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ABSTRACT

Introduction: Modern pentathlon has high requirements for the physical, psychological, and tactical
training of athletes, and practicing the five items as a whole in physical training is a problem that needs to
be solved. Organizing the load of each item and the overall load may be a circumventable problem using
the altitude training technique. Objective: This study aimed to test and evaluate the effects of altitude trai-
ning on modern pentathletes’ athletic performance and functional status. At the same time, we analyzed
the method’s influence on the athletes’ physical quality. The ultimate goal of this experiment is to improve
the science of modern pentathlete training. Methods: Six athletes from the modern pentathlon team were
selected as research subjects. Changes in physiological indicators of the test subjects before and after alti-
tude training were recorded. Mathematical statistics were used to analyze the collected data. Results: The
athletes’ hemoglobin during high-altitude training was significantly higher than before training (P<0.05).
Other physiological indicators such as blood urea and high-density protein were not significantly different
(P>0.05). Modern pentathlon performance of athletes after altitude training was significantly improved
(P<0.05). Conclusion: Altitude training can improve the performance of modern pentathlon athletes. At
the same time, this training method can also improve the athletes’ aerobic capacity. Level of evidence II;
Therapeutic studies - investigation of treatment outcomes.
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RESUMO

Introdugdo: O pentatlo moderno tem altos requisitos para o treinamento fisico, psicolégico e tdtico dos atle-
tas e praticar os cinco itens como um todo no treinamento fisico é um problema que precisa ser resolvido. Como
organizar a carga de cada item e a carga geral pode ser um problema contorndvel utilizando a técnica de treino
em altitude. Objetivo: Este estudo teve como objetivo testar e avaliar os efeitos do treino em altitude no desem-
penho atlético e no status funcional dos pentatletas modernos. Ao mesmo tempo, analisamos a influéncia do
método na qualidade fisica dos atletas. O objetivo final deste experimento é melhorar a ciéncia do treinamento
moderno de pentatletas. Métodos: Selecionou-se seis atletas da equipe moderna do pentatlo como objetos de
pesquisa. Foram registradas as alteracées nos indicadores fisioldgicos dos sujeitos do teste antes e depois do trei-
namento de altitude. As estatisticas matemdticas foram utilizadas para analisar os dados coletados. Resultados:
A hemoglobina dos atletas durante o treinamento em alta altitude foi significativamente maior do que antes do
treino (P<0,05). Outros indicadores fisioldgicos como ureia sanguinea e proteina de alta densidade néo foram
significativamente diferentes (P>0,05). O desempenho moderno do pentatlo dos atletas apds o treinamento em
altitude foi significativamente aprimorado (P<0,05). Conclusdo: O treinamento em altitude pode melhorar o
desempenho dos atletas modernos do pentatlo. Ao mesmo tempo, esse método de treinamento também pode
melhorar a capacidade aerdbica dos atletas. Nivel de evidéncia Il; Estudos terapéuticos - investiga¢do dos
resultados do tratamento.

Descritores: Esportes; Atleta; Altitude; Hemoglobinas.

RESUMEN

Introduccidn: El pentatlén moderno tiene altas exigencias para la formacion fisica, psicolégica y tdctica de los
atletas y la prdctica de los cinco ftems en conjunto en la formacidn fisica es un problema que necesita ser resuelto. La
forma de organizarla carga de cada elemento y la carga global puede ser un problema que se puede evitar utilizando
la técnica de entrenamiento en altitud. Objetivo: Este estudio tuvo como objetivo probar y evaluar los efectos del
entrenamiento en altitud sobre el rendimiento deportivo y el estado funcional de los pentatletas modernos. Almismo
tiempo, analizamos la influencia del método en la calidad fisica de los atletas. El objetivo final de este experimento es
mejorar la ciencia del entrenamiento del pentatleta moderno. Métodos: Se seleccionaron seis atletas del equipo de
pentatlon moderno como sujetos de la investigacion. Se registraron los cambios en los indicadores fisiolégicos de los
sujetos de prueba antes y después del entrenamiento en altitud. Se utilizaron estadisticas matemdticas para analizar los
datos recogidos. Resultados: Lahemoglobina de los atletas durante el entrenamiento en altitud fue significativamente
mayor que antes del entrenamiento (P<0,05). Otros indicadores fisioldgicos como la urea en sangre y la proteina de
alta densidad no fueron significativamente diferentes (P>0,05). El rendimiento del pentatlén moderno de los atletas
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tras el entrenamiento en altitud mejor¢ significativamente (P<0,05). Conclusidn: El entrenamiento en altitud puede
mejorar el rendimiento de los atletas de pentatlén moderno. Al mismo tiempo, este método de entrenamiento también
puede mejorar la capacidad aerdbica de los atletas. Nivel de evidencia Il; Estudios terapéuticos - investigacion

de los resultados del tratamiento.
Descriptores: Deportes; Atletas; Altitud; Hemoglobinas.
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INTRODUCTION

Modern pentathlon originated in Europe. In 1912, the 5th Olympic
Games modern pentathlon began to be included in the official com-
petition. Modern pentathlon includes five events: shooting, fencing,
swimming (200m), equestrian, and cross-country (3km). The project is
a comprehensive movement of collective energy, technology, psycho-
logy, and intelligence.! The project combines movement and stillness,
coexisting with courage and elegance. Itis loved by the masses abroad.
China began to carry out modern pentathlon in 1981. Chinese male
and female athletes have achieved good results in Asia. Both male and
female athletes were awarded Olympic tickets. This has achieved zero
breakthroughs in the history of the Chinese Olympic Games. We arrange
the athletes to perform altitude training to observe the changes of some
physiological and biochemical indicators of the athletes.

METHOD
Research objects

We selected a total of 6 athletes for the modern pentathlon team.
There were three male players, with an average age of 21.5+1.9 years, an
average height of 182.7+4.5cm, and an average weight of 774+3.2kg. The
average training period was 6+1.8 years. Three female players>The mean
age was 21+1.4years. The average height was 171.5+4.4cm. The mean body
weight was 61.3 + 9.7 kg. The average training years was 1.9 + 0.6 years.

Research methods

We monitor hemoglobin and blood urea weekly. Ten items were
monitored after the training session and the following day.* Body fat and
body weight were monitored on the 2nd and 50th days of the plateau.

The physical function fatigue limit model of modern pentathlon

This paper proposes a modern five physical function fatigue limit
monitoring method based on extensive data fusion analysis of body
function characteristics.* The machine learning prediction function for
the detection of the associated features of the fatigue limit of modern
five physical functions is:

F =Y xxz (1)
k=1

We construct modern pentathlon physical function fatigue limit
associated feature distribution vector sets.® The fuzzy membership
function of the associated characteristic data of the fatigue limit of
modern five physical functions is:
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Pj represents the fusion cluster center of the associated feature data
of modern pentathlon physical function fatigue limit. P, is the fuzzy as-
sociation rule set. We use statistical analysis methods to evaluate physical
function fatigue characteristics. In this way, the analysis model of the
correlation characteristics of the fatigue limit of modern five physical
functions is obtained:
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We analyze the model to obtain the distribution of quantitative
characteristics associated with the fatigue limit of modern five physical
functions:

h(t) = a, (e A, )

Output a subsequence of associated data:

X =[X,(0),X,1), X, (N-DI (©)

According to the above analysis, we construct an analysis model for
physical function fatigue response characteristics.” We combined the
regression analysis method to monitor the fatigue limit of the modern
pentathlon. In this way, we construct the corresponding feature analysis
model of physical function fatigue.

There is no need for a code of ethics for this type of study.

RESULTS
Changes in hemoglobin

The modern pentathlon team members performed 31 hemoglobin
monitoring in the plains.® We counted and calculated the average and
compared it with the average of 9 monitoring in the plateau training
phase. The study found that the hemoglobin in the plateau stage was
significantly higher than that in the plain (P<0.05). The average increase
in individual hemoglobin was 0.9 g/dl. The increased range is 0.5-1.8g/dl.

Changes in blood urea

The mean monitoring data in the blood urea plain was compa-
red with the mean monitoring data in the plateau training phase.

Table 1. Hemoglobin plateau data control g/dl.

Individual mean before training Plateau training phase mean
1 12.0£0.6 126+0.26
2 13.0£0.59 14.2+0.53
3 12.3+0.60 12.9+0.36
4 14.0+0.96 15.0+0.51
5 13.9+0.90 15.2+0.46
6 14.6+0.60 16.6+0.50
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(Table 2) The study found no difference in blood urea value between
plain and plateau.

The blood urea of men’s plateau training on the 12th day was slightly
lower than that on the 5th day and then increased by different amplitudes
every week. This value peaked on the 40th day of altitude training.’ The
index subsequently declined. Low blood urea was maintained until the
end of altitude training. The women'’s blood urea level started to rise from
the 5th day. The change curve is similar to that of men.

Changes in body fat

During the plateau training, we observed the changes in body fat
and weight of the female players.'®We used the difference between the
measured values on the 2nd and 50th days of the plateau as the chan-
ges in body fat, body weight, and lean body mass during the plateau
training period. (Table 3)

DISCUSSION

The modern pentathlon team has four pieces of training in shooting,
swimming, fencing, and cross country. The training plan is as follows:
5-day adaptive training for beginners in the upper plateau. The athlete
then performed a 3-week training volume. Rhythmically increase the
intensity and focus on increasing the training volume. The athlete then
adjusts for a week."" Then the amount of training for a week is slightly
reduced. Athletes highlight intensity with interval training. According
to the monitored index results, a specific training load is reduced after
the athlete completes the weekly plan. The intensity of the final week
increased, but the completion requirements decreased.

The impact of high altitude on the human body is mainly due to
lower oxygen partial pressure. Most studies show that high altitude
training can lead to different degrees of increase in the body’s hemo-
globin.’? In our observation, we also found that the hemoglobin of
the team members in the plateau was significantly higher than that in
the plain, and the increased range was 0.6-1.9g/dl. EPO is transported
through the blood to hematopoietic tissues such as bone marrow. This
promotes the differentiation of cells of the hematopoietic lineage of
the bone marrow. Nucleated red blood cells divide, megaloblastic cells
are formed and released. This enhances iron uptake and accelerates
hemoglobin synthesis.

The average hemoglobin value of the modern pentathlon team in
the plateau was significantly higher than thatin the plain. This is related
to the increase of EPO and the vigorous production of red blood cells
and hemoglobin in the plateau. At the same time, the hemoglobin
remained stable or increased during the training with increasing load
for the three weeks before going to the plateau. Another factor that

Table 2. Changes in blood urea plateau plain control mmol/L.

Individual mean before training Plateau training phase mean
1 6.3£3.35 6.5+0.7
2 5.35+0.84 5.33+093
3 7.5+3.28 7.36£2.36
4 546+3.24 5.39+3.86
5 8.36+3.06 898+3.34
6 6.32+0.89 5.87+346

Table 3. Changes in body weight and body fat of female players during plateau training.

Body fat loss/% Weight loss/kg
040+0.21 245+0.65

Lean body mass loss/kg
1.44+0.81

affects the fluctuations in RBC and Hb levels during altitude training is
altitude dehydration. The hemoglobin value of the team members on
the 3rd day when they first went to the plateau was much higher than
the average value of the plain. This may result from the combined effect
of many factors, such as hemoconcentration caused by high altitude
dehydration, low adaptive training load, and increased EPO secretion.
Throughout the plateau training phase, we pay attention to supple-
mentation nutrients such as sugar, iron, protein, and vitamins. This also
helps keep hemoglobin high. The female players subjectively drank too
little water, and the 3d hemoglobin value was too high. The difference
in training load schedule makes it challenging to infer the connection
between the two. The impact of altitude training on the body needs
more in-depth research and discussion.

A comparison of the mean blood urea during training at plain and at
altitude found no difference. Altitude training has little effect on blood
urea. The deepening of altitude training and the increase of training
volume lead to a continuous increase in blood urea. The blood urea
was still rising after the week adjustment from the 25th to the 33rd
day. There are many factors affecting blood urea. An essential factor is
to take into account the impact of diet. High-protein meals can lead to
elevated blood urea levels. One week after the Spring Festival, the load
was the largest, and the blood urea value also reached the peak value.
After the monitoring data comes out, the coach makes some adjustments
to the next week, the 40th to 47th day of altitude training. The blood
urea decreased after the training week, and the hemoglobin increased.

During altitude training, female athletes'body fat, body weight, and
lean body mass decreased. Some people believe that altitude training
leads to the decline of skeletal muscle mass. This may be mainly due to
hormonal changes in protein synthesis. Decreased protein synthesis and
decreased skeletal muscle mass resulted in insufficient muscle strength
and decreased speed qualities, which are adverse effects of altitude
training. Remind us to pay attention to the supplement of protein on the
one hand and to strengthen the arrangement of strength and quality
classes on the other hand.

We chose to observe the urine indicators of athletes after high-inten-
sity classes. Urine protein changes significantly. But the team members
returned to normal the following day. Individual team members are
sensitive to changes in urobilinogen. Urobilinogen is a product of he-
moglobin catabolism in the body. The bilirubin produced by the body's
daily hemoglobin, which is released by the destruction of red blood cells,
is converted into bilirubin by the liver. Itis finally reduced to urobilinogen
into the small intestine and excreted in the feces. Some of it is absorbed
into the liver and reused to synthesize hemoglobin. The urobilinogen value
of our teammates in the morning urine was lower than the value after the
training session. The players felt good subjectively, and the hemoglobin
did not drop. This indicates that the player is in good functional condition.
The team’s strength class urine indicators are very responsive. We have
stepped up our monitoring of him to prevent overtraining.
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