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ABSTRACT

This investigation assessed performance, physiological and perceptual responses to wearing
additional clothing during endurance training for two-weeks in temperate environments, to
determine if this approach could be used as a practical, alternative, heat acclimation strategy
for athletes. Fifteen trained male triathletes assigned to performance-matched groups completed
a two-week unsupervised endurance cycling and running program in either (i) shorts and a short
sleeve top (CON; n = 8) or (ii) additional clothing of full-length pants, a “winter” jacket and gloves
made from nylon, polyurethane and polyester (AC; n = 7). Participants completed three separate
(i.e. familiarisation, pre-program and post-program), identical, pre-loaded cycling time-trials
(20 min at 180 W followed by a 40 min self-paced time trial) in 32.5 + 0.1°C and 55 *+ 6% RH.
Core and skin temperatures, heart rate, sweat rate, perceived exertion, thermal sensation and
thermal comfort were measured across the pre-loaded time trials, and heart rate and thermal
sensation were measured across the training program. All of the participants recorded in their
diaries that they completed all of the programmed training sessions in the required attire. Mean
thermal sensation was most likely hotter in AC (5.5 £ 0.4 AU) compared to CON (4.4 + 0.4 AU;
ES = 1.61, £ 0.68) during the training sessions. However, follow up tests revealed no physiological
or perceptual signs of heat acclimation, and the change in time-trial performance from pre-post
between groups was trivial (CON: —3.5 + 12.0 W, AC: —4.1 + 9.6 W; difference = -0.7%, + 5.4%).
Training in additional clothing for two-weeks in a temperate environment was not an effective
heat acclimation strategy for triathletes.
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Introduction for at least 60 min daily, across 1-2 weeks, to

Repeated exercise training in a hot environment
that induces beneficial thermoregulatory adapta-
tions (heat acclimation/acclimatisation) is the
principle counter-measure recommended to mini-
mise heat-induced physiological strain, lower the
incidence of heat-illness and improve athletic per-
formance in the heat for endurance and team-
sport athletes [1]. Training in the heat for
> 8 days has robust efficacy for ameliorating the
hot environment-mediated declines in endurance
performance [2]. The physiological adaptations
responsible include lowered resting and exercising
heart rate, lowered core and skin temperatures,
plasma volume expansion, higher sweat rates and
many others [2]. Consensus recommendations to
induce heat acclimation are to exercise in the heat

provoke elevated physiological responses (namely
increased cardiovascular strain, body temperatures
and sweating) deemed central to acquiring the
heat adapted phenotype [1,3].

The benefits of heat acclimation in advance of
athletic competition in a hot environment are
important, yet logistical challenges preclude some
athlete’s ability to train in the heat consistently.
Indeed, only 13% of long distance athletes at the
2015 Beijing World Athletics Championships
(where hot conditions were expected) followed a
heat training regime [4]. A lack of access to a hot
outdoor environment or suitable environmental
chamber, costs associated with arriving earlier at
events, combined with some athlete’s aversion to
stationary cycle ergometry or treadmill training,
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are likely some of the reasons for the lack of heat
training. Given many major endurance events are
scheduled during northern hemisphere summer
months, athletes residing in southern hemisphere
winters can be presented with an obvious chal-
lenge (and vice versa in some instances). Hence,
other empirically-informed strategies that can be
used to acquire heat acclimation status are needed
to support these athletes.

Application of additional clothing (overdres-
sing) worn during endurance training has been
suggested as a method that may induce heat
acclimation in temperate environments [5].
Overdressing can significantly increase thermo-
regulatory strain during laboratory endurance
exercise [6-8] and outdoor cycling [9] in a tem-
perate environment. For example, we recently
showed that additional clothing (long pants, a
jacket and gloves) worn during temperate out-
door cycling elicited moderate increases in mean
core temperature and sweat rate [9], responses
central to acquiring heat acclimation [3]. This
overdressing approach during exercise over con-
secutive days has the potential to be a practical
alternative to “traditional” heat training para-
digms, yet unlike post-exercise hot-water
immersion and sauna bathing [10-12] no studies
have examined its efficacy for endurance athletes
within a training study.

Current recommendations to obtain heat
acclimation are built primarily on laboratory-
based data[2] with little appreciation for “real-
world” athlete training scenarios [13]. Further,
heat-training programs described within the lit-
erature (e.g. the “controlled hyperthermia” or
“controlled work rate” prescription methods)
do not necessarily reflect the training style of
most athletes in the field, limiting the transfer
of such research into practice. Therefore, the
current study aimed to test the hypothesis that
endurance training in additional clothing
(shown to acutely increase core temperature,
sweating and heart rate [9]) for two-weeks
would induce heat acclimation (as measured by
reduced exercising core temperature and
increased sweating responses) and improve
endurance performance in the heat, using an
ecologically-valid training program in a field-
based setting.

Methods
Participants

Fifteen male triathletes (age: 43 + 12 vy, height:
177 £ 6 cm, body mass: 79 + 11 kg, body fat
percentage: 13.5 + 5.0%) volunteered for the
study. Inclusion criteria stipulated a current sea-
son’s best sprint distance triathlon time of
< 75 min (range = 65-74 min). Athletes were
currently completing 5-9 bike and run training
sessions with a combined minimum training dura-
tion of 8 h per week, which classified them as
“trained” [14]. The Human Research Ethics
Committee at Southern Cross University granted
approval for the project in the spirit of the
Helsinki Declaration and participants provided
written informed consent prior to engaging in all
procedures.

Experimental design

In this randomised control trial, a two-week out-
door cycling/running endurance-training program
was employed. Three separate, identical, pre-
loaded cycling time trials in a custom environmen-
tal chamber (made from a greenhouse; Maze,
Clayton, VIC, Australia, and portable electric hea-
ter; Deelat Industrial, Redfern, NSW, Australia) at
32.5 £ 0.1°C and 55 + 6% RH were completed by
participants. The two-week program was preceded
by two of the trials; a familiarisation time trial and
a pre-program time trial, and the final time trial
was conducted post-program.

Following the pre-program time trial, partici-
pants were assigned to one of two groups that
either completed the training program in spandex
shorts and a spandex short sleeve top (CON; n = 8;
age = 47 £ 10 y; height = 176 + 6 cm; body
mass = 77 = 13 kg) or additional clothing (AG;
n = 7; age = 39 + 14 y; height = 179 + 6 cm; body
mass = 82 = 7 kg). In AC, participants wore full-
length spandex pants, a spandex jersey, full-length
gloves (made from a combination of nylon, poly-
urethane and polyester), as well as a jacket (made
of 85% nylon, 15% elastane and polyester lami-
nated; Sub Zero Cycling Jacket, 2XU, Melbourne,
VIC, Australia). The dry mass of the additional
clothing was 0.9-1.1 kg. The two groups were
matched for pre-loaded 40 min cycling time trial



performance in the heat (CON = 182 + 15 W vs.
AC = 184 + 20 W) and body fat percentage
(CON = 14.0 £ 5.5% vs. AC = 13.0 + 4.0%). The
pre-program time trial was completed 5-9 days
after familiarisation, and the post-program time
trial was completed 48 h after the conclusion of
the training program.

Experimental trials

For 24 h prior to each trial, caffeine, alcohol and
high intensity exercise were not permitted and
participants were instructed to undergo their
usual pre-race routine. During familiarisation, an
anthropometric profile was obtained from each
participant consisting of stature (217 stadiometer,
Seca, Birmingham, UK), body mass (DS-530 elec-
tronic scales, Wedderburn, Sydney, Australia) and
sum of 7 skinfolds (Harpenden Calipers, Baty
International, West Sussex, UK), with estimation
of body density [15] and fat percentage [16].
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monitor (Garmin Ltd., Schafthausen,
Switzerland) that was connected to the power-
trainer and a chest strap by ANT+ (ANT wireless,
Alberta, Canada). Mean measures were also
recorded at 10 min intervals. Towel dried nude
mass was measured before and after each trial,
which was corrected for fluid ingestion to esti-
mate sweat rate (L.h™') via the following
equation:

sweat rate = (Amass + fluid ingested) /exercise time

Core temperature was measured every 30 s by an
indigestible  telemetric =~ capsule  (e-Celsius
Performance, BodyCAP, Caen, France) consumed
8 h prior to arrival and calibrated as described
previously [20]. Skin temperatures at the forehead,
dorsum of hand, lower back and calf were mea-
sured every 10 min with a dermal thermometer
(DermaTemp, Exergen, Massachusetts, USA) so
that mean skin temperature could be estimated
via the following equation [21]:

mean skin temperature = 9.429 + (0.137 * forehead) + (0.102 * hand) + (0.29  back) + (0.173 * calf)

The trials consisted of 20 min at 180 W immedi-
ately followed by a 40 min self-paced time trial (coef-
ficient of variation = 1.7%) [17] where power output
was determined with a Wahoo KICKR power-trainer
(Wahoo Fitness, Atlanta, USA), which has been vali-
dated previously [18]. During the trials, a 40 cm fan
was placed 1 m in front of the bike and provided a
wind speed of 8 m.s™' to simulate the convective
cooling of outdoor cycling [19]. Trials were conducted
at the same time of day with no food, supplements or
music permitted. Ad libitum room temperature water
at 33°C was consumed to ensure that thermoregula-
tory and perceptual variables were not confounded
within participants by ingestion of cold fluid during
the trials. Footwear, clothing and instruction were
standardised between all trials.

Measures

Power output and heart rate were continuously
measured at 1 Hz by a Garmin Forerunner 920XT

Rating of perceived exertion (RPE) was measured
using the category ratio-10 scale where 0 = rest and
10 = maximal [22]. Mean thermal sensation was
measured using Young’s 17-point category ratio
scale, where 0 = unbearably cold and 8 = unbearably
hot [23], and mean thermal comfort was measured
using a modified 10-point category ratio scale
where 1 = comfortable and 10 = extremely uncom-
fortable [24]. Ambient temperature and relative
humidity were recorded every 10 min during the
trial with a handheld portable weather metre (accu-
racy = + 0.8°C and 4% RH; PCE-THB 40, PCE
instruments, Alicante, Spain).

Training program

The training program was developed by a Triathlon
Australia accredited Level 2 (Performance) triathlon
coach, after consultation with the recruited athletes to
ensure that the program met their needs. The specific
training program developed was endorsed by the
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athlete (and coach when necessary) as being represen-
tative of their training across the last two months, in
regard to frequency, intensity and duration. It con-
sisted of three individual cycling sessions, two indivi-
dual running sessions, a combined cycle/run session
and a rest day per week for two-weeks. The training
sessions included a mixture of long slow distance,
threshold and interval workouts with intensity pre-
scribed as RPEs of 3-7, as described in Table 1. Best
estimates of minimum training intensity (i.e. RPE
‘3a’) was 50-55% of maximal oxygen uptake, with
the majority of training completed (i.e. RPE ‘4-52’)
estimated to be equivalent to 58-64% of maximal
oxygen uptake, based on previous observations in fit
individuals [25] and RPE scale transformation [22].
The program was completed outdoors and was
mostly unsupervised by the research team. All ses-
sions were completed in the spring months on the
mid-north coast of Australia [September-November;
~ 18°C (range = 11.3-23.6°C) and ~ 67% RH
(range = 51.8-80.1% RH)]. Participants were asked
to follow their usual swimming routine during this
time. No exposure to hot-water immersion or sauna
(or similar) was permitted for 4 weeks prior to, or
during the study.

For each training session, the participant
recorded the ambient temperature and relative
humidity upon starting and finishing through a
smart phone application receiving information
from the local weather station (Weatherzone).
The session duration, mean RPE [22] mean ther-
mal sensation and mean heart rate (Garmin

Table 1. Weekly training program.
Day Session Details

Mon Bike Intervals. W/U: 15 min moderate, 5 min build from
moderate to hard. M/S: 4 x 6 min very hard with 2 min rest
interval between each. C/D: 20 min moderate (70 min total)

Tue Run. W/U: 10 min walk and drills. M/S: 45 min moderate-
somewhat hard. C/D: 5 min walk (60 min total)

Wed Bike Race Pace. W/U: 15 min moderate, 5 min build from
moderate to hard. M/S: 40 min hard continuous, C/D: 10 min
moderate (70 min total)

Thu Rest Day

Fri  Run. W/U: 10 min walk and drills. M/S: 45 min moderate-
somewhat hard. C¢/D: 5 min walk (60 min total)

Sat  Bike long slow distance. 2 h moderate-somewhat hard
(120 min total)

Sun Bike/Run threshold brick. W/U: 10 min bike moderate. M/S:
50 min hard bike with 30 min hard run off bike. C/D: 5 min
moderate run (95 min total)

W/U = warm-up, M/S = main set, (/D = cool-down. Descriptors of
“moderate”, “hard” etc. are based on the CR-10 rating of perceived
exertion scale. Note: This program was repeated for 2-weeks.

Forerunner 920XT, Garmin Ltd., Schaffhausen,
Switzerland) were also recorded by the participant.
Training load was calculated with the session RPE
method via the following equation [26]:

session RPE = session duration (min)
XRPE(AU)

Core temperature, sweat rate and heart rate
were measured (with the procedures described
above) during one training session (both with
and without AC) in a subset of the participants,
as reported in an accompanying article [9].

Statistical analysis

Measurements are presented as meant standard
deviation and 90% confidence limits and were ana-
lysed using a contemporary magnitude-based infer-
ence approach [27]. For the change in cycling time
trial performance, the smallest important effect is 1%
(after log transformation i.e. 100 x natural log) and
for the change in physiological responses, the smal-
lest important effect was taken from a previous
meta-analysis [2]. For comparisons of training sum-
mary statistics and physiological responses, the mag-
nitude of the changes between trials were expressed
as standardised differences (effect sizes; ES). The
criteria used for interpreting the magnitude of the
ES were: < 0.2 trivial, > 0.2 small, > 0.6 moderate,
> 1.2 large and > 2.0 very large [27]. These differ-
ences, with uncertainty of the estimates shown as
90% confidence limits, were determined using pub-
lished spreadsheets available at sportsci.org [27]. If
the 90% confidence limits overlapped both substan-
tial increases and decreases, the effect was deemed
unclear. Quantitative chances of the true effect being
substantial were also assessed qualitatively as follows:
< 1%, most unlikely; 1-5%, very unlikely; 5-25%,
unlikely; 25-75%, possibly; 75-95%, likely; 95-99%,
very likely; > 99% most likely [27].

For the change in perceptual responses, an
approach called full-scale deflection was adopted
since the data had a known endpoint (i.e. the end
of the scale). Magnitude-based thresholds were
used to determine the smallest worthwhile change
(10%) for each perceptual variable [28]. A range
was made from 0-100% and magnitude thresholds
were defined as 10%, 30%, 50%, 70% and 90% for



small, moderate, large, very large and extremely
large changes, respectively [29]. When an effect
was > 5% for both substantial increases and
decreases, the true value of the difference was
deemed unclear.

Results
Training program

All of the participants recorded in their diaries that
they completed all of the programmed training ses-
sions in the required attire. Mean thermal sensation
was most likely hotter during training in AC
(5.5 = 0.4 AU) compared to CON (4.4 + 0.4 AU;
ES = 1.61, + 0.68; large difference). There was no
clear difference between groups in total training
duration (869 + 132 min and 824 + 98 min for AC
and CON, respectively; ES = 0.37 + 0.96), RPE
(5.2 £ 1.0 AU and 4.9 + 1.2 AU for AC and CON,
respectively; ES = 0.25, £ 0.75), session RPE
(4576 + 1487 AU and 3972 + 822 AU for AC and
CON, respectively; ES = 0.52, £ 1.16) or heart rate
(139 + 13 bpm and 139 + 12 bpm for AC and CON,
respectively; ES = 0.03, + 0.94). There were also no
clear differences observed for the mean outdoor
training temperature (18.5 £ 3.4°C and 17.6 + 4.1°
C for CON and AC, respectively; ES = -0.31, + 1.05)
and relative humidity (66.7 + 11.0 and 67.1 + 12.0 for
CON and AGC, respectively; ES = 0.03, + 1.00). The
core temperature, sweat rate and heart rate were
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increased while wearing AC, as described previously
in a subset of the participants [9].

Laboratory testing

The change in 40 min time-trial performance from
pre-post between groups was trivial and unclear
(CON: -35 + 12.0 W, AC: —4.1 + 9.6 W; differ-
ence = -0.7%, + 5.4%). Figure 1 illustrates the mean
power outputs for all trials, and individual responses
demonstrate that the majority of participants in AC
(5/7) did not improve following the training pro-
gram. There were no changes in this outcome
when the performance data were adjusted for train-
ing load and/or baseline testing performance. There
were also no differences in mean power output
between conditions when the data were divided
into 10-minute intervals.

The mean physiological responses between con-
ditions are presented in Table 2 and the mean
perceptual responses are presented in Table 3.
These tables demonstrate the results of the various
measures, and are separated into the fixed inten-
sity and time trial portions of the pre-program and
post-program trials. While there were some differ-
ences between conditions, evaluation of the within
condition responses (i.e. pre-post) revealed that
any between condition differences were trivial.

The core body temperature responses (where
the data were divided into 10-minute intervals)
are illustrated in Figure 2. There were no
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Figure 1. Mean power output between control (CON; solid columns) and additional clothing (AC; dashed columns) for the 40-minute
time trials during PRE (white columns) and POST (grey columns) tests.
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Table 2. Physiological responses during laboratory testing, and standardised differences in the additional clothing (AC) compared to
the control (CON) group.

CON AC
Variable Meanz SD Mean+ SD Effect Size 90% CL Qualitative ES
Pre-load Tc (°C) PRE 374 + 03 372+ 04 -0.42 -1.32 to 0.47 Unclear
POST 374 +£03 374+ 04 -0.11 -1.01 to 0.78 Unclear
Time trial T¢ (°C) PRE 38.1 £ 0.5 37905 -0.31 —1.21 to 0.58 Unclear
POST 382+ 04 38.1+04 -0.12 —1.02 to 0.78 Unclear
Pre-load Tys (°C) PRE 31.7 £ 0.6 31.7 £ 0.7 -0.12 —1.27 to 1.02 Unclear
POST 317 £ 0.6 31.8 £ 04 0.23 —-0.02 to 1.35 Trivial
Time trial Tys (°C) PRE 319+ 04 322+ 04 0.43 —0.72 to 1.58 Unclear
POST 319+ 04 323 £ 0.1 1.22 0.13 to 2.31 Large
Pre-load heart rate (bpm) PRE 130 + 8 121+ 8 -1.03 -1.93 to -0.13 Large
POST 130 £ 10 124 £ 8 —-0.60 —1.49 to 0.29 Unclear
Time trial heart rate (bpm) PRE 143 + 11 139+9 -0.36 —1.26 to 0.54 Unclear
POST 145 £ 15 143 £ 6 -0.18 —1.04 to 0.68 Unclear
Sweat rate (Lh™") PRE 14 +0.2 16 £03 0.2 —0.1to 0.5 Trivial
POST 1.5+ 0.2 1.6 £ 0.2 0.1 —0.1to 0.3 Trivial

bpm = beats per minute, CL = confidence limits, ES = effect size, PRE = pre-program trial, Pre-load = 20-min fixed intensity portion of the trial,
POST = post-program trial, SD = standard deviation, Tc = core temperature, Ty;s = mean skin temperature, time trial = 40 min time trial portion of
the trial.

Table 3. Perceptual responses during laboratory testing, change in the mean and qualitative change in the additional clothing (AC)

compared to the control (CON) group.

CON AC

Variable Meanz SD Mean+ SD Change in mean (%) 90% CL Qualitative Change
Pre-load RPE (AU) PRE 3.8+ 06 3.1+£05 -17.1 -17.1 t0 29.2 Unclear

POST 41+ 06 33+04 -23.2 -36.2to 7.6 Unclear
Time trial RPE (AU) PRE 6.0 £ 0.7 53+13 -15.5 -3581t0 114 Unclear

POST 6.5+ 0.8 5716 -16.6 -383 to 12.7 Unclear
Pre-load TS (AU) PRE 52+ 04 49+03 -5.1 -123 to 2.7 Most likely negative

POST 54+ 05 50+ 04 -8.6 -17.7 to 1.5 Most likely negative
Time trial TS (AU) PRE 6.0 £ 0.4 57 +0.7 —6.6 —-16.8 to 4.8 Very likely negative

POST 6.2 +05 5707 -10.1 —-19.7 t0 0.8 Most likely negative
Pre-load TC (AU) PRE 33+ 1.1 32+1.0 -0.7 -353to 524 Unclear

POST 38+ 1.0 3.1£06 -234 —43.1 to 3.1 Very likely negative
Time trial TC (AU) PRE 54+ 1.2 51+07 —4.7 —23.3 to 185 Unclear

POST 6.1+ 1.0 54+14 =171 -36.81t0 7.3 Unclear

AU = arbitrary units, CL = confidence limits, PRE = pre-program trial, Pre-load = 20-min fixed intensity portion of the trial, POST = post-program
trial, SD = standard deviation, RPE = rating of perceived exertion, TC = thermal comfort, TS = thermal sensation, time trial = 40 min time trial

portion of the trial.

differences between conditions at any time-point
for these measures.

Discussion

Despite the greater thermal sensation observed in
the AC condition during training, and previous
reports of increased core temperature, heart rate
and sweating with AC in the same scenario and a
subset of the same participants [9], this strategy
did not result in heat acclimation (i.e. no evidence
of lower exercising core temperature or heart rate,
or increased sweat rate) or performance enhance-
ment in the heat compared to the CON condition.
Indeed, the majority of participants did not

improve their cycling performance following the
training program in AC. Thus, we can assume that
the thermal stimulus provided via AC, combined
with the load of the training duration and inten-
sity, was not appropriate to induce the heat accli-
mation or performance improvements that are
typically found with laboratory-based protocols
[30-32].

The failure of the AC intervention to induce
any signs of heat acclimation may be attributed
to several factors. First, it is possible that the
clothing itself and its interaction with the pro-
grammed training duration and intensity, did
not allow achievement of the thermo-physiolo-
gical strain thresholds required to elicit heat
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Figure 2. Core body temperature at 10-minute intervals across
the cycling protocol for control (A) and additional clothing (B)
during PRE (white circles) and POST (black circles) tests.

acclimation (which are not currently well-
described in the literature). While we have
shown that AC can increase thermo-physiologi-
cal strain beyond training in regular attire, such
strain is likely to be less than that experienced in
very hot and wind-still laboratory conditions
(i.e. the setting of traditional heat acclimation
studies). Likewise, lower thermo-physiological
strain may also be attributed to the outdoor
setting, where a high convection (and associated
cooling) load was present. Further, the variable
ambient temperature was sometimes as low as
11°C, which meant that the AC was sometimes
needed simply to maintain normal body tem-
perature, and therefore unlikely to induce a
heating effect at such times. These practical chal-
lenges should be addressed in further research;
manipulations of training session prescription
(duration, intensity and frequency) as well as
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using clothing with variable insulation may be
required to increase the thermal stimulus when
overdressing during exercise in a temperate
environment.

One further explanation for the null perfor-
mance effect in the current study could be the
thermal demands of the pre-loaded cycling time
trial. Despite being of 1-hour duration in hot con-
ditions, the athletes only achieved a maximum
core temperature of approximately 38.5°C
(Figure 2). It is common for triathletes to compete
over longer exercise durations, in hotter environ-
ments, and the addition of running after cycling
would also increase the thermoregulatory require-
ments of a triathlon event. At hotter body tem-
peratures, the effects of heat acclimation training
and potentially the benefits of training in addi-
tional clothing may have been apparent.

Other practical heat acclimation strategies
including post-exercise hot water immersion [12]
and sauna exposure [11,33] have been shown to
elicit heat acclimation and enhance endurance
exercise performance in the heat. However, the
magnitude of adaptation appears less favourable
with these practical approaches compared to tradi-
tional laboratory exercise scenarios [10].
Additionally, recovery time from training and
time available for training are both reduced with
these practical approaches, and the thermal expo-
sures themselves represent an additional training
load; something that could conflict with prioritised
training, recovery and/or taper phase objectives
[11]. Recommendations for the seamless integra-
tion of classical (laboratory) and field-based heat
training, which also considers the training phase
objective, remains an unresolved ambition of prac-
titioners [11].

The “real world” design of the current study
aimed to allow this research to be easily translated
to practice. While external validity was maximised,
internal validity was compromised at times.
Firstly, the design meant that the research team
could not access the participants to appropriately
measure core temperature during all of the train-
ing sessions. However, an acute cross-over study
with the same intervention, training scenario and
with a subset of the same participants provided a
suitable indication of the heating capacity of the
AC intervention [9]. It should also be noted that
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we could not confirm independently that the ath-
letes followed the training program or wore the
additional clothing in all circumstances, however,
participants self-reported 100% adherence to the
clothing and the training program criteria on all
rides (as per their training diaries). Additionally,
the majority of the training sessions were com-
pleted in small groups (but always non-drafting)
so compliance or not, was often overt within par-
ticipants. Finally, the clear difference in thermal
sensation between conditions is further evidence
that the athletes in the AC group wore the addi-
tional clothing. Finally, the study could have been
improved through measurement of external and
internal training load. While the subjective train-
ing load did not differ between groups, it is possi-
ble that the training intensity was reduced with the
AC intervention.

Conclusion

The application of standard winter training gar-
ments (additional clothing) when cycling and run-
ning outdoors within a temperate environment
resulted in increased thermo-physiological strain
and hotter thermal sensations. Despite this, train-
ing for two-weeks in additional clothing did not
induce heat acclimation (i.e. no evidence of low-
ered exercising core temperature or heart rate, or
increased sweat rate) or improve cycling perfor-
mance in the heat.
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