér between the cold and
the hot Lempera’turesl (67.0 and 62.6 ml/kg/min respfeclivcl_\').. The absolute oxvgen
consumption at anaerobic threshold was significantly- lower (p < 0.05) for the hot
Lempcr’éfurc (3.9 1/min) .whc’n compared to the neutral and cold C.ondilions‘ (4.3 and
4.2»7;71/7r7nmin ,_,_TEVSPEGQY,C]}')_;,Ibr,f-‘_,‘f_:!l??&,_i@i_c -at anacrobjcﬁtﬁk‘]_rrcshold was  significantly
fdif.ferem' between the subject groups (p < 0.0i). Thé heart rate in the cold
condilion was sigriiﬁcamly lower (166.1 bpm) when comi)ared 10 ‘the neutral j(l78.7
bbm) and the hot condition (174.2 bpm). Maximal heart rate indicated a similar
' trend wilh.sig'nifiéanl differences again noted 'bcthwcen'vsubjects (p < 0.01). The heart
ra‘e. in the cold temperature (179.3) wés again significantly lower than in the

neutral (186.2) and the hot temperatures (186.6).

v
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Chapter 1

INTRODBUCTION

The concept of  maximal acrobic power as an indicant of performance as well ag

descriptorof - fitness level  has become  an aceeptable parameter for coaches  and
researchers alike. Traming  prescriptions Tor  endurance  athletes © often wilize 1
percentage  of  their maximal  heart rate .ol a percentage  of  their maximal  acrobic
power. Prescribing an arbitrary pereentage of maximal heart rate or maximal acrobic
power assumes  that  the  workload is  standardized  because 1 is pelative 1o the
mdividualss maximal aerobic capacity. This mav not  be completely  true. The . primar
hmitation  with  this assumption is that the Iength of time that an individual can
-

maintain & given power output is directly dependent on the pereentage  contribution

) . N , ‘
of anaerobic metabolism 10 the total metabolic demand. The anacrobic threshold | can

1

be defined as "o the level of work or ovvgen consumption _just below ahat at which
| .

\

metabolic acidosis  and  associated  changes in gas exchange  occur.” (Wasserman  and

-
Y

associates. 1973). Cessation ol exercise  usuallv  occurs  within - minutes  after  this

-

threshold s reached  (Stegmann and Kindermann, 1982).

h Although Katch and associates. (1978) have shown that & wide range of

anacrobic thresholds exist for sedentary people (i.c. 50 (o K5 %VO;) MacDougall

.(1977). Thoden and as:socialcs, (1982) and Dwver and Bvbec (1983) have iﬁdicaled
that cndurance athletes have higher anacrobic thresholds. When ~th onset of muscular
anacrobiosis can be delaved, lipid metabolism can be  utilized for a longer penod of
time  while  the Licmmcmal effects of CC“UI;H acidosts 18 delaved, thus mlabling the
alhlc;c to continue exeraise. It can  be !s,zlid‘ that  the anz;crobic threshold 1v &

reflecion of non-uniform metabolic stress which results in dissimilar training stimulus

(Dwyver and  Bybee. 1983). Training appears to increasc the anacrobic - threshold



(MacDpugall, 1977, Denis  and associates, 1982 and the  threshold appears 1o be
: L]
specific (8 the (raming mode (Withers and associates, 1981). o«

Reeentlv, 1t has bheen sippested  byooseveral smvestipators that traming

presciptions may be optimized by ousimg a0 relative stress threshold. sdentified as  the
P '
. *

anacrobic lhl‘(_‘.‘%h()ld (Wassc‘?ﬂrnmn and associates, 1973 Kaich  and .'lfx.\()(l.‘ll&‘:\, 197K
Weltman  and  associates, 19790 Kindersan and associates, 19790 Dwver and  Bybee,
1983). Since it represents a metabolic transition point where lactate production  eveetd:
rpnuwal rate, the anacrobic threshold may be a More meamngful method ol training
prescriptior (MacDougall, (1977 Dwyer and Bvbee. 19%3). The suggestion  underlying
this point s that the magnitude of a traimng  cffect mayv be dependent on whether
an arbitrary - preseription for training (i.e. % Maximal acrobic power)  lalls gbove or
below the ndividual's anacrobic threshold. Stegmann and  Kindermann  (198)  consider
the anacrobic threshold o be a better predictor of  endurance performance  than
maximal acrobic  power. Rhodes and McKenzie  (1984)  as  well  as Fanaka and
Malsuura‘ (1984} have dcmonsgalcd high L‘()rrclalions between the treadmill veloaity  at
;m:wr()»hic threshold  and marathon running performance. By determining the heart rate
al anaCrobic threshold. c()a/chcs may uulize a relative  training prescripnon for chite
athletes ¢Dwver and Bvbee, 1983) Thus. the intensits of work can be deseribed an
terms ol the individual's ‘anacrobic/ﬂlhrcshold,

During dynamic exercise several cardiovascular adjustments  occur to facilitate
blood flow to the” working muscle. By ihcrcasmg the heart rate, stroke volume and
vésodilalion, the rate of oxvgen delivern and- removal of metabolites is enhanced.
With  the combination of 1we strc;sors. i.e. exercise  and  ambient  heat, the

cardiovascular svsiem appears 10 be in somewhal of 4 compronmising  situation. In

adgm'on to meecting the demands of muscle metabolism, the heat generated by the
\ -

working muscle must be dissipated against an wncreasingly smaller thermal gradient. If

the exercise s of sufficient intensity  and duration and the thermal SLress 18
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! i Fl i ' . .
~ sufficiently high.‘I the resulting cardiovascular stress is manifested by an elevated heart
. : , . ‘

- of circulation for. thcrmorggulétor}'

)

| S i )
rate (Fink and’ associates, 1975; Astrand and Rodahl, 1977). Bchavioral responses are

- implemented by ho‘mcotherms when. exposed 1o cold temperatures (Greenleaf, 1979).

4

In addition, /a cardiovascular shift 'in blood distribution occurs which enables the
/ g ' o ‘

core lemperature (o - remain relatively stable. I these protective mechanjsms are

o

inadequate, a negative heat balance will ensue. It ‘is éuggested that the redistribution

purposes in  the f_ical. comprorriises the blood flow )

which normally is increased to the working muscle. Because less. blood - is available

and therefore less oxygen, the heart rate is increased (Claremont and associates,

1975; _Nadel,v'1983). Therefore, it s, appér&u that Lising 'lhearl rate -at anaerobic

threshold as a training ‘index. may not be appropriate if (hermal stress throughout a

training scason is varied.

. S Q4 ‘
The cffect of temperature on oxvgen consumption is rather obsure. Fink. and

a'sséciates (1975), and Dimri and associates (1980) - faund signiﬁ»‘canl increases in

maximal aerobic power, during excrcise in the heat, while Claremont and associates.

{1975) and - Giiman and associaies, (1982)" indicated that the higher oxvgen uptake
e . ) o ) f )

values were achieved in cooler temperatures. However, there does appear to be a

‘greater proportion of a‘naérobic ‘metabolism with work in the heat, as cvidenced'b_\'

'elevate'd‘ ‘blood lactate levels (Fink and associates, 1975; ‘Astrand and Rodahl. 1977,

Dimri arid. associates, 1980; ‘Nadel, 1983).In light of these fir{dingj; it would seem

‘apparent that the anaerobic threshold is altered in proportion to a change in
".maximal aerobic powcf. If" this is’ the .case, training prescriptions derived from a

.maximal aerobic power test, may not be appropriate. However, because of - the

- ¥

paucity of data on -the response of muscle metabolism to heat stress  one can pnl_\‘
speculate as o the subsequent effects on anaerobic threshold. N
Davis and associates, - (1976), Hughes and associates, (1982) and Kumagai ‘and

associates, (1'982) have reported correlation coefficients- of 095, 0.82 ahd 0.91

-



. respéctively for the the determination of anaerobic threshold by respiratory measures

v

compared to blood lactates measures. In this study thc anaerobic threshold will be
determined by a non-invasive technique in order to investigate whether exercise in

‘cither a cold environment (5°C), neutral environment (25°C), or a hot environment

(35°C) will elicit dissimilar ‘metabolic responses, as’ manifesied in an altered anaerobic

threshoid.

/ *\ \ - ) . £
A. Statement of the Probiem

The primary purpose of this studv  was to investigate the effect’ of three

ambient lemperatures on the onset of metabolic acidosis as measured. by gas
. - ‘ M " ' ) B . .

exchange parameters, An  additional , purposc  was to examinc the responses of

.
B

endurance athletes accustomed 1o training in distinctly different ambient temperatures..

'
v

B. Delimitations of the Study

1. Twelve healthy, trained male. volunteers. between the ages of seventeen- and

thirty vears.

o

The protocol and testing equipment used in the investigation. .
™~

3. The random assignment of subjects to the temperature  groups. -

B

4. Three maximal aerobic tests on a bicvcle ergometer at ambient temperatures .
| [ .

of §C. 25 Cand 3 C .



C. Limitation§ of the Study P R
. ;’h

1. The diets of ‘the subjects involved.

[

Motivation’ of . the subjects is limited 10 investigalor encouragement and

\ individual motivational Igvels.
/

3. Experimentor and equipment error.will limit the study.

4. The statistical methods o be utilized 10 analyze the data.

S SO\
D. Juktification of }he ProBiem ’ .

K

A good proportion of North Americans arc exposed o a wide range of

)

ambient temperatures annually. For athletes who train at a specific heart rate in
/ S ' ‘

regards 1o their anaerobic threshold, such as winter tri-athletes or Cross-country
skiers* who train vear round, thc combined affect of exercise -and ‘varied thermal

stress  may quantitatively and/or qualitatively effect " the -onset of ' the individual's

anaerobic - threshold resulting in a dissimilar training stimulus’

t

E. Definition of Yerms

1. Anaerobic Th\reshold (AT) - is considered to be the individual anaerobic
threshold and . was graphically determined by ob_serv'ing a sysltemalic increase
in the oxygen equivalent (Ve/VO,) without an increasc in the carbon dioxide

‘equivalem (Vc/\’CO;)M assocx’atcs, ]979\ Skinner and Mcl.ellan,

1980).

2. Maximal Aerobic Power (MAP) - the peak oxygen uptake value obtained,

during’ an incremental exercise test to exhaustion.
SE .
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4
3. Maximal heart ratc - peak -hecart rate observed during a maximal exercise

lest.

4, C\old temperature - refers to the chamber temperature of five degrees
Celsius

5. Neutral temperature - -refers to the chamber temperature  of twenty five

degrees Celsius

6. Hot temperature - refers to the. chamber temperature of thirty five degrees
N
Celsius _ )

7. Performance time - length of the incremental exercise test to exhaustion

&. Mecan Body Tempcraturé‘ (XBT) - ~was_ determined by "thc weighted formulac

'
~

of Ramanathan, 1964 (87 of the core temperature  plus .13 of the mean
|

skin temperaturc)

9. Steady State - was reached when skin temperatures remained constant (*+ .1

. C) over two conseCutive readings



Chapter 1

REVIEW OF LITERATURE

. |
0 rgv ‘
A. Anaerobic Threshold and Performance ‘

The ability to perform work at a given inignsity and for a given duration
varies cdnsidc"rably between individuals and is dependent on the onset of metabolic
acidosis. The prolor\lgalion of an acrobic cvcm' bevond this critical poInt s usxially
limited to scvcrglv min@les (Stegmann, 1982). In stcady state. cxercise, at a workload
below this thresh@ﬁd, the lactate which is produced is either buffered in the blood
by bicarbonate a‘iO"ns‘ “{jﬁ, readily used - as a gubstralc. Thus, production and uptake

“

are };cpt in cquilibrium or reach a new steady-state »\lch].When the demands of the
working: muscles for dxy'gen exceeds the amount of oxvgen which can be supp‘licd‘
‘the: situation gradually requires that morc of the cnergy be supplicd by anaerobic
metabolsim, resulting in exponeniial increases  of . blood lactate. The “onsel  of
. anaerobiqsis significantly alters subsgralc\ utilization as is manifested in elevated bloéd
lactate EIC\'cls. Anacrobic threshold (AT) can be defined as “...the level of work or
oxvgen consumption just below that at which metabolic acidosis and assg;ciaxed
changes in gas:cxchaﬁgc occur."(Wasserman and associates, 1973). |

It is apparent that this relative stress threshold is the critical point  which
detergrines the duration of'.work. Like maximal ac-robic power, the AT is lower in
sedentary people or non-enduraﬁce athletes. Davis and associate5‘(.]976) determined
the ATs f:or arm cranking, leg cvcling andllrcadmill walk»ruﬁning to range from
46.5 10 63.8% of maximal acrobic power (MAP) lva]ues for sedcméry males. Ekblom
and associates . (1968) énd Reinhard . and vass"ociates (1979) obsqrvcd that the AT
occur;ed al .approximately 55% MAP, in un}raiﬁcdg individuals. In  middle-aged.
‘untrained meﬁ, Davis (1979) found their ATs (o ‘be"al. approximately 65% of

maximal heart rate (maxHR). Heart diseasc patients have been observed to have low



N
AT (Wasserman. and Ncllroy, 1964). In a study on competitive swimmers, Smith and

associates  (1982) found higher ATs (90.4 %MAP) for endurance swimmers when
compared to the non-endurance swimmers (65.9 %MAP). Costill (1970) - found similar

results with non-endurance runners.

’
i

- Working al'é specific percentage of cither maxHR or MAP could p(#\rhaps
.rcsull in  non-uniform str,éss between subjects, because they may or may n(;t be
excfcising below their AT (I)w'yc] and Bvbee. 1983). These authors observed j[}‘]al in

P . 4
a largcl’-'n?nge of 70 o 8\560 maxHR, dissimilar worf occurred among subjects

because a number of the subjects exercised above AT.{In light of their findings, it
would seem rcaspnablc ld suggest that prescribing target heart rate',zon~c$ has
li;nilations to individuals who are active but not trained. In addition, it may partially
‘cxplain the magnitude of a training effect when arbitrary percentages are prescribed
as a training index. In a large group of non-athletic, normotensive. middle-aged
males, Dressendorfer and associates, (]981).found that 71% of the subjects studied,
who werc exercising at either 85% of age-predicted maxHR or 85% of actual
maxHR, were exercising at hcarl rates above their AT. Mcasuremcm’ of hecart rate at
AT may provide endurance athletes with an index. which optimizes. the aerobic
system  without the de]etcriol;s affects of ‘metabolic acidosis.

It is apparem_[hal AT is subjec;l' to a training stimulus. Davis and associates
(1979) found a relative and absolutc increase in AT of 15% -and 44% respeclively,l
in middle{aged males after a nine week endurance program. Their training consisted
of working at 50% and 70% of th.'c difference  between  heart ralé al anaerbbic
threshold/ and at maximal acrqbi’C power. Denis and associates (1982) as well as

, B
Ready and Quinney (1982) found similar increases after twenty and nine “weeks

training) respectively, However, Skinner and assébialcs (1977) and Gibbons (l%’lﬁ)’. did

o

not find increases in AT after training.
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According to Kindermann and associates (1979). workload intensitics  which
correspond to or which arc markedly higl'lcr than AT, can be maintained for long
periods of time. They found that when work wés maintained around an individual's
-anacrobic threshold, cven if blloqd lactate levels were - elevalted., stcady-s‘l‘alc would be
reached, thercby cnabling #c athletc to continue excreise. Stcgmann and Kindermann

(1982) support this obscrvauon and in addition found that if the workload intensity

] -

Al

was p;escribed according to the "AT criteria of 4mMol, lactate concentrations were
drastically increased in most subjects. resulting in carly exhaustion in the 50 minute
éxcrcisc test. In a twelve week 'Lraining study on females, Henritze and. Weltman
(1982) found thal‘ working - at or slightlv above the workload'corresponding to the
onset of blood lactate, was a critical factor }'or cliciting changes in maximal acrobic
pdwcr.Tk.xc findings of l.aFontaine (1982) Qupport this _concept of utilizing a training
intensity in terms of AT. In light of the ab(‘)rvvc evidence, it woﬁld seem reasonable
1o suggest that acrobic training in gencra]. will probably result m an incréased AT,
reflecting cellular adapLalions 10 an increased oxidative capacity. More specifically, thé -
magnitude of " the tralining effect wouldv seem logﬂ be  dependent on 1h¢ intensity of'
work in terms of the in‘dividﬁal's anacrobic threshold.

Furthermore, it hﬁs been demonstrated by a number of investigators that AT
is probably a better predictor volf performance than maximal acrobic power. Ac;ord‘ing
to Weltman and. associa‘les. (1978), bap'preciable differen_ces ‘were  found among
individuals of similar MAP at ‘Submaxifnal workloads: they suggest that perhaps the
onsct of‘-hélabolic acidosis should be used in submaximal fitness testing. Farrell and\
.associaLes (1979) found a_correlation of (.91 bciwecn lreadmil] velocity al the onset
of plasma lactate and distance runmng performance.dn a nmc month Lrammg study,
Tanaka and associates (1984) found significant improvements in MAP and AT, vel

the AT was consislcn[{y higher in its rclgq,tionship with  running  performance

throughout the study. They also found that treadmill velocity at anaerobic threshold
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was closely related to race time. This is in agreement with Tanaka and Matsuura

\
(1984) as well as Rhodes and , McKenzic (1984) who ‘also found a high correlation

between the AT velocity on the treadmill and marathon time.
The specificity of training-lesting appears.to be well docurhented in terms of
acrobic pO\;vcr.Thc prixﬁary rcason for this, seems to be rclated to the efficiency of

muscular  contraction and motor unit recruitment pattern (Verstappen and associates,

1982). It is rcasonable to cxpect a similar specificity of training-testing in regards (o

VAT. Wi‘lhcrs and associates (1981) found that there was no significant difference
between the AT of cyclists  or rumiérs .on a bicycle ergometer or on a treadmill.
HOwéver. runners and cvclists' had significantly greater ATs when measured on the
‘crgomcl'er which best simulated their training. It Ais interesting to note that Paync.
a‘nd‘ LLemon (1982) obscrved that the AT determined in terms of MAP obla.i.ncd
from the trcadmill was higher for the treadmill than the, tethered sWimming for
‘male compelil-ivc' swimmers; when the ‘AT .results were ‘given in terms of %MAP
which  was mode specific, there was no significant dif‘fefencc. The reason for this
diécrcpanc_\‘ IS not kpowﬁ. In active bul,_nol trained subjects, AT and MAP  were
“higher on the trcadmill than on the c_vcle'érgomclcr (Fairshter and assécial@% 1983')
suggesting' that this ‘wa,srprobabl\. due to a ércaler muscular méss utilized during

\

running.
B. Anaerobic T‘hre;hold and Cellular Metabolism

| The. Cf‘f'icaé)’ of the human bodyv Lol mec[ the demands of wor‘king“musclﬁ
has been well established. II)uring CXCTCISC \Lhc ,ihtr’acellular ATP/ADP ‘raiio Tegulates
glycolvsis and glvcogenolyvsis  ( Withers and associates, l%ﬁl). When  the ’mctabolic._'
dcrﬁands arc increased, adjustments arel' made by the cardiovascular and pulmonar_\'
Systems, which ultimately results in an increased availability of molecular oxygen for 

the working muscle. Thus a steady-state ensues and the ATP/ADP ratio approximates

3



unity. It can be said lha.l a new cnergy cquilibrium s reached.

In cxcréisb below the AT, H' are buffered in the blood by bicarbonate ions
or the lactale is oxidizeq by  various }issucs, including liver, cardiac and  skeletal
muscle (Astrand and Rodahl, 1977). Lactic acid cans be, oxidized by the same muscle
=07 by the neighboring musélcs (Karlsson \m(l Jacobs, 1982). Thus, there may be no
measurable lactate ‘accumulation, as slcady)slalc has -been reached (Karlsson. 1979).

.y .
Conscquentially  the” integrity  of the cell has not been  disturbed. Stegmann  and
‘Kindermann '(1982). have postulated lh:;l the maximal lactaic steadv-statc can  be
considered o be the individual's anacrobic lh.rcshold._'lmplicil in such a concept is
. -» ! !

that there is a continual formation of laqalc, c;'cn when molecular  oxvgen  levels
a;e adequate for acrobic energy productibn. Hollosz}' (1976) attributes this to the
ovcrsUnmlalion ol glvcogenolyvtic pathwayvs. i

There is substantial - controversy as o the exact reason for the rapid increase
in blood lactate secr: during incremental CXCICISC vtest..lon"cs' and Ehrsam (1982) point
out that a‘numbcr of possible . theories exist. The idea that the muscles become
hvpoxic during cxercise and therefore lh(“.\f have to resort to glvcolvtic pathwavs for
CATP @ncration. has been refuted by some invesligalors.S’kmncr and Mcl.ellan (1980)
on the other hand suggest that a reduced or occluded muscle blood flow is partial!)
responsible for anaerobiosis. Thev also suggc's"’lv that an increased recruitment of
f'ast-g]ycolylié fibers and/or a change in Lh(g: substrate ratio mav also contribute 1o
" anaerobiosis. Jones and FEhrsam (1982) have "also considered the possibility that a
change in the regulalor_\" enzvmes of glyvcolvsis, may result in an increased production,
ratc ol pyruvate which exceeds its oxidation rate. Although the reasons behind this
_increase  in “blood lactate remain obscure, it is clear that such a phenomenon does
Lgrul,\ occur.

Il the intensity of exercise is increased to supra AT levels, it induces a

relative oxygen debt. In order 1o continue the high rate of ATP production, it seems

rd
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apparent  that  anacrobic nlclul)uli.\"rn would l\(."qvv to contribute to more of  the total
energy  production, resulting in clevated  devels  of lactate. Thus  the  formation  of
lactate and uptake or removal are out of equilibrium. Lactate  kineties  then s
partially determined by ATP  turnover and nvnila‘l‘wilil.\ of  molecular oxyvgen (Karlsson
and Jacobs, 1987).

When anacrobic mechanisms are used to generate ATP, the majority of the
resulting lactic acid will be  dissociated  and the H is buffered by bicarbonate ions
(Wasserman and  associates,  1967). Carbon dioxide and H' are the end-products of
(his rchaclion. Therefore  as  rate of  lactate I'ormlétion is increased, there is a
concommitant rise in the fractional expiration of carbon dioxide. Herewith lies the
premise for non-invasive measurement of AT (Wasserman and associates, 1973).

The increase 1in hydrogen ion concentration results in a pH decreasc. Wenger
and  Reed  (1976) stated  that this reduced  pH - mav ir)hjbil the activity  of
phosphofructokinase in the glycolvtic pathwayv. Furthermore, a reduced pH may reduce
membrane  permeability to Na® and K- and it may possibly  compete with Ca*
binding "~ sites on the actomyosin. Because increased  concentrations  of lactate  disturb
the intfacellular milicu, it has been implicated as the fatiguing metabolite.

Supra AT workloads are associated with non-lincar increases in blood lactate.
Consequentially, substrate utilization is also altered. According o Issckutz and
associates (]275), rising levels of lactic acid inhibits free faty - acid (FFA)
mobilization,. forcing glycogen stores to be depleted. H6wcx/cr. Rennic and Holloszy
(1977) claim that it is the lipid o;idalion which retards or inhibits the production
of lactic acid. This concepl 18 suppor;cd by Newsholme (1977) and Boyd and
associates,  (1974). Jones  and  associates  (1980) f'our%d in addition 10 the
aforementioned. a decreased FFA turnover rate with clc}va‘tgd -blood lactate levels. 1t
appears that endurance athletes have an increased oxidai{ivc lcapacil_\' which not oni)'

<

fosters the utilization of FFA as a substrate, but it'*l also déTa}'s the onset of
\;(
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v

metiabolic acidosis,  thereby enabling the  prolongation of  exercise through a. "glycogen
sparing ' effect.

Fndurance training appears to ancrease  the oxidative capacity by cardiovascular
and biochemical ;ulupm‘linns.']'hc net gresult seems to be g pmgrvssiﬁly more efficient
acrobic  svstem. The adaptations  which  occur in the  cardiovascular system are well
documented _as reviewed by Astrand  and  Rodahl (1977). Muscle fiber tvpe. lactate
dehvdrogenase  (LLDH)  isosvme  pattern,  enzvme  activity | capillarization  and
mitochondrial  number and density  mav  influence  the blood  lactate  concentration
(Skinner and  Melellan,  1980). Karlsson and  Jacobs  (1982) suggest  that  aerobic
training is not the sole determinant in delaying the onset of mCl{ibOliL‘. acidosis, bu
that the  percentage of  slow-oxidative  (SO) fibers mayv play a significant  role  as
well. However, Green  and  associates (1979) found  poor  correlations hélwccn fiber
tvpe and - anacrobic threshold. Elite endurance  athletes usually  have high  pereentages
of SO fibers (Costill and  associates, 1976; . Bergh and associates, 1978). Ivy  and
associates(1980): found a correlation of 0.94 beiween the oxidative cawcil) of a

J"n

muscle and laclalc_[hrcshold.l.ithcll and associates (1981) and Janson” fI980) support
these observations and furthermore found that enzvmes in SO fibers encourage FEA
utilization. Marathon running performance was highly  correlated (r=0.96) with the
velocity  of -the onset of blood'laclalc. In addivon, these factors were significantlv
associated with %50 fibers and muscle enzvme activity (Jacobs and associates. 1981).
It seems evident that the metabolic profile  of SO fibers promotes  acrobic
mechanisms and therefore athletes with high percentages of SO fibers have ’a . greater
potential 10 delav the onset of metabolic acidosis.

According to Skinner and Mclellan (1980). trained endurance ath! isually
have a preferential SO fiber and L.LDH-H isozvme distribution.k’arlsﬁson ane .osoclates

(1975) found a relative shift toward LDH-H isozvme Wwith acrobic training. On -the

other hand, Tesch (1980) and associates (1978) have identified LDH-M- 1807 Ve



concentranions - with  fast glveolytic (1G)  ibers. After an cight week  training  study,
Andersen and Henricksson (1977) reported anereases in succinate  dehvdrogenase
(SDH) and  cyetochrome  ovidase activity. Additionally, Sjoden (1981)  determined  that
a o traming inlcnsil_\“ corresponding ot the onset of blood lactate induced a ratio of
plycolylic‘\'m oxidative enzvine activity which was more balanced. Rusko and ASSOCIALes
(1980) found that SDH activity correlated with the anacrobic threshold  but not with
maximal acrobic  power;  however, - Green  and  associates (1979)  found a  low
correlation between ~ these variables. In light of  the ;xl"orénwminncd brochemical
N

adaptations, Withers and associates (1981) conclude that there is more potential for
increasing  anacrobic threshold than maximal acrobic power. Since lactate lormation 18
(iClCTT]liHCd by ATP turnover, availability of molecular oxygen and the metabolic
profilc of the muscle (Karlsson and .lacob& 1982), increasing the oxidative capacities

m SO fibers anereases the efficacy of the acrobic mechanisms.

C. The Concept of Anaerobic Threshold

A number of clinical and exercise physiology  laboratories use the anacrobic
threshold as a diagnostic tool or as a training prestcription index. From a theorctical
point of view, the anacrobic threshold would seem 10 be a good indicator of a
metabolic transition. For this reason it has gained in popularity with cardiologists and
sport scientists alike. However, there are some inherent problems associated with i,
which should be considered.

Davic (1976), Kindcrman (1979). Caiozzo (1982) and their associates have
shown that the anacro'bic threshold are similar whether respiratory  paramecters  or
blood lactates are used in il; determination. In the earlv work of Wasserman and
associates  (1973),  the significance  of monitoring cxpired gas parameters as a

reflection of the metabolic events became apparent; this was especially true, when it

was noted that as the encrgy requirements for muscular work neared their maximal
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Capadity oonvpen supph o became madeguate Individoals winh mvocarded  inlarchons
often developed  metybohe acdosic This was manfested I Anancreased blood  Tierate
level, thuy ndicating lh;u the  crrenlaton svstem was unable 1o delhiver ovvpen  at oy
rte which was suthiaent o meet the muscudar demands for enerpy ;\v\.‘nwnn;m ant

Mclirov . 1904)  Mcetaboli aadosis develops at mudh higher workloads  for healthy,

trained subjects, iy mdicates g similar deletenons metabolhe event

(¥

- When the muscle becomes Bypovic, plveolvas contribites oo greate 100

of the 1ol production of cnergy o Subsequenthy . there s g preater prodh ol

lactic acid. According 10 Wasserman  and  associates (I9T) most of (has lactic aad
will  be buffered by hicarbonates Durmg  the oudation  of fats and carbohvdrates,

carbon dioside 15 one of  the resultant - by products. The buffermg  of  lacne  acud

results inan even further merease moocarbon  diovide  and hvdrogen 1on production.
~

Both ol these byvoproducts are strong  sumuli for  ventilation. Chemoreceptors respong

f

tothis  stumuli by mcreasing - ventilatory  drive. i order 1o compensate  for the

L

metabolic acidosts. Therefore, when lactate  production exceeds removal rate. there s g

concommitant ncredse  in o carbon diovide  production resulting - large ventilation

2

mereases. This 1 the prenmise of non-invasive  gas measurements for the determination

sea o of metabolic acidosis {Wasserman  and assocates, 1973y,

£ Green ™ and  associates (1983) point  our  that ventilatory  measures  are nol
“33' " % o

a‘l‘\}vays indicative  of metabolic events. They  cite  lactate  diffusion delay,  possible
#%

dissociation between  lactate and  H- translocation, the relationship  between lactate
P ] ’ i

cfflun  and  intercellular concentration  as well  as intercellular  residual lactate  as

possible evidence for the argnment against  the presumed relationship  between  lactic

acid  production  and venulation  during  incremental exeraise. Denis and  associates

(1982). Davis and associates (1983) and Green  and associates  (19%3)  found low

correlations  between  invasive and  non-invasive techniques  of measuring AT, [np
‘

\
addition, Hagbere  and associales  (1983) demonstrated a ventilatory AT in patients
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cwith McArdie's disease. These patients are unable o produce Bene aad beeanse they
ek muscle  phosphorviase,  which  results  n plvcogen  storape. Because ol the
:}(‘(wrcmvnmnwd reasons, at would seem that there s little evidence 1o support the
coneept ol e msealar metabohc acidosis or more specthically . oan AT

Conversely, there are a4 number of mvestigators - who maimntain that such g
refationship - does  mdeed  evust. Although Gireen and  associates (1983)  condone  the
relationtship - between metabolism and vcnlilulmnb, they apree thar anacrobic metabohsm
increases  near maximal - exergse and  that o muscular  threshold  of  metabolism
probably - does  exist. Kinderman  and  associates (1979)  and  Caiozzo and  associates
(1987) have shown that the AT was wsimilar whether ventilatory parameters o blood
lactates  were used ‘m iy determmation .

Perhaps some  of  the  controversies surrounding  the  concept  of  anacrobic
threshold, ar‘(- partiallv - due to the  attempt 1o oversimphfv and  theorize a model
which represent gompley  and dvnamic interactions of  several processes. Furthermore,
‘Lhcrc appears to be lack of uniformity in the method of detecuon as well as in
the  operational  defimtions  associated  with  these  different techmigues. Yeh  and
associates (1983) cevidence the nced for concern by citing the vaned sampling  sites
of blood lactates (1.c. arteries. capillaries. veins  and pulmonary  artery) used o
describe the onset of metabolic acidosis. In addition, Ych and associates (1983) also
pomnt out that the criteria for the anaerobic threshold point, has led 1o increased
_variability in the detection of a blood sample, irregardless of the site it was otakcn
from. For the non-invasive dctcr‘minalion of the anacrobic  threshold  Yeh  and
associates (1983) hist at least ten different definitions or criteria.

Wasserman  and  Whipp (1975) developed @ new cniteria for the anacrobic
;hrcshold — an increase in the ventilatory cquivalent for oxvgen without an increase

7

in the ventilatory cquivalcm for carbon dioxide. This criteria is more sensitive because

1t distinguishes  the non-lincar increases in ventilation which are a direct result of
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metabolic . acidosis, from those factors which are untelated o the metabolic cvents
such “as hypoxemia, apprehension or pain (Wasserman, 1983). This would signify a

Lransition of 1socapmc bLiffermg 10 hypocapnia bul.morc importantly describes the

N

intricate rclatlonshxp bctween ventilation and oxvgcn utilization. Irrespcctlve of the

s

ongomg debate concerning the rclatlonshlp between lactate and ventilation thresholds,

the current non-mvaswe‘criteria‘.pul fqrth by Wasserman and Whipp (1975) and

.

supported in principal by Davis and associates (1979) would seefningly be of value
Se‘cause of its inherent ability -to screen out extrinsic factors which may affect the

slope of ventilation.

P
\

Davis "and associates (1976). Rusko and associates (1980) and Yeh and

associates (1983) demonstrated a concern for the variability of AT, due’ 10 - the

subjective nature of detecting a 'break away point’. This could. result in
misinterpretation of test: data and the subsequent training . prescription. On. the
'con[rér)', Prud'homme and associates (1984) 'in an in depth study of the reliability-

of * non-invasive anaerobice thresholds. Tound hig‘h. reliability coefficients for both

Y

‘absolute and relative oxygen . consumption values at AT (1 = 0.90 and 0.92

’respeclf‘ivvely) on a treadmill; a similar patiern emerged with cvcle ergometry .- \
. c A . . ' %

. K . o : N
It i noteworthy, that more objective means of determining L\he AT are
becoming incréasingly. available. Reinhard and associates (1979) and Bhambhani (1982)

‘defmed the AT emperlcalh as thc mmlmal ventilatory equ1valem for carbon dioxide;

4 '

however, they actually termed this tln threshqld of decompensaled metabolig acidosis.
Recently, Green -and associates (1983) as well as Ych and associates (1983) emploved

multi-segmental linear regression analysis (o deiect AT. )
Many controversies surround the: concept of an AT. It is not clear whether
. (4 .
E Y : . g
: e . . . [
blood - lactates can adequately reflect ‘the metdbolic events in the muscle; likewise the

relationship ~ between . blood lactate. and ventilatory thresholds has grown obsburc.

{t_(; e

\Howev'er,,‘it"js apparent that physiological limits exist and indeed determine physical

- . . . X . ~

y .
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performance to a greal ¢xtent. There is substantial evidence indicating a disturbance
~of "the intracellular mileu with increasing concentrations of lactic acid or hvdrogen
ions. As Prud'homme and associates (1984) suggest there is also /,émple evidence to

. 4
indicate the existence of a ventilatory . threshold. It remains to be seen, whether this
,/ :

is truly a reflection of a metabolic transition or purely; coincidental. A third °
possibility put forth by Skinner and McLellan (1980) sugg’ésl that fiber recruitment

[ .

causes an increased neural oulput thcreb_\"increasing ventilation, response 1o the

increased neural output from fiber recruitment. Although the mechanisms underlying
. /

. ‘ ) N
lactic. acid build "up or more specifically fatigue are awaiting futher elucidation, it

would nol seem unreasonable to accept the concept of AT.

-

D. ‘lixgrcise Response to Various Aﬁlbient Temper;_xttlreg

Homeo;herms can 'l.ive and work in a wide range of environmental
lemperatures. Although there is some variation in man'.s' basal body " temperature, il'
usually ranges between 36.5 and 37.5°C. (Brooks and Féhey, 1984). The major sou'fcés

6 heat production’ in the b(’)dy parc" ~a direct - result  of the incf‘ficiencigév of
. / .
biochemical reactions (Brooks and FéQC_V, 1984) and/or mechanical work (Wasserman
~ - . .

-

et al., 1967). Functionally distinguished isotherms ,permit  the  dissipation of heat in
-the body, without raising the core temperature. These peripheral isotherms- do not
remain constant. but are ‘dependent on the environmental temperatures (Stegemann,

1981). Since temperature in the extremities 1s prone to fluctuations, it acts . as a-

thermal gradient o the core temperature as - well as the - exlernal temperature.

3
o

~Although the isotherms can be considered an internal thermal gradient, it plays a

morc  distinctive role as. the thermal gradient to the environment (Astrand and

Rodahl, 1977). Without the efficiency of such a regulatory system, exercisc in the

heat would be limited to approximately fifteen minute_s (Nadel, 1982). During ‘exercise

. Yl . -
man- would increase core ,Lér@peraturc 15°C per hour (Mitchell, '1974), but because of

e
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the variable body shell “the 1otal hcal“produg‘cc‘iﬂi‘s’.\ﬁv ‘disfgcirscd; ‘LO“ the' shell  isotherms
and then to the "cnvironmenl, before a fisc lin"cfi’)‘ré ;iic‘;vrhfbera ur‘c:. is seen (Stegemann,
1981). Thus, heat is dissipated 1o the shell by mcrcasmg cuta eous. blood flow and
swcgting 'rale.ll should be noted ihal cxternal Lc‘njlpe‘ral‘m‘es determine the mqnncr;in
which the heal is lost (Stegemann, 1981), '

Sen.sory thermal receptors, eff‘eclor organs and .the hypothalamus all play an
important role in thérmoregulation (Astra.nd and Rodahl, 1977; Kluger,' 1979).' Until
recently, it was believed that ‘various physiological stresses, such az%;ercisc caused
the ‘'set-point’ 1o be rc-a.djusled. According' to Nadel (1983).the 'sel-poihl' 1S notl
altered, but is merely a reflection of the thermoregulating cemcr‘;s allempt o
balancc the hca;I loss to the heat produ'ced.AStrand and Rodahl (1977) state that
Both " the amverior and  posterior hyf)otlhalamus are essemial}yi involved  in

thermoregulation. They have indicated that the anterior hypothalamus is sensitive 1o

—~.

increases in cerebrospinal fluid temperature while the -posfér\i\or hvpothalamus acts
.

.

more as a coordinating cenller. as il seems 410 on.ly receive thermal ‘messages. Kluger
(1979)  also mentions  that lhc“ hypothalamus is probably an integral part of
Lhermoregﬁlalion, based on  somc neurobharmacdlogical ‘rescarch. Since  the
fluid-electrolyte composition and concentration is‘ critical. for ‘metabolic processes to
occur and bares a very close relationship with temperature, it has been implicated as
a contributing factor to thermal control during‘e_xercise (Greenleaf, 1979). Inspite of .
some advanced theories ‘on. thermoregulation, the underlying mechaﬁisms still are not
R . }

known.

Cold thermogenesis. involves an imcgfation of -several systems. Man's response
o the cold primarily invb]ves behaviora]-‘adjuslmems wh{le exposure 10 a hot
environment involves some behavioral modiﬁ'czﬂions initially. However, ultimately * he

relies on phyvsiological mechaﬁisms to cool the body. All homeotherms are ca’pablé of

shivering which i$ under vsomatic nervous control (Webster, 1974) and skeletal muscle
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is capable of producing hcat for immediate Lhcrmoge'nic purposes through shivering,
by incrcasing' alactic anacrobic mctabolism. Although this may increase t;asél metabolic
rate (,BM}.{) up 1o ten times, when cold cxposure is maintained for longer periods
of time, ' thermogenesis must be gencrated b}‘ different mechanisms. The somatic and
autonomic nervous sysiems as well as the endocrine system, are responsible for
elevating cellular metabolism throughy an increased rate of oxidative phosphorylation. It
has been  suggested that individuals who have stimulaicd biochemical changes in the
order of increaécd aerobic  efficiency: through cndurancé training, may have an
ivncrg:ased capacity for sustained cold thermogenesis (Adams and associates, = 1958;
Webster, 1974). Cold Lheymogcncsis appears al a ‘critica‘I ambient temperature and is
determined by both insulation and thermoneutral metabolic ratc (TMR). These two
factors  plus  heat loss . (cvaporative and non-evaporative) are used . to generate
lcmperalufe-melab(>lism c'u‘rves (Webster, 1974). Svmpathoadrenal and endocrine svstems
are alsc.> important comributin@ factors to cold thermogenesis but their interactive
pathwavs have not been well established.

Thcrc. are rclatively few  studies which‘ have. examined cardiac output during
cold Lhcrmogcnes.is (Alexander,” 1979). 1t 1s generally  accepted that vasoconstriction
occurs inn lhc'peripﬁer)', S0 thét the shell éa‘n .act as an- insulating laver when the
body is exposed- to cold temperature. However, there is a paucity of data on the"
metabolic and circulatory adjds[meﬁ[s ‘1o exercise in the cold. Bergh and Ekblom
'(1979) induced subnormal core and muscle temperatures, by having subjects swim in
cold water (12-15°C). Theyv f‘ound that physical performance, oxygen uptake and heart
ratc -all declined li,nearlv_\ with fall in bodyv temperature. Thus, both hypbthcrmia and“
hyperthermia can result in performance  decrements. Interestingly, Cain  and Bradle_\‘
(19§3) do not auribuw. this reduced oxygen consumption in hypmhcrrpic ra{s to the
ratc of oxygen delivery. This .conccpl of critical oxygen delivery rate is considered to

bc ‘the reason why muscle anacrobiosis ensues when excessive amounts of blood are
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shunted 1.0 the pcyiphcry for heat dissipation. Bergh and I‘*fkblom'(l979) also found
that the  blood lactale  concentrations  were  also reduced  in subnormal  core
temperatures. They suggest that perhaps 1.his may be duc lo reduce work time,
slower pcrf‘ilsion from the muscle or reduced enzymatic  activity. Glickman and
asroiaLes (1967) examined the respiratorv quoticnts in men 'exposcd"m" intense  cold
and discovered a prcferenlt_ia] utiiization of free fatty acids. According to Aiexander
(1979). the question of substrate utilizalion‘ during shivering is still unanswered,
however under exercise ¢onditions in ‘the  cold, normal melabqlick pathways arc
probably used. Furthermore, many factors contribute to the vayialibns of substrate
used as reported by different rescarchers. Dcpth and duration of"’.cold exposure, food
ingested, the magnitued,of' acclimation . and sympathoadrenal status all interactively
contfibu;c,to the utilization -of fuel (Alexander, 1979).

Extreme cxercise at  cooler temperatures or moderalc  exercise al neutral
temperatures, do ﬁol normally constitute problems for the individual. Hyperthermia
ma_\"result however, when one cxercises in ‘the heal. From the cardiovascular
pcrspeélivc‘ this  presents somcwhal‘ of a paradoxical situation. Under “normothermic,
normoxic conditions of. eXereise, thcrcl is a redistribution of blood to the working
‘muscles. However, during cxercise in the heal. the circulatory  system  must not only
mect t'he'dcmands of the working muscle, but must also dissipate th; heat generéled
>in the "working muscle. Thu-  the -cardiac output may remain unchan'ged for two
different environmental situations, bm, it is redistributed in such a manner that
oxvgen delivery rate is- impaired, rcsulting' in hypoxic muscles (Nadel an\d assoeiates,
1979). Increased cutaneous blood flow can become so excessive that stroke volume. i
reduced (Nadel and associates, 1979) which also manifest itself in an elevated heart
-rate . (Rowell, '1974; Clarcr;qom* and e“associates, 1975). A hvpovolemic response, duc LQ
excessive swealing may ~ also contribute to a reduced stroke volume (Nade]i' and

associates, 1979). When cardiac filling pressure is reduced as a resultl of a decreased
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stroke volume, a reflex vasoconstriction is superimposed on the cutaneous vasodilating
activity ir;itiatcd by the thermoregulatory center (Nadel, 1983). Since the dissipation
of hcal is hampered, a drastic rise in corc temperature can be seen.

Although there appears to be a lincar relationship between core lemperatyi®
and oxygen uptake until approximalely >75% of maximal aerobic power, (Sallin and
Hermansen, 1966; ‘Astrand and Rodahl, 1977)? discrcpanciésﬂ_h_ave been' reported in
the literature for oxygen uptake at 'differcm ambient Lcmpcramrcs. Fink and
associales (1975)_and Dimri  and associ‘atcs (1980) found increases in -oxvgen
consumption in  hotter temperatures, while Rowell (1974)' and Brown and associates
(1982) claim that although duration of cxercise may have been Teduced the oxygen
consumption ‘was not altered, while Petersen a'nd associates (1973), Claremont and
associates (1975) and Suzuki and associates (1980) report higher oxygen consumptions
in cooler temperatures. The main limitation in such comparative analysis, obvioush
liecs with the 'widc range of ambient temperatures used to reach fhese conclusions (0
- 434 C). I;leve'rthel_cssi', it is  difficult 10' envision® a mctabolic response patiern
which holds true for the aforementioned studies.

It seems apparent that ~lhcrc is an increase in the proportion of z;nacrobic
metabolisth  to exercise in  the heat. When blood lactate levels are compared at

—differem temperatures, they are usually higher in the hotler temperatures (Rowell,
1974 Claremont  and assdciates; 1975; Fink and. associates, 1978S; Dimri. and
associates, 1980). This mav be duc 1o a shorter lactaté app'carance time (Nadel.
1983). Dimri and associates (198‘0) ‘obscrvcd highcrflactalcl levels  with increasing
thérmal stress. cven when workloads were held constant. Thigf suggesls'thal the
inability to stall the onset of muscle anacrobiosis, may be a resull of the
counterproductive demands of cutaneous bloodv flow. When the peripheral demands are
excessive the rate of oxygen delivery mav not Sc sufficient 1o meet t‘he ligh

- demands of oxidative phosphorylation. This is contradictory 1o the findings of Cain
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and Bradley (1983) who found no association between hypothermic rats (Tre=34 +
36 C) and hypoxia. Although Nadel (1983) has suggested  that the actual muscle
lemperature is not the limiting factor in acrobic mctabolism, there are still many
unanswered questions. Whether the anacrobic threshold is altered by the same dcgrcé )
as the lactate appearance .*_l‘imq or 'the degrec in change in oxygen uptake has yet to
be investigated. It is the primary purposc of this study to investigate whelher or not
alterations in ambient temperatures  will result in varying proportions of anacrobic
mclabolism or  whether they remain  fairly  constant  over a wide range of

lemperatures. N
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METHODOLQGY

A. Subjects
Twelve endurance ‘trained male subjects ranging in age from 17.1 to 29.2 (&

22.1) participated in the study. All subjects attended a pre-test orientalion session

1o become familiar with the lab setting and testing procedures. Upon completion of a
PAR-Q and an informed cbnsenl, anthropometric measures were taken. Participants
chro asked ‘10 refrain fro‘m exercisc, smoking and alcohol ingestion, 24 hours prigr
‘10 1csting..Prior to the actual lesting,v the subjccl remained in the chamber until
sicadv  state had been reached in the variables measured. }iach' of the volunteers
participated in graded exercise tests 1o exhaustion on a Monark bicvcle crgometer al
ambient temperatures of & C, .25 © C and 35 C on threc scparate occassfons.Tcn
- subjects completed a fourth test, which was used to establish test-retest  correlation
cocfficients forA sclected parameters. The order of testing was randomized, using the
Latin square technique. (sec Appendin G) Upon completion of the max test. the
subjects exercised in recovery for 200 minutes at approxima.lcl_\' 30% of their maximal

o

acrobic ‘power. The testing sessions approximated one and a half hours.

B. Parameters Measured
1. Anthropometry

a. height (o the nearest 0.1 cm.)

b. weight (1o the nearest 0.1 kg.) % .-

c. %fat

d. LBW (kg) o

24
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(%)

wn

Gas ll‘,xchdngc
a. VO, (I/min) - ' . ) -

b. VO, (ml/kg/min STPD) |
\

»

s

¢. VCQO, (/min STPD)
d. Ve (1‘/min BTPS)
e. Ve/Vo,

f. Ves/vVCOo,
Temperature

a. skin (chest, upper arm, mid-antgrior thigh. calf) sites according 1o

‘Ramanathan, 1964 /
b. corc (rc,cml)
¢.  chamber {(drv bulb)
Heart Rate

a. (measured in bpm)

“Weight Loss

a. body weight in the nude [pre minus post test weight (grams)]
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C. Experimental Procedure

Anthropometric Data Collection

Subsequent 1o the  orientation  session ‘;md upon  completion  of  the informed
consent and PAR-Q forms, the subjects were measured for height (em) and  weight
(kg) according to the standards of Ross and associates  (1982). The hvydrostatic
method of dclcr'mining body density as outlined by McNab and Quinney  (1984) was
utiized 1o determine  body density. Percent fat and  lean body  weight  values  were

determined from the body density value.

Respiratory Gas Collection and Ana‘lysis

A metabolic measurement  cart,  (Beckman  Instruments)  was employved 10
collect and analvze all cxpired  gases at 30 second intervals. An OM-1] oxveen
analyzer. LB-2 carbon dioxide analvzer and a volume transducer contained within the
apparatus gave a permanent record of these parameters. The metabolic cart was
calibrated prior to cach testing session with calibration gases. The AT was  determined
graphically. (Davis and associates, 1979; Skinner and Mclellan, 19%0) by finding the
point at which the ventilatorv equivalent l'or( oxvgen (Ve¢/Vo.) increased svsiematically
withoul a concomitant increasc in the  ventilator equivalent  for carbon dionide
(Ve/Vco,) as determined by threc observers cxperienced in detecting  Anaerobic
Threshold (Prud'homme and associates, 1984). The 'brc;kaway point' of wventilation,
was used occassionally 1o reaffirm this point (Wasserman and associates. 1973: Davis

‘ . "
and associates, 1976).

Temperature
The temperature control chamber was adjusted to the appropriale ambient

temperatures of §° C, 25 C and 35 C = 1' C.The core temperature was measured



by a rectal probe inserted S-8 ¢m beyvond the anal sphincter. Four copper-constantan
thermocouples were affived on the skin by athletic tape. Skinand  core  temperatures

were monitored every two minutes  (Bailey  [nstruments).

Heart Rate ,
The heart rate was  recorded  at thiry sccond  intervals during  the  testing
session. During  rest and recovery, it was  recorded every two  minutes  coinciding  with

the “metabolic cart output. Recordings were made by a cardiometer (Cardionics AR,

Stockholm).

D). Testing Protocol

Puring all c‘\pcrimcmn! sessions,  the  participants  wore sﬁorls and shoes. A
standardized CM-35 lcadml used for the delermination of  heart rate. After the
thermocouples, clectrodes  and  gas  collection apparatus  had been connected, the
subjects sat in the temperature control chamber, ranging in time from a minimum
'OI‘ twenty - minutes to fortv-four minutes,

“The  subjects  exercised on a  Monark n:)clc ecrgometer  unul  exhaustion  at
ambient  temperatures of 5 C. 25 (. and 3% C during three separate testing
sessions. A icsl-rclcsl comparison was made on ten subjects who returned {‘or a
fourth test. The initial two minutes of the workload consisted of 'zero loading' at a
rate of 60 RPM af[cr‘ which pedalling rate increased to 80 Rf’M for the duration
of" the test. The workload consistcd:of S0 watl increments every  two minules  until
exhaustion or‘a decline  in pédalling frequency  below 65 RPM  (Thode” and
associates, 1982 and Davis and associates. 1983). (See Appendix ) Metabolic - measures
and heart ratc were laken at 30 sccond intervals during the actual testing period

untl cessation of the test. In recoverv. temperature and heart rale were recorded

every  two mnutes while the subjects exercised at approximately  30-35% of their

Y



Maximal Acrobic Power.
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E. Experimental Design and  Statistical  Analysis

A wo wuy?xruﬂysis of varignee  was used 10 analvze  the  data. If g
significant F-ratio was obtained, a post-hoc Schefle test was emploved to determine
the trend. The ANOV26 program obtained from the Division of FEducational Researah
Services was used for the two-wav analvsis “of variance. Subjects  were  considered 1o
be the A main elfects while the chamber lcmpcra{ur’cs were considered to be the B
main effects. When there were significant A and B main effects, bul no interaction,
a t-test was used 1o° determine whether  the temperature  variation (B main cﬁ‘ccl‘)
was due to the difference between subjects. A 0.05 level of  statistical significance
was cstablished prior 1o analvsis of the data.

The experimental design involved an  initial  orientation  scssion during  which

. the anthropometric measures were taken and consent forms as well as the PAR-Q

were signed. Subjects were also familarized with  the testing procedures at this Aime.
The tesung  sessions anvolved an  ‘acclimatization”  period during  which the subjects
rested  for at least  twenly  minutes in the chamber. This  was I‘ollov;cd bv an
ineremental  exercise  test to exhaustion on  a bicvcle crgometer. Recovery  involved
cycling at  approximately "30-35% of the ndividual’s maximal aerobic power for a

period of twenty minutes.



Chapter 1V
RESULTS
In this section, group and temperatyre differences were - referred 10 a A and
B main effects respectively,  while AB was referred 10 as the interaction offect. As
noted previously, p < 0.05 was considered 10 be significant, unless stated otherwise.
There were no significant interactions noted in the parameters which were measured.
The  weight, height. body fat, lean body  weight and age of the twelve
subjects are presented in Table 1. There was no significant  difference between  the
groups in the aforcmentioned parameters.
n
TABLE |

Anthropometric Data
A\

e e — 1

Group Weight Height | BF [.BW Age
(kg) (cm) (%) (kg) (vr)

Skiers 70.8 181.9 6.7 66.2 21

N=5§

Cvelists 75.3 1§15 10.1 68.2 227

N=T7

mean 73.4 181.7 8.7 67.3 22

st.dev. 7.06 6.18 3.39 5.45 3.44

A. Metaholic .Responses to Ambient Temperature at Rest

ﬂr’fbr 10 ~an incrcmrcmalu exercise  test  to  exhaustion, the subjects sat
comfortably in the chamber, until mean skin temperature had reached a steadv  state,
The initial mcan body temperatures in the cold (35.3 C), neutral (36.4 C) ‘and

hot (36.1" C) temperatures did not varyv significanty. There was also no difference

in mcan body temperature at stcady state (see Table [1).



FABLE (]

Summary of Mcetiabolic Parameters at Rest
by Group and Temperature (3 and sd)

VARIABLLES COL.D NEUTRAL HOT

initial BT ' 33 48] 364 427 6.1t K7
end rest XBT 350 ¢ 44 6.4+ 28 36 N
heart rate (bpm) 582+ 6.7 65.1 + 3.8 644+ 6K
Ve (1/min') 176 + 1.1 136 + 1.7 141 + 2.0
Vo,(ml/kg/min') S5 48 54K 558 + 09
Time (min) R U | 2506 4 4] 23 0+ 4]
inittal xBT 1+ 78 ST 64 66 o+ 30
end rest XBT M3 2 79 7 + 60 .6 ot 20
heart rate(bpm) 64.9 £+ 4.8 734 2 7.6 w3 o+ 7.7
Ve (I/min') g + 1.5 144 + 13 140 + 20
~Vo. (ml/kg/min') SR N ) 5.2 .5 33+ 7
Time (min) 34 + 49 2500 + 4.6, 23 4 2%

However the amount QI’ Lime spent in the chamber until steady  state was
reached. was significantly effected (p < 0.01) by the chamber temperature. The post
hoc -Scheffe analvsis  indicated that  this significant  difference in time occurred
between  the coldD(BS..’\ min) and hot temperatures (2)3/.2 min), “as well as between
the cold (353 min) and the neutral temperatures (254 min). See Appendin 1 for all
‘;ummar_\ ANOVA 1ables.

~

The chamber temperature did “not  significantly effect minute ventilation or
oxygen consumption at rest. Heart rate was the only physiological parameter mcasﬁrcd
which was varied Signiﬁéaml_\' in the three thermal conditions at rest. The heart rate
was 11% ‘lower in the cqld chamber (58 bpm) versus the neutral (65 bpm; p <
0.01) and 10% lower in the cold chamber (5% bpm) compared to the hot chamber

(64 bpm: p <. 0.01). The mean heart rtate of the skiers (63 bpm), across  all

temperatures was significantly lower (p -= 0.05) than the cvclists (72 bpm).
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. B. Metabolie Responses to Exerci§c al‘Va‘rious Ambient Temperatures

An analylis of the actual perforfance lime revealed no signilicant difTerence
between subjects. Howcver,. the sjgniﬁcam temperature effect revealed that less time -
was spcnl‘ in the hot cliﬂambcr (13.7 min) versus the cold chamber (15.1 ‘min). The
cofresponding power Omputs can be found in Appendix C.

Lower maximal 'heart rates (maxHR) were found with the sklers (178 bpm

Pt ,(3»

‘p < 0.05) than the cvchs[s (190 bpm) ‘when heart Tate was cxprg:;:d .as a3 mean
“hearl rate for all thermal conditions (A main effect). The _lwo-way analveis, of
variance also indicated a temperature mam effect (p < 0.01). The maxHR of 179
bpm in the:cold was 3.8% lower p-h&n in the neutra] (18 bpm) and 3.9% lower
‘thah‘ iln the hot (187 bpm). Table.s‘ I and 1V contain eiescriplive data on the
physiological ‘measures *taken ‘during exercise for  skiers and cyclists respectivel_xﬂ The
i»-lest*pcrfpﬁned, indigated that thesc temperature differences: were not due 1o the
differences belweenw sﬁbjecls. B ,, |
The hearl rale at anacrobic threshold (HRQAT) showed a 51m11ar difference between
-subleux and Lemperature condmons Skiers agam had s1gmﬁcam]\ lower ('p < 0.01)
HR@AT 163 bpm} lhan the c\chsts (183 bpm) in all the condiliom and HR@AT
rosc with an increase m ambient temperature. The HR@AT in the cold (le(» bpm)

was 7.1% lower than in the neutral (179 bpm)' and 47" lower Lhan [he HR@AT

in the hot condition (174 bpm: p’ < 0.01). ‘The significant dlfferences of HRCAT

- 4
\

in Vanous amblent temperatures -was nol due to th¢ variation between “the cyclists
and sklers as  was rcvcaled by "a’ t-lest. When HR@AT was expressed"‘ as\ -a
percema‘ge of  maximal. heart rate (%maxHR ), the  skiers indicated that ‘Lhe_\' worked“'x
at ra" Ibwer /omaxHR (91._8/a)<.lhan‘ the  cvclists  (96.1%) during e#ercise .in all
conditions. Sigﬁificam diff»'erences (p < '0.61) were v;‘us'o noted- with respeel Lo
%maxHR in the threc temperature  conditions, but only .between the co  (92.8%)

and neutral conditions (95.9%). Figure 1 graphically depicts the relationship between -



heart fato (bpm)

200 -

-
0o
o

160

" COLD (C) NEUTRAL (N) HOT (H)
a-CH. | 4] skiers )AT | £ _x
P : . ab c
b-CN HH cyclists AT .
c- sub/ec{t"sv~’ * NN Max HR a b*c

"FIGURE 1

MAXIMAL HEART RATE AND HEART RATE
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TABLE 111

“

Anacrobic Threshold of Skiers as Expressed in Terms of
Maximal - Aerobic Power and Maximal Heart Rate (i and sd)

VARIABLES COLD NEUTRAL HOT
MAP (1/min) 50 & 74+ 49 + .76 =47 + .58
Vo,@AT 4.0 + 72 42 £ .65 39 = 49
PMAP* 799 £ 5.70 84.5 =+ 3.55 832 £ 5.75
MAPR (ml/kg/min) 71.0 + 10.3'* 693 + 10.16 67.1 + 6.94°
Vo.,@AT 508 + 959 - 58.6 + 8.7 55.6 * 5.69°
%MAPR** 799 + 574 84.6 + 3.55 83.1 £ 5.75
. . . “\

maxHR (bpm)‘ 172.8 £ 7.78'* 181.2 = 9.47 179.8 + .11.7°*
HR@AT** 155.0 = 1.67 176.0 + 12.12 165.0 + 9.23*
%maxHR* 9.9 + 395 937 £ 2.37 91.7 = 1.95'*
MaxVe (1/min) 175.8 + .15.04 173.8 + 18.29 1747 + 17.19
Wt loss (kg)* 13 = 06 41 = 18 b1 £ .09
significant differences at p < 0.05

. ‘between cold:neutral

* between neutral:hot

" between cold:hot .

* between subjects . o

 between all temperatures o

indicates “significance at a p < 0.0

maximal heart ratc and heart rate at the anaerobic threshold under the three

ambient temperature conditions.

Maximal éerobic power expressed in  liters per minute (MAP) varied

significantlv  between the cold (4.85 I/min) and the hot temperatures (4.55 I/min: p
< 0.01) as well as between the neutral (4.8 ]/min)\wand the hot temperature (40.55
I/min; p < 0.0s).ThC oxvgen consﬁmptiovn al‘ a;naerobic threshold (VO,@AT) was
9.3%bhirg.1her in the neutral 'coﬁdition than in the hot condition (4.3 I/min vefsqs 3.9
I/min resbeciively; p < 0.01). The VO,@AT was also h\l\gher‘ in the cold condition

(4.2 Vmin) than in the hot condition. When the VO,@AT was expressed as a



TABLE 1V

Anacrobic Threshold of Cyclists as Expressed in Terms of
Maximal Acrobic Power and Maximal Heart Ratc (iand sd)

34

VARIABLES COLD NEUTRAL HOT
MAP (I/min)  —- 4.7 * 541+ 4.7 + .47 44 + 41
Vo,@AT 44 = .50 44 + 44 3.9 + .52
%MAP* 93.1 £ 397 94.7 £+ 1.83 87.1 £+ 4.9]
MAPR (ml/kg/min) 629 + 4.67'* 614 + 3.8 5.2 + 3.35°
Vo,@AT 58.0 + 5.26 58.0 = 3.29 - 506 + 2.67%
%MAPR“* 922 + 3.5 94.5 + 1.74 87.1 + 487
i % .
W
maxHR (bpm)* 185.9 + 7.4 1913 £ 6.45 193.4 + 7.44*
HR@AT** 177.3 + 9.50! 187.4 = 8.00 183.4 £ 12.48'
%maxHR** 95.6 + 2.32 98.0 .+ .99 94.8 + 3.92*
Max Ve (1/min) 1673 + 2267 17%0 + 2514 157.1 * 36.50
Wt loss (Kg)* 2002 .06 S 51+ .08 81 .20
significant differences at p < 0.
1

between cold:neutral

between neutral:hot
between cold:hot
between subjects

between all temperatures
indicates significance al a. p < (.01

0s

percentage of MAP (%MAP) a significant differcnce was only found between the

cyclists (91.6%) and the skiers (82.5%).

As the ambient temperature decreased, the relative maximal acrobic power

gy

(MAPR) values increased. The MAPR .in the cold (67.0 mi/kg/min) was significantly

higher (p < 0.01) than in the hot conditions (62.7 ml/kg/min). In the neutral

condition (65.4 ml/kg/min), the MAPR was significantly higher than in the hot

condition (62.7 ml/kg/min). An analysis of thc oxygen consumption at anaerobic

threshold  (VO,@AT) indicated a significant  difference (p < 0.05) between

temperatures. The oxygen consumption was 9% higher at anaerobic threshold in the

.
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neutral  condition  (58.3 ml/kg/mihi than in the hot condition (53.] ml/kg/min).
Figures 2 and 3 graphically depict the relationship between maximal acrobj§ power
and oxygen éonsumption at anacrobic threshold, }Jndcr the lh‘rec ambicnt conditions.
When the VO,@AT was expressed as a percent of MAPR maximal aerobic “power
(%MAPR )., there was only a significant difference (p < 0.01) between the cyclists
(91.3%)  and’ skiers (82.5%). Temperature did not signiﬁcaﬁl]_v cffect the maximal

minute ventilation (maxVe). - [ ‘”'\\ . )
C. Metabolic Responses to Exercise during Exercise-Recovery

In this sc‘cu'.onv, the metabolic responses during exercise-recoverv are taken
from the lcr;th minute of recovery. Data is not complete in recovery for a number
of reasons, including cquipment mal»!'unction, inability to oblain skin temperatures duc
1o | excessive swcaling and more comnﬂoﬁly nauseous svmptoms (see .Appendix FE for
_the the raw data). The Beckman Metabolic Measurement Carl was unable 1o give
correct values when the time dia} was switched from a 30 second measurement mode
1o ‘g w0 minute measurement mode: Because of the af'orcm'cr_uioncd rcasoh_;. il was
'd'if'ﬁ'cull to obtain meaninful information from the somewhat -questionable raw data.

Therefore although the data is. included in Table V it was not statistically analyzed.
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TABLE V

-4
Metabolic Responses During the Tenth Minutc
' of Exercise-Recovery(X and sd)

VARIABLES COLD NEUTRAL HOT

HR (bpm) 110.0 + 4.1 1136 + 124 1040 + 8.4
%max HR 62.6 + 3.7 62.7 + 59 593 + 37
. VE (1/min) 43 + 8.2 36.9 + 6.62 385 + 6.4
%max VE 247 + 5.8 214 +:40 26 + 22
VO, 2.1 4+ 34 16.9 + 43 153 + 3%
%MAPR 0.7 + 6.7 244 + 53 231+ 50
HR (bpm) U 1143 £ 107 1224 + 93 1309 + 11.2
%max HR 61.4 + 44 62.5 + 5.9 67.9 + S.6
VE (1/min) 37.6 + 9.0 414 +°47 387 1+ 43
%maxVE 2233 + 3.5 24.5 +°35 247 + 72
VO, 16.1 -+ 4.1 185 + 29 ' 16.3 * #d.6
%MAPR 256 + 5.9 300 * 3.8 279 + 77
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DISCUSSION

The anthropometric data of the twelve subjects is presented in Table 1. The
endurance trained cvclists and  cross country  skiers  were remarkably close in most

variables. No  statistically  significant differences could be found between groups.

A. Metabolic Responses to Ambient ’I"¢mp‘eraturc at Rest

Table 11 contains the descriptive data of the various metabolic variables
oblained from -the twelve subjects at rest. The two-way aqal)'sis of variance did not
show a significant difference in minute ventilation, oxyvgen consumption or the initial
mean  body temperature al the three previously stated temperatures. However, heart
rate _was significantly  different  in ihe three  conditions. As  ambient  temperature

. . .’ {
increased, so did the resting heart ratc. -

Under "hot ambient temperatures, the skin lcmpcrani/rc 1s clevated as a result
of the increased peripheral blnod‘-f'l(m,: 1n extreme heat, the biood flow may mcréasc
four fold (AS‘Lrand and Rodaht, ‘1‘?77).‘l‘n the present study, the temperature of the
hot condition would not be considered to be c.itrcmc. as higher temperatures  have
been reporied for experimental as well as atmospheric  conditions. - The circulatory
system i notlconsidered to be in a state of duress dﬁring' resting conditions in
warmer - environments:  however, the heart  rate i often clevated in  warmer
environmental  conditions (Gagge and Gonzalez. 1980). In  this study, the finding of
an elevated hcart rate with incrcased ambient temperature 15 in  agreement  with’
Rowell (1974)" who stated that this increase, is dependent on duration and severity

of the hedt exposure. Minute ventitation — was fairly  constant throughout . all the

conditions, which is subporled by the findings of Petersen and associates (1973). The

39
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consumiption of  oxygen in the resting condiion, was not altered  under the ! various

v

ambient temperatures. ‘ , !

|

B. Metabolic Responses to EFxercise at Various Ambient Temperatures

Performace

Table 111 contains 2 summary - of  the metabohe  parameters measured during
an incremental  exercise  test 1o C\huustior; under three ambient conditions. Figures 1,
2 and 3 graphically depict the comparison of relative and absolute maximal aerobic
power as  well  as rnva\imal heart  rate to the various ambient Icmbcralurcs.
Additonally, they show the relationship of  these physiological parameters 10 anacrobic
threshold.

During  the maximal aerobic power test,  cxhaustion  time  was significantli
affected by the different  stresses of the three ambient temperatures. Thermal
ﬁcomt'on_ a conscious  reaction  (Gagge  and’ Gonzalez, 19%0) and  perhaps veTy
similar 1o pereeived  exerfion,  has  been gl.\.\()glulcd with  the ume 10 C\hausn(m..
I)cs_ccndmg the ambient lcmpcralﬁrc scale was usually  associated wf\h an Increase in
total performance time; exhaustion was prolonged 1n cooler condilionQ.IL was difficult
to compare the actual performance. time with those in the .lilcral'urc_ because of the
wide varniety of protocols used. Nevertheless. some generaiizalions can be formulated.
Saltin and  associates  (1968). MacDougall and associates (1974) and  Brown (1982)
also found & reduced work tolerance time -under external  heat  stress. Schmidt  and
Bruck (1981) did not find similar results. It s important 10 note. that one of their
two protocols nvolved a precooling maneuver, vet the exercise was performed under
the same ambient conditions. Manipulating ‘[hL‘ core lcmpéralurc prior to exercise is

Dot synonvmous  with exercising  under various ambient conditions. Although the,
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difference s subtle, an imnq;mnl distinction must be made  concerning the  influence
ol vanous internal amd external temperatures on - performance.

In the present study, the ‘acclimatization”  period PrOT {0 exXercise,  can also
be described as a0 precooling or preheating mancuver, “especially i the cold and  hot
conditions. This is evidenced by the changes in the mean body  temperature - at  the
end ol rest (see Table 11). Performance  appeared 1o be umiproved  in the  cold
condinon. However, it is  difficult 10 disentangle  the  effects of  this PIC-CXCICISe
mancuver, because exercise was performed in the same ambient conditions as at rest.
which could be considered a  pre-cooling mancuver. Hessemer and  associates (1984)
also  demonstrated  improved  performance  in sheep, when core  temperature  was
lowered  prior (o excreise. Bergh and Ekblom (1979) and Schmidt and Bruck (19§1)
did not find performance imprm:cmcnls with a precooling  manouever. Perhaps  this
discrepancy 18 a result of  varied  protocols,  dif ferent tecchmgues for  altering  core
lcinpcrzuurc or the magnitude of change the core temperature underwent. Although
deep muscle temperature was not measured, il is not considered 1o be a  critical

hmitng factor 1n exercise performance (Saltin and  associates. 196%: Nadel, 1982).

‘

Maximal ‘ Aerobic Power

A two-wayv  analvsis of  variance, indicated that maximal aerobic power  was
significantly  affected by the ambient temperature. In absolute terms. there was no
c‘iisparit,\ between the cold and ncutral conditions. On the other hand. a significant
decrease i maximal acrot;ia power was noted in the hot condition (3 = . .3 l/min).

o

This is comparable to Godin's (1977) findings of - a difference of .20 Iymin in
temperatures of 4 C and 40 (‘.Clarenm-m and aésoriaws (1975) and Godin (1977)
found a similar trend toward higher maximal acrobic  power values in the cold

conditions  when compared to the hot conditions. - A reversal of this trend was

observed with respect 10 maximum heart rate. In the present studv a drop of 3.9%
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was noted when comparing the cold to the hot condition. This phenomenon has been
well established.

The two-way  analvsis  of  varianee .indic:ncd significant+ differences  in the
refative maximal  acrobic  power i v;n'ious ambicent  temperatures. The  subsequent
Scheffe test revealed the same  inverse relationship which existed between the absolute
maximal acrobic power and ambicn temperature. In the present  study, the  relative
maximal acrobic power was S.8% and §.19 greater in o the cold  condition I'or;/ the
skiers and cvelists respectively. These Findings are supported by Claremont and
associates  (1975) and Godin (1977) who found a 11.6% and a 12.3% increase in
relative maximal  acrobic p()wcr,- respectively,  while  subjects  exercised  in cold
L‘onditions in comparison 1o hot conditions. The lower relative change in this study is
probably due to the higher lraivning status - of  the subjects; well trained cndurancc-
athletes are more likely o give  highly reproducible  results  in o maximal  exertise
lcsling, as they are accustomed 1o such levels of exertion.

Under the different envirnomental conditions in  this studV, relative and
absolute  maximal acrobic power was inverselv related 1o maximal hearl rate. When

~
the external heat stress was increased. decrements in mavimal acrobic power  were
seen, while mawni. heart rate rosc. The ‘most dramatic  differences occurred in the
hot condition. while little change was observed from a cold to a thermoneuytral
condition, which is similar 1o the results of Suzuki and associates (1980). Iﬁ direct
body heating, prior to an exercise bout. Rowell (1974; also found decreases in
absolute maximal acrobic powcf by 6 to & %. The findings of this study  show
reductions of 5.5 % and 7.5 % for skiers and cvelists respectively. Since  ventilation
is not normally  considered 10 be a limiung factor for oxvgen consumption for
healthy individuals (Johnson, 1967). factors afif‘ccting cardioya{é’ular mechanisms would
be suspect. It is unlikely that the mainifestations of ‘cardiovascular drift’ occurred,

as the incremental exercise in  this study was not of sufficient duration to elicit
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such a response.  Furthermore,  although  there wzlsl a significant  difference  in
performance  time, the results suggest that this 'drilft’ did not occur in  the heat,
hecause ;Ihc performance time  was actually Jonger in the cold condition than in the
heat.
L
Previous  research in this area infers that a number of possibilitics  exisl
which may explain the observed outcome. Redistribution of  the splanchnic blood [low
o the active musculature during  exercise is - well established. Circulatory  compliance to -
thcrmorcgulau;r) and mclab.oli,c demands, results in o an  increased peripheral  blood
flow. A consequential drop is seen in  cardiac filling ‘prcssurc_ which results in a
reduced  stroke . volume. Acco;ding to Rowell (1974) cardiac output is unaffected by
ambient temperature. Although the svstemic a-vQ, difference may  be slightly reduced
In th'L‘ heal, it is not considered 1o be signif‘i‘cam when the central or pooled a-vO.
difference is examined  (Suzuki and  associates. 1980; Rowell, 1974). Maintenance of
cardiac  output  surmise  MacDougall  (1974).  Rowell  (1974). Suzuki (19%0) and
Brengleman (1983) as well as their associates, i1s duc 1o the increase in heart rate,
while stroke volume is diminished. It is inferred f'rom‘ thcsc previous studies. that the
higher heart rates noted in the hol conditions in this study. probablyv coincided with
a rteduced stroke volume.

A substantial  loss of; bodyv waler has deleterious effects on endurance
performance. If exercise 'is coupled with an cxternal heat load., these effects may
become marked. Dchydration which exceeds 2% of the body weight ,Wm result in
impaired performance (Herbert, 1983). It is unlikelv  that this was the reason a
- reduced maximal acrobic power was seen in  this study. Significant differences in
weight loss in the three ambient tempera: .ios. suggest that there was a greater
depletion of body water with exercise in warmer temperaturcs, which was expected.

However, this was equivalent to only a 1.6% and a 1.5% loss in bodv weight for

skiers and cvclists respectively. 1t is noteworthy that, losses of bodv water up to 5%
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have been reported  without ilb effects on maximal cardiae output or maximal heart

rate (Saltin, 1964).

Oxygen Consumption at Anacrobic Threshold
The two-way analvsis ol variance  revealed  that both relative and  absolute

oxvgen  consumption  at  anacrobic  threshold  was  lowered significantlv in the  heat.

Y
with  the  greatest  decline  occurring  between  the  neutral  and hot  condinons. In
! )

addttion  the  oxvgen  consumption  of  the  skiers  at anacrobic  threshold  was

. -

significantly lower than those observed in the cvelists (seegTable ). 1t s apparent

-
g are jof

izing  bicvcle

that  opumizing the neuromuscular adaptations  which  occur  with  trainy

paramount importance when testing well trained endurance athletes. Ut
crgometry, obviously  gives  preferential  treatment 1o the cvelist group. This  compares
1o Withers and  associates  (1981) study, which. examined the maximal acrobic power

and anacrobre threshold values of endurance trained cvelistse and runners- on both a

3
N

-1readmiﬂ and bicycle ergometer. The testing apparatus  which .‘bcst simulalcdb‘«thm
training, C\'okcd‘ greater values  for both  mavimal acrobic, power  and the ovvgen
consumption :.n anacrobic threshold.

In the present study, covelists had lower maximal acrobic power values  than
skiers, although not statistically sigmficant, vet thev had higher values than the
skiers al anacrobic threshold. lt-is not clear why this discrepancy cxists.SinSe cvelists
were tested during the busy racing scason,‘pcrhaps thev were a little more ‘l'aligucd
than normal, rcsullingv in slightly lower values. Moreover., cvcling consitutes a  portion

—— : i
of  some skiers' drylapd traming regime,  but  their volume of  cvcle training  Is
probably not as great as the cvehists. Thic s c\'idcnccg, By lower mavimal heart rates

¥
in the skiers: anccdotal evidence support this notion as a number of skiers noted
thev had 10 stop becausc of local muscular  fatigue. This would mecan that the

observed scores for the skiers are probably underestimating their maximal acrobic
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power! Since the skiers utilize  a greateri muscﬁlar mass when Lfaining, ~many
investigators have dcmonst-ralcd (heir ;'cr_v high‘ relative maxima), aerobic power values.

Although the splanchnic region'conlaihs aboul one quarter of .lhe bblo':'_.)d-
volume at rest, during submaxima] exercise  the splanchmc blpod flow - is inversely
related ito heart rate (Rowell, 1974) Thcrcforc durmg exercise in a thermally neutral
"';.envnonmt;nt a large volume of blood can, be leCT[Cd to the active muscles. It has
been euggemcd Lhat qurmg exercise in the he_at, Lhe mosl likely means by‘which

skm blood_ flow can be increased is by an increased sympathetic activity to viscera

- <

and muscle, thereb\ weanmg a hltle more blood o increase the efficacy - of coolmg

Smce the time at which anaeroblc ‘threshold occurrc_d was’ similar 'Lhe amount of
, . | \ ‘

work performed was a.lso similar in the present study,_ which suggests that the

* higher heart rate at anaerobic threshold in the heat was® most likely- due 1o - a

decreased, -stroke volume. Oxygen cost is also increased‘in a. compensatory move 1o

. o
accomodate the rflsmg demands for oxygen by the sSwealing, respiratory and

y ‘ . \’ .
circulatory mechanisms (Fink and associates, 1975). The mechanisms by which the
cardiovascular  system  adjusts  to these  somewhat  paradoxical demands, remains

obscure.

3

Pelersen (1973). MacDougall (1974), Fink (1975), Dimri (1980) and their
assgciate"s, demonstrated that exercise in the ﬁeah augments glykcolytic processes, as
evidenced by an increased blood la(‘lié acid concentration at all workloads ahd

through-»_ musc]e biopsies '-(Feistlorn and /a$sociates, 1984).'?"Si‘gniﬁcantl_v, higher
concentrations’ werc also found at rest .(Pf;Le-rsen 1973; Fink ‘1-6)75" Dir;qri 1980 and
their assocu;?cs) It wou;d ‘be Lempung {o] sx;ggest that the anaerobic Lhrcshold 15 also
affected, but  this would be mconduswc nghcr OlacLaL‘e concentrations mav. = Tise

~ proportionally throughout exercise. which ‘would- keep the anacrobic threshold the

same. In the present stud\ the anaerbbic threshold occurred at very - similar
. , .

workloads: howevcr the oxygen Lonsumpuo‘n at anaeroblc threshold in the hca[ was
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i
significanly reduced in comparison to the cold .and ‘thermoneutral conditions. There is

substantial ~evidence indicating an increased hcart Tate in the heat duc 1o a

diminished stroke volume. Of equal importance are the findings which indicated- an.

increased -'gl_\'colytic metabolism - in  the heat. It is speculated that the cardiovascular
adjustments made in the hot condition.s, resulted ‘in a decreased blood Tlow to the
wor.k.i.ng muscles, inducing a hypoxic state from the onset. This “would seem to
reasonably explain  why the anaerobic threshold occudrKed at approximately the same
workload, vet oxygen consumption .was reduced. In, addition this would seiem Lo agree

with the theory that hypoxia s in an increased recruitment of fibers, especially

those which are specialized for glycolvtic energy production. Although the anaerobic

threshold seems to be altered by ambient temperatures, further iﬁvestigations should
be performed 10 "clarif‘_\' whether  glvcolysis is increased within the slow-oxidative

fibers or whether fast, glvcolytic  fibers are' actually recr@,ed o, aid in the

f s
1

production of energy for work.
It is apparent thalt if anaerobic threshold is altered in different ambient

temperatures, training prescriptions  must  be adjusted proportionally. The use of

lraining heart rates at anacrobic threshold has lbeen' shown' to be an advantageous

method ~of training, because the melabolic stress is individualized and thus very

similar. However for athletes who train all year round, such as the triathletes or’ the -

cross country skiers, the training heart ratc must be adjusted, depending. on the

Wy —

~ambient’ temperature in which they arc traihing. Most North Americans™ are exposed

lo extreme variations in temperature. If training heaf%: rate  does not lake/imo

T
i

account the . existing  lemperature, non-uniform metabolic, stress mav  be incurred

"

E}

during training in different scasons, resulling in an’” arbitrary training effect.
. y

o



Chapter VI

SUMMARY AND CONCLUSIONS

The response of the anacroﬁic thresold 1o var'iations in ambient lemperature
were studied in -twelve, wcll—trainéd thale subjgcls. Five cross country skiers and
seven’ cvclists undcrwcm.thrce maximal acrobic power lcs_;i;'in ambient lemp-eratur,cs.
of 5 C, 25 C and 35 C. While resting corﬁ'fortabl_v, .Lhé siibjccts ‘acclimatized’ in
the chgmber, afterwhich they pcrfor_;_ncd an> incremental exercise test until cxhaustion

. ' I ,\'9
on a bicycle crgometer. @

Al . Test, a significant dxfmce -was observed in resting heart rale and length
N :'iﬁ‘)'

of uime spent in the chamber ‘acclimatizing'. During ¢xercise. a number. of mclabolfc
- Tesponses  were - significantly  different under the various ambient conditions. Maximal
heart rate was signif‘ica_g};l_\' different between the groups as well as between the
Lemperatures.This: also held true for the heart rate at anacrobic threshold as well as
when it was expressed as & percentage of maximal heart rate. Although the maximal
aerobic  power _(e*pressed both in absolute and relative terms) was lower with the
oo '
cyclists in all conditions, this was not slatistical® significant. However, these values
were  significantly diff'ereni _V_\with respect Lo temperature. This was also the case with
the oxygen consumption at anacrobig ‘Lhr;shdig in both absolute and relative ‘terms.
I.n this . study there Was a significant  difference between groups w;len oxygen
consumption at anacrobic threshold was expressed as a p‘crcemagc c;f maximaf aerobi'c'
power, |
Wilhin the limitations of this studv, the following conclusions WCTC drawn:

.
&

1. The ambient temperatures of 5 C, 25 C and 35 C were sufficient to
causc significant differences in the anaerobic threshold as measured by gas
exchange parameters. .

47
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The temperatures of 5 C, 25 C and 35 C 1o which the. subjects were
exposed, were sufficient to cause significant alterations in maximal heart rate

and maximal aerobic power.:

Significant differences ins.miaximal heart rat were noted between the cyclists

and skiers tested on a bioyifééf-ergomeler.

Variations in  ambient temperature were sufficient 1o cause --stgnificant
metabolic differences al anaerobic threshold with respect 1o heart rate and

oxygen consumption-

Irrespective of temperature, cyclists indicated a greater capacity to work atl a
higher percentage of their maximal heart rate and maximal acrobic power

when tested on a bicvcle "ergometer.

-Inspite of’ being accustomed to training at extremelyv different temperatures,

these -subjects elicited similar metabolic adjustments to the temperatures in

.

which they were tested.

recommendations for further inquiry. would be appropriate:

Subjects should employ the heart rate al anaerobic threshold obtained from
a neutral temperature and perform steadv state exercise in bolh cold and
hot temperatures. This would further substantiate the importance of a

temperature adjusted training heart rate.

The effectiveness of utilizing a Lcmperamrc adjusted training heart rate on

the onsdl of metabolic acidosis should be examined.

" The effect of a reduced mean body temperaturc on the onsel of anaerobic

threshold should be investigated in more- detail.
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4. A mectabolic index should be developed indica‘ting the efficiency of the

cardiovascular system under various ambient temperatures.

5. A more indepth investigation should study the effects of early onset of

!
metabolic acidosis on the oxygen kinctics during recovery.
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CONSENT FORM N

voluntarily consent to  undertakc a scries of maximal cxercise  tests designed 10
determine my AT under threc cnvironmental conditions. | understand thal these Lests
will be administered by Florence Slomp, Faculty of Graduate Studies and Resecarch,

University of  Alberta.

| also understand that 1 will 2rc#1 an orientation session during which testing

procedures  will be explained and :nthropometric measures determined. It s my

understanding that | will undergo fo  naximal exercise tests on a bicycle ergometer,
at ambient tlemperatures of §° C, 2* ¢ -4 35 C.Before the testing commences, |
understand” that a rectal thermometer . . be inserted in order 10 obtain core

temperatures  and four skin sites will be measured. 1 also understand that gas

collections will be made and heart rate will be monitored continuousty.

The procedures have been explained to- me and any questions | have pertaining 1o
the test may be directed to the examiner. ] understand that all procedures will be

conducted by trained technicians. I am aware that | may voluntarily withdraw

without prejudice, from this study at any time and the ‘tesi(s) will be stoppeda
experience any unusual or abnormal responses.] have "been assured of the anony

of the personal information that I have given.



(8%)

6.

6O

PHYSICAL ACTIVITY READINESS

" QUESTIONAIRE (PAR-Q)

’

Has your doctor ever said vou have heart trouble? Yes No

Do vou frequently have pains in your hcart and chest? Yes No

Do vou often feel faint or have spells of severe dizziness” Yes No
f

Has a doctor ever said vour blood. pressure was 100 high? Yes No

Has your doctor ever told you thal vou .have a bone or joint problem such

. g .
as arthritis that has been aggravaied by cxcrl®#. or might be made worse

by exercise? Yes No

1s there a good physical reason not mentioned here why vou should not

follow an activity program cven if vou wanted 10? Yes No

¢

Ate vou over the age ol 65 and not accustomed 1o vigorous exercise”? Yes

No
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FORMULA USED FOR HYDROSTATIC WEIGHING

“%FAT = [(4.570 / Body density) - 4.142] x 100

11.5

TP %

is

n
Ve

air

1. Weight in oair o (Ibs)*
2.
Vital Capacity ..... ST (liters)* x 61.02 = .. ...
cu.in
3
Residual Volume ..................... cu.in,
(30% - males, 25%..females of the V.C. in cu.in)
N ’ B
4. -
Volume of the G.I. tract = ... 7.01....... cu.in.
50 .
Weight in water =
[fchart reading® x belt wu / 75] - belt wi =
CACUILATIONS
6.
Total Bodv Air =
a.
VG «....cudn. (from #2)
b. |
+ RV cu.in. {{rom #3)
C.- . .
+ G, . R cu.in.
d.
o x 0.0362
T i lbs
7.
True weight in water = wi. in water + total bodv
(#S + #6 = ... 1bs)
&.
Body Volume = wt. in air - truc wt. in water
(#1 - #7 = ... 1bs)
9, P ‘
- Body Density = [wt in air / body volume] x water density®
(&1 /7 #8) » .. ]
10.:



6Y

Ebs of fat ~ [%lac x wt in air] /7 100 ...
12, :

Lean Body Weight (LBW) -~ wit in air - lbs of fa

R - O O O 1. BW) !

*these values are obtained through the actual procedure



CALCULATIONS PERFORMED BY THE BECKMAN METABOLIC CAR]

DATA COLLECTED

!

The exercise metabolic program collects  the following data from the analyzers in the

metabolic, measurement  cart:
y

FeCO,
FeQ),
Temp
Pb

Volume

Time

CAL.CULATIONS PERFORMED

Minute Volume (ml/min, BTPS)

L. Ve(BTPS) = Vol \ 60/time -» (Pb-23/Pb-

273) N 1000

Y Ve(STPD) = Ve(BTPS) » (Pb-47760mmHg
Oxvgen Consumption (ml/min STPD)

3. FiN, = 1 - FiO, '

4. FeN. = 1 - FeO. - FeCO,

S.OVISTPD) = Ve(STPD) X FeN,/FiN.

6. VO, = [VI(STPD) X FiO] - [Ve(STPD) X
Substituting 3 and 4 into 5, and 3 into 6

7. VO, = [ Ve(STPD) X (I FeO,

[Ve(STPD) X FeO,)

mixed cxpired carbon  dioxide
fraction
mixed expired oxvgen fraction
temperature of expired gas as it
passes through the volume
transducer
barometric pressure (mmHg)
cumulative expired volume (liters,

ATPS)
duration of measurement interval
{seconds)
47y x (273 4+ 3TC/ temp  +
) x (273C/3107C)
FeO,]

;‘;"

]
FeCO,/1 Fi0,) x FiOJ



()_

10.

VO, (ml/kgmin’®) = VO/WU in kg ' o
Carbon Dioxide Production (ml/min STPD) R

H

VCO;

3

{

VCO, = Ve(STPD) (FeCO, - .0003)

¢

Respiratory Quotient

R = VCO/VO

[Ve(STPD) X FeCOJ - [VI(STPD) % FiCO) -
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EXERCISE PROTOCOL

73

20

6.3

min Kp "RPM ' kpm
%‘ <
2 1.0 50 300
4 13, 80" 600 -
6 18 80 900
8 25 80 * 1200
10 3 80 1500
34 80 1800 U
14 4.4 80 2100
16 5.0 80 2400
18 56 . 80 2700
| 50 3000
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-REST AND

RECOVERY RAW DATA
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Correlation Coefficients for Selected Exércise Variables
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Correlation Coefficients for Selected Test-Retest Variables.
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