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Abstract
Objective To analyze the effects of different track and field events on human cardiovascular function and 
physiological energy metabolism.

Method The research subjects were ordinary male students majoring in physical education at a certain university, 
aged between 18 and 25 years old. A total of 42 people were divided into four sub sample groups: sprint group (10 
people), jump group (10 people), long-distance running group (10 people), and regular student group (12 people). 
The COSMED K5 portable gas metabolism analysis system was used to measure cardiopulmonary function, and key 
indicators such as Maximum Oxygen Uptake (VO2max) were evaluated using a Stepwise Increasing Load Test (SILT). 
The two factor repeated measures ANOVA method was used to analyze the effects of different load levels and groups 
on cardiopulmonary function and energy metabolism.

Result The weight, systolic blood pressure, and diastolic blood pressure of different populations were not statistically 
significant in a quiet state (p > 0.05). The waist to hip ratios of the short-distance and long-distance running teams 
were 0.75 ± 0.03 and 0.76 ± 0.03, respectively, which showed significant differences compared to ordinary students 
(p < 0.05). There was also a significant difference in heart rate between different track and field teams and ordinary 
students in a quiet state (p < 0.05). The termination load of different track and field teams varied, with the long-
distance running team having the highest load (p < 0.01), followed by the jumping team. Compared with ordinary 
students, there was a significant difference (p < 0.05) in the termination heart rate among the sprinting, long-distance, 
and jumping teams. However, there was p > 0.05 in the systolic blood pressure index among the four groups of 
subjects. There was a significant difference (p < 0.05) in diastolic blood pressure between sprinting and jumping teams 
and ordinary students. In a quiet state, the energy metabolism of long-distance running teams, sprinting teams, 
jumping teams, and ordinary students was 1.52 ± 0.64, 1.81 ± 0.91, 1.86 ± 0.87, and 2.87 ± 0.96, respectively.

Interventional effects of different track 
and field sports on human cardiovascular 
function indicators and physiological energy 
metabolism
Ruibin Jing1, Zhengwei Wang1* and Choi Mee-Seong1

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13102-025-01054-0&domain=pdf&date_stamp=2025-2-3


Page 2 of 11Jing et al. BMC Sports Science, Medicine and Rehabilitation           (2025) 17:19 

Introduction
The development of society has led to an increasing con-
cern for health and quality of life, and sports as an impor-
tant way to maintain physical and mental health have 
been widely valued. In higher education, physical edu-
cation is no longer just a compulsory course; rather, it is 
increasingly regarded as a crucial element in the holistic 
development of students [1]. Track and Field (T-F) sports 
can be divided into aerobic and anaerobic metabolism 
dominant events based on the duration and intensity of 
the exercise. The analysis of energy system contribution 
indicates that endurance events such as Long-Distance 
Running (LDR) primarily rely on the aerobic metabolism 
system. The primary source of energy for these events 
is the aerobic oxidation metabolism of fat and glycogen, 
which facilitates enhanced fat utilization efficiency and 
an elevated overall metabolic level. Sprint and jumping 
events mainly rely on the phosphate system and anaer-
obic glycolysis system [2]. The characteristics of these 
events are high-intensity output in a short period, requir-
ing high instantaneous explosive power and anaerobic 
endurance of muscles. However, the contribution ratio 
of different events to the energy system varies in specific 
training and competitions. For example, the 100 m sprint 
mainly relies on the phosphate system, while the 400 m 
sprint has a higher proportion of anaerobic glycolysis 
participation [3, 4]. LDR events mainly rely on aerobic 
metabolism, accounting for over 80%. T-F sports have a 
significant effect on improving cardiovascular function. 
Especially for LDR, it can significantly improve aerobic 
endurance and overall cardiovascular function. Sprint-
ing, high jump, and other events place more emphasis on 
anaerobic endurance and explosive power, but can also 
improve cardiovascular function through high-inten-
sity training [5]. The combination training of different 
T-F projects can comprehensively improve the human 
body’s cardiovascular adaptability and endurance level. 
The impact of different T-F projects on physiological 
Energy Metabolism (EM) is mainly reflected in the differ-
ent uses of energy supply systems and the adaptability of 
the body. LDR and race walking mainly rely on aerobic 
metabolism, which improves the efficiency of fat and gly-
cogen utilization. Sprinting and high jump mainly rely on 
anaerobic metabolism, which enhances explosive power 
and short-term energy supply capacity. However, the 
impact on specific cardiovascular function indicators and 
metabolic items is not clear [6–8]. The study proposes 

the following hypothesis: Hypothesis 1: Compared with 
ordinary students, students who participate in sprinting, 
jumping, and LDR training have significant differences in 
cardiovascular function indicators at rest. Hypothesis 2: 
LDR training has the most significant improvement effect 
on cardiovascular function, followed by jumping training, 
while the improvement effect on cardiovascular func-
tion of ordinary students is the weakest. Hypothesis 3: 
In the incremental load test, the EM efficiency and load 
adaptation ability of the LDR team are better than those 
of the short running team and jumping team, while the 
load adaptation ability of ordinary students is the weak-
est. Therefore, this study selects ordinary male students 
majoring in physical education from a certain univer-
sity as the research subjects and segmented them into 
four groups: sprinting team, jumping team, LDR team, 
and ordinary students. The experiment uses a Stepwise 
Increasing Load Test (SILT) to analyze Cardiopulmo-
nary Function (CF) and Gas Metabolism (GM). The study 
selects key cardiovascular function indicators, including 
maximal oxygen uptake, heart rate, systolic blood pres-
sure, diastolic blood pressure, respiratory rate, ventila-
tion volume, etc. These indicators are commonly utilized 
to assess cardiovascular endurance, the adaptability of 
the circulatory system, and post-exercise recovery. They 
serve as crucial parameters for evaluating an individual’s 
cardiovascular health status. For example, Maximum 
Oxygen Uptake (VO2max), which is a core indicator of 
aerobic capacity, is closely related to an athlete’s endur-
ance and overall cardiovascular fitness. Research has 
shown that long-term aerobic endurance training can 
significantly increase VO2max levels, while anaerobic 
training increases anaerobic threshold and muscle explo-
siveness more. The aim is to give a reliable basis for the 
intervention effects of different T-F exercises on human 
CF indicators and physiological EM. The innovation of 
the research lies in quantifying the impact of different 
exercises on GM to explore the intervention effects of 
different T-F exercises on human CF indexes and physi-
ological EM. The study explores the effects of different 
T-F events on CF and EM, which has significant ratio-
nality. Firstly, different T-F events have different energy 
system requirements, and the differences in aerobic and 
anaerobic metabolism provide a clear theoretical basis 
for the research. Secondly, existing literature mostly 
focuses on a single event. This study systematically com-
pares the differences in cardiorespiratory function among 

Conclusion In a quiet state, there are significant differences in body shape and function between different track and 
field training teams and the general population. In a quantitative load state, long-distance runners have the strongest 
adaptability to load.

Keywords Exercise intervention, Cardiovascular function, Energy metabolism assessment, Maximum oxygen uptake, 
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multiple T-F events, filling a research gap. Finally, the use 
of COSMED K5 analysis system and gradually increasing 
load testing ensures the scientific and reliable nature of 
the data. The contribution of the research lies in eluci-
dating the differences in energy system and cardiorespi-
ratory adaptability among different projects, providing 
empirical support for exercise physiology. This study 
provides a basis for optimizing training programs, which 
helps coaches develop personalized training plans and 
improve athletes’ physical performance. The research 
results demonstrate the positive effects of aerobic exer-
cise on cardiovascular health, providing scientific sup-
port for promoting exercise interventions, especially for 
college students.

Materials and methods
Research object
Ordinary male students majoring in physical education 
from a certain university were selected as the research 
subjects. This study used the Physical Activity Readiness 
Questionnaire (PAR-Q) to screen participants. The final 
screening population was determined to be 42 people: 10 
for the sprint team, 10 for the long jump team, 10 for the 
LDR team, and 12 for ordinary students. The inclusion 
criteria: (i) Age between 18 and 25 years old; (ii) Students 
majoring in sports on campus; (iii) No serious chronic 
diseases like Cardiovascular Disease (CD), Respiratory 
System Disease (RSD), musculoskeletal system disease, 
etc.; (iv) No history of sports injury or surgery, able to 
perform normal sports training; (v) Not using drugs that 
affect physical function during exercise. The exclusion 
criteria: (i) Age ≤ 18 years old or ≥ 25 years old; (ii) Having 
cognitive and expression barriers, unable to communi-
cate; (iii) Poor cognitive function, lacking certain oral and 
written expression abilities; (iv) Refuse to sign informed 
consent. (v) Severe CD, lung, or metabolic disorders. 
The participants of the sprint team received specialized 
training in sprinting, mainly for short-distance events 
such as 100 m and 200 m. The participants of the jump-
ing team received specialized training in jumping such 
as high jump and long jump, emphasizing the cultiva-
tion of explosive power and technical ability. Participants 
in the LDR team received specialized training for LDR 
of 5,000  m or more, with a focus on aerobic endurance 
training. The participants in the ordinary student group 
did not receive specialized T-F training, but had basic 
physical exercise habits, serving as the control group.

Research method
The literature review method was used to provide nec-
essary theoretical support for this study by reviewing 
monographs, published literature, journal articles, aca-
demic papers, etc. on CF and EM. PAR-Q was used to 
understand the physical health and physical activity of 

the subjects. The Rating of Perceived Exercise (RPE) was 
utilized to evaluate the status of participants during the 
trial process. Subjects with severe cardiovascular, pul-
monary, or metabolic diseases were excluded to ensure 
safety during fitness and experimentation.

The study used the COSMED K5 portable GM analy-
sis system (COSMED, Italy) for measuring CF, which has 
good validity and reliability, and is widely used in sports 
physiology research [9]. It is considered the gold stan-
dard equipment for measuring VO2max and gas exchange 
indicators. The system is capable of real-time recording 
and analysis of important indicators such as oxygen con-
sumption, carbon dioxide emissions, ventilation volume, 
and respiratory entropy. Validity and reliability stud-
ies have shown that the COSMED K5 system has high 
repeatability and consistency in measurement results 
under different exercise load conditions [10]. The load 
test was conducted in a certain laboratory. In the step-by-
step load test, the subjects first wore respiratory masks 
and heart rate detectors, and sat quietly on a power bicy-
cle for a 5-minute preparation period. During this period, 
the gas metabolism of the test subjects was measured in 
a quiet state, mainly using gas analysis instruments to 
record the subjects’ oxygen intake, carbon dioxide emis-
sions, and respiratory quotient. Next, the subjects began 
a step-by-step load test using power bicycles for test-
ing. At the beginning of the test, the initial power of the 
subjects was set to 20  W, the speed was 60 r/min, and 
the load of each level was gradually increased in incre-
ments of 20 W. The test lasted for 2 min for each level. 
There is no rest time between each level, and a three-axis 
physical activity monitor is used to monitor the energy 
metabolism of the subjects in real time throughout the 
entire experiment. Simultaneously record the heart rate, 
blood pressure, and RPE of the subjects during the test. 
The experiment is conducted in the laboratory to ensure 
a suitable ambient temperature, accurate equipment, 
and good calibration. The main criteria for terminating 
the test are: (1) VO2 reaches the plateau period with an 
increment of less than 150 ml/min; (2) Heart rate reaches 
the predicted maximum heart rate. Secondary criteria 
include: respiratory exchange ratio ≥ 1.10, self-perceived 
exercise intensity ≥ 18, or the occurrence of discomfort 
symptoms such as extreme fatigue. During the testing 
process, indicators such as oxygen absorption, carbon 
dioxide emissions, and ventilation volume were recorded. 
After the test was completed, sat quietly for 5  min to 
record the recovery period data. The test indicators 
mainly included metabolic equivalent, VO2max, oxygen 
consumption, oxygen pulse, carbon dioxide consump-
tion, ventilation per minute, tidal volume, and respiratory 
entropy.

Termination criteria: (i) The subject experiences 
symptoms such as difficulty breathing, dizziness, 
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tinnitus, nausea, extreme fatigue, and pale complex-
ion; (ii) The diastolic BP of the subjects is ≥ 100 mmHg, 
and the systolic BP is ≥ 200 mmHg; (iii) The subject’s 
heart rate reaches the maximum expected heart rate; 
(iv) Abnormal S-T segment decrease and arrhythmia 
in the subject’s electrocardiogram; (v) The RPE value of 
the subject is ≥ 18; (vi) Subject requests to stop testing; 
(vii) Unable to maintain the required conditions for nor-
mal testing for 10 s. When selecting one of the termina-
tion criteria mentioned above, the experiment should be 
immediately stopped.

Research tool
PAR-Q is a commonly used health assessment tool used 
to assess whether an individual is suitable to start physi-
cal activity or exercise. The purpose of this scale is to help 
participants understand their health status and consider 
potential risk factors before starting the experiment. If 
the subject encounters any potential health issues while 
answering PAR-Q questions, it is necessary to compre-
hensively consider whether the subject is eligible to par-
ticipate in the study [11, 12].

The RPE scale is a tool used to evaluate the level of 
effort or fatigue felt by participants during physical activ-
ity or exercise. RPE is usually used to measure the inten-
sity of exercise to help participants control the intensity 
of exercise during the training process, ensuring that 
they exercise within an appropriate range. Otherwise, the 
study used a rating scale of 6–20, and at 6–10, it shows 
mild activity and felt relaxed. At 11–13, the performance 
is moderate activity and feels moderate. At 14–17, it 
shows moderate to high-intensity activity and feels diffi-
cult. At 18–20, it exhibits high-intensity activity and feels 
very difficult [13, 14].

Statistical method
The experiment used SPSS 26.0 statistical software to 
establish a database, and the survey data were entered 
by two individuals separately, and then checked by a 
third person. When there was inconsistent data, it was 
necessary to verify it. After verifying that there were no 
errors, statistical analysis of the data was performed. 
Count data were expressed in “%”. The mean plus error 
value represented the measurement data and T-test was 
used. p < 0.05 indicated a statistically significant differ-
ence. Due to two main factors involved in experimental 
design, the load of different groups gradually increased. 
Therefore, a two factor repeated measures ANOVA was 
chosen for statistical analysis. This method can simul-
taneously examine the main and interactive effects of 
group and load on cardiovascular and pulmonary func-
tion indicators (such as VO2max, heart rate, ventilation 
volume, etc.).

Quality control
Before the formal trial began, all participants underwent 
ethical review and informed consent, and received uni-
fied training to understand the purpose and methods 
of this study. During the investigation process, a uni-
fied guiding language was used to clarify the inclusion 
and exclusion criteria, and the personal privacy of the 
research subjects was kept confidential. The question-
naire was collected immediately after the survey was 
completed, and the completeness of the collected data 
was verified item by item [15]. When organizing and ana-
lyzing data, the coding and input of data needed to be 
repeatedly checked and logically checked, and question-
naires with obvious logical errors or missing items ≥ 25% 
should be excluded.

Ethical review
This study has passed the ethical review of the research 
institution. Before the investigation begins, the research 
subjects will be fully informed of the purpose and meth-
ods of this study. If the subjects agree to join this study, 
they will sign an informed consent form. The subjects 
have the right to withdraw from this study at any time 
without the need for special explanations, and it will 
not have any impact on their academic performance or 
physical health. All research subject information will be 
kept confidential, and patient information will not be dis-
closed throughout the entire research process and publi-
cation of results [16].

Results
Comparison of general information in a quiet state
This study included a total of 42 participants, including 
10 from the sprinting team, 10 from the jumping team, 
10 from the LDR team, and 12 from ordinary students. 
The basic information of subjects in each group under 
quiet state was compared, and the results are shown in 
Table 1. The weight, systolic BP, and diastolic BP of dif-
ferent populations were not statistically significant in a 
quiet state (p > 0.05). The waist to hip ratios of the sprint 
team and the LDR team were 0.75 ± 0.03 and 0.76 ± 0.03, 
respectively (p < 0.05), and there were significant dif-
ferences in heart rate between different T-F teams and 
ordinary students in quiet (p < 0.05). The height and lung 
capacity of the jumping team were (182.3 ± 3.2) cm and 
(5213.1 ± 411.5) ml, respectively, with significant dif-
ferences. The Body Mass Index (BMI) of LDR team was 
lower than that of ordinary students and has statistical 
significance.

Comparison of maximum oxygen uptake at different 
stages
The VO2max of different subjects at different stages was 
compared, and the results are shown in Fig.  1. VO2max 
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represents maximum oxygen uptake. The VO2max exhib-
ited by different T-F teams varies, with the LDR team 
having the highest oxygen uptake, followed by the sprint 
team, then the jumping team, and finally the ordinary 
students. This is because LDR belongs to endurance 
projects, while sprinting and jumping are both explosive 
projects, and ordinary students have a smaller amount of 
exercise. The research results show that regularly partici-
pating in sports training can help improve CF.

Analysis of various indicators at the termination of exercise 
in different subjects
The analysis of various indicators at the end of exercise 
for different participants is shown in Fig.  2. The termi-
nation load varied among different T-F teams, with the 
LDR team having the highest load (p < 0.01), followed by 
the jumping team. Due to the correlation between exer-
cise time and termination load, there was a significant 
difference (p < 0.01) in the termination time between the 

LDR team and ordinary students. In terms of terminating 
heart rate, compared with ordinary students, the sprint 
team, LDR team, and jumping team all showed signifi-
cant differences (p < 0.05). In terms of systolic BP indica-
tors, there was no significant difference among the four 
groups of subjects (p > 0.05). There was a significant dif-
ference (p < 0.05) in diastolic BP between sprinting and 
jumping teams and ordinary students.

Tidal volume analysis of different T-F training teams under 
quantitative load conditions
Figure 3 presents the results of analyzing the tidal volume 
of T-F training teams under different load conditions. In 
a quiet state, the tidal volume of LDR team, sprint team, 
jumping team, and ordinary students was 0.71 ± 0.29, 
0.95 ± 0.22, 0.83 ± 0.21, and 0.87 ± 0.41, respectively. As 
the load gradually increased, the tidal volume of the LDR 
team increased with the increase of load. At 140 W, the 
tidal volume of the LDR team was 2.35 ± 0.37, while the 

Table 1 Comparison of general information of subjects
Index Sprint team LDR team Jumping team Ordinary students
Height (cm) 176.1 ± 5.1 174.9 ± 6.2 182.3 ± 3.2** 174.8 ± 6.1
Weight (kg) 71.2 ± 6.1 68.7 ± 5.9 76.3 ± 7.3 73.8 ± 13.8
BMI (kg/m2) 22.7 ± 1.8 21.6 ± 1.4* 23.8 ± 2.0 28.4 ± 4.1
WHR 0.75 ± 0.03* 0.76 ± 0.03* 0.79 ± 0.02 0.83 ± 0.06
Vital capacity (ml) 4589.6 ± 598.4 4765.1 ± 781.2 5213.1 ± 411.5* 4536.2 ± 521.3
Heart rate (times/min) 74.3 ± 8.4* 71.8 ± 4.9* 72.7 ± 7.6* 85.1 ± 11.1
Systolic pressure (mmHg) 121.8 ± 8.1 121.9 ± 12.7 124.2 ± 8.2 132.1 ± 6.7
Diastolic pressure (mmHg) 66.4 ± 11.1 74.2 ± 11.2 68.2 ± 11.9 78.6 ± 12.2
Note: Compared with ordinary students, * indicates p < 0.05, ** represents p < 0.01

Fig. 1 VO2max analysis of different populations
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tidal volume of the sprint team decreased significantly at 
180  W, reaching 1.76 ± 0.18, both of which showed sig-
nificant differences compared to the tidal volume of ordi-
nary students (p < 0.05). The tidal volume of the jumping 
team gradually increased during the load movement pro-
cess. When the exercise load was 185 W, its tidal volume 
significantly decreased to 1.76 ± 0.43. When the load was 
60 W, its tidal volume was 1.48 ± 0.16, which was signifi-
cantly different from that of ordinary students (p < 0.05).

Respiratory frequency analysis of different T-F training 
teams under quantitative load conditions
Table  2 analyzes the respiratory rate of T-F training 
teams under different load conditions. In a quiet state, 
the respiratory rates of LDR, sprint, jumping, and ordi-
nary students were 17.2 ± 4.7, 19.6 ± 3.9, 17.6 ± 5.9, and 
19.9 ± 5.5, respectively. During the process of increas-
ing load exercise, both the LDR team and ordinary stu-
dents showed an increasing trend in respiratory rate. 
After increasing the load to 80 W, there was a significant 

Fig. 3 Tidal volume analysis of different T-F training teams

 

Fig. 2 Analysis of various indicators at the end of exercise
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difference (p < 0.01) in the respiratory rate between the 
LDR team and ordinary students.

Analysis of ventilation per minute for different T-F training 
teams under quantitative load conditions
Figure 4 shows the analysis of ventilation per minute for 
T-F training teams under different load conditions. In 
a quiet state, the ventilation rates per minute for LDR, 
sprint, jump, and ordinary students were 13.1 ± 5.7, 
20.6 ± 5.7, 16.7 ± 3.9, and 13.7 ± 4.9, respectively. There 
was a significant difference (p < 0.05) in the ventilation 
volume per minute between the sprint team and ordinary 
students. As the exercise load increased, there was a sig-
nificant difference in ventilation per minute between the 
LDR team and regular students at a load of 20 W. In the 
sprint team, when the load reached 180 W, the ventilation 
rate per minute was 75.2 ± 8.6, showing a significant dif-
ference (p < 0.01) compared to ordinary students. In the 
jumping team, there was a significant difference (p < 0.05) 
between the jumping team and ordinary students during 
the fifth and seventh level of load exercise.

Analysis of relative oxygen uptake of different T-F training 
teams under quantitative load conditions
Table 3 analyzes the relative oxygen uptake of T-F train-
ing teams under different load conditions. In a quiet 
state, the relative oxygen uptake of LDR team, sprint 
team, jumping team, and ordinary students was 6.7 ± 3.6, 
9.6 ± 3.1, 6.1 ± 2.9, and 5.6 ± 2.7, respectively. There was a 
very significant difference (p < 0.01) between the sprint 
team and ordinary students from a stationary state to a 
load of 180  W. When the load reached 80  W, the LDR 
team began to show significant differences in relative 
oxygen uptake compared to ordinary students (p < 0.05). 
There was a significant difference (p < 0.05) in the relative 
oxygen uptake between jumping teams and ordinary stu-
dents when the load was 80 W, 140 W, and 180 W.

Oxygen pulse analysis of different T-F training teams under 
quantitative load conditions
Table 4 shows the analysis of oxygen pulse of T-F train-
ing teams under different load states. In a quiet state, the 
oxygen pulse of LDR team, sprint team, jumping team, 
and ordinary students was 5.1 ± 2.7, 8.6 ± 2.1, 6.8 ± 2.7, 
4.0 ± 1.1, respectively. There was a significant difference 

Table 2 Respiratory frequency analysis of different T-F training 
teams
Load capacity Long run-

ning team
Sprint 
team

Jumping 
team

Ordi-
nary 
students

Rest 17.2 ± 4.7 19.6 ± 3.9 17.6 ± 5.9 19.9 ± 5.5
20 W 20.6 ± 4.7 22.1 ± 4.4 21.3 ± 2.8 23.1 ± 4.4
40 W 21.7 ± 5.3 21.6 ± 3.7 20.2 ± 4.9 22.6 ± 5.4
60 W 21.7 ± 3.9 23.5 ± 3.1 21.8 ± 2.7 23.8 ± 4.1
80 W 22.1 ± 3.6** 25.6 ± 4.7 26.0 ± 2.3* 29.9 ± 5.6
100 W 25.8 ± 3.6** 29.7 ± 5.6 25.9 ± 3.9** 32.9 ± 4.7
140 W 27.8 ± 3.6** 33.9 ± 6.1 26.7 ± 4.2** 39.1 ± 6.4
180 W 32.6 ± 4.8** 51.5 ± 7.4 35.7 ± 10.5 47.2 ± 9.3
200 W 33.4 ± 9.7 / 28.6 ± 0.0 56.3 ± 0.0

Table 3 Analysis of relative oxygen uptake of different T-F 
training teams
Load 
capacity

Long run-
ning team

Sprint team Jumping 
team

Ordi-
nary 
students

Rest 6.7 ± 3.6 9.6 ± 3.1** 6.1 ± 2.9 5.6 ± 2.7
20 W 10.1 ± 4.5 11.3 ± 2.4** 9.9 ± 3.6 9.1 ± 1.2
40 W 14.6 ± 6.8 16.7 ± 3.6** 14.6 ± 4.8 12.4 ± 2.8
60 W 17.4 ± 6.9 20.2 ± 2.6** 17.8 ± 4.4 15.2 ± 3.4
80 W 22.1 ± 7.1* 25.89 ± 3.6** 20.3 ± 4.9* 16.7 ± 3.7
100 W 25.6 ± 9.7* 33.7 ± 2.5** 21.1 ± 8.6 18.8 ± 4.8
80 W 31.8 ± 12.6* 34.7 ± 5.8** 27.6 ± 8.7* 17.1 ± 4.3
180 W 34.9 ± 11.5* 38.6 ± 5.8** 32.7 ± 9.4* 16.8 ± 6.9
200 W 32.3 ± 12.5 44.1 ± 0.0 23.4 ± 0.0

Fig. 4 Analysis of ventilation per minute for different T-F training teams
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(p < 0.05) between the jumping team and the sprinting 
team and ordinary students. There is a significant dif-
ference (p < 0.01) between the oxygen pulse of the sprint 
team from a stationary state to a load of 180 W and ordi-
nary students. In the LDR team, the difference between 
quiet state and 60  W load was not significant com-
pared to ordinary students. In the jumping team, under 
a load of 20  W, the difference with ordinary students 
was not significant, while under other loads, significant 
differences were observed with statistical significance 
(p < 0.05).

Respiratory entropy analysis of different T-F training teams 
under quantitative load conditions
The respiratory entropy of T-F training teams under dif-
ferent load states was analyzed, as shown in Table  5. 
In a quiet state, the respiratory entropy of LDR team, 
sprint team, jumping team, and ordinary students was 
0.88 ± 0.09, 0.75 ± 0.11, 0.79 ± 0.11, 0.96 ± 0.12, respec-
tively. There was a significant difference (p < 0.01) in the 
respiratory entropy of the sprint team from a station-
ary state to a 180  W load compared to ordinary stu-
dents. In the LDR team, when the load reached 40  W, 
there was a significant difference (p < 0.05) in respiratory 
entropy between the students and the general students. 
In the jumping team, when the load was 60–80  W, the 

difference in respiratory entropy between them and ordi-
nary students was not significant.

EM analysis of different T-F training teams under 
quantitative load conditions
Table 6 shows the analysis results of EM of T-F training 
teams under different load states. In a quiet state, the EM 
of LDR team, sprint team, jumping team, and ordinary 
students were 1.52 ± 0.64, 1.81 ± 0.91, 1.86 ± 0.87, and 
2.87 ± 0.96, respectively. There was a significant differ-
ence in EM between the LDR team and ordinary students 
from a stationary state to a load of 180  W (p < 0.01). In 
the sprint team, there was a significant difference in EM 
between the students under loads of 80  W, 140  W, and 
180  W, and there was statistical significance (p < 0.05). 
In the jumping team, there was a significant difference 
in EM between students with a load of 80 W and 140 W, 
and there was statistical significance (p < 0.05).

Discussion and conclusion
With the improvement of people’s health awareness and 
living standards, physical exercise has become an indis-
pensable part of their daily lives. In higher education 
institutions, physical exercise is not only an important 
way for students to maintain physical health, but also 
an effective means to cultivate their physical and men-
tal qualities and enhance their teamwork spirit [17–20]. 
However, there may be differences in physical exercise 
plans for sports majors compared to ordinary students, as 
different projects have different requirements for physi-
cal fitness, which also poses different challenges to their 
CF and EM. CF refers to the coordination performance 
of the heart and lungs during exercise and rest, as well as 
the ability to provide oxygen and nutrients to body tis-
sues. A healthy cardiovascular system can maintain nor-
mal bodily function and adapt to various physiological 
and environmental challenges. The intensity of EM can 
reflect a person’s level of activity, and higher EM intensity 
means higher athletic ability and endurance [21, 22].

This study selected ordinary male students major-
ing in physical education from a certain university as 

Table 4 Relative oxygen pulse analysis of different T-F training 
teams
Load capacity Long run-

ning team
Sprint team Jumping 

team
Ordi-
nary 
students

Rest 5.1 ± 2.7 8.6 ± 2.1** 6.8 ± 2.7* 4.0 ± 1.1
20 W 9.1 ± 2.4* 9.9 ± 1.7** 7.1 ± 2.6 5.7 ± 0.8
40 W 11.7 ± 4.3* 13.1 ± 1.9** 11.7 ± 2.9* 7.0 ± 0.9
60 W 11.9 ± 4.2 13.7 ± 1.9** 12.8 ± 2.1** 7.7 ± 1.3
80 W 12.7 ± 3.1** 13.8 ± 1.9** 11.9 ± 3.9* 7.9 ± 1.8
100 W 13.8 ± 4.3** 15.6 ± 1.8** 12.1 ± 4.1* 7.6 ± 1.3
140 W 14.6 ± 4.1** 14.9 ± 2.9** 13.9 ± 4.7* 6.9 ± 1.4
180 W 14.9 ± 5.4* 14.5 ± 1.7** 10.6 ± 1.9* 6.1 ± 2.0
200 W 14.7 ± 5.1 / 11.7 ± 0.0 6.6 ± 0.0

Table 5 Respiratory entropy analysis of different T-F training 
teams
Load 
capacity

Long run-
ning team

Sprint team Jumping 
team

Ordinary 
students

Rest 0.88 ± 0.09 0.75 ± 0.11** 0.79 ± 0.11* 0.96 ± 0.12
20 W 0.81 ± 0.13 0.76 ± 0.08** 0.79 ± 0.14* 0.94 ± 0.16
40 W 0.81 ± 0.19** 0.78 ± 0.14** 0.75 ± 0.12** 1.14 ± 0.18
60 W 0.83 ± 0.23* 0.71 ± 0.17** 0.88 ± 0.26 1.11 ± 0.16
80 W 0.83 ± 0.19** 0.78 ± 0.08** 0.92 ± 0.14 1.29 ± 0.11
100 W 1.01 ± 0.11** 0.81 ± 0.25** 0.93 ± 0.18** 1.38 ± 0.14
140 W 1.05 ± 0.11** 0.87 ± 0.14** 0.92 ± 0.13** 1.65 ± 0.32
180 W 1.24 ± 0.23* 1.12 ± 0.14* 0.86 ± 0.15* 2.18 ± 0.76
200 W 1.37 ± 0.26 / 0.76 ± 0.0 2.14 ± 0.0

Table 6 EM analysis of different T-F training teams
Load 
capacity

Long run-
ning team

Sprint 
team

Jumping 
team

Ordinary 
students

Rest 1.52 ± 0.64** 1.81 ± 0.91 1.86 ± 0.87 2.87 ± 0.96
20 W 2.76 ± 0.53** 3.32 ± 1.41 2.98 ± 0.91 3.74 ± 0.68
40 W 3.43 ± 0.74** 4.43 ± 1.96 4.26 ± 1.24 5.11 ± 0.46
60 W 4.42 ± 0.93** 4.96 ± 1.98 4.95 ± 1.23 6.23 ± 0.74
80 W 4.71 ± 0.62** 6.27 ± 1.64* 6.32 ± 1.62* 7.66 ± 0.73
100 W 5.31 ± 1.24** 7.59 ± 2.33 7.11 ± 2.27 9.23 ± 0.68
140 W 4.96 ± 0.98** 8.86 ± 3.15* 8.41 ± 2.32** 10.12 ± 1.36
180 W 4.74 ± 1.91** 9.32 ± 3.66* 9.36 ± 2.90 10.67 ± 0.55
200 W 6.1 ± 2.1 9.42 ± 4.40 13.16 ± 0.0 /
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the research subjects and used SILT for CF and GM 
analysis. It analyzed the metabolic equivalent, VO2max, 
oxygen consumption, oxygen pulse, carbon dioxide con-
sumption, minute ventilation, tidal volume, and respira-
tory entropy of the subjects through PAR-Q and RPE. 
Research has shown that a total of 42 participants were 
included, including 10 from the sprinting team, 10 from 
the jumping team, 10 from the LDR team, and 12 from 
ordinary students. The weight, systolic, and diastolic 
BP of different populations were not significant in a 
quiet state (p > 0.05). The waist to hip ratios of the sprint 
team and the LDR team were 0.75 ± 0.03 and 0.76 ± 0.03, 
respectively, which showed significant differences com-
pared to ordinary students (p < 0.05), and there was also a 
significant difference in heart rate between different T-F 
teams and ordinary students in a quiet state (p < 0.05). 
The height and lung capacity of the jumping team were 
(182.3 ± 3.2) cm and (5213.1 ± 411.5) ml, respectively, with 
significant differences. The termination load of different 
T-F teams varied, with the LDR team having the highest 
load and a significant difference compared to ordinary 
students (p < 0.01), followed by the jumping team. Due 
to the correlation between exercise time and termination 
load, there was a significant difference (p < 0.01) in the 
termination time between the LDR team and ordinary 
students. In terms of terminating heart rate, compared 
with ordinary students, the sprint team, LDR team, and 
jumping team all showed significant differences (p < 0.05). 
In terms of systolic BP indicators, there was no significant 
difference among the four groups of subjects (p > 0.05). 
There was a significant difference (p < 0.05) in diastolic 
BP between sprinting and jumping teams and ordi-
nary students. In a quiet state, the tidal volume of LDR 
team, sprint team, jumping team, and ordinary students 
was 0.71 ± 0.29, 0.95 ± 0.22, 0.83 ± 0.21, and 0.87 ± 0.41, 
respectively. As the load gradually increased, the tidal 
volume of the LDR team increased with the increase of 
load. At 140  W, the tidal volume of the LDR team was 
2.35 ± 0.37, which was significantly different from that of 
ordinary students (p < 0.05). When the exercise load of 
the sprint team was 180 W, its tidal volume significantly 
decreased to 1.76 ± 0.18, and there was a significant dif-
ference in tidal volume compared to ordinary students 
(p < 0.05). The tidal volume of the jumping team gradu-
ally increased during the load movement process. When 
the exercise load was 185 W, its tidal volume significantly 
decreased to 1.76 ± 0.43. In a quiet state, the respiratory 
rates of LDR, sprint, jumping, and regular students were 
17.2 ± 4.7, 19.6 ± 3.9, 17.6 ± 5.9, and 19.9 ± 5.5, respec-
tively. During the process of increasing load exercise, 
the respiratory rate of both the LDR team and ordinary 
students showed an increasing trend. After increasing 
the load to 80 W, there was a very significant difference 
in respiratory rate between the LDR team and ordinary 

students (p < 0.01). The ventilation rates per minute for 
LDR team, sprint team, jumping team, and regular stu-
dents were 13.1 ± 5.7, 20.6 ± 5.7, 16.7 ± 3.9, and 13.7 ± 4.9, 
respectively. There was a significant difference (p < 0.05) 
in the ventilation volume per minute between the 
sprint team and ordinary students. As the exercise load 
increased, there was a significant difference in ventilation 
per minute between the LDR team and regular students 
at a load of 20 W. The oxygen pulse of LDR team, sprint 
team, jumping team, and ordinary students were 5.1 ± 2.7, 
8.6 ± 2.1, 6.8 ± 2.7, and 4.0 ± 1.1, respectively. There was 
a significant difference (p < 0.05) between the jump-
ing team and the sprinting team and ordinary students. 
There was a significant difference (p < 0.01) between the 
oxygen pulse of the sprint team from a stationary state to 
a load of 180  W and ordinary students. The respiratory 
entropy of LDR team, sprint team, jumping team, and 
ordinary students were 0.88 ± 0.09, 0.75 ± 0.11, 0.79 ± 0.11, 
and 0.96 ± 0.12, respectively. There was a significant dif-
ference (p < 0.01) in the respiratory entropy of the sprint 
team from a stationary state to a 180 W load compared 
to ordinary students. The EM of LDR team, sprint team, 
jumping team, and ordinary students were 1.52 ± 0.64, 
1.81 ± 0.91, 1.86 ± 0.87, and 2.87 ± 0.96, respectively. There 
was a significant difference in EM between the LDR team 
and ordinary students from a stationary state to a load of 
180 W (p < 0.01). In the sprint team, there was a signifi-
cant difference in EM between the students under loads 
of 80 W, 140 W, and 180 W, and there was statistical sig-
nificance (p < 0.05). There were significant differences 
in CF and EM among different T-F events. At rest, the 
waist to hip ratio of sprinters and long-distance runners 
was significantly lower than that of ordinary students 
(p < 0.05), which is due to the reduction of fat percent-
age caused by high-intensity training. The VO2max of 
the LDR team was the highest, reflecting their advantage 
in aerobic endurance. The high oxygen uptake of sprint-
ing and jumping teams was lower because they mainly 
relied on the anaerobic metabolic system [4–23]. In the 
incremental load test, the termination load and heart rate 
of the LDR team were significantly higher than those of 
other groups, indicating strong cardiovascular adaptabil-
ity. This is similar to the results in reference [24]. In terms 
of EM, LDR teams exhibited higher efficiency under 
high loads, mainly relying on aerobic metabolism, while 
sprinting and jumping teams relied on anaerobic metabo-
lism. The change in respiratory rate showed that the LDR 
team increased oxygen intake by increasing respiratory 
rate, while the sprinting team tended to increase tidal 
volume. This is similar to the results in reference [25].

In summary, under quiet conditions, there are signifi-
cant differences in body shape and function between dif-
ferent T-F training teams and the general population. In 
a quantitative load state, LDR team members have the 
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strongest adaptability to the load, low response, and can 
achieve energy savings, followed by sprint teams, and 
then jump teams. Ordinary people have a greater impact 
on quantitative load. Although this research has revealed 
the effects of different types of exercise on physiological 
indicators, there are still limitations. Firstly, the sample 
size is relatively limited, and the groups are not perfectly 
balanced, which may limit the generalizability of the 
results. In the future, the sample size can be expanded 
and athletes of different ages and training years can be 
considered. In addition, the study mainly focuses on the 
immediate physiological response at the end of exercise, 
without analyzing the recovery period and long-term 
adaptive changes. In the future, indicators such as heart 
rate recovery time can be added. The research is limited 
to direct measurements and does not delve into the intri-
cacies of molecular biology and neural regulatory mecha-
nisms. The potential for further analysis methods to be 
combined in the future should be acknowledged.

Supplementary Information
The online version contains supplementary material available at  h t t p s :   /  / d o  i .  o r  
g  /  1 0  . 1 1   8 6  / s 1 3  1 0 2 -  0 2 5 - 0  1 0 5 4 - 0.

Supplementary Material 1

Acknowledgements
Not applicable.

Author contributions
R.J. contributed to Writing - Original Draft; Z.W. contributed to Investigation, 
Formal analysis; C.M. contributed to Methodology, Writing - Review & Editing.

Funding
Not applicable.

Data availability
The datasets generated during and/or analysed during the current study are 
available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics Committee of Dongshin University 
(No. DSU[2022-05-01]). We conclude that the project conforms to ethical 
guidelines and adequately protects the rights and privacy of participants. We 
certify that the study was performed in accordance with the 1964 Declaration 
of Helsinki and later amendments. The research’s informed consent document 
clearly communicates the study’s purpose, procedures, risks, benefits, 
and rights to participants. Participants are informed that data will remain 
confidential, and their participation is voluntary.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Graduate School of Education, Dongshin University, 67 Dongshindae-gil, 
Naju 58245, Jeonnam, Republic of Korea

Received: 3 September 2024 / Accepted: 7 January 2025

References
1. Morton S, Goonetilleke C, Taylor M, Beach N. Out-of-hospital cardiac arrests 

during mass-participation endurance events: a case series. Wilderness Envi-
ron Med. 2023;34(3):318–21.

2. Ragy T, Julie B, Niamh M, Lisa S, Gillian Q, Deirdre O. 510 a profile of physical 
performance variables in an out-patient adult population with narcolepsy. 
Sleep. 2021;2(13):145–59.

3. World Health Organization. Global recommendations on physical activity for 
health. WHO Press. 2020;32(11):1–12.

4. Bassett DR, Howley ET. Maximal oxygen uptake: classical versus contempo-
rary viewpoints. Med Sci Sports Exerc. 2021;53(1):1–8.

5. Brooks GA, Fahey TD, Baldwin KM. Exercise physiology: human bioenergetics 
and its applications. McGraw-Hill Educ. 2022;11(3):21–3.

6. Joyner MJ, Coyle EF. Endurance exercise performance: the physiology of 
champions. J Physiol. 2019;597(2):1023–35.

7. Durdona S. Mo617effects of 12 week physical exercises on echo-geo-
metric parameters in patients with CKD. Nephrol Dialysis Transplantation. 
2021;21(3):214–31.

8. Warburton D, Jamnik V, Bredin S, Gledhill N. The evolution of the PAR-Q+: 
updated screening tool for physical activity participation. Can J Public Health. 
2022;113(4):559–67.

9. Goldstein C, Juthani B, Livingston DH, Glass N, Sifri Z. Utilizing triage rates to 
improve ICU admission guidelines of elderly rib fracture patients. Am J Surg. 
2022;223(1):126–30.

10. Kelly-Schuette KA, Prentice A, Orr A, Levine A, Durling L. Rib fracture mortal-
ity: are there clues in the core? J Surg Res. 2021;268(3):25–32.

11. Pomeranz C, Barrera C, Servaes S. Value of chest CT over skeletal sur-
veys in detection of rib fractures in pediatric patients. Clin Imaging. 
2021;82(21):103–9.

12. Niziolek G, Goodman MD, Makley A, Millar D, Heh V, Pritts T, Janowak C. 
Early results after initiation of a rib fixation programme: a propensity score 
matched analysis. J Am Coll Surg. 2021;53(1):137–44.

13. Zhou Q, Hu Z, Tang W, Xia Z, Wang J, Zhang R, Li X, Chen C, Zhang B, Lu L. 
Precise anatomical localization and classification of rib fractures on CT using 
a convolutional neural network. Clin Imaging. 2022;81(12):24–32.

14. Liu C, Chen Z, Xu J, Wu G. Diagnostic value and limitations of CT in detecting 
rib fractures and analysis of missed rib fractures: a study based on early CT 
and follow-up CT as the reference standard. Clin Radiol. 2022;77(4):283–90.

15. Cooper E, Wake E, Cho C, Wullschleger M, Patel B. Outcomes of rib fractures in 
the geriatric population: a 5-year retrospective, single-institution, Australian 
study. ANZ J Surg. 2021;91(9):1886–92.

16. Ferre AC, Towe CW, Bachman KC, Ho V. Should rib fracture patients be treated 
at high acuity trauma hospitals? J Surg Res. 2021;266(5):328–35.

17. Riojas C, Cunningham KW, Green JM, Sachdev G, Ross S, Lauer C, Thmoas B. 
Attention to detail: a dedicated rib fracture consultation service leads to ear-
lier operation and improved clinical outcomes. Am J Surg. 2021;223(2):410–6.

18. Kong S, Shin S, Jeon YJ, Lee G, Cho JH. Factors associated with failure of 
cardiopulmonary function recovery after lung cancer surgery. Respirology. 
2023;28(11):1060–8.

19. Schindera C, Simeon JZ, Jung R, Boehringer S, Weld NX. Physical fitness 
and modifiable cardiovascular disease risk factors in survivors of childhood 
cancer: a report from the SURfit study. Cancer. 2021;127(10):1690–8.

20. Giuriato G, Matias A, Restaino R, Soares E, Ives S. Acute capsaicin and exercise 
performance in humans: potential neuromuscular mechanisms. FASEB J. 
2021;35(1):2867–9.

21. Gao Y, Tsintzas K, Macdonald IA, Cordon SM. Effects of intermittent (5:2) 
or continuous energy restriction on basal and postprandial metabolism: 
a randomised study in normal-weight, young participants. Eur J Clin Nutr. 
2022;76(1):65–73.

22. Ji X, Bi LP, Zou SB, Li WL, Ji DD, Zhang QQ. Salinity acclimation induces 
reduced energy metabolism, osmotic pressure regulation and transcriptional 
reprogramming in hypotrichida ciliate gastrostyla setifera. J Ocean Univ 
China. 2024;23(2):539–49.

23. Warburton DE, R, Jamnik VK, Bredin SSD. The evolution of the PAR-Q+: 
updated screening tool for physical activity participation. Can J Public Health. 
2022;113(4):559–67.

24. Gastin PB. Energy system interaction and relative contribution during maxi-
mal exercise. Sports Med. 2021;50(5):1001–11.

https://doi.org/10.1186/s13102-025-01054-0
https://doi.org/10.1186/s13102-025-01054-0


Page 11 of 11Jing et al. BMC Sports Science, Medicine and Rehabilitation           (2025) 17:19 

25. Vella CA, Robergs RA. Validity and reliability of portable metabolic measure-
ment systems. J Sports Sci Med. 2021;4(3):106–17.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	Interventional effects of different track and field sports on human cardiovascular function indicators and physiological energy metabolism
	Abstract
	Introduction
	Materials and methods
	Research object
	Research method
	Research tool
	Statistical method
	Quality control
	Ethical review

	Results
	Comparison of general information in a quiet state
	Comparison of maximum oxygen uptake at different stages
	Analysis of various indicators at the termination of exercise in different subjects
	Tidal volume analysis of different T-F training teams under quantitative load conditions
	Respiratory frequency analysis of different T-F training teams under quantitative load conditions
	Analysis of ventilation per minute for different T-F training teams under quantitative load conditions
	Analysis of relative oxygen uptake of different T-F training teams under quantitative load conditions
	Oxygen pulse analysis of different T-F training teams under quantitative load conditions
	Respiratory entropy analysis of different T-F training teams under quantitative load conditions
	EM analysis of different T-F training teams under quantitative load conditions

	Discussion and conclusion
	References


