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Self-paced cycling performance and recovery
under a hot and highly humid environment after cooling

B R GONZALES!, V. HAGIN! R GUILLOT!, ¥ PLACET? P MOWNNIER-BENOIT! A GROSLAMBERT!

Alm. Thiz study inrestpgated the effects of pre- and posi-
cooling on self-paced time-irial cycling performance amnd re-
covery of cydisiz exerclsing under a hot and highly humdd
erwimmment (29.92 “C-78.52% RH).

Methods, Ten male cydists performed a self-paced 20-min
time irial test (TT,) on a cyclo-ergometer while being cooled
by a cooling vest and a refrigerating headband during the
warni-up and the recovery period. Heart rate, power output,
percelved exerton, thermal comfort, skin and rectal temper-
atures were recomed.

Results. Comipared to comirol conditlon (222.78=47 W), a
slgmificamt increase (P<0.05) inthe mean power output dur-
ng the TTy (2390745 Wi +731%) was recorded with a
sAgmficamt (P<0.05) decreasze in skin temperature without
affecting perceived exertlon, heart rate, or rectal tempera-
ture at the end of the TT.,, However, pace changes ocourTed
Independently of skin or rectal temperatures variations but
a slgmificant difference (P<0.05) in the body's heat storage
was obhserved beiween both conditdons. Thi=s result suppesis
that a cemral programmier using body’s heat storage as an
nput nay imfluence self-paced time-irial performance. Dur-
ng the recovery perlod, posi-cooling significamly decreased
heart rate, skdn and rectal temperaiures, and improved sig-
mificantly (P<0.,05) thermal comifort.

Conclusion. Therefore, In hot and  humid -envirommenis,
wearing a cooling vest and a refrigerating headband during
warnm-up improves self-paced performance, and appears to
be an effective mean of reaching skin Tesi temperatures more
rapidly during recovery.

EFEY WORDS: Hornidity - Athleic perfonmmance - Pody empera-
ture regnlation

he concept that hot and humid environments
have a detrimental effect on petformance is
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genetrally accepted -2 and has prompte d many stud-
ies on thermoregulation, These temperabure issues
were especially apparent approaching the Olymnpic
Fathes in Atlanta o 1996,2.2 in Arthens in 2004 €
and, nofe recently, in Beijing in 2008 .7. E Studies,
aiming at increasing human performance at high
ambient tetnperatire, have examined the effects of
body cocling before exercizse (pre-cooling) using
leg or whole body water immersion,® 5 9 cold-air
exposiare 12 or cooling gartnents.it 12 In general,
sfarting a competition with a cooler body wounld
appear to enable athletes to increase their heat skor-
age and endurance performance level before reach-
ing a limiting core temperatare. This result may be
explained by a significant decrease in skin temnper-
abare,'? in central temperature,'® or in both 4510, 13
A decrease in body temperature iz usually associat-
ed with an enhancement of endarance performance
by increasing the distance covered in a fized time ,*
the tine before exhanstion,'® ! or the extent of
power oatpur developed.!4. 1% Precooling ar control-
led exercise intensity decreases heart rate2 4. 7. 10,13
and perceived exertion4, while increasing thermal
comfortl?,

Most of the exercise protocols nsed in previ-
ously puablished studies fized the speed or power
output develope d by the athletes, and a few studies
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examined the influence of pre-cocling on self-ze-
lected-intensity exercizes. Moreover, the warm-np
protocol prior to self-paced exercise was not ex-
plained,* * not controlled,” or only partially con-
trolled.E 3t Clair Gibson and Moakes !E posmlated
that pacing might be controlled by a “central gov-
ernor”™ with feedback and feedforward mechanisms
that nse informarion abour thetrmnal load, exetcise
intensity, energy stores and fluid balance. Because
the use of a precooling manoeuvre daring warm-up
could provide “misinformation™ to the central gov-
ernor, as recenty reported by neck cooling stud-
ies,12. 20 the ability to select an appropriate pace
may be altered, and this could affect the regulation
of effort.

Excessive rounds of inkense training and compe-
titioms, particdlarly with shott recovery time, can
impose great physiclogical and psychological con-
atraints that are detrimental to performance«For this
teason, different body-cocling methods indtiated
after or between exercises (postcooling) have been
investigated with the aim of increazing rate and ex-
tent of recovery in athletes,?!- * Postcooling has been
found effective in hot environmiients as a recovery
method where a decrease in central andf/or peripheral
teTnperatires is desired inforder fo retirm guickdy to
neormothermia andfor to minimize~-aches, leg pains
and mnscle damages. Nevertheless, although an in-
creasing nimber of athletes use post-cocoling during
recovery, the effectiveness ofthis method is eqoive-
cal because most/dests of cooling methodshave Dot
accurately conirolled the exercise inensity, environ-
mental conditions, ot physiological and perceponal
responses of the.subjects 12. 22 or aremizedwith oth-
ers methods.

Therefore, the aitn of the present study was (o est
the effects on trained cyclists of'a .cooling method on
phy=iological and percepmaltesponses daring and a
self-paced cycling exereise performed in a hot and
extremely humid emvironment.Our first hypothesis
was that pre-cooling daring a standardized warm-ap
conld influence the performance level and the pacing
strategy of the athlete during a self-selected intensicy
exercise, by increasing the exercise intensity.

Ouar second hypothesis was that post-cooling dur-
ing the recovery period could decrease the time re-
guired to attain normothermia, in spite of this hy-
pothetical increase in intensity during the previous
exercise.
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Materials and methods

Study population

Ten trained male road-cyclists (Tnean+standard
deviation; age: 21.36x180 wears old, height
178.9024.30 cm, VO,max: 59.14+7.01 mL.min!.
ke-!, maximal .aerobic power: 321.00+57.00 W,
body mass: 71.6324.32 ke, percentage of body fat:
14.98+1.5796, body mass index: 22.15x1.01, body
aiutrface atea: 1.9x0.08 m? with 622 years of com-
petition experience volunteered to patticipate in this
study-Adl subjects were invelved in a regular physi-
cdl training regimen. The subjects, gave their writ-
ten-Comsent to participate im the /inwestigation. The
experiments complied with the Helsinki declaration
(19833, and the protocol was approved by the local
ethics comnmittee. The subjects were asked to main-
tain-their normal diet (avoiding caffeine, stnoking in
the previous 12-houts) and raining during the stady,
Each subiject was famniliarized with the tezting proto-
col and equiptnent, but was not informed abeout the
expected.study tesults, Each subject was tested at
the samme e of day, under two counter-balanced
and randomized condideons: with combined pre- and
postcocling ‘or without any cooling method. Tests
were carried out at one-week intervals.

Control conditions (without cooling method)

Each subject performed a standardised 20-min cy-
cling warm-p during which the power ouarpur was
accurarely controlled (Table I). The warm-up comn-
prised four incremental levels: level 1 consisting in
3 minutes at 50% of maximal aerobic power (BLA TP,
level 2: 5 minntes at 66% of MAP, level 3: 5 minutes
at 83% of MAP and level 4: 2 minuates at 100% of
MAP The MAF had been e asured one week before
the experiment during a maximal graded test carried
out ap o the point of exhanstion. A 3-min period of
active recovery at 50% of MAP was then performed,
followed by 5 minntes of passive recovery while =it-
ting on the bicycle. This exercise bout corresponded
to the exercize intensiry of the warm-up wsnally per-
formed on a home trainer by ridets before time trial
cycling competitions.?6

Each subject nsed his own racing bicycle equipped
with a powetr-outpat neasuring device built into the
hub of the rear wheel (PowetrTap, Cycleops, Saris
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TapLE I —Descriprion of e siperincnial condi forns arnd proooo ! fming.
Wamm-up Eecovery TT20 Recovery
Smin 3 mn Smin 2 min 5 min L0 min A0 min 0-1L5 min | 1530 min

Test protocol doration

Cwcling Group Inc., Madizon, WI, USA) and mount-
ed on a calibrated home trainer 27 (CatBEye C5-1000,
Cat Eyve Co., Osaka, Japan). The patticipants were
asked to develop their maximal power output dur=
ing a 20-min tie trial (TT,,). A 20-min bme rrial
was chosen in order to determine the individualien-
durance capacity at a steady state of blood lactate .28
Duaring this est, the subject was invited to self-adjust
the mechanical power output developed by using a
pacing sitategy. The power odtput, pedalling rate and
heartrate displayed on the dnit menitor wete masked.
The =abject was only informed of the elapsed rime.
Each zezsion (warm-up, break between the warm-ap
and the time trial,fite kial and the 30-min recovw-
ery period) occufred in a climate .controlled chatnber
where the temnperabire and humidity were accurarely
controlled (29.92+040°C and 78.52=2 48% of rela-
tive humidiry). In addirion, daring the T T4 the sib-
jects were cooled by an electric fan'with a constant
wind speed 22 (2.66.1m/5), and they were weating the
same standard cycling apparels2°with short= and jer-
sey both made of 100% polyesier.

During the experiment; athlete’s heart rates were
continnonsly monitored, by, 3 heart-rate recorder
(PowerTap, Cycleops, SatisWQycling Group Inec.,
Madison, WI, TUSA). Skin%iFermiszstors (TSI 409
Temperature Probe, Y51 Inc.;, Yellow Springs, TISA
and Digi-Sensze Thermistor thermomerer nodel
60010-70; Barnant Inc., Barringron, IT., TISA) were
attache d under their cycling apparel to the midpoint
of the right pectoralis major, and to exposed skin at
the midpoint of the right triceps brachii lateral head,
the right rectus femoris, and the right gastrocnemnins
lateral head. Skin temnperature was recorded at the
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end of each'level during the warin-up, every 2 min
dieingthe TT., and aftet 15minakes and 30 minaes
of recovery. Mean skin tempetrature (T,,,) was cal-
culated on the basis of the Ramanathan*! equation:

R - 5 WChe AT ey M

where T isthe chestremperatiare, T, is the arm te1n-
perature, F i= the thigh remperatire, and 7. is the calf
temnperatire, In addition, rectal temperature (..,
(CKMERON 1 renp, OMRON Co., Kyoro, JTapan) was
recorded at rest, at the end of the warm-up and the
TTeand during recovery (15 minutes and 30 min-
ates- aftet the TT,,). The calibrated rectal thermis-
tor was inserted 10 cm past the anal sphincter. Since
parbicipants felt uncomfortable with a rectal probe
inzerted while cycling, the thermistor was remnoved
after each measuremnent: 13 at rest; 2 at the end of
warTn-up, 3) at the end of the TT, 4) after 15 min-
ates of recovery, and 5) after 30 minate s of recovery,

The total body temperature (7h,.5,) nsed in this
asbiudy was calcilated from skin and rectal temnpeta-
ture nsing the following eguations:3!

Doy =000 (L) 4021 (T4.)

Hear conrtent was calcnlated nsing the following

equaton:
Q. =T 5 xm=x 347

Whete ¢_was the heat content, Iy s, was the body
temperatiure in °C, ¢ was body mass in kg and 3.47
was a constant measured in kJ °C -L ke !,

Mean heat storage during the TT ., was calcdlated
with the following e quation:

Mean Q, =(Q. 4~ Q.. 2¥20

where (J, is mean heat storage in kKJmin!, @_ ; is
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heat content at the end of the warm-up and ¢_ ,; is
the heat content at the end of the TT,, and 20 is the
doration (in minuates) of the TT,,,.

Perceived exertion (the RPE 6-20 of Borg *?) and
thermal comfort (the feeling scale of Hardy, and
Rejeski®? adapted for thermal comfort) were also re-
corded every 2 minutes during the TT,,, bat also dur-
ing the warm-up and after 15 minntes and 30 minnates
of recovery. This feeling scale is a graduated scale
with a range from -5 to +5: -5 corresponds to a very
cold sensation and +5 to a very hot one. Zero cor-
responds o a neatral thermnal sensation. Daring the
entire experitnent and in order to nimic the comnpeti-
tion conditions, subjects could drink =lightly cooled
(14 °C) water ad {ibitumn.

Cooling conditions (with prepostcooling)

The warmn-up was performed ander the same en-
vironmental conditions as the contrel /condirions.
However, this die, during the warm-up peried, the 5
minutes of passive recovery before the TTS, and the
tecovery period (during the first 15 minutes imme-
diately after the end of the TT4), the subjectswere
eguipped, over their standard cycling-apparels, with
cooling jersey with gel packs dnserted-in {Ice-Shirt,
Viherm Inc., Roche Lez Beanpré France) o coeol
the pecteralis, delteids and scapilae (covering about
20%% of the body sutface area), and with a headband
in which water-absorbent crystals were encapsalated
(Coolmor Cooling Head Band, Roshgo Co Atlanta,
GA, USA)Eo cool theforehead (covering abour 35
of the body surface area). Before being wworn, the
headband was kept coel in 5 °C watet; and the cool-
ing west was kept fof 30 minates ab.-18.°C in=ide an
icebox. While being worn, both items delivered an &
°C temperarure to the skin throngh condioction.

Statistical analysis

Data were analysed ‘as means (Mixstandard de-
viations (513). The data from the present smdy met
staristical assumprions for nse of parametric staristics
(e, homogeneity of variance and normaliry of the
sample distribution), so a two-way repeated measares
AMOVA (conditions x rime) was nsed, followed by
a Scheffé post hoc test (Statview, SAS Institute Inc.,
version 9). The possible changes in power outpat
observed daring pedalling, independent of P walue,
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were investigated in relation to the wirthin subject co-
efficient of variation (CV) for power oatpuar. These
changes in power ouarpur within this zone were con-
sidered unimportant. By 1sing conventional alpha
(0.05) and beta (0.02) assumptions, we estitnared that
10 subjects would provide sufficient power to find a
meaningful difference in power cutpat equal or great-
er than the CV, which was estitnated as 5% baszed on
a recent study®® This is equal o a change in power
outpat of ~ 7 W/2 min, A regression analysis was also
nsed to determine a possible link between the time
and the power output developed during the TT ., test.
A paired-"t™est was used to compare the water in-
tale and the rate of heat storage of both groups. Sta-
tistical significance was accepted at the P <0.05 level.

Results

Power oulput

The powetr wocuarputs developed duaring the T,
showed a significant conditien effect (F<0.01) but
no Hme effect (BP=0.46) or interactions (P=0.907, As
indicated, inwFigure 1, post hoc tests revealed that
the.power oudfput developed in the cooling condition
(mean values: 239,075 W) was significantly high-
et (P «0.09) than that in the contrel condition (mean
values: 2227847 W), Thi=s difference represents a
1oean power oatput difference of 1620 W (+7.31%)
between the fwo conditions.

Pacing stratzgiss

The participants mainrained a pace thronghout the
first 18-min of the TT.,that varied by 1.55% and
1.64%, respecrively in contrel and cooling condi-
tions, which does not represent any significant dif-
ference. During this peried, a correlation analysis
between power output and skin temperabire indicat-
ed a “LI” shape second order polynoial significant
correlations (F«<0.05 and P<0.01, respectively in the
cooling and conirol conditions). For the period be-
tween the 18%H and the 208 minates of the TT.,, the
participants experienced the same end spuart pace of
12.37% and of 12% respectively in control and cool-
ing conditions. These relationships sugeest that pace
changes were independent of the variabions of skin
temperature.
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Figore 1.—Croup moean response (+ standard desation, I.=10) for the power cutpot dormg a 20-min tme tna at self-selected 1nten-

sity. * Sigmificantly different (P-20.05) between both conditions.

Skin, rectal temperatures, heat storage and cooling
rates

Skin emperaniwre resulis showed a significant
condition effect/(P<0.01)and, time effect (F=0001),
but no interactions (F=0,/68). A< indicated in Figure
2, post hoc tests tévealed that the skin Emperaruare
mneasured in the cooling condition was significantly
lower (P<0.03)than the control conditien doring
the warm-up (mean values for the warm-up period:
35.1240.92 °C ws, 35.7620.49°C), buat also at nin-
ntes 2, 4, and 6 during the TT., (nean values for the
TT,, perind: 35.91+0.63 20 s, 36,21+0.38 °C) and
after recovery (35.01+0.22. ®Fhas 3550032 °C
after 15 minntes of recovety and 34.80+0.23 °C us.
3530030 °C after 30 'minares of recovery).

For the rectal iemnperanire, significant condirion ef-
fects (P<0.01) and rime effects (P<0.01) were found.
Mo significant interacrions were obzerved (F=0.83).
The rectal temperatare was not significantly differ-
ent bebween conditions at rest (P=0.82), at the end
of the TT, (P=0.96) or after 15 minntes of recovery
(P=0.21) (Figure 3).

In the cooling condition compared to the control
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condition, peost heoc tests revealed that the rectal
tethperabine was significantly lower (P<0.03) at the
end of the warm-up (37.67x0.46 °C ws, 37.96+0.32
°C)/and after 30 minutes of recovery (P<0.01)
(F7 462041 °C ws. 37 .92+0.57 °C).

In addition, the atnount of core temperature accu-
mulated during the TT,, was significantly more im-
portant (F<0.03) daring cooling condirion (1.39+0.5
°) comnpared with control condition (0.99+0.5 23,
The rate of heat storage confirmns this resalt by indi-
cabing values significantly higher (P<0.05; =2.37)
in the cooling condition (-16.54+6.33 kl.1nio-!)
compared to the control condition (-9.8512548
1d min-1).

The cocling rate was alse significantly higher
(P<0.05]) after the first 15-min of recovery (0.02+0.04
°Cmint in the control condifion ws. 0.05+0.02
®Cnint in the cooling condition). There was no sig-
nificant difference between cooling rates within the
15-10-30-min perind (0.02+0.02 *C min-! in the con-
trol condirion ws. 0.03=+0.02 °C.min! in the cooling
condirion). Results for the overall recovery period
of 30 minutes show a significantly higher (P<0.01)
cooling rate (0.05=0.02 °C min-!) in the cooling con-
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dition comnpared to the conrol’'condition (0.03x0.01
°C min-1),

Percepteal responses

Perceived exertion zhowed a significant condi-
tion effect (P<0).01) 'and time effectAP£00L), bar
oo ineractions (F=0.92). Past hec ests teyealed
ne significant diffefences in mean.petceived exer-
tion between control and cooling conditiens during
the TT,; (16.12+1.55 wr. JO 91 517, but a sig-
nificantly lower RPE-scoretin thewcooling condi-
tion at levels 2 and 3 of the warm-up (11.55+2.08
ws, 12.80+1.63 ar level 2%and 13.15+2.16 ws
14.30+2.05 at level 3).

Thermal comfort showed a significant condirion
effect (P<0.01) and time effect (P<0.01), but no in-
teractions (P=0.94}. A= indicated in Figure 4, a sig-
nificant difference (P=0.05) was observed between
both condirions during the warm -1p, at minares 2, 4,
6, 8 and 12 daring the TT.,, and during the entire re-
covery period (0.75x0.5 in the control condition ws.
00,6 with post-cooling after 15 minuates of re covery,
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and, 0+0:5 in the control condition we. -1.520.70 in
the cooling condition after 30 minutes of recovery).

Heart rate

Heart rate showed a zignificant group effect
(P=0.09) and time effe ct (P<0.01), but no interactions
(P=0.99), No =ignificant difference was observed
during warm-up (139383645 bpin in the cooling
group ws. 140.25+42 . 10bpin) and T T, (176.32+5.54
bpm after precooling ws. 179.56+6.95 bpn), but a
significant difference was found between both con-
ditions after 15 min (110.01+8.18 bpm in the control
condition ws. 97.05+15.13 bpm with postcooling) and
30 min of recovery (85.16+12.49 bpm in the control
condition ws. 75.13=+2.08 bpn with postcooling).

Water consumption

The water intake by the subjects was not signifi-
cantly different (P=0.65) between the two conditions
(1002626 mL. in the control condition ws, 10612647
mnl. in the cooling condition).
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Discussion

This stady aimed at testing two hypothesis: that
pre-cooling could influence the performance and the
pacing strategy during a self-selected intensity exer-
cise; and that the post-cooling method used in this
stiudy would be efficient on recovery. The most im-
portant finding of the present study is thar pre-cool-
ing increases significantly the mean power outpuat
developed during a self-paced cycling exercise, but
this increase occourted independently of the varia-
tions of the skin and rectal temperatares. Indeed, the
pacing strategies revealed small variations of 1.64%
in the cooling condition and 1.55% in the contrel
condition for the 18 fitst minntes of exetrion, and
a CWV of the pacing for the last 2-min of exercize of
129 in the cooling conditions and of 12.37% in the
control conditions. Compared to Ely =t ol > and to
Bvine ot ai.35 studies, the “low™ rectal temperatares
(.2 <40 °C)recorded at the end of TT 5, (39.0620.50
°C and 38.94:0.50 °C in the ceooling and conirel
conditions, respectively), do not approach any hypo-
thetical critical core temperature that could reduce
metabeolic heat prodaction and protect physiological
integrity at times of high endogenous-and/or exog-
enous heat load.2 LB 26 Therefore, other physiologi-
cal or paycheological inpits appear o influence mean
power oufput and pacing, such as the body’s heat
storage.

Indeed, the significant difference of mean rate-ef
heat storage found during TT., under cooling con-
dition underpins this hypothesis that was previonsly
reported by Tucker . These authors had observed
that heat storage was a sensed variable which regiu-
lated the exercizeintensiry when the endpeint was
unknown before the exercise bout began. Our re-
aules suggest that this variable may also be influent
in self-paced emercize when the endpoinr is fized.
The perceived exertiomwvalues fecorded duaring the
experiment Tnay confirm this hypothesiz. During the
warm-up when the power oarpur was fized, the val-
nes for perceived exertion and thermal comfort were
significanfly higher ander the contrel condidons.
Perhaps for thiz reazon, the subjects immmediarely
started the TT,, at a moderate self-selected intensity
(ean power oatpuar 222 78+47 W) in order to reach
a peak heart-rate valae at the end of TT,, Under
the cooling conditions, the subjects reported lower
values of perceived exertion and thermal comfort
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at the end of the warm-up. They then self-selected
and mainrained higher exercise intensities for 20
minutes (mean power oatput 239.07+45 W), This
1nechani=m was reported by Ulmer,*E who sngeeste d
that a central “programmer™, probably working ar a
abconscions level, calculated the time necessary o
complete an activity. The aunthor incloded this in a
calcnlation of the power oupur regquired to cotnplere
the task while' Tnaintaining homoeostasis (L=., a re-
serve of body heat'storage in the present study) in all
the bodily systemns.

The significant increase (P<0.05).0f 1629 W, or
T.319%;obseryed in the present stady is+in line with
that repotted previously,® 7 where povwet outpat in-
credses of, tespectvely 6.04%, and 11.23%, were
recorded after precooling. However, our differences
areless pronounced than those thar'reporte d £ gains
in power output of 17.06%, This discrepancy may be
explained by the factthat the subjects in this stady
nsed different precocoling methods (an ice-vest and
cold air), were tested during a longer cycling ex-
ercize (A5 minutes). Mevertheless, ot differences
are mote. pronounced than thosze repotted by Am-
grimsson,® who observed a gain of 1.15% in a 5-km-
running test. o addition, the exremne relative humid-
ify-of the emvironment tested in this present stady
(78.52% RH) might also explain this discrepancy (~
-10%5):25 It i= actnally known 2 that such a high rela-
tive huomidity decreased the efficiency of loas of heat
throngh sweatng, or disabled this hear loss.

Other factors may also party explain the improve-
ments in power ourpur affer pre-cooling. Indeed,
heart rates were not significantly different ander
both conditions before and during the TT,, even if
the subjects developed a significantly higher power
outpit when they were cooled. In addition, no sig-
nificant difference in perceived exertion was ob-
served berween either TT performances. Therefore,
the rate of heal storage and dissipation mechanistns
1nay compete with active muscle for blood Aow and,
wirthout precocling, this increased blood fAow o the
skin for heat dissiparion may resnlt in lower power
output for sitnflar cardiovascular and perceived exer-
tion responses A0

Daring the recovery period, a significant decrease
in heart rate was obzerved. This resalt i= in line wirh
the findings of Mouror,2! who reported that cooling
reasulted in a lower heart rate. The authors reported
that coeling the peripheral tissues induced a vaso-
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constriction response that reduced blood Aow to the
skin and peripheral tissnes. Peripheral vasoconsiric-
tion could increase peripheral resistance, resulting in
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