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1 Introduction 

As global temperatures rise and competitions 

increasingly take place in hot environments, 

understanding the impact of heat on performance 

is critical (Hunter et al., 2002). Thermal stress 

induces cardiovascular strain, alters brain activity, 

and modifies perceptual and motivational 

responses, affecting pacing and endurance (Périard 

et al., 2015). While studies have reported changes in 

heart rate (Girard & Racinais, 2014), muscle 

oxygenation, and cognitive function under heat 

(Nybo & Nielsen, 2001), few have focused on self-

paced exercise. This study examines how heat 

affects performance, perceptual responses, 

motivation, and neural efficiency in trained cyclists 

during a simulated self-paced time trial. 

2 Material and Methods 

2.1 Participants 

Twelve trained male elite cyclists (age: 24 ± 3.6 

years; body mass = 70.7 ± 8.4 kg; height = 180.1 ± 4.8 

cm; BMI = 21.8 ± 2.4 kg/m2; performance level = 4 

(De Pauw et al., 2013)) were recruited for this study. 

Each participant performed two 26.2 km time trials 

on home trainer in random order: one in temperate 

(20°C, 60% RH) and one in hot (30°C, 60% RH) 

conditions. Trials were spaced 7 days apart and 

conducted at the same time of day. 
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2.2 Measurements 

Core body temperature was monitored using 

ingestible telemetry pills (BodyCap, France). Skin 

temperature was measured via infrared 

thermography (FLIR EX series). The core-to-skin 

temperature gradient was determined by 

subtracting skin temperature from core 

temperature (Naito et al., 2024).  Heart rate (HR) 

and respiratory frequency (fR) were continuously 

monitored using the Hexoskin Smart Shirt (Carré 

Technologies, Canada). Power output (in watts) 

and cadence (in rpm) were recorded continuously 

via a CycleOps home trainer.  

Electroencephalography (EEG) activity was 

recorded using the Mentalab Explore system with 

7 electrodes placed on frontal (Fp1, Fp2), motor 

(C1–C4), and parietal (P3, P4) regions, following 

the 10–20 international system. Data were 

referenced to FCz and filtered (1–40 Hz). Artifacts 

were removed via independent component 

analysis (SASICA), and power spectral densities 

for alpha (8–13 Hz) and beta (13–30 Hz) bands 

were extracted using Fast Fourier Transform 

(FFT). Neural efficiency was assessed using the 

α/β ratio in each brain region. Data were averaged 

over 30-s windows at each 20% segment of time 

trial completion for analysis. 

Perceptual variables were assessed at baseline 

and every 20% of time trial distance. These 

included: i) perceived exertion (RPE) and pain 

using the Borg CR10 scale (Borg, 1998), ii) 

perceived pleasure (Baron, 2009), and affective 

load, calculated as RPE minus pleasure and iii) 

motivational level was measured using the 

Multidimensional Motivation Scale in Exercise 

(MMSE, Baron et al., 2022). 

2.3 Statistical Analysis 

Mixed ANOVAs were performed to assess 

condition and time effects. Cohen’s d and partial 

η² were used for effect sizes.  

3 Results 

A significant condition effect was reported for 

the core to skin gradient temperature (Table 1), 

with higher gradients in the TEMP condition 

(F(1,9) = 409.70, p < 0.001, η² = 0.70). A significant 

main effect of condition (F(1,4) = 23.01, p < 0.001, η² 

= 0.24) for power output was found, with higher 

values in TEMP than HOT. ANOVA did not reveal 

any significant difference between condition for 

RPE, pain but for pleasure (F(1,4) = 13.30, p = 0.004, 

𝜂2 = 0.28) and for affective load (F(1,4) = 18.27, p = 

0.001, η² = 0.18) (Fig 1). No significant difference 

was found for heart rate, respiratory rate, α/β ratio 

on prefrontal, motor, and parietal cortex.  

 
Figure 1. Mean and standard deviation for RPE (A), muscular pain (B), pleasure (C) and affective load (D). 

*, significant different TEMP vs HOT; η2 < 0.06 = smaill (S); 0.06 to 0.14 = moderate (M) and > 0.14 = large (L); n.s. = non-significant 
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Table 1. Physiological, biomechanical, and neurologic responses during the time trial. 

 

4 Discussion 

This study reveals that performance during 

a self-paced TT is negatively impacted by heat, 

primarily due to reduced core to skin 

temperature gradient and altered perceptual 

responses. Core temperature alone did not 

differentiate performance, suggesting that skin 

temperature and heat dissipation capacity 

(core-to-skin gradient) are more relevant. 

Despite reduced power output, cyclists 

maintained cognitive functions linked to effort 

management, likely due to anticipatory pacing 

strategies. Perceived pleasure, seem to be a key 

factor in self-regulated exercise, decreased in 

the heat. Neural efficiency remained stable, 

contrasting with previous findings of impaired 

EEG markers during paced heat studies (Nybo 

et al., 2012). The self-regulated nature of the 

exercise likely enabled participants to limit 

cognitive strain by adjusting effort in real time. 

5 Practical Applications 

Incorporating heat training may improve 

core-to-skin gradient control and enhance 

pacing regulation in these conditions. Tracking 

thermal sensation and pleasure could serve as 

useful proxies for heat-induced fatigue risk 

and performance. 

6 Conclusions 

Exercising in hot conditions impairs cycling 

performance primarily through the decrease of 

core to skin temperature gradient and, reduced 

perceived pleasure. Despite this, RPE, pain, 

motivation, and neural efficiency remain 

intact, indicating that self-pacing allows 

athletes to regulate their effort to avoid a 

catastrophic failure.  
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