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Abstract: 

Endurance performance is impaired in hot environments due to increased heat strain and the associated 

physiological and perceptual stress. Cooling strategies may help mitigate these effects, but comparative data 

under ecologically valid outdoor conditions remain limited. Therefore, this study compared the effects of head 

cooling, a cooling vest, and crushed ice ingestion on 5-km time-trial performance, thermoregulatory and 

perceptual responses, and cognitive function in the hot, humid outdoor conditions. Fourteen (n = 14) moderately 

trained men (22.3 ± 2.4 years) completed four randomised, counterbalanced crossover trials in hot outdoor 

environments (WBGT; ~33°C, 60% RH): (i) head cooling (20 minutes before the run) plus ice ingestion (every 5 

minutes during the run); (ii) crushed ice ingestion (7.5 g ·kg -1, 20 minutes before the run) plus ice ingestion 

(every 5 minutes during the run); (iii) cooling vest (20 minutes before the run) plus ice ingestion (every 5 

minutes during the run); and (iv) control (no cooling). Primary outcomes were 5-km completion time and 

cognitive performance (Digit Symbol Substitution Test). Body temperature, heart rate, rating perceived exertion, 

and thermal sensation were measured at specific intervals across the experimental protocol. Result indicated that 

all cooling conditions improved 5-km performance compared to control (p ≤ .05), with no differences among 

cooling strategies. Body temperature showed a significant interaction of treatment x time (p ≤ .05); with ice 

ingestion and cooling vest resulted in lower body temperature than control from mid-exercise onwards (p ≤ .05). 

Cognitive performance demonstrated a time effect (p < .05), but no treatment or interaction effects were 

reported. Heart rate, rating perceived exertion, and thermal sensation did not differ in their time-course across 

conditions. The observed outcomes suggested that cooling interventions were able to enhance running 

performance in hot outdoor environments. Of these, ice ingestion and cooling vest strategies were apparent to 

have the greatest thermoregulatory effects.  

Key Words: Thermal strain; Pre-cooling; Per-cooling; Endurance exercise; Heat mitigation; Cognitive 

function 

 
Introduction 

Exercise in hot, humid environments can impair athletic performance through increased body 

temperature, cardiovascular strain, and perceptual discomfort, which collectively reduce the ability to sustain 

intensity during self-paced exercise (Cowe et al., 2025; Mazalan et al., 2022b; T. Naito et al., 2022; Nybo et al., 

2014). Contemporary models of performance in the heat emphasise behavioural regulation, where athletes adjust 

their pacing in response to increased thermal strain and perceived exertion to maintain physiological homeostasis 

(Nybo et al., 2014; van de Kerkhof et al., 2024). In addition to impairing physical capacity, heat stress may also 

compromise cognitive function, which can influence pacing regulation, decision-making, and task execution 

during self-paced exercise in hot conditions (Donnan et al., 2022; Racinais et al., 2015; Schmit et al., 2017; Wen 

et al., 2022). Therefore, since self-paced performance depends on continuous monitoring and adjustment of 

effort in response to internal end environmental information, examining cognitive components alongside 

physiological and perceptual responses may provide a more comprehensive understanding of how heat 

mitigation strategies, such as cooling, support pacing regulation and exercise performance under thermal stress 

(Periard et al., 2021; Tyler et al., 2015; van de Kerkhof et al., 2024). 

 Cooling strategies can be applied through internal and external modalities, each targeting different 

physiological and perceptual pathways in supporting performance. These strategies may improve performance 

by reducing body temperature, delaying the rise in thermal strain, increasing heat storage capacity, lowering skin 

temperature, improving thermal comfort, or reducing perceived heat stress (Bongers et al., 2017; Cowe et al., 

2025; Stevens et al., 2025; van de Kerkhof et al., 2024). Cooling may be administered before exercise as pre-

cooling or during exercise as per-cooling, depending on the intended physiological effect and practical context 

(Cowe et al., 2024; Cowe et al., 2025; Mazalan et al., 2022a; Roriz et al., 2024; Wen et al., 2022). In applied 
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sporting environments, the feasibility of cooling strategies is particularly important, including factors such as 

cost, portability, logistics, ease of application, and athlete acceptance (Roriz et al., 2023; Schranner et al., 2017; 

Wen et al., 2022). Thus, comparing practical and field-feasible cooling methods may help identify effective 

strategies for maintaining exercise performance during real-world heat exposure.  

Head cooling, cooling vest application, and crushed ice ingestion represent distinct cooling approaches 

with different mechanisms of action. Head cooling targets a highly thermosensitive region close to the brain’s 

thermoregulatory centres that may reduce thermal discomfort (Cao et al., 2022; Desroches et al., 2024; Mazalan 

et al., 2021).  Cooling vest application provides external torso cooling over a relatively large surface area and 

may attenuate thermal and cardiovascular strain (Chaen et al., 2019; Fernández-Lázaro et al., 2023). In contrast, 

crushed ice ingestion provides internal cooling and may directly influence internal heat balance more by 

lowering thermal load and increasing heat storage capacity (Andrade et al., 2024; Mazalan et al., 2022b; Naito et 

al., 2022). Previous laboratory-based studies have demonstrated that head cooling and ice ingestion may support 

cognitive and physical performance during exercise in the heat, while cooling vest interventions have also shown 

effectiveness in reducing thermoregulatory and cardiovascular strain (Fernández-Lázaro et al., 2023; Mazalan et 

al., 2021, 2022a, 2022b). Building on this evidence, these cooling approaches may enhance exercise 

performance by reducing thermal strain and perceptual discomfort, thereby allowing athletes to maintain a higher 

self-selected pace in hot conditions (Kay et al., 1999; Mazalan et al., 2022a; van de Kerkhof et al., 2024). 

Although cooling strategies have demonstrated performance benefits during exercise in the heat, head 

cooling, cooling vest application, and crushed ice ingestion have often been examined separately. Direct 

comparisons of these strategies under practical outdoor conditions remain limited (Chaen et al., 2019; Desroches 

et al., 2024; Mazalan et al., 2021; Naito et al., 2020; Saldaris et al., 2020). Furthermore, cognitive function is less 

frequently examined together with physical performance, thermoregulatory responses, and perceptual responses, 

despite evidence that heat stress may affect cognitive processing during exercise (Cowe et al., 2025; Donnan et 

al., 2021; MacLeod et al., 2018; Nybo, 2012). Therefore, studies integrating performance, physiological, 

perceptual, and cognitive outcomes in ecologically valid outdoor environments are needed to clarify the practical 

value of cooling strategies for exercise in the heat. 

Accordingly, the present study addresses an important applied problem: identifying practical cooling 

strategies that can be implemented in real-world hot and humid outdoor environments. This research was needed 

because existing evidence has not fully clarified whether different cooling modalities produce comparable 

benefits when applied under field-based self-paced running conditions (Cowe et al., 2024; Mazalan et al., 2022a; 

Spannagl et al., 2023). Moreover, comparing these strategies within the same experimental design allows clearer 

interpretation of their relative practical value and potential application during endurance exercise in the heat. 

Evidence from such conditions may better inform athletes, coaches, and practitioners on feasible pre- and per-

cooling approaches to reduce heat strain and support endurance performance.  

The purpose of this study was to compare the effects of head cooling, cooling vest application, and 

crushed ice ingestion as pre-cooling strategies, while standardising per-cooling through ice ingestion across all 

cooling trials, on 5-km time-trial performance, thermoregulatory responses, perceptual responses, and cognitive 

function in hot and humid outdoor conditions. Using a randomised, counterbalanced crossover design, this study 

assessed performance, thermoregulatory, perceptual, and cognitive outcomes across cooling and control 

conditions. It was hypothesised that cooling interventions would improve 5-km running performance compared 

with the control condition by attenuating thermoregulatory strain, limiting the rise in body temperature, and 

helping participants maintain a higher self-selected running pace under hot and humid outdoor conditions.  

 

Material & Methods  

Participants 

Fourteen active males (age: 22.29 ± 2.37 years; BMI 21.31±1.85) volunteered for this study. All 

participants were moderately trained (engaging in aerobic exercise ≥3 times per week). Participants were 

excluded if they had an injury affecting running performance, any medical condition or medication known to 

affect thermoregulatory function or failed to comply with the experimental protocol. All participants were fully 

informed about the study procedures and the potential discomforts and risks prior to providing written informed 

consent.  

Study Design 

A randomised, counterbalanced, within-subject crossover design was applied for this study. Each 

participant completed four experimental conditions (HC: head cooling; IC: ice cooling; CV: cooling vest; CON: 

control) in a randomised order, with the sequence counterbalanced across participants to minimise order effects. 

Trials were separated by a 7-day washout period to ensure complete recovery and minimise carryover effect.  

Experimental Procedure 

Participants were instructed to refrain from tobacco, caffeine, alcohol, and other drugs; avoid strenuous 

physical activity for 24 h prior to each trial; and obtain ≥8 h sleep the night before testing. Additionally, 

participants were asked to arrive well-hydrated and maintain similar dietary intake prior to each visit.  

All experimental trials were conducted outdoors at a 400-meter track in tropical, hot, humid 

environments. Environmental heat stress was monitored using a wet-bulb globe temperature (WBGT), with 
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temperature ~32-34°C and ~60% relative humidity across trials. Trials were conducted at the same time of day to 

reduce circadian effect in thermoregulatory responses.  

Upon arrival at the outdoor stadium, urine specific gravity (USG) (JSCP-Uridens) was measured to 

assess participants’ hydration status. After that, participants sat for 20 minutes to allow their body temperature to 

stabilise. During this period, baseline measures were obtained, including core temperature (Tc), heart rate (HR), 

thermal sensation (TS) and cognitive function. Participants wore standardised attire for all trials.  

Following baseline assessments, participants underwent a 20-minute seated pre-cooling period 

according to the randomised trial condition: HC- participants wore a head cooling cap; IC- crushed ice ingestion; 

CV- participants wore a cooling vest; and CON- participants sat without any cooling intervention. Tc, HR and 

TS were measured at 10-minute intervals during the pre-cooling period. 

After the pre-cooling period, participants’ pre-exercise body mass was weighed, and they then 

completed a 5-km self-paced running time trial on a standard 400-meter outdoor track. Throughout the trial, 

participants controlled their own running pace to complete as fast as possible. Strong verbal encouragement was 

provided consistently in all conditions; however, they were not informed of their pace and time (aside from the 

laps remaining) to prevent bias. Tc, HR, TS and rating perceived exertion (RPE) were measured at standardised 

distance intervals during the run.  

Per-cooling was standardised in all cooling trials where participants ingested crushed ice every 5 

minutes during the exercise. In the control condition, no cooling technique was provided, and participants were 

allowed to drink plain water at the same time as the per-cooling intervention.  

Immediately upon completion of the 5-km running time trial, post-exercise body mass was measured. 

Tc, HR, TS, RPE and the cognitive function were assessed again for post-exercise information.  

Cooling Interventions 

Pre-cooling 

Head Cooling (HC): A commercial gel-based cooling cap (pre-cooled to ~0°C) was worn on the head for 20 

minutes prior to the run. The cap covered the head and part of the neck. During the 20-minute head cooling 

session, participants sat resting in the stadium's shaded area. The cap was taken off right before the run started. 

Ice Cooling (IC): A total of 7.5 g·kg⁻¹ of crushed ice (-1℃) was ingested in the 20 minutes before the run. This 

was divided into equal portions given every 10 minutes. Ice ingestion was administered in a shaded area at the 

stadium.  

Cooling Vest (CV): Participants wore an ice cooling vest over the torso for 20 minutes prior to the run. The vest, 

covering the chest, abdominal area and upper back, was worn on a t-shirt while the participant rested in the 

stadium's shaded area.  

Per-cooling  

Participants received a standardised per-cooling intervention in all cooling conditions. During each 5-km running 

time trial, participants ingested ~100 mL of crushed ice (-1℃) every 5 minutes.  

Control (CON): No cooling technique was administered. Participants rested for 20 minutes before the run, in the 

same shaded condition at the stadium. Participants were allowed to consume room-temperature water before and 

during the run, with the volume standardised to match the ice cooling protocol.  

Measurements  

Physical Performance: 5-km time trial performance.  

The primary performance metric was the time required to finish the 5-km running time trial in hot 

environments.  

Cognitive Performance: Digit Symbol Substitution Test (DSST).  

DSSST was used to measure processing speed and sustained attention (Bettcher et al., 2011). The test 

consisted of a standardised digit pairing with matching symbols. Participants were required to substitute the 

correct symbol for each digit as quickly and accurately as possible. The DSST was conducted pre-exercise 

before the pre-cooling period and again during the post-exercise recovery period. The main DSST outcome was 

the time required to complete the test with correct responses. To minimise learning effects, participants 

underwent several practice attempts during the familiarisation visit.  

Physiological Measure: Core temperature (Tc) and Heart Rate (HR)  

Core temperature (Tc) was measured using a non-invasive wearable heat-flux sensor (CORE Body 

Temperature Sensor; greenTEG AG, Switzerland) worn on the chest. The CORE system continuously monitored 

the core temperature derived from the heat-flux and skin temperature signals calculated via an embedded 

algorithm. This sensor reported acceptable test–retest reliability with a mean bias of ~ 0.02°C between identical 

trials (Verdel et al., 2021). Data from this wearable non-invasive device were treated as an estimate of internal 

heat strain. Heart rate was measured using a chest strap heart rate monitor (Polar, Finland). Core temperature and 

heart rate readings were taken at predetermined intervals prior to exercise, during the 5-kilometre time trial, and 

during recovery.  

Perceptual Responses: Rating Perceived Exertion (RPE) and Thermal Sensation (TS)  

Perceived exertion during the experimental trials was assessed using the 10-point Borg scale, ranging 

from 0 (no exertion at all) to 10 (maximal exertion) (Borg, 1970). Meanwhile, thermal sensation was measured 

using a 9-point ASHRAE scale ranging from −4 (very cold) to +4 (very hot), with 0 indicating neutral sensation.  
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Statistical analysis  

Data is presented as mean ± standard deviation (SD). Treatment effects were analysed using repeated-

measures ANOVA. 5-km time trial performance was analysed with a one-way repeated-measures ANOVA 

(condition). Tc, HR, RPE, TS and cognitive performance were analysed using two-way repeated-measures 

ANOVA (condition × time). Greenhouse-Geisser corrections were applied when sphericity was violated. 

Statistical significance was set at p ≤ 0.05. Post-hoc comparisons with Bonferroni adjustments were made if 

significant effects were detected. All statistical analyses were performed in IBM Statistical Package for Social 

Sciences (SPSS) version 29.0 (SPSS Inc, USA).  

 

Results  

5-km time-trial performance 

A significant main effect of treatment was observed for 5-km time-trial running performance (F (3,39) 

= 24.893, p < 0.001, ηp² = 0.657). Mean completion times (min) were HC 24.29 ± 3.76, IC 24.12 ± 3.52, CV 

24.61 ± 3.92, and CON 25.95 ± 4.07. Post-hoc Bonferroni-adjusted comparisons showed that time-trial 

performance was significantly faster in all cooling conditions compared with control. Specifically, completion 

time was reduced in HC vs CON (-1.654 min, p < 0.001, dz = 2.34, 95% CI 1.51 to 3.17), IC vs CON (-1.821 

min, p < 0.001, dz = 1.62, 95% CI 0.79 to 2.45), and CV vs CON (-1.334 min, p = 0.002, dz = 1.32, 95% CI 0.48 

to 2.15). However, there were no differences between cooling conditions (p > .05), indicating comparable 

performance benefits across cooling modalities (Table I).  

 

Table I. 5-km time-trial running performance  

  

Condition Mean ± SD Comparison vs CON  

(mean difference, min) 

p Cohen’s dᶻ 

HC 24.29 ± 3.76 -1.654 < .001* 2.34 

IC 24.12 ± 3.52 -1.821 < .001* 1.62 

CV 24.61 ± 3.92 -1.334 .002* 1.32 

CON 25.95 ± 4.07 -   

                                      *indicates a significant difference compared with CON (p < .05). 

 

Cognitive Performance (DSST) 

A two-way repeated-measures ANOVA indicated no main effect of treatment on DSST completion 

time (F (3,39) = 1.615, p = .202, ηp² = .110) and no treatment x time interaction (F (3,39) = 0.248, p = .862, ηp² 

= .019). However, a significant main effect of time was observed (F (1,13) = 25.535, p < .001, ηp² = .663), 

indicating that DSST completion time was higher post-exercise than pre-exercise, across conditions. Descriptive 

data (mean ± SD) for DSST completion time are presented in Table II.  

 

Table II. Cognitive performance (DSST) 

 

Condition Pre (s) Post (s) 

HC 83.50 ± 15.18 90.36 ± 12.36 

IC 85.64 ± 13.77 92.93 ± 13.58 

CV 84.93 ± 15.61 89.93 ± 13.40 

CON 78.07 ± 17.85 84.07 ± 17.89 

Physiological Measure 

Core Temperature (Tc) 

Descriptive data for core temperature across all time points are illustrated in Figure 1. Core temperature 

increased progressively over the 5-km time trial in all conditions, with higher end-exercise and early recovery 

values in CON compared with the cooling conditions. At the end of the time trial (5km/5000 m), mean Tc was 

38.33 ± 0.34°C in CON compared with 38.00 ± 0.30°C (HC), 37.81 ± 0.31°C (IC), and 37.90 ± 0.41°C (CV). A 

similar pattern was evident at 2 min post-exercise: 38.48 ± 0.34°C in CON versus 38.17 ± 0.28°C (HC), 37.95 ± 

0.29°C (IC), and 38.02 ± 0.44°C (VC). 

Two-way repeated-measures ANOVA showed significant main effects of treatment (F(3,39) = 4.238, p 

= .011, ηp² = .246) and time (F(15,195) = 203.859, p < .001, ηp² = .940), as well as a significant treatment x time 

interaction (F(45,585) = 4.022, p < .001, ηp² = .236), indicating that the pattern of Tc change over the trial 

differed between conditions. Bonferroni-adjusted pairwise comparisons indicated that differences between 

conditions emerged primarily during the mid-to-late stages of exercise, with IC and CV generally exhibiting 

lower Tc than CON at several time points, whereas differences between the cooling conditions were not detected 

(all p > .05 at multiple early time points). Post-hoc analyses showed that IC elicited lower Tc than CON from 

1800 m to post exercise (mean differences = -0.319 to -0.530°C, all p ≤ .006), with large effect sizes (dz = 0.87-

1.31). Similarly, VC reduced Tc compared with CON from 2200 m to post exercise (mean differences = -0.304 

to -0.453°C, all p ≤ .004), also showing large effects (dz = 0.93-1.25). 
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*indicates a significantly different IC compared with CON (p < .05). ⁺ indicates a significantly different CV 

compared with CON (p < .05). 

Figure 1.  Mean (± SD) of core temperature across experimental trials.  

 

Heart Rate (HR) 

Heart rate responses across the 5-km time trial are presented in descriptive form in Figure 2. Repeated-

measures ANOVA showed no main effect of treatment on heart rate (F (2.01, 26.12) = 1.40, p = .265, ηp² = 

.097), indicating that mean HR did not differ between HC, IC, CV, and CON when averaged across 

measurement points.  

There was, however, a large main effect of time (F (3.64, 47.36) = 395.56, p < .001, ηp² = .968), 

reflecting the expected increase in heart rate from pre-exercise values to peak values during the time trial, 

followed by a reduction during recovery (post).  

 

The treatment x time interaction was not significant (F (4.75, 61.79) = 1.36, p = .255, ηp² = .094), 

suggesting that the pattern of HR change over time was comparable across conditions.  

 

 
 

Figure 2.  Mean (± SD) of heart rate across experimental trials.   
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Perceptual Responses 

Rating of Perceived Exertion (RPE) 

 RPE across the 5-km time trial are summarised descriptively in Figure 3. Repeated-measures ANOVA 

showed no significant main effect of treatment on RPE (F (2.73, 35.48) = 1.98, p = .140, ηp²= .132), indicating 

that average perceived exertion did not differ significantly between HC, IC, CV, and CON when averaged across 

measurement points. There was a significant main effect of time (F (1.65, 21.48) = 48.57, p < .001, ηp² = .789), 

reflecting the expected progressive rise in perceived exertion as the time trial progressed, followed by a 

reduction during recovery. The treatment x time interaction was not significant (F (5.73, 74.47) = 0.27, p = .943, 

ηp² = .021), suggesting that the progression of RPE development was comparable across all conditions.  

 
Figure 3.  Mean (± SD) of Rating Perceived Exertion (RPE) across experimental trials. 

 

Thermal Sensation (TS) 

TS responses across the 5-km time trial are presented descriptively in Figure 4. Repeated-measures 

ANOVA showed no significant main effect of treatment on TS (F (2.48, 32.30) = 2.48, p = .089, ηp² = .160), 

indicating that overall TS did not differ significantly between HC, IC, CV, and CON when averaged across 

measurement points. In contrast, there was a significant main effect of time (F (2.82, 36.66) = 68.50, p < .001, 

ηp² = .840), reflecting a progressive increase in perceived thermal strain as the time trial progressed. The 

treatment x time interaction was not significant (F (7.14, 92.83) = 1.10, p = .368, ηp² = .078), suggesting that the 

time-course of thermal sensation was comparable across all conditions.  

 

 
 

Figure 4.  Mean (± SD) of thermal sensation (TS) across experimental trials. 
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Discussion 

The present study compared three field-practical cooling strategies, head cooling (HC), ice cooling (IC), 

and a cooling vest (CV) combined with standardised per-cooling ice ingestion on 5-km self-paced running 

performance in a hot, humid outdoor environment. The primary finding was that all cooling strategies produced 

a significant performance advantage over control (CON), with large within-subject effects (effect sizes) and 

better completion times (~1.3–1.8 min faster). This supports the larger body of research showing that pre-cooling 

and per-cooling may benefit endurance performance in hot conditions by reducing the rise in heat strain and 

increasing exercise tolerance to heat stress (Bongers et al., 2017; Cowe et al., 2025; Heydenreich et al., 2023; 

Periard et al., 2021; Yu et al., 2024). Notably, no differences in time-trial performance were found across HC, 

IC, and CV despite differing pre-cooling techniques. This suggests that, when applied in real-world settings, all 

strategies were equally successful at enhancing self-paced performance under the current methodology.  

Self-paced performance in the heat 

Self-paced endurance performance is often compromised in hot environments, as increasing core 

temperature and related cardiovascular and perceptual strain limit the potential work rate (Duffield et al., 2010; 

Kay et al., 1999; van de Kerkhof et al., 2024). In this study, all cooling interventions improved self-paced 

running performance compared with CON, but without a clear superiority of different cooling modalities. This 

outcome aligns with meta-analytic findings indicating that various cooling techniques can be beneficial, and that 

the magnitude of benefit often depends on underlying factors and contexts such as severity of environmental 

conditions, exercise duration, and timing of cooling, rather than the specific technique alone (Heydenreich et al., 

2023; Yu et al., 2024). In practical sense, this supports a “fit-for-purpose” concept where athletes and 

practitioners may choose cooling strategies based on feasibility and preference, such as logistical simplicity of 

ice ingestion versus comfort and practicality of cooling vest or head cooling, as long as the purpose of cooling is 

achieved and effective.  

 A noteworthy practical aspect of the present cooling intervention is that per-cooling ice consumption 

was standardised throughout the cooling experiments. This may explain why the final performance outcomes 

were comparable among cooling strategies, as the internal per-cooling stimulus was maintained in the same way 

and magnitude across all cooling conditions. This aligns with the notion that the magnitude of pre-cooling 

stimulus may diminish over time during prolonged exercise (Douzi et al., 2020; Moss et al., 2021; van de 

Kerkhof et al., 2024). By applying the same per-cooling protocol, the physiological and perceptual outcomes of 

different pre-cooling modalities converged, suggesting that a sustained cooling stimulus is more influential in 

determining the end-point performance. Overall, these findings highlight the efficacy of combined pre-and per-

cooling strategies in enhancing self-paced endurance performance by facilitating sustained effort over time.  

Thermoregulatory responses 

Core temperature (Tc) elevated progressively across all conditions, as anticipated during hot, humid 

outdoor running. However, core temperature did not reach the widely recognised critical threshold for 

performance impairment (~38.5-39.5℃) in any condition. The control condition (CON) almost reached this 

threshold, exhibiting a peak Tc 38.33 ± 0.34°C at the end of the trial. Tc was lower in IC and CV compared to 

CON during the mid-to-late stages of exercise and at early recovery, with a significant treatment x time 

interaction. This suggests that cooling reduced the development of thermoregulatory strain instead of fully 

preventing hyperthermia (Xue et al., 2018). The relatively decreased thermoregulatory strain during cooling 

conditions may have facilitated self-pacing and sustained exertion in the latter stages of exercise.  This indicates 

that cooling may be most influential when cumulative heat load occurs to the levels that considerably interfere 

with pacing decisions (van de Kerkhof et al., 2024).  

Notably, HC enhanced performance comparably to IC and CV, although having less significant 

evidence of Tc reduction in relation to CON. This emphasises a crucial finding from heat-performance models: 

cooling techniques can improve performance in several ways other than by reducing core temperature. These 

include perceptual and central mechanisms that improved heat comfort and reduced perceived heat stress 

(Cabanac, 1971; Hasegawa, 2014; Periard et al., 2021). In other words, performance gains are possible even 

when physiological indicators show only modest differences.  

Cardiovascular and perceptual responses  

Heart rate (HR), rating of perceived exertion (RPE), and thermal sensation (TS) demonstrated strong 

time effects, but no significant treatment effect or treatment x time interactions were observed. The results 

indicate that, although cooling resulted in better running performance, the overall increase of cardiovascular and 

perceptual strain progressed comparably across settings. In self-paced exercises, athletes frequently adjust their 

speed to maintain bearable internal strain, leading to comparable perceptual profiles despite variations in 

performance (Periard et al., 2021; van de Kerkhof et al., 2024). A possible explanation is that cooling allows 

runners to run faster at the same perceived effort and heat strain, which leads to improved performance without 

appreciably reducing RPE or TS. These findings suggest that some cooling benefits might be expressed as 

increased sustained output and not perceived effort reduction. Besides that, pacing strategies may control 

perceptual results when participants are told to finish the time trial as fast as possible, which could reduce TS 

and RPE differences between conditions even when performance improves. 
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Cognitive performance  

Cognitive function, as measured by DSST completion time, had a significant main effect of time, 

indicating longer completion times post-exercise compared to pre-exercise across conditions, with no observed 

treatment effect or treatment x time interaction. This indicates that exercise and environmental heat stress have 

led to changes in cognitive performance, but the cooling stimulus may not have been sufficient to influence 

cognitive outcomes. However, the type of cognitive task, the timing of assessment in relation to exercise, and the 

degree of heat strain experienced throughout the exercise trial may all affect how well short cognitive tasks can 

identify cooling-related impacts (Donnan et al., 2021; Donnan et al., 2023; Mazalan et al., 2022a). In practical 

terms, physical performance and thermoregulatory modulation seem to be the main advantages of cooling 

strategies applied in this study, rather than measurable gains in DSST performance.  

Practical implications  

Despite being performance-oriented, these findings provide practical guidelines for exercising in hot, 

humid environments. Coaches and athletes can implement effective cooling strategies, such as ice consumption 

and a cooling vest to improve short-duration endurance performance. It is noteworthy that advantages may be 

obtained even in the absence of alterations in cardiovascular and perceptual responses. This study supports the 

use of portable, low-cost cooling strategies that are practical and adaptable to real-world settings.  

Limitations and future directions 

Several limitations should be considered. First, the sample size was modest and limited to moderately 

trained males, which restricts generalisability to other athletic populations. Second, although field-based designs 

improve ecological validity, outdoor conditions may lead to environmental variability in terms of solar radiation 

and wind conditions. Third, cognitive performance testing was limited to DSST completion time; future work 

should consider multi-domain cognitive batteries and include multiple measurement time points during exercise 

to better capture heat-related cognitive responses. Finally, because per-cooling ice ingestion was standardised 

across cooling trials, future studies could also examine single modality testing to measure individual 

effectiveness.  

 

Conclusions 

This study demonstrates that practical cooling strategies can meaningfully improve 5-km self-paced 

running performance in hot and humid outdoor conditions. Head cooling, crushed ice ingestion, and cooling vest 

application, when combined with standardised per-cooling ice ingestion, all produced faster completion times 

than the control condition. Importantly, no clear performance differences were observed among the cooling 

strategies, suggesting that several field-feasible approaches can be effective when the cooling method is 

practical, tolerable, and appropriately applied. 

The main contribution of this study is that cooling benefits were observed under realistic outdoor 

conditions, where environmental heat, pacing decisions, and perceptual demands occur simultaneously. These 

findings support the theoretical view that cooling may enhance endurance performance by reducing 

thermoregulatory strain, limiting the rise in body temperature, and allowing athletes to sustain a higher self-

selected pace. The results also indicate that improved performance can occur even when cardiovascular and 

perceptual indicators show limited differences between conditions, suggesting that the practical value of cooling 

may be reflected more clearly in performance output than in perceived effort alone. 

From an applied perspective, crushed ice ingestion and cooling vest application appear particularly 

useful because they produced notable thermoregulatory benefits while remaining practical for sport settings. 

Coaches, athletes, and practitioners may consider integrating pre-cooling with simple per-cooling strategies 

before and during endurance exercise in hot and humid environments. Such approaches may offer an efficient, 

low-cost, and adaptable method to reduce heat strain and support performance without substantially disrupting 

warm-up routines or competition preparation. 

Overall, this study provides credible and applicable evidence that cooling interventions can serve as 

effective heat mitigation strategies for endurance exercise in hot outdoor conditions. The findings may contribute 

to the development of practical cooling protocols and encourage more individualised “fit-for-purpose” cooling 

practices based on athlete preference, event demands, and logistical feasibility. Future research should examine 

these strategies in larger and more diverse athletic populations, including female athletes and different 

performance levels, and should further investigate single-modality cooling effects and broader cognitive 

outcomes during exercise in the heat. 

 

Conflicts of interest   

The authors declare no conflicts of interest related to the content of this study. 

Acknowledgements 

The authors would like to thank all participants for their time and commitment. This study was supported by an 

internal research grant from Universiti Kebangsaan Malaysia (UKM) (Project Code: GGPM-2023-021). 

Authors’ Contributions Author 1 was responsible for the experimental design, data collection, and manuscript 

drafting. Author 2 contributed to the study conception and data interpretation. Author 3 was responsible for data 

analysis and manuscript preparation. All authors read and approved the final manuscript.  



NUR ASHIKIN MOHD ZAKI, NUR SHAKILA MAZALAN, SHARIFAH MAIMUNAH SYED MUD PUAD 

--------------------------------------------------------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------------------------------------------- 

JPES ®      www.efsupit.ro  
801 

Declaration of AI Use 

During the preparation of this work, the author(s) used ChatGPT to assist with grammatical checking, 

rephrasing, and refining for language clarity. After using this tool, the authors reviewed and edited the content as 

needed and took full responsibility for the content of the publication. 

 

References 

Andrade, M. T., Wanner, S. P., Santos, W. M. E., Mendes, T. T., Nunes-Leite, M. M. S., de Oliveira, G. G. A., 

Carmo, A. A. L., Carvalho, M. V., Silami Garcia, E., & Soares, D. D. (2024). Ad libitum ice slurry 

ingestion and half-marathon performance in a hot environment: A study comparing the effects of the 

amount and moment of ingestion between ice slurry and water at 37 degrees C. J Therm Biol, 119, 

103781. https://doi.org/10.1016/j.jtherbio.2023.103781  

Bettcher, B. M., Libon, D. J., Kaplan, E., Swenson, R., & Penney, D. L. (2011). Digit Symbol Substitution Test. 

In J. S. Kreutzer, J. DeLuca, & B. Caplan (Eds.), Encyclopedia of Clinical Neuropsychology (pp. 849-

853). Springer New York. https://doi.org/10.1007/978-0-387-79948-3_1289  

Bongers, C. C., Hopman, M. T., & Eijsvogels, T. M. (2017). Cooling interventions for athletes: An overview of 

effectiveness, physiological mechanisms, and practical considerations. Temperature (Austin), 4(1), 60-

78. https://doi.org/10.1080/23328940.2016.1277003  

Borg, G. (1970). Perceived exertion as an indicator of somatic stress. Journal of Rehabilitation Medicine, 2(2), 

92-98. https://doi.org/10.2340/1650197719702239298  

Cabanac, M. (1971). Physiological role of pleasure. Science, 173(4002), 1103-1107. 

https://doi.org/10.1126/science.173.4002.1103  

Cao, Y., Lei, T. H., Wang, F., Yang, B., & Mundel, T. (2022). Head, Face and Neck Cooling as Per-cooling 

(Cooling During Exercise) Modalities to Improve Exercise Performance in the Heat: A Narrative 

Review and Practical Applications. Sports Med Open, 8(1), 16. https://doi.org/10.1186/s40798-022-

00411-4  

Chaen, Y., Onitsuka, S., & Hasegawa, H. (2019). Wearing a Cooling Vest During Half-Time Improves 

Intermittent Exercise in the Heat. Frontiers in Physiology, 10. https://doi.org/10.3389/fphys.2019.00711  

Cowe, S., Cooper, S., Malcolm, R., Hall, L., Donkin, D., & Sunderland, C. (2024). The effect of a combined 

cooling intervention on cognitive function in the heat during an intermittent running protocol. Eur J 

Sport Sci, 24(9), 1287-1301. https://doi.org/10.1002/ejsc.12178  

Cowe, S., Cooper, S. B., Malcolm, R., & Sunderland, C. (2025). Effect of internal and external cooling on high-

intensity intermittent cycling performance and cognitive function in the heat. Experimental Physiology, 

1-18. https://doi.org/https://doi.org/10.1113/EP092679  

Desroches, A. J., Aloui, F., Deshayes, T. A., & Goulet, E. D. B. (2024). Assessment of the Omius cooling 

headband effectiveness during a 70-min submaximal running effort followed by a 5-km time-trial in 

hot/humid conditions. J Therm Biol, 124, 103964. https://doi.org/10.1016/j.jtherbio.2024.103964  

Donnan, K., Williams, E. L., & Stanger, N. (2021). The Effects of Heat Exposure During Intermittent Exercise 

on Physical and Cognitive Performance Among Team Sport Athletes. Percept Mot Skills, 128(1), 439-

466. https://doi.org/10.1177/0031512520966522  

Donnan, K. J., Williams, E. L., & Bargh, M. J. (2023). The effectiveness of heat preparation and alleviation 

strategies for cognitive performance: A systematic review. Temperature (Austin), 10(4), 404-433. 

https://doi.org/10.1080/23328940.2022.2157645  

Donnan, K. J., Williams, E. L., & Stanger, N. (2022). The effect of exercise-induced fatigue and heat exposure 

on soccer-specific decision-making during high-intensity intermittent exercise. PLoS ONE, 17(12), 

e0279109. https://doi.org/10.1371/journal.pone.0279109  

Douzi, W., Dupuy, O., Theurot, D., Smolander, J., & Dugue, B. (2020). Per-Cooling (Using Cooling Systems 

during Physical Exercise) Enhances Physical and Cognitive Performances in Hot Environments. A 

Narrative Review. Int J Environ Res Public Health, 17(3). https://doi.org/10.3390/ijerph17031031  

Duffield, R. O. B., Green, R., Castle, P., & Maxwell, N. (2010). Precooling Can Prevent the Reduction of Self-

Paced Exercise Intensity in the Heat. Medicine & Science in Sports & Exercise, 42(3). 

https://journals.lww.com/acsm-

msse/fulltext/2010/03000/precooling_can_prevent_the_reduction_of_self_paced.24.aspx  

Fernández-Lázaro, D., Sierra, J. F. G., Corchete, L. A., Soto, M. d. V., Santamaría, G., & Calvo, J. S. (2023). Is 

the Cooling Vest an Ergogenic Tool for Physically Active Individuals? Assessment of Perceptual 

Response, Thermo-Physiological Behavior, and Sports Performance: A Systematic Review and Meta-

Analysis. Bioengineering, 10(2), 132. https://doi.org/10.3390/bioengineering10020132  

Hasegawa, H. (2014). Central mechanisms underlying physiological limits to exercise in the heat. Advances in 

Exercise &amp; Sports Physiology, 20(4), 80-80. 

https://research.ebsco.com/linkprocessor/plink?id=c41202d2-30ac-3ac8-8139-58eb104a6392  

Heydenreich, J., Koehler, K., Braun, H., Grosshauser, M., Heseker, H., Koenig, D., Lampen, A., Mosler, S., 

Niess, A., Schek, A., & Carlsohn, A. (2023). Effects of internal cooling on physical performance, 



NUR ASHIKIN MOHD ZAKI, NUR SHAKILA MAZALAN, SHARIFAH MAIMUNAH SYED MUD PUAD 

--------------------------------------------------------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------------------------------------------- 

JPES ®      www.efsupit.ro  
802 

physiological and perceptional parameters when exercising in the heat: A systematic review with meta-

analyses. Front Physiol, 14, 1125969. https://doi.org/10.3389/fphys.2023.1125969  

Kay, D., Taaffe, D. R., & Marino, F. E. (1999). Whole-body pre-cooling and heat storage during self-paced 

cycling performance in warm humid conditions. J Sports Sci, 17(12), 937-944. 

https://doi.org/10.1080/026404199365326  

MacLeod, H., Cooper, S., Bandelow, S., Malcolm, R., & Sunderland, C. (2018). Effects of heat stress and 

dehydration on cognitive function in elite female field hockey players. BMC Sports Sci Med Rehabil, 

10, 12. https://doi.org/10.1186/s13102-018-0101-9  

Mazalan, N. S., Landers, G. J., Wallman, K. E., & Ecker, U. (2021). Head Cooling Prior to Exercise in the Heat 

Does Not Improve Cognitive Performance. J Sports Sci Med, 20(1), 69-76. 

https://doi.org/10.52082/jssm.2021.69  

Mazalan, N. S., Landers, G. J., Wallman, K. E., & Ecker, U. (2022a). A Combination of Ice Ingestion and Head 

Cooling Enhances Cognitive Performance during Endurance Exercise in the Heat. J Sports Sci Med, 

21(1), 23-32. https://doi.org/10.52082/jssm.2022.23  

Mazalan, N. S., Landers, G. J., Wallman, K. E., & Ecker, U. (2022b). Ice Ingestion Maintains Cognitive 

Performance during a Repeated Sprint Performance in The Heat. J Sports Sci Med, 21(2), 164-170. 

https://doi.org/10.52082/jssm.2022.164  

Moss, J. N., Trangmar, S. J., Mackenzie, R. W. A., & Tyler, C. J. (2021). The effects of pre- and per-cooling 

interventions used in isolation and combination on subsequent 15-minute time-trial cycling performance 

in the heat. Journal of Science and Medicine in Sport, 24(8), 800-805. 

https://doi.org/10.1016/j.jsams.2021.04.006  

Naito, Saito, T., Morito, A., Yamada, S., Shimomasuda, M., & Nakamura, M. (2022). Pre-cooling with ingesting 

a high-carbohydrate ice slurry on thermoregulatory responses and subcutaneous interstitial fluid glucose 

during heat exposure. J Physiol Anthropol, 41(1), 34. https://doi.org/10.1186/s40101-022-00309-w  

Naito, T., Haramura, M., Muraishi, K., Yamazaki, M., & Takahashi, H. (2020). Impact of Ice Slurry Ingestion 

During Break-Times on Repeated-Sprint Exercise in the Heat. Sports Med Int Open, 4(2), E45-E52. 

https://doi.org/10.1055/a-1139-1761  

Naito, T., Nakamura, M., Muraishi, K., Eda, N., Ando, K., Takemura, A., Akazawa, N., Hasegawa, H., & 

Takahashi, H. (2022). In-play optimal cooling for outdoor match-play tennis in the heat. European 

Journal of Sport Science, 22(3), 326-335. 

https://doi.org/https://doi.org/10.1080/17461391.2020.1870160  

Nybo, L. (2012). Brain temperature and exercise performance. Exp Physiol, 97(3), 333-339. 

https://doi.org/10.1113/expphysiol.2011.062273  

Nybo, L., Rasmussen, P. A., & Sawka, M. N. (2014). Performance in the heat-physiological factors of 

importance for hyperthermia-induced fatigue. Comprehensive Physiology, 4 2, 657-689.  

Periard, J. D., Eijsvogels, T. M. H., & Daanen, H. A. M. (2021). Exercise under heat stress: thermoregulation, 

hydration, performance implications, and mitigation strategies. Physiol Rev, 101(4), 1873-1979. 

https://doi.org/10.1152/physrev.00038.2020  

Racinais, S., Alonso, J. M., Coutts, A. J., Flouris, A. D., Girard, O., González-Alonso, J., Hausswirth, C., Jay, 

O., Lee, J. K., Mitchell, N., Nassis, G. P., Nybo, L., Pluim, B. M., Roelands, B., Sawka, M. N., Wingo, 

J. E., & Périard, J. D. (2015). Consensus recommendations on training and competing in the heat. Scand 

J Med Sci Sports, 25 Suppl 1, 6-19. https://doi.org/10.1111/sms.12467  

Roriz, M., Brito, J., Teixeira, F. J., Spyrou, K., & Teixeira, V. H. (2023). Menthol mouth rinsing and 

performance in elite football referees in the heat: A study protocol for a randomized crossover trial. 

Contemp Clin Trials Commun, 35, 101202. https://doi.org/10.1016/j.conctc.2023.101202  

Roriz, M., Brito, J., Teixeira, F. J., Spyrou, K., & Teixeira, V. H. (2024). The effect of menthol rinsing before 

intermittent exercise on physiological, physical, and thermo-behavioral responses of male football 

referees in hot and humid environment. Front Sports Act Living, 6, 1334739. 

https://doi.org/10.3389/fspor.2024.1334739  

Saldaris, J. M., Landers, G. J., & Lay, B. S. (2020). Enhanced Decision Making and Working Memory During 

Exercise in the Heat With Crushed Ice Ingestion. International Journal of Sports Physiology and 

Performance, 15(4), 503-510. https://doi.org/10.1123/ijspp.2019-0234  

Schmit, C., Hausswirth, C., Le Meur, Y., & Duffield, R. (2017). Cognitive Functioning and Heat Strain: 

Performance Responses and Protective Strategies. Sports Medicine, 47(7), 1289-1302. 

https://doi.org/10.1007/s40279-016-0657-z  

Schranner, D., Scherer, L., Lynch, G. P., Korder, S., Brotherhood, J. R., Pluim, B. M., Periard, J. D., & Jay, O. 

(2017). In-Play Cooling Interventions for Simulated Match-Play Tennis in Hot/Humid Conditions. Med 

Sci Sports Exerc, 49(5), 991-998. https://doi.org/10.1249/MSS.0000000000001183  

Spannagl, B. J., Willems, M. E. T., & West, A. T. (2023). Effects of a Head-Cooling Cap on 5-Km Running 

Performance in the Heat. International journal of exercise science, 16(6), 193-204. 

https://doi.org/10.70252/tkar7672  



NUR ASHIKIN MOHD ZAKI, NUR SHAKILA MAZALAN, SHARIFAH MAIMUNAH SYED MUD PUAD 

--------------------------------------------------------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------------------------------------------- 

JPES ®      www.efsupit.ro  
803 

Stevens, C. J., Borg, D., Brade, C., Carter, S., Filingeri, D., Lee, J., Lim, L., Mündel, T., Taylor, L., & Tyler, C. 

J. (2025). Head, Face, and Neck Cooling for Performance: A Systematic Review and Meta-Analysis. 

International Journal of Sports Physiology and Performance, 20(6), 743-763. 

https://doi.org/10.1123/ijspp.2024-0561  

Tyler, C. J., Sunderland, C., & Cheung, S. S. (2015). The effect of cooling prior to and during exercise on 

exercise performance and capacity in the heat: a meta-analysis. Br J Sports Med, 49(1), 7-13. 

https://doi.org/10.1136/bjsports-2012-091739  

van de Kerkhof, T. M., Bongers, C., Périard, J. D., & Eijsvogels, T. M. H. (2024). Performance Benefits of Pre- 

and Per-cooling on Self-paced Versus Constant Workload Exercise: A Systematic Review and Meta-

analysis. Sports Med, 54(2), 447-471. https://doi.org/10.1007/s40279-023-01940-y  

Verdel, N., Podlogar, T., Ciuha, U., Holmberg, H.-C., Debevec, T., & Supej, M. (2021). Reliability and Validity 

of the CORE Sensor to Assess Core Body Temperature during Cycling Exercise. Sensors, 21(17), 5932. 

https://www.mdpi.com/1424-8220/21/17/5932  

Wen, M., Liu, G., Li, W., Xie, T., Zhang, Y., Qin, F., & Zhao, J. (2022). Effects of mixed-cooling strategies on 

executive functions in simulated tennis in hot and humid conditions. Front Physiol, 13, 1008710. 

https://doi.org/10.3389/fphys.2022.1008710  

Xue, Y., Li, L., Qian, S., Liu, K., Zhou, X. J., Li, B., Jiang, Q., Wu, Z., Du, L., & Sun, G. (2018). The effects of 

head-cooling on brain function during passive hyperthermia: an fMRI study. Int J Hyperthermia, 34(7), 

1010-1019. https://doi.org/10.1080/02656736.2017.1392046  

Yu, L., Chen, Z., Wu, W., Xu, X., Lv, Y., & Li, C. (2024). Effects of Precooling on Endurance Exercise 

Performance in the Heat: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. 

Nutrients, 16(23). https://doi.org/10.3390/nu16234217  


