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ABSTRACT

Background: The limited research on the determinants of performance in short-
distance trail running in tropical environments iS a major problem in
understanding the influence of environmental conditions on runners' performance
and pacing strategies. Objective: This study aimed to examine the influence of
race distance, sex, and age on trail running performance in the 5K and 10K
categories of the Merapi Merbabu de Trail 2025. Method: A retrospective
observational race result analysis was conducted using official race data from the
Merapi Merbabu de Trail 2025. The study included 429 runners (5K: n = 144; 10K:
n = 285), consisting of 275 male and 154 female participants. The primary outcome
variable was finish time (in minutes), while the independent variables included
race, distance, sex, and age. Statistical analyses were performed using SPSS
version 26, including descriptive statistics, independent-samples t-tests, Cohen’s d
effect sizes, and multiple linear regression to evaluate predictors of performance.
Results: Results showed a significant difference in performance between race
distances. The mean finish time for the 5K category was 152.8 + 44.3 minutes,
while the 10K category averaged 306.1 £ 74.3 minutes (t = -26.68, p < 0.001,
Cohen’s d = 2.50). Male runners completed the 10K race faster than female
runners (293 vs. 345 minutes). Regression analysis indicated that finish time
increased by approximately 2—3 minutes per year of age, indicating a progressive
decline in performance with increasing age. Conclusion: These findings indicate
that race distance, sex, and age are significant determinants of trail running
performance in tropical environments.

Keywords: age-related endurance decline, heat-humidity endurance stress, mountain trail running,
sex differences in performance, short-distance trail race, tropical volcanic environment.
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INTRODUCTION

Endurance running in mountainous, hot environments imposes substantial
physiological stress on athletes. Elevation gain increases the metabolic demand of
running due to reduced oxygen availability and greater mechanical workload. At the
same time, high ambient temperature and humidity elevate thermoregulatory strain,
cardiovascular load, and the risk of dehydration. The interaction between altitude-
related stress and heat exposure can significantly influence endurance capacity,
pacing strategy, and overall race performance. Understanding these physiological
responses is therefore important for optimizing performance and reducing the risk of
heat-related illness during endurance events. Trail running is a rapidly growing
endurance sport that combines long-distance running with technical terrain and
environmental challenges. Compared with road running, trail races involve uneven
surfaces, steep gradients, and variable terrain, which increase both biomechanical
and metabolic demands during running. Previous studies have shown that uphill
running increases oxygen consumption and muscular workload, while downhill
running increases eccentric muscle loading and mechanical stress on the lower limbs
(Millet et al., 2025; Millet et al., 2012; Vernillo et al., 2017). In addition, technical
terrain may increase metabolic cost by approximately 10-20% compared with
running on flat surfaces at the same speed (Gimenez et al., 2014). Recent studies have
further demonstrated that terrain variability and pacing adjustments are important
predictors of performance outcomes in trail running events (Gutiérrez et al., 2025).
Compared with road running, trail races involve uneven surfaces, steep gradients,
and variable terrain, which increase both biomechanical and metabolic demands
during running. Previous studies have shown that uphill running increases oxygen
consumption and muscular workload, while downhill running increases eccentric
muscle loading and mechanical stress on the lower limbs (Millet et al., 2012; Vernillo
et al., 2017). In addition, technical terrain may increase metabolic cost by
approximately 10-20% compared with running on flat surfaces at the same speed
(Gimenez et al., 2014).

Environmental conditions also play an important role in endurance performance.
Exposure to high ambient temperature and humidity can increase cardiovascular
strain, elevate core body temperature, and accelerate dehydration, which may impair
endurance performance and increase the risk of heat-related illness (Périard et al.,
2015; Racinais et al., 2015). Similarly, running at moderate elevation requires greater
metabolic effort and may alter pacing strategies due to reduced oxygen availability
and increased terrain difficulty (Millet et al., 2012). Recent research has also
highlighted that physiological responses during trail running are influenced by terrain
difficulty and external load demands, which may alter energy expenditure and
running efficiency during competition (Barramufo-Medina et al., 2024; Gimenez et
al., 2014; Martin-Rodriguez et al., 2024).

Despite the growing popularity of trail running worldwide, most research on
endurance running performance has been conducted in laboratory settings, road
races, or ultra-distance mountain events. Relatively few studies have investigated
performance patterns in real-world trail running competitions conducted in tropical
environments. In particular, short- to intermediate-distance trail races such as 5K and
10K remain underexplored, even though these categories account for a large share of
recreational and amateur trail running participation (Scheer et al., 2022).
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Furthermore, demographic factors such as age and sex are known to influence
endurance performance. Previous studies have reported that endurance performance
typically declines with increasing age due to reductions in aerobic capacity and
neuromuscular function (Lepers et al., 2018; Lepers & Stapley, 2016; Tanaka &
Seals, 2008). Differences in performance between male and female runners have also
been widely documented, often reflecting variations in physiological characteristics
such as maximal oxygen uptake, body composition, and muscle mass distribution
(Bassett et al., 2020; Hunter et al., 2024). However, limited empirical evidence exists
on how these demographic factors interact with race distance in tropical trail-running
environments.

The Merapi Merbabu de Trail 2025 event, held on the slopes of Mount Merapi
and Mount Merbabu in Central Java, Indonesia, provides a unique opportunity to
examine endurance performance in a tropical volcanic trail environment. The course
includes steep gradients, volcanic terrain, and a tropical climate characterized by high
temperatures and humidity, which may influence running performance and fatigue
development. Therefore, the present study aims to analyze performance patterns in
the Merapi Merbabu de Trail 2025 by examining: 1) Differences in performance
between the 5K and 10K race categories, 2) Performance differences between male
and female runners, 3) Age-related trends in performance decline, and 4) The
combined influence of race distance, sex, and age on trail running performance. By
using official race results from a real-world tropical trail running event, this study
provides empirical evidence for the growing literature on endurance performance in
challenging environmental conditions. It offers insights that support athlete
preparation, race organization, and performance modeling in tropical mountain
environments.

METHODS

Study Design and Participants

This study employed a retrospective observational design based on official race
results from the Merapi Merbabu de Trail 2025 event. Race data were obtained from
the race organizer's official results database. The dataset included 429 runners who
completed the race, comprising 144 in the 5K category and 285 in the 10K category.
The participants comprised 275 male and 154 female runners, aged 18 to 65 years.
Participants were included in the analysis if they were officially recorded as finishers
and had complete demographic information, including age and sex. Runners with
incomplete race records or missing demographic data were excluded from the
analysis to ensure data accuracy and statistical validity. All race result data were
anonymized prior to analysis to protect participant confidentiality.

Ethical approval statement

This study was approved by the Ethics Committee (EC) Universitas Negeri
Semarang (FIK UNNES) with approval number No. 421/KEPK/EC/2025. All
procedures were conducted in accordance with the ethical standards for research
involving human participants and complied with the principles of the Declaration of
Helsinki. During the race registration process, all participants provided informed
consent, which included permission for the use of anonymized race data for research
purposes.
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Research Instruments

The instrument used in this study is a secondary dataset obtained from the official
results database of the 2025 Merapi Merbabu de Trail race, including finish time, race
distance, age, and gender of participants. The primary outcome variable was finish
time (minutes), an indicator of race performance. Independent variables included
race distance (5K or 10K), sex (coded as male = 1 and female = 0), and age (years).
In addition, an interaction term (distance X age) was included in the regression model
to examine whether the effect of age on performance differed between race distances.

Data Analysis

Statistical analyses were performed using SPSS version 26. Descriptive statistics
were calculated and reported as mean * standard deviation (SD) (Hale, 2015; Lang
& Altman, 2015). Differences in performance between the 5K and 10K categories
were analyzed using an independent-samples t-test, and the magnitude of the
difference was evaluated using Cohen's d. Furthermore, multiple linear regression
analysis was conducted to assess the influence of age, sex, and race distance on finish
time. Statistical significance was set at p < 0.05 (Cumming, 2013; Harriss et al.,
2019).

RESULTS

The present study analyzed race performance data from 429 trail runners who
completed the Merapi Merbabu de Trail 2025 event. The dataset included 144
runners in the 5K category and 285 runners in the 10K category. This section first
presents the demographic characteristics of the participants, followed by analyses
comparing race performance across distances and regression analyses examining
predictors of finish time.

Table 1. Demographic Characteristics of Participants

Variable Total (n=429) 5K (n=144) 10K (n=285)
Male (n, %) 275 (64.1%) 92 (63.9%) 183 (64.2%)
Female (n, %) 154 (35.9%) 52 (36.1%) 102 (35.8%)
Mean age (years) 38.7+£9.6 36.8 £9.1 39.6 +9.8
Age range (years) 18-65 18-62 19-65

As shown in Table 1, the study included 429 trail runners, comprising 275 male
participants (64.1%) and 154 female participants (35.9%). Among these participants,
144 competed in the 5K and 285 in the 10 K. The mean age of all participants was
38.7 + 9.6 years, with an age range between 18 and 65 years. Runners in the 10K
category tended to be slightly older (39.6 £ 9.8 years) compared with those in the 5K
category (36.8 £ 9.1 years).

Table 2. Comparison of Finish Time Between 5K and 10K Categories

Variable 5K(n=144) 10K (n = 285) Statistical Value
Mean finish time (min) 152.8 306.1

Standard deviation (SD) 443 74.3

95% Confidence Interval 145.5-160.1 297.5-314.7

t-value -26.68

p-value < 0.001
Cohen’s d (Effect Size) 2.50 (Extremely Large)

As shown in Table 2, the mean finish time for runners in the 5K category was
152.8 £ 44.3 minutes (95% CI: 145.5-160.1), whereas runners in the 10K category
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recorded a substantially longer mean finish time of 306.1 £ 74.3 minutes (95% CI:
297.5-314.7). An independent samples t-test revealed a statistically significant
difference between the two race distances (t = -26.68, p < 0.001). The magnitude of
this difference was extremely large, as indicated by Cohen’s d = 2.50, suggesting that
race distance had a strong effect on performance outcomes among participants in the
Merapi Merbabu de Trail event.

Table 3. Multiple Linear Regression Analysis Predicting Finish Time in Trail Runners

Predictor Variable B Coefficient Standard Error (SE) p-value

Age (years) 2.3 0.41 < 0.001

Sex (Male = 1, Female = 0) -48.2 8.6 <0.001

Race Distance (10K vs 5K) 151.4 12.2 < 0.001
Table 4. Model Summary

Statistic Value

R? 0.41

Adjusted R? 0.40

F-statistic 98.7

p-value <0.001

Mean Finish Time (min) with 95%
Confidence Intervals

350 306.1
300

250
200 152.8
150 I
100

Finish Time (minutes)
w
o

o

5K 10K
Race Distance

Figure 1. Mean finish time (minutes) for 5K and 10K race categories with 95%
confidence intervals. The 10K category exhibited substantially longer finish times
compared to the 5K category, with non-overlapping confidence intervals indicating
a statistically significant difference between groups

A multiple linear regression analysis was conducted to examine the influence of
age, sex, and race distance on finish time among trail runners. As presented in Table
3, all predictor variables were statistically significant contributors to performance
outcomes. Age showed a positive association with finish time (f = 2.3, SE = 0.41, p
< 0.001), indicating that each additional year of age was associated with an increase
of approximately 2.3 minutes in race completion time. Sex was also a significant
predictor (f = -48.2, SE = 8.6, p < 0.001), suggesting that male runners completed
the race approximately 48 minutes faster than female runners on average. Race
distance demonstrated the strongest influence on finish time (f = 151.4, SE = 12.2,
p < 0.001), indicating that participation in the 10K category was associated with an
increase of approximately 151 minutes in completion time compared with the 5K
category. The regression model was statistically significant (F = 98.7, p < 0.001) and
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explained 41% of the variance in finish time (R? = 0.41; adjusted R? = 0.40), as shown
in Table 4. These findings indicate that race distance, age, and sex collectively play
an important role in determining trail running performance in the Merapi Merbabu
de Trail event.

The comparison of mean finish times between race categories revealed a
substantial difference between 5K and 10K runners. Participants in the 10K category
had markedly longer completion times (306.1 minutes) than those in the 5K category
(152.8 minutes) (Figure 1). The 95% confidence intervals for both groups did not
overlap, reinforcing the statistical significance of this difference. This finding is
consistent with the inferential analysis (p < 0.001). It is further supported by an
extremely large effect size (Cohen’s d = 2.50), indicating that race distance is a
dominant factor influencing trail running performance.

DISCUSSION

The present study investigated the influence of race distance, sex, and age on trail
running performance using official race results from the Merapi Merbabu de Trail
2025 event. The results showed a substantial difference in finish time between the SK
and 10K categories. Runners in the 10K category required significantly longer
completion times compared with those in the 5K category, with an extremely large
effect size (Cohen’s d = 2.50). In addition, the regression analysis demonstrated that
race distance, sex, and age were significant predictors of performance outcomes,
collectively explaining approximately 41% of the variance in finish time. Specifically,
the regression results indicated that increasing age was associated with slower
performance, with finish time increasing by approximately 2.3 minutes per year. Sex
was also a significant predictor, with male runners completing the race on average 48
minutes faster than female runners. Race distance showed the strongest influence on
performance, indicating that the transition from 5K to 10K substantially increased
race completion time. These findings highlight the importance of demographic and
race characteristics in determining performance outcomes in trail running events
conducted in tropical mountainous environments.

The significant difference in finish time between the 5K and 10K categories
observed in this study is consistent with previous research on endurance running
performance. Previous studies reported that elevation changes and uneven terrain
significantly increase the metabolic cost of running compared with flat road running
(Coratella et al., 2024; Vernillo et al., 2017). Similarly, it has been demonstrated that
trail running places greater neuromuscular and metabolic demands on the body due
to the combination of uphill and downhill segments (Gutiérrez et al., 2025; Mousavi
et al., 2021). The influence of sex on performance observed in this study aligns with
previous research on endurance sports. Male runners generally achieve faster finish
times than female runners in endurance competitions, primarily due to differences in
physiological characteristics such as maximal oxygen uptake (VO,max), hemoglobin
concentration, and muscle mass distribution (DeSio et al., 2025; Joyner et al., 2025;
McClelland & Weyand, 2022; Senefeld & Hunter, 2024; Tiller et al., 2021). In
addition, the positive association between age and finish time identified in this study
is consistent with previous studies examining age-related performance decline in
endurance sports. Together, these findings support the broader literature indicating
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that race distance, sex, and age are key determinants of endurance performance
across different running environments.

Although this study did not directly measure physiological variables, the observed
differences in performance across race distances may be explained by the greater
physical demands of longer trail running distances. Trail races often involve
significant elevation changes, technical terrain, and environmental stressors, all of
which can increase the energetic cost of running. Previous studies have shown that
uphill running increases oxygen consumption and muscular effort, while downhill
running increases eccentric muscle loading and mechanical stress on the lower limbs
(Coratella et al., 2024; Vernillo et al., 2017). These biomechanical demands may
contribute to greater fatigue accumulation during longer races. Recent biomechanical
research has shown that uphill and downhill running significantly modify mechanical
loading patterns and muscular activation, which may influence fatigue development
and running efficiency during trail competitions (Gimenez et al., 2014; Lu et al.,
2025; Minetti et al., 2002; Vernillo et al., 2017). In addition, environmental
conditions such as high ambient temperatures and humidity, characteristic of tropical
trail running events, may further influence endurance performance. Heat exposure
has been shown to increase cardiovascular strain and thermoregulatory stress during
prolonged exercise, potentially affecting pacing strategy and overall performance
(Mallett et al., 2025; Nybo et al., 2014; Périard et al., 2015; Sawka et al., 2011).
However, because the present study used race results rather than physiological
measurements, these interpretations should be considered in the context of the
existing literature rather than as direct experimental evidence.

The findings of this study have several practical implications for athletes, coaches,
and race organizers involved in trail running events conducted in tropical
environments. First, the strong influence of race distance on performance
underscores the importance of appropriate pacing strategies across race categories.
Runners running longer distances may need to adopt more conservative pacing
strategies to manage fatigue and environmental stress. Second, the influence of age
on performance suggests that training programs should consider age-related
physiological changes. Older runners may benefit from training strategies that
emphasize endurance capacity, strength maintenance, and recovery. Third, race
organizers may use performance data from events such as the Merapi Merbabu de
Trail to develop evidence-based race management strategies. These may include
determining realistic cut-off times, optimizing hydration station placement, and
improving safety measures for participants competing in challenging environmental
conditions.

Limitations of the study

Several limitations of the present study should be acknowledged. First, the study
relied on race result data rather than direct physiological measurements. As a result,
variables such as VO,mazx, lactate concentration, hydration status, and markers of
muscle damage were unavailable for analysis. Second, the dataset did not include
information about participants’ training background, running experience, or pacing
strategies, which may also influence race performance. Third, environmental
conditions such as temperature, humidity, and elevation gain were not directly
incorporated into the statistical analysis, even though these factors may influence trail
running performance.
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Future studies should integrate race performance data with physiological
measurements in order to better understand the mechanisms underlying endurance
performance in trail running. The use of wearable sensors and portable metabolic
devices may allow researchers to monitor variables such as heart rate, energy
expenditure, and thermoregulatory responses during trail races. In addition, further
research is needed to examine the influence of environmental factors such as heat
stress, altitude exposure, and terrain characteristics on endurance performance in
tropical trail running events. Such studies would contribute to the development of
more comprehensive performance models for trail running competitions conducted
in challenging environmental conditions.

CONCLUSION

This study demonstrates that trail running performance in tropical environments
is significantly influenced by race distance, sex, and age. Finish times increased
substantially from the 5K to the 10K, indicating greater performance demands in
technical trail terrain. Male runners completed faster than female runners, and age
was associated with a progressive decline in performance. These findings contribute
to the development of performance models for trail running events conducted in
tropical environments.

ACKNOWLEDGMENTS

The author expresses his deepest gratitude to the research team for their valuable
input and support throughout the research process. He also expresses his deep
appreciation to the Faculty of Sport Science (FIK), Universitas Negeri Semarang
(UNNES) for their support. He also thanks Tarra Adventure, the event organizing
committee, the participating athletes, and all parties who contributed to this research.

Al DISCLOSURE STATEMENT

During the preparation of this manuscript, the authors used DeepL Translate and
Grammarly to support translation, grammar checking, and language refinement. All
generated outputs were carefully reviewed and edited by the authors to ensure
accuracy, clarity, and adherence to academic standards. The authors take full
responsibility for the content of this manuscript.

DATA AVAILABILITY

The data that support the findings of this study are available from the
corresponding author upon reasonable request.

FUNDING

No external financial support was received for the conduct of this research.

CONFLICT OF INTEREST

The author declares no conflict of interest.

Mukarromah et al.; Phys. Educ. Sport. Stud. Res. 2026; 5(1); 82-92. doi: 10.56003/pessr.v5i1.699 89/92


https://doi.org/10.56003/pessr.v5i1.699

PUBLISHER'S NOTE

All claims expressed in this article are solely those of the authors and do not
necessarily represent those of their affiliated organizations, or those of the publisher,
the editors, and the reviewers. Any product that may be evaluated in this article, or
a claim its manufacturer may make, is not guaranteed or endorsed by the publisher.

REFERENCES

Barramufio-Medina, M., Aravena-Sagardia, P., Valdés-Badilla, P., Galvez-Garcia,
G., Jiménez-Torres, S., & Pastén-Hidalgo, W. (2024). Acute effects of the
short-foot exercise in runners with medial tibial stress syndrome: A quasi-
experimental  study.  Physical  Therapy in  Sport, 70, 67-74.
https://doi.org/10.1016/J.PTSP.2024.09.001

Bassett, A. J., Ahlmen, A., Rosendorf, J. M., Romeo, A. A., Erickson, B. J., &
Bishop, M. E. (2020). The biology of sex and sport. JBJS reviews, 8(3), e0140.
https://doi.org/10.2106/JBJS.RVW.19.00140

Coratella, G., Varesco, G., Rozand, V., Cuinet, B., Sansoni, V., Lombardi, G.,
Vermillo, G., & Mourot, L. (2024). Downhill running increases markers of
muscle damage and impairs the maximal voluntary force production as well as
the late phase of the rate of voluntary force development. European Journal of
Applied Physiology, 124(6), 1875-1883. https://doi.org/10.1007/s00421-023-
05412-z

Cumming, G. (2013). Understanding the new statistics: Effect sizes, confidence intervals, and
meta-analysis. Routledge. https://doi.org/10.4324/9780203807002

DeSio, D. D., Snyder, K., Erickson, W., Galati, J., Otersen, K., & Campbell, S. C.
(2025). Baseline Data: Sex Differences In Human Performance: 467. Medicine
& Science in Sports & Exercise, 57(10S), 140-141.
https://doi.org/10.1249/01.mss.0001155632.85281.44

Gimenez, P., Arnal, P. J., Samozino, P., Millet, G. Y., & Morin, J. B. (2014).
Simulation of uphill/downhill running on a level treadmill using additional
horizontal  force.  Journal of  biomechanics,  47(10), 2517-2521.
https://doi.org/10.1016/j.jbiomech.2014.04.012

Gutiérrez, H., Piedrafita, E., Bascuas, P. J., Arbonés, 1., Berzosa, C., & Bataller-
Cervero, A. V. (2025). Real-Time Performance Prediction in Long-Distance
Trail Running: A Practical Model Based on Terrain Difficulty and Pacing
Variability. Sports, 13(11), 385. https://doi.org/10.3390/sports13110385

Hale, C. (2014). Basic statistical reporting for articles published in biomedical
journals: classic methods paper. International Journal of Nursing Studies,
52(1), 5-9. https://doi.org/10.1016/j.ijnurstu.2014.09.007

Harriss, D. J., MacSween, A., & Atkinson, G. (2019). Ethical standards in sport and
exercise science research: 2020 update. International Journal of Sports Medicine,
40(13), 813-817. https://doi.org/10.1055/a-1015-3123

Hunter, S. K., & Senefeld, J. W. (2024). Sex differences in human performance. The
Journal of Physiology, 602(17), 4129-4156. https://doi.org/10.1113/JP284198

Mukarromah et al.; Phys. Educ. Sport. Stud. Res. 2026; 5(1); 82-92. doi: 10.56003/pessr.v5i1.699 90/92


https://doi.org/10.56003/pessr.v5i1.699
https://doi.org/10.1016/J.PTSP.2024.09.001
https://doi.org/10.2106/JBJS.RVW.19.00140
https://doi.org/10.1007/s00421-023-05412-z
https://doi.org/10.1007/s00421-023-05412-z
https://doi.org/10.4324/9780203807002
https://doi.org/10.1249/01.mss.0001155632.85281.44
https://doi.org/10.1016/j.jbiomech.2014.04.012
https://doi.org/10.3390/sports13110385
https://doi.org/10.1016/j.ijnurstu.2014.09.007
https://doi.org/10.1055/a-1015-3123
https://doi.org/10.1113/JP284198

Joyner, M. J., Hunter, S. K., & Senefeld, J. W. (2025). Evidence on sex differences
in sports performance. Journal of Applied Physiology, 138(1), 274-281.
https://doi.org/10.1152/japplphysiol.00615.2024

Lang, T. A., & Altman, D. G. (2015). Basic statistical reporting for articles published
in biomedical journals: the “Statistical Analyses and Methods in the Published
Literature” or the SAMPL Guidelines. International Journal of Nursing Studies,
52(1), 5-9. https://doi.org/10.1016/].ijnurstu.2014.09.006

Lepers, R., & Stapley, P. J. (2016). Master athletes are extending the limits of human
endurance. Frontiers in Physiology, 7, 613.
https://doi.org/10.3389/fphys.2016.00613

Lepers, R., Stapley, P. J., & Cattagni, T. (2018). Variation of age-related changes in
endurance performance between modes of locomotion in men: an analysis of
master world records. International Journal of Sports Physiology and Performance,
13(3), 394-397. https://doi.org/10.1123/1jspp.2017-0222

Lu, Z., Suo, B, Deng, L., Wang, J., Fu, W, Zhong, Y., & Jin, J. (2025). A review
of uphill and downhill running: biomechanics, physiology and modulating
factors. Frontiers in Bioengineering and Biotechnology, 13, 1690023.
https://doi.org/10.3389/fbioe.2025.1690023

Mallett, G., Schoenfeld, B., Purdom, T., & Galpin, A. (2025). Physiological factors
that affect maximal oxygen uptake and lactate threshold during endurance
training. Science & Sports, 40(1), 10-23.
https://doi.org/10.1016/j.scispo.2023.09.007

Martin-Rodriguez, A., Gostian-Ropotin, L. A., Beltran-Velasco, A. 1., Belando-
Pedrefio, N., Simon, J. A., Lopez-Mora, C., Navarro-Jiménez, E., Tornero-
Aguilera, J. F., & Clemente-Suarez, V. J. (2024). Sporting mind: the interplay
of physical activity and psychological health. Sports, 12(1), 37.
https://doi.org/10.3390/sports12010037

McClelland, E. L., & Weyand, P. G. (2022). Sex differences in human running
performance: smaller gaps at shorter distances? Journal of Applied Physiology,
133(4), 876-885. https://doi.org/10.1152/japplphysiol.00359.2022

Millet, G. P., Callovini, A., & Raberin, A. (2025). Sex-differences in Mountain Ultra-
trail Performance: Look at the Scenery. Sports Medicine - Open, 11(1), 86.
https://doi.org/10.1186/s40798-025-00894-x

Millet, G. Y., Hoffman, M. D., & Morin, J. B. (2012). Sacrificing economy to
improve running performance - A reality in the ultramarathon? In Journal of
Applied Physiology, 113(3), 507-509.
https://doi.org/10.1152/japplphysiol.00016.2012

Minetti, A. E., Moia, C., Roi, G. S., Susta, D., & Ferretti, G. (2002). Energy cost of
walking and running at extreme uphill and downbhill slopes. Journal of Applied
Physiology, 93(3), 1039-1046.
https://doi.org/10.1152/japplphysiol.01177.2001

Mousavi, S. H., van Kouwenhove, L., Rajabi, R., Zwerver, J., & Hijmans, J. M.
(2021). The effect of changing foot progression angle using real-time visual
feedback on rearfoot eversion during running. PloS one, 16(2), €0246425.
https://doi.org/10.1371/JOURNAL.PONE.(0246425

Nybo, L., Rasmussen, P., & Sawka, M. N. (2014). Performance in the heat-
physiological factors of importance for hyperthermia-induced fatigue.

Mukarromah et al.; Phys. Educ. Sport. Stud. Res. 2026; 5(1); 82-92. doi: 10.56003/pessr.v5i1.699 91/92


https://doi.org/10.56003/pessr.v5i1.699
https://doi.org/10.1152/japplphysiol.00615.2024
https://doi.org/10.1016/j.ijnurstu.2014.09.006
https://doi.org/10.3389/fphys.2016.00613
https://doi.org/10.1123/ijspp.2017-0222
https://doi.org/10.3389/fbioe.2025.1690023
https://doi.org/10.1016/j.scispo.2023.09.007
https://doi.org/10.3390/sports12010037
https://doi.org/10.1152/japplphysiol.00359.2022
https://doi.org/10.1186/s40798-025-00894-x
https://doi.org/10.1152/japplphysiol.00016.2012
https://doi.org/10.1152/japplphysiol.01177.2001
https://doi.org/10.1371/JOURNAL.PONE.0246425

Comprehensive Physiology, 4(2), 657-689.
https://doi.org/10.1002/cphy.c130012

Périard, J. D., Racinais, S., & Sawka, M. N. (2015). Adaptations and mechanisms
of human heat acclimation: applications for competitive athletes and sports.
Scandinavian Journal of Medicine & Science in Sports, 25, 20-38.
https://doi.org/10.1111/sms.12408

Racinais, S., Alonso, J. M., Coutts, A. J., Flouris, A. D., Girard, O., Gonzalez-
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., & Périard, J.
D. (2015). Consensus recommendations on training and competing in the heat.
British Journal of Sports Medicine, 49(18), 6-19.
https://doi.org/10.1111/sms.12467

Sawka, M. N., Leon, L. R., Montain, S. J., & Sonna, L. A. (2011). Integrated
physiological mechanisms of exercise performance, adaptation, and
maladaptation to heat stress. Comprehensive Physiology, 1(4), 1883-1928.
https://doi.org/10.1002/cphy.c100082

Scheer, V., Tiller, N. B., Doutreleau, S., Khodaee, M., Knechtle, B., Pasternak, A.,
& Rojas-Valverde, D. (2022). Authors’ Response to: Comment on:“Potential
Long-Term Health Problems Associated with Ultra-Endurance Running: A
Narrative Review”. Sports Medicine, 52(4), 957-958.
https://doi.org/10.1007/s40279-022-01647-6

Senefeld, J. W., & Hunter, S. K. (2024). Hormonal basis of biological sex differences
in human athletic performance. Endocrinology, 165(5), bgae036.
https://doi.org/10.1210/endocr/bgae036

Tanaka, H., & Seals, D. R. (2008). Endurance exercise performance in Masters
athletes: age-associated changes and underlying physiological mechanisms.
The Journal of Physiology, 586(1), 55-63.
https://doi.org/10.1113/jphysiol.2007.141879

Tiller, N. B., Elliott-Sale, K. J., Knechtle, B., Wilson, P. B., Roberts, J. D., & Millet,
G. Y. (2021). Do sex differences in physiology confer a female advantage in
ultra-endurance sport?. Sports medicine, 51(5), 895-915.
https://doi.org/10.1007/s40279-020-01417-2

Vernillo, G., Giandolini, M., Edwards, W. B., Morin, J. B., Samozino, P., Horvais,
N., & Millet, G. Y. (2017). Biomechanics and physiology of uphill and
downhill running. Sports Medicine, 47(4), 615-629.
https://doi.org/10.1007/s40279-016-0605-y

Mukarromah et al.; Phys. Educ. Sport. Stud. Res. 2026; 5(1); 82-92. doi: 10.56003/pessr.v5i1.699 92/92


https://doi.org/10.56003/pessr.v5i1.699
https://doi.org/10.1002/cphy.c130012
https://doi.org/10.1111/sms.12408
https://doi.org/10.1111/sms.12467
https://doi.org/10.1002/cphy.c100082
https://doi.org/10.1007/s40279-022-01647-6
https://doi.org/10.1210/endocr/bqae036
https://doi.org/10.1113/jphysiol.2007.141879
https://doi.org/10.1007/s40279-020-01417-2
https://doi.org/10.1007/s40279-016-0605-y

