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Introduction
Intermittent team sports such as field hockey, lacrosse, and soccer 
are played for between 60 min (in the cases of field hockey and la-
crosse) and 90 min (in the case of soccer), sometimes requiring 
players to perform in hot and humid environmental conditions du-
ring summer (e. g., the summer Olympics and the International Fe-

deration of Association Football World Cup). Intermittent exercise 
in hot conditions can rapidly increase core temperature [1]. Exces-
sively elevated core and skin temperatures in hot conditions can 
increase the physiological and perceptual loads on athletes, nega-
tively affecting endurance [2] and intermittent exercise perfor-
mance [3] and increasing the risk of heat-related illness [4, 5]. Ath-
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AbsTr AcT

The present study investigated the effects of half-time (HT) 
break cooling using a fan and damp sponge on physiological 
and perceptual responses during the 2nd half of a repeated-
sprint exercise in a hot environment. Eight physically active 
men performed a familiarization trial and two experimental 
trials of a 2 × 30-min intermittent cycling exercise protocol with 
a 15-min HT break in hot conditions (35 °C, 50 % relative humi-
dity). Two experimental trials were conducted in random order: 
skin wetting with a fan (FANwet) and no cooling (CON). During 
the 2nd half, a repeated-sprint cycling exercise was performed: 
i. e., 5 s of maximal pedaling (body weight × 0.075 kp) every 
minute, separated by 25 s of unloaded pedaling (80 rpm) and 
30 s of rest. Rectal temperature, skin temperature (chest, fore-
arm, thigh, and calf), heart rate, physiological strain index, 
rating of perceived exertion, thermal sensation, and comfort 
were significantly improved in the FANwet condition (P < 0.05). 
There was no significant difference in the repeated-sprint cyc-
ling exercise performance between conditions. The results 
suggest that skin wetting with a fan during the HT break is a 
practical and effective cooling strategy for mitigating physio-
logical and perceptual strain during the 2nd half in hot condi-
tions.
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letes in team sports (involving, for example, high school athletes) 
such as field hockey, lacrosse, and soccer are at risk of heat-related 
illness during competition and practice in the summer season [6]. 
Various practical methods of cooling the body have been studied 
and implemented in sports events to avoid the negative effects of 
thermal stress on health and exercise performance [7–9].

In general, team sports involve limited opportunities for body 
cooling. One opportunity for athletes to cool themselves is the half-
time (HT) break. As such, ice/cooling vests are sometimes used as a 
cooling strategy during an HT break to reduce thermal strain. Chaen 
et al. (2019) reported that wearing a cooling vest during a (14-min) 
HT break reduced neck skin temperature, mean skin temperature 
(of the chest, arm, and thigh), and subjective responses (i. e., ther-
mal sensation and perceived exertion) and subsequently improved 
repeated cycling sprint performance in the 2nd half of the match [10]. 
Additionally, Brade et al. (2014) reported that wearing a cooling ja-
cket during a (10 min) HT break reduced skin temperature and im-
proved the subsequent repeated cycling sprint performance com-
pared with the ingestion of an ice slushy [11]. When using the ice 
vest for body cooling, conduction is the main avenue of heat loss. 
Therefore, the body cooling effects of the application of an ice vest 
are determined by the total skin surface area that is directly in con-
tact with the ice or gel packs. For that reason, because the net skin 
surface that is cooled by an ice vest might be smaller than the sur-
face of the ice vest, no reduction in core temperature has been ob-
served in previous studies [10, 11]. Thus, wearing an ice vest during 
short rest breaks may be less effective in reducing the core tempe-
rature. The cost is also a consideration for using ice/cooling vests in 
many team sports. The team needs to prepare many ice vests be-
cause a team comprises a large number of athletes. In addition, the 
team needs to prepare a large freezer and freeze the gel and/or ice 
packs the day before the sports events. Additionally, several cooler 
boxes need to be prepared on the side of the field to avoid the mel-
ting of the gel and/or ice in sport events held in hot conditions.

The use of fan cooling in combination with skin wetting may be 
another method of HT break body cooling suitable for the HT break 
in team sports. The evaporation of water from the skin surface li-
berates a greater amount of heat (2427 J · g − 1) [12] than melting 
ice (334 J · g − 1). Only a sponge and bucket are needed to promote 
evaporative heat loss, and the evaporation of water can thus be 
used in a cost-effective method that is easy to set up during athle-
tic competition. Therefore, a body cooling method for promoting 
evaporative heat loss using a fan and damp sponge may substitute 
for the use of ice/cooling vests in team sports. In particular, athle-
tes who wear protective equipment under their uniform (e. g., la-
crosse and American football athletes) cannot wear ice/cooling 
vests during short rest breaks, such as quarter and HT breaks. Me-
anwhile, although the skin surface area that contributes to evapo-
rative heat loss is limited, the use of a fan and damp sponge may 
be a practical strategy of body cooling. It has been reported that 
fan cooling in combination with skin wetting during simulated ten-
nis exercise in hot conditions mitigates the rise in core and skin tem-
peratures and increases the time that the athletes can exercise 
compared with the ingestion of cold water [13, 14]. However, in 
these previous studies, cooling was implemented in every break 
period (i. e., 16 rest periods of 90 s each and three 120-s rest peri-
ods). Therefore, the effects of a fan combined with skin wetting 

cooling during an HT break on subsequent thermal and perceptu-
al responses and exercise performance are currently unknown. To 
avoid heat-related illness and reduced exercise performance, infor-
mation on the effectiveness of various cooling interventions is im-
portant to staff, coaches, trainers, and athletes in team sports.

In the present study, therefore, we investigated the effects of 
body cooling during an HT break using a fan and damp sponge on 
thermal and perceptual responses and the repeated-sprint exercise 
performance during the 2nd half of a match of a simulated inter-
mittent team sport under hot conditions. We hypothesized that 
body cooling using a fan and damp sponge during the HT break at-
tenuates the elevation of the core and skin temperatures and im-
proves thermal perception in the 2nd half of intermittent exercise, 
which in turn improves repeated-sprint performance.

Methods

Participants
Eight non-heat-acclimatized, physically active men (mean ± stan-
dard deviation [SD]; age = 23 ± 1 years, height = 170.9 ± 3.8 cm, 
body mass [BM] 65.5 ± 3.5 kg, V̇O2max = 51.8 ± 5.0 ml · kg − 1 · min − 1) 
participated in the present study. Participants performed more 
than two periods of endurance and/or intermittent exercise per 
week ( ≥ 30 min/per session). The participants were experienced in 
individual (cycling and athletics) or intermittent team sports (soc-
cer, lacrosse and ultimate), and they were also experienced in sprint 
training using a cycle ergometer. Participants were asked to main-
tain their normal lifestyle activities, including their physical activi-
ty and nutritional habits, throughout the study period. All partici-
pants were healthy nonsmokers with no history of heat-related ill-
ness or cardiovascular disease. Participants were informed of the 
purpose of the study, as well as the requirements and risks invol-
ved, before providing written informed consent. Participants were 
instructed to refrain from strenuous physical activity, alcohol, caf-
feine, and drugs for 24 hours before all sessions. Participants self-
declared their compliance with this instruction before each expe-
rimental session, and none of our participants breached this inst-
ruction. The study was approved (2020–16) by the Human Research 
Ethics Committee of Chukyo University, and conducted in ac-
cordance with the Declaration of Helsinki. The present study meets 
the ethical standards of this journal [15].

Experimental design
This study used a randomized crossover design. Participants com-
pleted one familiarization session before completing two experi-
mental sessions. The experimental session consisted of two 30-min 
intermittent exercise periods separated by a 15-min simulated HT 
break (▶Fig. 1). The two different HT cooling interventions were 
implemented during the HT break. In one experimental session, 
participants were cooled by a fan with skin wetting (FANwet) at HT, 
and for the other session, they were seated at rest on a chair (CON) 
during the HT break. To simulate hot and humid conditions, all ex-
perimental sessions were performed in a climate chamber 
(TBR12A4PX; ESPEC, Osaka, Japan) set at 35 °C and 50 % relative 
humidity (RH). Environmental conditions in this study were refe-
renced in previous studies [16, 17] that simulated team sports 
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match exercise in the heat using the climate chamber. During all 
experimental sessions (excluding the warm-up and HT), partici-
pants were provided with airflow (at a flow rate of 0.8 m · s − 1) from 
1.5 m in front. For each participant, the two experimental sessions 
were implemented at the same time of day to control for circadian 
variations in body temperature and separated by at least 4 days. 
The participants’ health and fatigue conditions were checked be-
fore each experimental session through verbal interview. To help 
promote hydration prior to the start of each session, participants 
were instructed to drink 500 mL of plain water 2 hours before all 
sessions.

Procedure
Prior to the experimental sessions, participants performed a pro-
gressive exercise test on a cycle ergometer (Fujin-Raijin; O.C. Labo, 
Tokyo, Japan) in a climate chamber set at a normal room tempera-
ture (25 °C and 50 % RH) to determine the maximal oxygen con-
sumption (V̇O2max). Prior to the test, the height and body mass of 
each participant were measured (MC-180; Tanita CO., Tokyo, Japan) 
to the nearest 0.1 cm and 50 g, respectively. The progressive exer-
cise test started at 100 W and increased by 25 W every 2 min until 
volitional fatigue. During the test, participants were required to 
maintain a pedal cadence of 80 rpm. The test was considered to be 
valid if two of the following three criteria were met: (1) there was 
a plateau in oxygen consumption, (2) the heart rate (HR) remained 
within 10 % of the predicted maximum (220–age), and (3) the re-
spiratory exchange ratio was greater than 1.05 [18]. During the 
test, a pre-calibrated automatic gas analyzer was used to measure 
the average oxygen consumption and carbon dioxide production 
at 30-s intervals (AE-310s; Minato Medical Science, Tokyo, Japan). 
The HR was continuously monitored during the test using an HR 
monitor (POLAR A300; Polar, Kempele, Finland).

Upon arrival at the laboratory, participants had urine samples 
collected and their nude body mass measured. After the placement 
of rectal and skin thermistors and an HR monitor, the participants 
entered a climate chamber. The participants rested on a cycle er-
gometer (Fujin-Raijin; O.C. Labo, Tokyo, Japan) for 5 min, then per-
formed a standardized warm-up (100 W with a cadence of 80 rpm) 
for 5 min, and then rested again for 5 min. Participants then per-
formed the first 30-min period of intermittent exercise (1st half). 
The 30-min intermittent exercise consisted of 15 reps of a 2-min 
exercise period. Each 2-min period started with 15 s of passive rest 

followed by 25 s of unloaded cycling with a cadence of 80 rpm and 
10 s of high-intensity cycling (i. e., 130 % of V̇O2max, 80 rpm) and 
ended with 70 s of moderate-intensity cycling (i. e., 60 % of V̇O2max, 
80 rpm) [19]. To simulate the physical activity of a team sports 
match, the 30-min intermittent exercise was based on a previous 
study designed to reflect a soccer match [19] but adjusted on the 
basis of our pilot experimental sessions. After the 1st half, partici-
pants were required to get off the cycle ergometer and then change 
their clothes and sit on a chair. During the 15 min of HT, participants 
rested on the chair (CON) or underwent the cooling intervention 
(FANwet) in a climate chamber. Under both conditions, 2 min (from 
45 to 46 min and from 59 to 60 min) of the 15-min HT break invol-
ved the participant moving to a chair or cycle ergometer. After HT, 
participants performed 30 min of a laboratory-based repeated-
sprint exercise, broken up by 2-min rest periods (i. e., 15 reps of 
1-min periods of the repeated-sprint cycling exercise for the 1st and 
2nd trials) on a cycle ergometer (2nd half). Each period started with 
5 s of maximal pedaling at the load of weight × 0.075 (kp) followed 
by 25 s of pedaling with no workload at a cadence of 80 rpm and 
ended with 30 s of passive rest [10, 20]. To maintain the partici-
pants’ motivation, verbal encouragement was provided during the 
2nd half. After exercise, the nude body mass was measured, the rec-
tal and skin thermistors and HR monitor were removed, and urine 
samples were collected. During the experimental session, partici-
pants consumed plain water (10 °C) before the 1st half (200 mL), at 
HT (300 mL), and in the 2-min rest during the 2nd half (200 mL).

Cooling intervention
In the FANwet session, participants were required to get off the cycle 
ergometer after the 1st half, then sit on a chair (from 46 to 59 min). 
Next, participants soaked a soft sponge (10 cm × 15 cm, 100 % po-
lyurethane) in a bucket of water at ~20 °C and then wrung out the 
wet sponge with both hands for 2 s over the bucket. Participants 
then applied the sponge to the skin of their face, neck, arms and 
thighs [13]. It was observed that water dripped off the body slight-
ly. A 45-cm diameter fan (SF-45VS-1VPP, Suiden, Osaka, Japan) ge-
nerating a wind speed of 6 m · s − 1 was placed 1.5 m in front of the 
participants. The skin surface (of the face, neck, arms, and thighs) 
was moistened using the damp sponge in 1-min intervals, and the 
total cooling duration was 10 min of the 15-min HT break (from 48 
to 58 min, ▶Fig. 1). The total volume of water that was applied to 
the skin surface in the 10 applications was calculated as:
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Total volume of water applied to the skin surface = (weight of the 
damp sponge after being wrung out − weight of the damp sponge 
after being applied to the skin) × 10.

According to our test experimental trial, the volume of water trans-
ferred to the skin surface with the damp sponge in each application 
was 42 ± 11 g.

In the CON condition, participants were required to get off the 
cycle ergometer after the 1st half, and they then sat on a chair and 
rested for 13 min (from 46 to 59 min) of the 15-min HT break.

Measurements
The urine specific gravity (USG) was measured using a digital USG 
scale (PAL-09S; Atago, Tokyo, Japan) as an index of the hydration 
status. To avoid dehydration before the experiment, a cutoff USG 
value of 1.020 was used [21]. Before the experiment, none of our 
participants exceeded this USG cutoff value. The nude body mass 
was measured using a scale (MC-180; Tanita CO., Tokyo, Japan) to 
the nearest 50 g before and after the experiment. A rectal thermis-
tor probe (LT-ST08–11; Gram Corporation, Saitama, Japan) was po-
sitioned approximately 15 cm beyond the anal sphincter to mea-
sure the rectal temperature (Tre). Skin thermistors (LT-ST08–12; 
Gram corporation, Saitama, Japan) were attached to the chest 
(Tchest), forearm (Tarm), thigh (Tthigh), and calf (Tcalf) to measure the 
mean skin temperature (mTsk). Throughout the experimental ses-
sions, rectal and skin temperature data were intermittently recor-
ded using a data logger (LT-8; Gram Corporation, Saitama, Japan) 
at 30-s intervals. mTsk was calculated using the formula of Ra-
manathan (1964) [22]:

mTsk = 0.3 × (Tchest + Tarm) + 0.2 × (Tthigh + Tcalf).

The HR was measured using an HR monitor (POLAR A300; Polar, 
Kempele, Finland) every 30 s throughout the experimental sessi-
on. The physiological strain index (PSI) was calculated as [23]:

PSI = 5 × (Tret–Tre0) / (39.5–Tre0) + 5 × (HRt–HR0) / (180–HR0),

where Tret and HRt are values measured at a certain time point, Tre0 
and HR0 are values measured at the beginning of exercise, and 39.5 
and 180 are the mean maximum values of the core temperature 
and HR, respectively [23]. The data of Tre, mTsk and PSI were calcu-
lated as 5-min averages (except for 0–15 min and 75–77 min, ▶Fi-
gure 1). The total sweat loss (TSL) was calculated as:

(BM before the experiment–BM after the experiment) + the amount 
of ingested liquid.

The rating of perceived exertion (RPE; 15-point scale) was recor-
ded using the Borg scale [24]. Thermal sensation (TS) was measu-
red using a nine-point scale (0: very cold, 1: cold, 2: cool, 3: slight-
ly cool, 4: neutral, 5: slightly warm, 6: warm, 7: hot, and 8: very 
hot). Thermal comfort (TC) was measured using a seven-point scale 
( − 3: very uncomfortable,  − 2: uncomfortable,  − 1: slightly uncom-
fortable, 0: neutral, 1: slightly comfortable, 2: comfortable, and 3: 
very comfortable) [25]. These perceptual indices were measured 
at pre-1st half (14 min), post-1st half (45 min), and post-HT (60 min) 

times. In addition, during the 2nd half, the perceptual index was 
measured every five reps during the 1st trial (65, 70, 75 min) and 
2nd trial (82, 87, 92 min). As an index of the repeated sprint-perfor-
mance, mean power output was recorded every 5 s of repeated 
sprints for two sets of 15 repetitions.

Statistical analyses
All variables measured during the experiment are presented as 
mean ± SD. The sample size was determined using G * power (versi-
on 3.1.9.7; Düsseldorf, Germany) and data from a previous study 
that investigated the effects of FANwet cooling during intermittent 
exercise in the heat [13]. To detect differences in Tre with a power of 
0.8 and an α-level of 0.05, a minimum sample size of eight partici-
pants was required. All statistical analyses were performed using sta-
tistical software (SPSS version 26.0; IBM Corp., Armonk, NY, USA). 
The mean power output, Tre, mTsk, HR, PSI, TS, TC, RPE, USG, and BM 
were analyzed adopting a two-way (conditions × time) repeated-
measures analysis of variance. When a significant interaction was ob-
served, post hoc analyses were performed using the Bonferroni cor-
rection. The TSL was compared using a paired-sample t-test. Data 
normality was checked in a Shapiro–Wilk test, and where there was 
a significant violation of sphericity, F values were adjusted using the 
Greenhouse–Geisser or Huynh–Feldt correction as appropriate. Sta-
tistical significance was set at P < 0.05. According to Cohen’s d [26], 
the effect size (ES) was calculated as small (0.2–0.5), moderate (0.5–
0.8) or large ( > 0.8). In this study, the value recorded before exercise 
(0–15 min) was defined as the baseline value.

Results
A significant interaction between condition and time (P < 0.05) was 
detected for Tre and mTsk. Changes in Tre and mTsk during the expe-
riment are shown in ▶Fig. 2a and 2b, respectively. Tre at baseline 
was similar (P > 0.05) between conditions. However, Tre was signi-
ficantly lower (P = 0.04, ES = 0.52–0.53: moderate) in the FANwet 
condition than in the CON condition at 87–92 min during the ex-
periment (▶Fig. 2a). None of the participants reached Tre at 39.5 °C 
in this study. mTsk at the baseline was similar (P > 0.05) between con-
ditions. However, mTsk was significantly lower (P = 0.01, ES = 1.17–
3.2: large) in the FANwet condition than the CON condition from HT 
(50 min) to the end of the experiment (92 min, ▶Fig. 2b). mTsk 
reached 31.1 ± 1.7 °C in the FANwet condition and 35.2 ± 0.6 °C in 
the CON condition at 60 min (P = 0.01, ES = 3.2: large), and 
34.3 ± 0.9 °C in the FANwet condition and 35.5 ± 1.0 °C in the CON 
condition at 92 min (P = 0.01, ES = 1.2: large).

A significant interaction between condition and time (P < 0.05) 
was detected for the HR and PSI. Changes in the HR during the ex-
periment are shown in ▶Fig. 3. The HR was significantly lower 
(P = 0.01–0.02, ES = 0.50–0.83: moderate-large) in the FANwet con-
dition than in the CON condition at 50 min and 65–92 min (except 
at 75–82 min). The changes in the PSI during the experiment are 
shown in ▶Fig. 4. The PSI was significantly lower (P = 0.01–0.05, 
ES = 0.54–0.80: moderate) in the FANwet condition than in the CON 
condition at 70–92 min (except at 75–77 min).

The mean power output was not significantly different (P > 0.05) 
between conditions in each trial (FANwet: 1st 673 ± 63 W, 2nd 
655 ± 71 W vs. CON: 1st 688 ± 75 W, 2nd 667 ± 87 W).
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A significant interaction between the condition and time (P <  
0.05) was detected for the TS and TC (▶Table 1). A significant main 
effect (P < 0.05) of the condition was detected for RPE (▶Table 1). The 
TS was significantly lower (P = 0.01–0.04, ES = 0.95–4.0: large) in 
the FANwet condition than the CON condition from HT (57 min) to 
the end of the 1st trial (75 min). The TC was also significantly lower 
(P = 0.01–0.33, ES = − 1.13– − 1.74: large) in the FANwet condition 
than the CON condition from HT (57 min) to the end of the 1st trial 
(75 min). The RPE was significantly lower (P = 0.01) in the FANwet 
condition than the CON condition during the 2nd half of the expe-

riment. ▶Table 2 shows the hydration states before and after the 
experiments. No significant differences (P > 0.05) were found for 
the BM, USG, or TSL between conditions.

Discussion
The present study examined the effects of cooling using a fan and 
damp sponge during the HT break on the subsequent repeated-
sprint exercise performance and physiological and perceptual res-
ponses in a hot and humid environment (35 °C, 50 % RH). No signi-
ficant improvement was found in the FANwet condition compared 
with the CON condition for the repeated-sprint exercise perfor-
mance. However, the FANwet HT break cooling intervention was 
more effective than the CON condition at mitigating thermal and 
perceptual strain in the 2nd half. At the end of the 2nd half, Tre was 
0.25 °C lower in the FANwet condition than in the CON condition. 
Additionally, mTsk was 1.1 °C lower at the end of the 2nd half in the 
FANwet condition. Moreover, HR and PSI during the 2nd half were si-
gnificantly lower in the FANwet condition. In addition, the RPE, TS, 
and TC improved during the 2nd half in the FANwet condition. Thus, 
to mitigate thermal and perceptual strains in the 2nd half in team 
sports, cooling using a fan and damp sponge during the HT break 
may be a practical and effective cooling strategy.

Our study revealed that 10 min of the FANwet cooling interven-
tion during the HT break significantly attenuated the elevation of 
the rectal temperature during the 2nd half (▶Fig. 2a). The diffe-
rence in Tre at the end of the 2nd half was 0.25 °C (P = 0.04, ES = 0.53). 
In previous studies [13, 14], body cooling using a fan and damp 
sponge in rest breaks (lasting 90 and 120 s) during intermittent 
running exercise (simulated tennis-match play) was reported to at-
tenuate the increase in Tre. In the current study, we observed a smal-
ler increase in Tre during subsequent exercise after the application 
of continuous FANwet cooling for 10 min. In addition, mTsk decrea-
sed by 4.1 °C (FANwet: 31.1 ± 1.7 °C; CON: 35.2 ± 0.6 °C) at HT 
(60 min) and 1.1 °C (FANwet: 34.4 ± 0.9 °C; CON: 35.5 ± 1.0 °C) at the 
end of the 2nd half (92 min). Because 50 % of Tsk was determined by 
sensors placed on the forearm and thigh, the reduction in mTsk ap-
peared to be due to the cooling of a large surface area of the body, 
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▶Fig. 4 Changes in the physiological strain index during the experi-
ment. Values are presented as means ± SD (n = 8, FANwet: ●, and CON: 
○).  *  P < 0.05 denotes a significant difference between FANwet and 
CON conditions.
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including the forearm and thigh, via skin wetting and airflow. Thus, 
although the cooling intervention was implemented for only 
10 min, the results suggest that the FANwet cooling intervention 
promoted evaporative heat loss and attenuated the elevation of 
core and skin temperatures during subsequent exercise in hot con-
ditions.

The present study revealed that the FANwet HT break cooling in-
tervention significantly attenuated the increase in the HR during 
the 2nd half. The difference in the HR between conditions was ap-
proximately 10 bpm at the end of the 2nd half (FANwet: 145 ± 20 
bpm; CON: 155 ± 17 bpm). The reduction in the HR may have been 
affected by the reduction in skin temperature. In the current study, 
the difference in mTsk after the 10 min of FANwet intervention was 
4.1 °C (60 min). A reduction in skin temperature leads to a reduc-
tion in peripheral skin blood, which results in a circulatory shift to 
central blood circulation [27] and may mitigate cardiovascular 
strain during exercise in the heat [28]. Some previous studies re-
ported that a FANwet cooling intervention during exercise in the 
heat reduces the HR [13, 14]. For example, Schranner et al. (2017) 
reported that a FANwet cooling intervention during rest periods 
(90-s rest periods between games and 120-s rests between sets) 
of simulated tennis match play in a hot/humid environment signi-
ficantly reduced mean skin temperature and HR compared with the 
ingestion of cold water (~7 °C). The RPE was also significantly lower 
in the FANwet condition than the CON condition during exercise 
[13]. The measurement of the HR is related to the RPE, and a lower 
RPE was observed in this study. These data suggest that a FANwet 
cooling intervention during rest periods of exercise in hot condi-
tions positively affects cardiovascular and perceptual strain.

Schranner et al. (2017) and Lynch et al. (2018) reported that, 
compared with the ingestion of cold water, the mean exercise time 
(i. e., the time to exhaustion or reaching Tre at 39.5 °C) in hot con-
ditions was longer when the body was cooled using a fan with skin 
wetting [13, 14]. However, in this study, no significant difference 

was found in the repeated cycling sprint performance between con-
ditions. These inconsistent findings may be due to differences in 
the study protocols. The previous studies examined endurance 
exercise to exhaustion, in contrast to the maximal sprint exercise 
considered in the current study. In our study, therefore, repeated 
bouts of explosive power for maximal pedaling may have induced 
central fatigue in both conditions, leading to the absence of a sig-
nificant difference in repeated-sprint performance.

In addition, we found that FANwet cooling intervention in the HT 
break significantly reduced the PSI during the 2nd half. Because the 
PSI is based on Tre and the HR [23], a lower Tre and HR during the 
2nd half in the FANwet condition may have contributed to the main-
tenance of the lower PSI compared with the CON condition. At the 
end of exercise (92 min), the PSI was significantly lower (P = 0.01, 
ES = 0.71) in the FANwet condition (6.4 ± 1.7) than in the CON con-
dition (7.5 ± 1.2). Because a PSI value of 7.5 or more is considered 
to indicate that an individual is at risk of heat-related illness [29], 
our data suggest that the FANwet cooling method may be effective 
for attenuating physiological strain, potentially lowering the risk of 
heat-related illness in hot and humid environments.

The TS and TC were also improved by the FANwet cooling inter-
vention during the 2nd half. In particular, greater improvements in 
the TS and TC were observed immediately after HT. Because incre-
ased skin temperature negatively affects the TS and TC [30, 31], the 
improvement in the thermal response in the current study may 
have been due to the reduction in skin temperature [10, 13]. A si-
milar improvement in the subjective response due to FANwet coo-
ling during exercise in the heat was reported in previous studies 
[13, 14]. These results show that fan cooling in combination with 
skin wetting can induce a better subjective thermal response im-
mediately after implementation, which is sustained through the 
latter stage of the 2nd half.

Although an electricity supply is needed to use a fan, the pre-
sent study found the FANwet cooling intervention is a feasible HT 

▶Table 2 Hydration state pre-and post-experiment.

cON FANwet

Pre Post Pre Post

Body mass (kg) 65.6 ± 3.4 64.6 ± 3.3 65.5 ± 3.5 64.6 ± 3.4

Total sweat loss (kg) 1.7 ± 0.2 1.6 ± 0.3

Urine specific gravity 1.009 ± 0.007 1.013 ± 0.008 1.011 ± 0.009 1.014 ± 0.008

▶Table 1 Changes in thermal sensation, thermal comfort, and rating of perceived exertion during the experiment.

1st trial 2nd trial

Pre 1st half Post 1st half HT 5 rep 10 rep 15 rep 20 rep 25 rep 30 rep

TS CON 5.5 ± 0.9 7.0 ± 0.9 6.3 ± 0.7 6.5 ± 0.7 7.0 ± 0.5 7.4 ± 0.5 7.4 ± 0.5 7.6 ± 0.5 7.6 ± 0.5

FANwet 5.9 ± 0.9 7.0 ± 0.9 2.6 ± 1.0 * 5.4 ± 1.0 * 6.0 ± 1.0 * 6.5 ± 1.1 * 6.8 ± 1.2 6.8 ± 1.2 6.9 ± 1.3

TC CON –0.4 ± 1.0 –1.6 ± 0.9 –0.8 ± 0.8 –1.6 ± 0.5 –2.1 ± 0.3 –2.4 ± 0.5 –2.5 ± 0.5 –2.8 ± 0.4 –2.8 ± 0.4

FANwet –0.1 ± 0.8 –1.9 ± 0.6 1.3 ± 1.3 * –0.5 ± 0.7 * –1.6 ± 0.5 * –1.8 ± 0.4 * –2.1 ± 0.3 –2.4 ± 0.5 –2.6 ± 0.5

RPE CON 16.3 ± 1.1 17.5 ± 1.1 18.6 ± 0.9 18.9 ± 0.3 19.1 ± 0.6 19.6 ± 0.5

FANwet † 15.3 ± 1.3 16.9 ± 1.2 18.1 ± 1.1 18.3 ± 0.8 18.5 ± 0.7 19.4 ± 0.5

 *  shows significant difference between conditions, FANwet vs. CON (P < 0.05). † shows a significant main effect between conditions, FANwet vs. CON 
(P < 0.05). TS: thermal sensation, TC: thermal comfort, RPE: rating of perceived exertion.
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cooling strategy for preventing heat-related illness in team sport 
competitions. The FANwet cooling intervention needs only a fan, 
sponge, and bucket and it may therefore be cost-effective and feasi-
ble for athletes belonging to teams at various levels of competitive-
ness compared with other cooling interventions, such as immersi-
on in cold water and wearing a cooling vest. Lacrosse and American 
football athletes are required to wear protective equipment, which 
inhibits evaporative, convective, and radiant heat loss [4]. Mean-
while, the use of large mechanical fans increases airflow and assists 
the movement of the microclimate next to the skin and facilitates 
convective and evaporative heat loss. Therefore, although the skin 
surface that is exposed to the outside is limited, FANwet cooling in-
tervention may be a feasible HT cooling strategy for lacrosse and 
American football athletes because this cooling strategy can be im-
plemented without taking off protective equipment. Further study 
is needed to investigate the effects of the FANwet cooling interven-
tion on lacrosse and American football athletes. Coaches and staff 
should implement an appropriate HT cooling strategy, taking into 
account cost, equipment, and rules.

The present study has several limitations that should be consi-
dered. A 10-min period of FANwet cooling intervention was imple-
mented in this study. However, in general, HT breaks have a length 
of 10–15 min in many team sports (e. g., lacrosse, soccer, and 
rugby). From the point of view of strategy meetings during HT in 
locker rooms or on the bench, a shorter cooling intervention time 
may be required in practice. In addition, although the HT cooling 
intervention was implemented in hot conditions in the current 
study, the effects of the FANwet cooling intervention in cooler con-
ditions, such as the locker room, are unclear. Further research is 
needed to assess the effects of the duration and environmental 
conditions of the FANwet cooling intervention during the HT break 
on thermal and subjective strain, and exercise performance. Accor-
ding to the activity profiles of team sports, an ability to perform 
repeated high-intensity running and the sprint exercise perfor-
mance are important for success in intermittent team sports [32]. 
We thus evaluated the repeated cycling sprint performance in the 
current study. However, intermittent team sports typically involve 
running, and there are differences between cycling and running in 
terms of locomotion and metabolic responses. Further study is re-
quired to assess the effects of the FANwet cooling intervention on 
the running sprint exercise performance. In this study, verbal en-
couragement was provided in the 2nd half only. However, it is of 
concern that the verbal encouragement approach that was imple-
mented in this study could compromise its ability to examine the 
intervention effects. Finally, because the experiment in the present 
study was conducted in a climate chamber, we could not apply solar 
radiation or a sufficient air speed. Solar radiation and air speeds af-
fect core and skin temperatures and exercise performance [33, 34]. 
Therefore, further research should be conducted in outdoor con-
ditions to assess the usefulness of the intervention for real team 
sports competitions.

Conclusion
The present study demonstrated that 10 min of body cooling using 
a fan with skin wetting during a simulated HT break between two 
30-min bouts of intermittent exercise in hot conditions significant-

ly attenuated increases in both rectal and skin temperatures in hot 
conditions, thereby reducing the HR, PSI, RPE, TS, and TC. Thus, fan 
cooling in combination with skin wetting may be a useful cooling 
strategy for team sports held in hot conditions.
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