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Introduction: Heart rate and blood pressure are important physiological indicators that reflect cardiovascular

1. Shanghai Publishing and function, and they are widely used because they are convenient and practical to measure. Objective: To study

Printing College, Basic Teaching the characteristics of cardiovascular changes in athletes under different training conditions. Methods: Thirty-four
Department, Shanghai, China. male students majoring in physical education in universities (group A) and 22 male non-sports majors (group

B) with no formal training history were randomly selected. Heart rate before and after exercise and heart rate
Correspondence: recovery rate at different stages of the recovery period were compared. Results: As regards heart rate changes
Xiumei Zhang. in the recovery phase after loading, both groups showed a continuous decline, although the drop in heart rate
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Xiumeizhang2@126.com minute, 171.00 + 14.67 beats/minute dropped to 122.82 + 13.77 beats/min, respectively). However, the heart rate

recovery rate of group A (59.40%) was significantly higher than that of group B (49.42%) (P<0.05). Conclusions:
Physical exercise plays a significant role in promoting physical fitness and its effect on improving cardiovascular
function is especially evident. Level of evidence II; Therapeutic studies - investigation of treatment results.
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RESUMO

Introducao: A frequéncia cardiaca e a pressdo arterial sdo indicadores fisioldgicos importantes que refletem a
fungdo cardiovascular e sdo amplamente usados porque séo convenientes e prdticos de medir. Objetivo: Estudar as
caracteristicas das alteracées cardiovasculares em atletas em diferentes condicdes de treinamento. Métodos: Trinta
e quatro estudantes do sexo masculino com especializacdo universitdria em educacdo fisica (grupo A) e 22 estu-
dantes do sexo masculino ndo esportistas (grupo B) sem histdrico de treinamento formal foram randomicamente
selecionados. A frequéncia cardiaca antes e depois do exercicio e a taxa de recuperacdo da FC em diferentes estdgios
do periodo de recuperacéo foram comparadas. Resultados: Com relagdo as mudangas da frequéncia cardiaca na
fase de recuperacdo apds carga, ambos os grupos mostraram declinio continuo, embora a queda da frequéncia
cardiaca do grupo A tenha sido ligeiramente menor do que a do grupo B (153,03 + 15,88 bpm, caiu para 110,69 +
15,78 bpm, 171,00 + 14,67 bpm caiu para 122,82 + 13,77 bpm, respectivamente). Contudo, a taxa de recupera¢do
da frequéncia cardiaca do grupo A (59,40%) foi significativamente maior do que a do grupo B (49,42%) (P < 0,05).
Conclusées: O exercicio fisico tem um papel significativo na promog¢éo da aptidao fisica e seu efeito na melhora da
fungdo cardiovascular é especialmente evidente. Nivel de Evidéncia Il; Estudos terapéuticos - Investigac¢do dos
resultados do tratamento.

Descritores: Cardiovascular; Frequéncia cardiaca, Exercicio.

RESUMEN

Introduccidn: La frecuencia cardiaca y la presion arterial son importantes indicadores fisiolégicos que reflejan la
funcién cardiovascular y se utilizan ampliamente porque son convenientes y prdcticos de medir. Objetivo: Estudiar las
caracteristicas de los cambios cardiovasculares en atletas bajo diferentes condiciones de entrenamiento. Métodos: Se
seleccionaron aleatoriamente 34 estudiantes del sexo masculino con una especializacion universitaria en educacion
fisica (grupo A) y 22 estudiantes del sexo masculino no deportistas (grupo B) sin antecedentes de entrenamiento formal.
Secomparé la frecuencia cardiaca antes y después del ejercicio y la tasa de recuperacion de la FC en diferentes etapas
del periodo de recuperacion. Resultados: En cuanto a los cambios en la frecuencia cardiaca en la fase de recuperacién
tras la carga, ambos grupos presentaron un descenso continuo, aunque la caida de la frecuencia cardiaca del grupo
A fue ligeramente menor que la del grupo B (153,03 + 15,88 Ipm, cayé a 110,69+ 15,78 pm, 171,00 + 14,67 lpm cayé
a 122,82 + 13,77 Ipm, respectivamente). Sin embargo, la tasa de recuperacion de la frecuencia cardiaca del grupo A
(59,40%) fue significativamente mayor que la del grupo B (49,42%) (P < 0,05). Conclusiones: El ejercicio fisico tiene un
papelimportante en la promocidn de la aptitud fisica y su efecto en la mejora de la funcion cardiovascular es especial-
mente evidente. Nivel de Evidencia ll; Estudios terapéuticos - Investigacion de los resultados del tratamiento.

Descriptores: Cardiovascular; Frecuencia cardiaca; Ejercicio.
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INTRODUCTION

Improving heart function is one of the main training goals of many
sports events (especially endurance events).! Therefore, grasp the cha-
racteristics of the adaptability changes of the athlete’s heart function to
long-term training and the stress changes caused by different loads, for
sports selection, evaluate the training effect, improving training methods
has very important theoretical and practical significance? The cardiovascular
response caused by exercise is very complicated. During exercise, due to
changes in the excitability of the autonomic nervous system, changes in
the factors, etc, the blood flow throughout the body will be redistributed.?
Specifically for heart function, the load before and after the heart contract
changes, arterial elasticity, the caliber of the blood vessel will change, the
peripheral resistance will change, the rate of myocardial contraction chan-
ges, the initial length of myocardial fibers changes before contraction, the
recovery blood volume will change, heart rate and SV (stroke volume), CO
(output per minute) will change, and blood pressure and blood flow speed
will also change accordingly:* Aslani P and others believe that the highest
level of competition depends on genetic and environmental influences,
only properly train during the critical period of individual development
and growth, its potential ability can be fully utilized®

METHOD
Research objects

A random selection of 34 males majoring in physical education
in colleges (group A) will take part in formal training for 2-10 years. 22
non-sports major boys (group B), no formal training history. All subjects
are in good health, see Table 1 for the basic conditions of no cardiovas-
cular system diseases.

Research methods

After the subjects sat quietly for 10 minutes, the heart rate and blood
pressure were measured in a relatively quiet state. After that, the J-205
type constant power vehicle is used to perform three-level incremental
load (power respectively 150W, 180W and 225W, namely load 1, 2, 3),
each pedaling time is 3 minutes, the speed is 60 rpm. Measure heart rate
and blood pressure for 10 seconds immediately after all levels of load,
immediately after the end of the measurement, the next level of load
exercise was performed. After the level 3 load is completed, the subject
sits on the power car, the heart rate and blood pressure were measured for
10 seconds at 15 seconds, 40 seconds, 65 seconds, and 2 minutes in the
recovery phase (ie, recovery 1, 2, 3,and 4). With a relatively quiet heart rate
as the base, calculate the heart rate growth rate (%) after all levels of load.
Taking the difference between the heart rate after maximum load and the
relative resting heart rate as the base, calculate the heart rate recovery rate
(%) at different stages of the recovery period. After statistical processing,
compare and analyze the measured indicators of A and B groups.®

Table 1. A, B, general situation of the two groups of students.

Group Age Height Weight
Group A 21.82+£0.79 176.88 + 442 7003 £ 546
Group B 2168 £0.72 17218 £ 504 8546 + 593

RESULTS
Heart rate

After testing, regardless of the quiet state, it’s the load increase stage
atalllevels and the recovery stage, the heart rates of the students in group
A were significantly lower than those in group B (P<0.01), as shown in
Table 2. Heart rate changes after load, although the two groups A and
B are accelerating at the same time, however, the increase rate of group
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Table 2. Comparison of heart rate between the two groups A and B in different periods.

Group Group A Group B t
Quiet 66.56 + 542 76.54 + 8.65 5.0001
Load 1 110.53 £ 10.31 123.27 £ 1357 3.1976
Load 2 13229+ 1239 11564 + 1448 3.6845
Load 3 153.03 + 15.88 171.00 £ 14.67 42194
Restore 1 13644 + 16.75 152.73 £15.13 3.6889
Restore 2 12529 £ 17.21 140.73 £ 15.71 33138
Restore 3 11535+ 16.77 13191 £ 15.05 35271
Restore 4 11069 + 15.78 12282 + 1377 3.1927

Alis lower than that of group B at all levels of load, the heart rate growth
rate of group A was significantly higher than that of group B (P<0.05,
P<0.01), as shown in Table 3. It shows that the heart rate acceleration
value and the rate growth rate are not synchronized.” Heart rate changes
in the recovery phase after loading, both groups showed a continuous
decline, although the heart rate drop in group A is slightly lower than
that in group B (Reduced from 153.0315.88 times/min, 171.0014.67 times/
min to 110.6915.78 times/min, 122.8213.77 times/min), however, the
heart rate recovery rate of group A (59.40%) was significantly higher than
that of group B (49.42%) (P<0.05). This result also shows the asynchrony
between the heart rate drop and the heart rate recovery rate. The above
results suggest: When using heart rate changes to evaluate cardiovascular
function, attention should be paid to avoiding one-sided observation of
heart rate changes and neglecting the influence of resting heart rate.®

Blood pressure

The systolic blood pressure of the A.B group was slightly higher when
the group A was at rest, but the difference is not significant (P>0.05). As
the load increases during exercise, the systolic blood pressure of the two
groups increased in different trends. Group A had a smaller response
to increasing load, it shows that the rise value is slightly larger when
the load is level 1 (power 150W), at the second and third levels of load
(power 180W, 225W), there was a small continuous increase. The increa-
se in group B is greater when the load is level 1.2, the rising value was
significantly higher than that of group A (P<0.05), however, myocardial
contraction is weak at the third level of load, and there is a drop in sys-
tolic blood pressure, the comparison of systolic blood pressure values
between groups A and B during different periods is shown in Figure 1.
This shows that physical education students have a strong adaptability to
theincrease inload and a strong myocardial contraction function when
the maximum load is completed. In the recovery period, the changes of
systolic blood pressure in the two groups were similar (P>0.05), and the
decline in group A was slightly higher than that in group B.

DISCUSSION

Heart rate is one of the most commonly used physiological indi-
cators in cardiac activity. It can be used to measure the strength of an
individual’s cardiovascular function.’ The increase in heart rate during
exercise is an adaptive response to exercise, but when the sub-polarity
is most active, the increase in heart rate is not only related to exercise
intensity and duration, and it is related to the physical fitness level of
the athlete, training level related, similarly, the heart rate recovery speed
after exercise is also an evaluation index of function and training level,
the time for heart rate recovery after exercise is shorter for those with
training than those without training.’ Therefore, the growth rate of
the exercise center rate and the recovery speed of the heart rate after
exercise are widely used to assess the body’s cardiovascular function
level. The heart rate growth rate under load and the heart rate recovery
rate in the recovery phase have excluded the interference of low heart
rate values in the quiet state, therefore, a single absolute heart rate
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Table 3. Comparison of heart rate growth rate and recovery rate between groups A and B in different periods.

group
Figure 1. Comparison of systolic blood pressure values between groups A and B in
different periods.

increase or decrease value can objectively reflect the cardiovascular
function during exercise. A lot of research proves: Exercise training
can reduce the heart rate at rest and under a fixed load, speed up the
heart rate recovery after exercise, the recovery period is shortened,
the fast growth of the sports center rate is the fast mobilization of
functions, powerful performance, a high recovery rate also indicates
a high level of cardiovascular function.In this experiment, the longi-
tudinal observation of the change of the exercise center rate and the
growth rate of the heart rate under load, lateral study of recovery rate

Group Load 1 Load 2 Load 3 Restore 1 Restore 2 Restore 3 Restore 4
Group A 6735 +10.59 100.24 + 14.19 137.12 + 17.64 2295 + 852 3625+ 11.68 47.00 + 10,07 5640 + 1055
Group B 6145 +13.39 9141 + 2057 12491 +13.21 1907 +10.16 3093 +11.98 4052 + 12.71 4942 +13.32

t 1.8338 1.9029 2.7781 1.7408 1.8071 1.8823 1.9349
after load, especially from within the same time, under the same load,
170 1 Pu— physical education students are in a quiet state, load exercise, still, the
o I Tg heart rate during the recovery period after exercise is lower than that
/ I of the non-sports professional group, the heart rate growth rate and
g 150 .' Tl \y recovery rate are significantly higher than those of the non-sports
E Lo N professional group, it shows that physical education students have
3 a less energy consumption in the cardiovascular system when they are
% 130 J o quiet, features of function saving, as well as having a greater heart rate
- 1504 @ reserve and functional potential under load, this is a reflection of good
' heart function and physical fitness, at the same time, it shows that
110 1 ‘ exercise training can improve the adaptability of heart function. The
100 : . . ‘ ' ‘ . increase in muscle oxygen consumption during exercise will lead to
0 1 2 3 4 5 6 7 a series of regulatory changes in the cardiovascular system, especially

manifested as changes in arterial blood pressure.

CONCLUSION

Physical education students have less energy consumption in the
cardiovascular system when they are quiet, features of function saving,
as well as having a greater heart rate reserve and functional potential
under load, this is a reflection of good heart function and physical fit-
ness, at the same time, it shows that exercise training can improve the
adaptability of heart function.
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