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Abstract

The study aims to investigate the correlation between anaerobic speed and endurance in the performance of a marathon 5 km.
Twenty-one athletes (15 males(aged 16.7 + 1.6 years old) and six females (aged 17.8 + 1.2 years old). The study relied on A
cross-sectional design with a survey test used for a 300 m sprint test, a balke test (Vo2 Max), and the time performed at 5 km.
The results of the study analysis data showed that significant relationship between endurance and performance as the result of
speed in the 5 km running (p=0.002, r = -0.735) in males. The male anaerobic power and performance had a strong correlation
(p=0.000, r=0.944). Female long-distance runners showed a significant relation between VO2 max and performance (p= 0.016,
r = -0.894). On the other hand, the anaerobic test had a significant correlation with performance (p =0.048, r =0.814). The
study concluded that the endurance (V02 max) and speed (anaerobic 300 m) contributed to the running time of long-distance

runners 5 K.
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INTRODUCTION

Long-distance running is one of the most
popular sports today, as evidenced by amateur
participation in hundreds of marathons around the
world (Ahmadyar, et al., 2015). Long-distance
running is a sport that requires higher aerobic
endurance compared to short-distance running.
(Nikolaidis, et al., 2020). Long-distance running is
characterized by a relatively long running duration,
varying from 15 minutes to several hours, and
different intensities depending on the sport and the
athlete's abilities. (Boccia et al., 2017). Typically,
30-60° is the maximum oxygen consumption
capacity (VO2max). This value may vary
depending on the runner's endurance, distance
covered, and environment. Although middle-

distance running events are characterized by a high
relative contribution from the aerobic energy
system (Spencer et al., 2001) and performance in
these events are highly correlated with the speed at
which maximal oxygen uptake is achieved
(VO2max), the high speeds at which depend on the
Power stand runner, distance taken, And the
environment. elite races are completed and
demand high levels of biomechanical power output
and a well-developed anaerobic capacity (Di
Prampero et al., 1993).

Efforts to improve performance in sports
must go through a training process with a scientific
approach based on related knowledge such as
coaching, physiology, biomechanics, pedagogy,
sociology, psychology, and health sciences
(Callary et al., 2023). The dominant scientific
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approach with natural sciences such as biology,
physiology, and biomechanics has had a
significant impact on the development of sports
achievements (Hardman, A., & Jones, C, 2011).
The sports scientific approach certainly makes a
significant contribution to the development of
science and technology (IPTEK) in the process of
data collection, management, and decision-making
processes (Luczak. T, 2021).

The aerobic demands of submaximal running
have 2 been widely investigated, with VO2max
receiving the most attention because it establishes
the upper limit of an individual’s ability to produce
energy through oxidative pathways (Joyner, 1993).
It is well accepted that the major metabolic
pathway used in distance running events is
oxidative and that a high VO2 max is a
prerequisite  for success in national and
international competition. In a recent review paper
(Joyner, 1993), distance running was hypothesized
to be limited to physiologic variables: VO2 makx,
lactate threshold, and running economy (RE). In
elite athletes, Saltin and Astrand Saltin and
Astrand (1967) found that VO2 max is the
dominant factor in achieving better performance in
endurance events.

Little attention has been directed toward the
anaerobic power component of distance running.
Among runners whose VO2max and RE are
similar, the contribution that anaerobic energy
production makes to the order of finish in a close
race may be significant. Consequently, anaerobic
factors may contribute more to success in distance
running than previously recognized (Tharp et al.,
1997) found significant relationships between
velocity at VO2max, (r = 520.752), 50-m sprint
time (r = 50.62), and peak knee extension torque at
4008-sec21 (r =520.554) to 10-km run time.

Athletes involved in long-distance running
often seek to significantly reduce body mass,
especially upper body fat mass, to improve
physical condition and speed and body efficiency
to improve race performance (Knechtleet al.,
2011). A carefully planned reduction in body mass
index can contribute to increasing speed,
improving dynamics, and increasing oxygen
consumption of working muscles (Hoffman,
2008). As concluded by a study (Manore, et al.,
2012), training in athletes should be based on
increasing muscle endurance without excessively
developing muscle mass. Greater VO2 max,
endurance, and performance in athletes are better
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for predicting performance in marathon runners
(Alvero-Cruz, et al., 2022). 1t should be noted that
individual training for long distances often focuses
only on running moderate distances and
strengthening the lower limbs, neglecting general
training and building skeletal muscle mass. Tests
related to VO2 max with training variables
(training load and speed) and anthropometric
variables affecting long-distance race times
(Alvero-Cruz et al., 2020). Five-week interval
training reduced body weight, body mass index,
fat, basal heart rate, and increased VO2 max
(Lubis et al., 2022).

Maximum aerobic power, low body mass,
and daily training of long duration and distance
contribute to good performance times in long-
distance running (Methenitiset al., 2022). Body
composition can influence female athletes' elite
running times (Mitsuzonoal., 1994). In long-
distance running, especially in the case of
continuous low-intensity efforts, it is mainly the
aerobic capacity that is activated that correlates
with performance and body mass index (Sengeiset
al., 2021). Aerobic capacity depends on the
amount of blood circulation, maximum heart rate,
and lung capacity (Stogglet al., 2021). An athlete's
performance is influenced by the time of
maximum oxygen intake in the body, known as
VO2 max. (Scheer et al., 2021). High-intensity
training and running down mountains affect
increasing VO2 max (Lemireet al., 2023). Physical
performance is influenced by well-planned training
(taking into account its duration and intensity),
genetic and psychological factors (motivation),
and the external environment (temperature,
altitude, air humidity) (Belinchon et al., 2023).
From a physiological point of view, physical
activity is influenced by the activity of the
cardiovascular and social systems. Strength
training for leg muscles and abdominal muscles in
adolescents is related to cardiorespiratory
endurance (Moseset al., 2023). The two variables
can also predict marathon performance, body fat
percentage, and recovery heart rate (Kenneallyet
al., 2021).lean the body forward running produces
consistent acceleration performance (Nagahara et
al., 2019)
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MATERIALS AND METHODS

Study Design and Participants

The cross-sectional design with a survey test
was used in the study. Twenty-six of the
population in this study were all male and female
athletes in long-distance running in the 5000m,
who participated in the East Java Province Sports
Games (PORPOV) in 2022. Based on the inclusion
criteria, the athletes who signed informed consent

Data Collection

Research Instrument

This study measured endurance by the Balke
test. The Balke test was to get data on VO2 max
by running for 15 minutes.

The speed variable data was tested by 300-
meterrunning, and data obtained from the results
was tested by the Athletic coach from each city in
East Java, which was carried out four months
before the 7"  East Jave Province Games
(POPROV) on June 29" — July 2" 2022.

The performance of long-distance running
was measured by the achieved time in running
5000 meters.

Maximal Oxygen
Measurement

Before testing, subjects warmed up by
jogging at an easy, comfortable pace for 5-10
minutes and then performed various stretches to
reduce the risk of injury.

To estimate maximal oxygen power, an
indirect method, the 12-minute run-walk test
(Cooper), was performed. The results were
determined by multiplying the number of laps run
by the distance of each lap (400m) and adding the
completed lap distance (in meters). MaXV0O2
values were determined by Balke's formula (Balke,
1961).

MaxVVO2 ml/kg-min. =
0.178 ml/kg-min.

Consumption (MaxXVO2)

33.3+(X-150)x

X=distance run in 1 minute
300 Meter Run Test

This test aimed to complete 300 meters in
the quickest possible time. Ensure that a good
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and volunteered to be participants in the study
were 21 athletes (15 male, and six female), and
finished the long-distance running 5000 m
championship. All participants completed a
medical history and an informed consent form
before testing. The Institute of Research and
Community Service Center approved the study
(Project no. 26/LPPM/STOK BINA
GUNAV/1/2022). All the data test procedures were
conducted following the Declaration of Helsinki.
warm-upwas conducted before the test, including a
jog, stretches, and some short sprints.The 300-m
sprint was performed after all other tests had been
completed because of the high level of fatigue
reached during this test. Subjects were paired with
a person of the same gender and a similar 5-km
performance time to help elicit optimal
performance. The 5-km race and the 300-m sprint
data represented a competitive effort that allowed a
more valid examination of the relationships
between variables (Foster et al., 1993). From a
standing start, the subjects were asked to run one
300-m race at maximum effort. Digital
stopwatches (Accusplit, San Jose, CA) were used
to record the total elapsed time for each runner.

Data analysis

The data analysis technique used in this study was
Pearson product-moment correlation coefficient
analysis. All data were reported as descriptive
statistics and correlation between physical
condition and 5000m  performance. The
relationship between cardiovascular endurance
(VO2Max), 300-meter running speed, and 5000m
running performance was analyzed using the
Pearson product-moment correlation coefficient
with a significance level of p = 0.05. Statistical
analysis using SPSS Statistics 26 software was
used.

RESULTS

Based on the result showed that from the
total of 26 participants long distance running in the
East Java Province Games, only 88.8% fulfilled
the inclusion criteria. The characteristics of data
participants are shown in Table 1.
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Table 1. Descriptive data of participants

Parameters Female (N=6) Male (N=15)
M=+SD M+SD
Weight (kg) 50.89 + 4.73 54.64 +4.72
Height (cm) 163.17+ 4.22 165.2 £3.89
Age (year) 17.83 £ 1.17 16.66 £ 1.58
Anaerobic 1.65+0.04 1.63+0.04
Vo2max 54.64 + 4.72 50.88 = 4.73
5k performance 19.99+ 1.16 19.11+1.53
BMI (kg/m?) 19.11+1.53 19.99+1.16

BMI= Body Mass Index

The normality test on male athletes showed
(p = 200, p> 0.05), which means the distribution
data is normal. While, for the female athlete's

distribution data ( p = 200, p> 0.05). The
hypothesis is shown in Table 2.

Table 2. Hypothesis test for male athlete's long-distance running

V02 Max (ml/kg/min) Speed (s) Performance(s)

V02 Max (ml/kg/min) Pearson Correlation 1 =721 -735™

Sig. (2-tailed) 002 002

N 15 15 15
Speed (s) Pearson Correlation -721 1 944

Sig. (2-tailed) 002 .000

N 15 15 15
Performance(s) Pearson Correlation -735™ .944 ™ 1

Sig. (2-tailed) 002 .000

N 15 15 15

**_Correlation is significant at the 0.01 level (2-tailed).

The normality test data of performance, VO2
max, and Speed for female athletes showed (p =
0.200, p > 0.05), so the distribution data was
normal. Based on the distribution data, the data

analysis for the hypothesis used parametric there is
the person for product-moment because of more
than 2 variables. The hypothesis test is shown in
Table 3.

Table 3. Hypothesis test for female athletes of long-distance running

VO2 Max (ml/kg/min) Speed (s) Performance(s)

V02 Max (ml/kg/min) Pearson Correlation 1 -951 ™ -.894"

Sig. (2-tailed) .004 016

N 6 6 6
Speed (s) Pearson Correlation -951™ 1 814~

Sig. (2-tailed) .004 048

N 6 6 6
Performance(s) Pearson Correlation -.894 " 814~ 1

Sig. (2-tailed) .016 048

N 6 6 6

**_Correlation is significant at the 0.01 level (2-tailed) ; *. Correlation is significant at the 0.05 level (2-tailed).

Table 3 presented that the female athletes the
correlation between VO2 max and performance is
—0.894, its mean strongest correlation. The degree
of relation between speed and performance is
0.814 is a strong correlation.
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DISCUSSION

Metabolic effectiveness refers to the
utilization of available energy to provide optimal
performance, while cardiopulmonary efficiency
refers to the smallest work output for processes
related to oxygen transport and utilization (Peyre.
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T. and Coertjens, 2018). Therefore, RE is an
important physiological determinant of endurance
performance (Kipp et al., 2019). Increased RE
allows athletes to run at faster speeds for the same
oxygen uptake (VO 2 ) and thus achieve superior
performance (Hoogkamer et al., 2016).

According to McLaughlin et al. (2010), VO
2MAX explained 81% of the total variance, and
RE accounted for an additional 11% of 16 km
endurance running performance. These results
complement what has been found in the literature
as a predictor of maximal endurance running
performance. These results are from previous
research, which showed VO2Max and RE, as two
main predictors of running endurance performance
(Bassett and Howley, 2000).

The data showed the strongest negative
correlation between VO2max, and speed, when the
value of VO2 Max is more significant, and the
speed is the shortest time for both male and female
athletes in long-distance running. During training,
the physical condition has improved even though
not significant, because the physical condition is
an effect of intensity, training session, body
composition, and anthropometrics (Kagawa et al.,
2023). This finding differs from a study that
involved Body Mass Index and mass as good
indicators compared to height (Sedeaud et al.,
2023). The other study found that long-distance
running training is practical in adapting endurance,
body composition, and flexibility (Nikolaidis et al.,
2021). Aerobic interval training for five weeks,
two times a week, per session was a maximum of
77 minutes improved the physical condition of
athletes (Lubis, et al., 2023).

Table 2 has two main findings, 15 male
athletes of long-distance running 5000m revealed
that the indicator of endurance (VO2 max) had a
negative significant correlation with performance
(finished time) ( p = 0.002, r = -0.74). It means
that when the VO2 max is higher the finished time
gets shorter. The speed variable has a positive
significant correlation to performance ( p = 0.00, r
= 0.94). It means that the correlation was inline,
when the speed is quick, the finished time also
fast.  This finding has supported the study that
VO2 max affected the time finished in the
performance of trail runs (Ehrstrom, et al ., 2018).
High maximal aerobic power (VO2 max) and
running economy had a positive relationship in
trained long-distance athletes (Shaw, et al., 2015).

In this study, the female athletes revealed
the same result correlation as male athletes in
long-distance running between VO2 max and
speed on performance ((VO2 max, p = 0.016, r = -
0.89), (speed p = 0.048, r = 0.94)). The previous
study found that Speed and interval training
increased the VO2 max of middle and long-
distance running athletes (Wajib, M., & Sukma,
2022). The neuromuscular and muscle power
characteristics were essential determinants of five
km running performance. Run time and VO2 max
correlated with maximal anaerobic power ( p =
0.01, r = 50.68, p = 0.05, r = 50.54, respectively
Paavolainen et al. (1991).

A cause-and-effect relationship between
endurance performance and anaerobic training was
demonstrated by Hickson et al. (1980). They
determined that heavy resistance training increased
endurance performance. The training program was
designed to strengthen the quadriceps, with
resistance placed at 80% of 1 repetition maximum.
After the 10-week program, no change in VO2
max was found, but endurance time to exhaustion
significantly increased by 8% when subjects
exercised at 100% of their pretraining VO2 max.

In the present study, the results of the 5 anaerobic
power tests were significantly intercorrelated
(p<0.05). For example, the 50-m sprint was found
to be significantly related to the plyometric leap
test (r = 520.656), dynamic vertical jump (CMJ)
power (r = 520.622), static vertical jump (SJ)
power (r = 520.621), SJ height (r = 520.603), 300-
m sprint time (r = 50.599), and CMJ height (r =
520.596). It is interesting to note that power was so
well related to endurance performance, especially
since so many of the subjects were training for a
marathon. Marathon training typically reduces the
size and power of fast-twitch fibers. The
correlations of 50- and 300-m sprint times with 10-
km run time indicate that as sprint time increased,
so did 10-km runtime (r = 50.44,p<0.05 and r =
50.79,p< 0.05, respectively). Thus, individuals
with faster 10-km run times tended to generate a
greater degree of power on the anaerobic field tests
and were able to sprint faster than their
counterparts. Increased rate of force development
and reduced time on the ground may be
characteristic of the faster performers.

In the present study, both the 10-km race and
the 300-m sprint were performed within a
competitive environment. Consequently, the
relationships between the 300-m sprint time with
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the 10-km race performance can perhaps be
viewed as a more valid measure than data from
laboratory assessment. All of the relationships
assessed in the present study were made with the
10-km run time that was performed in the
competition. Thus, we avoided in part this
limitation. In conclusion, the results of the present
study showed a significant relationship between
the plyometric leap distance, the results of both
vertical jump tests, and both sprint times with 10-
km run time (all p < 0.05). Multiple regression
indicated that the plyometric leap distance and the
300-m sprint time were the best predictors of run
performance, explaining 78% of the variance in
10-km run time (SEE, 2.92 minutes). Through the
use of simple field tests of anaerobic power, one
can predict success in 10-km run performance with
a reasonable degree of accuracy in runners that are
heterogeneous in ability (Sinnett et al., 2001).
Conclusions

The study concludes that endurance
(VO2Max) has a negative relationship with
performance and speed (an aerobic test 300-meter
run) has a positive relationship with performance
in both male and female athletes long-distance
runners 5 km of the East Java Province Games in
2022.

The study recommends that coaches of long-
distance running focus on increasing VO2 max and
aerobic power to improve the performance of
athletes.

Conflict of Interest:

There is no personal or financial conflict of
interest within the scope of the study.

Information on Ethics Committee Permission

The study was approved and supervised by
the departmental research committee, The Institute
of Research and Community Service Center
approved the study (Project no. 26/LPPM/STOK
BINA GUNA/1/2022), dated 15 August 2022).
Researchers' Contribution Statement

Study conception and design: MW, SR,
MEW and SS; Data Collection: MW, SR, MEW
and SS; Analysis and Interpretation of results:
MW, SR, MEW and SS; Draft manuscript
preparation: MW, SR, MEW and SS; All authors
reviewed the results and approved the final version
of the manuscript.

Wajib et al., Int J Disabil Sports Health Sci, 2024;7(2);437-444

REFERENCES

Alvero-Cruz, J. R., Carnero, E. A., Garcia, M. A. G., Alacid,
F., Correas-Gomez, L., Rosemann, T., & Knechtle, B.
(2020). Predictive performance models in long-
distance runners: A narrative review. International
Journal of Environmental Research and Public
Health, 17(21), 8289. [PubMed]

Alvero-Cruz, J. R., Carnero, E. A., Giraldez Garcia, M. A.,
Alacid, F., Rosemann, T., Nikolaidis, P. T., &
Knechtle, B. (2019). Cooper test provides better half-
marathon performance prediction in recreational
runners than laboratory tests. Frontiers in Physiology,
10,1349. [PubMed]

Balke, B. (1963) A simple field test for the assessment of
physical fitness. PMID, 14131272

Bassett, D. R. Jr., and Howley, E. T. (2000). Limiting factors
for maximum oxygen uptake and determinants of
endurance performance. Med. Sci. Sports Exerc. 32,
70-84. [PubMed]

Belinchon-deMiguel, P., Tornero-Aguilera, J. F., Dalamitros,
A. A., Nikolaidis, P. T., Rosemann, T., Knechtle, B.,
& Clemente-Suarez, V. J. (2019).
Multidisciplinaryanalysis of differences
betweenfinisher and non-finisher ultra-endurance
mountain athletes. Frontiers in physiology, 10, 1507.
[PubMed]

Boccia G, Dardanello D, Tarperi C, et al (2017) Decrease of
muscle fiber conduction velocity correlates with
strength loss after an endurance run. Physiol Meas
38(2):233-240. [PubMed]

Callary, B., Gearity, B. T., Eagles, K., & Szedlak, C. (2023).
Defining psychosocial strength and conditioning
coaching competencies: A participatory action
research approach. International Journal of Sports
Science & Coaching, 18(2), 382-391. [CrossRef]

Di Prampero, P.E., Capelli, C., Pagliaro, P., Soule, R.G.
(1993). Energetics of best performances in middle-
distance running. J. Appl.Physiol. 1993, 74, 2318-
2324. [CrossRef]

Ehrstrom, S., Tartaruga, M. P., Easthope, C. S., Brisswalter,
J., Morin, J. B., and Vercruyssen, F. (2018). Short
trail running race: beyond the classic model for
endurance running performance. Med. Sci. Sports
Exerc. 50, 580-588. [PubMed]

Foster, C., Green, M.A., Snyder, A.C., and Thompson, N.N.
(1993). Physiological responses during simulated
competition. Med. Sci. Sports Exerc. 25:877-882.
Hoffman, M. D. (2008). Anthropometric
characteristics of ultramarathoners. International
journal of sports medicine, 808-811. [PubMed]

Hickson, R.C., Rosenkoetter, M.A., and Brown, M.M.
(1980). Strength training effects on aerobic power and
short-term endurance. Med. Sci. Sports Exerc.
12:336-339. [PubMed]

Hoffman, M. D. (2008). Anthropometric characteristics of
ultramarathoners. International journal of sports
medicine, 808-811. [PubMed]

Hoogkamer, W., Kipp, S., Spiering, B. A., and Kram, R.
(2016). Altered running economy directly translates to
altered distance-running performance. Med. Sci.
Sports Exerc. 48, 2175-2180. [PubMed]

.Page 442 [ 444,



https://pubmed.ncbi.nlm.nih.gov/33182485/
https://pubmed.ncbi.nlm.nih.gov/31749711/
https://pubmed.ncbi.nlm.nih.gov/10647532/
https://pubmed.ncbi.nlm.nih.gov/31920712/
https://pubmed.ncbi.nlm.nih.gov/28099172/
https://search.crossref.org/search/works?q=Callary%2C+B.%2C+Gearity%2C+B.+T.%2C+Eagles%2C+K.%2C+%26+Szedlak%2C+C.+%282023%29.+Defining+psychosocial+strength+and+conditioning+coaching+competencies%3A+A+participatory+action+research+approach.+International+Journal+of+Sports+Science+%26+Coaching%2C+18%282%29%2C+382-391&from_ui=yes
https://search.crossref.org/?from_ui=yes&q=Di%20Prampero,%20P.E.,%20Capelli,%20C.,%20Pagliaro,%20P.,%20Soule,%20R.G.%20(1993).%20Energetics%20of%20best%20performances%20in%20middle-distance%20running.%20J.%20Appl.Physiol.%201993,%2074,%202318%E2%80%932324.
https://pubmed.ncbi.nlm.nih.gov/29077639/
https://pubmed.ncbi.nlm.nih.gov/8350712/
https://pubmed.ncbi.nlm.nih.gov/7453510/
https://pubmed.ncbi.nlm.nih.gov/18401807/
https://pubmed.ncbi.nlm.nih.gov/27327023/

The Correlation of Endurance and Speed on the Performance of Long-Distance Runners

Joyner, M. (1993). Physiological limiting factors and
distance running. Influence of gender and age on
record performance. Exerc Sport Sci. Rev. 21:120-
161.[PubMed]

Kagawa, M., lwamoto, S., Ishikawa-Takata, K., & Ota, M.
(2023). Physical Characteristics and Body Image of
Japanese Female University Long-Distance Runners.
Applied Sciences, 13(11), 6442. [CrossRef]

Kenneally, M., Casado, A., Gomez-Ezeiza, J.,, & Santos-
Concejero, J. (2021). Training intensity distribution
analysis by race pace vs. physiological approach in
world-class middle-and  long-distance  runners.
European journal of sport science, 21(6), 819-826.
[PubMed]

Kipp S, Kram R, Hoogkamer W. Extrapolating Metabolic
Savings in Running: Implications for Performance
Predictions. Front Physiol. 2019 Feb 11;10:79. doi:
10.3389/fphys.2019.00079. [PubMed]

Knechtle, B., Knechtle, P., Barandun, U., & Rosemann, T.
(2011). Anthropometric and training variables related
to half-marathon running performance in recreational
female runners. The Physician and Sports Medicine,
39(2), 158-166. [PubMed]

Lemire, M., Hureau, T. J., Favret, F., Geny, B., Kouassi, B.
Y., Boukhari, M., & Dufour, S. P. (2021).
Physiological factors determining downhill vs uphill
running endurance performance. Journal of Science
and Medicine in Sport, 24(1), 85-91. [PubMed]

Lubis, J., Thongdaeng, N., Hagiyah, A., Sukur, A., Abidin,
D., Irawan, A. A., . & Hanief, Y. N. (2022). The
Effect of Five-Week Aerobic Interval Training on The
Body Composition of Pencak Silat Elite Athletes.
International Journal of Kinesiology and Sports
Science, 10(2), 16-24. [CrossRef]

Lubis, Johansyah, Nakrob Thongdaeng, Aridhotul Hagiyah,
Abdul Sukur, Kasem Pantusa, Dindin Abidin, Eko
Juli Fitrianto, et al. "The effect of five weeks of
aerobic interval training on the body composition of
elite martial arts athletes." Journal of Sports and
Recreation Science Malaysia (MJSSR) 19, no. 1
(2023): 51-65. [CrossRef]

Luczak, T., Burch, R., Lewis, E., Chander, H., & Ball, J.
(2020). State-of-the-art review of athletic wearable
technology: What 113 strength and conditioning
coaches and athletic trainers from the USA said
about technology in sports. International Journal of
Sports  Science & Coaching, 15(1), 26-40.
[CrossRef]

Manore, M. M. (2012).Dietary supplements for improving
body composition and reducing body weight: where is
the evidence? International journal of sports nutrition
and exercise metabolism, 22(2), 139-154. [CrossRef]

McLaughlin, J. E., Howley, E. T., Bassett Jr, D. R,
Thompson, D. L., & Fitzhugh, E. C. (2010). Test of
the classic model for predicting endurance running
performance. Medicine and science in sports and
exercise, 42(5), 991-997. [PubMed]

Methenitis, S., Cherouveim, E. D., Kroupis, C., Tsantes, A.,
Ketselidi, K., Vlachopoulou, E., & Koulouvaris, P.
(2022). The importance of aerobic capacity and
nutrition in recreational master mountain runners’
performance and race-induced changes in body

Wajib et al., Int J Disabil Sports Health Sci, 2024;7(2);437-444

composition and biochemical blood indices.
International Journal of Sports Science & Coaching,
17(5), 1167-1177. [CrossRef]

Mitsuzono, R., Komiya, S., & Maruyama, A. (1994). Body
composition and somatotype in elite female distance
runners. Japanese Journal of Physical Fitness and
Sports Medicine, 43(5), 334-342. [CrossRef]

Musa, D. I., Toriola, O. O., Abubakar, M. N., Jonathan, S.
U., lornyor, D., & Emmanuel, A. B. (2023).
Cardiorespiratory Fitness and Leg Muscle Power
about Abdominal Adipose Tissue in Adolescents.
International Journal of Kinesiology and Sports
Science, 11(1), 53-59. [CrossRef]

Nagahara, R., Amini, E., Marcon, K. C. C., Chen, P. W,
Chua, J., Eiberger, J., & Gujar, T. A. (2019).
Influence of the intention to lean the body forward on
kinematics and kinetics of sprinting for active
adults. Sports, 7(6), 133. [PubMed]

Nikolaidis, P. T., & Knechtle, B. (2020). Force—velocity
characteristics and maximal anaerobic power in male
recreational marathon runners. Research in Sports
Medicine, 28(1), 99-110. [PubMed]

Nikolaidis, P. T., Clemente-Suarez, V. J., Chlibkova, D., &
Knechtle, B. (2021). Training, anthropometric, and
physiological characteristics in men recreational
marathon runners: The role of sport experience.
Frontiers in Physiology, 12, 666201. [PubMed]

Paavolainen, L.M., Nummela, at., and Rusko, H.K.
(1991).Neuromuscular characteristics and muscle
power as determinants of 5-km running performance.
Med. Sci. Sports Exerc. 31:124— 130. [PubMed]

Peyré-Tartaruga LA, Coertjens M. Locomotion as a Powerful
Model to Study Integrative Physiology: Efficiency,
Economy, and Power Relationship. Front Physiol.
2018 Dec 11;9:1789. [PubMed]

Saltin, B., and Astrand, P.O. (1967). Maximal oxygen
uptake in athletes. J. Appl. Physiol. 23:352-358.
[PubMed]

Scheer, V., Janssen, T. I., Vieluf, S., & Heitkamp, H. C.
(2019). Predicting trail-running performance with
laboratory exercise tests and field-based results.
International Journal of Sports Physiology and
Performance, 14(1), 130-133. [PubMed]

Sedeaud, A., Marc, A., Marck, A., Dor, F., Shipman, J.,
Dorsey, M., & Toussaint, JF (2014). BMI, parameter
kinerja untuk peningkatan kecepatan. PloS satu , 9
(2), €90183. [PubMed]

Sengeis, M., Miiller, W., Storchle, P., & Fiirhapter-Rieger,
A. (2021). Performa kompetitif pelari Kenya
dibandingkan dengan berat badan dan lemak relatif
mereka. Jurnal Internasional Kedokteran Olahraga,
42 (04), 323-335.[CrossRef]

Shaw, A. J, Ingham, S. A., Atkinson, G., & Folland, J. P.
(2015). The correlation between running economy
and maximal oxygen uptake: cross-sectional and
longitudinal relationships in highly trained distance
runners. PloS one, 10(4), e0123101. [PubMed]

Sinnett, A.M., K. Berg, R.W. Latin, and J.M. (2001). Noble.
The relationship between field tests of- aerobic power
and 10-km run performance. J. Strength Cond. Res.
15(4):405-412. [PubMed]

.Page 443 / 444.



https://pubmed.ncbi.nlm.nih.gov/8504840/
https://search.crossref.org/search/works?q=Kagawa%2C+M.%2C+Iwamoto%2C+S.%2C+Ishikawa-Takata%2C+K.%2C+%26+Ota%2C+M.+%282023%29.+Physical+Characteristics+and+Body+Image+of+Japanese+Female+University+Long-Distance+Runners.+Applied+Sciences%2C+13%2811%29%2C+6442.&from_ui=yes
https://pubmed.ncbi.nlm.nih.gov/32449500/
https://pubmed.ncbi.nlm.nih.gov/30804807/
https://pubmed.ncbi.nlm.nih.gov/21673497/
https://pubmed.ncbi.nlm.nih.gov/32646746/
https://search.crossref.org/search/works?q=Lubis%2C+J.%2C+Thongdaeng%2C+N.%2C+Haqiyah%2C+A.%2C+Sukur%2C+A.%2C+Abidin%2C+D.%2C+Irawan%2C+A.+A.%2C+...+%26+Hanief%2C+Y.+N.+%282022%29.+The+Effect+of+Five-Week+Aerobic+Interval+Training+on+The+Body+Composition+of+Pencak+Silat+Elite+Athletes.+International+Journal+of+Kinesiology+and+Sports+Science%2C+10%282%29%2C+16-24.+&from_ui=yes
https://search.crossref.org/search/works?q=Lubis%2C+Johansyah%2C+Nakrob+Thongdaeng%2C+Aridhotul+Haqiyah%2C+Abdul+Sukur%2C+Kasem+Pantusa%2C+Dindin+Abidin%2C+Eko+Juli+Fitrianto%2C+et+al.+%22The+effect+of+five+weeks+of+aerobic+interval+training+on+the+body+composition+of+elite+martial+arts+athletes.%22+Journal+of+Sports+and+Recreation+Science+Malaysia+%28MJSSR%29+19%2C+no.+1+%282023%29%3A+51-65.&from_ui=yes
https://search.crossref.org/?from_ui=&q=Luczak%2C+T.%2C+Burch%2C+R.%2C+Lewis%2C+E.%2C+Chander%2C+H.%2C+%26+Ball%2C+J.+%282020%29.+State-of-the-art+review+of+athletic+wearable+technology%3A+What+113+strength+and+conditioning+coaches+and+athletic+trainers+from+the+USA+said+about+technology+in+sports.+International+Journal+of+Sports+Science+%26+Coaching%2C+15%281%29%2C+26-40.
https://search.crossref.org/search/works?q=Manore%2C+M.+M.+%282012%29.Dietary+supplements+for+improving+body+composition+and+reducing+body+weight%3A+where+is+the+evidence%3F+International+journal+of+sports+nutrition+and+exercise+metabolism%2C+22%282%29%2C+139-154.&from_ui=yes
https://pubmed.ncbi.nlm.nih.gov/19997010/
https://search.crossref.org/search/works?q=Methenitis%2C+S.%2C+Cherouveim%2C+E.+D.%2C+Kroupis%2C+C.%2C+Tsantes%2C+A.%2C+Ketselidi%2C+K.%2C+Vlachopoulou%2C+E.%2C+%26+Koulouvaris%2C+P.+%282022%29.+The+importance+of+aerobic+capacity+and+nutrition+in+recreational+master+mountain+runners%E2%80%99+performance+and+race-induced+changes+in+body+composition+and+biochemical+blood+indices.+International+Journal+of+Sports+Science+%26+Coaching%2C+17%285%29%2C+1167-1177.+&from_ui=yes
https://search.crossref.org/search/works?q=Mitsuzono%2C+R.%2C+Komiya%2C+S.%2C+%26+Maruyama%2C+A.+%281994%29.+Body+composition+and+somatotype+in+elite+female+distance+runners.+Japanese+Journal+of+Physical+Fitness+and+Sports+Medicine%2C+43%285%29%2C+334-342&from_ui=yes
https://search.crossref.org/search/works?q=Musa%2C+D.+I.%2C+Toriola%2C+O.+O.%2C+Abubakar%2C+M.+N.%2C+Jonathan%2C+S.+U.%2C+Iornyor%2C+D.%2C+%26+Emmanuel%2C+A.+B.+%282023%29.+Cardiorespiratory+Fitness+and+Leg+Muscle+Power+about+Abdominal+Adipose+Tissue+in+Adolescents.+International+Journal+of+Kinesiology+and+Sports+Science%2C+11%281%29%2C+53-59.&from_ui=yes
https://pubmed.ncbi.nlm.nih.gov/31159177/
https://pubmed.ncbi.nlm.nih.gov/31030556/
https://pubmed.ncbi.nlm.nih.gov/33912075/
https://pubmed.ncbi.nlm.nih.gov/9927020/
https://pubmed.ncbi.nlm.nih.gov/30618802/
https://pubmed.ncbi.nlm.nih.gov/6047957/
https://pubmed.ncbi.nlm.nih.gov/29952678/
https://pubmed.ncbi.nlm.nih.gov/24587266/
https://search.crossref.org/search/works?q=Sengeis%2C+M.%2C+M%C3%BCller%2C+W.%2C+St%C3%B6rchle%2C+P.%2C+%26+F%C3%BCrhapter-Rieger%2C+A.+%282021%29.+Performa+kompetitif+pelari+Kenya+dibandingkan+dengan+berat+badan+dan+lemak+relatif+mereka.+Jurnal+Internasional+Kedokteran+Olahraga+%2C+42+%2804%29%2C+323-335&from_ui=yes
https://pubmed.ncbi.nlm.nih.gov/25849090/
https://pubmed.ncbi.nlm.nih.gov/11726249/

The Correlation of Endurance and Speed on the Performance of Long-Distance Runners

Spencer, M.R., Gastin, P.B. (2001). Energy system
contribution during 200- to 1500-m running in highly
trained athletes. Med. Sci. Sports Exerc, 33, 157-162.
[CrossRef] [PubMed]

Stoggl, T., & Born, D. P. (2021). Near-infrared spectroscopy
for muscle-specific analysis of intensity and fatigue
during cross-country skiing competition—a case
report. Sensors, 21(7), 2535. [PubMed]

Wajib, M., & Sukma, HME (2022, Agustus). Pengaruh
Pelatihan Interval Intensitas Tinggi dan Pelatihan
Sirkuit Terhadap VO2Max Atlet Lari jarak menengah
Jauh. Dalam Prosiding Seminar Nasional Spencer.
[CrossRef]

This work is distributed under https://creativecommons.org/licenses/by-sa/4.0/

Wajib et al., Int J Disabil Sports Health Sci, 2024;7(2);437-444 .Page 444 | 444.



https://search.crossref.org/search/works?q=Spencer%2C+M.R.%2C+Gastin%2C+P.B.+%282001%29.+Energy+system+contribution+during+200-+to+1500-m+running+in+highly+trained+athletes.+Med.+Sci.+Sports+Exerc%2C+33%2C+157%E2%80%93162.+&from_ui=yes
https://pubmed.ncbi.nlm.nih.gov/11194103/
https://pubmed.ncbi.nlm.nih.gov/33916617/
https://search.crossref.org/search/works?q=Wajib%2C+M.%2C+%26+Sukma%2C+HME+%282022%2C+Agustus%29.+Pengaruh+Pelatihan+Interval+Intensitas+Tinggi+dan+Pelatihan+Sirkuit+Terhadap+VO2Max+Atlet+Lari+jarak+menengah+Jauh.+Dalam+Prosiding+Seminar+Nasional+Spencer.+&from_ui=yes&page=2
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/

