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Introduction: Inversely to increasingly rich material life, the physical quality of Chinese people is in a steady

1. Bejjing Institute of Technology decline. The most convenient sport that greatly impacts the cardiopulmonary system is endurance running.

Zhuhai, Zhuhai, Guangdong, It has become a form of mass activity promoting physical fitness. Objective: Explore the relationship between
China. the efficiency of endurance running training and the function of cardiopulmonary capacity. Methods: 320

male and female volunteers were trained in endurance running. The load degree was adjusted according
Correspondence: to the endurance running experience by the ergometric treadmill’s gradient. The experimental and control
Dongtao Lei group subjects exercised for 30 minutes, and parameters such as resting heart rate, maximum heart rate, and
?'::ggg Guangdong, China. maximum lung capacity were recorded before and after the intervention. Results: Extending the duration of

resistance running and its load improves cardiopulmonary capacity. Conclusion: There is a positive correla-
tion between the efficiency of resistance running training and the promotion of cardiopulmonary capacity.
Therefore, the appropriate increase of load and duration time of resistance running is beneficial to promote
the cardiopulmonary capacity of individuals and improve the overall fitness index of the population. Level of
evidence Il; Therapeutic studies - investigation of treatment outcomes.
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RESUMO

Introdugao: Inversamente a uma vida material cada vez mais rica, a qualidade fisica das pessoas chinesas encontra-se
em um declinio constante. O esporte mais conveniente e com grande impacto no sistema cardiopulmonar é a corrida
de resisténcia. Ela tornou-se uma forma de atividade massiva promotora da aptidéo fisica. Objetivo: Explorar a relagéo
entre a eficiéncia do treinamento da corrida de resisténcia fisica e a fun¢do da capacidade cardiopulmonar. Métodos:
320voluntdrios masculinos e femininos foram treinados na corrida de resisténcia. O grau de carga foi ajustado sequndo
a experiéncia na corrida de resisténcia pelo gradiente da esteira ergométrica. Os sujeitos do grupo experimental e con-
trole exercitaram-se durante 30 minutos e pardmetros como a frequéncia cardiaca em repouso, a frequéncia cardiaca
mdxima e a capacidade pulmonar mdxima dos sujeitos foram registradas antes e apés a intervengdo. Resultados: O
prolongamento da duragdo da corrida de resisténcia e sua carga sdo benéficos para melhorar o nivel de capacidade
cardiopulmonar. Concluséo: Hd uma correlagdo positiva entre a eficiéncia do treinamento da corrida de resisténcia e a
promogao da capacidade cardiopulmonar. Portanto, o aumento adequado da carga e do tempo de duragéo da corrida
de resisténcia é benéfico para promover a capacidade cardiopulmonar dos individuos e melhorar o indice de aptidéo
fisica geral da populacéo. Nivel de evidéncia ll; Estudos terapéuticos - investigacdo dos resultados do tratamento.

Descritores: Corrida; Teste de Esforco; Avaliagdo de Eficdcia-Efetividade de Intervengoes.

RESUMEN

Introduccién: En contraposicién a una vida material cada vez mds rica, la calidad fisica de los chinos estd en constante
declive. El deporte mds conveniente con gran impacto en el sistema cardiopulmonar es la carrera de resistencia. Se ha con-
vertido en una forma de actividad masiva que promueve la aptitud fisica. Objetivo: Explorar la relacion entre la eficacia del
entrenamiento de carrera de resistencia y la funcion de la capacidad cardiopulmonar. Métodos: 320 voluntarios masculinos
y femeninos fueron entrenados en carreras de resistencia. El grado de carga se ajusté de acuerdo con la experiencia en la
carrera de resistencia mediante el gradiente de la cinta ergométrica. Los sujetos del grupo experimental y del grupo de control
hicieron ejercicio durante 30 minutos y se registraron pardmetros como la frecuencia cardiaca en reposo, la frecuencia cardiaca
mdxima y la capacidad pulmonar mdxima de los sujetos antes y después de la intervencidn. Resultados: La prolongacion
de la duracién de la carrera de resistencia y su carga son beneficiosas para mejorar el nivel de capacidad cardiopulmonar.
Conclusidn: Existe una correlacion positiva entre la eficacia del entrenamiento de carrera de resistencia y el fomento de la
capacidad cardiopulmonar. Por lo tanto, el aumento adecuado de la carga y el tiempo de duracion de la carrera de resistencia
es beneficioso para promover la capacidad cardiopulmonar de los individuos y mejorar el indice de aptitud fisica general de
la poblacién. Nivel de evidencia lI; Estudios terapéuticos - investigacion de los resultados del tratamiento.

Descriptores: Carrera; Prueba de Esfuerzo; Evaluacion de Eficacia-Efectividad de Intervenciones.
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INTRODUCTION

In recent years, cardiovascular and cerebrovascular diseases occur
frequently. As one of the important factors to evaluate the individual health
level, cardiopulmonary capacity has been paid more and more attention
by scholars." Many scientific studies have shown that the strength of
cardiopulmonary capacity restricts the level of individual activities and is
highly related to human mortality.> However, the current situation is that
with the improvement of living standards, the proportion of sports in life
is gradually decreasing, and the more convenient lifestyle makes people
lazy to exercise and keen to eat junk food and stay up late, resulting in
the decline of their cardiopulmonary capacity year by year. Therefore, it is
necessary to take effective measures to improve the individual’s cardiopul-
monary ability. As a traditional competitive sport, sports endurance running
has the characteristics of simplicity and efficiency.? It can not only directly
reflect the level of individual cardiorespiratory ability, but also stimulate
individual potential from the side. In order to further determine the cor-
relation between the training efficiency of sports endurance running and
the level of cardiopulmonary capacity, this paper conducted endurance
running training in different ways for 640 experimenters, and revealed the
relationship between the training efficiency of sports endurance running
and the level of cardiopulmonary capacity by observing the average heart
rate at rest, the maximum heart rate during exercise and the lung venti-
lation, 5o as to reasonably determine the mode and time of endurance
running, further improve the effectiveness and scientific nature of sports.?

METHOD

Based on Chinese and foreign literatures, this paper refers to a large
number of experimental studies on Sports endurance running and car-
diopulmonary function, and compares various training methods of sports
endurance running, indexes of cardiopulmonary function and measu-
rement methods, and finally determines the experimental objects and
methods of this paper, making this experiment more scientific. The study
and all the participants were reviewed and approved by Ethics Committee
of Beijing Institute of Technology Zhuhai (NO.2018BJITZH39). The physical
parameters of male subjects before the experiment are shown in Table 1.

In addition, this study also measured and recorded the relevant
physical parameters of female subjects before the experiment. The re-
sults showed that there was no statistical difference in the basic physical
parameters of female subjects before the experiment (P > 0.05). The
results are shown in Table 2.

There are many ways of endurance running training. This paper
conducts corresponding experiments on endurance running with load

Table 1. Male body index data before the experiment (x s, n = 160).

changing and time increasing, and explores the relationship between
endurance running training efficiency and cardiopulmonary capacity.

Statistical analysis: the software used in this experiment is SPSS and
excel, which are analyzed and sorted by the computer. In the experiment,
the correlation of parameters between samples is determined by the p
value, that is, P > 0.05 means that the difference is not significant and
has no statistical significance.

RESULTS

Relationship between load endurance running training and
cardiopulmonary capacity

By analyzing Table 3, it can be found that the load endurance running
training has an importantimpact on heart rate, cardiac output and pulmo-
nary ventilation. Among them, the quiet heart rate of the subjects in the
experimental group (73.7 + 10.2) beats / min is significantly different from
that of the subjects in the control group (81.2 + 12.4) beats / min (P < 0.01),
The primary heart rate at the beginning of exercise was (98.5 + 14.2) beats /
min in the experimental group and (116.0 £ 12.6) beats / min in the control
group (P < 0.01). However, there was no significant difference between the
experimental group and the control group in the primary cardiac output and
the maximum heart rate of the subjects during exercise (P > 0.05). However,
there was a significant difference between the two groups in the maximal
cardiac output and maximal pulmonary ventilation during exercise (P <
0.01), and compared with the control group, the maximal cardiac output
and maximal pulmonary ventilation of the experimental group were higher.

It can be seen from Table 4 that through comparison between the
experimental group and the control group, it is found that the endurance
running training with different loads has different correlations with the
observation indexes. During the same exercise, the sustainable exercise
time of the subjects in the experimental group after endurance running
training is (15.61 + 2.21) min, which is significantly higher than that
of the control group (13.62 + 1.42) min, and the difference between
the two is significant (t = 3.44 P < 0.01); Therefore, compared with the
maximum oxygen intake of the control group (2.98 + 0.36) | / min, the
maximum oxygen intake of the experimental group was (3.45 + 0.43) |
/ min, which was significantly different from that of the control group
(t=4.67,P <0.01). When the oxygen intake of the subjects reaches the
maximum, the exercise intensity they can achieve is also enhanced. The
experimental group can reach (5.35 + 0.57) grade, while the control
group is only (4.41 + 0.55) grade, which indicates that there is a signifi-
cant difference between the two groups (t = 3.74, P < 0.01). Compared
with other indexes, the difference in the maximum exercise heart rate
between the two groups is not significant (t =- 0.6, P > 0.05).

Table 4. Body index data of subjects at maximum oxygen intake (x £ s, n = 640).

Group Age Height Weight(kg) . .
Test group 2105415 172.24+4.16 67514653 Maximum oxygen| |, 4 rate Exercise Exercise
Category absorption . . . . intensity
Control group 2124112 171334362 65.79+5.56 (L / min) (times /min)  time (min) (grade)
test group 345+043 181.5+£8.7 15.61£2.21 5.35+£0.57
Table 2. Female body index data before the experiment (x + s, n = 160). Control
+ + + +
Group Age Height Weight(kg) group 2.98+0.36 182.7+10.7 13.62+1.42 441+0.55
Test group 21.05£1.5 162.24+3.15 5451+4.53 t 4.67 -0.6 344 3.74
Control group 2124112 161.33£3.04 529+4.62 p <0.01 >0.05 <0.01 <0.01

Table 3. Physical index data of subjects (x + s, n = 640).

category Qui‘et heart' rate Elemer'ltary he.art Primary hea'rt Mot?r Hearf rate Maximum. output | Maximum exel:cise
(times/min) rate (times/min) output (L/min) (times/min) (L/min) volume (L/min)
test group 73.7£10.2 98.5+14.2 9.78+1.06 182.1£124 20.11£2.83 114.35+10.21
Control group 81.2+124 116.0£126 9.84+1.24 184.7420.3 16.66+1.19 102.39+7.97
t -4.34 -5.37 -0.17 -1.19 393 367
p <0.01 <0.01 >0.05 >0.05 <0.01 3.67
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Relationship between endurance running training and
cardiopulmonary capacity

The physical function indexes of the subjects before the start of
the experiment were analyzed and recorded, and the differences were
tested by SPSS 23.0. The detailed data are shown in Table 5. The analysis
of table 5 shows that before the start of the endurance running training
experiment, the quiet heart rate of the subjects in the experimental
group was 77.4 beats / min, the average vital capacity was 2493m|, the
Harvard step index was 53.5 and the 800m score was 241.76s, while
the control group was 77.1 beats / min, 2495ml, 54.1 and 240.86s res-
pectively, And the difference test showed that there was no significant
difference in cardiopulmonary capacity between the two groups before
the experiment (P > 0.05).

However, after endurance running training, the quiet heart rate,
average vital capacity, Harvard step index and 800m score of the
experimental group were 73.6 beats/ min, 2947 ml, 64.5 and 224.79
respectively, indicating that there were significant differences bet-
ween the two groups (P < 0.05). Specific experimental data are
shown in Table 6.

Through comprehensive analysis of table 5 and table 6, it can be
found that after receiving a certain degree of endurance running trai-
ning, the level of cardiopulmonary ability and sports performance of
the subjects have been improved, which also reveals the strong corre-
lation between the training efficiency of sports endurance running and
cardiopulmonary ability. Therefore, the load and duration of endurance
running should be appropriately increased in daily life, so as to improve
individual cardiopulmonary ability.

DISCUSSION

Through the analysis of the experimental results, it can be seen
that the load endurance running training has an important impact
on the quiet heart rate, cardiac output and pulmonary ventilation of
the subjects. Among them, the quiet heart rate and primary heart rate
of the subjects in the experimental group are significantly different
from those in the control group (P < 0.01), and the quiet heart rate
of the experimental group is lower. This shows that sports endurance
running training can improve the body's output per stroke. After
receiving sports endurance running training, the subject’s heart
can pump more blood at a smaller heart rate, thereby improving
the body’'s myocardial capacity and reducing energy consumption.
Therefore, the body can maintain a relatively low heart rate to maintain
the body’s metabolism.

The maximum amount of oxygen that can be inhaled by the body's
respiratory system in a unit time is called the maximum oxygen intake,
which is affected by the maximum cardiac output. Some studies have
shown that there is a positive correlation between the cardiac volume
and the maximum oxygen intake. Therefore, the maximum oxygen
intake can not only reflect the strength of lung ventilation capacity,
but also explain the level of myocardial capacity from the side. It can be
seen from table 4 that the maximum oxygen intake of the two groups is
significantly different, and the experimental group is significantly higher
than the control group (P < 0.01), which indicates that the load sports
endurance training improves the contractile capacity and contractile
range of respiratory muscles, and further improves the pulmonary
ventilation efficiency.

As one of the indexes to evaluate cardiac function, the quiet heart rate
can reflect the strength of cardiac function. It can be found from table 5

Table 5. Comparison of functional indexes of subjects in the two groups before the
experiment.

LB Average vital Harvard '800m
Category rate ) ey || s it achievement
(beats / min) (s)
Test group 774 2493 535 241.76
Control group 77.1 2495 541 240.86
Mean difference 03 -2 06 09
P >0.05 >0.05 >0.05 >0.05

Table 6. Comparison of functional indexes of subjects in the two groups after the
experiment.

Quistisalt Average vital Harvard 800m
Category rate . capacity (ml) | step index |achievement (s)
(beats / min)
Test group 736 2947 64.5 224.79
Control group 76.1 2564 578 236.6
Mean difference -4 383 6.7 -11.81
P <0.05 <0.05 <0.05 <0.05

and table 6 that strengthening physical endurance running training
can promote the value-added of cardiac muscle cells and improve the
blood supply capacity of the heart. A stronger myocardial contraction
and expansion can bring alarger blood carrying capacity, thus improving
the ability of cells to participate in aerobic exercise. In addition, after
long-lasting endurance running training, the vital capacity of the control
group increased by 383 ml (Table 6, P < 0.05), which may be because
the strength of the respiratory muscles of the body was also enhanced
with the training, and the range of thoracic elasticity was increased, so
the breathing degree was deeper and the oxygen carrying capacity was
more. In this experiment, the step index is involved, which is a parameter
to evaluate the blood supply and oxygen supply capacity of the heart,
and has a positive correlation with the heart capacity. In this study, the
Harvard step experiment index of the experimental group increased
by 11 (Table 5 and table 6), indicating that appropriately increasing the
training time of physical endurance running can effectively improve
the myocardial capacity. Finally, the experimental results also show
that the 800m performance of the subjects who have been trained in
sports endurance running is better, which indicates that endurance
training comprehensively improves personal physical quality and sports
competitive strength.

CONCLUSION

Sports endurance running is the simplest sports. It not only has
certain requirements on individual endurance and speed, but also
has certain effects on the functions of various organs participating
in sports. Therefore, sports endurance running should be paid more
attention to. According to the analysis of the data and indicators of
this experiment, the training efficiency of sports endurance running
has an important impact on the individual’s cardiopulmonary ability.
Appropriately increasing the training time and load of sports endurance
running is conducive to improving the body’s myocardial and lung
functions, which is mainly manifested in the increase of the maximum
oxygen intake, the decrease of heart rate The increase of step index
and the improvement of sports test results.
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