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Abstract

Background: Exercise is strongly related with an increased core body temperature (CBT) and
therefore hyperthermia (CBT >40.0°C) may develop, which could lead to clinical symptoms and/or
decreased performance levels. Therefore, we examined the effects of wearing a cooling vest during a
5-km treadmill run on the exercise performance of highly trained athletes.

Methods: Ten male athletes performed a 5-km time trial on a treadmill in a climate chamber (25°C,
55% relative humidity) with and without cooling vest. During the tests half kilometer split times and
finish times were measured. Additionally, CBT, skin temperature and heart rate were measured
continuously throughout the test.

Results: No differences in exercise performance were found between the cooling and control
condition (124696 seconds and 1254+98 seconds, respectively p=0.85). Additionally, the increase in
CBT (1.5+0.4°C for control and 1.4+0.4°C for cooling condition) and heart rate (868 bpm for control
and 86+13 bpm for cooling condition) during the 5-km time trial were comparable across conditions
(all p-values >0.05). Trunk skin temperature and thermal sensation score were comparable at
baseline, but were lower in cooling compared to control condition during the 5-km time trial.
(p<0.001 and p=0.013 respectively).

Conclusion: Wearing a cooling vest during exercise did not improve exercise performance, whilst also
CBT and HR responses were comparable across conditions. Trunk skin temperature and thermal
sensation score were significantly lower when wearing a cooling vest. Therefore, wearing a cooling
vest may be useful to stay cool and comfortable during practice, despite it does not enhance

performance in competitive settings.

Keywords: Treadmill running, time trial, cooling, thermoregulation, achievement levels
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Introduction

Approximately 70 - 80% of the produced energy during exercise appears as thermal energy. (1-3) The
increased metabolic heat production usually exceeds the maximal capacity of heat dissipation(4),
which results in a rise of core body temperature (CBT). Accordingly, hyperthermia (CBT > 40.0°C) may
develop (4, 5), which could lead to clinical symptoms (6) and/or decreased performance levels due to
fatigue. (7, 8) As CBT becomes elevated, exercise will be terminated once critically high internal
temperatures are attained, which is a safeguard that limits the potential development of dangerous
heat illness. (9, 10) Furthermore, the rate of heat gain is detected by our body, which could
anticipatorily adjusts the work rate to ensure that the exercise task can be completed within the
homeostatic limits of the body. (9, 11) Consequently, any attempt to delay the rise in core body
temperature during exercise may enhance exercise performance levels, which could be the
difference between the first and the second place during competition. (12-14)

Recently, many cooling techniques were evaluated in athletes, with particular attention on pre-
cooling strategies. The general principals of pre-cooling are to increase the heat storage capacity of
the body and perform more work prior to reaching a limiting core body temperature, thus delaying
fatigue due to hyperthermia. (12) Pre-cooling with cold air, cold water immersion, cooling vests, and
ice slurry ingestion effectively reduced CBT, and increased athlete performance levels in previous
studies (6, 9, 10, 12, 15, 16). However, these cooling strategies may be impractical for use in
competitive settings due to the need of specialized equipment, poor transportability to a field
setting, athlete discomfort and costs. (9, 15)

Alternatively, cooling during exercise may be even more practical and efficient in improving exercise
performance. Previous studies indicated that local cooling of the hand or neck during exercise
improved performance of the athlete with 6 to 13,5%. (17-19) Accordingly, cooling a larger part of
body may result in a further increase of exercise performance levels. Cooling vests are an easy way to
cool a large part of the body. Whilst previous cooling vests were not comfortable and too heavy for

athletes (6, 16), recent developments resulted in a new light-weight cooling vest (HyperKewl™ vest,
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TechNiche International, Vista, California, USA) which is suitable for cooling during exercise. It is,
however, unknown to what extend this new cooling vest may improve exercise performance levels.

Therefore, the purpose of this study was to determine the effects of wearing a cooling vest during a
5-km treadmill time trial on the exercise performance levels of highly trained athletes. We
hypothesized that wearing a cooling a vest during exercise is effective in limiting or delaying the

increase in CBT, and thus improves the time to finish the 5 km running trial.

Methods

Subjects

A total of 10 highly trained male athletes (19-52 years) volunteered to participate in this study (Table
1). Subjects of 18 years and older and a personal record on the 5 kilometers (5 km) under 20 minutes
were eligible for inclusion. Exclusion criteria were based on the use of the temperature pill: a body
weight lower than 36,5 kg, use of an implanted electro medical device, an obstructive disease of the
gastrointestinal tract or gastro intestinal surgery, and a MRI scan during the period that the
telemetry pill was in the body. Subjects were recruited from athletic teams and all subjects gave
written informed consent prior participation in the study. The study was approved by the Medical
Ethical Committee of the Radboud University Nijmegen Medical Centre, and was conducted in

accordance with the Declaration of Helsinki.

Table 1. Subject characteristics (mean t SD)

Variable Subjects (n=10)
Age (years) 42 +10

Height (cm) 182 +5

Mass (kg) 73.6+6.5

BMI (kg/m?) 222+14
Personal record 5-km (min) 18:10 + 00:54
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Design

A cross over design was used in this study. Prior to inclusion, subjects were medically screened at the
Radboud University Nijmegen Medical Centre to determine whether the subject met the in-and
exclusion criteria. After medical screening, all subjects performed the first time trial. In this
habituation session subjects performed the entire test to get used to the protocol and to run on a
treadmill in a climate chamber (25 °C, 55% relative humidity and wind velocity of 3 m/s). After the
first session, two sessions, one intervention and one control session, were performed at random,
with at least 5 days of recovery in between. In the intervention session the subject ran the 5-km time
trial while wearing the cooling vest.

To remove any bias, subjects were informed that the study investigated whether running in a cooling
vest improved performances because of cooling, or decreased performances because of the added
weight of the vest. (12) All subjects were tested at the same time of the day to minimize the effects

of the circadian rhythm on the CBT and heart rate. (6, 20)

Protocol

After arrival at the Sport Medical Centre Papendal, body weight and lactate level were measured,
followed by 5 minutes of bed rest, in which the heart rate, CBT and skin temperature were measured
to establish baseline. The treadmill was set at a grade of 1%, to extrapolate physiological assessment
of trained runners to conditions of outdoor road running. (21) Thereafter, subjects performed a
standardized warm up, which consisted of a 12 minutes running phase, in which the speed was
increased with 2 km/h every two minutes with a starting velocity of 6 km/h. After 8 minutes of warm
up the speed was decreased to 10 km/h and thereafter to 6 km/h, followed by 5 minutes of
stretching. In the intervention condition, the same protocol was followed and the cooling vest was
put on in the last minute of stretching.

Once the 5-km time trial was started, the speed was controlled by the subjects. To assist in pacing,

completed distance was continuously displayed and the runners were encouraged at every 500
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meter milestone. During the tests subjects did not receive information about running speed and split
times, and they were not provided with their finishing times until completion of the study.

After finishing the 5-km time trial, there was a cooling down of 2 minutes at 6 km/h. Followed by a
recovery phase of 15 minutes of bed rest without wearing a cooling vest. Lactate level was measured
two minutes after finishing the 5-km time trial and directly after the recovery phase. Rates of
perceived exertion (RPE) and thermal sensation were measured every kilometer during the 5 km run
and every 2 minutes during the warm up and recovery phase.

During all sessions, subjects were instructed to wear the same clothes, which consisted of a short and
a dry-fit running shirt. Subjects were allowed to eat and drink ad libitum before exercise, whilst they
registered all fluid intake in a diary 24-h before measurement. Furthermore, the subjects were
instructed to take the same diet before each session to minimize the effect of nutrition. This diet
should be equally as prior to competitive exercise. In preparation for all sessions, subjects were not

allowed to perform strenuous exercise, or ingest alcohol or caffeine 24 hours before testing.

Cooling vest

The cooling vest (HyperKewl™ vest, TechNiche International, Vista, California, USA) was developed by
TechNiche International for supporting humans in thermal uncomfortable conditions. The vest is a
sleeveless shirt, which covered the major part of the trunk and consisted of a fabric layer. The fabric
layer absorbed and stored water, which could be released through evaporation. This evaporation
during exercise could cause the suggested cooling effect of the vest.

Before each measurement, the cooling vest was activated in a standardized way. Firstly, the vest was
soaked in tap water for two minutes. Thereafter, the excess water was squeezed out very carefully,
followed by a drying period of two hours. After these two hours, the vest was placed in a refrigerator

(6.0°C £ 0.5°C) for at least 10 hours. Afterwards the cooling vest was ready to use.

Radboud Universiteit Nijmegen ¢ :‘
‘h‘lncta




Measurements

Core body temperature (CBT). The CBT was determined by using a portable telemetry system
(CorTemp™ system, HQ Inc., Palmetto, Florida, USA), which is safe and reliable. (22, 23) Subjects
ingested an individually calibrated telemetric temperature sensor at least five hours preceding the
experiment, to avoid any interaction with fluid ingestion. (24) Before start of the measurement, the
CBT of an individual was measured with an external recorder. Subsequently, the CBT was measured
every 20 seconds during the whole protocol. The highest value of these measurements was
presented as maximum core body temperature. Baseline CBT was calculated as the average of all
measurements during the five minutes of bed rest before the start.

Heart rate. The heart rate was measured every 15 seconds, using a 2-channel ECG chest band system
(Polar RS 400, Polar Electro Oy, Kempele, Finland). The mean heart rate was defined as the average
heart rate during the exercise period. Exercise intensity was calculated by dividing the mean heart
rate during exercise by the maximal predicted heart rate according the formula of Tanaka et al. (208
— 0.7 * age). (25) The highest value of the heart rate measurements was presented as the maximum

heart rate.

Skin temperature. The skin temperature was

measured every 20 seconds at 8 sites of the body

1=Forehead

2= Right scapula

3= Left chest

4= Right arm upper position
5= Left arm lower position
6= Left lower back

7=Right abdomen

8= Left hand

9= Right thigh

10= Left calf

(head, chest, scapula, 2x upper-arm, hand, thigh
and calf) with iButtons (type DS1922L,
Maxim/Dallas Semiconductor Corp, USA). These

were small (16 x 6 mm?) systems that measured

11=Front inside
12=Front Cutside
13=Back inside
14=Back Outside

the skin temperature wirelessly. (26) In the 8-

point model that was used to calculate the mean

total body skin temperature, every iButton had

. . . Figure 1. Placement of iButtons on the body
his own weight factor, which was based on the
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relative surface of the body that was represented by the iButton. (27) The mean skin temperature
was the enumeration of all separate values. Additional to the 8-point model, two extra iButtons were
placed on the trunk (abdomen and lower back) to calculate the trunk skin temperature more
precisely. The trunk skin temperature was calculated by taking the average of the four iButtons on
the trunk (scapula, chest, abdomen and lower back). The ambient temperature was measured with a
separate iButton.

Vest temperature. The vest temperature was measured every 20 seconds at 4 sites of the vest with
iButtons, which were equally distributed between the in and outside of the cooling vest. The
difference between skin and vest temperature was measured and called the skin to vest temperature
gradient.

Blood lactate level. Blood lactate levels were measured with an Accutrend Plus lactate-glucose
analyzer (Accutrend plus GCT Cobas, Roche Diagnostics Limited, West Sussex, England). The blood
lactate level was measured 3 times, baseline (prior to warm up), directly after 5 km and 15 minutes
after finishing 5-km time trial respectively.

Rate of perceived exertion (RPE). The RPE was measured by the BORG 10-point category scale, in
which 0 was corresponding to rest and 10 to maximal exertion. (28) The RPE was asked every
kilometer during the 5-km time trial and every 2 minutes during the warm up and recovery phase.
Thermal sensation. The thermal sensation was measured on a 7-point category scale, in which -3 was
corresponding with very cold and +3 was very hot. (29) Thermal sensation scores were asked at the

same time as the RPE.

Data analysis

The primary outcome in this study was the finishing time on the 5-km time trial performance. This
finishing time was defined as the time between start and finish of the 5-km. All values were
presented as mean +/- standard deviation, unless indicated otherwise. Statistical analysis were

performed using SPSS 16.0 (SPSS, Chicago, USA) and the level of significance was set at p<0.05. To
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assess differences in exercise characteristics between control and cooling condition, a one-way
analysis of variance (ANOVA) was applied. Two-way repeated measures ANOVA was used to assess
differences over distance in time, CBT, skin temperature, Heart rate, RPE and thermal comfort score.

The between subject factor was the exercise condition.
Results

Exercise characteristics

All subjects successfully completed the 5 km time trials. There was no difference in temperature of
the climate chamber between the cooling (25.5 + 0.2°C) and the control (25.3 + 0.2°C) condition
(p=0.19). Also relative humidity did not differ across conditions (p=0.32). The mean temperature of

the cooling vest at the start of the 5-km time trial was 9.7 £ 2.3 °C.

24:00 - Distance p<0.001
A 22:00 Condition p=0.86
20:00 | |nteraction p=0.84
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Figure 2. (A) Running time during the 5-km time trial for the control (grey line) and the cooling
condition (black line). Error bars represented the SD. (B) Individual finishing times in the 5-km time trial
in response to the control (grey bars) and the cooling condition (black bars).
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5-km time trial running performance

The 5-km finish times were 1246 + 96 seconds (20 minutes and 46 seconds) for the control condition
and 1254 + 98 seconds (20 minutes and 54 sec) for the cooling condition and did not statistically
differ (p=0.86) (Figure 2A). Furthermore, all 500 meter split times were comparable across conditions
(distance * condition, F(1,10)=0.044, p=0.84). Individual comparisons in 5-km time trials for both

conditions are showed in Figure 2B.

Core body temperature

The baseline CBT was 37.2 + 0.3 °C during the control condition and 37.0 £ 0.2 °C during the cooling
condition, and did not differ (p=0.18). The CBT was not different between conditions (p=0.41). During
the 5-km time trial a comparable increase in CBT was observed between the control (1.5 = 0.4 °C)
and cooling condition (1.4 + 0.4 °C) (distance * condition, F(1,10)=0.071, p=0.84) Finally, maximum

CBT did not differ between conditions (p=0.54). (Table 2)

40.0 - Distance p <0.001
Condition p=0.41
Interaction p=0.84

39:5

39:0

Control

Core Body Temperature (°C)
g
v

====(Cooling

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Distance (km)

Figure 3. Mean core body temperature responses during the 5-km time trial for the cooling (dotted line) and
the control (continuous line) condition. The error bars represented the SD.
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Skin Temperature

The baseline skin temperature of the trunk was 34.2 + 0.4°C and 34.4 + 0.7°C in the cooling and
control condition respectively (p=0.46). Trunk skin temperature during the race decreased
significantly more during the cooling (2.1 £ 0.6 °C) compared to the control condition (0.5 + 1.1 °C,
distance * condition, F(1,10)= 11.059, p<0.001). Accordingly, minimum trunk skin temperature was
lower in the cooling condition (p<0.001) and it was continuously lower throughout the time trial
(p<0.001). (Figure 4A) In parallel, the mean core to trunk skin temperature gradient was higher in the
cooling (5.1 £ 0.8 °C) compared to the control condition (3.9 £ 0.7 °C) (p=0.001). (Figure 5) In
addition, the temperature gradient significantly increased during the race (distance, F(1,10)=34.477,
p<0.001), whilst this increase in gradient during the race was not comparable between conditions
(distance * condition, F(1,10)= 12.137, p<0.001). Finally, the trunk skin to vest temperature gradient

decreased during the 5-km time trial (distance, F(1,10)=163.526, p<0.001). (Figure 6)

26.0
ass | A
=y 35.0 "I' T -" —[ T 1
@ 345 ==
5 e
T 340 I e
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= |-
= A Y
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= 33.0 . - [
= . —
o - =
= 32.5 - i -— 1 l -
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— 320 - o
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51.5 . ontro
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33.0 - ,—‘f 1
Distance p <0.001

22.0 | condition p<0.48 Control
Interaction p <0.033 - === Cooling

(0] 0.5 1.5 2 2.5 3 3.5 4 4.5 5
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Figure 4. (A) Trunk skin temperature during 5-km time trial for the control (continuous line) and the cooling

(dotted line) condition. (B) Time course of total body skin temperature during the 5-km time trial for the

control (continuous line) and cooling (dotted line) condition. The first three points of both graphs consisted

of the three minutes prior to 5-km time trial. The error bars represented the SD.
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Besides the trunk skin temperature, we also examined the total body skin temperature. The total
body skin temperature during the 5-km time trial did not differ between conditions (p=0.48).) The
total body skin temperature in the first part of the 5-km time trial is lower in the cooling condition,
due to the decline in skin temperature after the cooling vest was placed around the trunk. However,
at finish line the total body skin temperature is comparable across conditions (distance * condition,

F(1,10)=3.616, p=0.033). (Figure 4B)

Distance p <0.001
7.0+ condition p =0.001
6.5 - Interaction p <0.001
G 6.0 - :[ ] J T ‘|'- [ T
= 55 - s i
-g I ,'/ Q——-____ o ---.-_-“.___-
= 50 - -
o /
:,D 4.5 | ’l’ /
S ’
‘é 4.0 - P 1 ]
a 35 | i 4 E
£ l
= 3.0 -
. = Control
2.5 - : =
= === Cooling
2.0 . ‘ . . ' . . . . |
0 0.5 1 1.5 2 2.5 2 3.5 -4 4.5 5

Distance (5 km})

Figure 5. Core to skin temperature gradient (defined as the CBT subtracted by the skin temperature of the
trunk) during the 5-km time trial for the cooling (continuous line) and the control (dotted line) condition.
Error bars represented the SD.
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Figure 6. Skin to vest temperature gradient (defined as the skin temperature of the trunk subtracted by the
vest temperature) during the 5-km time trial.
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Heart rate

Baseline heart rate did not different between conditions (p=0.96). The heart rate during the 5-km

time trial was comparable between the control and cooling condition (p=0.68). The heart rate raised

during the first 2 km of the 5-km time trial and reached a plateau thereafter. The change in heart

rate during the time trial did not differ across conditions (distance * condition, F(1,10)=1.645,

p=0.21). Maximum heart rate was 178 * 16 beats per minute(exercise intensity of 99.9 £ 8.9%) in the

control condition and 175 + 13 beats per minute (exercise intensity of 97.9 + 7.3%) in the cooling

condition and did not statistically differ (p=0.67).

Rate of perceived exertion

No significant difference in RPE was found
between conditions (p=0.64), but throughout
each 5-km time trial the RPE significantly
during  the (distance,

increased race

F(1,5)=93.410, p<0.001). Nevertheless, the
increase in RPE was not different between
conditions. (distance * condition, F(1,5)=1.000,

p=0.39). (Figure 7)

Thermal sensation score

The thermal comfort score was significantly
lower in the cooling condition (1.8 * 0.4)
compared to the control condition (2.2 *
thermal

0.2)(p=0.013).  Furthermore, the

Borg score

Thermal sensation score

10 | Distance

p < 0.001
p =0.64
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Figure 7. Responses of RPE and thermal
comfort score during the 5-km time trial for
the control (continuous line) and cooling
(dotted line) condition.

sensation score increased significantly during the race (distance, F(1,5)=101.237, p=<0.001), whilst

this was comparable across conditions (distance * condition, F(1,5)=.875, p=0.45). (Figure 7)
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Body mass loss and blood lactate level

The relative body mass loss during the 5-km time trial trials was 1.4 + 0.3% for the control condition
and 1.3 £ 0.3% for the cooling condition, with no significant difference between conditions (p=0.75).
The blood lactate level after finishing the 5-km time trial was 9.2 £ 2.4 mmol/L in the control
condition and 8.5 + 1.9 mmol/L in the cooling condition, but did not differ (p=0.47).

Table 2. Outcome parameters during the 5-km time trial in both conditions (mean + SD).

Core body temperature (°C) Control Cooling p-value
Baseline CBT * 37.2+0.3°C 37.0+£0.2 0.18
A CBT 19105 2.0+£05 0.93
Maximum CBT 39.1+0.5 39.0+0.3 0.54
Total body skin temperature (°C)

Baseline Tskin * 33.7+0.5 335105 0.39
A Tskin 0.2%x1.1 0.7+04 0.18
Minimum Tskin 33.5+1.0 32.8+0.6 0.08
Trunk skin temperature (°C)

Baseline Tskin * 34.4 0.7 34204 0.46
A Tskin 05+1.1 2.1+0.6 0.001
Minimum Tskin 33.9+0.8 32.1+£0.7 <0.001
Heart rate (bpm)

Baseline HR * 58 £10 58 +11 0.96
A HR 120+ 12 117 £ 13 0.61
Maximum HR 178 £ 16 175+13 0.68
Blood lactate level (mmol/L)

Baseline 2.2+£0.6 2.2+£05 0.90
After 5-km 9.2+24 85+1.9 0.47
After recovery 41+15 42+2.0 0.86
Body mass (kg)

Baseline 73.6 £6.6 73.7 £6.8 0.97
After recovery 726+6.4 72.7+6.6 0.97
Environmental conditions

Ambient temperature(°C) 255+0.2 253 +0.2 0.19
Humidity (%) 60.2 £2.0 59.2 £2.4 0.32

P- value refers to one-way ANOVA T test * P-value refers to a 2-way repeated measures ANOVA.
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Discussion

The aim of our study was to determine the effects of wearing a cooling vest during a 5-km time trial
on the exercise performance levels and thermoregulatory responses in highly trained athletes.
Although we hypothesized that wearing a cooling vest during exercise may limit the increase in CBT
and subsequently may enhance exercise performance, our results could not confirmed that. Wearing
a cooling vest during exercise did not result in a faster finish time, lower core body temperature or
lower heart rate. However, the trunk skin temperature was significantly lower in the cooling
condition, and subjects had a lower thermal sensation score while wearing the cooling vest. These
results suggest that use of a cooling vest did not improve exercise performance, however it may be

useful to stay cool and comfortable during exercise.

The absence of any improvement in 5-km time trial performance is in contradiction with previous
studies, which examined the influence of a cooling vest on running ability. A previous study
demonstrated that the 5-km time trial time was significantly reduced with 13 seconds (1.1%) when
wearing a cooling vest during active warm-up. (6) In parallel, two other studies concluded that the
exercise time until exhaustion was increased with 2.2% and 7.8 minutes respectively, after pre-
cooling with an ice-vest. (30) On the other hand, a study by Stannard et al. (12) was in accordance
with our results. They showed that wearing a cooling vest during a warm-up does not improve 10-km
performance. (12) An important factor that may impact these findings is the type of cooling. While
the above-mentioned studies were related to pre-cooling methods, we applied the cooling vest
during exercise. Pre-cooling provided athletes to begin exercise with a cooler CBT and have an
increased heat storage capacity, thus delayed fatigue associated with hyperthermia. (9) Probably,
cooling during exercise is not able to limit the increase in core body temperature sufficiently. In
competitive settings, the cooling effect of the vest may be largely neglected by the high amount of
heat production during the 5-km time trial. It could be possible that the cooling capacity of the vest is

not sufficient to compensate for this rapid increase in CBT during exercise. Thus, the cooling vest,
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used during exercise, was unable to compete against the extreme heat production during the 5-km

time trial.

An alternative explanation for the lack of improvement in 5-km time trial performance may relate to
the trunk to vest temperature gradient of the vest. The use of our evaporative cooling vest during the
5-km time trial did not affect the core body temperature. Indeed Figure 6 clearly shows that the
trunk to vest temperature gradient decreased very fast, which means that the cooling capacity of the
vest was already limited within the first km. After 1-km the trunk to vest temperature gradient
approached a steady state of 7.0 + 0.4°C, which may have been inadequate to improve time trial
performance. However, the effective trunk to vest temperature gradient is not known from
literature, because this is the first study that examine the cooling vest temperature during exercise.
Nevertheless, previous studies with positive cooling effects used an ice-vest. (6, 13, 30-32) In general,
the mean vest temperature of an ice-vest is lower compared to the temperature of an evaporative vest
(13), and thus the trunk to vest temperature gradient is higher. For example, Luomala et al. used an
ice-vest (-20°C) and found a 21.5% improvement of performance. (31) Unlike another study, where
they used an evaporative vest, and thus a lower trunk to vest temperature gradient, the 10-km time
trial performance was not improved. (12) In a recent study both types of vests were used. (13) They
demonstrated an improvement in time until exhaustion in both conditions, however in the ice-vest
condition the improvement was larger (7.8 minutes versus 5.1 minutes) compared to the control
condition. (13) Therefore, our trunk to vest temperature gradient may be inadequate to improve

performance.

In contrast with the core body temperature, the trunk skin temperature was significantly lower in the
cooling condition. This could be explained by wearing a cooling vest during the 5-km time trial.
However, literature demonstrated that cooling the neck region may have more influence on skin

temperature and exercise performance. (8, 18) Furthermore, a previous study concluded that cooling

Z—y
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the head and neck region is more efficient than cooling elsewhere, possibly due to the neck’s close
proximity to the thermoregulatory centre. (33) Subsequently, cooling the head and neck region was
more efficient than cooling the trunk in the attenuation of heat strain during exposure to high
ambient temperatures. (34) This attenuation in heat strain may be responsible for the improved
exercise performance. Hence, the use of a cooling vest is effective in lowering the trunk skin

temperature, though this effect on the skin temperature could be increased by using neck cooling.

Another factor, that could explain the lack of improvement of the 5-km time trial, may be the
maximal CBT. The maximal CBT achieved during our experiment was 39.1°C, which is considerably
less than the critical core temperature of 40°C which was previously related with limiting exercise
performance. (9, 10) A reason for the relatively low CBT may have been the moderate ambient
temperature of the climate chamber (25°C). Indeed, previous studies that found a positive effect of a
cooling vest on running performance were observed when the ambient temperature was higher than
30°C. (6, 30-32) Additionally, cycling performance was enhanced in environmental temperatures of
approximately 30°C, but not in 25°C conditions. (13, 31, 35) These results emphasized the idea that a
cooling vest is predominantly effective in high ambient temperatures. Therefore, the ambient
conditions of our study may be inadequate to trigger heat stress and thus limit performance,

resulting in comparable responses during the cooling and control condition.

In accordance with most other studies, we found a significant lower thermal sensation score during
the 5-km time trial in the cooling condition. (12, 13) Despite subjects experienced less thermal stress
and have a lower trunk skin temperature in the cooling condition, still no differences in CBT, heart
rate and finishing time across conditions were found. Additionally, there was a trunk to vest
temperature gradient throughout the whole trial, and thus subjects felt more cool and comfortable

during running.
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Strengths and limitations

The strengths of this study are the randomized cross over design with an appropriate recovery
period of 5 consecutive days. The continuous measurement of the CBT, skin temperature and heart
rate are also a strong point of the study. Furthermore, we used a 5-km time trial to mimic
performance during competition as good as possible, but were still permit to measure physiological
factors that provide insight into the mechanism of performance alteration.

Still, some limitations should also be taken into account. Firstly, human beings have a thermal cycle
over the day, which could influence thermoregulatory responses during exercise. (20) However, we
have anticipated to that by scheduling the two 5-km time trials at the same time of the day.
Secondly, an inherent problem with cooling studies is the inability to blind the subjects for the
intervention, which could lead to placebo effects. However, to remove bias, we told prior to
participation that the cooling vest could have either positive (cooling) or negative (more weight)

effect on the 5-km time trial performance.

Conclusion

The results of this study indicate that wearing a cooling vest during exercise is not effective in
improving simulated 5-km time trial performance in a moderate ambient condition in male
competitive runners. Additionally, wearing a cooling vest does not decrease core temperature or
heart rate during exercise. Trunk skin temperature and thermal sensation scores were significantly
lower in the cooling condition. Therefore, wearing a cooling vest may be useful to stay cool and
comfortable during practice, despite it does not enhance performance. As previous studies
demonstrated that a cooling vest improved performance in hot ambient conditions, future research
should focus on the magnitude of cooling necessary to enhance performance of different durations

and under different conditions.

Radboud Universiteit Nijmegen ¢ :‘
‘h‘lncta

18



Acknowledgements

| want to thank dr. Thijs Eijsvogels and prof. dr. Maria Hopman for their guidance and support during
the study. Furthermore, | want to thank Maarten Moen, Arjan Kokshoorn, Diederik Oei, Tjeerd de
Vries and Peter van Beek for being medical back up during the tests. | also want to thank NOC*NSF
and in particular Albert Smit for the opportunity to use the climate chamber. Finally, | want to thank

all subjects for their cooperation, involvement and persistence throughout the study.

Radboud Universiteit Nijmegen ;

‘%-‘h P

ind

19



Reference list

1. Gonzalez-Alonso J. Human thermoregulation and the cardiovascular system
(Thermoregulation). Experimental physiology. Jan 6.

2. Cheuvront SN, Haymes EM. Thermoregulation and marathon running: biological and
environmental influences. Sports medicine (Auckland, NZ. 2001;31(10):743-62.

3. Margaria R, Cerretelli P, Aghemo P, Sassi G. Energy cost of running. J Appl Physiol. 1963
Mar;18:367-70.

4, Kenefick RW, Cheuvront SN, Sawka MN. Thermoregulatory function during the marathon.

Sports medicine (Auckland, NZ. 2007;37(4-5):312-5.

5. Armstrong LE, Casa DJ, Millard-Stafford M, Moran DS, Pyne SW, Roberts WO. American
College of Sports Medicine position stand. Exertional heat illness during training and competition.
Medicine and science in sports and exercise. 2007 Mar;39(3):556-72.

6. Arngrimsson SA, Petitt DS, Stueck MG, Jorgensen DK, Cureton KJ. Cooling vest worn during
active warm-up improves 5-km run performance in the heat. J Appl Physiol. 2004 May;96(5):1867-74.
7. Maughan RJ. Exercise in the heat: limitations to performance and the impact of fluid

replacement strategies. Introduction to the symposium. Canadian journal of applied physiology =
Revue canadienne de physiologie appliquee. 1999 Apr;24(2):149-51.

8. Tyler CJ, Wild P, Sunderland C. Practical neck cooling and time-trial running performance in
a hot environment. European journal of applied physiology. Nov;110(5):1063-74.
9. Quod MJ, Martin DT, Laursen PB. Cooling athletes before competition in the heat:

comparison of techniques and practical considerations. Sports medicine (Auckland, NZ.
2006;36(8):671-82.

10. Siegel R, Laursen PB. Keeping your cool: possible mechanisms for enhanced exercise
performance in the heat with internal cooling methods. Sports medicine (Auckland, NZ. Feb
1,42(2):89-98.

11. Tucker R, Rauch L, Harley YX, Noakes TD. Impaired exercise performance in the heat is
associated with an anticipatory reduction in skeletal muscle recruitment. Pflugers Arch. 2004
Jul;448(4):422-30.

12. Stannard AB, Brandenburg JP, Pitney WA, Lukaszuk JM. Effects of wearing a cooling vest
during the warm-up on 10-km run performance. Journal of strength and conditioning research /
National Strength & Conditioning Association. Jul;25(7):2018-24.

13. Bogerd N, Perret C, Bogerd CP, Rossi RM, Daanen HA. The effect of pre-cooling intensity on
cooling efficiency and exercise performance. Journal of sports sciences. May;28(7):771-9.

14. Duffield R, Green R, Castle P, Maxwell N. Precooling can prevent the reduction of self-paced
exercise intensity in the heat. Medicine and science in sports and exercise. Mar;42(3):577-84.

15. Marino FE. Methods, advantages, and limitations of body cooling for exercise performance.
British journal of sports medicine. 2002 Apr;36(2):89-94.

16. Webster J, Holland EJ, Sleivert G, Laing RM, Niven BE. A light-weight cooling vest
enhances performance of athletes in the heat. Ergonomics. 2005 Jun 10;48(7):821-37.

17. Hsu AR, Hagobian TA, Jacobs KA, Attallah H, Friedlander AL. Effects of heat removal
through the hand on metabolism and performance during cycling exercise in the heat. Canadian
journal of applied physiology = Revue canadienne de physiologie appliquee. 2005 Feb;30(1):87-104.
18. Tyler CJ, Sunderland C. Cooling the neck region during exercise in the heat. Journal of
athletic training. Jan-Feb;46(1):61-8.

19. Olschewski H, Bruck K. Thermoregulatory, cardiovascular, and muscular factors related to
exercise after precooling. J Appl Physiol. 1988 Feb;64(2):803-11.

20. Weinert D, Waterhouse J. The circadian rhythm of core temperature: effects of physical
activity and aging. Physiology & behavior. 2007 Feb 28;90(2-3):246-56.

21. Jones AM, Doust JH. A 1% treadmill grade most accurately reflects the energetic cost of
outdoor running. Journal of sports sciences. 1996 Aug;14(4):321-7.

22. Byrne C, Lim CL. The ingestible telemetric body core temperature sensor: a review of validity
and exercise applications. British journal of sports medicine. 2007 Mar;41(3):126-33.

Radboud Universiteit Nijmegen ¢ :
‘h‘lnc(a

20



23. Gant N, Atkinson G, Williams C. The validity and reliability of intestinal temperature during
intermittent running. Medicine and science in sports and exercise. 2006 Nov;38(11):1926-31.

24. Wilkinson DM, Carter JM, Richmond VL, Blacker SD, Rayson MP. The effect of cool water
ingestion on gastrointestinal pill temperature. Medicine and science in sports and exercise. 2008
Mar;40(3):523-8.

25. Tanaka H, Monahan KD, Seals DR. Age-predicted maximal heart rate revisited. Journal of the
American College of Cardiology. 2001 Jan;37(1):153-6.

26. van Marken Lichtenbelt WD, Daanen HA, Wouters L, Fronczek R, Raymann RJ, Severens
NM, et al. Evaluation of wireless determination of skin temperature using iButtons. Physiology &
behavior. 2006 Jul 30;88(4-5):489-97.

27. ISO. Ergonomics — Evaluation of thermal strain by physiological measurements. [ISO].
2004.

28. Noble BJ, Borg GA, Jacobs I, Ceci R, Kaiser P. A category-ratio perceived exertion scale:
relationship to blood and muscle lactates and heart rate. Medicine and science in sports and exercise.
1983;15(6):523-8.

29. Gagge AP, Stolwijk JA, Hardy JD. Comfort and thermal sensations and associated
physiological responses at various ambient temperatures. Environmental research. 1967 Jun;1(1):1-20.
30. Uckert S, Joch W. Effects of warm-up and precooling on endurance performance in the heat.
British journal of sports medicine. 2007 Jun;41(6):380-4.

31. Luomala MO, J., Salmi J, Linnamo V, Holmer I, Smolander J, Dugue B. Adding Adding
Adding vest during cycling improves performance in warm and humid conditions. Journal of Thermal
Biology. 2012;37:47-55.

32. Wegmann M, Faude O, Poppendieck W, Hecksteden A, Frohlich M, Meyer T. Pre-cooling
and sports performance: a meta-analytical review. Sports medicine (Auckland, NZ. 2012 Jul
1;42(7):545-64.

33. Shvartz E. Effect of a cooling hood on physiological responses to work in a hot environment. J
Appl Physiol. 1970 Jul;29(1):36-9.

34. Shvartz E. Effect of neck versus chest cooling on responses to work in heat. J Appl Physiol.
1976 May;40(5):668-72.

35. Johnson ES, B, Sleivert G, Pethick W. The effects of pre-cooling and ambient temperature on
20 km time trial performance in trained cyclists. App Phsiol Nut Metab. 2008;33:49-50.

Radboud Universiteit Nijmegen ¢

T

%-'I', o

21



