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Introduction: Older adults experience the deleterious health effects of extreme heat events at 
a greater rate than any other age cohort. Beta blockers, commonly prescribed to older 
individuals with cardiovascular disease, attenuate sweat rate and skin blood flow responses 
to heat stress in young adults. However, little is known regarding the effect of beta blockers 
on thermoregulatory responses during heat exposure in older adults.  

Purpose: We investigated whether metoprolol tartrate (cardio-selective) or propranolol (non-
selective) augments elevations in core and skin temperatures in older adults exposed to hot 
and dry heat.  

Methods: Nine older adults (6M; 72±6yrs) were exposed to 3-hours of ambient heating (44ºC, 
20% rh), replicating peak environmental conditions of the 2021 Western North American heat 
wave, following a randomly applied (double-blinded) administration of an acute dose of 
propranolol (80 mg), metoprolol (100 mg), or placebo. To simulate heat generation associated 
with activities of daily living, participants performed intermittent bouts of light cycling (~3 METs) 
throughout.  

Results: The increase in core temperature was not affected by propranolol (1.1±0.55°C; 
p=0.85) or metoprolol (1.3±0.59°C; p=0.99) compared to control (1.2±0.49°C). Similarly, there 
was no difference in the increase in skin temperature between propranolol (2.6±1.4°C, p=0.77) 
or metoprolol (3.0±1.1°C; p=0.33) and control (2.1±1.6°C), or in whole body sweat rate 
between propranolol (0.35±0.08 L/h, p=0.48) or metoprolol (0.34±0.08 L/h; p=0.47) and 
control (0.45±0.35 L/h).  

Discussion: These data suggest that neither cardio-selective nor non-selective beta blockers 
augment the increase in core or skin temperatures in older adults exposed to hot and dry 
environmental conditions.  

Key words: heat stress, aging, medications 
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Thermal responses to occupational work/rest cycles in well healed burn survivors in 
hot, dry and humid conditions 
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Introduction: Impaired sweating and skin blood flow at grafted sites results in higher body 
temperatures during heat stress in burn survivors. Occupational heat standards, based on 
workplace conditions, prescribe rest periods to prevent overheating in hot working conditions. 
Importantly, nothing is known regarding the efficacy of rest cycles during simulated 
occupational work in hot, dry and humid conditions in burn survivors. Purpose: Identify the 
thermal responses during work/rest intervals in well-healed burn survivors in a hot, dry and a 
hot, humid environment. Methods: Eight well-healed burn survivors (2+ years post injury and 
34 – 64% body surface area burn injured) completed two, three-hour heat exposures in both 
dry (40°C, 15% humidity) and humid (38°C, 40% humidity) conditions. Based on the National 
Institute for Occupational Safety and Health recommendations, burn survivors completed 
three rounds of a 30-minute exercise bout (4 METs) followed by 30 minutes of rest. Rectal 
and skin temperatures were measured throughout, and nude body mass was obtained pre- 
and post-heat stress. Results: Three hours of occupational heat stress resulted in no 
difference in the increase in core temperature between the dry (0.77 ± 0.34°C) and humid 
(0.69 ± 0.26°C) conditions (p = 0.352). Additionally, whole body sweat loss was not different 
between the dry (1.59 ± 0.16 L) and humid (1.46 ± 0.26 L) conditions (p = 0.08). Discussion: 
Occupational guidelines resulted in similar thermoregulatory responses in well-healed burn 
survivors between environmental conditions. However, further work is needed to identify the 
adequacy of these guidelines relative to non-burned individuals.  

Keywords: thermoregulation, burn injury, workplace. 
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Near-Body–Room Air Temperature Difference and Total Sleep Time in Singapore 
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Introduction High bedroom temperatures may disrupt sleep by limiting heat loss[1,2]. Bedroom 
air temperature may misrepresent the bed microclimate shaped by bedding, clothing, and airflow. 
A near-body–room air temperature difference may better capture exposure.  

Purpose 

To estimate, within-person associations of bedroom air temperature, near-body temperature, and 
their difference with total sleep time (TST) and test effect modification by AC use.  

Methods Fifteen adults (45.5±11.8 years; 11 females) contributed 944 nights. Bedroom air 
temperature (Atmocube) and near-body temperature (iButton on watch strap) were averaged over 
each sleep period (+1-hour prior). The temperature difference was calculated as near-body minus 
bedroom air temperature. AC was coded on/off from nightly self-report. TST (min) was derived 
from Apple Watch. Participant fixed-effects OLS was used.  

Results 

Median TST was 391.7 min [335.5, 439.0]. Bedroom air temperature was 28.6°C [27.1, 29.5] and 
near-body temperature 31.1°C [30.2, 31.8]. AC use occurred in 46.2% of sleep periods. In 
bedroom-only models, a within-person +1°C increase in bedroom temperature was associated 
with +7.6 min increase in TST (95% CI 1.8, 13.4), opposite to the expected direction. The 
bedroom temperature association attenuated when accounting for the temperature difference 
(B=+2.0 min/°C, 95% CI −7.9,  



11.9). The temperature difference was not associated with TST due to uncertainty in the estimate 
(B=−5.4 min/°C, 95% CI −11.5, 0.6). Associations were similar regardless of self-reported AC 
use.  

Discussion These preliminary models suggest the temperature difference could better reflect 
sleep-relevant thermal exposure than bedroom air temperature alone; however full-sample 
analyses is required given the imprecision of estimates.  

Keywords: Indoor climate, Tropical setting, Nighttime heat exposure, Wearable sensing, Sleep 
duration  
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Introduction 
In our warming world, exertional Heat-Related Illnesses (HRIs) are a growing public health 
concern with substantial mortality [1,2]. However, early recognition of patients at greatest 
mortality risk is challenging due to nonspecific acute clinical features. 

Purpose 
To systematically evaluate the mortality risk associated with individual and co-occurring 
acuteclinical features occurring within 24 hours following onset of exertional HRIs in 
individuals aged 18 to 65 (PROSPERO: CRD42024560456). 

Methods 
A systematic search of relevant databases was conducted from inception to March 2025. 
Englishlanguage 
Case reports and Case series involving individuals aged 18-65 were included. Risk Ratios 
(RRs) were restricted to features occurring in ≥5% of cases to reduce bias. 

Results 
A total of 508 cases (mean age: 28.3±9.7 years) from 231 studies met the inclusion criteria. 
Overall mortality was 20.5%. The top three acute clinical features with the highest mortality 
risk were diarrhoea (7%, RR=2.28, 95%CI [1.49, 3.49]), coma (21%, RR=1.86, 95%CI [1.32, 
2.64]), and dry skin (12%, RR=1.81, 95%CI [1.21, 2.72]. The top three co-occurring acute 
clinical features demonstrating the greatest mortality risk were dry skin and unconscious 
state (6%, RR=2.67, 95%CI [1.76, 4.04]), dry skin and loss of consciousness (6%, RR=2.57, 
95%CI [1.69, 3.91]), and collapse (conscious) and seizure (7%, RR=2.46, 95%CI 
[1.64,3.69]). 

Discussion 
Acute clinical features, particularly when co-occurring, were associated with increased 
mortality risk.This emphasizes the value of assessing feature clusters to enhance clinical 
decision-making and outcomes. Additional feature permutations and their associated RRs 
can be explored in the Heat Illness Avatar [3]. 

Keywords: Heat strain, exertional heat stroke, prevalence, risk ratio 
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Physiological responses to a real-world multiple-day heatwave in older adults living in 
high- and low-greenness neighborhoods  

Ruben C.B. Bambacht1, Mandy A.G. Peggen1, Thijs M.H. Eijsvogels1, Maria T.E. 
Hopman1, Coen C.W.G. Bongers1,2

1Department of Medical BioSciences, Radboud university medical center, Nijmegen, 
The Netherlands. 2School of Sport and Exercise, HAN university of applied sciences, 

Nijmegen, The Netherlands. 

Corresponding Author Email: Ruben.Bambacht@radboudumc.nl 

Introduction: Heatwaves contribute to heat‑related morbidity and mortality among older 
adults. Yet, real-world evidence of multiple‑day heat exposure on thermophysiological 
outcomes and the impact of neighborhood greenness remains unknown. 

Purpose: To examine (1) the effects of a multiple‑day heatwave on thermoregulatory strain in 
older adults in their home environment, and (2) whether neighborhood greenness impacted 
these effects. 

Method: An observational field study was conducted during a five-day national heatwave in 
the Netherlands, including 45 adults (≥60 years) living in either a low‑greenness (n=15) or 
high‑greenness (n=30) neighborhood based on the Normalized Difference Vegetation Index. 
Continuous measurements of skin temperature (Tskin), core temperature (Tcore), heart rate, 
ambient temperature, and physical activity were collected. Hydration status and thermal 
perception were assessed daily. 

Results: Outdoor temperatures increased progressively across the heatwave (maximal Wet-
Bulb Globe Temperature: 26.5-35.5C). Mean Tskin rose from 33.5±0.5C on day 1 to 
34.2±0.4C on day 5 (ptime<0.001), while Tcore showed circadian variation (36.5-37.5C) without 
upward drift. Mean sitting time on day 1 was 9.7±2.0 hours and increased to 11.1±1.9 hours 
on day 5 (ptime=0.009). Heart rate, hydration status, and physical activity remained stable 
throughout the heatwave. 87% of the participants reported a hot thermal sensation at least 
one heatwave day. The results did not differ between the high- and low-greenness group. 

Discussion: Older adults experienced mild thermoregulatory strain during sustained heat 
exposure, primarily reflected in elevated Tskin, sitting time, and perceived thermal stress. 
Neighborhood greenness did not impact these heat‑related physiological strain. 

Word count: 242 

Keywords: heat stress, thermoregulation, environmental health, urban greenness, built 
environment 
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Is thermoregulation of iron-deficient anemic individuals impaired during exercise in 
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Introduction: Anemia and iron deficiency affect cardiovascular response and induce metabolic 
and hormonal disturbances essential for temperature regulation; most studies have been 
conducted at rest or using artificially induced anemia [1-3]. 

Purpose: To examine temperature regulation and cardiovascular responses of iron-deficient 
anemic humans during exercise in heat and cold. 

Method: Thermoregulatory and cardiovascular parameters were examined in 9 (5 females, 4 
males) anemic (ANM) and 9 (5 females, 4 males) non-anemic (CON) subjects ([Hb]: 11.8 ± 
0.4 vs 14.1 ± 0.9 g/dl; ferritin: 14.7 ± 9 vs 56.7 ± 12 ng/ml; p < 0.001) during prolonged cycling 
(at 10% below ventilatory threshold until rectal temperature (Tre) rise of 1°C or completion of 
1-hr exercise), in cold (C: 11°C), hot (H: 33°C), and thermoneutral (TN: 22°C) environments
(40%RH).

Results: In C, ANM had smaller Tre rise and lower skin temperature (Tsk) values compared to 
CON (p < 0.05); moreover, only CON increased their metabolism (V̇O2) and their mean arterial 
pressure compared to TN (p < 0.05). In H, the two groups did not differ in Tre (p > 0.05), but 
ANM exhibited higher cardiovascular drift, as reflected by increased heart rate and reduced 
stroke volume (p < 0.01). 

Discussion: Individuals with chronic mild iron-deficiency anemia showed reduced 
thermoregulatory capacity in C and experienced higher cardiovascular stress in both C and H 
compared to controls. These findings are of practical and clinical significance, since the level 
of anemia and the environmental temperatures studied occur in sports, work, recreational 
activities, and various diseases.  

Keywords: anemia, heat, cold, temperature regulation, cardiovascular response 
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 Rethinking Heat Intolerance in Obesity: A Scoping Review of Exercise 
Thermoregulation and Passive Heat Therapy  
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Introduction: Obesity is widely considered a risk factor for exertional heat illness [1]. 
However, whether obesity independently impairs thermoregulation remains unclear, as many 
studies fail to control for metabolic heat production (Hprod) and body morphology [2]. 
Consequently, the assumed heat intolerance in obesity may reflect biophysical artifacts 
rather than intrinsic physiological dysfunction. Meanwhile, passive heat therapy has 
emerged as a promising cardiometabolic intervention [3], yet its relevance for obese 
populations remains poorly synthesized.  

Purpose: This review aimed to (1) determine whether obesity independently impairs 
thermoregulatory responses during active heat stress when Hprod is controlled, and (2) 
evaluate cardiometabolic effects of passive heat exposure in overweight/obese adults.  

Methods: Five databases were searched from inception to March 2026 to identify 
experimental and intervention studies assessing thermoregulatory or cardiometabolic 
responses to active or passive heat exposure in adults with overweight/obesity without 
clinical comorbidities.  

Results: Sixteen studies met the inclusion criteria. During active heat stress, differences in 
core temperature and sudomotor responses between obese and lean individuals were 
substantially reduced when absolute Hprod and external workload were matched. In 
contrast, passive heating interventions (e.g., hot water immersion, sauna) were associated 
with improvements in cardiometabolic markers, including reductions in fasting glucose, 
endogenous glucose production, and mean arterial pressure.  

Discussion: The assumed heat intolerance in obesity largely reflects biophysical heat load 
differences rather than intrinsic thermoregulatory dysfunction. Since weight-bearing exercise 
generates high heat loads, passive heat therapy represents a promising, low-barrier exercise 
mimetic for improving cardiometabolic health in obese populations [4,5].  

Keywords: obesity, thermoregulation, passive heating, cardiometabolic health, heat stress 
ICEE 2026 Abstract  
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Introduction: 

Pressure ulcers (PUs) are wounds arising from prolonged mechanical loading of the skin (1). 
We recently demonstrated in healthy adults that skin cooling reduces post-reactive 
hyperaemia and increases skin tolerance to mechanical loading (2, 3). However, whether the 
benefits of skin cooling translate to individuals at risk of PU, such as spinal cord injury (SCI) 
patients, remains unclear.  

Purpose: 

To investigate microvascular, inflammatory and perceptual effects of localized cooling on 
skin tissue tolerance to mechanical loading in SCI patients. 

Method: 

10 SCI patients (6M:4F; 57±9 yr; injury T1-S1; n = 5 complete vs. n = 5 incomplete) 
completed two sessions consisting of 25-min mechanical loading (60 mmHg) followed by 
20-min unloading (17mmHg) of the sacrum, delivered with a thermo-mechanical indenter set
at 38°C (control) or 16°C (cooling). Skin blood flow at the sacrum was measured
continuously throughout the protocol, skin sebum was collected pre- and post-loading to
assess inflammation (e.g. IL-1α / YKL-40), and participants’ thermal acceptability was
recorded via a Likert scale.

Results:  

Post-reactive hyperaemia area under the curve following loading was reduced by ~3.5-fold 
with skin cooling (16°C) compared to no-cooling (-9426; 95% CI [6215, 12636]; p=0.001). 
Cooling also reduced skin blood flow by ~2.2-fold during loading (p<0.001); yet this did not 
upregulate skin inflammatory biomarkers (IL-1: -775.8 pg.ml-1, YKL-40: -384.4 pg.mL- 1). 6 of 
7 patients with sensation at the sacrum reported cooling to be thermally ‘clearly acceptable’. 

Discussion: 

Our findings provide evidence that skin cooling reduces post-reactive hyperaemia and 
increases skin tolerance to mechanical loading also in individuals at risk of PU such as SCI 
patients. 



Keywords: Cooling, pressure ulcers, skin blood flow. 
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Introduction 
Global warming adversely impacts human health and well-being. Heat-related illnesses (HRI) 
can result from exposure to hot humid environments, exacerbated by urban heat island effect. 
Singapore is a tropical country with perpetual humid heat, yet local data on the burden of HRI 
are lacking [1]. 

Purpose 
To investigate the impact of environmental temperature on the incidence and temporal 
distribution of HRI across age groups in Singapore. 

Methods 
High resolution weather data were obtained from Metereological Services Singapore, and 
anonymised hospital records (e.g. emergency department (ED) attendances, hospital 
admissions) were obtained from government administrative and health records. Descriptive 
analysis was conducted to summarise demographics and HRI incidence stratified by time 
periods. 

Results 
From 2006 to 2022, there were 3,022 HRI-related ED attendances and 1,113 HRI admissions. 
HRI attendances peaked in 2014 (n=368) which had a record dry spell while HRI admissions 
were highest in 2018 and 2019 (n=99; n=98 respectively). Hotter years were not associated 
with increased HRI cases. Across the months for all years, HRI cases were highest in May 
(n=326) which recorded the second highest mean maximum temperature (32.1°C). HRI 
incidence was highest among those aged 18-39 years old (73%). 

Discussion 
Incidence of HRI did not correspond directly with changes in environmental temperature, 
possibly linked to high prevalence of air-conditioning [2], heat-avoidant behaviours, or 
underdiagnosis of HRI. Young adults may be vulnerable to HRI due to higher participation in 
outdoor activities or work. Future work should explore associations between outdoor 
exposure, physical activity duration and risk of HRI. 

Keywords: Heat stroke, Heat disorders, Epidemiology, Heat stress, Climate change 
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Introduction 

Heat-related illnesses (HRI) present a growing public health challenge in Singapore where 
high temperatures and humidity persist throughout the year. While age and sex are known 
modulators of HRI risk [1], it remains unclear whether HRI risk is independently influenced 
by spatial characteristics within Singapore.  

Purpose 

To characterise the regional significance for HRI by integrating age and sex-specific 
demographics as well as factors on clinical disposition, across five spatial regions in 
Singapore. 

Methods 

A retrospective analysis of Emergency Department (ED) records from 2006 to 2022, was 
conducted, identifying HRI cases via ICD codes. To assess region as an independent 
predictor of admission, nested binomial Generalized Linear Models (GLM) were compared 
using the Likelihood Ratio Test (LRT). Models were adjusted for age, sex, comorbidities, 
triage status, and admission time.  

Results 

Of 3,022 HRI ED attendances, 2,932 cases (1,086 admitted) were analysed. HRI admissions 
were concentrated in the Western (38%) and Central (36%) regions. These areas showed a 
higher demographic burden with males aged 18–39 years. Inclusion of region significantly 
improved model fit  

(𝐿𝑅𝑇:  𝜒2(4) = 34,  𝑝 < 0.01)indicating that spatial region serves as an independent predictor 
of admission after controlling for patient and clinical factors.  

Discussion 

HRI burden varies significantly by demographics and regions. Predominance amongst young 
males in the West [2] likely reflects residents in industrial zones performing manual labour 
prone to exertional heat stress. HRI risk is likely elevated in the Central and Western regions 
due to the urban heat island effect with denser urban structures compared to the North, with 
more vegetation cover and cooling [2]. 

Keywords: Heat disorders, Geospatial modelling, Demographic vulnerability, Climate 
Change, Urban heat island effect 
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Introduction: Military personnel and athletes increasingly use non-invasive methods to 
estimate body core temperature (Tc) during heat acclimation (HA). The CALERA Research 
Sensor (CRS) is a popular wearable for this purpose, but its use during HA requires validation. 
Purpose: This study determined the responsiveness of the CRS to changes in resting and 
end-exercise Tc induced by HA as well as the criterion validity for determining the thermal 
dose, defined as time spent with a Tc ≥ 38.5 °C. 

Method: Fifteen participants completed a nine-day controlled-hyperthermia HA protocol. Tc 
was continuously monitored prior to  and during heat exposures using both the CRS (Tcrs) and 
a rectal temperature (Tre) probe. This study assessed the responsiveness and criterion validity 
using a Bland-Altman analysis and intraclass correlation coefficient (ICC). Additionally, the 
analyses included a linear mixed model to further analyze the responsiveness. 

Results: Tcrs showed limited responsiveness to HA-induced changes in resting and end-
exercise Tre with substantial bias (≥ 0.10 °C, limits of agreement from ≤ -0.40 °C to ≥ 0.60 °C) 
and limited agreement (ICC ≤ 0.53). Additionally, resting and end-exercise Tre decreased to a 
greater extent than Tcrs, which showed a downward trend during end-exercise, during the nine-
day HA (P < 0.001).  The CRS underestimated thermal dose (-20 minutes, limits of agreement 
from -60 to 21 minutes) and showed limited agreement with Tre (ICC = 0.57) in estimating the 
thermal dose. 

Discussion: These results indicate that the current version of the CRS underestimates both 
HA-induced changes in Tre and the thermal dose during controlled hyperthermia. 

Keywords: Calera research sensor, responsiveness, validation, non-invasive body core 
temperature measurement, heat acclimation. 
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Introduction: Climate change escalates extreme heat events globally [1]. The threat 
for heat-related complications is pronounced among vulnerable populations, such as 
older, overweight individuals [2]. Heat acclimation (HA) enhances heat tolerance and 
mitigates adverse health effects [3]. Previous research focused on benefits of active 
HA for exercise performance in extreme temperatures [4]. Such protocols do not apply 
to heat-vulnerable populations in realistic (pre-)heat wave conditions. 

Purpose: This study aimed to assess a combined passive-and-active HA approach on 
thermophysiological and cardiovascular responses in overweight, older adults.  

Method: Ten volunteers (69±6y, BMI 28.7±2.1kg/m2) completed a passive HA week 
(6h/d, 29-35ºC) combined with low-to-moderate cycling (30min/d, 40%Wmax). 
Temperature during HA ramped up by 3ºC/2 days, realistically mimicking the days 
leading up to a heat-wave. A 180min heat stress test (28-45ºC, 10K/h) was conducted 
pre- and post-HA. Analyses included random-effect modelling with three comparison 
timepoints: baseline (28ºC), mid-test, and end-test (45ºC). 
Results: Core temperature decreased by 0.1±0.3ºC across timepoints, while skin 
temperatures remained unchanged post-HA. Heart rate decreased at baseline 
(ΔΗR=4±11bpm; p=0.013) and end-test (ΔΗR=3±15bpm; p=0.033). Systolic and 
diastolic BP and MAP decreased by 7±16, 4±11, and 5±11mmHg post-HA (all p<0.05). 
Forearm skin blood flow decreased mid-test (p=0.009) and trended lower at 45ºC 
(p=0.057). Baseline local arm and leg sweat rates remained unchanged but increased 
at 45ºC (p=0.017).  

Discussion: Combined passive-and-active HA enhanced thermoregulation and 
reduced cardiovascular strain in older, overweight adults during heat stress. These 
findings may augment heat-action guidelines regarding preparatory action to enhance 
heat tolerance in vulnerable populations. 

Keywords: heat acclimation, thermoregulation, cardiovascular health, resilience. 
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Introduction: 
Isothermal clamping (ITC) based heat-acclimatisation is an effective strategy to improve heat 
tolerance. As the gut microbiota support intestinal barrier integrity [1], its adaptive responses 
to heat-acclimatisation warrant investigation to determine whether the gut microbiota can be 
targeted to enhance barrier function alongside physiological adaptations. 

Purpose:  
Investigate how gut microbiota composition responds to ITC and whether any adaptations are 
associated with reduced intestinal barrier perturbation following exertional hyperthermia. 

Method: 
38 participants completed a PRE heat response test (HRT), 10 training sessions (ITC or 
control (CON)), and a POST HRT. HRT involved a 65-min treadmill walk (Tdb: 34.1±0.1°C, RH: 
69±2%). Blood was collected before (BEF) and after (AFT) each HRT to measure intestinal 
barrier markers (Claudin-3 (CLDN-3), intestinal fatty acid-binding protein (I-FABP) and 
lipopolysaccharide-binding protein (LBP)). During ITC, participants (n=18; 24±4 years) 
performed walk-run cycles to maintain core temperature >38.5°C for 30-min per session, while 
CON participants (n=20; 25±3 years) completed four calisthenic sets. Fecal samples were 
collected pre-, during, and two weeks post-intervention to profile gut microbiota composition 
through 16S rRNA sequencing.  

Results: 
BEF-AFT fold-change in CLDN-3, LBP and I-FABP was similar between HA and CON in PRE 
and POST HRT (all p>0.05). No trial×time interaction was observed for gut microbiota 
composition at the phylum or genus level (all p>0.05). 

Discussion: 
ITC alone did not induce gut microbiota adaptations to mitigate intestinal barrier perturbation 
during exertional hyperthermia. Combining ITC with nutritional interventions may be 
necessary to achieve both thermoregulatory adaptations and enhanced intestinal barrier 
integrity to limit microbial translocation and subsequent inflammatory responses during 
exertional hyperthermia.  

mailto:phsilcc@nus.edu.sg


Keywords: 
Heat-acclimatisation, heat stress, gut microbiota, intestinal epithelial integrity 

References: 

[1] Fu, Y., Lyu, J., & Wang, S. (2023). The role of intestinal microbes on intestinal barrier
function and host immunity from a metabolite perspective. Frontiers in Immunology, 14,
1277102. https://doi.org/10.3389/fimmu.2023.1277102

https://doi.org/10.3389/fimmu.2023.1277102


AB75 

An Occupational Heat Acclimation Approach Combining Overdressing with Heart 
Rate-Prescribed Exercise  

Derouck, T1,2., Deshayes, T.A3,4., Delattre, L1., Gagnon, D5,6., Saidi, A7., Marcel-Millet, 
P1,8., Gendron, P1. 

1Département des sciences de l’activité physique (Université du Québec à Trois-Rivières, 
Québec) 

2Département d'anatomie (Université du Québec à Trois‑Rivières, Québec) 
3Faculté des sciences de l’activité physique (Université de Sherbrooke, Québec) 
4Centre de recherche sur le vieillissement (CIUSSS de l’Estrie-CHUS, Québec) 

5Montreal Heart Institute (Québec) 
6École de kinésiologie et des sciences de l’activité physique (Université de Montréal, 

Québec) 
7Institut de Recherche Robert-Sauvé en Santé et en Sécurité du Travail (Québec) 

8Institut de recherche biomédicale des armées (France) 
Corresponding Author Email: thomas.derouck@uqtr.ca 

Introduction: Expanding access to heat acclimation (HA) remains a priority in occupational 
settings. Overdressing in temperate environments has been proposed as a more accessible 
HA strategy than environmental heat exposure [1], while prescribing exercise intensity 
based on a controlled heart rate (%HRmax) has been shown to regulate heat strain during 
HA [2]. However, no study has combined these strategies to determine if they induce 
sufficient typical HA adaptations.  

Purpose: To determine whether a 10-session HA protocol combining overdressing with 
%HRmax prescribed exercise intensity maintains consistent heat strain across sessions and 
induces meaningful adaptations relevant to occupational performance.  

Methods: Ten healthy adults will complete a 10-session HA protocol consisting of 60-min 
treadmill walking at 80%HRmax while wearing firefighter protective clothing. Pre- and post-
HA assessments include: (1) a passive heat stress test assessing sudomotor function and 
cutaneous vascular responses and (2) a firefighting simulation task measuring thermal, 
cardiovascular and perceptual strain, isometric strength and cognitive performance [3].  

Results: Data collection is currently in progress, with four participants (one woman) enrolled 
(age: 24±3 years, body mass: 70.6±10.1 kg, waist circumference: 76±6 cm, body mass 
index: 22±2 kg/m2; peak oxygen consumption: 51.4±1.2 mL·kg⁻¹·min⁻¹). Data collection and 
statistical analyses will be finalized by early June 2026.  

Discussion: We hypothesize that this combined approach will sustain heat strain across 
sessions, promoting thermoeffector adaptations and improving occupational task tolerance. 

Keywords: Heat acclimation, Thermoregulation, Occupational heat stress. Abstract– ICEE 
2026  
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Introduction: Heat acclimatisation is essential to prevent exertional heat illness and optimize 
military performance in hot environments. Although scientific guidelines clearly define its key 
prerequisites, implementation is often constrained by limited time and logistical challenges. 

Purpose: To evaluate the implementation of a practical, science-based, personalised heat 
acclimatisation strategy for a large group of military personnel before and during deployment 
in extremely hot conditions. 

Method: In this observational study, a personalised heat acclimatisation protocol was 
implemented in 144 soldiers prior to and during the initial phase of deployment in extremely 
hot conditions (~42°C). All personnel, including soldiers, commanders, and physical trainers, 
were instructed on the physiological rationale of heat acclimatisation and on the use of a 
provided smartwatch with the updated ECTemp algorithm[1], serving to monitor estimated core 
body temperature and guide training intensity. Participants were instructed to achieve a core 
body temperature >38.0 °C for 60–90 min·day⁻¹ over 10–14 consecutive days. Successful 
acclimatisation was evaluated based on daily peak core temperature, cumulative minutes 
>38.0 °C, and the number of completed acclimatisation days.

Results: Soldiers completed a median of 10 acclimatisation days (IQR: 4; Q₁=7, Q₃=11). 
Median peak core temperature was 38.22°C (IQR: 0.43°C; Q₁=38.01, Q₃=38.44). Median time 
above 38°C was 48 minutes (IQR: 31; Q₁=31, Q₃=62). 

Discussion: Individualised physiological feedback, for example on a smartwatch supports 
scalable implementation of heat acclimatisation protocols in military populations and may 
enhance effectiveness. Nevertheless, appropriate execution in large groups under time and 
logistical constraints remains challenging, particularly achieving sufficient time >38°C.  

Keywords: heat stress, adaptation, core temperature, military population. 
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Title 

Heat acclimation in a warming world: Are we weighing up the costs? 

Key words 

Heat acclimation, climate change, equitability.  

Introduction 

Heat acclimation/acclimatisation improves performance in and tolerance of hot environments. 
However, creating heat stress artificially or travelling to hot environments requires energy, 
contributing to climate change. Currently, no consideration is given to the energy use or 
greenhouse gas emissions caused by various acclimation/acclimatisation methods, much less 
the multifaceted benefits of utilising one’s own heat. 

Purpose 

Consider the unspoken costs and immense opportunities of environmental ergonomics. 
Specifically, the interconnectedness between people’s actions, the heat strain they 
experience, their heat tolerance, and in turn, their simultaneous contribution to the heat stress 
experienced by themselves, others currently alive, and mostly of future lives. 

Method 

Energetic estimates and broader effects of heat acclimation/acclimatisation methods were 
evaluated. 

Results 

Methods based on endogenous rather than supplemental- or wholly-exogenous heat 
production are more sustainable by orders of magnitude, and can approach 0 MJ of additional 
energy required when working/exercising in insulative clothing. By comparison, five-day 
exposures via travelling to hot countries (~1,517 MJ/1,000pkm), hot-water immersion (~108 
MJ), exercising in environmental chambers (~36 MJ), and post-exercise electric saunas (~7 
MJ) incur far greater costs. Activities that prevent emissions (e.g. active transport) not only 
counteract these costs but have large and more robust co-benefits, including improving heat 
tolerance and its durability, and cross adaptation. 

Discussion 

Mainstream methods of heat acclimation/acclimatisation are inequitable for the same major 
reasons as air-conditioning [1]. Value lies in considering their relative costs, including 
increasing the heat-illness risk of vulnerable human and non-human current and future lives, 
and whether the potential benefits are worthwhile. 
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K. L. (2021). Reducing the health effects of hot weather and heat extremes: From personal
cooling strategies to green cities. The Lancet, 398(10301), 709–724.
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Introduction: High-intensity interval training (HIIT) is a widely adopted and time-efficient 
training modality for enhancing athletic performance, reflecting the intermittent demands of 
many sports activities. Compared with moderate-intensity continuous training heat 
acclimatisation (MICT-HA), high-intensity interval training heat acclimatisation (HIIT-HA) may 
induce greater metabolic heat production, potentially leading to more pronounced heat 
adaptations. However, evidence regarding the effectiveness of HIIT-HA remains inconsistent. 

Purpose: To systematically evaluate the physiological adaptations and performance impacts 
following HIIT-HA. 

Method: A scoping review was conducted in accordance with the Preferred Reporting Items 
for Systematic reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR). 
Five databases (PubMed, Web of Science, Cochrane library, Scopus, and SPORTDiscus) 
were searched until February 2026. Randomized controlled trials comparing HIIT in heat and 
temperate conditions, and HIIT-HA versus MICT-HA were included. 

Results: Based on 14 studies involving 318 participants (218 classified as well-trained 
according to the definitions used in the original articles), a range of physiological responses 
(e.g., heart rate, core and skin temperature, and sweating rate) were evaluated. Compared 
with baseline, consistent thermoregulatory adaptations were observed particularly reductions 
in core temperature (up to 0.5 ℃) and skin temperature (ranging from 0.26 to 0.8 ℃) following 
HIIT-HA. Greater heat-induced adaptations were observed for core temperature (0.26 ℃ vs. 
0.06 ℃) and heart rate (7.94 bpm·min-1 vs. 4.67 bpm·min-1) following HIIT-HA compared with 
MICT-HA. HIIT-HA demonstrated potential to enhance time-trial performance, with 
improvements ranging from -1.7% to 16%. In contrast, adaptations in time-to-exhaustion 
performance were inconsistent, with reported changes ranging from a 22% reduction to a 29% 
improvement. 

Discussion: Existing evidence demonstrates that HIIT-HA elicits meaningful physiological 
adaptations, which may confer distinct advantages over traditional heat acclimation strategies. 
However, improvements in athletic performance appear to be task-specific. Future studies 
directly comparing HIIT-HA with conventional approaches are warranted. 

Keywords: HIIT, High temperature, Hot environment, Performance 
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Introduction: Exercise in hot environments alters substrate metabolism, typically increasing 
carbohydrate (CHO) use and decreasing fat oxidation, potentially impairing endurance. Pre-
exercise protein intake may adjust this balance under thermoneutral conditions [1,2], but its 
impact during long-term heat training remains unclear.  

Purpose: This study examined whether combining heat acclimation training with pre-exercise 
whey protein supplementation improves energy metabolism in endurance athletes. 

Methods: Fifteen male endurance athletes were randomized into a control (CON, n=7) or 
protein group (PRO, n=8). Both completed 4 weeks of heat acclimation (35°C, 70% RH, 3 
sessions/week). The PRO group consumed pre-exercise whey protein. Assessments 
included pre- and post-intervention body composition, resting metabolic rate, blood analysis, 
and an incremental exercise test to exhaustion in the heat, with energy metabolism 
measured via indirect calorimetry. 

Results: Post-intervention, both groups improved time to exhaustion and decreased exercise 
CHO utilization. However, only the PRO group demonstrated significantly reduced fat mass, 
increased fat-free mass, higher total energy expenditure, and increased fat oxidation 
compared to both baseline and the CON group. Resting metabolic rate remained 
unchanged. Post-training, the PRO group also exhibited increased high-density lipoprotein, 
total cholesterol, and higher low-density lipoprotein compared to the CON group. 

Discussion: While heat acclimation alone and combined with whey protein both enhanced 
endurance, the addition of pre-exercise whey protein further optimized body composition, 
increased lipid utilization during exercise, and promoted favorable metabolic adaptations 
under heat stress. 

Keywords: heat acclimation training , whey protein, energy metabolism, athlete 
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Introduction: Increasingly intense heat waves have become an important concern to public 
health [1]. Structured repeated heat exposure (heat acclimation, HA) can increase tolerance 
to heat stress, however, responses vary across individuals [2]. Discerning response patterns 
can improve our understanding of heat adaptation and its underlying mechanisms. 

Purpose: The current study is an exploratory analysis of inter-individual variability and 
patterns in HA responses across thermoregulatory and cardiovascular parameters. 

Method: Data from two passive [3, 4] and one hybrid HA study [In preparation] were pooled 
(n=32). A 150-minute passive heat stress test featuring an incremental temperature ramp was 
completed before and after HA in all three studies. Spearman correlations were calculated 
between endpoint (minutes 135-145) changes across the physiological parameters, their 
baseline values (minutes 35-55) prior to HA and anthropometric characteristics.  

Results. All three studies resulted in decreased core temperature and blood pressure after 
HA, and one in heart rate reduction. Endpoint change ranges (median) were -0.43 to +0.14oC 
(-0.10oC) for core temperature, -11.1 to +14.5bpm (-2.1bpm) for heart rate and -18 to 
+16mmHg (-3.33mmHg) for systolic blood pressure. Spearman correlation analysis showed
no significant correlations in the endpoint changes between the three parameters, their
baselines or with age and body composition.

Discussion: The range of responses suggests a considerable degree of inter-individual 
variability, independent of (assessed) individual characteristics. Interestingly, a strong 
response in one parameter did not predict the magnitude or direction of the response of the 
others. Further research should explore response determinants across thermoregulatory and 
cardiovascular parameters. 

Keywords: heat-acclimation, thermoregulation, cardiovascular health 
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Introduction: Hot environments impair performance and cognition, particularly executive 
function (EF)[1]. Heat acclimation (HA) confers physiological benefits, but its effects on EF 
are unclear. While traditional HA uses moderate-intensity continuous training (MICT), high-
intensity interval training (HIIT) is also effective[2][3]. Currently there were no studies 
investigate the effects of different exercise types of HA on EF under heat exposure. 

Purpose: This study aimed to compare the HIIT and MICT HA protocols in modulating EF 
and thermoregulatory capacity.   

Method: Forty healthy, heat-unacclimated males were randomized into four groups (n=10): 
thermoneutral (20°C) MICT or HIIT, and hot (32°C) MICT (H-MICT) or HIIT (H-HIIT). 
Participants completed 10 consecutive days of training. HIIT involved 3-min bouts at 80% 
Wmax with 2-min recovery, while MICT was continuous at 50% Wmax. Pre- and post-
intervention, EF (working memory, inhibitory control, cognitive flexibility) and physiological 
responses (core temperature [Tcore], skin temperature [Tskin], heart rate [HR]) were assessed 
under heat.  

Results: Heat-acclimated groups (H-HIIT/H-MICT) demonstrated significant reductions in 
resting Tcore, Tskin, and HR post-intervention (all p<0.05). Both HA protocols enhanced 
working memory (reaction time [RT] decreased: H-HIIT 16.0%, H-MICT 8.9%) and inhibitory 
control, while H-HIIT uniquely improved cognitive flexibility (RT decreased 13.1%, switching 
cost decreased 49.0%, p<0.05); no significant improvements occurred in thermoneutral 
groups. 

Discussion: Both HIIT and MICT induced heat adaptation and enhanced core EF under 
thermal stress. HIIT-based HA superiorly improved cognitive flexibility and complex task 
performance, offering a time-efficient strategy for rapid environmental adaptation. These 
findings inform heat acclimation strategies for climate-vulnerable populations.  

Keywords: heat acclimation, executive function, moderate-intensity continuous training, high-
intensity interval training 
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Introduction: Heat exposure induces physiological heat stress that can impair cognitive 
performance, particularly executive functions, reducing efficiency and safety in hot 
environments. Heat acclimation (HA) improves thermoregulation and reduces physiological 
strain[1][2], yet its effects on executive function remain unclear. 

Purpose: This study examined the effects of different durations of AHA training (5-day vs. 
10-day) on executive function during heat exposure.

Method: Forty healthy male college students were randomly assigned to four groups (n = 
10): 10-day high-intensity interval training heat acclimation (10d HIIT-HA), 5-day HIIT-HA, 
10-day moderate-intensity continuous training heat acclimation (10d MICT-HA), and 5-day
MICT-HA. HIIT consisted of 3-min intervals at 80% Wmax with 2-min passive recovery, while
MICT was performed continuously at 50% Wmax. Executive function was assessed on Day
0, Day 7, and Day 14 after 30 min of heat exposure (32 °C). Tasks measured working
memory, inhibitory control, and cognitive flexibility. Reaction time (RT) and accuracy were
recorded. Physiological indicators included heart rate (HR), mean skin temperature (Tskin),
and core temperature (Tcore).

Results: After 10 days of HA, HR, Tskin, and Tcore decreased, indicating improved thermal 
adaptation, whereas after 5 days, only HR and Tcore decreased. Working memory RT 
improved after 10-day HA in both groups but after 5-day HA only in HIIT. Inhibitory control 
RT improved after both durations, while cognitive flexibility improved only after 10-day HIIT-
HA. 

Discussion: 10-day AHA produced greater physiological adaptation and executive function 
improvements than 5-day HA, suggesting longer protocols may better maintain cognitive 
performance in hot environments. 

Keywords: heat acclimation, executive function, heat exposure, high-intensity interval 
training, thermoregulation 
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Introduction: Exercising under heat stress exacerbates physiological strain, impairing 
endurance capacity. While high-intensity interval training (HIIT) is increasingly integrated into 
heat acclimation (HA) paradigms, the efficacy of short-term HIIT-HA remains equivocal. 

Purpose: This study compared adaptations in thermoregulation, autonomic nervous system 
(ANS) modulation, and exercise heat tolerance following short-term (SHA) versus long-term 
(LHA) HIIT-HA.  

Method: Twenty-four unacclimated participants were randomized into 5-day SHA or 10-day 
LHA cohorts. The HA protocol comprised daily HIIT (8×3-min cycling at 80% Wmax, 2-min 
passive recovery) at 32°C. Pre- and post-acclimation, participants completed a time-to-
exhaustion (TTE) trial at 60% Wmax (32°C). Core temperature (Tcore), skin temperature 
(Tskin), and heart rate variability (HRV) were monitored continuously to assess thermal and 
autonomic strain.  

Results: Post-intervention, LHA significantly prolonged TTE, whereas SHA yielded no 
significant performance enhancement. Tcore was attenuated at rest and recovery in SHA, and 
comprehensively across all phases in LHA. Tskin decreased during exercise and recovery in 
SHA, and at rest in LHA. Both cohorts demonstrated blunted heart rate responses. Time-
domain (SDNN, RMSSD) and parasympathetic (Ln HF) HRV indices increased significantly in 
both groups. Distinctively, SHA elevated pNN50 and Ln LF during recovery, alongside an 
augmented LF/HF ratio during exercise.  

Discussion: Thermoregulatory adaptations from short-term HIIT-HA appear mechanistically 
linked to enhanced autonomic modulation. However, an extended HA stimulus (LHA) elicits 
more profound physiological adaptations, translating to superior endurance capacity under 
heat stress. 
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Introduction: Heat acclimation (HA) adaptations attenuate thermal and physiological strain 
during exercise in the heat. However, contention remains regarding whether a similar 
magnitude of adaptations is realised across the same HA time frame in males and females.  

Purpose: This study compared thermoregulatory adaptions between sexes following post-
exercise hot water immersion (HWI) HA. 

Methods: 28 trained runners (14 females) completed an initial (PRE) heat response test 
(HRT) which was repeated following 5 (MID) and 10 days (POST) of HA. HA consisted of 3 
post-exercise HWI and 2 standalone HWI sessions/week for 2 weeks. Preliminary analyses 
were conducted using linear-mixed models with data presented as mean and [95% confidence 
intervals]. 

Results: There was no sex or interaction effect for rectal temperature (Tre; p=0.479), heart 
rate (HR; p=0.795) and skin temperature (Tsk; p=0.632). A main effect of session was noted 
for all three variables between PRE and POST, with Tre reduced by 0.4 [0.2, 0.5] °C (p<0.001), 
Tsk by 0.4 [0.1, 0.7]°C (p=0.005) and HR by 7 [0, 12] beats.min-1 (p=0.055). A significant 
interaction effect was noted for whole-body sweat rate, with only males displaying a significant 
increase of 119 [27, 211] mL.h-1 (p=0.007) from PRE to MID and 147 [55, 239] mL.h-1 (p<0.001) 
from MID to POST. 

Discussion: These results suggest that males and females experience a similar reduction in 
thermal strain following HWI HA. However, only males seem to improve sweating capacity 
following this passive HA strategy.  

Keywords: Biological sex, passive hyperthermia, Heat adaptations. 
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Introduction: Climate change is driving elevated nighttime temperatures associated with 
poorer sleep [1]; however, relationships between the ambient environment and sleep remain 
understudied in real-world settings [2].  

Purpose: We aimed to 1) assess the feasibility of a field-based environmental and sleep 
monitoring study and 2) explore conditional relationships between the indoor thermal 
environment, perceptions, and objective sleep outcomes.  

Method: Seven adults (3F/4M; 60±7y) living in Canberra (cool temperate climate [3]) were 
monitored for two months during the 2024-2025 Australian summertime. Bedroom ambient 
temperature (Ta) and relative humidity (RH) were recorded continuously using HeatSuite© [4]. 
Subjective sleep quality, thermal perception, and wellbeing were assessed 4x daily via 
smartwatch surveys integrated with HeatSuite (Bangle.js2 [4]). Objective sleep was monitored 
via a Somfit wearable [5] during nine nights of moderate (outdoor day: 10.5-28.6°C, 21.0-
91.0%RH; bedroom overnight: 17.2-26.9°C, 27.0-57.4%RH) and ten nights of warm (outdoor 
day: 18.1-36.8°C, 10-100%RH; bedroom overnight: 18.1-30.3°C, 31.1-70.0%RH) conditions. 
Feasibility was assessed via compliance [4] and acceptability (comfort, usability, burden). 
Exploratory analyses were conducted using Dynamic Bayesian Networks (DBN).  

Results: Individual compliance ranged from 58-81% for surveys and 63-100% for sleep 
monitoring. All participants reported comfort and low burden, 71% reported usability. DBN 
analysis identified conditional associations between preceding indoor thermal conditions, 
thermal perceptions, and objective sleep outcomes (i.e. total sleep time, wake after sleep 
onset and non-rapid eye movement stage three sleep). 

Discussion: Field-based data collection integrating HeatSuite and Somfit was feasible. 
Exploratory DBN modelling suggested conditional relationships between preceding indoor 
thermal conditions, thermal perceptions and objective sleep outcomes.  

Keywords: Sleep, Indoor Environment, Hot Weather, Field Study, Dynamic Bayesian 
Networks.  
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Introduction: Wearing personal protective equipment (PPE) limits heat dissipation, 
predisposing healthcare workers (HCWs) to hyperthermia. The resulting cardiovascular and 
neural stresses compromise cognition, particularly attentional focus, problem-solving, and 
short-term memory[1]. Although carbon-based cooling vests have demonstrated physiological 
benefits in HCWs[2], their effectiveness in preserving cognition under heat stress remains 
unclear. 

Purpose: To examine the effectiveness of carbon-based cooling vests in mitigating PPE-
associated cognitive changes. 

Method: Sixteen healthy participants completed two randomized crossover trials: PPE only 
(PPE) and PPE with cooling vests (PPE+Vest). Each trial comprised four 25-min phases of 
simulated medical tasks at 32°C and 70% RH, followed by a simulated cognitive task (SCT). 
Body core temperature (Tc), skin temperature (Tsk), and heart rate (HR) were continuously 
recorded, while computerized cognitive tasks (CCT), including Multitasking and N-back tests, 
were performed before and after each trial. Neurophysiological responses were evaluated 
using event-related potentials (ERP). 

Results: Mean physiological strain was higher in PPE (PPE vs PPE+Vest; Tc:38.2±0.5°C vs 
37.5±0.3°C; Tsk: 36.1±0.7°C vs 35.4±0.5°C; HR:113±20bpm vs 97±16bpm; p≤0.001). SCT 
error rates were reduced during the final phase in PPE+Vest (0.2±0.9%) compared with PPE 
(3.1±3.6%; p=0.009). CCT behavioural responses were comparable across conditions (error 
rates, p=0.741; reaction time, p=0.406), whereas ERP neural processing was faster in 
PPE+Vest (-120±133) than PPE (38±125; p=0.003).  

Discussion: Since Tc remained below the 39°C threshold associated with cerebrovascular and 
neurotransmitter dysfunction[3], the decline in SCT cognitive in PPE may be attributed to 
thermal discomfort[4]. By alleviating this thermal discomfort, the cooling vest effectively 
preserved cognitive performance. 

Keywords: Occupational heat exposure, Mental task performance, Personal cooling, 
Executive function 
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Introduction: A comfortable sleep environment is shaped by both ambient conditions and 
bedding properties [1]. In particular, supportive pillows have been shown to enhance sleep 
quality and reduce cervical discomfort. 
Purpose: This study aimed to verify the efficacy of a newly developed cervical pillow by 
continuously monitoring physiological responses and sleep behavior over a 7-h sleep period. 
Sleep questionnaire and interview were conducted as well. 
Method: Eight healthy males participated in two experimental conditions (control vs. cervical 
pillow) at an ambient temperature of 24°C and 46%RH. During sleep, physiological variables 
(EEG, core/skin temperature, heart rate) and bed microclimate were measured. Sleep quality 
was assessed using an actigraphy and standardized questionnaire. Cervical muscles 
properties were evaluated pre- and post-sleep. 
Results: The delta-wave ratio was higher with the cervical pillow than with the control, 
particularly during the final hour of sleep (P = 0.054, Cohen’s d = 0.82). Distal skin 
temperatures (hand and forearm) increased more rapidly during sleep onset with the cervical 
pillow than with the control. Post-sleep measurements showed greater reductions in cervical 
muscle stiffness and tension with the cervical pillow (P < 0.05). Subjective assessments 
indicated lower morning fatigue and greater comfort with the cervical pillow; five of eight 
participants (63%) preferred it. 
Discussion: These findings suggest that the cervical pillow enhances both physiological 
and subjective aspects of sleep by promoting proper head–neck alignment, highlighting its 
potential as a simple intervention to improve sleep quality. 
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Effects of Clothing Color on Thermoregulatory Responses During Exercise Under 
Simulated Solar Radiation

Farrasita Ashila Wardhani, Titis Wijayanto* 

Departement of Mechanical and Industrial Engineering, Universitas Gadjah Mada 
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Introduction: Clothing color influences radiative heat gain due to differences in solar 
absorptivity. However, evidence remains limited regarding clothing color effects on 
thermoregulatory responses during exercise under controlled solar irradiance. 

Purpose: This study examined the effects of clothing color on physiological and perceptual 
measures during exercise under simulated solar radiation in a tropical hot and humid 
environment. 

Method: Ten healthy male participants completed three randomized trials wearing identical 
polyester T-shirts in white, grey, and black in a controlled environment (35.4°C; 54.6% RH; 
635 W/m²; WBGT 30.3°C). Participants ran for 40 minutes at 70% HRmax. Physiological and 
perceptual responses were evaluated using a repeated-measures design.  

Results: Clothing color significantly affected total sweat loss (p = .012), with lower evaporative 
loss observed in grey compared to white and black. Upper-limb temperature demonstrated a 
significant color-by-time interaction (p = .004), with black showing a lower temperature 
trajectory during exercise. Changes in mean skin temperature differed between colors (p = 
.021), with a smaller increase in black compared to white. Tympanic temperature (p = .102), 
thermal comfort, and thermal sensation (p > .05) were not significantly influenced by clothing 
color. 

Discussion: Clothing color differentially influenced peripheral thermoregulatory responses 
under simulated solar load. Grey was associated with reduced evaporative output, black with 
lower local skin temperature dynamics, and white with greater whole-body skin temperature 
increases, while internal and perceptual responses remained unchanged. These findings 
highlight the nuanced role of clothing color in surface heat exchange during exercise in hot 
and humid environments. 

Keywords: Clothing color, Physiological responses, Perceptual responses, Solar radiation 
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Effects of Isothermic Conditioning on Cerebral Haemodynamics and Neuromuscular 
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Introduction 
Exertional hyperthermia induces central nervous system (CNS) perturbations, leading to 
impairments in cerebral haemodynamics and neuromuscular function [1,2]. While isothermic 
conditioning (IC) induces heat acclimatisation [3,4], its effects on mitigating such CNS 
alterations during exertional hyperthermia remain unclear. 

Purpose 
To investigate cerebral oxygenation and muscle activation during exertional hyperthermia 
following IC. 

Methods 
Twenty-three healthy males (age = 25±4 years, body mass index = 21±2 kg/m2, body fat 
percentage 15±4%, VO2max = 46±4) completed a heat-response test before (PRE) and after 
(POST) 10 sessions of IC (n=11) or calisthenics (CON; n=12) over three weeks. Each test 
comprised a 65-min treadmill walk at 34.1±0.1°C dry bulb temperature and 70±2% relative 
humidity. At 15-minute intervals, participants performed maximal voluntary contractions (MVC) 
and submaximal (40% MVC) handgrip contractions (sMVC) with concurrent right 
brachioradialis muscle electromyography (EMG) measurements. Motor cortical 
oxyhaemoglobin (Δ[HbO]) and deoxyhaemoglobin (Δ[HbR]) were continuously monitored 
using functional near-infrared spectroscopy. Cortical activation (Δ[Hbdiff]) was calculated as 
Δ[HbO]−Δ[HbR]. Δ[Hbdiff]/EMG indexed cortical activation per unit EMG. Two-factor repeated 
measures ANOVA assessed changes over time. 

Results 
A time effect was observed for contralateral Δ[Hbdiff] and Δ[Hbdiff]/EMG (p<0.05), increasing 
across PRE and POST during MVC but not sMVC in IC and CON. Bilateral Δ[Hbdiff] and 
Δ[Hbdiff]/EMG remained similar between PRE and POST in both groups during MVC and 
sMVC (p>0.05). This was accompanied by decreased muscle activation (p<0.05) with no PRE-
POST differences. 

Discussion 
IC did not attenuate heat-induced alterations in cortical activation or neuromuscular function 
during exertional hyperthermia. This suggests thermal adaptation alone may be insufficient to 
elicit motor cortical adaptations.  
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Enhancing Thermophysiological Predictions During Occupational Heat Stress 
Through Improved Skin Blood Flow Modeling 
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Introduction: Human thermophysiological models, such as ThermoSEM [5], are widely used 
to predict core and skin temperature responses to occupational and environmental heat stress. 
Skin blood flow (SBF) regulates core-to-skin heat transfer and can influence evaporative heat 
loss via its effect on skin temperature. Previous studies have reported limitations in SBF-
related predictions [1-2], yet model performance under high metabolic heat stress, where 
accurate SBF predictions become increasingly important, remains insufficiently investigated. 

Purpose: To evaluate whether integrating the cardiovascular SBF model of Kraning and 
Gonzalez [3] into ThermoSEM improves predictions of rectal temperature and mean skin 
temperature during exercise in dry heat. 

Method: The Kraning-based SBF formulation, accounting for metabolic rate and dehydration 
effects [3], was implemented in ThermoSEM. Simulations replicated 83 trials from 25 males 
exercising for 90min under varying metabolic (200–500W) and environmental (30–45°C) 
conditions [4]. Predicted rectal and mean skin temperatures were compared with 
measurements. 

Results: The standard SBF model [5] systematically overpredicted rectal temperature (RMSE 
up to 0.97°C) and underpredicted mean skin temperature (RMSE up to 3.0°C). The Kraning-
based SBF reduced rectal temperature RMSE by 66% or 0.48°C for P1–P3 and 27% or 0.11°C 
for P4–P7 and mean skin temperature RMSE by 65% or 1.52°C for P1–P3 and 17% or 0.37°C 
for P4–P7. 

Discussion: Incorporating the metabolically driven SBF formulation of Kraning and Gonzalez 
[3] improved ThermoSEM’s robustness under metabolic heat stress by enhancing core-to-skin
heat redistribution. Future work should address inter-individual variability and refine regime
transitions in SBF control.

Keywords: Cardiovascular model, Heat stress, Skin Blood Flow, Thermophysiological model, 
Evaporative cooling 
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Introduction: Evidence remains unclear as to whether or not seasonal acclimatization 
improvers thermoregulatory function during heat stress. To date, studies have focused on 
thermoeffector output, whereas no studies have considered the effect of seasonal 
acclimatization on the underlying neural control.  

Purpose: This study tested the hypothesis that the neural control of heat loss thermoeffectors 
is improved during the summer months.  

Method: Twenty-four adults (27 ± 5 y; 14 males and 10 females) were exposed to passive 
heat stress during non-summer (October-May) and summer (July-September) months. Skin 
sympathetic nerve activity (SSNA), local sweat rate (LSR), and cutaneous vascular 
conductance (CVC) were measured continuously while oesophageal temperature rose by 
1.2°C using a water-perfused suit. Whole-body sweat rate (WBSR) was also calculated from 
changes in nude body mass. Mean body temperature (Tb) was calculated as a weighted 
average of oesophageal and mean skin temperatures to identify onset thresholds via 
segmented linear regression. Comparisons were made using paired t-tests and reported as 
mean differences (summer minus non-summer) with 95% confidence interval. 

Results: Baseline esophageal temperature did not differ between seasons (0.03°C [-0.12, 
0.14], p=0.85). The onset threshold for increases in SSNA (-0.04°C [-0.18, 0.17], p=0.96), LSR 
(0.03°C [-0.09, 0.12], p=0.652), and CVC (0.04°C [-0.11, 0.18], p=0.621) also did not differ 
between seasons. In contrast, WBSR was greater during summer (77 mL/h [29, 125], 
p=0.003). 

Discussion: These results suggest that the neural control of heat loss thermoeffectors is not 
improved during the summer months, despite an improvement in whole-body sweating 
capacity.  

Keywords: Thermoregulation, Heat stress, Seasonal adaptation. 
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Combined Effects of Environmental Heat and Virtual Height on Postural Control and 
Cognitive Performance 
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Introduction: Construction workers are frequently exposed to high temperatures and elevated 
working heights, both of which may increase accident risk through physiological strain, 
cognitive impairment, and postural instability [1–5]. However, their combined effects remain 
underexplored in controlled settings. 

Purpose: This study investigated the combined effects of environmental temperature and 
virtual height on postural balance during cognitive and task-oriented activities. 

Method: A within-subject design was employed with two air temperatures (24 °C and 32 °C) 
and three virtual heights (0 m, 5 m, and 20 m). Twelve healthy male participants completed 
six randomized sessions. At each height level, participants performed visual exploration, a 
simulated welding task, and the Trail Making Test (TMT-A and TMT-B). Postural stability was 
assessed using center-of-pressure (COP) metrics. 

Results: Elevated temperature significantly increased postural sway across tasks. During 
visual exploration, higher air temperature increased RMS AP, mean COP velocity, and 95% 
ellipse area, with a significant temperature × height interaction for RMS AP (p < 0.05). In the 
welding task, temperature increased RMS ML and ellipse area, while height independently 
affected the ellipse area (p < 0.05). For TMT-A and TMT-B, higher temperature prolonged 
completion time and increased sway parameters, whereas height primarily influenced 
mediolateral stability (p < 0.05). 

Discussion: Thermal load produced broader and more consistent impairments in postural 
balance and cognitive performance than virtual height exposure. These findings suggest that 
elevated temperature may represent a more pervasive occupational risk factor during 
cognitively demanding work at height. 

Keywords: Environmental temperature, Virtual height, Postural balance, Cognitive 
performance 
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Introduction: Exercising in hot environments elevates thermal and perceptual strain and can 
impair cognitive functions that are important for skilled, dynamic sport performance. Internal 
cooling (ice slurry/crushed ice, cold fluids, menthol) is widely used, yet cognitive effects remain 
unclear. 

Purpose: To synthesize evidence on internal cooling during exercise heat stress on cognitive 
performance. 

Method: The study protocol was registered in PROSPERO (CRD420251109008). A 
systematic literature search was performed in PubMed, Web of Science, Scopus, and 
SPORTDiscus from inception to 30 Sep 2025. We included controlled human studies under 
heat stress comparing internal pre- and/or per-cooling (ice slurry/crushed ice/cold beverage 
and/or menthol ingestion or mouth rinse) with control during exercise and reporting objective 
cognitive outcomes. Risk of bias was assessed using the Cochrane Risk of Bias Tool. 

Results: Fifteen studies met inclusion criteria. Internal cooling consistently preserved complex 
cognitive performance (higher-load working memory and executive-control measures), 
attenuating heat-related decrements versus control. Effects on simpler cognitive outcomes 
were mixed. Ice slurry/crushed ice ingestion showed the most consistent cognitive protection, 
particularly when administered pre- and/or during exercise under higher heat strain. 

Discussion: Internal cooling, especially ice slurry/crushed ice, may help protect complex 
cognition during exercise in the heat. Standardized reporting of cooling dose, timing and 
thermal strain, and sport-relevant decision-making measures, is needed to refine applied 
recommendations.  

Keywords: heat stress, internal cooling, cognitive performance, cognitive function 
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Introduction As climate change accelerates, nighttime heat is increasingly recognised as an 
important, yet under-characterised determinant of health. Higher nighttime temperatures are 
associated with poorer sleep, impaired recovery, and increased morbidity and mortality risks 
[1]. However, extreme nighttime temperature thresholds vary widely, limiting cross-study 
comparability, local risk assessment, and the precision of heat–health guidance.  
Purpose  
To systematically synthesise extreme nighttime temperature thresholds across studies and 
evaluate their alignment with reported health outcomes.  
Methods This PROSPERO-registered review was conducted following PRISMA 2020 
guidelines [2]. Searches were conducted across four databases (PubMed, Scopus, Web of 
Science Core Collection and Science Direct) from inception to August 2025. Studies 
examining extreme nighttime temperature (defined using any metric or threshold or explicitly 
described) were eligible for inclusion, including climatological analyses and studies 
assessing health or comfort outcomes.  
Results  
Across 163 included studies, thresholds varied substantially. Percentile-based thresholds 
were most common (n = 75, 51.4%), with the 90th percentile being the predominant cut-off 
(n = 45, 60.0%). Absolute thresholds were also widely used (n = 56, 38.4%), with 20 °C 
being the most common cut-off (n = 28, 50.0%). Only nine studies derived outcome-based 
thresholds for the general public, with mortality/morbidity thresholds around 27.5–27.8 °C 
(corresponding to the 68th –78th percentiles) and sleep-related thresholds around 25 °C.  
Discussion Empirically-derived thresholds lie above commonly-used absolute thresholds 
but below the conventional 90th percentile, highlighting a potential misalignment between 
prevailing definitions and observed outcome risks. As such thresholds remain limited and 
context-specific, future research should prioritise outcome-based evaluation of nighttime 
temperatures.  
Keywords: Nocturnal heat, climate-health, warm night, heat exposure, high temperature  
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Introduction  
Whole-body or localised heating can augment acute responses to resistance exercise. 

However, it is unknown whether whole-body heating improves adaptations to long-term 

resistance training.  

Purpose 
We investigated the effects of training in a hot environment on adaptations to resistance 

training. 

Methods 
Eighteen males undertook 10-weeks of full body resistance training three days per week in 

23°C, RH 25% (CON, n=8), or 40°C, RH 30% (HEAT, n=10). Strength, speed, agility, force 

and body composition were assessed at pre-, mid- (week five) and post-intervention. 

Vastus-lateralis biopsies were taken pre- and post-intervention. Gastrointestinal 

temperature and vastus lateralis temperature were measured via ingestible telemetric 

capsule and indwelling thermistor, respectively.  

Results 
Peak gastrointestinal and muscle temperature were not significantly different between CON 

(38.0±0.2°C; 36.0±0.5°C) and HEAT (38.2±0.1°C; 36.8±0.6°C). Leg press 1 RM increased 

similarly in both CON (50.25 ± 13.99 kg, p<0.05) and HEAT (32.75 ± 5.89 kg, p<0.05) while 

bench press 1RM showed no improvement in either group. No improvements were 

observed in sprint time, agility, or peak force in either group. Total body and appendicular 

lean mass increased in CON only by 3.2% and 2.8%, respectively. Upper body lean 

mass increased and lower body lean mass was unchanged, with no differences between 

groups. Type I and Type II muscle fibre cross-sectional areas increased only in CON 

by 27% and 33%, respectively. Myonuclear density increased by 11% only in CON, 

whereas satellite cell content increased similarly in HEAT and CON. Markers of the 

mTOR signalling pathway (total and phospho- Akt, mTOR, p70S6k, 4E-BP1, rpS6) were 

largely similar between HEAT and CON. 

Discussion 
Despite no significant effects on core or muscle temperature, resistance training in a hot 

environment impaired muscle hypertrophy but had no effect on performance adaptations.

Keywords: heat, exercise, muscle, resistance training 
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Introduction Exertional heat stroke can cause acute and long-term visual dysfunction [1, 2]. 
However, ophthalmological responses associated with exhaustive exercise in the heat 
remain unexplored.  

Purpose  
To examine ophthalmological changes during exhaustive exercise in the heat. 

Methods Eleven healthy participants (5 females; age: 27 ± 4 years; maximal aerobic 
capacity: 43 ± 3 ml/kg/min) completed a treadmill load-carriage march in a hot-humid 
environment (35.2 ± 0.2°C, RH = 71 ± 2%). Participants performed repeated 1-h exercise 
bouts interspersed with approximately 30-min rest until volitional exhaustion. Gastrointestinal 
temperature (Tgi) and heart rate (HR) were recorded. Intraocular pressure (IOP), central 
corneal thickness (CCT), corneal endothelial cell density (CD), cell size variation (CV) and 
hexagonality (HEX) were assessed pre-exercise, after the first bout (B1), and upon 
exhaustion.  

Results  
Mean work tolerance was 117 ± 27 min, with mean Tgi and HR reaching 39.3 ± 0.4°C and 
161 ± 17 bpm at exhaustion. Mean IOP across both eyes was 24% higher at exhaustion 
compared to B1 (p=0.044, g=0.79), with a large effect in the right eye (B1: 11.4 ± 3.2 mmHG, 
exhaustion: 14.6 ± 3.6 mmHG, p=0.044, g=0.88). CCT, CD, CV and HEX remained 
unchanged following exhaustive exercise in the heat (all p>0.05).  

Discussion IOP increased after exhaustive exercise in the heat, despite stable corneal 
endothelial morphometry. Elevated IOP increases mechanical stress on optic nerves and 
lowers optical perfusion [3], predisposing individuals to visual impairments. This underscores 
the importance of elucidating the mechanisms underlying IOP increase following exertional 
heat exhaustion and their implications for visual function.  

Keywords: Exertional heat stroke, hyperthermia, tonometry, intraocular pressure, visual 
impairment  
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Introduction: Nitric oxide synthase (NOS) is a crucial mediator of cutaneous vasodilation 
during local skin heating [1]. We recently reported that pharmacological activation of transient 
receptor potential vanilloid 3 (TRPV3) channels mediates cutaneous vasodilation via NOS-
dependent mechanisms [2]. However, it is unclear whether this channel mediates cutaneous 
vasodilation during local skin heating via activating NOS. 

Purpose: The aim of the present study was to test the hypothesis that TRPV3 channels 
contribute to cutaneous vasodilation during local heating via NOS-dependent mechanisms. 

Method: Participants were eleven healthy young adults (5 females). Cutaneous vascular 
conductance (CVC) was assessed at four forearm sites treated with: 1) 5% DMSO (vehicle 
control), 2) 10 mM TRPV3 74a, a TRPV3 channel antagonist, 3) 20 mM L-NAME, a 
nonselective NOS inhibitor, or 4) combination of both. Local skin temperature at each site was 
increased from 28°C to 42°C (1°C/5 min), with inhibitors/blockers administered intradermally 
via microdialysis. 

Results: From 35°C to 42°C, CVC at the TRPV3 74a treated site was lower than vehicle control 
site (all P < 0.005). L-NAME alone (≥ 35°C) and combination of TRPV3 74a and L-NAME (≥ 
36°C) reduced CVC relative to the vehicle control site (all P < 0.042), with no difference 
between these two sites (all P > 0.468). 

Discussion: TRPV3 channels contribute to cutaneous vasodilation during local skin heating, 
and this response appears to be mediated via NOS pathway. Future studies are warranted to 
examine whether TRPV3 channels also modulate cutaneous vasodilation during whole-body 
heating. 
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Introduction: In hot environments, lowering inspired air temperature throughout exercise 
attenuates increases in core temperature [1, 2]. However, whether inhaling cooled air limited 
to rest intervals during intermittent exercise mitigates core temperature elevations remains 
unclear.  

Purpose: To test the hypothesis that during intermittent exercise in the heat, inter-exercise 
cooled air inhalation would alleviate elevations in core temperature, with greater effects at 
lower generated air temperatures.  

Method: Thirty-one males participated one of three experiments conducted using different 
cooling devices, generating air temperatures of 13.5°C (study 1: n = 9), 1.7°C (study 2: n = 
11), and –10.4°C (study 3: n = 11). Participants performed moderate-intensity (60% of peak 
oxygen uptake) intermittent exercise (eight sets of 5-min exercise + 3-min rest) in the heat 
(35°C, 50% relative humidity). During each rest period, participants inhaled either ambient air 
(35°C, control trial) or cold air as described above (cold-air trial).  

Results: In study 1, inspired air temperature in the cold-air trial achieved ~26°C, and 
esophageal (core) temperature increased similarly in control and cold-air trials. In studies 2 
and 3, the inspired cold air temperature was ~14°C, and esophageal temperature was lower 
in the cold-air trial compared to the control trial.  

Discussion: Our cooling device was capable of generating substantially cold air; however, 
under the present experimental configuration, the reduction in inspired air temperature may 
be limited. Nevertheless, inhalation of cold air (~14°C), but not cool air (~26°C), during inter-
exercise may be an effective strategy to mitigate hyperthermia during prolonged intermittent 
exercise in the heat. 

(250/250 words) 

Key words: Airway temperature, Exercise performance, Heat stroke, Internal cooling, 
Occupational safety 
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Introduction: Maintaining inhibitory control under heat stress is critical for individuals 
required to respond rapidly and accurately in thermally demanding settings. Although heat 
exposure is generally associated with cognitive impairment, recent evidence suggests that 
moderate-intensity exercise in the heat may preserve inhibitory control better than passive 
heat exposure alone. Whether this effect changes over time and differs across exercise 
intensities remains unclear.  

Purpose: 
This study compares the time course of inhibitory control during passive heat exposure and 
low- or moderate-intensity cycling in the heat, and its association with prefrontal 
hemodynamic responses. 

 Method: Twenty healthy adults will complete three randomized crossover visits involving 
passive heat exposure, low-intensity cycling in the heat, and moderate-intensity cycling in 
the heat. Each 40-min session will include Flanker assessments every 8 min and continuous 
monitoring of prefrontal hemodynamics with fNIRS. Outcomes will include reaction time, 
accuracy, an integrated efficiency index, heart rate, and thermal strain indicators.  

Results: Data collection is ongoing. Statistical analyses will examine condition-by-time 
differences in cognitive performance and prefrontal hemodynamic responses.  

Discussion: This study may provide practical insight into how long inhibitory control can be 
sustained during work or exercise in hot environments. The findings may help inform heat-
management and task-allocation strategies for populations such as firefighters, motorsport 
personnel, and other workers who must maintain rapid and accurate responses under 
thermal stress. 
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Introduction: Sports governing bodies around the world implement environmental heat stress 
mitigation policies to safeguard athlete health. However, to date there have been limited 
observations of the real-world implementation of these policies in professional settings. 

Purpose: This study observed the real-world implementation of a heat stress mitigation policy 
in a men’s and women’s professional football league. 

Methods: Heat stress policy implementation was observed in 11 men’s and 13 women’s 
matches over the 2024-25 season. Ambient temperature, relative humidity, black-globe 
temperature, wind speed and wet-bulb globe temperature (WBGT) (Kestrel 5400 series, 
Nielsen- Kellerman, Pennsylvania) were recorded pitch-side by the research team 30 min prior 
to kick off, at kick off, at the start and end of half-time, and full time. Pitch-side ambient 
temperature and WBGT were compared with measurements collected by competition officials 
and published online at the conclusion of matches.  

Results: Pitch-side ambient temperature collected by the research team was 1.4±1.6°C 
higher (P=0.274) and WBGT was 2.0±1.6°C higher (P=0.028) than official competition 
measurements across the 24 matches.  Based on the environmental conditions measured 
by competition officials, cooling breaks were implemented in seven matches. In contrast, 
based on pitch-side measurements by the research team, cooling breaks could have been 
implemented in an additional three matches. 

Discussion: Challenges associated with accurate assessment of hyper-local environmental 
heat stress impaired the effective implementation of a heat stress mitigation policy in 
professional football.  Further research should explore the barriers, facilitators and enablers 
for effective implementation of heat stress policies in professional sports settings. 

Keywords: Heat illness, heat stress, hydration, cooling breaks. 
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Introduction 
Cold and ice-based beverages are practical strategies to attenuate heat strain. While their 
physiological and perceptual benefits during heat exposure are well-established, their 
effects on performance and safety outcomes remain elusive. 

Purpose 
To systematically assess the impacts of cold and ice-based beverage ingestion, beyond 
known physiological and perceptual outcomes. 

Methods 
A registered, PRISMA-guided systematic review searched four databases for human RCTs 
comparing ingested fluids at differing temperatures and/or forms during heat exposure. 

Results 
Fifty-seven studies met the inclusion criteria, with five reporting novel outcomes. Such 
outcomes included psychomotor performance, risk-taking behavior, and gait. One study 
reported similar reaction and response times between ice slurry and control during 
simulated taekwondo combat [1]. In separate studies, ice slurry reduced risk-taking 
behavior in healthcare workers [2], and step width variability during treadmill walking, 
indicative of improved gait stability [3]. Some studies also reported higher end-exercise 
body core temperatures (Tc) with ice slurry than control [4, 5]. 

Discussion 
Evidence on fluid ingestion for cooling has broadened to encompass performance- and 
safety-related outcomes. Findings suggest limited enhancement of psychomotor 
performance with ice slurry, which might reflect insufficient thermal strain elicited by the 
exercise protocol for performance benefits to manifest. Safety-related findings, including 
lowered risk-taking behavior and enhanced gait stability, highlight the role of ice slurry in 
accident and injury prevention. However, elevated end-exercise Tc with ice slurry may be 
caused by cooler thermal sensation facilitating greater work output, raising safety concerns 
if physiological limits are exceeded. Given limited studies investigating these measures, 
further research is needed to clarify these effects and their underlying mechanisms. 
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Introduction 
Intermittent team sports such as Ultimate Frisbee impose substantial thermal load, 
increasing athletes’ thermal strain and risk of exertional heat illness [1]. While ice slurry 
ingestion is an effective per-cooling strategy during prolonged continuous exercise, its 
efficacy when consumed ad libitum in intermittent field-based exercise remains 
unclear [2]. 

Purpose 
To investigate the effects of ad libitum ice slurry ingestion on thermal and 
cardiovascular strain during elite-level Ultimate Frisbee training. 

Methods 
Eleven elite Ultimate Frisbee athletes (5 females; 264years) completed two 
randomised crossover training sessions ingesting a sports drink ad libitum as ice slurry 
(ICE) or ambient drink (AMB). Core temperature (Tc), heart rate (HR), relative humidity 
(RH), dry bulb temperature (Tdb), fluid intake, and body mass were recorded; estimated 
sweat loss was calculated from body mass loss and fluid intake. 

Results 
Environmental conditions were hot and moderately humid (Tdb: 32.5±0.9°C, RH: 
45±8%) across both sessions. Both mean and maximum values of Tc and HR, and 
rate of Tc change were comparable between conditions (all p>0.05). Mean fluid intake 
was lower during ICE compared to AMB (1.5±0.5L vs. 2.2±0.7L, p<0.05). However, 
mean estimated sweat loss did not differ between conditions (p>0.05). 

Discussion 
The comparable Tc and HR responses, alongside similar estimated sweat loss between 
conditions, indicate that ice slurry ingestion permitted lower fluid intake without compromising 
thermal or cardiovascular strain. The greater cooling capacity of ice slurry likely helped 
maintain thermophysiological responses despite reduced fluid intake. These findings support 
per-cooling ice slurry ingestion as a practical cooling strategy during intermittent exercise in 
the heat. 

mailto:chloec@nus.edu.sg


Keywords: Hyperthermia, Intermittent Sport, Sports Drink, Cooling, Thermoregulation 

References 
[1] Henderson, Mitchell J., et al. ‘Core Body Temperatures in Intermittent Sports:

A Systematic Review’. Sports Medicine, vol. 53, no. 11, Nov. 2023, pp. 2147–
70. Springer Link, https://doi.org/10.1007/s40279-023-01892-3.

[2] Stevens, Christopher John, et al. ‘Ice Slurry Ingestion during Cycling Improves
Olympic Distance Triathlon Performance in the Heat’. Journal of Sports
Sciences, vol. 31, no. 12, Aug. 2013, pp. 1271–79. DOI.org (Crossref),
https://doi.org/10.1080/02640414.2013.779740.



AB92 

Hydration Status during Simulated Half- and Full Topical Marathon Runners 
Ben Pongkanpai1, Rungchai Chaunchaiyakul1, Sonchai Ponlasen1, Chen Pei-Ni 2, Brendon H. 
Roxburgh3, 4, and James D. Cotter3, 4, Kunanya Masodsai 1,5*

1 Faculty of Sports Science, Chulalongkorn University, Bangkok, Thailand, 
Ben.Po@chula.ac.th, gmrungchai@gmail.com, mai_wawa@hotmail.com 

2 Physical Education Section, Chien Hsin University of Science and Technology, Taoyuan, 
Taiwan, chen172@uch.edu.tw 

3 School of Physical Education, Sport and Exercise Sciences, University of Otago, Dunedin, 
New Zealand, brendon.roxburgh@otago.ac.nz, jim.cotter@otago.ac.nz 

4 Heart Otago, University of Otago, Dunedin, New Zealand
5 Center of Excellence in Exercise Physiology in Special Population, Chulalongkorn 

University, Bangkok, Thailand, Kunanya.m@chula.ac.th 

* Corresponding Author:
Kunanya Masodsai, Ph.D.

Faculty of Sports Science, Chulalongkorn University, 
Rama 1 Rd. Wangmai, Pathumwan, Bangkok, Thailand 10330 

Kunanya.m@chula.ac.th

Abstract 
Dehydration during long distance running impairs performance. However, fluid intake during 
marathon sustaining performance and rehydration depend mainly on individual’s behaviors. 
This study aimed to examine the effects of hydration status on physiological, metabolic, and 
performance-related responses during the simulated half and full marathon running. 
Participants were categorized into four groups by 2% of body mass losses: dehydrated half-
marathon (DH21, n=46), well-hydrated half-marathon (WH21, n=36), dehydrated marathon 
(DH42, n=36), and well-hydrated marathon (WH42, n=18). Water and sport drinks were freely 
provided and recorded at 1-km station along the simulated running track. Anthropometric, 
cardiovascular, and biochemical variables were assessed at rest and post-exercise. 
Dehydration is detected in 56% (46/82 subjects,) and 66% (36/54 subjects) half- and full 
marathon, respectively. Dehydrated groups significantly exhibit the largest body mass (BM) 
losses (DH21 -3.19%; WH21 -1.05%; DH42 -4.34%, WH42 -1.12%) than its counterpart. Total 
fluid and water intake in WH42 is higher than DH42 whereas those in DH21 and WH21 
remained the same, and no significant difference of sports drink among the groups. Even 
under ad libitum condition, greater negative water replacements are detected, in DH21 (BM 
loss -2.12±0.11 kg, 500 ml fluid intake), DH42 kg (BM loss -2.74±0.20 kg, 1,500 ml fluid intake) 
and minor in WH21 group (BM loss -0.71±0.09 kg, 500 ml fluid intake). Whilst WH42 shows 
positive water replacement (smaller BM loss -0.70±0.12 kg, 2,000 ml fluid intake). More than 
half of runners presented dehydration even though fluid intake was ~1500 ml. Weight loss 
unavoidably appears even in well-hydrated runners. 
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Introduction: Ingestion of carbohydrate beverages over a short period (e.g., 30 min) 
enhances fluid retention (e.g., reduced urinary output) compared with water at rest [1], with 
greater effects reported for slowly absorbed carbohydrates such as isomaltulose [2, 3]. 
However, it remains unclear whether carbohydrate effects are preserved when ingested in a 
metered manner over an extended period. 

Purpose: We compared the hydration efficacy of fast- and slow-absorption carbohydrate 
beverages when drinks were ingested over 2 hours. 

Method: In a randomized, double-blind, crossover design, 16 healthy young adults (4 women) 
ingested either 1 L of water (CON), a mixture of 3.25% glucose and 3.25% fructose (G+F), or 
6.5% isomaltulose (ISO) over 2 hours (250 ml every 30-min). Hydration responses were 
assessed during ingestion and for an additional 2 hours. 

Results: Carbohydrate beverages increased blood glucose during the 2-hour ingestion 
period, with a greater response in G+F than in ISO (all P Ò 0.015), reflecting their fast- and 
slow-absorption characteristics. Cumulative urine volume was lower with G+F or ISO than with 
CON, with no difference between carbohydrate beverages over the 4-hour period (all P Ó 
0.183). Plasma osmolality was higher during ingestion with carbohydrate beverages 
compared with CON (all P Ò 0.031).  

Discussion: Metered ingestion of carbohydrateïelectrolyte beverages over 2 hours improved 
fluid retention compared with water, regardless of carbohydrate absorption rate, likely due to 
maintenance of plasma osmolality. Timing and volume of beverage ingestions (e.g., metered 
or bolus) may affect carbohydrate absorption rate-specific effects on hydration efficacy. 
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Introduction: Coffee is a major dietary source of caffeine and may influence metabolic 
responses during exercise without impairing thermoregulation in hot environments [1,2]. 
However, most studies examine isolated caffeine supplementation rather than coffee 
consumption, and finger-prick capillary blood sampling remains underutilised for monitoring 
metabolic responses during exercise in the heat [3].  

Purpose: To examine the effects of caffeinated (CAF) and decaffeinated (DECAF) coffee 
on thermoregulatory responses and metabolic blood markers during moderate-intensity 
exercise in the heat, with metabolic markers measured using repeated finger-prick 
sampling. 

Method: Seventeen moderately active women (25.5 ± 3.6 years) completed a double-blind 
randomised crossover trial involving ingesting CAF and DECAF coffee. After ingestion, 
participants performed 30 min of brisk walking at 60% heart rate reserve in a climate-
controlled chamber (30°C, 70% RH). Finger-prick capillary blood samples were collected at 
baseline, post-ingestion, post-exercise, and 10 min post-exercise to measure cholesterol, 
glucose, lactate, and triglycerides.  

Results: Thermoregulatory responses did not differ between CAF and DECAF trials (p > 
0.05). Cholesterol and glucose levels were similar. However, lactate (p = 0.014) and 
triglyceride levels (p = 0.002) differed significantly.  

Discussion: CAF coffee did not impair thermoregulation during moderate-intensity walking 
in the heat. However, differences in lactate and triglyceride levels suggest that CAF coffee 
may influence metabolic responses during exercise, potentially through altered substrate 
utilisation and lipid mobilisation [4,5]. Repeated finger-prick sampling enabled metabolic 
responses to be monitored and may offer a practical minimally invasive approach for 
metabolic assessment in exercise-heat studies.  

Keywords: caffeine, finger-prick blood sampling, thermoregulation, exercise in heat, 
metabolic responses  
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Wired versus wireless sensors: Agreement for measuring mean weighted skin 
temperature during passive thermal stress 

Eric E. Corrêa Rodrigues1, Nathan E. Bartman1, Toby Mündel1 
1Department of Kinesiology, Brock University, St. Catharines, ON, Canada 

*Correspondence: tmundel@brocku.ca

Introduction: Skin temperature is widely used in science and is especially relevant for 
thermal physiology research, yet various temperature measurement technologies exist 
with unclear agreement among them[1]. Both wired and wireless sensors are commonly 
used, but their interchangeability during mild thermal stress remains unclear. 

Purpose: This study assessed agreement between two wireless technologies [iButtons 
(12 sites) and eTemp wireless sensors (12 sites)] and wired thermocouples (7 sites) for 
measuring skin temperature and calculating mean weighted skin temperature (Tmws) 
during passive exposure to varying ambient temperatures. 

Method: Twelve participants stood in an environmental chamber (50% relative humidity) for 
100 minutes: baseline moderate (23°C, 10 minutes), then warm (30°C), cool (18°C), 
and return to moderate (23°C, each 30 minutes). Skin temperatures were recorded 
simultaneously at every minute using all three sensor types at multiple body sites. Tmws was 
calculated using the Ramanathan 4-site formula[2]. Agreement was assessed using mean 
bias, mean absolute error (MAE), and root mean squared error (RMSE). 

Results: Mean bias was 0.99–1.08°C between wireless sensors and thermocouples, 
with MAE of 1.24°C and RMSE of 1.73–1.75°C, with only 31% of measurements within 
0.5°C. When calculating Tmws, mean bias was 1.00–1.04°C for wireless-thermocouple 
comparisons, with corresponding MAE of 1.01–1.09°C and RMSE of 1.18–1.33°C. 

Discussion: Thermocouples showed persistent bias versus wireless sensors, 
suggesting researchers should exercise caution when performing wired-wireless 
comparisons.  

Keywords: skin temperature, thermometry, iButton, eTemp, thermocouple 
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Stakeholders’ perceptions of sensor-integrated smart garments in elite sports: 
benefits, barriers and adoption 

Introduction: Sensor-integrated smart garments enable real-time physiological monitoring 
while offering a less obtrusive and ergonomically designed alternative to conventional 
wearable devices. However, their adoption in elite sports appears limited [1]. 

Purpose: To examine stakeholders’ perceptions of the benefits, barriers and adoption 
potential of sensor-integrated smart garments in elite sports. 

Methods: Between May and August 2026, a cross-sectional survey was conducted across 
three stakeholder groups: (i) athletes, (ii) support staff (coaches, sports scientists, and 
researchers), and (iii) textile and wearable technology manufacturers. The survey assessed 
perceived value, barriers to adoption, functional integration, measurement quality, and user 
experience using Likert-scale (1-7), multiple-choice, and ranking questions. Between-group 
differences were analysed using Kruskal-Wallis and chi-squared tests, supported by 
descriptive and frequency analysis. 

Results: A total of 130 responses were received (43 athletes, 68 support staff, 19 
manufacturers). Interest differed between stakeholder groups (p = 0.039), with athletes 
reporting lower interest (mean score = 2.2/7, 1 = ‘not at all interested’ to 7 = ‘extremely 
interested’) than support staff (5.4/7) and manufacturers (5.0/7). Most respondents (63.2%) 
indicated a preference for using smart garments over conventional wearables, perceived 
greater value in their use and anticipated increased use of these technologies in elite sports. 
The most frequently reported barriers to adoption were comfort (83.3%) and data accuracy 
(76.5%). 

Conclusion: Stakeholders generally reported positive perceptions of sensor-integrated smart 
garments and their potential application in elite sports. However, comfort and data accuracy 
remain important barriers to adoption. Addressing these challenges may support the wider 
implementation of smart garment technologies in elite sport. 

Keywords: smart garments, stakeholder perceptions, elite sports, wearable technologies 
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THERMO-CARE: Cost-Effective Interventions to Improve Heat Resilience of 
Healthcare Staff in Hospitals in the United Kingdom 
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Introduction: Heatwaves are increasing in frequency and intensity in the United 
Kingdom (UK), yet many hospitals have limited cooling capacity, creating risks to 
healthcare staff wellbeing, performance, and patient safety [1, 2]. Implementation of 
national guidance on heatwave response is variable and the evidence base for sustainable, 
staff-centred mitigation remains limited [2]. 
Purpose: THERMO-CARE aims to co-design and evaluate sustainable, user-
centred interventions to strengthen the heat resilience of healthcare staff across diverse UK 
hospitals. 
Using multidisciplinary expertise, this project is developing preliminary evidence in support 
of three objectives: (i) conduct pilot heatwave readiness assessments in selected hospitals 
using systems-based frameworks (AcciMap); (ii) co-design programme theories for 
equitable staff-centred cooling interventions; (iii) identify candidate outcomes and 
evaluation methods for cost-effectiveness and environmental impact analyses. 
Methods: THERMO-CARE integrates consultative roundtables, systems analysis 
of overheating risks, participatory co-design workshops with healthcare staff, and 
structured evaluation planning to define productivity, health, and safety outcomes.  
Results: Using overheating incidents data from two representative hospitals, 
preliminary results indicate incidents cluster during warmer periods, are frequently 
identified through monitoring and staff vigilance, and are managed through local adaptive 
responses. Yet, the recurrence of similar incidents within and across heat seasons suggests 
that, while detection and response mechanisms are active, sustained periods of heat can 
exceed the stabilising capacity of existing environmental controls in some settings.  
Discussion: This preliminary phase is supporting the development of critical evidence 
and frameworks to inform an equitable, scalable, and low-carbon strategy for protecting 
healthcare staff during extreme heat in UK hospitals. 

Word Count: 249/250 

Keywords: heatwaves, hospital overheating, occupational heat stress, systems analysis, 
co-design 
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The Cumulative Effects of Three Consecutive Days of Simulated Occupational Heat 
Stress on Physiological Strain and Physical and Cognitive Performance in Young 

Adults  
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Introduction: Workers often complete long shifts over consecutive days in hot 
environments [1–2], but it is unclear whether there is a cumulative impact on health and 
performance, which should be considered in occupational heat stress guidance.  

Purpose: To quantify whether physiological strain increases, and physical and cognitive 
performance decline across three consecutive days of simulated occupational heat stress 
using established work-rest guidance.  

Method: Twenty physically active young adults (5-females) completed two 3-day 
randomized crossover trials. Each day comprised a 30-min seated baseline followed by ~8 h 
of moderate-intensity work (30-min work: 30-min rest). Trials differed only by environment: 
hot (35°C, 63%RH; 31°C WBGT) or control (18°C, 53%RH; 14°C WBGT). Body core 
temperature, heart rate, physical and cognitive performance were assessed at start-of-shift 
and end-of-shift daily. Participants wore a T-shirt, shorts and running shoes, and consumed 
water ad libitum.  

Results: End-of-shift core temperature and heart rate were higher in the hot versus control 
across days (p≤.001), with no cumulative (day-to-day) increases in either condition (p≥.182). 
Physical and cognitive performance were not negatively impacted by condition or day.  

Discussion: When performing cycles of moderate-intensity work and rest in a hot-humid 
environment over three days, physiological strain and physical and cognitive performance 
did not progressively worsen in physically active young adults. This suggests that 
occupational heat-stress guidance may not need to consider cumulative impacts of work in 
the heat under select conditions while wearing athletic clothing with ad libitum water access, 
although larger confirmatory studies are needed in broader populations and conditions.  

Keywords: Heat strain, Industrial, Work, Occupational Physiology
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Introduction: Heat exposure during a workday can increase the risk of heat-related 
illnesses and occupational accidents [1]. However, few field studies have quantified the 
effect of heat on the physiological responses during a typical workday, particularly through 
direct comparisons between warm and temperate workdays [2]. 

Purpose: This study aimed to quantify the impact of a warm day on the physiological 
responses of outdoor construction workers. 

Methods: Eighteen male (34±10 years) construction workers from various trades 
completed a full workday during warm (dry temperature: 25.2±1.4°C, relative humidity: 73.1
±5.7%, WBGT: 21.5±1.6°C) and temperate (dry temperature: 18.3±2.0°C, relative humidity: 
52.5±13.1%, WBGT: 14.0±2.1°C) summer days. Total workday energy expenditure was 
estimated by work-tasks documentation. Gastrointestinal temperature and heart rate were 
measured continuously. Hydration status was estimated from changes in nude body mass. 

Results: Total workday energy expenditure was similar during warm and temperate days 
(-184 Kcal [-429, 60], p=0.13). Mean and peak gastrointestinal temperatures throughout the 
workday was greater (0.14°C [0.03, 0.24], p<0.01) and (0.18°C [0.01, 0.36], p<0.05) during 
the warm compared with temperate days), respectively. However, mean and peak heart 
rate were similar between warm and temperate days, (4 bpm [-5, 14], p=0.36) and 
(12 bpm [-3, 26], p=0.35), respectively. The relative change in nude body mass was similar 
between the warm and temperate days (-0.4 % [-1.0, 0.1], p=0.12). 

Discussion: Compared to a temperate workday, a typical work shift on a warm day 
increased thermal strain (by ~0.14°C), but fluid and cardiac strain were similar among 
outdoor construction workers. 

Keywords: Thermal stress, Occupational health, Construction workers, Body core 
temperature 
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Introduction: The personal and occupational factors contributing to elevated core 
temperature in construction workers in the summer are unclear. 

Purpose: To identify factors associated with hyperthermia in construction workers. 

Method: Data were collected from 182 workers (39 ± 11 y; 7 females) over one work shift. 
Initial independent variables were age, sex, race, ethnicity, body mass index, mean arterial 
pressure (MAP), pre- and post-shift urine specific gravity (USG), peak wet bulb globe 
temperature (WBGT), and intense work duration (% workday). The dependent variable was 
core temperature estimated (ECTemp) from continuous heart rate (HR). Analyses included 
bivariate correlations, Functional Generalized Additive Models (FGAM) and Functional 
Logistic Regression, which accounted for the dependence of ECTemp on HR. 

Results: ECTemp was positively correlated with intense work duration (r = 0.67, p < 0.0001) 
and peak WBGT (r = 0.20, p = 0.009) and inversely correlated with age (r = -0.27, p < 0.001). 
The FGAM showed strong model fit (adjusted R² = 0.87), with significant nonlinear effects for 
intense work duration (F = 6.45, p < 0.001). The logistic regression model was significant 
(χ²(11) = 103.5, p < 0.0001). Hyperthermia odds increased 6% per 1% increase in intense 
work duration (OR = 1.06 [0.998–1.13]) and were 2.2x higher with greater post-shift USG (OR 
= 2.23[0.96–5.8]), whereas BMI was inversely associated with hyperthermia risk (OR = 
0.87[0.74–1.00]). 

Discussion: Intense work duration was consistently associated with higher ECTemp. 
Occupational factors are key to managing hyperthermia risk in construction. 

Keywords: Occupational heat stress, Hyperthermia, Construction workers 
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Introduction: Sleep is a vital process for the body and the brain, accounting for 30% of our 
daily 24-hour cycle [1]. Environmental changes, such as hypoxia and microgravity, can disrupt 
sleep, particularly reducing the time spent in N3 and REM sleep stages and leading to periodic 
breathing and more frequent apnoeas [2, 3]. As space travel is expected to become more 
common and longer, including anticipated missions to Mars, it is crucial to understand how 
conditions such as hypoxia and microgravity interfere with sleep during long-duration space 
missions [4]. 

Purpose: The objectives of the study were to assess the effects of microgravity exposure and 
hypoxia on overall sleep quality and to investigate whether different exercise interventions 
(horizontal resistive vibration exercise; HRVE, and horizontal resistive vibration exercise with 
artificial gravity; HRVE+AG) would attenuate the effects of these conditions on sleep quality. 

Method: Male participants (N=24) underwent a 90-day study comprising three phases: a 15-
day baseline, a 60-day 6° head-down tilt hypoxic bed rest period (HRVE, HRVE+AG, or control 
group), and a 15-day recovery phase. Participants underwent sleep recordings to monitor 
sleep stages and breathing (polysomnography; PSG) at baseline and at the start, halfway, 
and end of the bedrest period. 

Results: Hypoxic exposure significantly increased apnoea events and reduced minimal blood 
oxygen saturation. Sleep efficiency and N2/N3 percentages remained stable, with high inter-
individual variability.  

Discussion: Findings indicate that hypoxia primarily affects respiratory stability without altering 
overall sleep macrostructure. The exercise interventions were insufficient to improve 
breathing, and individual variability requires further exploration. 

Keywords: microgravity, hypoxia, sleep 
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Introduction 
Long-duration spaceflight induces profound musculoskeletal and sensorimotor deconditioning 
due to microgravity [1]. Exercise countermeasures remain essential; however, current in-flight 
systems lack a head-to-foot gravitational vector. Artificial-gravity (AG), delivered via 
centrifugation, has been proposed as a comprehensive countermeasure, yet evidence 
regarding its long-term feasibility, tolerability, and adherence during chronic exposure remains 
limited [2], [3]. 

Purpose 
This study evaluated whether a structured exercise protocol combining artificial gravity with 
resistive vibration exercise (AGRVE), compared with horizontal resistive vibration exercise 
(HRVE), can be safely implemented with high adherence and tolerability during 60 days of 
hypoxic head-down tilt bed-rest. 

Method 
Sixteen male participants completed a 60-day 6° head-down tilt bed-rest intervention under 
normobaric hypoxia (FIO₂ = 0.14). Participants were allocated to AGRVE (n = 8) or HRVE (n 
= 8) and performed identical 30-min resistance-vibration exercise sessions 5 days a week at 
light and moderate intensities. Training adherence, motion sickness, delayed-onset muscle 
soreness (DOMS), and eight-repetition maximum (8RM) strength were assessed throughout 
the intervention. 

Results 
Training adherence was high in both groups (AGRVE: 96.3%; HRVE: 98.5%). Motion sickness 
occurred only in the AGRVE group and declined significantly across repeated exposures (p < 
0.001). DOMS remained low in both groups (typically 0–3/10). Both groups demonstrated 
significant improvements in 8RM strength (p < 0.001), with no between-group differences. 

Discussion 
Structured resistive-vibration exercise, with or without artificial gravity, can be reliably 
implemented during prolonged hypoxic bed rest. These findings provide critical operational 
evidence supporting the feasibility of progressive AG-based exercise protocols for future long-
duration spaceflight countermeasures. 

Keywords: artificial gravity, bed rest, resistive vibration exercise, hypoxia, countermeasures 
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Introduction: Current exercise on the International Space Station does not fully prevent 
muscle and bone loss. The European Space Agency is therefore investigating whether 
exercise performed in artificial gravity could enhance training outcomes using the 6° head-
down tilt bed rest model.  

Aim: To evaluate infrared thermography (IRT) as a tool for detecting exercise-induced 
musculoskeletal injury during bed rest and exercise countermeasures.  

Method: Twenty-four healthy male participants completed a 60-day hypoxic 6° head-down 
tilt bed rest campaign and were allocated to control, horizontal resistive vibration exercise 
(HRVE), or artificial gravity resistive vibration exercise (AGRVE) groups. Physiotherapy was 
delivered at regular intervals and on request. Infrared thermographic images were collected 
at baseline in the standing position, daily during bed rest, and throughout recovery. Regions 
of interest included the skin overlying the vastus medialis and vastus lateralis, previously 
identified as highly active during resistive vibration exercise. Longitudinal temperature 
changes were analysed using mixed-effects models, and Hedges’ g effect sizes were 
calculated.  

Results: The control group reported immobilization-related muscle pain, increased neck and 
back tension, and trigger points in postural muscles. Exercise groups experienced similar 
tension alongside additional lower-limb soreness from training. Physiotherapy targeting the 
quadratus lumborum, paravertebral and trapezius muscles, together with the quadriceps and 
calf muscles, reduced pain and improved recovery. IRT successfully identified problematic 
regions, enabling timely initiation of physiotherapy and improved training continuity.  

Discussion: IRT detected delayed onset muscle soreness and demonstrated potential as a 
non-invasive monitoring tool for musculoskeletal adaptations relevant to spaceflight 
countermeasure development.  
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Non-linear rectal temperature response to cold water immersion in exertional 
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Introduction: Cold water immersion (CWI) is the gold standard treatment for EHS. Although 
a non-linear core temperature response during CWI has been suggested, high resolution 
rectal temperature (Trec) data during treatment are limited.  

Purpose: To examine the Trec response during CWI treatment using continuous 
measurements, and to assess potential sex differences.    

Method: We included n=31 recreational athletes (26% female) with EHS during Dutch running 
events treated with CWI. After admission to the medical facilities, clothing was removed and 
a Trec probe was inserted before immersion in an ice bath (4.6±1.6°C). Trec was continuously 
measured throughout treatment at 10-sec intervals, and treatment was continued until 
Trec≤38.9°C. 

Results: Initial Trec and peak Trec during treatment were 41.5±0.5°C and 41.7±0.6°C, with no 
sex differences(p=0.08 and p=0.22, respectively). Average cooling rate was 0.14±0.06°C/min 
and did not differ between sexes(p=0.31). A non-linear Trec response was found during CWI 
treatment, with a lower cooling rate in the first five minutes (0.09±0.10°C/min) compared to 
the remainder of treatment (0.19±0.07°C/min, p<0.001). Average time till peak Trec was 49±62 
seconds and in n=4 participants Trec was higher than  initial Trec after 5 min of CWI. Average 
time until Trec dropped below initial Trec was 153±126 seconds. No sex differences were 
observed in Trec response characteristics(p>0.05). 

Discussion: High-resolution Trec data collected during CWI in EHS patients confirmed a 
non-linear response, with notably lower cooling rates in the first five minutes. This non-linear 
response might be explained by the excessive residual heat load in active muscles after 
cessation of exercise. 

Keywords: Excessive hyperthermia, exercise, heat-illness, ice bath cooling, thermoregulation 
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Introduction 

Combining high-intensity interval exercise (HIIE) with hot water immersion (HWI) may 
augment cardiovascular outcomes, as HIIE provides cardiovascular and metabolic stimuli, 
while HWI promotes blood pressure (BP) reductions [1]. 

Purpose 

To compare thermal and cardiovascular responses to 30-min HIIE plus 30-min HWI (41˚C; 
ExHWI) with 30-min HIIE plus 30-min thermoneutral WI (35˚C; ExTWI), and 60-min time-
matched HWI (HWI60). 

Methods 

Twelve healthy adults completed each comparison. HIIE involved 5x1-min intervals at 100% 
Wmax (277±63W). WI was waist level during 30-60-min of HWI60 and measurements, and 
neck-level otherwise. Cardiac haemodynamics, rectal temperature (Tre), heart rate (HR) and 
BP were compared with linear mixed models. Area under the curve (AUC) was calculated to 
quantify total cumulative strain. 

Results 

ExHWI elicited a greater HR (15075±1278 beats) than ExTWI (13644±1132 beats; p<.001) 
and HWI60 (11921±1407 beats over 60 min; p<.001). Tre was similar across ExHWI (5655±25 
˚C·min) and HWI60 (5647±25 ˚C·min, p=.622), and lower in ExTWI (5602±32 ̊ C·min; p<.001). 
Exercise drove similar cardiac output increases across ExHWI (27.2±7.3 L up to 40-min post) 
and ExTWI (25.4±5.4 L; p=.216), with less increase in HWI60 (21.7±4.8 L; p=.004) and 
minimal stroke volume differences (condition: p≥.473). ExHWI and HWI60 produced greater 



diastolic BP reductions (∆25±9 and ∆23±7 mmHg) than ExTWI (∆18±8 mmHg; p=.003) at end-
immersion. Systolic BP rose immediately-post ExTWI (∆15±8 mmHg; p=.017).  

Discussion 

ExHWI induced the highest integrated thermal-cardiovascular strain, while ExTWI elicited a 
weaker response. HWI60 provided a comparable thermal stimulus to ExHWI, with lower 
cardiac strain. Thus, HWI60 may provide an alternative thermal stimulus, albeit with lower 
metabolic stimuli.  
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Introduction 
The human spleen acts as a dynamic reservoir of erythrocytes and may contribute to 
oxygen boosting during apnea through contraction-induced increases in circulating 
hemoglobin ([Hb]; [1]). Increased [Hb] has been demonstrated during static [1, 2] and 
dynamic apneas [3]; Exercise alone also induces spleen contraction and elevates 
circulating erythrocytes [4], so superimposing exercise on apnea may augment the 
spleen-mediated Hb response. Only one study has directly compared static and 
dynamic apneas within the same individuals to determine whether exercise enhances 
the apnea-induced spleen contraction. 

Purpose 
To reveal if the Hb-increase from spleen contraction is enhanced with exercise added 
to the apnea.  

Method 
Twenty-five trained freedivers, following a 10-min prone rest, underwent static apneas 
(1, 2 and 3 min) with facial immersion in cold water in a laboratory setting, with 2-min 
rest between apneas. On a separate day, after 10-min resting immersion, the same 
participants performed dynamic apneas in a pool (25m, 50m, 75m and 100m) using 
bifins, with 5-min rest between dives. Capillary [Hb] was measured in duplicate before 
and after apnea/dives. 

Results 
Baseline [Hb] did not differ between conditions. Across apneas, mean (SD) [Hb] 
increased by 3.1(5.7)g/L (p<0.05). Across dynamic apneas, [Hb] increased by 3.9(5.8) 
g/L after 75 m and by 4.7(7.5) g/L after 100 m (both p<0.01). Absolute post-apnea [Hb] 
was higher after dynamic apneas (142 (11.7)g/L), than after static apneas (138.8 
(11.9)g/L; p<0.05). 

Discussion. 
Dynamic apneas resulted in higher post-apnea [Hb] compared to static apneas, 
suggesting that exercise may augment the spleen-mediated response. 

Key words: spleen, hemoglobin, static apnea, dynamic apnea 
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Introduction: Hyperthermia can increase gastrointestinal permeability [1, 2], allowing 
microbes to leak from the intestinal lumen to the hepatic portal and potentially systemic 
circulation [2]. However, the extent to which sex and menstrual cycle hormones impact the 
risk of increased gastrointestinal permeability during heat stress is unclear.  

Purpose: The primary aim was to investigate the effects of sex and menstrual cycle hormones 
on gastrointestinal permeability during exertional hyperthermia. 

Method: Participants were 24 healthy young adults (12-male, 24±3 years; 12-female, 23±2 
years). The hyperthermia trial involved a +1.5 °C increase in intestinal temperature, induced 
via water-perfused suit, combined with light cycling (40 W). In separated control (rest, no heat) 
and hyperthermia trials, regional gastrointestinal permeability was assessed by measuring the 
urinary excretion of orally ingested lactulose/rhamnose (L/R, 1g each) ratio and sucrose (10g) 
excretion. Data are presented as the change in excretion from control to hyperthermia.  

Results: Pooled analysis of all participants identified that hyperthermia increased small 
intestinal permeability (Δ L/R = 0.012 ± 0.029 ug/ml, p = 0.063). There were no sex differences 
at this group level (p = 0.93). However, we identified a strong positive correlation between Δ 
L/R and baseline estradiol concentration within females (r = 0.95, p < 0.001). 
Stomach/duodenal permeability did not increase with hyperthermia, nor were there any 
differences between the sexes.  

Discussion: Acute exertional hyperthermia caused a modest rise in small intestine 
permeability, where the extent of that rise was strongly correlated with plasma estrogen in 
female participants. Future studies should confirm if estrogen plays an independent role in 
modulating heat-induced gastrointestinal permeability. 

Keywords: Gastrointestinal permeability, Estradiol, Hyperthermia 

References 
[1] Sun, M., Li, Q., Zou, Z., Liu, J., Gu, Z., & Li, L. (2024). The mechanisms behind
heatstroke-induced intestinal damage. Cell Death Discovery, 10(1), 455.
[2] Gathiram, P., Wells, M. T., Brock-Utne, J. G., Wessels, B. C., & Gaffin, S. L. (1987).
Prevention of endotoxaemia by non-absorbable antibiotics in heat stress. Journal of clinical
pathology, 40(11), 1364-1368.

mailto:Shoji.leach@kcl.ac.uk


AB89

Occupational Heat Stress, Sleep Quality, and Adverse Pregnancy Outcomes: 
Evidence from Working Pregnant Women: A cohort study in Tamil Nadu, India 

Rekha Shanmugam1, Raja Maarthi1, Vidhya Venugopal1* 

1Department of Environmental Health Engineering, Sri Ramachandra Institute of Higher 
Education and Research, Chennai-600116, India;  
*Corresponding author email id: vvidhya@ehe.org.in

ABSTRACT 

Introduction: Occupational heat stress is an increasing maternal health concern in 
tropical regions where pregnant women engage in moderate-to-heavy manual labor. Heat 
exposure during pregnancy may induce physiological heat strain(PHS) and disrupt sleep, 
potentially increasing the risk of adverse pregnancy outcomes(APOs). However, 
prospective evidence linking occupational heat exposure, sleep quality 
disturbances(SQDs), and APOs remains limited. 

Purpose: To examine the association between occupational heat exposures, SQD, and 
APOs among working pregnant women. 

Method: A prospective cohort study was conducted among 800 working pregnant women in 
Tamil Nadu, India (2017–2019; 2021–2022). Participants were recruited at 8–14 
weeks' gestation and followed through delivery. Occupational heat exposure was 
assessed each trimester using Wet Bulb Globe Temperature. PHS indicators 
included core body temperature(CBT) and urine specific gravity(USG), measured pre- 
and post-shift. SQDs were assessed using a structured questionnaire. Primary outcomes 
included miscarriage and a composite APO endpoint. 

Results: Overall, 47.3% of women experienced high occupational heat exposure, and 
15.5% reported SQDs. Among heat-exposed women, 17.4% demonstrated elevated CBT 
and 29.6% had moderate dehydration. Heat exposure was associated with 
increased risk of miscarriage(AOR:2.4; 95%CI:1.0–5.7) and any APO(AOR:2.3; 95%
CI:1.4–3.8). Among heat-exposed women, 38% reported concurrent SQDs, and the risk of 
APO was 2.9 times higher among those with both heat exposure and sleep 
disturbance(COR:2.9; 95%CI:1.5–5.6). 

Discussion: Occupational heat stress is associated with PHS and APOs, and SQDs 
may amplify this risk. Workplace heat mitigation strategies and maternal sleep health 
interventions, including prenatal yoga, may help reduce these risks in hot-climate settings. 

Keywords: Occupational heat stress, sleep quality, adverse pregnancy outcomes, 
maternal health, prospective cohort 
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ABSTRACT

Introduction: Rising temperatures pose significant health risks to manual outdoor workers,
such as those in agriculture and brick kilns. Occupational heat stress can cause muscle
damage, indicated by elevated Creatine phosphokinase (CPK) levels, potentially reducing
productivity.

Purpose: To examine gender differences in the effects of occupational heat stress on muscle
damage, grip strength, and productivity among outdoor workers.

Methods: A cross-sectional study was conducted among 266 outdoor workers in Tamil Nadu,
India (2025). Heat stress was assessed using the QuestTemp 3M Wet Bulb Globe
Temperature monitor, core body temperature (CBT), and urine specific gravity (USG) in
accordance with standard protocols. Pre and post-shift serum Creatine phosphokinase (CPK)
levels were measured in a subset (n=74) as a marker of muscle damage. Handgrip strength
was assessed using a Jamar handheld dynamometer, and heat-related productivity loss was
evaluated using the modified & validated HOTHAPS questionnaire.

Results: WBGT exceeded safe limits (AVG±SD:30.8±3.1°C), with higher exposure among
women than men (56% vs 44%). Women exhibited greater physiological strain (CBT, USG),
with 76% compared to 51% of men among heat-exposed workers. Post-shift CPK was
elevated in women (49% vs 24%) and was significantly associated with reduced left (OR:3.0;
95%CI: 1.0–9.8) and right handgrip strength (OR:4.1; 95%CI: 1.0–16.7). Overall productivity
declined by (78% vs 54%), particularly among women.

Discussion: Occupational heat stress impairs muscle function and productivity, with women
disproportionately affected, potentially due to limited access to welfare facilities. Gender-
specific heat mitigation strategies and further research are needed to protect outdoor workers
in hot-climate settings.

Keywords: Occupational heat stress, physiological heat strain, productivity loss, Muscle grip
strength.

References

1. Schlader, Z. J., Davis, M. S., & Bouchama, A. (2022). Biomarkers of heatstroke‑
induced organ injury and repair. Experimental Physiology, 107(10), 1159-
1171.https://doi.org/10.1113/ep090142

2. Venugopal, V., Rekha, S., Manikandan, K., Latha, P. K., Vennila, V., Ganesan, N., &
Chinnadurai, S. J. (2016). Heat stress and inadequate sanitary facilities at workplaces–
an occupational health concern for women?. Global health action, 9(1), 31945.
https://doi.org/10.3402/gha.v9.31945



AB122 

Title: 

Determining the molecular difference between biological men and women following acute 
heat exposure  

Introduction: 

While acute heat stress induces genomic changes in immune cells of young adults [1], the 
influence of ovarian hormones on the molecular response remains unclear, despite their 
documented role in thermoregulation [2,3,4,5]. 

Purpose: 

Examine the molecular response to acute heat stress in low (A), high endogenous (B), and 
high exogenous (C) levels of ovarian hormones. 

Methods: 

Males (A; n=11), mid-luteal females (B; n=10), and monophasic oral contraceptive users (C; 
n=9) underwent a 20-min far-infrared sauna session (60ºC, 20% RH). Core/skin 
temperature, heart rate, and thermal perception were recorded every 5 minutes. Plasma 
extracellular heat shock protein 70 (HSP70) and peripheral blood mononuclear cell RNA 
were analyzed from blood collected at baseline, 1-hr, 4-hrs, and 24-hrs post-sauna using 
ELISA and RNA sequencing, respectively. 

Results: 

Timepoint effects were observed in all physiological measures (Δ0.4±0.2 ºC; Δ34±23 
beats∙min-1). Group A (37.1±0.2 ºC) had a lower core temperature than groups B 
(37.5±0.2ºC) and C (37.4±0.2 °C). Skin temperature (39.6±0.5 °C) and heart rate (121±11 
beats·min-1) were not different between groups. Group C perceived greater thermal 
discomfort at the 20-min timepoint compared to groups A and B. Group C perceived hotter 
thermal sensation than group A. Extracellular HSP70 results were not different between 
timepoints and groups (0.8±0.8 ng·ml-1). RNA sequencing results will be presented at the 
conference.  

Discussion: 

While males had a lower core temperature throughout the sauna than both female groups, 
ovarian hormones did not influence extracellular HSP70 levels. Forthcoming results will 
determine whether ovarian hormones modulate genetic changes to acute heat exposure. 

Keywords: 

Ovarian hormones, Far-infrared sauna, Extracellular HSP70, Core temperature, RNA 
sequencing 
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INTRODUCTION  
Heatwaves pose an increasing risk to human health and occupational performance, 
particularly among female workers, who remain underrepresented in environmental 
physiology research. Heat exposure elevates body temperature, drives vasodilation, and 
increases demands on baroreflex blood pressure control, which can potentially impair 
orthostatic tolerance. However, the vascular mechanisms supporting cardiovascular 
adaptation and recovery during and after heatwave exposure remain incompletely 
understood.  

PURPOSE  
We examined central and peripheral vascular function during a controlled laboratory 
heatwave and recovery in healthy women and assessed cardiovascular regulation during 
orthostatic stress.  

METHOD  
Eight healthy women (20-35 years) completed a 9-day campaign in Planica: 3-day baseline 
(neutral), 3-day heatwave (work: 35.5 ± 0.3 °C; rest: 26.3 ± 0.8 °C), and 3-day recovery 
(neutral). On selected days, ultrasound (Vivid IQ, GE) measured diameter and pulsed-wave 
Doppler velocity in the right common carotid, brachial, and femoral arteries (with an angle  
≤ 60°). Measures were obtained non-invasively during 10 min supine rest and 10 min 60° 
head-up tilt, including heart rate, stroke volume, and cardiac output (Finapres).  

RESULTS  
Preliminary analyses reveal heatwave-induced brachial hyperaemia, with elevated TAMV 
and volumetric flow returning fully to baseline during recovery. A significant Phase × Posture 
interaction indicates amplified orthostatic reduction in brachial perfusion during heatwave. 
Femoral responses were dominated by posture, and carotid parameters were unaffected. 
Integration of Finapres haemodynamic data and sensitivity analyses are ongoing.  

DISCUSSION  
These findings advance understanding of vascular and haemodynamic adaptation to heat 
stress in women and may inform occupational guidance for extreme heat exposure.  

KEYWORDS  
heatwave, vascular function, ultrasound, orthostatic stress, women 
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Introduction: Climate change is projected to increase the frequency, intensity, and duration 
of heat waves, progressively shifting occupational environments toward conditions currently 
considered extreme. Previous controlled confinement studies examining simulated heat-
wave exposure were conducted exclusively in male participants [1], and sex-specific effects 
on cognitive performance remain insufficiently understood.  

Purpose: This study investigated changes in cognitive performance during prolonged 
simulated heat stress and examined whether potential impairments persist or recover in the 
post-heat phase in healthy female participants.  

Method: Nine females were confined for ten consecutive days under controlled ambient 
conditions. Following a familiarisation day, participants completed three 3-day phases (pre-, 
during-, and post-heat stress), each including standardized sleep periods. During each day, 
participants performed a simulated work shift comprising two physical activity sessions and a 
cognitive test battery administered at fixed time points across the day. The battery included 
the line-bisection task, finger tapping test, continuous attention test, Corsi block tapping test, 
task-switching test, and a saccade test with eye tracking. Ambient conditions were hot during 
heat exposure (work: 35.4 °C; rest: 26.3 °C) and temperate during the pre- and post-heat 
phases (work: 25.4 °C; rest: 22.3 °C).  

Results: Data collection has been completed. Statistical analyses are currently underway to 
quantify changes in attention, executive function, working memory, and oculomotor 
performance across experimental phases.  

Discussion: This study will provide novel sex-specific evidence on cognitive responses 
during and  



following prolonged heat stress. The findings are expected to contribute to a better 
understanding of cognitive resilience and recovery under climate-related thermal stress. 
Word count: 250  
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Introduction: Comprehensive investigations into sex differences in cutaneous thermal 
sensations spanning from non-noxious to noxious levels and across different contact 
intensities still remain limited. 

Purpose: This study investigated sex-related differences in the onset times for perceiving 
warmth, hot, and heat pain sensations evoked by contact heat temperature at 42, 46, and 
50oC.  

Method: Eight healthy males and eight females participated. Peltier stimulator (6.25 cm2) was 
applied to the bare skin of left anterior thigh to maintain surface temperature at 42, 46, and 
50oC.Onset times to perceive warmth, hot, and heat pain sensations and heat flux at the 
stimulator surface were recorded during trials.  

Results: At the lower contact temperature of 42oC, females perceived heat pain significantly 
earlier than males and onset times for warmth, hot and heat pain were clearly distinguished. 
However, as contact temperature increased to 46 and 50oC, sex differences in onset time for 
heat pain decreased with onset times for hot and heat pain overlapping. While no sex 
differences in heat flux were observed during initial heat exposure, females showed 
significantly lower heat flux than males during prolonged heat exposure. 

Discussion: These results suggest that a contact temperature of around 42oC serves as an 
effective boundary for sex differences in heat pain perception and classification of hot versus 
heat pain sensations. The lower heat flux in females implies that skin temperature of females 
would be closer to the contact temperatures and it induced shorter onset time to heat pain in 
females. 

Keywords: Sex differences, Cutaneous thermal sensations, Conductive heat, Contact 
temperature, Heat flux 
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Introduction: Older adults are predisposed to greater heat-related health risks than younger 
adults [1]. Research on heat-related impairments in physical function and road safety 
behaviours in this age group is limited.  

Purpose: To evaluate the functional capacity of older adults from exertional heat stress. 
Findings in this study may augment heat-health advisories and strategies.  

Methods: Twenty-three older men and women (age:67±4 years; VO2peak:29±6 
mL·kg⁻¹·min⁻¹) completed six treadmill trials (random order) at Low- (34±4% VO₂reserve, 
VO₂R) or Moderate-intensity (64±5%VO₂R), up to 60 minutes across three wet-bulb globe 
temperatures (WBGT) (Mild: 26.3±0.4°C; Elevated: 32.0±0.6°C; Severe: 34.1±0.5°C). 
Physiological parameters, including rectal temperature (Tre) and heart rate (HR) were 
monitored continuously. Pre- and post-exercise functional tests included postural balance 
and a virtual-reality road crossing task (VR).  

Results: End Tre and HR increased progressively with exercise intensity and heat stress, 
such that the highest physiological strain was observed in moderate-intensity exercise in 
Elevated (Tre:38.5±0.4°C; HR:144±8bpm) and Severe (Tre:38.6±0.4°C; HR:153±10bpm) 
conditions. Postural instability was greater following moderate-intensity exercise in Severe 
WBGT only (pre-postΔ:+511mm[95%CI:236–787mm]; p<0.001;~22% higher). Delta Tre was 
positively associated with postural instability (r=0.478,p<0.001). Near misses (p=0.002) and 
attention to traffic (p<0.001) in VR decreased after exercise, independent of heat stress.  



Discussion: Moderate-intensity exercise in extreme heat (WBGT>34.0°C) compromises 
postural balance in older adults, with greater thermal strain associated with poorer balance. 
Fewer near misses despite reduced attention to traffic suggest preserved pedestrian 
behaviour after exercise, independent of environmental heat stress. This study underscores 
the need to integrate fall risk messaging into heat-health guidelines for outdoor exercise for 
older adults.  
[250 words]  
Keywords: ageing, elderly, fall risk, hyperthermia, postural balance 
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Introduction: Understanding how age influences human exercise thermoregulation during 
exertion is increasingly important as middle-aged and older adults participate widely in sports 
and physical activities. Although these age groups exist in thermoregulation studies, their 
representation in literature appears limited, creating critical knowledge gaps for health and 
performance  
Purpose: This systematic review aims to quantify the representation of age within exercise 
thermoregulatory research published between 2015-2025.  
Method: A systematic search of PubMed, Medline, and SportDiscus was commenced in 
February 2026 using relevant MeSH terminology and Boolean operators. Eligible studies 
included interventional or observational studies involving exercise or vigorous occupational 
work that reported thermoregulatory measures (i.e. rectal or skin temperature). Exclusion 
criteria included: epidemiological, retrospective, and meta-analysis/review studies, protocols 
involving only passive heating/cooling with no exercise component, and any animal studies. 
Screening procedures were conducted independently by two reviewers. 
Results: The search identified 5994 articles in Covidence. Duplicates were removed and initial 
screening excluded 3341 irrelevant articles, leaving 1483 studies requiring further 
assessment, and 419 conflicts pending resolution. Participant count and age characteristics 
(mean, standard deviation, and ranges) will be extracted from all relevant articles. Age 
distribution will be assumed to be normal and proportion of participants across age brackets 
will be calculated. 
Discussion: Preliminary screening suggests a large body of thermoregulatory research but 
potentially limited inclusion of middle-aged and older adults. Quantifying these patterns will 
help identify demographic gaps, inform future study design, and support improved age-
relevant guidance for health and performance.  

Keywords: Thermal strain, age demographics, environmental physiology, human performance 
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Introduction: In Australia, climate change is driving more frequent and extreme heat events 
(EHE), with days above 35°C projected to double by mid-century.[1] Concurrently, an ageing 
population will see the population aged 65+ doubling, and those 85+ tripling.[2] Older people 
are vulnerable to heat stress due to impaired thermoregulation compounded by chronic 
diseases and polypharmacy. The current impacts of EHE in older Australians is not known, 
but may help identify opportunities for heat-health risk prevention, adaptation, and mitigation. 

Purpose: We conducted a scoping review examining physical, psychosocial, and 
socioeconomic impacts of EHE on older Australians and their effects on morbidity and 
mortality. 

Method: A comprehensive search of 10 databases, including MEDLINE, Scopus, and Web of 
Science identified original peer-reviewed research involving Australians aged 65+. 

Results: Analysis included 91 studies. EHE were related to increased all-cause mortality 
across Australia on extreme temperature (and subsequent) days, with clear associations 
between heat stress and cardiovascular, respiratory, and renal morbidity. In people aged 75+, 
longer-duration EHE contributed to ≤14-fold increases in ambulance callouts and 19-fold 
increases in heat-related hospital admissions compared to shorter EHE.[3] Multi-morbidity had 
multiplying effects on heat vulnerability, with ≤35-fold increases in ED 
presentations/admissions in those aged 65+.[4] 

mailto:antony.stadnyk@uts.edu.au


Discussion: This review highlights the critical challenge these converging issues pose. EHE 
effects on older Australians in the current climate demonstrate the impending risks of the 
doubling of heatwave days and aged population, with surge demand for urgent care likely to 
exceed capacity. Collaborative interdisciplinary approaches are needed to prevent, adapt to, 
and mitigate heat-health risks. 

Keywords: heat-related illness, heat strain, elderly, public health, aged care 
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Introduction: Localized radiant heating is used in cold vehicle cabins to improve 
occupant comfort while reducing reliance on air-based heating. While its effect on skin 
temperature has been established [1], the perceptual response in terms of thermal 
sensation and comfort remains insufficiently defined under transient cold exposure. 

Purpose: This study aims to quantify how localized physiological warming contributes to 
local thermal sensation and supports perceptual evaluation for comfort-based radiant 
heating management. 

Method: Human subject experiments were conducted in a vehicle cabin under cold 
conditions with localized radiant heating. Local and overall thermal sensation and comfort 
votes were collected. A validated Tanabe multi-segment thermophysiological model was 
used to simulate skin temperature responses and was validated against measured data 
(RMSE < 1 °C). A counterfactual scenario without radiant heating was generated under 
identical conditions to isolate the physiological effect. The resulting differences were 
evaluated using established local and overall thermal sensation and comfort models [2–4]. 

Results: Localized radiant heating increased local skin temperatures in exposed regions 
(ΔTskin ≈ 2–5 °C) and produced corresponding changes in predicted local thermal sensation 
(ΔLS ≈ 1–3 scale units). This corresponds to an approximate sensitivity of 0.3–1.0 sensation 
units per °C. Responses varied across segments due to non-uniform radiant exposure. 

Discussion: Localized increases in skin temperature can produce meaningful 
perceptual shifts without requiring uniform warming of the cabin. The quantified 
relationship between temperature and sensation provides a basis for evaluating the 
perceptual effectiveness of localized heating and supports comfort-based thermal 
management strategies. 

Keywords: localized radiant heating, thermal sensation, thermal comfort, comfort-based 
thermal management, transient cold exposure 
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Introduction: Heatwaves pose significant health risks. While green spaces may mitigate heat 
effects through cooling, the impact of neighborhood greenness on thermal perception and 
behavior of citizens during a heatwave remains largely unknown.  

Purpose: To explore the impact of neighborhood greenness on thermal perception and 
behavior of Dutch adults during a heatwave. 

Methods: For this observational study, Dutch citizens completed online questionnaires before, 
during, and after a five-day national heatwave. Questions included individual characteristics, 
thermal perception (i.e., thermal comfort, thermal sensation, perceived heat-related burden), 
and heat-mitigation measures during the heatwave. Normalized Difference Vegetation Index 
was calculated based on participants’ postal code and used to classify participants in low-, 
medium-, or high-greenness groups based on tertiles.  

Results: N=1656 participants (66 years [IQR=56-73], 43% male) were included. Participants 
in the high-greenness group had lower odds of thermal discomfort (adj. OR=0.77, 95%CI: 
0.61-0.97), perceived heat-related burden (adj. OR=0.76, 95%CI: 0.61-0.94), and warmer 
thermal sensation in the indoor (adj. OR=0.60, 95%CI: 0.48-0.75) and outdoor environment 
(adj. OR=0.71, 95%CI: 0.56-0.90) compared to the low-greenness group. Adjusting clothing 
(79%), increasing fluid intake (72%), and reducing physical activity (70%) were the most 
frequently indicated personal heat-mitigation measures, while keeping windows/doors or 
curtains/shutters/blinds closed (96%) and ventilate through opening windows/doors (95%) 
were the most frequently reported in-house heat-mitigation measures, with no differences in 
frequency of measures between greenness groups (all p>0.05).  

Discussion: Neighborhood greenness improved thermal perception but did not affect heat-
adaptive behavior, indicating that urban greening can enhance comfort and resilience to heat 
without reducing protective behavior.  

Keywords: Heat stress, thermal comfort, thermal sensation, heat-mitigation measures, living 
environment 
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Introduction: Thermal comfort management strategies that lower ambient setpoints while 
using personal heating devices (PHDs) are effective for energy savings in cold environments 
[1], especially during the winter operation of electric vehicles [2]. However, practical 
implementation requires reliable regulation of PHDs based on occupant preferences, which 
are closely related to transitions between comfort and discomfort [3]. Simultaneously, 
physiological indicators have gained interest as markers of thermoregulatory burden and 
discomfort [4]. Near-infrared (NIR) facial imaging presents a spatially-structured, illumination-
invariant, and non-contact approach to capturing underlying thermophysiological changes 
manifested on the face. 

Purpose: Nevertheless, it remains uncertain whether control-relevant information for PHD 
regulation can be reliably extracted from NIR facial images within cold cabin environments. 

Method: We investigate the viability of using NIR facial imaging to classify cold discomfort, 
comfort, and warm discomfort states induced by seat heater operation in a 16 °C cabin. One 
participant underwent multiple sessions transitioning from cold discomfort to seat heater-
induced comfort and warm discomfort. Deep learning and explainable AI techniques were 
employed to assess image-based discrimination and facial cue relevance. 

Results: Although the comfort states were temporally aligned with the experimental protocol, 
perturbation analyses confirmed that discrimination depended on structured facial features 
(F1 score of 0.82). Furthermore, class activation mapping revealed an increasing focus on the 
nose–cheek region corresponding to transitions from cold discomfort to comfort and then to 
warm discomfort, with attention percentages of 62%, 69%, and 80%, respectively. 

Discussion: These results demonstrate the feasibility of within-subject discrimination of 
comfort states for occupant-centric PHD control using NIR facial imaging. 

Keywords: Electric vehicles, Personal heating devices, Thermal comfort, Near-infrared 
imaging, Deep learning. 
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Introduction: Thermal sensation and comfort are commonly assessed to quantify an 
individual’s satisfaction with their thermal environment. Currently, Likert and visual analogue 
scales require perceptual data to be collected at discrete timepoints. Yet, discrete timepoints 
limit our resolution, particularly when perceptual shifts in sensation and comfort are transient 
and unpredictable. Purpose: Our objectives were to 1) develop a tool that enables continuous 
perceptual measurement with high efficacy during human testing, and 2) utilize continuous 
thermal perceptual tracking to explore the phenomenon of thermal overshoot. Methods: 
Fourteen healthy young participants (30±4 years, 1.9±0.2 kg/m2; matched for sex, age, body 
mass index, and physical activity status) visited the laboratory on two separate days within the 
same week, and underwent blinded fluctuations in ambient temperature (min 15°C, max 35°C) 
in a repeated measures design. Participants utilized a novel perceptual slider tool, to 
continuously reflect (and thus record) their sensation and comfort. Thermal overshoot was 
derived during the cooling portion of the protocol (from 35-15°C over 9 minutes), and quantified 
as the difference in observed thermal sensation and a linear response in thermal sensation 
(as per mean skin temperature). Results: The perceptual slider tool demonstrated high 
between-day repeatability of thermal sensation (R2=0.85, P<0.001) and thermal comfort 
(R2=0.70, P<0.001). Thermal overshoot was evident in all participants, which was equivalent 
in-magnitude to an overshoot of ~2.5 thermal sensation categories, within 2.1±1.1 min. 
Discussion: By continuously measuring perceptual metrics, we will be able to better 
understand the interplay between psychophysical and physiological relationships of sensation 
and comfort. 
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Introduction: Ambient temperature is a critical component of indoor environmental quality 
that influences cognitive performance[1]. While research often focuses on extreme thermal 
exposure, less attention is given to the mild thermal deviations common in indoor settings[2]. 

Purpose: This study investigated the associations of specific mild thermal deviations (10°C 
and 32°C) and moderate physical activity with cognitive performance, thermophysiological 
responses, and subjective perception[2]. 

Method: In a structured experimental design, 48 participants were randomly assigned to 
cold (10°C), thermoneutral (22°C), or warm (32°C) conditions. Each participant completed 
two sessions—passive rest and moderate-intensity cycling—to compare activity levels under 
fixed temperatures. Cognitive performance was assessed using the Attention Network Test 
(ANT) and Stop-Signal Task (SST). 

Results: Exposure to 10°C decreased mean skin temperature, while 32°C increased both 
core and skin temperatures. Both cold and warm conditions reduced thermal comfort and 
impaired performance in attentional and inhibitory tasks. Thermal comfort was positively 
correlated with cognitive accuracy across all conditions. During active exposure, reaction 
time patterns differed from passive sessions, suggesting activity level modifies cognitive 
responses to thermal deviations. 

Discussion: These findings demonstrate that even mild departures from thermoneutrality 
trigger measurable physiological changes and cognitive impairments. Accounting for 
occupant activity patterns is essential for a comprehensive understanding of cognitive 
functioning. These results provide evidence-based guidance for climate control in 
environments where executive function is critical. 

Keywords: Ambient temperature, Thermal comfort, Cognition, Thermoregulation, Physical 
activity 
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Introduction: Pressure ulcers can develop from prolonged mechanical loading combined 
with shear forces at the skin [1]. Our laboratory has shown that cooling can reduce the 
coefficient of friction (CoF) at representative skin sites [2]. However, how cooling interacts 
with different textiles, at varying saturation levels, at the heel remains unclear. 

Purpose: To examine how temperature, interface material properties, and moisture 
saturation influence the physiological tolerance of human skin to mechanical shear stress. 

Method: Twelve healthy adults (6M:6F; 25±4yr; 171±11cm; 72±10kg) completed eight 
sessions across two laboratory visits. Visits differed by the temperature condition of a 
thermo-mechanical device delivering repeated shearing to the posterior heel: 16°C (cooling) 
or 36°C (control). Each session assessed textile type (cotton vs. polyester) and saturation 
(dry vs. wet). CoF was derived from normal and tangential forces recorded at the device and 
presented as area under the curve (s). Skin hydration was estimated from heel skin 
conductance (μS). 

Results: CoF was higher when textiles were saturated (38.8s, 95% CI [30.5s, 47.2s]; 
p<0.001) and when cooled (11.3s, 95% CI [2.0s, 20.6s]; p=0.024), compared with dry and 
control conditions. Textile type showed no effect (5.3s, 95% CI [-3.1s, 13.8s]; p=0.181), nor 
did interactions between variables (p>0.05). Conductance revealed greater post-shearing 
skin saturation with wet textiles (-0.30μS, 95% CI [-0.45μS, -0.15μS]; p<0.001) compared 
with dry (-0.14μS, 95% CI [-0.31μS, 0.39μS]; p=0.119). 

Discussion: These findings suggest textile choice is less critical than maintaining dry 
materials at the heel, such as for immobile patients, to minimise shear-related tissue 
damage. 

Keywords: Cooling, pressure ulcer, tissue viability. 
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Introduction Outdoor workers residing in non-air-conditioned dormitories are routinely 
exposed to high heat day and night, which can compromise sleep and therefore recovery, 
health and safety [1, 2]. Affordable, practical solutions are therefore needed to ensure 
workers’ recovery and performance.  

Purpose  
Evaluate the effectiveness of smart-controlled fan ventilation to reduce nighttime room 
temperatures and improve sleep, alongside complementary interventions such as warm-
colour lighting and personal sleep aids.  

Methods Twenty-nine male outdoor workers (age:32±6y; BMI:23.1±6.4kg/m2) across five 
non-air-conditioned, multi-occupant dormitory rooms underwent a crossover study (two 3-
week periods) comparing control (CON) and intervention (INT) conditions. Interventions 
included smart-controlled ventilator fans (~67L/s flow rate), installation of warm-colour 
lighting (3000K), and personal sleep aids (personal fan, light control, eye mask and 
earplugs). Air temperature, relative humidity (RH), and carbon dioxide (CO2) were 
continuously measured. Sleep outcomes including time in bed (TIB), total sleep time (TST), 
sleep efficiency (SE), sleep onset latency (SOL), and wake after sleep onset (WASO) were 
assessed using actigraphy.  



Results  
Across 999 night-time sleep periods, INT was associated with cooler room temperatures (-
0.7°C; CON:30.3°C, INT:29.6°C), higher RH (1%; both:78%) and improved ventilation (-
121ppm CO2; CON:613ppm, INT:496ppm) (all p<0.05). Sleep improved in INT, with a 12.3-
minute increase in TST, 2.4% improvement in SE, 2.2-minute reduction in SOL, and an 8.4-
minute decrease in WASO (all p<0.05), while TIB was similar (p=0.602).  

Discussion Affordable, low-energy ventilation cooling, thermal comfort and lighting 
interventions can create a more sleep-conducive environment in warm, multi-occupancy 
dormitories, supporting recovery and well-being in outdoor workers in tropical climates.  

Keywords: Temperature, Indoor, Recovery, Ventilation, Field-based 
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Introduction 
Athletes chronically exposed to hot-humid (HH) climates may develop lower sweat rate and 
greater core-to-skin temperature gradient [1]. It is unclear whether they experience greater 
thermal strain when exercising in hot-dry (HD) conditions with higher ambient temperature and 
greater evaporative potential compared with HH. 

Purpose 

To investigate whether HD exercise elicits greater thermal strain than HH in tropically 
habituated males. 

Methods 
Twelve recreationally trained men completed 60 min of cycling at 60%V̇O2peak in HD (41.4 ± 
0.2°C, 31.6 ± 2.0% relative humidity [RH], 31.8 ± 0.4°C wet-bulb globe temperature [WBGT]) 
and HH (32.6 ± 0.3°C, 87.3 ± 2.9%RH, 31.3 ± 0.2°C WBGT) in a counterbalanced order. 
Gastrointestinal temperature (Tgi), heart rate (HR), skin temperature (Tsk), blood lactate (BLa), 
perceptual and sweat responses were assessed. 

Results 
Tgi and HR increases were comparable between conditions (P > 0.05), while Tsk and thermal 
sensation increased more in HD (P < 0.05), with greater thermal discomfort at 60 min (P = 
0.037). Whole-body sweat loss was ~0.27 L greater in HD (P = 0.078), with earlier local 
sweating onset (P = 0.001). Local sweat rate and perceived exertion increases were similar 
between conditions at any 15-min epoch (P > 0.05). No differences were observed for BLa or 
sweat sodium concentration (P > 0.05). 

mailto:joel.pang@research.uwa.edu.au


Discussion 
Elevated Tsk and thermal sensation in HD reflect higher ambient temperature rather than 
impaired thermoregulation, while the earlier sweating onset likely results from the higher Tsk. 
Collectively, tropical habituation did not impair thermoregulation during submaximal exercise 
in dry heat. 
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Extreme heat can impair heat dissipation, leading to physiological changes, including 
decreased metabolic rates to cope with the additional heat load. Moreover, less is known 
about prolonged exposures of 8 hours during daily activities.  

The main research objective was to examine how high relative humidity (30% vs 70%) or 
reduced ventilation (100L/min vs 500L/min) in combination with heat affects physiological 
parameters at neutral room temperatures (23 or 25°C) or high temperatures (32 or 35°C) 
during prolonged, acute exposure (>8h).  

Participants participated in 4 conditions across 2 separate studies. The samples consisted of 
18 and 22 healthy adults of both sexes between 18-39 years. Each test day consisted of 8 
hours in a climate-controlled metabolic chamber (Omnical, Maastricht Instruments). The main 
physiological measures were core temperature (CT), skin temperature (ST), and energy 
expenditure (EE). As well as a tablet-based cognitive test (Creyos, Canada). 

EE did not differ significantly across sessions with varying combinations of temperature, 
humidity, and ventilation levels. ST increased by 1.8˚C and 3.2˚C at 32˚C and 35˚C, 
respectively. CT increased by 0.25˚C in all high-temperature conditions compared to low-
temperature conditions. No cognitive test score changes observed.  

Mild heat strain is noticed in all high-temperature conditions. However, no noticeable 
differences are observed within the same temperature conditions between high and low 
humidity or ventilation. With increased and prolonged heatwaves, the heat gain observed will 
persist under sustained high-temperature exposure without effective mitigation strategies. 
Future directions could include 24-hour exposures to assess the impact of exposure on sleep 
and whole-body metabolism.  
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Introduction: Wearing a sports bra reduces sweating efficiency (SE) because of fabric sweat 
retention that increases the sweat loss requirement. Bra designs that reduce sweat 
absorption may improve this thermal burden for female athletes. 

Purpose: Determine whether a 3D Printed TPU Sports Bra eliminates the negative impact of 
bras on SE during exercise in the heat.  

Methods: Twelve females exercised in 40C / 20%RH on three separate days wearing no 
sports bra, a standard sports bra, or a prototype non-absorbent sports bra (3D Printed from 
TPU) while wearing the same t-shirt, shorts, shoes and socks. Each study visit involved 
cycling for 45 minutes at a moderate intensity over a pan of mineral oil, situated above a 
high precision scale. Evaporated sweat loss (ESL; g) was measured as the change in mass 
of the combined subject+ergometer+oil pan system during exercise; total sweat loss (TSL; g) 
was measured as the change in nude mass from beginning to end-exercise. SE (%) was 
calculated as ESL/TSL*100; core body temperature was measured via ingestible pill. Data 
were analyzed using a 1-way RM ANOVA. 

Results: Compared to exercising without a bra, wearing a standard sports bra increased TSL 
(810.2±134.0g vs. 786.0±118.3g; p=0.045) and decreased SE (82.0±4.5% vs. 86.1±3.8%; 
p<0.001). These negative impacts were eliminated when wearing the prototype bra 
(TSL=789.3±141.8g, p=0.78; SE=85.2±4.7%, p=0.11). There were no differences in ESL 
(p=0.09) or core temperature (p=0.66) between conditions. 

Conclusions: Wearing a 3D printed TPU Sports Bra eliminates the negative impact of 
traditional sports bras on SE and TSL during exercise in the heat. 

Key Words: thermoregulation, sweating, clothing 
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Introduction 

Clothing choices during exercise in heat and cold are powerful thermal behaviours, often 
thought to be driven by thermal protection. However, to what extent other factors contribute to 
choices and their individual variability is unknown. 

Purpose 

This study investigated how different themes contribute to clothing choices in exercise in 
summer and winter, and the individual variation with age and the presence of long-term 
conditions.  

Method 

An anonymous online survey (n=101) was completed by healthy young (18-30 years, n=51) 
and older adults (60+ years, n=25), and by Multiple Sclerosis (n=11) and Spinal Cord Injury 
(n=14) patients. Participants ranked and rated (Likert scales) the importance of four themes 
on their clothing choices for exercise in summer and winter. Representative participants further 
discussed the survey’s themes in focus groups (n=16).  

Results 

Participants ranked themes in the following order: temperature (most important), logistics, 
sensation, aesthetics (least important). Ranking order was consistent across different age 
groups and in healthy vs clinical groups. However, clinical groups rated the importance of 
environmental conditions during exercise higher than healthy participants (strongly agree vs 
agree, p=0.012). Clinical participants reported the necessity for clothing to maintain warmth in 
lower limbs, whilst healthy participants described how “it is more my internal temperature / 
comfort that drives (choices), less so the environment”. 

Discussion 

The survey indicated consensus amongst participants of temperature being a key driver of 
clothing choices. Differences between groups were identified, however of greater note was 
the inter-individual variability in how themes were interpreted and incorporated into clothing 
choices.  

Keywords: Thermal behaviour, clothing, individual variability 
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Introduction: Wearing a sports bra reduces sweating efficiency (SE) because of fabric sweat 
retention that increases the sweat loss requirement. Bra designs that reduce sweat 
absorption may improve this thermal burden for female athletes. 

Purpose: Determine whether a 3D Printed TPU Sports Bra eliminates the negative impact of 
bras on SE during exercise in the heat.  

Methods: Twelve females exercised in 40C / 20%RH on three separate days wearing no 
sports bra, a standard sports bra, or a prototype non-absorbent sports bra (3D Printed from 
TPU) while wearing the same t-shirt, shorts, shoes and socks. Each study visit involved 
cycling for 45 minutes at a moderate intensity over a pan of mineral oil, situated above a 
high precision scale. Evaporated sweat loss (ESL; g) was measured as the change in mass 
of the combined subject+ergometer+oil pan system during exercise; total sweat loss (TSL; g) 
was measured as the change in nude mass from beginning to end-exercise. SE (%) was 
calculated as ESL/TSL*100; core body temperature was measured via ingestible pill. Data 
were analyzed using a 1-way RM ANOVA. 

Results: Compared to exercising without a bra, wearing a standard sports bra increased TSL 
(810.2±134.0g vs. 786.0±118.3g; p=0.045) and decreased SE (82.0±4.5% vs. 86.1±3.8%; 
p<0.001). These negative impacts were eliminated when wearing the prototype bra 
(TSL=789.3±141.8g, p=0.78; SE=85.2±4.7%, p=0.11). There were no differences in ESL 
(p=0.09) or core temperature (p=0.66) between conditions. 

Conclusions: Wearing a 3D printed TPU Sports Bra eliminates the negative impact of 
traditional sports bras on SE and TSL during exercise in the heat. 

Key Words: thermoregulation, sweating, clothing 
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The fire services have almost always operated in protective clothing for (structural) firefighting, 
even when it concerns non-fire-related incident leading to high physical burden and overload. 
This conflicts with the current ideas for sustainably deployable firefighters. Introducing 
modularity into firefighter clothing system allows combining different clothing layers to achieve 
optimal protection. As the incident scenarios differ, then a tool for optimal protection selection 
is useful. 

We aimed to evaluate traditional (T) and modular (M) protective clothing systems for structural 
internal firefighting scenario (SIF) and to validate two Predicted Heat Strain (PHS, ISO7933) 
algorithms for this scenario. 

Four firefighters wearing T and four M, performed pre-work and recovery at room temperature, 
and intermittent activities in a climate-controlled room (Ta=44.4±0.2°C under intermittent 
radiation (4 kW/m2), RH=27.8±1.6%, va<0.15 m/s). Clothing insulation (M>T) and evaporative 
resistance (M<T) were determined on a thermal manikin. Skin (Tsk) and rectal temperatures 
(Trec) in T and M, and PHS predictions with two online tools: FAME Lab (PHSFL) and Lund 
University PHS (PHSLU), were compared. 

There were no significant differences between T and M in Tsk and Trec, while reaching highest 
recovery Trec took over 5 min longer in T than in M. Experimental Trec did not differ significantly 
from the PHSLU predictions. For PHSFL, Trec became significantly lower at the end of heat 
exposure and during recovery. Experimental Tsk was initially lower than predicted by PHSFL. 
In both models the predicted Tsk decreased more rapidly than the measured values after 
stopping radiation, and stayed lower throughout the recovery period. 

With slightly higher insulation and lower evaporative resistance, M seemed to perform slightly 
better than T. Model and human data difference relates to not considering thermal mass of 
the clothing system and its heat content. PHSFL did not count with clothing moisture 
permeability leading to considerable deviation from experimental results. 

Keywords: firefighter, protective clothing, predicted heat strain, heat stress, physiological 
responses 
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Introduction: Summertime outdoor work in central and southern Italy can lead to serious heat 
strain. While optimization of work organization is of paramount importance, technical actions 
can also have a significant impact. In this context, cooling garments have a great potential 
[1] given a favourable combination of low operative costs, limited interference with work
activities and some degree of personalization.

Purpose: This study’s objective is to test the effectiveness of a ventilated jacket worn during 
regular construction work.  

Method: Nineteen healthy male workers participated in this study. Each worker was tested 
twice, with and without a ventilated jacket made up of an outer cotton layer and an inner 
polyester net lining. Two fans, each with a diameter of 8 cm, are embedded in a pocket 
inside the jacket and are powered by a rechargeable Li-ION battery pack. Average torso 
temperatures were used as the main diagnostic. Tests were carried out under a variety of 
environmental conditions, ranging from hot and dry (ta = 37°C, RH = 20%) to warm and 
humid (ta = 31°C, RH = 50%), to warm and dry (ta = 29°C, RH = 30%).  

Results: The average torso temperature has been found to drop between -1 °C and -3.4 °C 
at the end of 30-minute tests when a ventilated jacket is used. Results have subsequently 
been corrected to take into account the difference in metabolic activity and in environmental 
conditions in the two tests (with and without jacket).  

Discussion: Results appear very encouraging, in particular given that jacket was well 
accepted by users. Longer tests are needed for improved strength.  

Keywords: Heat strain, ventilated jacket, skin temperature. 
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Introduction 

Climate change has increased the frequency and intensity of extreme heat events 
worldwide. Heat stress poses significant health risks for everyone, but pregnant and 
postpartum women, infants, and young children are particularly vulnerable. It is essential to 
implement targeted protection and adaptation strategies to safeguard these groups. 

Objective 

This study aims to create an easy-to-use digital tool that delivers heat warnings, offers 
protection advice, raises awareness about heat-related health risks, and reduces negative 
health outcomes for vulnerable populations. 

Method 

The MotherHeat Alert app, developed as part of the High Horizons project, is a personalized 
early warning system and smartphone application. It uses the Universal Thermal Climate 

mailto:Chuansi.Gao@design.lth.se


Index (UTCI) and country-specific UTCI thresholds based on local climate and health data, 
especially preterm birth outcomes, UTCI heat stress categories and user profiles. The app's 
recommendations were developed with local stakeholders. Testing involved 459 participants, 
including pregnant and postpartum women, health workers, and community health workers 
in South Africa, Sweden, and Zimbabwe. Post-Study System Usability Questionnaire 
(PSSUQ) was used to evaluate the usability of the MotherHeat Alert app with a 7-point scale 
ranging from strongly agree (1) to strongly disagree (7). 

Results and Discussion 

The MotherHeat Alert prototype was developed with risk warning, protection 
recommendations and research functionalities. When a heat warning is triggered, users 
receive advice in English or local languages. Preliminary results based on the cohort in 
South Africa showed high overall usability with a mean score of 1.76. Self-reported heat 
health knowledge increase due to the implementation of the MotherHeat Alert was 
predominantly large to very large in both the pregnant cohort (n=55/70), and the postpartum 
cohort (n=72/82). Ongoing evaluation shows the app can support climate adaptation for 
maternal health. Wider deployment is possible after improvements based on user feedback, 
adapted thresholds and advice messages. 

Keywords: heat and maternal health, early warning system, MotherHeat Alert app 
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Introduction: The progression of climate change is exposing individuals to elevated temperatures, 
with increasing prevalence of extreme heat events globally [1]. Ambient temperature influences 
energy metabolism and whole-body physiology [2]. Most research is limited to short durations, not 
reflecting real-world scenarios. Prolonged heat, including warmer sleeping environments and 
alternating fasted-postprandial phases during daily living, may induce a distinct physiological state 
influencing metabolism, thermoregulation, and sleep at night and the following day. 

Purpose: This study aims to assess the effect of 32h heat exposure, simulating heat-wave conditions, 
on energy metabolism, thermoregulation, cardiovascular parameters and sleep in healthy, young adults. 

Methods: In a randomized-crossover design, 13 males and females (18-35y, BMI 18.5-25kg/m2) are 
exposed to 32h dry heat (35ºC day/28ºC night) and thermoneutral conditions (25ºC day/18ºC night) with 
standardised clothing. Participants enter the room at 10:00 until 18:00 the following day. Energy 
requirements are calculated individually to provide standardised meals. Whole-body energy 
expenditure is measured using indirect room calorimetry. Thermoregulatory and cardiovascular 
responses are measured continuously. Metabolic and inflammatory markers are assessed by frequent 
blood sampling. Sleep quality is assessed by accelerometry and questionnaires. Brain-MRI is performed 
to assess vascular and glymphatic function post-heat. 

Results: Preliminary data will be presented at the conference, as the study is ongoing. 

Discussion: This study will deliver essential knowledge into how prolonged heat alters human health and 
metabolism under future heat-wave conditions. Although older individuals are at greater risk, this 
study includes younger individuals to detect physiological responses due to greatermetabolic 
flexibility and thermoregulatory capacity. 

Keywords: Energy metabolism, thermoregulation, sleep quality, heat exposure. 
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Introduction: Climate change poses significant challenges to humans, including physiological 
thermal stresses. Although climate models are well developed and future simulations are available [1], 
a large gap remains between individual physiological outcomes and simulated climate change due 
to coarse data resolution. 

Purpose: The purpose of this study is to develop a climate simulation dataset that can more easily be 
used by researchers in thermal physiology. The dataset shall include the thermally relevant 
variables (e.g., air temperature, relative humidity), or combined indices (e.g., wet-bulb globe 
temperature) at an hourly resolution, covering all global land areas in the future.  

Method: Future climate projections from the Coupled Model Intercomparison Project Phase 6 [1] are 
used as input. We applied machine-learning-based statistical downscaling techniques to enhance the 
spatial [2] and temporal [3] resolutions and generated the refined datasets.  

Results: The outputs are three-dimensional gridded climate datasets (namely, air 
temperature,relative humidity, air pressure, wind speed, solar radiation, and wet-bulb globe 
temperature) defined by longitude, latitude (0.05° resolution), and time (1-hour resolution). For 
example, simulated future climate conditions in Kuching can be extracted from the corresponding grid 
cell at any time point in the 21st century. 

Discussion: The produced results can be used, for example, to decide the experimental conditions for 
climate chambers to investigate the expected physiological thermal strains under future climate 
change. It can also serve as input for numerical thermal simulation models [4]. We also plan to 
distribute the dataset through our web platform. 

Keywords: climate change, simulation, downscaling, thermal stress 
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Introduction: Acute cigarette smoking reduces endurance time at maximal exercise [1]. We have 
recently shown a higher hemoglobin mass but a lower peak aerobic speed in moderate smokers 
across different fitness levels [2] 

Purpose: To examine whether tobacco smoking impairs the ability to perform high-intensity 
exercise by virtue of a lower second ventilatory threshold (VT2).  

Method: Thirty young males were divided into independent groups (CS-MF, CS-LF, NS-MF and 
NS-LF) based on smoking status (CS; chronic smokers and NS; non-smokers) and 
aerobic fitness level (MF; more fit and LF; less fit). CS had been smoking> 10 cigarettes·day− 1 at 
least for the last three years. Assessed using cardiopulmonary exercise testing, an age-adjusted 
VO2peak higher or lower than the 60th percentile was selected as the threshold criterion for MF and 
LF groups, respectively, as described previously [2]. VT2 was estimated using the nadir point in the 
ventilatory equivalent for carbon dioxide-running speed curve [3]. A two-way ANOVA was performed 
to detect mean differences. 

Results: The main effect for smoking status (p = 0.001) on VT2 was only reflected in higher values for 
NS-LF compared to CS-LF (+3.09 km·h− 1, p = 0.005), whereas the difference between MF groups 
was not of sufficient magnitude (+1.29 km·h− 1, p = 0.445). Expressed as %VO2peak, smoking 
status did not affect VT2 (main effect: p = 0.425). Discussion: A differential effect of chronic tobacco 
smoking is observed on VT2 in individuals of a lower fitness level. Hemoglobin mass should be 
dissociated from endurance performance in the population of smokers. 

Keywords: carboxyhemoglobinemia, CO-rebreathing, anaerobic threshold, enduranceperformance. 
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Introduction: To prevent and mitigate heat-related illnesses in soldiers, our team identified the most 
effective body cooling regions [1] and confirmed their efficacy in hot- humid conditions [2]. Because 
water is often limited in summer field settings, it remains important to determine whether wet– sheet 
cooling remains effective with warmer water.  

Purpose: This study investigated whether wet cooling sheet temperatureswith ice gel packs affect the 
alleviation of heat strain in military personnel in a hot environment.  

Method: Eight healthy males participated in three randomized crossover trials in a climate chamber 
(33° C, 50%RH). Each trial consisted of 10-min rest, 50-min exercise, and 30- min cooling. During the 
cooling, a wet sheet covered the trunk and thighs, replaced every minute. Rectal temperature, skin 
temperatures, heart rate, thermal sensation, thermal comfort,sweat sensation, and evaporative heat 
loss from sheet mass change were measured. Effects were analyzed using RM-ANOVA ( < 0.05)  

Results: Across conditions, rectal temperature decreased by 0.9 ± 0.2° C from peak by the end of 
cooling, with no differences between conditions. Mean skin temperature showed a nonsignificant 
trend to decrease with greater reductions at lower sheet temperatures, while evaporative heat loss 
was similar 
(190– 220 kcal h-1)  Thermal sensation and comfort improved earlier at 20° C and 24° C than at 28° C 
during the early cooling ( <0.05), but differences disappeared by the end. 

Discussion: These findings suggest that cooling remains comparable with moderately warmer water, 
and that a 20 – 28° C sheet temperature can still meaningfully lower body temperature. Thus, wet-
sheet cooling may be practical when water is limited. 

Keywords: Evaporative heat loss, Military combat suit, Rectal temperature, Heat-related disorder, 
Cooling intervention. 
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Introduction: Modern cold-weather clothing systems emphasize lightweight insulation,moisture 
wicking, and membrane-based weather protection. Yet across the Arctic and sub-Arctic, Indigenous 
cold-dwelling populations developed clothing systems that sustained human performance and survival 
at temperatures routinely below − 30 ° C—without synthetic fibers, waterproof membranes, or active 
heating.  

Purpose: Identify how traditional Arctic clothing systems have been optimized not to keep the wearer 
dry or maximally insulated, but to keep the wearer functional when moisture, wind, and prolonged 
exposure made perfection impossible.  

Method: This narrative review compared the cold weather clothing customs and behaviors of 
several indigenous cold-dwelling groups: Mongolians, Tuvans, Greenlandic Inuits, and Saami – based 
on published reports.  

Results: Common design principles recur across cultures: loose, volumetric garments that preserve air 
layers and circulation; animal-derived fibers that insulate when damp and buffer moisture; deliberate 
separation of skin microclimate control from bulk insulation; and modular, repairable components that 
allow recovery after wetting or freeze– thaw events. Caribou/reindeer fur, musk ox qiviut, seal skin, and 
wool form the unbeatable natural toolkit for cold weather because they insulate when damp, 
manage moisture intelligently, and preserve circulation. Specific feature combinations vary between 
the groups based on climate requirements ranging from maritime to continental Arctic.  

Discussion: Revisiting traditional cold-weather clothing design offers actionable insights for improving 
thermal resilience, moisture tolerance, and comfort stability in modern occupational, military, 
and outdoor environments. Indigenous cold systems occupy stable positions within a moisture– 
insulation design space, whereas modernmodular systems require active usermanagement 
to remainwithin optimal performance regions. 

Keywords: cold temperature, heat loss, environmental exposure 
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Introduction: Introduction: Although fully encapsulated protective clothing provides critical barrier 
protection, it substantially disrupts thermoregulatory processes by restricting heat and moisture 
exchange between the body and the external environment. Consequently, the resulting thermal 
burden may vary depending on the type of work performed (e.g., upper-limb or lower-limb tasks).  

Purpose: This study aimed to investigate clothing microclimate characteristics and subjective 
perceptions while wearing fully encapsulated protective clothing during arm and leg exercise.  

Methods: Eight young males participated in two experimental conditions: upper-limb exercise 
(ARM) and treadmill walking (LEG) at 20 ° C and 50%RH. Total sweat rate was estimated from 
changes in body mass. Clothing microclimate humidity was continuously monitored at the chest, 
back, and thigh. Thermal sensation and wetness sensation were assessed every 10 min for the 
whole body and selected body regions.  

Results: Total sweat rate did not differ significantly between conditions (LEG: 631 �} 19 g/h vs. 
ARM: 694 �} 91 g/h). Clothing microclimate humidity reached 99%RH by the second exercise 
bout at the chest, back, and thigh, with no differences between conditions. However, during the 
second exercise bout, the legs and feet were perceived as significantly hotter in the LEG 
condition than in the ARMcondition < 0.05). No substantial differences were observed in whole-
body or regional wetness sensation between conditions.  

Discussion: Under fully encapsulated conditions, localized ( thermal 
sensation corresponded to the active body region—subjects felt hotter in the legs and feet 
during leg exercise. However, wetness sensation and clothing microclimate humidity increased 
to near-maximal levels across all measured regions, regardless of exercise type, indicating 
uniformly elevated moisture accumulation inside the protective clothing. 

Keywords: protective clothing, clothing microclimate, exercise-mode dependent, wetness 
sensation 
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Introduction: Effects of heat-induced dehydration have been studied mostly as an imposed 
novel and substantive stressor (≥2% BM loss) with little opportunity for behavioural 
regulation. This ignores potential habituation effects and the most commonecologically-valid 
contexts of heat-induced dehydration. 

Purpose: To examine the rate andextent of habituation to heat-induced dehydration of a ma gnitude 
relevant to most people in acute contexts.  

Methods: Ten healthy, recreationally active participants (5 males, 5 females) completed ten 90-min 
trials on separate days as follows: (i) Two euhydrated exercise familiarisation trials in temperate 
(20° C) air, (ii) initial euhydration and dehydration (no fluid) trials in hot air (40° C, 38%RH), (iii) four 
dehydration habituation sessions (two in 40° C air, two in 40° C water), (iv) final euhydration and 
dehydration trials. Trials included three 30-min blocks of treadmill-then-cycling exercise at heart 
rate 130 bpm before 5-min cycling at self-regulated intensity to maintain positive affect.  

Results: Bodymass decreased ~1.5±0.5% in dehydration (p<0.001) but not euhydration (~0.2
±0.4%). Self-selected work rate was 30±24% lower in dehydration (43±31W) than euhydration (51
±30W, p<0.001), before but not after habituation (51±33 vs 56±32W, p=0.505). Dehydration tended 
to increase perceived exertion during controlled intensity before (p=0.067) but not after habituation 
(p=0.651). Ratings of expected feeling state before the initial dehydration trial were lower than after 
habituation trials (p=0.028). 

Discussion: Participants habituated rapidly to repeatedly-imposed mild dehydration, as evidenced 
by improved anticipatory feeling state and the absence of work rate attenuation. 
Keywords: heat, dehydration, habituation, behaviour 
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Introduction: Menthol can be used as a sensory cooling strategy through activation of cutaneous TRPM8 
receptors, independent of actual tissue cooling [1, 2, 3]. However, these effects on thermoregulatory 
sweating, heat storage, and the perceptual and physiological responses during heat exposure 
require further clarification. Purpose: This study aimed to investigate the effects of 0.9% topical menthol 
application on sweat gland activation, thermo-physiological variables, and perceptual responses during 
passive heat exposure. 

Methods: Ten young males completed Menthol and Control condition in a climate chamber (30° C, 73%
RH). After 10-min rest, subjects immersed their lower legs in 42° C water for 60 min, resulting in a total 70 
min-trial. Measurements included total and local sweat rates, active sweat gland density (ASGD), core 
(Tre) and mean skin temperatures (T sk), and subjective perceptual ratings.  

Results: Menthol application tended to reduce total and local sweating with decreasing ASGD across 
multiple body regions. In contrast, Tre(P <0.1),_Tsk, and heat storage were significantly higher in the 
Menthol condition during heating ( Ps<0.05). At rest, menthol reduced peripheral skin temperature and 
increased the core-to-skin temperature right before heat exposure. Despite physiological thermal 
strain, subjects reported cooler thermal sensations and thermal comfort in final (all Ps<0.05).  

Discussion: Topical menthol induces perceptual cooling while attenuating sudomotor activation and 
slightly increasing core heat storage during passive heating. Such sedentary activity in hot 
environments, 0.9% topical menthol appears to enhance thermal comfort without imposing an 
additional physiological heat strain, highlighting a dissociation between perceived cooling and 
physiological thermoregulation. 

Keywords: Menthol concentration, Passive heating, Sweat rate, Active sweat gland, Body temperature 
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Introduction: When comparing WBGT threshold increasing heatstroke incidence across Japan, 
residents of colder regions develop heatstroke at lower WBGT (Oka et al. 
2023). Such variation may reflect differences in habitual heat exposure and acclimatization. 

Purpose: This study investigated whether thermoregulatory responses to mild heat exposure 
differ between residents of subarctic and temperate climatic regions within Japan. 

Method: Healthy adult men from Hokkaido (HKD, n=45) and Fukuoka (FKO, n=38) were tested 
during summer (2023– 2025). After baseline measurement at 27 ° C, 50% RH, ambient 
temperature increased to 36 ° C over 25 min, followed by 90 min at 36 ° C, 50% RH. Rectal 
temperature (Tre), skin temperature, skin blood flow, local sweat rate, and RR intervals were 
continuously measured. Subjective ratings were recorded every 15 min, and total sweat loss 
was estimated from body-mass change.  

Results: Tre did not increase significantly in either group, suggesting mild heat stress. Total 
sweat loss was significantly higher in HKD (p<0.05), whereas mean skin temperature was 
consistently higher in FKO (p<0.05). Only in the HKD decreased Tre significantly at the end. 
Sympathetic activity estimated from RR interval variability and thermal discomfort were 
transiently higher in HKD. 

Discussion: HKD exhibited excessive sweating responses, which might be due to 
hypersensitivity to unhabituated heat. In contrast, FKO maintained core temperature with less 
sweating by enhancing dry heat loss from the skin. 

Keywords: Heatstroke,WBGT, Heat acclimatization, Sweating response, Heat habituation 
Reference 
Oka et al. Prediction of climate change impacts on heatstroke cases in Japan’ s 47 prefectures 
with the effect of long-termheat adaptation. EnvRes 232, 116390, 2023 

mailto:higuchi.kosuke.d7@elms.hokudai.ac.jp


AB116 
Speech Changes During Volitional Exhaustion in the Heat 

Nicole Yeo1*, Tan Chee Chong Shawn1,2, Lau Yue Ting, Rachel1, Kwok Yu HimEthan1, 
Alexandria Remus1,2, AngWee Hon1, LawYu Yi Lydia1, Jason Lee KaiWei1,2,3, and Nicholas 

Ravanelli1,2,3 
1Heat Resilience&Performance Centre, Yong Loo Lin School ofMedicine, National 

University of Singapore, Singapore; 2Human Potential Translational Research 
Programme, Yong Loo Lin School ofMedicine, National University of Singapore, 

Singapore; 3Department of Physiology, Yong Loo Lin School ofMedicine, National 
University of Singapore, Singapore 

*Correspondence: nicyeo@nus.edu.sg

Introduction: Early detection of exertional heat stroke (EHS) remains challenging [1]. Speech 
production integrates cognitive and motor functions [2,3], yet remains an underexplored biomarker 
despite documented speech impairment in EHS cases.  

Purpose: 
To explore changes in speech temporal features as potential digital biomarkers for early EHS 
detection.  

Methods: Ten healthy participants (5 females; age: 28±4 years; VO2max: 43±3 l/kg/min) performed 
repeated exercise bouts of one-hour loaded (18 kg) treadmill walks (4 km/h, 2%incline) separated by 
30-minutes rest in hot-humid conditions (35.2±0.2° C, 71 ±2% RH) until volitional exhaustion or when
gastrointestinal temperature (Tgi) reached 40 ° C for one minute. A three-task speech battery
(reading [4], counting and weekday recitation) was recorded at baseline and 56th minute of each
bout. An additional speech battery was recorded within 10 minutes of exercise cessation for four
participants. Speech temporal features were extracted and compared across timepoints.

Results: Speech rate changes during the first bout varied across individuals (n=10; reading -6% to 
+20%; counting -19% to +61%; weekday recitation -13% to +77%). Within 10 minutes of
exhaustion, four participants showed consistent within-individual changes in speech rate across
tasks: two increased (mean +27%) and two decreased (mean -23%). Silence percentage increased
in three of the four participants from baseline to exhaustion (reading: 5% to 20%) while one
decreased (- 3%).

Discussion: These preliminary findings suggestthat while speech temporal features may exhibit 
inter- individual variability, within-individual changes may emerge when approaching exertional heat 
exhaustion. This highlights temporal and other speech-derived features as potential non-invasive 
digital biomarkers for early EHS detection. Further evaluation is warranted. 

Keywords: Exertional heat stroke, speech analysis, speech battery, speech temporal parameters 
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Introduction: Capsaicin, a pungent compound derived from chili peppers, activates the transient 
receptor potential vanilloid 1 (TRPV1) channel [1]. Topical application of capsaicin activates TRPV1 
expressed on primary afferent sensory neurons, inducing heat sensations and cutaneous 
vasodilation [2]. However, it remains unclear whether the effects of topical capsaicin are limited to 
the cutaneous layer or extend to deeper tissues, such as skeletal muscle and deep blood vessels, 
potentially influencing exercise performance. 

Purpose: This study investigated the effects of topical capsaicin on maximal exercise performance, 
neuromuscular function, and skeletal muscle blood flow. 

 Methods: Eight healthy young men underwent topical application of either (1) 0.1% capsaicin 
solution (Cap) or (2) a capsaicin-free vehicle solution (Con) to the thigh. Thermal sensation and 
comfort, vastus lateralis muscle temperature, and femoral artery blood flow were assessed before 
and 1 h after application. Subsequently, peak power torque and root mean square (RMS) amplitude 
of the vastus lateralis electromyogram (EMG), as an index of muscle activation, were measured 
during maximal voluntary knee extension.  

Results: Thermal sensationwas higher in the Cap than in the Con trial (P < 0.05). No significantmain 
effects or interactions were observed for muscle temperature or femoral artery blood flow (P>0.05). 
Maximal knee extension torque and RMS amplitude of the vastus lateralis EMG did not differ 
between conditions (P>0.05).  

Discussion: Although topical capsaicin elicited heat sensation, it did not alter deeper vascular or 
muscular responses, and exercise performance during maximal effort remained unchanged. 
(245/250 words) 
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Introduction: Female soccer has grown in popularity. Repeated high-intensity intermittent exercise 
during soccermatches involves significant thermoregulatory strain [1], potentially increasing 
heatstroke risks regardless of the season. However, core body temperature (Tco) responses and 
running performance during competitive female soccer matches remain unclear.  

Purpose: This study examined thermoregulatory responses and running performance during a 
competitive female soccer match in a cool environment. 

Methods:Eleven female collegiate players (1 goalkeeper, 4 defenders, 4 midfielders, 1 forward) 
participated in a 90-min match with a 10-min halftime at an ambient temperature of ~15.2℃. Running 
metrics were normalized to individual playing time and expressed per minute for each half. Tco, 
measured via an ingestible telemetric capsule, and heart rate were continuously monitored. Body 
weight loss and fluid intake were assessed for each half. 

Results: Tco reached 39.0 ± 0.3℃ and 39.1 ± 0.3℃ at the end of the first and second halves, 
respectively. The number of accelerations and decelerations was lower in the second than the first 
half ( = 0.036), whereas total, high-speed running (19-21 km/h), and sprint (≥ 23 km/h) distances 
were unchanged (all ≥ 0.149). Heart rate did not differ between halves (P= ≥ 0.138), while body 
weight loss was greater in the first than the second half (P = 0.004).  

Discussion: This study demonstrates that Tco can reach ~39° C 

during a female soccer match even in cool environments. Future studies are needed to clarify 
Tco responses and their relationships with running performance during matches played in the heat. 

Keywords: women’ s soccer, female athletes, thermoregulation, GPS, intestinal pill system. 
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Introduction: Firefighting while wearing heavy personal protective equipment (PPE) imposes 
substantial thermal and cardiovascular strain [1,2]. Although U.S. guidelines recommend 6– 8 h of 
sleep and alcohol abstinence before duty [3], Korean regulations provide no explicit criteria for sleep 
duration or alcohol restriction [4,5].  

Purpose: This study investigated the effects of total sleep deprivation and pre-shift alcohol 
intake on thermoregulatory, cardiovascular, inflammatory, and perceptual responses during 
intermittent exercise in firefighting PPE under heat stress.  

Methods: Nine healthy males completed three trials: Control (8-h sleep), Sleepless (no sleep), and 
Alcohol (360 mL distilled liquor followed by 8-h sleep). Each trial involved ~90-min intermittent 
treadmill exercise in a climatic chamber (32 ± 0.2oC, 63 ± 2%RH) with full firefighting PPE (16.3 kg). 
Rectal and skin temperatures, heart rate, inflammatory markers (IL-6, TNF-α, CRP), and subjective 
responses were measured. Repeated-measures ANOVA and nonparametric tests were applied (P < 
0.05).  

Results: Rectal temperature was higher in Sleepless and Alcohol than Control (P < 0.01). Work 
tolerance time was significantly reduced in Alcohol compared with Control (P < 0.05). Baseline IL-6 
was elevated in both experimental conditions (P < 0.05). Heart rate and mean skin temperature did 
not differ significantly among conditions. Ratings of perceived exertion and thermal discomfort were 
consistently greater in Sleepless and Alcohol ( < 0.05). 

Discussion: Alcohol intake and sleepdeprivation increased internal heat storage, amplified 
perceptual strain. These findings highlight lifestyle factors as critical determinants of heat 
tolerance and support pre-shift strategies for firefighter safety. 

Keywords: Firefighters, Personal protective equipment, Sleep deprivation, Alcohol, Heat Strain 
References 
[1] Lee, J. Y., Kim, J. H., & Tochihara, Y. (2013). The impact of firefighter personal protective 
equipment and treadmill protocol on maximal oxygen uptake. Journal of Occupational and 
Environmental Hygiene, 10(7), 397– 407.
[2] Lee, H. H., Kim, S., Kim, D. H.,&Lee, J. Y. (2017). Requirements of improvement on personal 
protective equipment and experiences exposed to accidentally high-risk circumstances while 
firefighting: A questionnaire study. Journal of the Korean Society of Living Environmental System, 
24(5), 549– 561.
[3] NFPA 1500. (2013). Standard on Fire Department Occupational Safety, Health, andWellness 
Program. National Fire Protection Association.
[4] Jeong, K. S., Ahn, Y. S., Jang, T.W., Lim, G. Y., Kim, H. D., Cho, S. W.,&Sim,
C. S. (2019). Sleep assessment during shift work in Korean firefighters: A cross-sectional study. 
Safety and Health atWork, 10(3), 254– 259.
[5] Shim, G. S., Bang, S. H., & Ahn, H. J. (2019). Analysis of the relationship between drinking status 
and job stress of firefighters. Fire Science and Engineering, 33(2), 132– 138.

mailto:leehojoon@snu.ac.kr


21st August 2026 
Poster Presentation 2 (14:30 - 15:30) 
Theme: Human Responses to Water Immersion and Submersion 

 No Abstract 
ID Presenter Affiliation Title Of Presentation 

1 AB22 Keiji Hayashi University of Shizuoka, Junior 
College 

Cooling effect of low-temperature 
carbonated water immersion 

2 AB168 Darren Lim 

Sport Physiology Department, 
Sport Science and Medicine 
Centre, High Performance Sport 
Institute, Sport Singapore, 
Singapore 

Effect of Exogenous Carbon 
Dioxide on Human 
Thermoregulation: A Systematic 
Review 



AB22 
Cooling effect of low-temperature carbonated water immersion 

Keiji Hayashi 
University of Shizuoka, Junior College 

Correspondence: khayashi@u-shizuoka-ken.ac.jp 
Introduction: Cold water immersion is often applied for recovery from hyperthermia. 
Immersion in carbonated water causes cutaneous vasodilation and promotes heat transfer. Thus, low-
temperature carbonated water immersion may have a greater cooling effect than tap water immersion.  

Purpose: To investigate whether the cooling effect oflow-temperature carbonatedwater immersion is 
more effective than tap water immersion. 

Methods: [Experiment 1] Participants were immersed in a 40 ° C bath to raise their body temperature, 
and then theirwhole body was immersed in carbonated or tapwater at 25 ° C until their body 
temperature dropped to the baseline level. [Experiment 2] The study protocol was almost the same as 
Experiment 1, except the participants only immersed their lower body during cooling. The cooling time 
and cooling rate were compared between sessions. 

Results: [Experiment 1] Cooling time was significantly shorter in carbonated water session than in tap 
water session (p < 0.05), and the cooling rate was significantly greater in the carbonated water session 
than in the tap water session ( p<0.05). [Experiment 2] There was no significant difference in cooling 
time and cooling rate between sessions. 

Discussion: Even at 25 ° C, the cooling effect of carbonated water immersion was greater than that of 
tap water immersion in the case of whole-body immersion. However, the cooling effect of carbonated 
water was not obtained by cooling the lower body. These results suggest that to obtain the cooling 
effect of carbonated water, a larger the cooling area is necessary. 

Keywords: CO2-richwater, body temperature, cutaneous vasodilation, skin blood flow 
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Introduction: Carbon dioxide (CO₂ ) balneotherapy is a common practice to treat peripheral vascular 
disorders. The vasodilatory effects of CO₂ via inhalation, topical application, or water immersion (WI) 
have been studied, and emerging research is investigating thermoregulatory responses during CO₂ 
exposure [1,3].  

Purpose: Tosystematically characterise thermoregulatory responses to exogenous CO₂ exposure in 
healthy humans and summarise associated physiological outcomes where reported. 

Methods: We searched PubMed/MEDLINE, SPORT Discus,Web of Science, and Embase from 
inception to January 2026 for peer-reviewed randomised controlled trials in healthy humans assessing 
core body temperature (Tcore) during exogenous CO₂ exposure versus control; other outcomes (skin 
temperature 
(Tskin), sweating, skin blood flow(skBF), thermal perception (TS), autonomic indices) were extracted 
when reported.  

Results: Out of 6,944 records, 10 studies were included (CO₂ WI, n = 7; CO₂ inhalation, n = 3). CO₂ WI 
consistently increased skBF at immersed sites [1,3], whereas CO₂ inhalation generally had no effect. 
CO₂ WI generally decreased Tcore [1-3], while Tskin was typically similar versus WI [2,3]. CO₂ WI did 
not meaningfully alter whole-body or local sweating [2,4]. Heart rate was generally unchanged during 
CO₂ WI [2,4]; one study reported greater parasympathetic activity [3], and one inhalation study reported 
higher heart rate under ormothermic conditions [5]. TS and thermal comfort findings were mixed [1-4]. 

Discussion: Exogenous CO₂ —particularly CO₂ WI—appears to increase local cutaneous perfusion 
and may modify whole-body heat balance by enhancing peripheral heat exchange. Evidence for effects 
on Tskin, sweating, heart rate, and TS remains limited, inconsistently reported, or under-characterised, 
supporting the need for more comprehensive trials in healthy humans. 

Keywords: Vasomotor tone, CO2 bathing, tympanic temperature, cutaneous blood flow, carbonated 
water 
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Introduction:Metabolic rate (M) is an element to calculate PredictedMean Vote (PMV), a model 
evaluating thermal comfort. However, practically PMV is calculated using M as constant value 
because its individual measurement is challenging. Therefore, this study focused on the formula 
for estimating M using morphological parameters [1].  

Purpose:This study explored the individual M assessment through height (H) and weight (W) 
prediction based on morphological parameters detected from upper body image. 

Methods: This study conducted a segment measurement using calibrated upper body 
images formaking formulae for prediction (n = 88) and an expired gas analysis experiment 
incorporating anthropometric measurements for accuracy verification (n = 22). 

Results:Shoulder width was the best predictor of H and W, and M predicted from shoulder width 
was significantly associated with M predicted from self-reported H and W, with coefficients of 
determination of 0.821 for men and 0.627 for women (P < 0.01). Furthermore, predicted M values 
fell within the range of actual measurements, demonstrating reasonable validity for this evaluation 
method during periods of low metabolic activity. 

Discussion: The M estimation method using shoulder width possesses a certain degree of validity 
and is considered to contribute to improving the accuracy of individual PMV estimation. 

Keywords:Metabolic rate, PMV, Shoulderwidth, Expired gas analysis 
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Introduction: Mongolia experiences prolonged and severe winters, with ambient temperatures often 
falling below − 30oC. Although urbanization has reduced traditional nomadic cold exposure, young 
Mongolians remain intermittently exposed to extreme cold. Cold-induced vasodilation (CIVD) is a 
key indicator of peripheral cold tolerance [1,2]. However, CIVD characteristics of modern 
Mongolian youth remain insufficiently investigated.  

Purpose: This study compared CIVD responses of young Mongolians with other populations 
across diverse climatic and exposure backgrounds and explored associations between CIVD 
parameters and hand morphological characteristics. 

Methods: Nineteen young Mongolians (13 males, 6 females) underwent a 60-min trial involving 30-
min immersion of the third finger in 4oC water following a 10-min rest, with 20-min recovery. CIVD 
parameters (Tmin, Tmax, Tmean, Trcv, onset time, frequency)were compared with 
previously reported data from other populations (young Koreans,older Korean haenyeos, 
temperates and tropicals) [1,3]. Hand length, circumference, and wrist circumference were 
measured. Correlation analyses were conducted ( < 0.05).

Results: Young Mongolians demonstrated higher Tmin, Tmax, Tmean, and Trcv compared with 
temperates and tropicals ( < 0.05). Earlier CIVD onset and greater wave frequency were 
observed relative to tropical individuals. Significant positive correlations were found between 
hand morphological variables and CIVD responses, particularly Tmax, Tmean, and recovery 
temperature (r = 0.46– 0.61, P<0.05).  

Discussion: Despite growing up in modern indoor environments, Young Mongolians showed 
enhanced peripheral cold tolerance compared with populations from temperate and tropical 
backgrounds. Associations between hand morphology and CIVD parameters suggest that 
both climatic background and anatomical factors contribute to cold-induced vascular 
responses. 

Keywords: Peripheral cold tolerance, Acclimatization, Cold-water immersion, Hand anthropometry, 
Cross-climatic comparison 
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Introduction: Thermal comfort varies among individuals and is influenced not only by physical 
characteristics but also by residential environment. Cross-ethnic studies have demonstrated 
metabolic and insulative cold adaptations across climatic regions, and residents of cold climates 
may exhibit higher basal metabolic rates [1]. However, few studies have compared cold adaptation 
capacity between residents of cold and temperate zregions within the same ethnic population.  

Purpose: This study compared cold adaptation capacity between residents of a cold region 
(Hokkaido) and a temperate region (Fukuoka) In Japan, and additionally examined birthplace 
influence within Hokkaido residents. 

Methods: Healthy men aged ≥18 years were recruited from Hokkaido (n=34) and Fukuoka (n=40). 
Hokkaido participants were divided into Hokkaido-born (n = 13) and non– Hokkaido-born (n = 21) 
subgroups. During winter, participants underwent mild cold exposure in a climate chamber 
(baseline in 27℃, decreased to 19° C over 20 min, followed by 70 min at 19° C). Rectal and skin 
temperature, skin blood flow (SkBF), cardiovascular variables, respiratory gas, and subjective 
responses were measured. 

Results: Hokkaido residents showed significantly higher absolute SkBF (P < 0.05) and higher 
resting oxygen consumption (P < 0.05), with lower respiratory exchange ratios (P < 0.05), while 
rectal temperature was maintained comparably. Within Hokkaido residents, Hokkaido-born 
participants exhibited lower SkBF (P < 0.05) and lower skin temperature (P < 0.05).  

Discussion: Compared with temperate-region, cold-region residence was associated with an 
elevated resting metabolic rate, suggesting early metabolic adaptation. 
In contrast, long-term residence in cold appeared to promote insulative adaptation characterized by 
enhanced peripheral vasoconstriction. 

Keywords: Cold adaptation, Metabolic adaptation, Insulative adaptation, Birth-place, Climate region 
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Introduction: Skin pressure is known to inhibit sweating and redistribute sweat responses 
across the body surface [1, 2]. It remains, however, unclear whether these pressure-related effects 
are also observed in elderly individuals, who exhibit age-related reductions in sweating function.  

Purpose: This study examined the effects of mild under-bust compression on local and 
whole-body evaporation and sweat rates in young and elderly females. Methods: Five young 
(21.7 ± 0.9 yr) and five elderly (66.0 ± 4.2 yr) healthy females stayed in a thermoneutral 
environment (28 ° C, 50%RH). Two conditions were applied: no compression and under-bust 
compression corresponding to a 5% reduction in circumference. Participants remained seated at 
rest, followed by lower-leg and foot immersion in 42 ° C water and a recovery period. Local 
evaporation and sweat rates were measured at the forehead, chest, scapula, forearm, and thigh, 
together with body mass loss. Results: Under-bust compression reduced whole-body weight loss 
by -19 ± 14% in young and -16 ± 22% in elderly females (n.s.). Sweat rate significantlydecreased at 
the forearm and significantly increased at the chest (both p<0.01), with noage-group differences. 
Evaporation rate decreased at most sites under compression;however, no significant condition 
effect was detected. Overall evaporation was significantly higher in young than in elderly females 
(p<0.01), with similar directionalpatterns in both groups.

Discussion: The approximately 16-19% reduction in whole-body mass loss under compression was 
primarily attributable to decreased evaporation rather than altered sweat production. These findings 
indicate that mild under-bust compression modifies regional moisture transport and evaporative 
heat loss, underscoring the role of clothing-induced skin pressure in thermophysiological regulation 
and thermal comfort assessment. 

Keywords: evaporation, sweating, clothing pressure, females, aging 
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Introduction:Mongolia has traditionally been characterized by strong cold adaptation due to 
prolonged exposure to extreme winter climates. However, rapid urbanization and widespread indoor 
heating have substantially altered daily thermal exposure patterns. Previous studies have primarily 
focused on physiological cold adaptation, while behavioral thermoregulation and indoor– outdoor 
exposure patterns remain underexplored [1]. 

Purpose: This survey-based study examined contemporary cold and heat tolerance among urban 
Mongolians by investigating subjective thermal sensitivity, environmental exposure, and behavioral 
thermoregulation strategies. 

Methods: A face-to-face survey was conducted with 200 Mongolian residents of Ulaanbaatar (39.0 
± 10.7 years). The questionnaire included demographics, heat- and cold-related symptoms (past 5 
years), 
self-identified thermal tolerance, preferred indoor temperatures, clothing behavior, use of 
winter accessories, outdoor exposure time, and bathing frequency. Outdoor air temperature and 
humidity on the survey day (28.3oC, 47%RH) were measured on-site. Descriptive statistics and 
frequency analyses were performed.  

Results: Heat-related symptoms (28.0%) were more prevalent than cold-related symptoms (10.5%). 
Although 49.0% perceived themselves as cold tolerant, winter shivering reports were relatively low 
(27.0%). Preferred indoor temperatures averaged 17.3 ± 9.9oC in summer and 14.5 ± 16.5oC in 
winter. Subjects reported − 25.1 ± 9.3oC as the temperature they considered “cold,” yet daily 
outdoor exposure remained limited (156 ± 143 min in winter). The 55% of respondents self-identified 
as heat-tolerant. Many respondents reported high subjective heat tolerance (55.5%).  

Discussion: Despite persistent self-identified cold tolerance, reduced shivering experience and 
strong reliance on indoor heating may indicate a potential decline in physiological cold adaptation. 
Concurrently, self-reported increases in heat tolerance and the prebalence of heat-related symptoms 
suggest shifting thermoregulatory patterns influenced by urban lifestyles and modern heating and 
cooling environments. 

Keywords: Cold tolerance, Heat tolerance, Behavioral adaptation, Indoor–outdoor 
exposure, Continental climate  
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Introduction: In recent years, indoor humidity has tended to decrease during winter due to changes 
in building materials and ventilation systems, leading to an increased risk of negative effects from 
dryness. [1]  

Purpose: The purpose of this study was to clarify the physiological and subjective responses of 
occupants to humidification in a heated indoor environment during winter. 

Methods: Seventeen adults (33.6 ± 12.9 years) participated in an experiment conducted in an 
experimental house installed in a climatic chamber reproducing winter outdoor environment. Two 
environmental conditions were examined: a Dry condition (23℃, 20% RH) for 120min, and a Humid 
condition in which humidity was increased from 20%to 60% over 30 min and then maintained at 
60% RH for 90 min. Skin temperature, body weight, skin hydration, insensible perspiration, 
maximum interblink interval (MBI), and blinking frequency were measured. Thermal sensation, 
thermal comfort, humidity sensation, and humidity comfort were also evaluated.  

Results: No significant differences were observed between the conditions in mean skin temperature, 
thermal sensation, thermal comfort, or insensible perspiration. However, under the Humid 
condition, skin hydration and MBI increased, total body water loss decreased, and nasal dryness 
sensation was alleviated Discussion: These findings suggest that when humidification induces only 
minor changes in SET*, its thermal impact on occupants is limited, although it effectively modifies 
skin dryness, reduces respiratory water loss, and alleviates nasal dryness sensation, which 
those are known to be sensitive to changes in humidity [2]. Further studies with more precisely 
controlled environment are required to clarify the thermal effects of humidification and their 
influence on humidity perception. 

Keywords: Humidification, SET*, Insensible perspiration, Humidity perception. 
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Introduction: Cold-induced vasodilation (CIVD) is a paradoxical peripheral vascular response 
protecting extremities from cold injury. North Korean defectors (NKDs) survived chronic cold and 
nutritional deprivation, comprising two groups: the Arduous March Generation (AMG), who endured 
severe famine and cold during formative years (1994–1998) [1, 2], and the Jangmadang Generation 
(JMD), raised under improved conditions [3]. Early-life cold exposure and physique may influence 
vascular adaptation, warranting generational comparison.  

Purpose: This study compared finger CIVD responses between AMG (born 1964– 1982) and JMD 
(born 1989– 2004), and examined anthropometric associations with CIVD parameters.  

Methods: Twenty-four NKDs (14 males, 10 females; 10 AMG, 14 JMD) underwent a 60-min trial: 10-
min rest, 30-min cold water immersion at 4.0 ± 0.1° C, and 20-min recovery. Finger skin temperatures 
were recorded continuously via thermistors. CIVD parameters ( min, max, onset, mean, amplitude, 
frequency, and resistance index of frostbite (RIF)) and anthropometric data (height, weight, BMI, waist 
circumference) were collected [4].  

Results: AMG showed significantly higher max than JMD (14.2 ± 2.6 vs. 11.9 ± 2.6° C, = 0.049) and 
lower finger thermal sensation at 50 min ( = 0.008). All subjects achieved maximum RIF scores (9.0), 
exceeding population norms (5-6) [5]. BMI and waist circumference positively correlated with min (r = 
0.574, 0.566) and negatively with onset.  

Discussion: Both generations showed exceptional peripheral cold tolerance. AMG demonstrated 
enhanced vasodilatory capacity, possibly reflecting early-life cold exposure, though causality remains 
unclear. Greater body size was associated with higher min and shorter onset, suggesting body 
sizemodifies local cold tolerance. 
Keywords: North Korean defectors, Hunting reaction, Peripheral cold adaptation, 
Generational differences 
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Introduction: Muscle performance is impaired in cold environments[1], possibly due to 
vasoconstriction limiting blood flow and oxygen availability[2]. Whole-body exercise 
performance with mild core temperature reduction was restored to thermoneutral levels 
when breathing hyperoxic (40% oxygen) air[3].We replicated this with single-joint muscle 
exercise to study whether oxygen availability contributes to cold-induced local muscle 
function impairment. 

Purpose: Compare thermoneutral and normoxic triceps surae work capacity with normoxic cooling or 
cooling with hyperoxia.  

Method: Thirteen volunteers (age 21±2.8 years) performed plantarflexion exercise in a cross-over 
design under three conditions while controlling breathing air and muscle temperature: warm-muscle, 
FiO2=0.21 (CON); cold-muscle, FiO2=0.21 (COLD-NORM); and cold-muscle 
FiO2=0.40-0.50 (COLD-HYPER). Exercises included 5-second maximum voluntary 
isometric contraction (MVIC) and dynamic 30-repetitions power test at 20% MVIC where 
torque, power, and surface electromyography of the calf (EMG) were recorded. Muscle temperature 
was assessed via needle probe.  

Results: Muscle temperature decreased in both cold conditions by 4.5±2.0℃ (p<0.001). MVIC torque 
was not different in COLD-NORM (71.0±25.9 Nm) and COLD-HYPER (70.1±27.9 Nm) compared to 
CON (72.6±24.4 Nm, p=0.753), yet soleus EMG was elevated in COLD-HYPER to 144±11% of 
CON (p=0.021). Among conditions, mean power during dynamic exercise was lower in 
both cold conditions (CON: 311.1±20.9 W, COLD-NORM: 247.0±19.7 W, COLD-HYPER: 
251.5±29.1 W, p=0.042) but fatigue rate from the first 5 to the last 5 repetitions was not 
(CON: 9.6±11.4%, COLD-NORM 9.7±11.8%, COLD-HYPER: 15.0±6.8%, p=0.542). 

Discussion: The decrease in performance from cold was not reversed with hyperoxia, 
suggesting that cold-induced muscle capacity impairment is not from altered oxygen 
availability. 

Keywords: hypothermia, hyperoxia, neuromuscular, electromyography, plantarflexion 
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Introduction: Non-shivering thermogenesis, mediated by brown adipose tissue (BAT), contributes to 
cold tolerance. Dietary nitrate, abundant in beetroot, is reduced to nitric oxide, which promotes 
vasodilation and may enhance metabolic activity. Animal studies suggest that chronic nitrate intake 
induces browning of white adipose tissue and increases thermogenesis [1] . However, human 
evidence remains limited.  

Purpose: This pilot study aimed to investigate whether four-week dietary nitrate supplementation via 
beetroot juice enhances cold-induced thermogenesis in healthy young men.  

Methods: A whole-body mild cold exposure test was conducted before and after the intervention. Ten 
healthy adults (age 20.8 ± 1.0 years) first rested for 20 minutes in a thermoneutral environment 
(27° C, 40% relative humidity) to obtain baseline measurements of all variables. The ambient 
temperature was then gradually reduced to 19° C over 20 minutes, followed by 100 minutes of rest 
in supine position in mild cold. Skin temperatures at the supraclavicular and chest regions, expired 
gas and skin blood flow were continuously recorded.  

Results:After the intervention, a trend toward an increase in the supraclavicular-to-chest skin 
temperature difference, which is a surrogate measure of BAT activity [2], was observed. However, 
no significant differences were found in energy expenditure between pre- and post-intervention tests.  

Discussion: These findings suggest that four-week beetroot juice supplementation might induce 
activation of BAT-induced thermogenesis in supraclavicular region but does not significantly 
enhance whole-body metabolic response. Further investigation is required with larger placebo-
based comparative studies design to clarify the effects of BR on BAT activity, including targeted 
population selection, protocol optimization, and more sensitive endpoints. 

KeyWords: Nitrate, Beetroot, Brown adipose tissue, Non-shivering thermogenesis 
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