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ABSTRACT

Introduction: According to the metabolic characteristics of ultra-long-distance swimming and the character-
istics of energy utilization and absorption during exercise, we have formulated a nutritional supplement plan for
crossing to study the influence of swimming sports on blood sugar and give biochemical feedback indicators.
Objective: To lay a foundation for studying the nutrition supplement rules during long-term exercise by taking the
athletes'blood after training to determine the changes in blood sugar, adjusting and determining the nutritional
supplement plan during training. Methods: We monitor athletes’ physical function changes and biochemical
indicators during training and study the changes of these biochemical indicators and athletes'physical functions
after long-term swimming exercises to scientifically arrange the exercise intensity and load during the training
period. Results: The urine indexes after exercise did not change much, reflecting the exercise load's low intensity.
The changes in blood lactic acid and blood urea indexes after exercise also confirmed this. During the training
period, the athletes’hemoglobin and red blood cell parameters are in the ideal range, indicating that the athlete’s
physical function is in good condition. During the training period, the training load intensity and load are reason-
able according to ultra-long-distance swimming’s energy supply characteristics. After training, the changes in
blood glucose indicators reflect that the nutritional supplement program we formulated for athletes is reasonable
and feasible. Conclusions: By monitoring the blood sugar and biochemical indicators of swimmers, it can help
athletes to arrange exercise intensity scientifically and load during the training period, to better carry out open
water competitions in China, and to arrange training and scientific nutrition during the training period scientifically.
Lay the foundation for the establishment of nutrition supplement theory and training theory for super long-time
sports. Level of evidence Il; Therapeutic studies - investigation of treatment results.
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RESUMO

Introduccién: De acuerdo con las caracteristicas metabdlicas de la natacion de ultra larga distancia y las caracteristi-
cas de utilizacién y absorcion de energia durante el ejercicio, hemos formulado un plan de complementos nutricionales
para estudiar la influencia de los deportes de natacion en el aziicar en sangre y dar indicadores de retroalimentacion
bioquimica. Objetivo: Sentar las bases para el estudio de las reglas de los suplementos nutricionales durante el ejercicio a
largo plazo mediante la extraccién de sangre de los atletas después del entrenamiento para determinar los cambios en
el aztcaren sangre, ajustando y determinando el plan de suplementos nutricionales durante el entrenamiento. Métodos:
monitoreamos los cambios en la funcidn fisica de los atletas y los indicadores bioquimicos durante el entrenamiento
y estudiamos los cambios de estos indicadores bioquimicos y las funciones fisicas de los atletas después de ejercicios
de natacién de larga distancia para organizar cientificamente la intensidad y la carga del ejercicio durante el periodo
de entrenamiento. Resultados: Los indices de orina después del ejercicio no cambiaron mucho, lo que refleja la baja
intensidad de la carga de ejercicio. Los cambios en los indices de dcido Idctico y urea en sangre después del ejercicio
también lo confirmaron. Durante el periodo de entrenamiento, los pardmetros de hemoglobina y glébulos rojos de
los atletas estdn en el rango ideal, lo que indica que la funcién fisica del atleta estd en buenas condiciones. Durante el
periodo de entrenamiento, la intensidad de la carga de entrenamiento y la carga son razonables de acuerdo con las
caracteristicas de suministro de energia de la natacidn de ultra larga distancia. Después del entrenamiento, los cam-
bios en los indicadores de glucosa en sangre reflejan que el programa de suplementos nutricionales que formulamos
para los atletas es razonable y factible. Conclusiones: monitorear los indicadores bioquimicos y de azucar en sangre de
los nadadores, puede ayudar a los atletas a organizar cientificamente la intensidad del ejercicio y la carga durante el
perfodo de entrenamiento, a realizar mejor las competiciones en aguas abiertas en Chinay a organizar el entrenamiento
y la nutricién cientifica durante el periodo de entrenamiento. Sentar las bases para el establecimiento de la teoria de
los suplementos nutricionales y la teoria del entrenamiento para deportes de larga duracidn. Nivel de evidencia Il;
Estudios terapéuticos: investigacion de los resultados del tratamiento.

Descriptores: Natacdo, Bioquimica; Glicemia; Eritrécitos; Educagdo fisica e treinamento.
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RESUMO

Introducdo: De acordo com as caracteristicas metabdlicas da nata¢do de ultra longa distancia e as caracte-
risticas de utilizagcdo e absorcdo de energia durante o exercicio, formulamos um plano de suplemento nutricional
para estudar a influéncia dos esportes de natacéo no agticar no sangue e fornecer indicadores de feedback bio-
quimico. Objetivo: Estabelecer as bases para o estudo das regras de suplementos nutricionais durante exercicios
de longa duracdo, retirando sangue de atletas apds o treinamento para determinar as mudangas na glicemia,
ajustando e determinando o plano de suplementagéo nutricional durante o treinamento. Métodos: monitoramos
as mudancas na fungdo fisica e nos indicadores bioquimicos dos atletas durante o treinamento e estudamos as
mudancgas nesses indicadores bioquimicos e nas fungées fisicas dos atletas apds exercicios de natacdo de longa
distancia para organizar cientificamente a intensidade e a carga do exercicio durante o periodo de treinamento.
Resultados: As taxas de urina apds o exercicio ndo mudaram muito, refletindo a baixa intensidade da carga de
exercicio. Alteracbes nos indices de uréia e dcido Idctico no sangue apds o exercicio também confirmaram isso.
Durante o periodo de treinamento, os pardmetros de hemoglobina e hemdcias dos atletas estdo na faixa ideal,
indicando que a funcéo fisica do atleta estd em boas condicées. Durante o periodo de treinamento, a intensidade
da carga de treinamento e a carga sdo razodveis de acordo com as caracteristicas da fonte de alimentagédo
da natagdo de ultra longa distancia. Apds o treinamento, as mudangas nos indicadores de glicose no sangue
refletem que o programa de suplementos nutricionais que formulamos para atletas é razodvel e vidvel. Con-
clusées: monitorar os indicadores bioquimicos e de agucar no sangue de nadadores pode ajudar os atletas a
organizar cientificamente a intensidade e carga do exercicio durante o periodo de treinamento, conduzir melhor
competicdes em dguas abertas na China e organizar treinamento e nutricéo cientifica durante o periodo de
treinamento. Estabelecendo as bases para o estabelecimento da teoria dos suplementos nutricionais e da teoria
do treinamento para esportes de longa duracdo. Nivel de evidéncia Il; Estudos terapéuticos: investiga¢do

dos resultados do tratamento.

Descritores: Natacion; Bioquimica; Glucemia; Eritrocitos; Educacion y entrenamiento fisico.
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INTRODUCTION

In recent years, the FINA has added open water competitions
with a distance of 25-88km, and the time required to parade is
generally from ten hours to dozens of hours. To maintain physi-
cal fitness and complete the parade distance, nutrients must be
supplemented in time during exercise.! However, because this
project has just been launched, there are no reports on how to
supplement nutritional supplements during exercise, the type and
time of supplementation, and how to arrange exercise intensity
and load during the training period has no existing experience and
data for reference. According to the metabolic characteristics of
ultra-long-distance swimming and energy material utilization and
absorption characteristics during exercise, we have formulated a
nutritional supplement program for crossing. The purpose of this
study is to measure the changes in blood sugar of athletes after
training, adjust and determine the nutritional supplement plan
during training, and lay the foundation for the study of the nutri-
tional supplement law during long-term exercise.?

METHOD
Research object

He is a 36-year-old swimmer with a height of 178cm and a weight
of 96kg.
Exercise mode

Athletes usually train from 8:30 to 11:30 in the morning for 3 hours;
the swimming distance is 10000m, and the swimming speed is
2min-2min20s/100m.
Sampling

We collected ear blood and urine for remote mobilization after
training during standard training, and measured blood lactic acid, blood
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urea, blood sugar and urine indicators (urine ten items), a total of 12 tests;
blood was collected on Monday morning to determine red blood cell
parameters, a total of 8 weeks.

Research methods

We use the enzyme electrode method to monitor athletes' blood
glucose, use urine decathlon to detect athletes'urine, use the enzyme
electrode method to collect athletes’blood urea and blood lactic acid, and
use automatic blood cell counter to monitor red blood cell parameters.

Nutritional supplement

Daily supplements include pure protein powder, blood-boosting iron,
Dao'an solution, glutamine, wheat germ oil, lecithin. The main ingredients of
sugar drinks supplemented during exercise: oligosaccharides, vitamins, malic
acid, citric acid, etc, are formulated in a particular proportion.® According
to the athlete’s taste during training and the biochemical index test results
after exercise, the sugar drink composition and each component’s ratio are
adjusted to lay the foundation for determining the nutritional supplement
program during the crossing. Supplement a certain amount of sugar drinks
atregular intervals during training. According to the biochemical test results
after training, the supplement dose and supplement time are adjusted.

GM (1, 1) predicts biochemical indicators of athletes

GM specializes in small samples, imperfect information, and uncer-
tain systems. It excavates and analyzes part of the known information
to find out the valuable information hidden in it, to describe and track
the law of system changes. The athlete’s biochemical index is typical
time-series data. Its change process can be regarded as a GM, so GM
(1,1) can model and predict the athlete’s biochemical index.* We set the
original time series of the collected biochemical indicators of athletes as

X"y = W, %72, 27 (n)} M
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Perform a first-order differential operation on the original data to ge-
nerate a first-order differential sequence of athletes'biochemical indicators.

X0 = "), %" (2, x" ()} 2

Perform the first-order mean operation on the first-order differential
sequence to get the first-order mean sequence.

20 =42"2),2" @), 2" (n)} 3)

Construct a GM (1,1) model based on the first-order mean of the
sequence.

'V 1)
= 4
tax = p 4)

Where: a and u are parameters.
Solve the differential equation (4), and obtain the solution of the whi-
tening differential equation predicted by the athlete’s biochemical index.

¥ D = O - e 4 5)

Where:k =1,2,3,---,n.
Calculate the predicted value of the first-order differential athletes’
biochemical index sequence according to formula (6).

~ ~ A~ D (D
X =& Ox @2),x @)x (m); (©)

Obtain the predicted value of the original athlete’s biochemical index
sequence through the reverse operation of the first-order differential.

X0 ="0.5 Q) o) ?)

Where: x (k) = x (k)= x (k —1)
The prediction residual of the biochemical indicators of the athletes
in the GM (1,1) model at time t is.

~(0)

20 =x"®"-x @ 8)

According to the above process, we use the GM (1, 1) model to
model and predict athletes'biochemical indicators, describing the trend
changes of athletes’ biochemical indicators.

RESULTS

Changes in the ten urine indicators of athletes during the
training period

After training, the urine index does not change significantly. Only
the sixth test has protein in the urine, and its concentration is only 5mg/
dl, and the bilirubin is only 5mg/dl. The first and fifth uric acid is 1mg/dI.
The rest are negative results. Changes in urine pH and specific gravity
are also within the normal range. The amount of urine protein produced
is proportional to exercise intensity and load.> The changes in urine
indicators after exercise reflect that exercise intensity is not significant,
consistent with the requirements of long swimming exercise time and
relatively small exercise intensity (Table 1).
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Changes in blood lactic acid, blood urea, and blood glucose
indexes of athletes during the training period

During exercise, the blood lactic acid value is between 2 and 4.5
mmol/L, and the blood lactic acid does not change much (Table 2).
Because athletes mainly aim to develop long-term aerobic endurance
in training, it is required to maintain a particular stroke frequency during
training to improve stroke efficiency. In Table 2, the blood lactic acid value
is also relatively high several times. This is because the athletes completed
the last 3000m with a paddleboard to improve the arm’s strength. In
this way, the exercise intensity is relatively increased, resulting in lactic
acid. The increase.® From the perspective of the blood urea index, the
whole training period’s test value did not change much. The average
was 8.29+0.17mmol/L, but the blood urea value was at a high level,
and the average blood ureain table 3 was 758+0.15mmol/L, indicating
that the blood urea is also at a higher level at rest. The change of blood
sugar after training is relatively stable, basically within the normal range.
Although the exercise time is relatively long and the exercise intensity
is not significant, there is no hypoglycemia because we pay attention
to sugar supplements during exercise.

Changes of Athletes’Red Blood Cell Parameters During Training

Athletes'red blood cell parameter indicators during the training
period have little change, and their hemoglobin has always been at
a high level, which has positive significance for aerobic metabolism;
hematocrit is higher than expected; red blood cell index (average red
blood cell volume, average red blood cell hemoglobin) Content, average

Table 1.Ten indicators of athletes' urine during the training period.

PH PRO SG URO BIL-
1 55 - 1.01 1 -
2 6 - 1.01 -
3 6.5 - 1.02 1 -
4 55 - 1.03 - -
5 6.5 - 1.02 -
6 6.5 5 1.03 - -
7 6 - 1.01 1 -
8 6.5 - 1.03 - 0.5
9 6 - 1.02 - -
10 55 - 1.02 -
11 55 - 1.02 - -
12 6 - 1.02 -

Table 2. Athletes'blood lactic acid (mmol/L) after training during the training period.

Blood lactic acid Blood urea Blood sugar
1 378 822 3.82
2 247 8.18 3.86
3 2.56 8.28 4.12
4 4.05 8.25 4.2
5 2.55 8.2 3.88
6 2.85 8.18 4.23
7 302 846 4.73
8 2.74 8.22 4.81
9 3.18 825 485
10 45 845 435
11 3.25 8.22 4.65
12 335 8.18 4.7
Table 3. Serum urea at rest during training (mmol/L).
1 2 3 4 5
Blood urea 7.84 7.62 7.39 7.55 7.51
Average value 7.58+ 0. 15
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red blood cell hemoglobin concentration) reflects red blood cell de-
formability, red blood cell aging and blood viscosity, which are in the
normal range; red blood cell distribution width (RDW) is a parameter that
reflects the volume heterogeneity of surrounding red blood cells, and
it is an objective parameter that reflects the different sizes of red blood
cells. MCV/RDW and RDW are usually used as screening indicators for
hidden iron deficiency. The RDW of athletes during training is basically
in the normal range. However, the first measurement was 14.5%, and its
MCV/RDW value was 6.50 at a low level, which was significantly lower
than the other test values. After reasonable supplementation, the RDW
value dropped, and the MCV/RDW value increased significantly, and the
average was 8.91+ 0.49 (Table 4).

HCT is the hematocrit; MCV is the average red blood cell volume;
MCH is the average red blood cell hemoglobin content; MCHC is the
average red blood cell hemoglobin concentration; RDW is the red blood
cell distribution width.

Table 4. Changes of Athlete’s Red Blood Cell Parameters During Training.

1 2 3 4 5 6 7 8

RBC1012/L 465 | 452 | 465 | 475 | 476 | 482 | 475 464
Hbg/L 148 156 163 165 167 158 170 165
HCTI/L 0438 | 0435 | 044 | 0456 | 0468 | 0452 | 0465 | 0448
MCVf 942 | 963 | 946 96 983 | 938 | 979 96.5
MCHpg 3183 | 345 | 35.1 347 | 351 327 | 358 356
MCHCg/L 3379 | 3586 | 3704 | 361.8 | 3568 | 3496 | 3656 | 3683

RDW9% 14.5 11 106 | 112 10.5 109 | 118 9.8
MCV/RDW 6.5 875 | 892 | 857 | 936 | 861 8.3 9.85

DISCUSSION
Changes in urine indicators during training

From the test results during training, urine-specific gravity is in
the normal range. This is because athletes drink a certain amount of
sugary drinks at intervals during training. On the other hand, Athletes
are engaged in swimming in the water. The water quickly absorbs the
heat generated during the exercise. Therefore, they do not need to
sweat or perspire very little during the exercise. Therefore, dehydration
generally does not occur. Other urine indicators, such as uric acid and

bilirubin, are positive after training, but the values are shallow, and the
rest are harmful. This also reflects that the load intensity is not significant.

Changes in blood lactic acid, blood urea, and blood glucose
indexes of athletes during the training period

This shows that our nutritional supplement program for athletes
during the training period is practical and feasible. It also shows that the
dietary nutrition program we are formulating for them is reasonable. The
change of blood sugar during training is basically in a relatively stable
upward trend. According to the initial blood sugar changes, blood su-
gar after training is at the lower limit of the normal range. We adjusted
the composition, amount and time of the beverage in the nutritional
supplement program during training and achieved good results.

The impact of sports training on athletes'red blood cell parameters

Theincrease of RDW reflects a good screening index for recessive iron
deficiency anemia to a certain extent. The MCV/RDW ratio is a more sensitive
indicator that may reflect recessive iron deficiency anemia. The average
RDW value of the athletes during the training period was (11.6+1.28%),
which was basically in the normal range, and the MCV/RDW value ave-
raged 8.61+0.92. Still, the first measured value RDW was 14.5%, and the
MCV/RDW ratio was 6.5, which indicates that there may be recessive iron
deficiency anemia. By supplementing athletes with elevated blood iron
and whey protein, their RDW value dropped back to normal, and the MCV/
RDW value rebounded, with an average of 891+0.49, suggesting that the
iron metabolism disorder may be corrected.

CONCLUSION

There is little change in blood and urine indexes after exercise during
the training period, indicating that the exercise intensity is relatively
small, which may be a long-term exercise feature. The aerobic metabolic
capacity of athletes has significantly improved, which shows that the
exercise intensity and exercise load during the training period are arran-
ged reasonably. The training is aimed at the energy supply characteristics
of ultra-long-distance swimming.
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