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Abstract
Problem Statement: Numerous studies have been conducted to improve athletic performance, which is affected
by various factors. However, studies on the exercise performance of heat-adapted athletes under different
environmental condition is still limited. Approach: Twelve male recreational athletes took part in the present
study. The participants underwent prolonged running at the intensity of 70% of their respective VO2max for 60
min. It was then immediately followed by a 20-minutes time–trial performance in a randomized, cross-over trial
either in the heat (32°C, 70% relative humidity) or thermoneutral (25°C, 70% relative humidity) environments.
The nude body weights of the participants were measured before and after the trials. The participants’ blood
samples were obtained before warm-up, at the beginning of exercise, at each 20 minutes and 24 hours after
exercise. These samples were examined for changes in plasma volume, plasma lactate and creatine kinase
activity. Purpose: This study investigated the effects of prolonged exercise in a hot or thermoneutral
environments on different physiological parameters and time–trial performance in recreational athletes. Results:
There were no differences between the trials in terms of body weight, plasma lactate, or creatine kinase activity.
However, as compared to a thermoneutral environment, the athletes' plasma volume changes and sweat rate were
significantly (p < 0.05) higher in the heat trial. The thermoneutral and heat trials had running distances of 3.44 ±
0.5 and 3.13 ± 0.5 km, respectively. Conclusion: These findings suggest that running in the heat has no effect on
plasma lactate levels or muscle damage. However, the participants' running performance was hampered by the
hot and humid conditions.
Key words: Heat stress, endurance running, exercise performance
Introduction
Running is a fundamental activity required in many sports. Thus, coaches and athletes normally include
running as one part of their training sessions. However, in certain events, like a marathon, running is not only
part of their training but also involves a long duration to improve cardiorespiratory endurance. During marathons
or prolonged running, athletes generate and dissipate large amounts of heat, which is generated from metabolic
processes and subsequently increases the internal body temperature. The increase of internal body temperature is
faster and higher when athletes run in a hot environment (Drust et al., 2005).
Several studies shown heat as an important factor that limits exercise performance (Ely et al., 2007;
Mohr et al., 2012; No & Kwak, 2016; Donnan et al., 2021). Tatterson et al. (2000) indicated that the exercise
performance of elite cyclists is affected by heat stress. According to these authors, the cycling performance of
the men elite cyclists during self-paced cycling was in the heat declined when compared with the thermoneutral
trial. In another study, Chen et al. (2004), found that heat also reduces endurance performance, even in people
who are used to living and training in the heat. In addition, Zhao et al. (2013) reported that a hot environment
decreased the maximum oxygen consumption (VO2max) and Wingate anaerobic test performance of athletes
recruited for their study.
Endurance exercise has also been linked to muscle damage (Nosaka et al., 2002). Marcora & Bosio,
(2007) reported that endurance exercise that causes muscle damage significantly reduces endurance running
performance by decreasing muscle and power output in humans. This type of exercise causes a damage to
sarcomeres, T-tubules, sarcoplasm and sarcolemma (Proske & Allen, 2005), resulting in decreased muscle
strength, power and force production (Byrne & Eston, 2002; Clarkson & Hubal, 2002). Muscle damage is
indicated by the disruption of the extracellular matrix and an elevated blood levels of creatine kinase and
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an increase in the blood creatine kinase was observed within 24 h following a high-intensity soccer match
(Russell et al., 2016). According to Damas et al. (2016), muscle damage is characterized by a loss of muscle
strength following eccentric exercise.
According to previous studies, a high-temperature environment has been speculated to be a significant
factor that affect an athlete’s performance (Donnan et al., 2021; Sebastien Racinais et al., 2014). However,
research on the effects of heat on performance indicator among heat-adapted athletes is not well established. The
present study was therefore conducted to determine how prolonged performance of heat-adapted recreational
athletes in different environmental conditions would affect selected physiological parameters, muscle damage
and time–trial performance.
Materials & methods
Research design
A randomized, crossover trial was employed as the research design for the present study. Participants
took part in two trials, i.e., one in a hot (32°C, 70% relative humidity) environment and another in a
thermoneutral (25°C, 70% relative humidity) environment. A one-week recovery period separated the two trials.
The trials were held in the Sports Science Unit Laboratory, Universiti Sains Malaysia. To avoid the negative
effects of dehydration, the participants were provided with plain water (3 mL.kg−1.body weight of plain water)
before and each 20 minutes during the trials, especially in the heat trial. This protocol is identical with the one
followed in previous studies (Chen et al., 2004; Kiew et al., 2001; Muhamad et al., 2016; Ping et al., 2010). The
Human Research Ethics Committee of Universiti Sains Malaysia has approved the protocol of this study
(USMKK/PPP/JEPeM [293.3.(11)].
Participants
Twelve recreational athletes from Universiti Sains Malaysia (USM) were recruited. The recruited
participants were healthy males (aged between 20 – 35 years), non-smokers and exercise regularly with a
minimum of 30 30 minutes/session and two times/week. They were able to run for at least 60 minutes in the heat
at 70% of their VO2max. The informed written consent was obtained from the participants after explaining the
experimental study procedures and if any possible risks about it.
Preliminary testing
Preliminary testing was carried out according to the procedure in a previous study (Chen et al., 2006).
The preliminary tests included a submaximal test, maximal oxygen uptake (VO2max) test and familiarization trial.
The participants’ heights were measured with a telescoping measuring rod (Seca 220, Germany). The weight and
percent body fat of the participants were measured using an electronic body composition analyser (Tanita® TBF410, Japan).
Following familiarization with treadmill running, the participant’s maximal oxygen uptake (VO2max)
and the relationship between running speed and oxygen uptake were determined using submaximal and maximal
oxygen consumption (VO2max) test. The running speed for warm-up at 50% VO2max and the endurance running
performance at 70% of VO2max were determined using data from the submaximal and VO2max test. The
familiarization trial was carried out one week before the actual experimental trials. Participants who were unable
to pass this test were removed from the study.
Experimental trials
The trials were carried out in an improvised heat chamber. Halogen lamps (Philips – 500W, France)
were used to maintain the environment at a temperature of 32ºC (ie. Hot environment) and the thermoneutral
environment was maintained at a temperature of 25°C by adjusting air conditioner temperature (York®,
Malaysia). Relative humidity (RH) of 70% in the chamber was maintained by a water bath (Memmert W350t,
Germany) and to provide an airflow to the participants in an open-air environment, standing fan was used in both
trials. Relative humidity and temperature of the chamber was measured using a digital psychrometer (Extech
Instrument RH300, USA).
All participants kept a food diary for three days prior to the first experimental trial. They were asked to
eat the same diet prior to the next session to minimize the variation in resting muscle glycogen concentrations
between trials. They were also instructed to skip the workout for a day earlier to start each trial and come to the
laboratory under fasting for 10 hours. On the morning of test day, all the participants were given a standardized
breakfast of a slice of bread (Gardenia®, Malaysia) as breakfast and 3 mL.kg−1 body weight of mineral water 30
minutes before the warm-up on the test day. The nude body weight of the participants was recorded using a body
analyser (Tanita® TBF-410, Japan), before warm-up and at the end of each trial after emptying their urinary
bladder. At the forearm vein, indwelling cannula (Vasocan® - 22 G, 1”, B. Braun, Malaysia) attached with an
extension tube was placed to carried out repeated blood withdrawals. A heart rate sensor (Sport Tester PE3000,
Polar, Finland) was placed into the chest wall of participants to measure their heart rate during their trials.
After getting ready the participants entered the chamber to perform the running performance either in a
hot (32°C) or in a thermoneutral (25°C) environment. A blood sample of 0.8 mL was collected. Then the
participants ran for 5 minutes as warm-up on the treadmill with 50% of VO2max. After warm-up, they ran for 60
minutes at 70% of their VO2max, subsequently by a 20-minute time-trial performance test. By regulating the
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experiment, the participants were given plain water (3 mL.kg-1 body weight), and which they were given every
20 minutes during the trials and after they finished. The participants were given 5 min to calm down after
completing the trials. After towelling off, the participants' post-exercise nude body weight was assessed to
calculate the percentage of body weight loss. The participants performed the same protocol in a different
environment (in either hot or thermoneutral environment) 1 week after the first trial.
Analysis of blood parameters
The blood samples from the participants were taken at different time periods of the experimental study
(ie. Before as well as after warm-up, each 20 minutes during the trials, and after 24 hours of exercise) and
analysed for plasma volume changes, plasma lactate and creatine kinase activity.
Statistical analysis
Statistical Package for Social Sciences (SPSS) version 25 was used to analyse the collected data. The
significant difference in time–trial performance between trials was determined by using the Student’s paired ttest. The significance of the differences in physiological parameters between two trials over time was determined
using ANOVA with repeated measures. P value of < 0.05 considered statistically significant. Data are presented
in term of means ± standard deviations (SD).
Results
The result of physiological parameters/baseline characteristics of participants are shown in Table 1.
Table 1. Participants’ baseline characteristics
Parameters

Mean ± Standard
Deviation

Age (years)
Height (cm)
Body Weight (kg)
Body Mass Index (m.kg−2)
Body Fat (%)
VO2max (mL.kg−1.min−1)

23.1 ± 2.1
171.2 ± 5.4
64.0 ± 8.7
21.7 ± 2.1
18.1 ± 3.7
54.3 ± 4.6

Room temperature and relative humidity
The mean (SD) of room temperature as well as relative humidity in the heat (H) and thermoneutral (N)
environments observed to be 31.9 ± 0.1ºC, 70.3 ± 0.1% and 25.0 ± 0.1ºC, 70.5 ± 0.1%, respectively. The room
temperature as well as relative humidity maintained constant throughout the trial’s periods.
Body weight changes
Baseline and after exercise body weights of the participants were similar for both trials (Table 2).
However, body weight loss was higher (p<0.001) in the heat trial when compared to thermoneutral trial (2.0%
vs. 1.2%).
Table 2. Baseline body weight (kg), after exercise body weight and body weight loss of the participants in both
trials
Baseline body weight (kg)
After exercise body weight (kg)
Body weight loss (%)

Thermoneutral (N)
64.3 ± 8.4
63.5 ± 8.1
1.2 ± 0.5

Heat (H)
64.4 ± 8.2
63.1 ± 7.9
2.0 ± 0.4***

Data as mean ± SD.
*** p<0.001 when compared to N trial
Fluid intake and sweat rate
The individuals' fluid intake for both trials did not differ significantly. (Table 3). However, in
comparison to the thermoneutral trial, the sweat rate was significantly higher in the heat trial (p<0.001).
Table 3. Participants’ total volume of fluid intake (mL) and estimated sweat rate (L.h−1) in both trials
Fluid intake (mL)
Sweat rate (L.h−1)

Thermoneutral (N)
965.1 ± 126.2
1.3 ± 0.4

Heat (H)
965.8 ± 122.6
1.7 ± 0.3***

Data as mean ± SD.
*** p<0.001 when compared to N trial
Endurance running performance
Endurance running performance of the participants in the heat (H) trial was significantly lower
compared to that in the thermoneutral (N) environment (Fig. 1). The mean distance covered in both heat (H) and
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--------------------------------------------------------------------------------------------------------------------------------thermoneutral (N) trials was 3.13 ± 0.50 and 3.44 ± 0.50 km, respectively. The distance achieved by the
participants in the heat trial was approximately 310 m shorter than in the thermoneutral trial.

Fig. 1. Endurance running performance (km) of the participants in the heat (H) and thermoneutral (N)
environments
*** Indicates a significant difference from the N trial (p<0.001)
Plasma lactate
Plasma lactate concentration significantly increased in both trials. In general, the plasma lactate
concentrations in the heat trials were significantly higher from their baseline value during the time trial
compared to the thermoneutral environment (N) (Fig. 2). But on the completion of the time trials, the
participants in N and H trials had mean plasma lactate concentrations of 7.4 ± 3.1 and 5.3 ± 2.1 mmol.L−1,
respectively.
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Fig. 2. Changes of plasma lactate concentration in both trials
+, ++ and +++ represent a significant difference from respective baseline values (p<0.05, p<0.01 and p<0.001
respectively).
Plasma volume changes (PVC)
Plasma volume significantly decreased over time in both trials (Fig. 3). When compared to their
respective resting volumes, plasma volume was significantly lower in both trials. At the end of the N and H
trials, the mean change in the volume of plasma of the participants was −7.7 ± 2.3 and −10.4 ± 3.5%
respectively.
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Fig. 3. Changes of plasma volume in both trials
Plasma creatine kinase (CK)
The mean plasma creatine kinase concentration of the participants increased at 24 h post-exercise in
both trials, where the mean plasma creatine kinases for the N and H trials were 510.9 ± 94.6 and 429.1 ± 267.1
U.L−1 respectively (Fig. 4). However, there were no significant difference observed between the trials.
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Fig. 4. Differences of plasma creatine kinase activity between two trials
+ Indicates a significant difference from respective resting values (p < 0.05).
Discussion
In this study, the mean BMI of the participants was within the normal classification of BMI, which is
from 18.5 to 24.9 kg.m−2 (Shiwaku et al., 2004). In terms of cardiorespiratory fitness, the mean VO2max of the
participants (54.3 ± 4.6 mL.kg−1.min−1) is considered excellent when referring to the norm of the age group
(McArdle et al., 2007). These values indicate that the participants were fit enough and able to complete the
experimental protocol. While the room temperature was maintained at 25°C and 32°C for the N and H trials,
respectively, throughout the experimental trials, the relative humidity of the room was kept stable at 70% for
both trials. The temperature and relative humidity of the chamber for both trials were established using
Malaysia’s daily temperature and humidity, as well as those utilized in other previous studies (Chen et al., 2006;
McAnulty et al., 2005).
In the present study, the hot and humid environment affects the participants running performance. It
was better in the N trial when compared with the H trial (Fig. 1). In comparison to the hot environment, the
participants ran 310 m further in the thermoneutral environment. This finding is supported with the other studies
(McAnulty et al., 2005; Walters et al., 2000). Most of those studies, however, were conducted on humans
---------------------------------------------------------------------------------------------------------------------------- 2293
JPES ®
www.efsupit.ro

MUHAMMAD ZUHAILI BIN SUHAIMI, CHEE KEONG CHEN, K.N.S. SIRAJUDEEN
--------------------------------------------------------------------------------------------------------------------------------adapted to living in a cooler environment and who were either non-acclimatized or partially acclimatized to the
heat. Our study demonstrated that exercising in the heat significantly reduces endurance performance in
participants who have always lived and exercised in a hot as well as humid environment. However, exercising
under this environment did not affect plasma lactate or the marker for muscle damage among the heat-adapted
participants.
In both trials, the plasma volume was decreased significantly, but was significantly higher in the H trial
than in the N trial with respect to their baseline values (Fig. 3). After warming up, the reduction in plasma
volume was slightly similar with both trials. However, the decrease in plasma volume from 20 min of exercise to
the end of the time trial was greater in the H trial than in the N trial. The greater decrease in plasma volume in
the H trial compared to the N trial was most likely because of increased fluid loss through sweating during heatinduced exercise. This finding was consistent with the findings of other studies (Fritzsche et al., 1999; Sawka &
Montain, 2000). Homeostatic mechanisms such as peripheral vasodilation and increased sweat rate are used to
dissipate heat from the human body and maintain internal body temperature (S. Racinais et al., 2015). The
increased sweat rate during exercise causes a loss of body fluid and subsequently reduced plasma volume in the
body. Excessive body fluid loss can also lead to dehydration and consequently affects exercise performance
(Menon et al., 2015; Fortes et al., 2018; Wittbrodt & Millard-Stafford, 2018; McCarthy et al., 2020).
During exercise, plasma lactate concentration increased in both trials, but was higher during the course
of H trial than in the N trial (Fig. 2). Other studies (Hargreaves et al., 1996; McAnulty et al., 2005) also shown
the similar findings in which plasma lactate accumulation was elevated when people were exercising in the heat
compared to in a thermoneutral environment. However, a study conducted by Tatterson et al. (2000) reported
that plasma lactate levels were not significantly different following endurance cycling in heat and thermoneutral
environments. In general, hyperthermia and elevated amount of hydrogen are two side effects of vigorous and
prolonged exercise that might impair performance (Coyle, 1999). The accumulation of hydrogen ions in the
blood and muscle is known as lactic acidosis, and it produces a dramatic shift in the acid–base balance (Kemp et
al., 2005). Plasma lactate reflects a lactate production and clearance balance that favours the former (Phypers &
Pierce, 2006). The plasma lactate concentration in the N trial was considerably greater at the completion of trial
than in the H trial. This was probably attributed to a faster pace that the participants were running in the cooler
environment.
Plasma creatine kinase (CK) activity in the N trial was significantly higher 24 h after exercise compared
to resting level, but not that in the H trial. However, the plasma CK activity between pre-exercise and 24 h postexercise of H and N trials did not differ statistically (Fig. 4). The post-exercise rise in plasma CK activity in the
N trial was similar to that observed by other investigators, following a range of exercise regimens (Clarkson et
al., 2006; Magal et al., 2010; K. Nosaka et al., 2002), and the peak production of CK was after 24 to 96 h postexercise (Brancaccio et al., 2007). This suggests that the occurrence of muscle damage is caused by sources
other than heat. There is no clear mechanism for causing muscle damage, but mechanical factors may be
responsible for the workout. Mechanical disruption in the muscle is one of the basic mechanisms that cause
muscle damage (Hyldahl et al., 2014). Chen et al. (2012) reported that exercise-induced muscle damage was
evident after isometric and eccentric muscle contractions. Many factors, including intensity, speed, number of
contractions, muscle length, muscle group, exposure to eccentric exercise, age and sex influenced the extent to
which muscle injury was affected (Nosaka & Aoki, 2011). Muscle damage caused by eccentric exercise causes
dramatic and long-lasting changes in motor unit recruitment, which likely affects muscle strength and exercise
performance. (Semmler, 2014).
Conclusion
In this study, the prolonged running performance of heat-adapted recreational athletes has been affected
by a hot and humid environment. The recreational athletes ran a longer distance in the thermoneutral
environment as compared to in a hotter environment. However, prolonged running in the heat did not affect
plasma lactate or muscle damage. Thus, it is advisable for all coaches and athletes to consider the adverse effects
of heat stress as a critical factor that may affect endurance performance. They should take any relevant strategies
or approaches, such as heat acclimatization or pre-exercise cooling intervention, to maintain or improve
endurance performance in hot and humid environments.
Conflict of interest
There were no conflicts of interest in the publication of this manuscript.
Acknowledgement
We would like to convey our greatest gratitude to all participants for their willingness to endure the exercise
testing. We would also like to thank Madam Jamaayah, Madam Norlida and Madam Hafizah for their technical
assistance with data collection for this study.
References
Brancaccio, P., Maffulli, N., & Limongelli, F. M. (2007). Creatine kinase monitoring in sport medicine. British
Medical Bulletin, 81–82(1), 209–230. https://doi.org/10.1093/bmb/ldm014
Byrne, C., & Eston, R. (2002). The effect of exercise-induced muscle damage on isometric and dynamic knee
2294 ---------------------------------------------------------------------------------------------------------------------------JPES ®
www.efsupit.ro

MUHAMMAD ZUHAILI BIN SUHAIMI, CHEE KEONG CHEN, K.N.S. SIRAJUDEEN
--------------------------------------------------------------------------------------------------------------------------------extensor strength and vertical jump performance. Journal of Sports Sciences, 20(5), 417–425.
https://doi.org/10.1080/026404102317366672
Chen, C. K., Singh, H. J., & Singh, R. (2006). Effects of palm vitamin E supplementation on exercise-induced
oxidative stress and endurance performance in the heat. Journal of Sports Science and Medicine, 5(4),
629–639.
Chen, C. K., Singh, R., & Singh, H. (2004). High ambient temperature impairs endurance in Heat-adapted
recreational athletes. Asian Journal of Exercise & Sports Science, 1(1), 53–61.
https://www.researchgate.net/publication/235987695
Chen, T. C. C., Chen, H. L., Pearce, A. J., & Nosaka, K. (2012). Attenuation of eccentric exercise-induced
muscle damage by preconditioning exercises. Medicine and Science in Sports and Exercise, 44(11), 2090–
2098. https://doi.org/10.1249/MSS.0b013e31825f69f3
Chung-ching Chen, T., Chen, H., Pearce, A. J., Nosaka, K., C-c, T., Chen, H., Pearce, A. J., & NOSAKA
Attenuation, K. (2012). Eccentric Exercise-Induced Muscle Damage by Preconditioning Exercises. Med.
Sci. Sports Exerc, 44(11), 2090–2098. https://doi.org/10.1249/MSS.0b013e31825f69f3
Clarkson, P.M. and Hubal, M. . (2002). Exercise-induced muscle damage. American Journal of Physical
Medicine & Rehabilitation, 81(11), 52–69. https://doi.org/10.1055/s-2007-1021034
Clarkson, P. M., Kearns, A. K., Rouzier, P., Rubin, R., & Thompson, P. D. (2006). Serum creatine kinase levels
and renal function measures in exertional muscle damage. Medicine and Science in Sports and Exercise,
38(4), 623–627. https://doi.org/10.1249/01.mss.0000210192.49210.fc
Coyle, E. F. (1999). Physiological Determinants of Endurance Exercise Performance. Journal of Science and
Medicine in Sport, 2(3), 181–189.
Damas, F., Nosaka, K., Libardi, C. A., Chen, T. C., & Ugrinowitsch, C. (2016). Susceptibility to ExerciseInduced Muscle Damage: A Cluster Analysis with a Large Sample. International Journal of Sports
Medicine, 37(8), 633–640. https://doi.org/10.1055/s-0042-100281
Donnan, K., Williams, E. L., & Stanger, N. (2021). The Effects of Heat Exposure During Intermittent Exercise
on Physical and Cognitive Performance Among Team Sport Athletes.
https://doi.org/10.1177/0031512520966522
Drust, B., Rasmussen, P., Mohr, M., Nielsen, B., & Nybo, L. (2005). Elevations in core and muscle temperature
impairs repeated sprint performance. Acta Physiologica Scandinavica, 183(2), 181–190.
https://doi.org/10.1111/j.1365-201X.2004.01390.x
Ely, M. R., Cheuvront, S. N., Roberts, W. O., & Montain, S. J. (2007). Impact of weather on marathon-running
performance. Medicine and Science in Sports and Exercise, 39(3), 487–493.
https://doi.org/10.1249/mss.0b013e31802d3aba
Fortes, L. S., Nascimento-Júnior, J. R. A., Mortatti, A. L., Roberto, D., Araújo De Lima-Júnior, A., & Ferreira,
M. E. C. (2018). Research Quarterly for Exercise and Sport Effect of Dehydration on Passing Decision
Making in Soccer Athletes. https://doi.org/10.1080/02701367.2018.1488026
Fritzsche, R. G., Switzer, T. W., Hodgkinson, B. J., & Edward, F. (1999). Stroke volume decline during
prolonged exercise is influenced by the increase in heart rate. Journal of Applied Physiology, 86(3), 799–
805.
Hargreaves, M., Angus, D., Howlett, K., Conus, N. M., & Febbraio, M. (1996). Effect of heat stress on glucose
kinetics during exercise. Journal of Applied Physiology, 81(4), 1594–1597.
https://doi.org/10.1152/jappl.1996.81.4.1594
Hyldahl, R. D., & Hubal, M. J. (2014). Lengthening our perspective: Morphological, cellular, and molecular
responses to eccentric exercise. In Muscle and Nerve (Vol. 49, Issue 2, pp. 155–170).
https://doi.org/10.1002/mus.24077
Hyldahl, R. D., Olson, T., Welling, T., Groscost, L., Parcell, A. C., Vergara, J. L., & Sakuma, K. (2014).
Satellite cell activity is differentially affected by contraction mode in human muscle following a workmatched bout of exercise. https://doi.org/10.3389/fphys.2014.00485
Kemp, G., Böning, D., Strobel, G., Beneke, R., Maassen, N., Robergs, R. A., Ghiasvand, F., & Parker, D.
(2005). Lactate accumulation, proton buffering, and pH change in ischemically exercising muscle.
American Journal of Physiology - Regulatory Integrative and Comparative Physiology, 289(3), 895–910.
https://doi.org/10.1152/ajpregu.00641.2004
Kiew, O. F., Singh, R., Sirisinghe, R. G., Suen, A. B., & Jamalullail, S. M. S. (2001). Effects of a herbal
ergogenic drink on cycling performance in young cyclists. Malaysian Journal of Nutrition, 7(1–2), 33–40.
https://www.researchgate.net/publication/225301005
Magal, M., Dumke, C. L., Urbiztondo, Z. G., Cavill, M. J., Triplett, N. T., Quindry, J. C., Mcbride, J. M., &
Epstein, Y. (2010). Relationship between serum creatine kinase activity following exercise-induced muscle
damage and muscle fibre composition. Journal of Sports Sciences, 28(3), 257–266.
https://doi.org/10.1080/02640410903440892
Marcora, S. M., & Bosio, A. (2007). Effect of exercise-induced muscle damage on endurance running
performance in humans. Scandinavian Journal of Medicine and Science in Sports, 17(6), 662–671.
https://doi.org/10.1111/j.1600-0838.2006.00627.x
---------------------------------------------------------------------------------------------------------------------------- 2295
JPES ®
www.efsupit.ro

MUHAMMAD ZUHAILI BIN SUHAIMI, CHEE KEONG CHEN, K.N.S. SIRAJUDEEN
--------------------------------------------------------------------------------------------------------------------------------McAnulty, S. R., McAnulty, L., Pascoe, D. D., Gropper, S. S., Keith, R. E., Morrow, J. D., & Gladden, L. B.
(2005). Hyperthermia increases exercise-induced oxidative stress. International Journal of Sports
Medicine, 26(3), 188–192. https://doi.org/10.1055/s-2004-820990
McArdle, W. D., Katch, F. I., & Katch, V. L. (2007). Exercise Physiology: Nutrition, Energy, and Human
Performance - William D. McArdle, Frank I. Katch, Victor L. Katch - Google Books.
https://books.google.com.my/books/about/Exercise_Physiology.html?id=XOyjZX0Wxw4C&redir_esc=y
McCarthy, D. G., Wickham, K. A., Vermeulen, T. F., Nyman, D. L., Ferth, S., Pereira, J. M., Larson, D. J., Burr,
J. F., & Spriet, L. L. (2020). Impairment of thermoregulation and performance via mild dehydration in ice
hockey goaltenders. International Journal of Sports Physiology and Performance, 15(6), 833–840.
https://doi.org/10.1123/ijspp.2019-0464
Menon, K., Hillyer, M., & Singh, R. (2015). The Effects of Dehydration on Skill-Based Performance Want more
papers like this? The Effects of Dehydration on Skill-Based Performance.  International Journal of
Sports Science, 5(3), 99–107. https://doi.org/10.5923/j.sports.20150503.02
Mohr, M., Nybo, L., Grantham, J., & Racinais, S. (2012). Physiological Responses and Physical Performance
during Football in the Heat. PLoS ONE, 7(6), 39202. https://doi.org/10.1371/journal.pone.0039202
Muhamad, A. S., Chen, C. K., Ayub, A., & Ibrahim, N. S. (2016). Effects of prolonged exercise in the heat and
cool environments on salivary immunoglobulin A among recreational athletes. IOSR Journal of Sports and
Physical Education, 03(04), 51–56. https://doi.org/10.9790/6737-03045156
No, M., & Kwak, H.-B. (2016). Effects of environmental temperature on physiological responses during
submaximal and maximal exercises in soccer players. Integrative Medicine Research, 5(3), 216–222.
https://doi.org/10.1016/j.imr.2016.06.002
Nosaka, B., & Aoki, S. (2011). Brazilian Journal of Biomotricity. Brazilian Journal of Biomotricity, 5, 5–15.
http://www.redalyc.org/articulo.oa?id=93018594002
Nosaka, K., Newton, M., & Sacco, P. (2002). Muscle damage and soreness after endurance exercise of the elbow
flexors. Medicine and Science in Sports and Exercise, 34(6), 920–927. https://doi.org/10.1097/00005768200206000-00003
Phypers, B., & Pierce, J. M. T. (2006). Lactate physiology in health and disease. Continuing Education in
Anaesthesia, Critical Care and Pain, 6(3), 128–132. https://doi.org/10.1093/bjaceaccp/mkl018
Ping, W. C., Keong, C. C., & Bandyopadhyay, A. (2010). Effects of acute supplementation of caffeine on
cardiorespiratory responses during endurance running in a hot & humid climate. Indian Journal of Medical
Research, 132(7), 36–41.
Proske, U., & Allen, T. J. (2005). Damage to skeletal muscle from eccentric exercise. Exercise and Sport
Sciences Reviews, 33(2), 98–104. https://doi.org/10.1097/00003677-200504000-00007
Racinais, S., Alonso, J. M., Coutts, A. J., Flouris, A. D., Girard, O., González-Alonso, J., Hausswirth, C., Jay,
O., Lee, J. K. W., Mitchell, N., Nassis, G. P., Nybo, L., Pluim, B. M., Roelands, B., Sawka, M. N., Wingo,
J. E., & Périard, J. D. (2015). Consensus recommendations on training and competing in the heat.
Scandinavian Journal of Medicine and Science in Sports, 25(S1), 6–19. https://doi.org/10.1111/sms.12467
Racinais, Sebastien, Périard, J. D., Karlsen, A., & Nybo, L. (2014). Effect of heat and heat acclimatization on
cycling time trial performance and pacing. Medicine and Science in Sports and Exercise, 47(3), 601–606.
https://doi.org/10.1249/MSS.0000000000000428
Russell, M., Sparkes, W., Northeast, J., Cook, C. J., Bracken, R. M., & Kilduff, L. P. (2016). Relationships
between match activities and peak power output and Creatine Kinase responses to professional reserve
team soccer match-play. Human Movement Science, 45, 96–101.
https://doi.org/10.1016/j.humov.2015.11.011
Sawka, M. N., & Montain, S. J. (2000). Fluid and electrolyte supplementation for exercise heat stress. American
Journal of Clinical Nutrition, 72(2), 564–572. https://doi.org/10.1093/ajcn/72.2.564s
Semmler, J. G. (2014). Motor unit activity after eccentric exercise and muscle damage in humans. Acta
Physiologica, 210(4), 754–767. https://doi.org/10.1111/apha.12232
Shiwaku, K., Anuurad, E., Enkhmaa, B., Kitajima, K., & Yamane, Y. (2004). Appropriate BMI for Asian
populations Postpartum psychiatric disorders. The Lancet, 363(9414), 1077–1078.
Tatterson, A. J., Hahn, A. G., Martin, D. T., Febbraio, M. A., & Movement, H. (2000). Effects of Heat Stress on
Physiological Responses and Exercise Performance in Elite Cyclists. Journal of Science and Medicine in
Sport, 3(2), 186–193.
Walters, T. J., Ryan, K. L., Tate, L. M., & Mason, P. A. (2000). Exercise in the heat is limited by a critical
internal temperature. Journal of Applied Physiology, 89(2), 799–806.
https://doi.org/10.1152/jappl.2000.89.2.799
Wittbrodt, M. T., & Millard-Stafford, M. L. (2018). Impact Of Hypohydration And Exercise-heat Stress On
Brain Structure In Men And Women. In Medicine & Science in Sports & Exercise (Vol. 50, Issue 11).
https://doi.org/10.1249/01.mss.0000486701.95659.eb
Zhao, J., Lorenzo, S., An, N., Feng, W., Lai, L., & Cui, S. (2013). Effects of heat and different humidity levels
on aerobic and anaerobic exercise performance in athletes. Journal of Exercise Science & Fitness, 11(1),
35–41. https://doi.org/10.1016/j.jesf.2013.04.002
2296 ---------------------------------------------------------------------------------------------------------------------------JPES ®
www.efsupit.ro

