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Marathon, walking, cycling and other sports have been popularized and developed
around the world, and more and more people around the world have devoted themselves to
these sports. Cardiorespiratory endurance is the core element to describe human health, and
it is also the key to supporting people to complete these high-intensity aerobic exercises,
which are very important for the human body. In the pursuit of better sports performance
and performance in sports, people often use a number of ways to train. However, different
exercise methods have different goals and effects, and one training method is not suitable for
all people. Inappropriate training methods may cause sports injuries and backfire. At present,
the three mainstream training methods in the world are high-altitude training, continuous
training and interval training. Choosing the appropriate training methods for oneself can
make the training more efficient and help achieve the training goals smoothly. This article
adopts the literature review method for research. By analyzing and summarizing domestic
and foreign literature, it is found that different training methods have different effects on
improving human cardiopulmonary endurance. This provides a relevant reference basis for
various groups of people to choose scientific training methods to improve cardiopulmonary
endurance and enhance sports performance in the future.

Cardiopulmonary endurance, altitude training method, continuous training
method, interval training method

Cardiorespiratory endurance refers to the ability of the respiratory system to inhale oxygen, the
circulatory system to transport oxygen, and the skeletal muscles to utilize oxygen during sustained
physical activity, reflecting an individual's cardiopulmonary function and aerobic endurance [1]. The
training of cardiorespiratory endurance usually includes the following methods: altitude training,
continuous training, and interval training. Different training methods have their own characteristics,
and ultimately, their effects on improving cardiorespiratory endurance also vary to some extent. One
method is not suitable for everyone; different people with different training purposes, should choose
the right training program for their own situation. Inappropriate training methods may result in
sports injuries that are counterproductive. In this paper, literature analysis was used to study the
effect of different training methods on the improvement of cardiopulmonary endurance. The purpose
is to select training methods scientifically for all kinds of people in the future, successfully complete
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the exercise goal, and improve the exercise efficiency. To provide relevant reference for selecting
appropriate training methods.

Altitude training is a method used to develop aerobic endurance, anaerobic endurance and
strength endurance by taking advantage of the natural environment of low oxygen content in the air
of the plateau area [2]. Among them, the current mainstream includes the "high living, high training
method", "low living, high training method" and so on [1]. Altitude training aims to induce a series
of physiological adaptations in athletes through hypoxia stimulation, so as to improve their aerobic
endurance, cardiopulmonary function and overall exercise performance. The physiological
mechanism of altitude training is mainly based on the stimulation effect of the hypoxic environment
on various systems of the human body. Hypoxia conditions stimulate the kidney to secrete
erythropoietin (EPO), which acts on the bone marrow to produce more red blood cells and enhance
oxygen transport capacity [3]. The heart and lungs need to work more efficiently to meet the body's
demand for oxygen. Cardiac output increases and pulmonary ventilation increases, which increases
the endurance of the cardiopulmonary system. At the same time, the hypoxic environment will
stimulate the increase in the number of capillaries in muscle tissue, and enlarge the capillaries, so
that the contact area for gas exchange increases, thereby improving the delivery efficiency of
oxygen and nutrients [4]. The number and activity of mitochondria in muscle cells are also
increased, improving aerobic metabolic capacity and energy production efficiency.

Long-distance running, rowing, swimming and other sports athletes after a period of altitude
training method in the test items and competition results have been significantly improved compared
with before; the physiological and biochemical indicators were measured again, showing that the
results have also changed. Some athletes showed an increase in VO2 max, while others did not. The
reason for this phenomenon may be related to genetic factors [5]. The amount of hemoglobin in the
body of cyclists increases, the level of mitochondria is improved, and the ability of the body to resist
oxidation and lactate is also improved. When comparing adolescent cyclists trained at different
altitudes, those who trained at high altitude had higher hemoglobin levels than those trained at low
altitude [6]. Similar results were obtained in other experiments. Those who trained at an altitude of
2,000 m were classified as G1 group, those who lived at an altitude of 1850 m and trained at 2200 m
were classified as G2 group, and those who trained only at 300 m were classified as G3 group. The
amount of Hb in G2 group trained at 2200m and G1 group trained at 2000m was higher than that in
G3 group trained at 300m, and the increase of Hb in G2 group was greater than that in G1 group [7].
After altitude training, the vertical jump height of elite judo athletes increased from 34.94+5.02cm
in the pre-stage to 37.78+5.68cm in Post-0 stage. The vertical jump height of the last two Post-1 and
Post-2 stages was lower than that of Post-0 stage, but higher than that of the pre-stage [8]. In the
course of the experiment, some athletes withdrew from the experiment due to injuries or other
irresistible factors during training. There were also cases in which various biochemical indicators of
the body and performance decreased after a period of altitude training, such as the decrease of EPO
content [9], the decrease of acceleration and peak velocity, and the decrease of vertical jump height
of judo athletes were lower than those of previous training stages and ordinary training athletes.
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Therefore, the intensity and time of altitude training still need to be strictly monitored to find the
most suitable training program for athletes, so as to prevent excessive training from causing athletes'
state to decline and causing injuries.

3. Continuous training method
3.1. Concept and mechanism

Continuous training method refers to a training method with low load intensity, long load time,
and continuous practice without interruption. It is mainly used to develop general endurance fitness,
which can enable the body's motor functions to produce stable adaptations under the stimulation of
prolonged loads, and cause adaptive changes in internal organs; and it can enhance the energy
supply capacity of the aerobic metabolic system and the intensity of aerobic exercise under this
energy supply state; it can lay a solid foundation for further improving the anaerobic metabolic
capacity and the intensity of anaerobic work [10,11].

3.2. Changes in performance and physiological and biochemical indicators

The continuous training method has been applied among track and field athletes, and different
types of continuous training have all demonstrated effective improvements in cardiovascular
endurance. For 15KM, the average pace was Smin/km, and some trainees saw improvements in their
performance; for 20KM, the average pace was 4min/km, and some trainees showed better endurance
after continuous training; for 30KM, the average pace was 4.5min/km, and the endurance
performance of trainees was relatively stable, with some trainees improving their performance after
long-term training [12]. These data indicate that the continuous training method has a significant
effect on improving long-distance running performance, especially in medium and long distances
(such as 20KM and 30KM), where the endurance quality of the trainees has been notably enhanced.
After long-term continuous training for adolescent football players, the average maximum oxygen
uptake of the CT group increased from 51.06+4.60 to 53.54+4.28 [13]. A series of changes also
occurred in physiological and biochemical indicators. After training, the levels of hemoglobin and
hematocrit increased, while the white blood cell count fluctuated within the normal range. However,
some athletes experienced a decrease in red blood cell count, which was lower than that of ordinary
people or even the normal value, and were diagnosed with exercise-induced anemia. This
phenomenon is very common among endurance athletes [14]. After rigorous training, the resting
heart rate of the athletes has decreased. One of them has even dropped from 66 beats per minute to
44 beats per minute. The reason for this is the increase in stroke volume, which leads to an increase
in cardiac output, allowing them to complete the required intensity of exercise with lower energy
consumption. The average improvement rates in 5000 meters, 1000 meters, and half marathons are
10%, 11%, and 13%, respectively [12]. Continuous training effectively enhances the body's oxygen
transport capacity and endurance level, while maintaining the normal function of the immune
system. For endurance athletes or long-distance running enthusiasts, continuous training is an
effective training method, but it is necessary to pay attention to the training intensity and recovery to
avoid the negative effects of overtraining.
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4. Interval training
4.1. Concept and mechanism

Interval training refers to a training method that strictly regulates the interval time of multiple
exercises, so that the body is in a state of incomplete recovery and repeated exercises. Through the
strict interval training process, the heart function of athletes can be significantly enhanced. By
adjusting the intensity of exercise load, the various functions of the body can produce adaptive
changes that match the relevant sports. Through different types of interval training, the energy
supply capacity of glycolysis metabolism or phosphate and glycolysis mixed metabolism or
glycolysis and aerobic metabolism mixed energy or aerobic metabolism can be effectively
developed and improved. By strictly controlling the interval time, it is beneficial for athletes to
stabilize and consolidate their technical movements in the fierce confrontation and complex and
difficult competition environment. Through the stimulation of a higher load heart rate, the body's
anti-lactic acid ability can be improved to ensure that athletes have the ability to continue exercise
under the condition of maintaining a higher intensity [10]. It can be divided into short-distance
interval training, medium-distance interval training, and changing-distance interval training. Each of
these can be subdivided [15].

4.2. Changes in performance and physiological and biochemical indicators

Interval training plays an important role in half marathon training, especially high-intensity
interval training (such as 400 meters x15 times, 800 meters %12 times, 1000 meters %10 times, etc.),
which can significantly improve the speed endurance and maximum oxygen uptake level of athletes
[16]. It also has a significant effect in middle- and long-distance running training, improving
athletes' aerobic capacity, anti-lactic acid capacity and cardiopulmonary function. After high-
intensity interval training, the football players' 12-minute running performance increased from the
initial 2974.030+£62.379 meters to 3059.440+39.343 meters, the sprint speed and bounce height also
increased, and the overall physical fitness level improved [17]. In another study on young football
players, sprint interval training improved their peak VO2, anaerobic threshold and knee joint
strength, with peak VO2 increasing from 48.1+7.4 to 55.3+7.5 [18]. During the training process, the
control of training intensity (heart rate 170-180 beats/min) and the adjustment of interval time are
very important. Excessive training can easily lead to fatigue and affect the state, and should be
avoided in the week before the competition [16].

5. Conclusion

In recent years, with the enhancement of people's health awareness, they have been actively
participating in various aerobic exercises. As one of the extremely important factors, the training
methods for cardiopulmonary endurance have also attracted much attention. Effectively improving
cardiopulmonary endurance can increase people's experience and participation. Maximal oxygen
uptake, hemoglobin quantity, hematocrit, mitochondrial level, and lactate threshold are all important
physiological and biochemical indicators for evaluating cardiopulmonary endurance. Different
training methods have their own advantages and disadvantages in improving cardiopulmonary
endurance, and appropriate training methods should be selected according to individual conditions
and training objectives. The altitude training method is professional and more difficult, and the
conditions are limited. It is mainly used in all kinds of athletes, and is relatively less used in the
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general population. Continuous training may be more suitable for endurance events, such as long-
distance running and ultra-distance running. The principles of interval training may be applicable to
events that require improving speed and endurance, such as half-marathons and middle-distance
running. No matter which training method is selected, it is necessary to scientifically and reasonably
control the training intensity and monitor the changes of their physiological and biochemical
indicators to minimize the damage and improve the efficiency of training. By summarizing the
domestic and foreign literature, this article has certain reference significance for the selection of
training methods, but the range of subjects selected is small, the number of subjects is limited, and
the results have certain limitations. There is still a lot of work to study on the effects of different
training methods on cardiopulmonary endurance, and the differences in the effects of the same
training method on cardiopulmonary endurance of different people (such as different ages, genders,
and health statuses) can be further explored. The differences in the effects of different training
methods on the cardioresetive endurance of the same population, and the effects of different training
methods on the cardioresetive endurance, to explore the best training program for different people.

References

[1] Zhengzhen Wang, Junhua Xu, et al. (2021) Exercise Prescription. Beijing: Higher Education Press.

[2] Yihai Hu, Kewang Yu. (2001) A Tentative Discussion on the Basic Principles and Applications of High-Altitude
Training Methods [J]. Journal of Wuhan Institute of Physical Education, (04):59-62. DOI:10. 15930/j. cnki. wtxb.
2001. 04. 023.

[3] Shanmin Fu. (2013) The Scientific Principles and Applications of Altitude Training Methods [J]. SportsWorld
(Lower Edition), (12):80-81+77. DOI:10. 16730/j. cnki. 61-1019/g8. 2013. 12. 044.

[4] Huasen Li. (2020) Research on Altitude Training Issues [J]. Track and Field, (11):53-54.

[S] Zhanlin Zhang. (2023) Research Progress on the Impact of High-Altitude Training Methods on Aerobic Endurance
of Middle and Long-Distance Runners [C]// Sports Training Branch of the Chinese Society of Sports Science.
Abstracts of the 2023 National Academic Symposium on Sports Training (Special Reports). Graduate School of
Waubhan Institute of Physical Education, pp. 49-50. DOI:10. 26914/c. cnkihy. 2023. 037745.

[6] Mancera-Soto, E. , Garzon, M. , Comtois, A. S. , & Millet, G. P. (2025). Effects of the Birthplace Altitude and
Training Volume on Hematological Characteristics in Youth and Junior Male Colombian Cyclists. International
Journal of Sports Physiology and Performance, 20(1), 17-22.

[7] Dragos, O., Alexe, D. L., Ursu, E. V., Alexe, C. 1., Voinea, N. L., Haisan, P. L. , Panaet, A. E. , Albina, A. M. , &
Monea, D. (2022). Training in Hypoxia at Alternating High Altitudes Is a Factor Favoring the Increase in Sports
Performance. Healthcare, 10(11), 2296. https://doi. org/10. 3390/healthcare10112296

[8] Almeida, F. , Padial, P. , Bonitch-Gongora, J. , de la Fuente, B. , Schoenfeld, B. J. , Morales-Artacho, A. J. ,
Benavente, C. , & Feriche, B. (2021). Effects of Power-Oriented Resistance Training During an Altitude Camp on
Strength and Technical Performance of Elite Judokas. Frontiers in physiology, 12, 606191. https://doi. org/10.
3389/fphys. 2021. 606191

[9] Jun Chao Wang, Ki Tae Yim, Yong Chul Choi. (2022) Effects of LHTH Training at 1600 m on Exercise
Performance, Complete Blood Count and Erythropoietin: A Case Study of South Korean Elite Male Cross-Country
Skiers. Journal of Men's Health. 18(9):1-9.

[10] Maijiu Tian, et al. (2000) Sports Training Science. Beijing: People's Sports Publishing House, 2nd Edition, August.

[11] Yihai Hu. (1995) On the Application of Continuous Training Method [J]. Journal of Wuhan Institute of Physical
Education, (04):48-52.

[12] Guangli Tong, Changfeng Hao. (2024) Analysis of the Role and Effect of Continuous Training Method in
Improving Endurance Quality [C]// International Bandi Federation (FIB), International Fitness Association (ISCA),
Chinese Bandi Association (CBF). Proceedings of the Fifth International Congress of Sports Science (Part II).
School of Sports Science, Tianjin Normal University School of Physical Education and Sports, Beijing Normal
University, pp. 126-132.

[13] Tingpeng Du, Lei Zhang. (2023) Comparison of the Effects of Two Training Methods on Aerobic Endurance of
Young Football Players [C]// Chinese Society of Sports Science. Abstract Collection of the 13th National Congress
of Sports Science - Poster Exchange (Physical Training Branch) (Part One) Chinese Football College, Beijing Sport
University, pp. 172-174. DOI:10. 26914/c. cnkihy. 2023. 078832.



Proceedings of ICBioMed 2025 Symposium: Computational Modelling and Simulation for Biology and Medicine
DOI: 10.54254/2753-8818/2025.LD24419

[14] Ishibashi, A. ; Maeda, N. ; Kojima, C. ; Goto, K. (2022) Iron Metabolism following Twice a Day Endurance
Exercise in Female Long-Distance Runners. Nutrients, 14, 1907.

[15] Xiaoyan Zhang. (2005) Classification of Interval Training and Its Application in Practice [J]. Journal of Tangshan
Normal University, (05):74-75.

[16] Weiwei Li. (2023) Application of Interval Training in Half Marathon Training [C]// Chinese Society of Sports
Science. Abstract Collection of the 13th National Congress of Sports Science - Written Exchange (Branch of Sports
Training Science) Capital University of Physical Education and Sports, pp. 54-55.

[17] Wang, M. , & Zhang, J. (2023) Effect of High-intensity Interval Training on Football Players’ Performances.
Revista Brasileira De Medicina Do Esporte, 29, €2022 0238.

[18] Changyuan Duan, Yonghwan Kim, Yoonjung Park. (2024) Effects of speed-agility-quickness training and sprint
interval training on physiological and physical performance, and sports enjoyment in young soccer players. Journal
of Men's Health. 20(7);59-69.



