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A B S T R A C T

This study aimed to determine if precooling via crushed ice ingestion reduces forehead skin temperature (Thead)
and core temperature (Tcore) during exercise in the heat and whether it has an effect on choice reaction time
(CRT). Ten males commenced a 30min precooling period, ingesting either 7 g kg−1 of crushed ice (ICE) or room
temperature water (CON) prior to cycling 60min at 55% V̇O2peak in hot, humid conditions (35.0 ± 0.3 °C,
50.2 ± 2.1% Relative Humidity). The CRT task was completed upon arrival and after the precooling period in
the lab, then at 15min intervals during exercise in the heat. Precooling reduced Thead and Tcore to a greater
degree in ICE (Thead: −0.8 ± 0.31 °C; Tcore: −0.9 ± 0.3 °C) compared with CON (Thead: −0.2 ± 0.3 °C; Tcore:
−0.2 ± 0.2 °C) (p≤ 0.001). Choice reaction time performance improved throughout the cycle for both con-
ditions (p≤ 0.05). Ice ingestion lowered thermal sensation (p=0.003) and skin temperature (d = 0.88; Tskin),
while heart rate, ratings of perceived exertion and thirst were similar between conditions (p > 0.05). Precooling
effectively reduced Thead and Tcore but did not provide additional improvement in CRT during moderate exercise
in the heat. Further investigation is required to determine whether the lower central and peripheral temperature
after ice ingestion is beneficial for tasks of greater cognitive effort.

1. Introduction

The equilibrium between heat production and heat loss in the
human brain can be impaired during exercise in the heat as a result of
elevated cerebral oxygen consumption along with a reduction in cere-
bral blood flow (Nybo and Nielsen, 2001; Nybo et al., 2002). This can
hamper the removal of metabolic heat from the brain and therefore
increase brain temperature (Tbrain; Nybo and Nielsen, 2001; Nybo et al.,
2002), resulting in deleterious effects in cognitive performance
(Hocking et al., 2001).

In further detail, after cycling at 50% V̇O2peak cerebral heat removal
via the jugular venous blood is lower during hyperthermia
(0.36 ± 0.09 J g−1 min−1) than during the thermo-neutral trial
(0.50 ± 0.10 J g−1 min−1), combined with a 7% higher heat produc-
tion in the brain, causing heat to be stored in the brain at a rate of
0.20 ± 0.06 J g−1 min−1, while there was no storage of heat in the
brain during the same period of time in the thermo-neutral trial (Nybo
et al., 2002). Along with increasing Tbrain, exercise in hot, humid con-
ditions can lead to an increase in core temperature (Tcore), as a result of
reduced heat dissipation (Wendt et al., 2007) and increased

competition of blood flow (Gonzalez-Alonso et al., 2008), which may
also produce transient cognitive deficits (Epstein et al., 1980; Gaoua
et al., 2011; Simmons et al., 2008).

Crushed ice ingestion is an internal precooling method that has
commonly reported to effectively reduce Tcore (Brearley, 2012; Ihsan
et al., 2010), leading to an improvement in exercise performance in the
heat (Ihsan et al., 2010; Zimmermann et al., 2015). The effect of cru-
shed ice ingestion on decision-making has not been investigated,
however the importance of a lower pre-exercise Tcore for cognitive
function during exercise in the heat is evident in previous research.
Clarke et al. (2017) reported that 60min of cold-water immersion re-
sulted in a significant decrease in Tcore compared to control until 30min
of exercise, leading to improved visual discrimination (go-no/go task)
accuracy. Simmons et al. (2008) noted the importance of cooling Tcore

in comparison to Tskin for cognitive performance in the heat, finding
that a significant reduction in only Tskin with head and neck cooling
resulted in no effect on cognitive performance (simple reaction time,
vigilance, choice reaction time, rapid visual information processing). As
crushed ice ingestion is an internal precooling method that can sig-
nificantly reduce pre-exercise Tcore it may be a beneficial mechanism for
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affecting decision-making during exercise in the heat.
Furthermore, emerging evidence reports that along with Tcore, cru-

shed ice ingestion can also lower Tbrain, which may be beneficial for
cognitive performance in the heat. Vanden Hoek et al. (2004) found
that after central catheter infusions of a saline ice slushy (50mL kg−1)
in swine, Tbrain was significantly reduced by 5.3 °C. In humans,
Onitsuka et al. (2018) utilised proton magnetic resonance spectroscopy
to show that ice slushy ingestion reduced Tbrain by 0.4 °C. The reduction
in Tbrain is attributed to the ice ingested resulting in an inflow of cooled
carotid blood as well as conductive cooling of the facial skin and brain
due to the close proximity of the mouth to brain (Siegel and Laursen,
2012). Currently, the ability to measure Tbrain via a non-invasive
method during exercise in the heat is unavailable, therefore forehead
skin temperature (Thead) has previously been used as a measure of facial
temperature and an indirect index of Tbrian, in particular the frontal
lobe (Onitsuka et al., 2015; Racinais et al., 2008). The frontal lobe is
located under the frontal bone, near the forehead and is involved in
cognitive functions such as decision-making (Buchbaum, 2004). Al-
though Thead is a skin temperature measure located on the forehead,
crushed ice ingestion is an internal precooling method that is orally
ingested, thus cooling from the inside out. Similar to Onitsuka et al.
(2018), Onitsuka et al. (2015) reported that ice slushy ingestion sig-
nificantly reduced Thead by 0.4 °C and therefore may be a suitable in-
direct measure to infer changes in internal head temperature as well as
facial temperature.

To date, no study has investigated the effect of crushed ice ingestion
on Thead and decision-making during exercise in hot conditions despite
it being a popular precooling method to reduce Tcore during exercise in
the heat (Brearley, 2012; Ihsan et al., 2010). Previously CRT has de-
monstrated to be a useful variable to infer changes in mental processing
(Serwah and Marino, 2006). Furthermore, Kazama et al. (2012) re-
ported that cycling at 50% maximum power output with hyperthermia
(wearing a water-perfused suit set at 47 °C) resulted in the impairment
of reaction time.

The aim of this study was to investigate whether the internal pre-
cooling method of crushed ice ingestion can effectively lower forehead
skin temperature (Thead), used as an indirect index of internal head
temperature and facial temperature, during exercise in the heat. It was
hypothesised that Thead and Tcore would be lower following crushed ice
ingestion compared to control, leading to an improvement in CRT
during steady state exercise in the heat.

2. Material and methods

2.1. Participants

Ten healthy active males (age 23.1 ± 2.4 y; height
177.3 ± 8.2 cm; body mass 73.46 ± 8.50 kg; V̇O2peak

48.5 ± 3.6mL∙kg∙min−1, total fat-mass: 11.04 ± 7.12 kg, lean body
mass: 59.14 ± 5.22 kg) were recruited for the study. Ethical approval
was granted by the Human Research Ethics Office at The University of
Western Australia. Informed written consent was attained from all
participants prior to their involvement in the study. The study was
conducted during winter to minimise heat acclimatisation of partici-
pants.

2.2. Experimental procedure

Participants visited the laboratory on 3 separate occasions. In the
first session participants completed a maximal oxygen uptake test
(V̇O2peak) on a bike attached to a wind trainer ergometer (LeMond,
HOIST Fitness, Poway, California, USA), in the laboratory (~22 °C, 52%
relative humidity; RH). The test started at an initial power output of
100 W, which increased by 30 W every 3min. The test concluded when
either: the participant voluntarily stopped or when the required power
output could not be maintained for 20 s. The V̇O2peak was defined as the

sum of the highest 4 consecutive 15 s V̇O2 values reached during the
incremental test (expressed as mL kg−1·min−1). Cycling in the sub-
sequent experimental trials was completed at the power output
equivalent to 55% of V̇O2peak. Participants familiarised themselves with
the CRT task (described below) while seated on the bike before and
after the V̇O2peak test, at rest and while cycling. After a minimum of 3
days following the V̇O2peak test, participants completed 2 experimental
trials performed a week apart, at the same time of day.

Participants completed a 24 h food, fluid, exercise and sleep diary
prior to the first testing session and replicated this prior to the second
trial. They were asked to abstain from strenuous exercise, caffeine and
alcohol 24 h prior to each trial as well as any other supplements within
a month prior to testing.

A radiotelemetry capsule (CorTemp, HQ Inc., Palmetto, FL, USA)
was ingested 8 h prior to experimental testing (Byrne and Lim, 2007).
Upon arrival a urine sample was attained and urinary specific gravity
(USG) measured to ensure the participant was euhydrated (USG<
1.025). Nude body mass was measured and recorded followed by a
heart rate monitor (HR; Polar RS400, Finland) being fitted. Skin ther-
mistors (Skin Sensor SST-1, Physitemp Instruments Inc, Clifton, NJ,
USA) were fixed to the left posterior gastrocnemius (at level of largest
circumference), anterior forearm (medial point between head of the
radius and the styloid process at the wrist) and sternum (medial point
between suprasternal notch and xiphoid process) for the measurement
of Tskin. A fourth skin thermistor was fixed to the middle of the forehead
to record Thead. The measurement of Tskin and Thead occurred con-
tinuously throughout the precooling period and steady state cycle via a
computerised program (DASYLab Light, Version 11, National Instru-
ments, Ireland Resources Ltd.). The following formula was used to
calculate Tskin (Burton, 1935):

= + +T 0.5(T ) 0.14(T ) 0.36(T )skin sternum forearm calf

Participants completed the CRT task before commencing a 30min
precooling period where they remained seated at room temperature
(21.7 ± 1.1 °C, 51.8 ± 8.0% RH) and consumed 7 g kg−1 of crushed
ice (ICE; 0 °C) or tap water (CON; 22 °C). Following the precooling
period participants completed the CRT task, then entered the climate
chamber (35.0 ± 0.3 °C, 50.2 ± 2.1% RH) and completed 1 h of cy-
cling at a power output of 55% of their V̇O2peak. The cycle was com-
pleted using the same bicycle and LeMond trainer ergometer as the
familiarisation session, which was calibrated prior to use and connected
to a customised computer program Cyclemax (version 7.4 School of
Sport Science, Exercise and Health, University of Western Australia,
Perth, WA).

The CRT task was completed at 15min intervals while cycling.
Rating of perceived exertion (RPE) was measured using the Borg scale
(6: very, very light to 20: maximal exertion; Borg, 1982), while a nine-
point scale was used to measure perceived thermal sensation (RPTS; 4:
very hot to −4: very cold; Roberts, 1959) and perceived thirst (1: not
thirsty at all to 9: very, very thirsty; Maresh et al., 2001). Thermal
sensation was recorded at the start and end of precooling. Perceived
thirst, RPE and RPTS were recorded throughout the cycle. At the 30min
time point of exercise 100mL of tap water (22 °C) was ingested after the
CRT task was completed.

Following the steady state cycle in the heat, participants towel dried
and body mass was measured again to determine whole body sweat loss
(pre – post body mass + fluid ingested).

2.3. Cognitive task

An 8-CRT task (Chronoscope, The University of Western Australia,
School of Human Sciences, Perth, Australia) was used in this study as a
measure of decision-making speed (Teichner and Krebs, 1974). The
cognitive task as described by Camfield et al. (2013) was completed
upon arrival, after the precooling period in the lab, at the start of the
steady state cycle in the heat and at 15min intervals throughout. The
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CRT task was placed on a height adjustable table in front of the bicycle
allowing participants to complete the task while cycling.

The task had eight lights arranged in a semi-circular configuration
with a response button adjacent to each light. Participants were re-
quired to keep the home button (situated in the centre of the panel)
depressed until a target light appeared. When the target light appeared,
participants were required to release the home button as quickly as
possible and press the response button adjacent to the stimulus light.
The task measures reaction time and movement time from total CRT.
Reaction time was defined as the time from stimulus onset to the release
of the home button and movement time as the time from release of the
home button to the depression of the stimulus button. The CRT data
was analysed using the mean reaction time and movement time of 15
trials completed at each collection time point.

2.4. Statistical analysis

A repeated measures design was used and applied in a counter-
balanced order. Analysis was completed on the software program IBM
SPSS statistics version 22 with statistical significance determined by an
alpha level of p≤ 0.05. A two-way repeated measures analysis of var-
iance (ANOVA) was used to compare differences between performance
outcomes of the two interventions used (CON vs. ICE) and identify
where within group differences occur. When a significant main effect in
the ANOVA was found, post-hoc pairwise comparisons were performed
using Benjamini Hochberg correction. Analysis of all variables was also
performed using Cohen’s d effect sizes with 90% confidence intervals
(CI), whereby ≥ 0.8 was categorised as a large effect, 0.79–0.50 was a
moderate effect and 0.49–0.20 was a small effect with only moderate to
large effect sizes reported (Cohen, 1988). All data generated or ana-
lysed during this study are included in this published article.

3. Results

3.1. Participant characteristics

Urine specific gravity (CON 1.019 ± 0.008 gmL−1; ICE
1.020 ± 0.007 g∙mL−1), pre body mass (CON 73.4 ± 7.8 kg; ICE
73.5 ± 7.8 kg) and post body mass (CON 73.0 ± 7.9 kg; ICE
73.1 ± 7.8 kg) and sweat loss (CON 1.0 ± 0.2 kg; ICE 1.0 ± 0.1 kg)
were similar between conditions (p > 0.05).

3.2. Temperature

Fig. 1 illustrates Thead during the precooling period and cycle in the
heat. Following precooling, Thead was significantly lower in ICE

(-0.8 ± 0.3 °C) compared to CON (-0.2 ± 0.3 °C) (p≤ 0.001; d =
2.00, 1.03–2.80 90% CI). From 20min of precooling until 20min of the
steady state cycle, Thead was significantly lower in ICE compared to
CON (p≤ 0.05) also represented by large effect sizes (d ≥ 0.8). A
moderate effect size was present between conditions at 25min (d =
0.55, 0.22–1.27 90% CI), after which conditions were not different
(p > 0.05; d ≤ 0.49).

Fig. 2 illustrates Tcore and Tskin temperature between conditions.
From 20min into the precooling period until the end of the steady state
cycle, Tcore was lower in ICE compared with CON (p≤ 0.05). At the
conclusion of precooling the reduction in Tcore was greater in ICE
(-0.9 ± 0.3 °C) compared to CON (-0.2 ± 0.2 °C) (p≤ 0.001; d =
2.75, 1.63–3.63 90% CI).

A non-significant large effect size in Tskin was found between con-
ditions at the end of precooling (d = 0.88, 0.08–1.61 90% CI). At the
end of precooling a large effect size was present between ICE and CON
for Tsternum (d = 0.95, 0.01–1.83 90% CI), a moderate effect size for
Tforearm (d = 0.54, 0.38–1.41 90% CI) and no effect size for Tcalf (d =
0.12). A non-significant moderate effect size was present for Tskin at the
start of the steady state exercise (d = 0.5, 0.27–1.22 90% CI), after
which there was no difference between conditions for Tskin (p > 0.05;
d<0.5).

3.3. CRT

Reaction time and movement time are shown in Fig. 3. A significant
improvement was seen in reaction time (p < 0.001) and movement
time (p=0.010) over the cycle in the heat in both conditions, but there
was no interaction effect or effect sizes present between conditions
(reaction time: p=0.625; movement time: p=0.830). Follow up tests
using Benjamini Hochberg showed reaction time was significantly
faster from 15min onwards in comparison to the start of the cycle
(0 min) and at the end of the cycle (60min) in comparison to arrival
(-35min; Fig. 3). Although a global time effect was seen in movement
time, no significant differences were present between time points using
Benjamini Hochberg correction.

3.4. Heart rate and perceptual ratings

A significant increase in HR (p < 0.001), RPE (p < 0.001) and
perceived thirst (p < 0.001) occurred for both conditions during the
cycle (p≤ 0.05), however there were no differences between CON and
ICE (HR = 0.646; RPE = 0.80; Thirst = 0.756; see Table 1). Thermal
sensation was lower following precooling (p=0.003) in the ICE con-
dition (see Table 1).

Fig. 1. Mean ( ± SD) forehead temperature throughout the pre-cooling period (PC) and steady state cycle (n=10). * Significantly different from ICE (p≤ 0.05). #

Large effect size between conditions (d = ≥ 0.8). + Moderate effect size between conditions (d = 0.50–0.79).
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4. Discussion

The aim of this study was to determine if crushed ice ingestion
lowered Thead during exercise in the heat. Secondly, whether a

reduction in Thead and Tcore affected CRT during moderate intensity
exercise in hot, humid conditions. The present study is the first to reveal
that crushed ice ingestion is an effective precooling strategy that re-
duces Thead (-0.8 °C), remaining lower than control from 20min of

Fig. 2. Mean ( ± SD) core temperature and skin temperature throughout the pre-cooling period (PC) and steady state cycle (n=10). * Significantly different from
ICE (p≤ 0.05). # Large effect size between conditions (d = ≥ 0.8). + Moderate effect size between conditions (d = 0.50–0.79).

Fig. 3. Mean ( ± SD) choice reaction time and movement time throughout the precooling period (PC) and steady state cycle (n=10). * Significantly different from
start of cycle (0 min; p≤ 0.05). # Significantly different from arrival (-35min; p≤ 0.05).
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precooling until 20min of the cycle.
Siegel and Laursen (2012) suggest that ice ingestion can lower Tbrain

and facial temperature, measured in the current study using Thead, as a
result of conductive cooling due to the close proximity of the mouth to
brain (Siegel and Laursen, 2012). A lower Tbrain is beneficial during
exercise in hot, humid conditions as heat dissipation from the brain can
be reduced due to a combination of excessive heat production and in-
sufficient heat loss in addition to compromised cerebral blood outflow
(Nybo and Nielsen, 2001; Nybo et al., 2002). In the current study, there
was a reduction in internal head temperature following ice ingestion,
which may lead to improved tolerance to hyperthermia (Burger and
Fuhrman, 1964; Kiyatkin, 2010; Nybo et al., 2002). Furthermore,
cooling the forehead and cheeks is beneficial as the increase in skin
blood flow during exercise in the heat is greater in the facial area
compared to other body sites, thus, cooling the facial area with ice
ingestion may reduce the burden placed on heat dissipation in the head
and help attenuate the increase in Tbrain (Kondo et al., 1998). Along
with the reduction of Thead, the conductive nature of crushed ice in-
gestion is further supported in the current study by the large effect size
reduction in Tskin post precooling and moderate effect size reduction at
the start of the cycle for ICE compared to CON. Furthermore, post
precooling a large effect size was present between conditions for
Tsternum whereas there was no effect size for Tcalf. The greater reduction
in temperature of Tsternum and Thead supports the notion that areas
closer to the region of ingested ice, may result in greater decreases in
temperature due to increased ability for conductive cooling.

The reduction in Thead after ingesting a cold substance is supported
by Onitsuka et al. (2015, 2018) however a greater decline is seen in the
current study with 7 g kg−1 crushed ice (-0.8 °C; crushed ice only) in-
gested in 30min compared to 7.5 g kg−1 ice slushy (-0.4 °C; water + ice
drink) ingested in 15min. This suggests that crushed ice ingestion may
reduce Thead to a greater degree than an ice slushy. Crushed ice may
therefore be a more effective alternative than an ice slushy for reducing
Thead possibly due to the greater potential for conductive cooling of the
head. Crushed ice may sit in the mouth for a longer period of time
compared to drinking a slushy due to the greater phase change from
solid ice to liquid water that is required, therefore the importance of
conductive cooling of crushed ice in reducing Thead is further evident.
Furthermore, a longer precooling period of 30min compared to 15min
may allow a greater opportunity for heat transfer to occur. The phase
change of crushed ice also results in a significant reduction in Tcore

(compared to control) as it requires a larger transfer of heat energy
from ice to water (enthalpy of fusion; Merrick et al., 2003). As crushed
ice ingestion reduces both Thead and Tcore it may be a more effective
cooling method than other forms such as head cooling or ice vests,
attenuating both peripheral and central temperature during exercise in
the heat.

The present study found that ice ingestion was not beneficial or
detrimental to the CRT task during 60min of moderate exercise in the
heat as CRT improved regardless of condition, despite a higher Thead

and Tcore in control. Faster reaction times have previously been ob-
served in hot environments for lower cognitive demanding tasks
(Razmjou, 1996; Simmons et al., 2008), suggesting that the effect of
heat stress on cognitive performance may be task dependent. The effect
of hyperthermia appears to be amplified if the complexity of the motor
task increases and further decrements are observed with increasing task
conditioning complexity (Piil et al., 2017). Thus, tasks requiring high
attentional load are more so affected by exercise in the heat than
simpler tasks requiring automatic processing (Hancock and
Vasmatzidis, 2003). This is supported by Racinais et al. (2008) whom
found passive hyperthermia caused significant decrements in memory
tests (working memory and visual recognition memory) in hot condi-
tions but not in simple tests (attention). Furthermore, the significant
time effect seen in the current study for reaction time and movement
time could be a result of either faster neural conduction speed
(Tomporowski, 2003), an arousal effect (Provins, 1966) or merely due
to participants adopting an impulsive and risky response disposition
(Colquhoun and Goldman, 1972; Syndicus et al., 2018). Previous re-
search has also suggested that cognitive tasks may only be impaired at a
Tcore greater than 38.5 °C (Gaoua et al., 2011; Wilkinson et al., 1964).
Hocking et al. (2001) suggests that under thermally straining conditions
(35 °C) with a Tcore greater than 38.5 °C brain electrical recordings in-
crease in amplitude and a decrease in latency in the frontal and occi-
pito-parietal regions indicating a greater utilisation of the neural re-
sources to maintain the same cognitive performance as thermally
neutral conditions. However, due to the short term, moderate intensity
exercise, Thead and Tcore may not have increased to levels where CRT is
impaired which is a limitation to the study. Alternatively, the im-
provement in CRT may be showcasing the fact that the brain may be
more resilient to the heat than previously thought and is able to cope
with the change in environment (Robertson and Marino, 2017;
Trangmar et al., 2014), which may be a possible explanation for why
impairment of CRT was not seen in the current study. However, as
crushed ice ingestion effectively reduced Thead until 20min of exercise
and Tcore until the end, it is possible to speculate that ice ingestion may
be beneficial for more demanding cognitive tasks, such as tasks that
emphasise memory and executive function, where Tcore is increased
beyond 38.5 °C.

A limitation of this study was that Thead was used as an indirect
index of internal head temperature, as a direct non-invasive measure of
the brain is not available for use on humans during exercise in the heat.
Forehead skin temperature is an external measure, however crushed ice
ingestion is an internal cooling method, which resulted in a decrease in
Thead and Tcore. As ice ingestion cools from the inside out and through

Table 1
Mean ( ± SD) heart rate (HR), Rate of Perceived Thermal Sensation (RPTS), Rating of Perceived Exertion (RPE) and Perceived Thirst.

Time (min)

Variable -40 -10 0 15 30 45 60

HR (beats·min−1)
CON 61 ± 10 60 ± 10 105 ± 15 127 ± 13 136 ± 15 140 ± 17 145 ± 17
ICE 64 ± 9 59 ± 12 105 ± 9 123 ± 12 133 ± 11 140 ± 14 144 ± 11
RPTS
CON − 1 ± 1 − 1 ± 1 1 ± 1 2 ± 1 2 ± 1 2 ± 1 2 ± 1
ICE − 1 ± 0 − 3 ± 1* 1 ± 1 2 ± 1 2 ± 1 2 ± 1 2 ± 1
RPE
CON 10 ± 1 11 ± 1 12 ± 1 13 ± 2 14 ± 2
ICE 9 ± 1 11 ± 1 12 ± 1 13 ± 1 13 ± 1
Thirst
CON 3 ± 2 4 ± 2 5 ± 2 4 ± 2 5 ± 1
ICE 2 ± 1 4 ± 1 4 ± 1 4 ± 2 5 ± 2

* Indicates significantly different from CON (p≤ 0.05).
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conduction, evidence exists of a relationship between Thead and changes
in internal head temperature, as supported by Onitsuka et al. (2015,
2018). A measure of Tbrain is available via magnetic resonance spec-
troscopy, however such measurement cannot be utilised during exercise
as it requires a participant to remain in supine position. Tympanic
temperature determined via the method of Nielsen and Jessen (1992)
had noted to cause some level of discomfort and pain, which may act as
a cognitive distractor requiring some attentional resources and, there-
fore, introduce an extraneous variable impacting on cognitive perfor-
mance. Onitsuka et al. (2015) utilised Thead as an indirect measurement
of Tbrain and later Onitsuka et al. (2018) used magnetic resonance
spectroscopy to find that both methods recorded a reduction of 0.4 °C
after ice slushy ingestion. Furthermore, in the current study, ice in-
gestion resulted in Tcore remaining lower than control throughout the
whole protocol but Thead was not different between conditions after
25min. Gastro-intestinal temperature is an internal index for Tcore, thus
the measure is not affected by heat release on the skin. However Thead is
an external measurement placed on the facial area, which is important
for heat dissipation due to increased blood flow to this area during
exercise in the heat (Kondo et al., 1998). As Thead could be affected by
heat release from the skin, crushed ice ingestion may actually have
greater potential of cooling the head during exercise than Thead sug-
gests.

5. Conclusions

Crushed ice ingestion significantly reduced Thead until 20 min of
exercise and Tcore during the entire cycle in the heat in comparison to
control, thus may be a more effective cooling method due to the at-
tenuation of both peripheral and central temperature. As a result this
study can contribute to the development of effective body cooling
strategies for cognitive function and exercise performance in the heat.
Further investigation is warranted to determine whether the lower Thead

and Tcore seen with ice ingestion during exercise in the heat is beneficial
for cognitive tasks that require greater cognitive effort, such as tasks
that emphasise executive function and working memory. Furthermore,
ice ingestion is an acceptable intervention to apply to most populations
thus there is potential for future studies to investigate the application of
ice ingestion to populations other than healthy young men – such as
children who have a lower ability to thermo-regulate as well as occu-
pations in the heat that require thermo-protective clothing.
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