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ABSTRACT

Introduction: Due to economic development and technological progress, more attention has been given
to intellectual education in detriment of physical conditioning, a phenomenon that has corroborated to raise
obesity to a contemporary concern in public health. In this sense, studies that can provide reference to guide
the scientific sport intervention behavior of college students are the focus of the current research. Objective:
Explore the effect of different doses of aerobic exercise on microcirculation function in sedentary college stu-
dents. Methods: 69 students from Minzu University were recruited and randomly divided into exercise groups
A, Band control. The exercise group received 12 weeks of aerobic exercise intervention. Among them, group A
practiced 1-2 times per week, group B practiced > 3 times per week. The control group did not practice any sport.
Results: After testing, microvascular reactivity showed an interaction to group and time (p<0.01). Among them,
exercise group B was higher than control group and exercise group A (p<0.01), with no significant differences
between exercise group A and control group (p>0.05). Conclusion: Aerobic exercise affects body microvascular
response and endogenous NO level. Aerobic exercise lasting 12 weeks with frequency equal to or greater than
three times per week can improve the microvascular response of sedentary college students by promoting
endogenous NO production. Level of evidence II; Therapeutic studies - investigation of treatment outcomes.
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RESUMO

Introducdo: Com o desenvolvimento econdmico e o progresso tecnoldgico, mais atengéo foi dada a educagéo
intelectual em detrimento do condicionamento fisico, fenémeno que corroborou para elevar a obesidade a uma
preocupacdo contempordnea na satide publica. Nesse sentido, estudos que possam fornecer referéncia para orientar o
comportamento de intervencdo esportiva cientifica de estudantes universitdrios séo o foco da pesquisa atual. Objetivo:
Explorar o efeito de diferentes doses de exercicio aerébico sobre a fun¢do da microcirculacdo em estudantes universi-
tdrios sedentdrios. Métodos: Foram recrutados 69 estudantes da Universidade de Minzu, divididos aleatoriamente em
grupos deexercicios A, B e controle. O grupo de exercicios recebeu 12 semanas de interven¢do de exercicios aerébicos.
Entre eles, o grupo A praticou 1-2 vezes por semana, o grupo B praticou > 3 vezes por semana. O grupo controle ndo
praticou nenhum esporte. Resultados: apds o teste, a reatividade microvascular mostrou uma interagéo ao grupo
e ao tempo (p<0,01). Entre eles, 0 grupo de exercicios B foi superior que o grupo controle e o grupo de exercicios A
(p<0,01), sem diferencas significativas entre o grupo de exercicios A e o grupo controle (p>0,05). Concluséo: O exercicio
aerdbico afeta a resposta microvascular corporal e o nivel enddgeno de NO. O exercicio aerébico com duragéo de
12 semanas com frequéncia igual ou superior de trés vezes por semana pode melhorar a resposta microvascular de
estudantes universitdrios sedentdrios, promovendo a produgdo de enddgenos NO. Nivel de evidéncia Il; Estudos
terapéuticos - investigacgao dos resultados do tratamento.

Descritores: Terapia por Exercicio; Atividades de Lazer; Microcirculacdo; Estudantes.

RESUMEN

Introduccidn: Con el desarrollo econdmico y el progreso tecnoldgico, se presté mds atencion a la educacion
intelectual en detrimento del acondicionamiento fisico, fenémeno que corroboré elevar la obesidad a una preocupa-
cién contempordnea en la salud pablica. En este sentido, los estudios que pueden servir de referencia para orientar el
comportamiento cientifico de intervencion deportiva de los estudiantes universitarios son el centro de la investigacion
actual. Objetivo: Explorar el efecto de diferentes dosis de gjercicio aerdbico sobre la funcidn microcirculatoria en estu-
diantes universitarios sedentarios. Métodos: Se reclutaron 69 estudiantes de la Universidad de Minzu y se dividieron
aleatoriamente en los grupos de ejercicio A, By control. El grupo de ejercicio recibié 12 semanas de intervencion de
gjercicio aerébico. Entreellos, el grupo A practicaba 1-2 veces por semana, el grupo B practicaba > 3 veces por semana.
El grupo de control no practicé ningtn deporte. Resultados: Tras las pruebas, la reactividad microvascular mostré una
interaccidn con el grupo y el tiempo (p<0,01). Entre ellos, el grupo de ejercicio B fue superior al grupo de control y al
grupo de ejercicio A (p<0,01), sin diferencias significativas entre el grupo de ejercicio A y el grupo de control (p>0,05).
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Conclusion: El ejercicio aerdbico afecta a la respuesta microvascular corporal y al nivel de endégeno NO. El ejercicio
aerébico de 12 semanas de duracion con una frecuencia igual o superior a tres veces por semana puede mejorar la
respuesta microvascular de los estudiantes universitarios sedentarios al promover la produccion enddégena de NO.
Nivel de evidencia Il; Estudios terapéuticos - investigacion de los resultados del tratamiento.

Descriptores: Terapia por Ejercicio; Actividades Recreativas; Microcirculacion; Estudiantes.
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INTRODUCTION

As the only place for the exchange of body matter and energy,
microcirculation is closely related to human health and exercise ability.
Some diseases have obvious abnormal microcirculatory function in the
initial stage of pathogenesis, such as in the early stage of atherosclerosis
and hypertension, microvascular endothelial dysfunction precedes
macrovascular endothelial dysfunction.! In the process of rehabilitation
of some diseases (such as diabetes, coronary heart disease, etc.), the im-
provement of microcirculation function has also become an important
link to promote disease recovery.? In the field of competitive sports, the
improvement of microcirculatory function is an important biological basis
forimproving athletes'sports performance, so improving microcircula-
tory function is of great significance. Among the methods to improve
microcirculatory function, the intervention effect of aerobic exercise on
microvascular reactivity is the main research idea.? For FATmax strong the
biological mechanism by which degree exercise affects microcirculation
function in obese people also remains clear and definite.* Microvascular
reactivity refers to different stimuli (such as blood flow block, local Tissue
heating) microvascular blood perfusion ability, this index in the clinic Has
been widely used in the evaluation of microcirculation function.® Trans-
cutaneous oxygen pressure (TcPO2) is the oxygen content of capillaries
that diffuse through the skin, It can be used for the evaluation of skin
blood flow perfusion volume and microcirculation function.® Muscle
oxygen Saturation (SmO2) reflects muscle oxygen supply balance and
muscle generation Xie's important indicator has a close relationship to
TcPO2.7 Based on this, In this study, aerobic exercise and aerobic were
formulated to FATmax as exercise intensity standard In combination with
the resistance exercise protocol, 10 weeks of aerobic exercise and aerobic
binding resistance were explored Shadow of exercise on microvascular
reactivity, TcPO2 and SmO2 in obese college students Ring, and explore
the possible mechanism of exercise to improve the microcirculation
function, to improve fertilizer The microcirculation function of fat college
students provides the basis for exercise prescription selection.Among
the methods to improve microcirculatory function, the intervention
effect of aerobic exercise on microvascular reactivity (MR) is the main
research idea. Microvascular reactivity isa common method to evaluate
microcirculatory function, which refers to the change of microblood
tube blood perfusion under local tissue heating, blood flow blocking,
drug injection (acetylphthalecholine, nitropruna) and other stimuli.’ One
meta-analysis (5 RCTs, 2 RCTs) suggested that aerobic exercise improved
microvascular reactivity in human skin, but did not have a statistically
significant effect because of the small sample size included in the study
and the lack of sufficient data to demonstrate the clinically significant
effect of exercise on microvascular reactivity.'®

Research object and method

Research Subjects

Recruit current students as test subjects, Subjects met the fol-
lowing characteristics:(1) Divide daily in addition to the necessary
physical activity, there is no other systematic and regular physical
activity, and the daily physical activity duration is <1h; (2) mental
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health, sugar-free Urine disease, hypertension, coronary heart disease
and other chronic diseases that affect cardiovascular function and
surgical history, the heart can bear a certain exercise load. Participants
were enrolled69 were divided into exercise A, exercise B and control
groups according to the same sex ratio, with 23 students in each
group (12 boys and 11 girls).

The study is Purely observational studies which no need to registry
ID of ICMJE, and all the participants were reviewed and approved by
Ethics Committee of Xinyang Normal University, China (NO. 2022003)

Research method

Exercise form, frequency, exercise time period and exercise cycle:
Exercise group A exercises 1~2 times a week, exercise group B exercises
more than 3 times a week, each exercise time is 90 minutes, of which the
formal exercise time is not less than 60 minutes (Monitor the subject’s
exercise intensity through a heart rate meter to make the heart rate reach
to the bullseye rate requirement). In order to facilitate students’ move-
ment, there are two exercise periods (only one time period is selected
for exercise) every day from 16:00 to 17:30 or 19:00 to 20:30 for a total
of 12 weeks. In addition to the exercise program arranged in this study,
participants in the exercise group did not practice other regular sports,
and participants in the control group maintained no regular physical
activity for the entire trial period. In addition, subjects in exercise group
A were required to exercise between 12~24 times during the entire trial
period, and subjects in exercise group B exercised no less than 36 times;
Otherwise, the sample was considered invalid and was not included in
the post-trial data analysis.

Microcirculatory function and blood drawing were tested the day
before and one day after training.In this study, the PF6000 dual-channel
laser Doppler blood flow and percutaneous oxygen partial pressure
measurement (Pari Medicine, Sweden) were used for microvascu-
lar reactivity and percutaneous oxygen partial pressure tests at the
midpoint of the connection between the elbow fossa of the right
forearm and the distal radial projection. Test indicators include basal
skin temperature (BKT), average ve-locity of blood cells (AVBC), and
concen-trationof moving blood cells CMBC), microcirculatory blood
perfusion(MBP), transcutaneous oxygen partial pressure(TcpO2). The
test of microvascular reactivity adopts the micro-local heating method,
first performing a 5 min basal value test (basal value), and then heating
the test probe to 44°C for 10 min (after heating). When the local skin
is heated to 44°C, the microvascular state can achieve maximum re-
laxation, which can objectively reflect the maximum blood perfusion
capacity of the microvessel. TcpO2 is heated to 44°C for local skin (set
automatically by the module).

Statistical analysis

SPSS25.0 was used to perform statistical analysis of the data. The
normal distribution of the data was tested by the S-W detection me-
thod, which was expressed as (x£s). Using factorial analysis, one-way
variance analysis and paired sample t-test, statistical analysis of the
pre- and post-trial indicators of the three groups of subjects was
carried out, and the interaction effect and individual effect of group
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and time bivariate were discussed. Factorial analysis is used for inte-
raction effect analysis to determine the degree of effect of time and
group, and one-way ANOVA is used to determine between different
groups at the same time paired-sample t-test is used to determine
the difference before and after the same group of individual tests. The
inspection level a=0.05.

Experimental result and analysis

Changes in skin temperature during testing in 3 groups

There were no significant differences in the basal value, heating
value and increase rate of skin temperature between the three groups
before and after the test (P value > 0.05). See Table 1.

For the student population, the decline in microvascular reactivity is
a physiological decline, and there are no obvious pathological changes
in microcirculation, so microcirculation has a certain ability to withstand
exercise load. The study found that aerobic exercise intervention with 12
weeks exercise intensity of 30% HRR could not significantly improve the
microvascular reactivity of menopausal women, while aerobic exercise
with exercise intensity of 45%~60% HRR significantly improved the mi-
croblood tube responsiveness of subjects. Therefore, with the extension

of the intervention time, the exercise intensity and exercise frequency can
be appropriately increased according to the subject’s physical fitness, and
new stimulation of microcirculation can be generated, and new changes
can be induced. The principle of change can be seen in Figure 1.

Comparison of NO, NOS and ET-1 before and after the trial
of the three groups

After the testNO has the interaction of group and time (P=0.01);
eNOS had group and temporal interactions (P=0.03); And iNOS and
ET-1 has no group and temporal interactions (P>0.05). tryPost-test one-
way ANOVA showed group pairsNO had a separate effect (P=0.01), in
which exercise group B was higher than exercise group A and control
group (PThe values are <0.05), group had a separate effect on eNOS
(P=0.03),motionGroup B was higher than that of exercise group A and
control group (P value < 0.05). The results of the paired sample t-test
showed that eNOS and NO had separate effects in the time of exercise
B group, which was higher than before the test (P<0.05) after the test,
while there was no separate effect in the time in exercise A and control
groups (P>0.05). There were no separate effects for iNOS and ET-1 in
both group and time (PThe values are >0.05). See Table 2.

Table 1. Comparison of microcirculation reactivity and Tcp O2of different groups of subjects before and after the experiment( x+s).

. Piven/°C MBP CMBC AVBC/°C
Grou Before and Number | Statistical g B e T B p—" Tep0
p after the test | of people - —_— Base Value eating ase eating Base Value eating ase eating PO,
value | Value | value value Value value
Control group | Before the test 23 319412 | 441402 | 79418 [ 92.1424.7 | 79.64254 |237.24564 | 99+1.8 | 388487 | 62.7+76
After the test 23 317206 | 44.1£0.2 | 85+2.1 [ 935+27.1 | 81.2430.7 |239.54£594 | 9.7£1.3 | 39.149.2 | 657486
t-value 0.74 0.01 -146 -097 -0.85 -0.89 0.04 -1.08 -1.76
P-value 048 063 0.17 040 0.36 041 0.67 0.17 0.19
Sports A group | Before the test 23 313+08 | 442403 [ 8.1+1.4 | 9344309 | 82.8428.3 |240.6+60.2 | 10.3+2.6 | 38.8+10.1 | 63.5+8.1
After the test 23 31.6+1.1 439406 | 8.7424 [ 93.74292 | 7694214 | 24161609 | 93408 | 387494 | 64.949.1
t-value -0.04 -0.06 -1.40 -0.07 347 -1.18 0.86 0.07 -0.96
P-value 0.52 035 0.22 0.63 0.06 031 0.09 0.72 0.34
Sports B group | Before the test 23 31.541.1 438404 | 80+2.0 [ 90.8+20.6 | 789+234 |239.14588|10.1£2.1 | 37.949.1 | 604+7.2
After the test 23 314409 | 441405 | 754159874302 | 8024196 |2603+68.7 | 9.3+1.1 | 379486 | 626485
t-value 0.28 -0.22 1.55 -15.27 -2.04 -19.38 0.09 0.03 -0.88
P-value 048 047 0.12 0.02 0.09 001 0.54 0.77 042
—>| Increased production and release of nitric oxide |—>
Increased
fluid shear —»| Reduced LDL production ‘—»
stress
—'| Reduction of free radical generation }—b
—Dl Increased production of vascular endothelial growth factor )—P e Middle aged and |
i elderly people
—b{ Promote the increase of mitochondrial surface fusion factor }—b
Increased Aerobic
—P| Inhibit mitotic expression }—b microvascular (¢ endurance athlete .
ax exercise
reactivity
—>| Increased insulin secretion '—b
Other e
biological . _ ) atients chronic
e Reduced production of circulating reactive oxygen species }_’ & diseases B
mechanisms . f i
in C-reactive protein
—b{ Reduced sympathetic excitability }—b
—P‘ Increased plasma volume }—V
—DI Improvement of body temperature regulation mechanism }—b
Figure 1. Changes in abnormal indicators in elderly patients with chronic diseases.
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Table 2. Changes of NO, NOS and ET-1 in three groups before and after the experiment ( x+s).

Croan Before and Number of Statistical values NO/ TNOS / eNOS / iNOS / ET-1/
after the test people (umol - L") (U-mL") (U-mL") (U-mL") (pg - mL")
Control group Before the test 23 51.044.0 386+1.9 127438 193429 135423
After the test 23 50.9+3.8 37.8+2.0 13.9+4.5 19.8+£3.2 139426
t-value 0.01 0.02 0.70 0.09 0.00
P-value 0.76 0.63 0.34 0.53 0.82
Sports A group Before the test 23 524446 381+£18 134428 19.5+2.8 13.14£25
After the test 23 53.7457 39.2+1.8 141443 211435 14.242.1
t-value 0.09 117 1.05 1.37 123
P-value 0.17 0.10 0.09 0.08 0.07
Sports B group Before the test 23 51.9+5.1 374420 131457 204431 134425
After the test 23 556452 41.0£2.1 155436 20.1+3.3 148423
t-value 9.73 1202 891 0.04 0.87
P-value 0.02 0.01 0.02 0.63 0.28

CONCLUSIONS

In this paper, it was found that the number of aerobic exercises per
week was between 1~2 times, and the microvascular function of the
subjects did not significantly improve. The number of exercise times > 3
times, the microvascular function response was significantly improved,
indicating that aerobic exercise > 3 times a week could significantly
improve the microcirculatory function of sedentary college students.
Compared with the middle-aged and elderly groups where TcpO2 has
decreased significantly, the change in Tc-pO2 in young college students

is small, so aerobic exercise can not further improve microcirculatory
function, but further research is still needed to confirm it.

Aerobic exercise can improve the microvascular reactivity of patients
with metabolic diseases, cardiovascular diseases, cancer and other di-
seases, and promote the recovery of diseases, but there are few related
clinical studies. In the future, research in this area should be strengthened
to improve the scientific and application of research results.
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