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Abstract: Objective: To investigate the effects of high-intensity interval training on lipid metabolism and inflammato-
ry factors in overweight children, and provide clinical guidance and recommendations for children’s weight manage-
ment. Methods: A retrospective study was conducted to analyze 60 overweight children, who were randomly divided
into an experimental group (high-intensity interval training) and a control group (health education as intervention).
Baseline data, physical indicators, and biochemical indicators were analyzed. Results: The body mass Index (BMI)
of the experimental group decreased significantly more, with BMI of male and female participants showing change
rates of 0.43% and 0.85%, respectively. After intervention, there were significant differences in triglycerides, total
cholesterol, and lipoprotein levels between the two groups (P<0.05). After intervention, the serum tumor necro-
sis factor alpha levels of the experimental group showed significant differences (P<0.01), with an average value
decreasing from 83.24 ng/L to 64.37 ng/L, and their C-reactive protein values also showed good intergroup and
intragroup statistical differences (P<0.05). Conclusion: High-intensity interval training can effectively improve the
physical fitness of overweight children, regulate their inflammatory factors, and help with weight loss.

Keywords: High-intensity interval training, overweight, total cholesterol, lipoprotein levels, serum tumor necrosis
factor-a, C-reactive protein, visfatin, regulatory mechanism

Introduction

As a global health problem, the obesity rate
among adults worldwide has significantly in-
creased since 2000, according to statistics
from the World Health Organization [1]. The
body mass index (BMI) measures obesity lev-
els, which can be divided into five categories
based on their numerical value. For children,
the criteria for determining weight are mainly
based on BMI and the weight range of same-
sex children of the same age. For children over
two years old, a BMI above the 95th percentile
of the weight range is considered obese. With
improvements in living standards and dietary
structure, the proportion of overweight children
in China has increased [2-4]. Research shows
that if overweight in children is not effectively
and timely controlled, the probability of devel-
oping obesity is over 80%. Obesity not only

affects the growth and development of chil-
dren, but also leads to chronic diseases and
harms their physical and mental health. Genetic
factors, environmental conditions, dietary str-
ucture, and exercise habits all lead to increas-
ingly severe obesity rates [5]. Children’s self-
control ability and willpower are relatively weak,
and some parents lack health management
awareness, leading to added difficulty for over-
weight children. Stinson analyzed the metabo-
lic risks for overweight children’s hearts. They
found that the higher the BMI, the more likely
for there to be high fasting blood sugar [6].
Rejeki et al. believed that exercise promoted
changes in inflammatory cytokines, and tread-
mill exercise effectively prevents adolescent
obesity and reduces the risk of chronic inflam-
matory diseases [7]. Adjusting the dietary struc-
ture, increasing the proportion of vegetables,
fruits, and coarse grains, reducing the intake of
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high-energy foods, and strengthening exercise
and regular daily routines are important for
improving childhood obesity. Controlling calorie
intake requires parents to have some nutri-
tion knowledge. High-intensity interval training
(HIT) is a training mode that involves alternat-
ing short periods of low-intensity exercise or
rest with several high-intensity exercises. HIIT
requires reaching at least 85% of maximum
oxygen uptake and 85% or at least 90% of max-
imum heart rate during exercise [8]. This train-
ing mode can improve cardiorespiratory endur-
ance, enhance muscle strength, and improve
body metabolism. Relevant research shows
that excessive oxygen consumption stimulated
by running training is beneficial for improving
cardiovascular elasticity. Soylu et al. conducted
an experimental analysis of HIIT and moderate-
intensity physical fitness training. The results
showed that interval training effectively im-
proved the maximum oxygen uptake and physi-
cal fitness score of young people [9].

Cao et al. conducted a study on the cardiovas-
cular metabolic risk factors of obese children
and adolescents under HIIT and moderate in-
tensity continuous training. The results showed
HIIT was significanty more effective in improv-
ing cardiovascular health and systolic blood
pressure, and reducing cardiovascular meta-
bolic risk factors [10]. Meng et al. used HIIT to
intervene and analyze the body composition
and cardiovascular health of obese boys. The
results showed that the training could reduce
low-density lipoprotein cholesterol and insulin
resistance index. However, there was no inter-
group difference from its intervention effect on
visceral fat [11]. Smith et al. also showed that
HIIT could effectively improve the cardiorespi-
ratory health of adolescents [12]. Gonzalez-
Galvez et al. also found through controlled
experiments that HIIT effectively improved the
body composition, blood pressure, and pulse
rate of obese adolescents during the cooling
off period of physical education class [13].
There have been many studies on the impact of
HIIT on the general population, showing signifi-
cant improvement of the physical conditions of
obese individuals. However, studies on regula-
tion of blood lipid metabolism and inflammato-
ry factors involved in HIIT are relatively limited,
especially concerning the mechanism of its
impact on overweight children. Unlike with adu-
Its and adolescents, the metabolic status and
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inflammatory response of overweight children
may be different. For example, Gil-Cosano et al.
found a correlation between vascular endothe-
lial growth factor A and tumor necrosis factor
alpha (TNF-a) in children aged 8-11 years old
[14]. Higher inflammatory markers like TNF-a
may increase chronic diseases such as cardio-
vascular disease and diabetes. Childhood obe-
sity is associated with low-grade inflammation
and cardiovascular metabolic risk. Lund et al.
conducted a cross-sectional study, showing
mild inflammation was associated with cardio-
vascular metabolic risk in children. Integrating
multiple low-grade inflammation markers can
identify high-risk subgroups of overweight/
obese children [15].

Therefore, this study focuses on the effects of
HIIT on lipid metabolism and the effects of
TNF-a, CRP, and Visfatin in overweight children.
A group of overweight children was selected
for HIIT research and its effect on lipid metabo-
lism and inflammatory factors. The content pro-
posed in the study may explain the metabolic
reactions of overweight children, enrich the bio-
marker research of Visfatin endogenous adipo-
kines, and provide a reference for the interven-
tion strategies for overweight children.

Materials and methods
General information

This study adopts a retrospective research
method to collect physical health test data
from all students in the third and fourth grades
of a primary school, and calculates their BMI.
According to the National Student Physical
Health Standards, 60 students who met the
overweight criteria were selected for analysis.
Random numbers were generated using com-
puter programs to ensure privacy. All partici-
pants’ ID numbers were randomly assigned to
the experimental group (n=30) or a control gr-
oup (n=30). The experimental group received
high-intensity interval exercise training, while
the control group received exercise health edu-
cation. The grouping number information was
concealed. During the experiment, the data of
the subjects were recorded and collected by a
professional team, including self-reporting and
exercise status of the subjects. All outliers were
detected using statistical analysis software.
The true outliers were included in the final anal-
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ysis to ensure the robustness of the results.
Multiple imputation was used to fill missing
data to ensure data integrity. The content was
approved by the hospital ethics committee.

Inclusion and exclusion criteria

Inclusion criteria: (O Subjects had stable
weight, without significant changes in the past
three months. (@ Subjects had no regular exer-
cise habits. 3 Subjects did not have contrain-
dications related to cardiovascular, endocrine,
or other relevant conditions for exercise. @
Subjects were in good physical health, without
acute respiratory or genetic diseases. ® Sub-
jects were willing to participate in the experi-
ment and cooperate in completing question-
naires related to lifestyle and exercise. ® Good
compliance [16].

Exclusion criteria: O Subjects were advised not
to engage in strenuous exercise. @ Subjects
who were unable to complete target move-
ments during exercise testing and experienced
severe dizziness, difficulty breathing, fatigue, or
similar conditions. 3 Subjects who had experi-
enced orthopedic injuries such as fractures or
joint sprains within the past six months. @
Subjects had regular exercise habits. & Sub-
jects had mental disorders or impaired kidney
function. ® Subjects who withdrew from the
experiment midway.

One month before the exercise intervention,
dietary habit surveys were conducted on both
groups, and their daily food intake was record-
ed. The total energy intake was calculated, and
efforts were made to ensure that the subjects’
dietary habits remained relatively consistent
before and after the experiment, with no signifi-
cant fluctuations, to avoid interference from
other factors.

Experimental scheme

HIIT exercise program: The exercise took place
in a sports institute and a physical fitness test-
ing laboratory. Before the experiment, partici-
pants underwent maximal oxygen consumption
testing to determine the load intensity corre-
sponding to the peak value at 90% and 25%
maximal oxygen consumption. The program la-
sted for 12 weeks, with different types of exer-
cise training conducted during the first and last
six weeks. During the first six weeks, the experi-
mental group primarily engaged in treadmill
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training, including a 10-minute warm-up, 45
minutes of exercise, and a 10-minute cool-
down period. During the exercise, participants
in the interval training group performed 4 min-
utes of running at 90% Maximal Oxygen Up-
take (VO,max) intensity, followed by 2 minutes
of complete rest. The target heart rate during
exercise was set at 174 beats per minute. The
running exercise was performed in 10 sets,
three times a week, with no more than two days
of rest between sessions. In the last six weeks
of the experiment, the exercise modality swi-
tched to cycling training. This involved a 5-min-
ute warm-up, alternating between 4 minutes of
high-intensity and 2 minutes of low-intensity
cycling, with a total relaxation time of 5 min-
utes. The exercise was performed in 6 sets,
three times a week, with each session lasting
46 minutes. Participants wore a heart rate
chest strap during the exercise to control the
intensity. The specific exercise protocol was
adjusted based on the subjects’ self-perceived
exertion and physical condition, with profes-
sional instructors providing guidance and safe-
ty assistance to ensure the successful com-
pletion of the experiment. Changes in partici-
pant data were recorded on the same day and
timely feedback was provided to enhance com-
pliance with intervention measures. Partici-
pants were not allowed to engage in any other
form of exercise intervention during the re-
search period, and their lifestyle and dietary
habits remained unchanged.

Health education program: The content of the
program was based on the results of health
assessments, and targeted interventions were
conducted for participants. This included nutri-
tion lectures and other health promotion knowl-
edge. Senior nutritionists were primarily res-
ponsible for conducting the lectures, which
took place every six weeks. The content mainly
focused on children’s nutrition and health, chil-
dren’s dietary structure and composition, the
causes of childhood obesity, and improvement
measures.

Outcome measure

Morphologic indicators: Body shape indicators
were measured according to the “Chinese
Student Physical Fitness Monitoring Manual”,
including height, weight, waist-hip circumfer-
ence, and body fat measurement. Measure-
ments were conducted using a Height-Weight
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scale (DHM-16), a nylon tape measure, and a
body composition analyzer (In Body 760). When
measuring height and weight, participants
removed their shoes and socks, to stand with
both feet in the correct position, face forward
without any inclination, and leave the scale
once the reading stabilized.

Blood pressure measurement: A Yuyue desk-
top blood pressure monitor was used to mea-
sure diastolic and systolic blood pressure.
Participants would expose their upper arms
and sit in a relaxed position with their palms
facing upwards. After releasing the air from the
cuff, its lower edge was placed 2-3 cm above
the elbow crease for measuring blood pres-
sure.

Maximum oxygen uptake measurement: An AEI
Moxus gas metabolism analyzer was used for
incremental load tests. Before the experiment,
the analyzer had be started and preheated to
ensure good ventilation, with a temperature
and relative humidity of around 22°C and 45%,
respectively, and normal carbon dioxide detec-
tion concentration. After arriving at the testing
site, participants put on a breathing mask,
adjusted their heart rate chest strap for respi-
ration, and then tested it after adjusting it to
the optimal position. During the test, partici-
pants had to complete the exercise mode and
intensity test at each VO, load and obtain exer-
cise data at the maximum oxygen uptake state
under protective supervision. The test was
stopped when the maximum VO, value no lon-
ger changed with increasing exercise intensity
or reached the heart rate data. If symptoms
such as palpitations or dizziness occured dur-
ing the experiment, the test was immediately
terminated [17].

Biochemical indicator determination: Partici-
pants were required to have fasting blood sam-
ples taken from the same side forearm before
and after exercise intervention. A 10 ml blood
sample was collected from the elbow vein and
placed at room temperature for 300 minutes,
followed by centrifugation at 4000 rpm for 15
minutes. Serum was extracted using a pipette
and stored at -40°C until the serum indicator
was measured. A fully automated Biochemical
Analyzer (BIOBASE-CRYSTAL) was used to mea-
sure inflammatory factors such as Triglycerid-
es (TQ), Total Cholesterol (TC), TNF-a, C-reactive
protein (CRP), and Adipokines (Visfatin). All
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reagent kits were provided by Jiuzheng Bio-
technology Company.

CRP concentration was determined using radio-
immunoassay. The radioactive isotope-labeled
antibody reacted with proteins in the blood to
form immune complexes. Then, a precipitant
was added to separate the unbound labeled
antibody and impurities. The radioactive counts
in the isotope were measured using a radioiso-
tope counter and compared with the known
CRP concentration standard curve.

Serum inflammatory factor levels were detect-
ed by Enzyme-Linked Immunosorbent Assay
(ELISA) on the processed upper part of the
venous blood sample. TNF-a is an important
inflammatory regulatory factor in human physi-
ology and pathology. It is a protein produced by
immune system cells, that is often used to
assess the inflammation degree or disease pro-
gression. TNF-a can promote inflammation in
other cells and activate immune cells such as
hematopoietic stem cells and macrophages.
When TNF-a level is excessively high, it can
intensify inflammatory reactions and lead to
inflammatory diseases. ELISA mainly reflects
changes in the TNF-a concentration based on
the principle of specific antibody-protein bind-
ing. CRP is a protein present in human blood,
that is commonly used as an inflammatory indi-
cator. Elevated CRP may be associated with
infections, inflammatory diseases, trauma, and
surgery. Visfatins are hormones secreted by fat
cells that play important roles in appetite regu-
lation, energy metabolism, inflammation res-
ponse, and pancreatic cell function. Abnormal
levels of Visfatins are often associated with
obesity, metabolic syndrome and other condi-
tions [18, 19].

Statistical methods

The study utilized SPSS 23.0 for data analysis.
Normally distributed metric data are presented
as mean * standard deviation. Between-group
comparisons used independent sample t-tests,
while paired t-tests were used for pre- and post-
treatment analyses. Analysis of Variance (ANO-
VA) for repeated measures was employed to
compare data at different time points. P<0.05
indicated a significant difference between the
two groups, while P<0.01 being highly signifi-
cant. Spearman’s correlation coefficient was
used to analyze non-normally distributed data.
Multiple-factor logistic regression was used for
correlation analysis.
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Table 1. Baseline data

Experimental group Control group

Variable (n=30) (n=30) t/x? P
Age (years) 8.25+1.03 8.21+0.89 0.153 0.623
Gender (male/female) 16/14 15/15 0.631 0.259
Height (cm) Boys 120.16+3.37 121.34+3.29 0.780 0.304
Girls 117.23+5.48 119.42+4.27 1.155 0.315
Body weight (kg) Boys 44.25+3.12 45.67+2.74 0.626 0.266
Girls 40.22+1.44 41.05+1.63 0.801 0.845
Body Mass Index (BMI) Boys 20.44+1.68 20.05+1.04 -0.173 0.723
Girls 19.02+2.13 18.78+2.41 -0.197 1.239
Family composition (only child/non only child) 17/13 16/14 1.134 2.074
Monthly household income (yuan) <5000 10 (33.33%) 8(26.67%) 0.523 1.163
>5000 20 (66.67%) 22 (73.33%) 0.512 1.254
Household registration location (rural/urban) 13/17 14/16 1.376 3.217
Systolic blood pressure (mmHg) 108.23+5.67 110.12+3.24 0.132 0.289
Diastolic blood pressure (mmHg) 68.21+8.26 67.49+7.15 0.145 0.612
Table 2. Changes in body shape of the two groups of patients
Group Time Height (m) Weight (kg) BMI (kg/m?)
Control group Before intervention 1.18+2.23 42.23+2.06 19.23+1.54
Six weeks after intervention 1.1942.25% 43.25+1.39 20.11+1.03*
12 weeks after intervention 1.19+2.36 47.22+1.43 20.54+1.69
Difference (BMI) 0.85+1.94
Rate of change 0-6 weeks -0.63%
6-12 weeks 1.22%
0-12 weeks 2.67%
Experimental group Before intervention 1.20+2.14 43.36+1.89 19.41+1.26*,#
Six weeks after intervention 1.2142.32* 40.26+1.47*# 18.97+1.18* #
12 weeks after intervention 1.25+£2.16* # 38.11+1.68* # 16.05+1.43*#
Difference (BMI) -0.86+0.64#
Rate of change 0-6 weeks -3.38%
6-12 weeks -2.14%
0-12 weeks 2.77%
Note: “#” indicates P<0.05 between groups compared to before intervention, and “*” indicates P<0.05 within groups com-
pared.
Results the two groups. Based on the baseline data

Baseline data results for two groups of pa-

results, further experiments were done.

tients

Table 1 demonstrates the baseline characteris-
tics such as height, age, weight, and blood
pressure, indicating no significant differences
(P>0.05). The average height of participants in
both groups did not exceed 122 cm, which was
shorter compared to the normal standard
height. The BMI values also mostly fell within
18-20 kg/m?. No significant differences were
found in gender or monthly income between
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Results of physical indicators and related mor-
phologic changes in the two groups of patients

Table 2 showed that there were differences in
height and BMI values of participants in the
control group before and after the sixth week of
intervention (P<0.05). The maximum increase
in height was 1 cm, with an overall decrease of
0.63. However, participants did not show a sig-
nificant decrease in values during the middle
and later stages of the experiment, and there
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Figure 1. Changes in body mass index (BMI) index of male and female stu-
dents before and after the experiment (A. Changes in BMI of boys; B. Chang-

es in BMI of girls).
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Figure 2. Results of blood pressure changes in male and female students
before and after the experiment (A. Changes in blood pressure in boys; B.

Changes in blood pressure in girls).

was a certain degree of rebound, with change
rates reaching 1.22% and 2.67%, respectively.
The experimental group participants showed
various changes in body indicators as the inter-
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vention time increased. The
maximum increase in height
was 5 cm, and the maximum
weight loss was 5 kg, result-
ing in an overall decrease in
BMI average values. Although
there were slight fluctuations
in the decline rate of the
experimental group partici-
pants during the intervention
phase, this may have been to
the presence of a weight loss
platform. However, an overall
downward trend was evident,
with maximum and average
decline rates of 3.38% and
2.76%, respectively. These
results indicate that intermit-
tent training effectively con-
troled participants’ weight ch-
anges.

Furthermore, the BMI values
based on gender differences
among participants were com-
pared, and the results are
shown in Figure 1. Figure 1
indicated a 0.43% change ra-
te in BMI data for male partici-
pants in the experimental gr-
oup after intervention. For fe-
male participants, there was a
0.85% change rate in the com-
parison between groups.

The results of diastolic and
systolic blood pressure in Fig-
ure 2 showed no differences
in the blood pressure data of
the participants in both gr-
oups before and after the in-
tervention (P>0.05). The da-
ta change rates were also gen-
erally less than 1%, with val-
ues within the normal range.

From the results for body fat
percentage, both groups ex-
perienced varying degrees of
decline. In the control group,
the average body fat perc-
entage for males and femal-

es after intervention reached 31.05% and
30.48%, respectively, with no significant differ-
ences compared to before the intervention
(P>0.05), and the maximum difference in val-
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Table 3. Changes in body fat percentage and waist hip ratio of both groups of subjects

Group Time Gender Body fat percentage (%) Waist to hip ratio (%)
Control group Before intervention Boys 32.231+2.06 0.87+0.01
Girls 33.25+1.39 0.86+0.06
After intervention Boys 31.05+2.13 0.86+0.14
Girls 30.48+2.19 0.85+0.13
Experimental group Before intervention Boys 33.82+1.83 0.86+0.03
Girls 32.05+£1.27* # 0.87+£0.02*,#
After intervention Boys 25.16+1.46 0.84+0.15
Girls 29.13+1.05* # 0.83+0.11%*,#

Note: “#” indicates P<0.05 between groups compared to before intervention, and “*” indicates P<0.05 within groups com-

pared after intervention.

Table 4. Changes in TG and TC of both groups of subjects after intervention

Group Time TG TC

Control group Before intervention 3.85+0.64 1.98+0.41
Six weeks after intervention 4.34+0.71 1.22+0.76
12 weeks after intervention 4.56+0.29 1.21+0.54
Difference 0.49+0.22 0.25+0.46
Rate of change +13.26% +23.16%

Experimental group Before intervention 3.84+0.89 1.97+0.65
Six weeks after intervention 3.82+0.64 0.82+0.27
12 weeks after intervention 3.65+0.32 0.79+0.65
Difference -0.34+0.28 -0.27+0.13
Rate of change -6.22% 22.47%

Note: “+” and “-” respectively represent an increase and a decrease. TG represents triglycerides, and TC represents total

cholesterol.

ues was 1%. Additionally, there were no signifi-
cant changes in waist-to-hip ratio values for the
control group participants after intervention,
and the overall change rate was not high. In
contrast, for the experimental group, the
average body fat percentage for male partici-
pants changed from 33.82% to 25.16%. For
female participants, it changed from 32.05%
to 29.13%. Overall, the differences existed
between and within groups before and after
intervention (P<0.05). Moreover, there were
notable differences in waist-to-hip ratio data
for the experimental group participants, with a
maximum decline of 0.05% (Table 3).

Changes in lipid data after intervention in the
two groups of subjects

Table 4 showed no statistical difference in TC
between the first two groups before the experi-
ment. However, after the intervention, the TG
value of the control group increased, with the
average value changing from 3.85 mmol/L to
4.56 mmol/L, representing an overall change
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rate exceeding 10%. The TG value of the experi-
mental group decreased slightly, from 1.98
mmol/L to 1.21 mmol/L, reflecting a decrease
rate of 5.23%. The data from these two groups
showed significant differences after the inter-
vention (P<0.05). As the intervention time in-
creased, the increase in TC in the control group
and the decrease in TC in the experimental
group became more pronounced. Similarly, the
TC values of these two groups also showed
significant differences after intervention (P<
0.05). The average TC values after intervention
for both groups were 1.21 mmol/L and 0.81
mmol/L, respectively, corresponding to change
rates of +20.37% and -21.49%. Intermittent
exercise training demonstrated a prominent
effect in reducing the TG and TC values in sub-
jects, improving their lipid metabolism.

The lipoprotein data in Figure 3 indicated that
both health education and intermittent exer-
cise training could improve the High-Density
Lipoprotein (HDL) and Low-Density Lipoprotein
(LDL) levels compared to before the interven-
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ference between the two gr-
oups (P=0.044). In contrast,
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crease of more than 5% after
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Figure 3. Lipoprotein data of subjects under different intervention methods
(A. Control group; B. Experimental group; C. Changes in statistical data).
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In Figure 5, before the experi-
mental intervention, there we-
re no differences in the CRP
concentration or Visfatin in-
flammation index data. After
intervention, the average CRP
value for the control group
subjects changed from 2.21
mg/L to 2.53 mg/L (11.37%).
Meanwhile, the experimental

A p=0.044 . B
100r - P=0063 Soutse 15

S0 b adage? ¢ SRLEE

S D

ool g"‘é’% g5t 8

[ H = T

> é 3

270 { g o

=} ©

8 60 “g’» 5}

[T eC g .
50 - AE S-10
40 L ] |

group showed a significant
decrease in CRP values, with
their post-intervention data
mostly <2 mg/L, exhibiting
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group; TNF-a represents Tumor Necrosis Factor-a.

Figure 4. TNF-a changes of subjects before and after the experiment (A.
TNF-o factor level; B. TNF-a changes in amplitude before and after interven-

tion).

tion (P<0.05). Specifically, the HDL values of
the control group subjects decreased by more
than 10%, while the LDL values increased by
8.23%. In contrast, the experimental group
subjects showed significantly greater changes
in both HDL and LDL compared to the control
group, with average post-intervention values
reaching 1.31 mmol/L and 1.68 mmol/L, res-
pectively. Furthermore, with the increase in
intervention time, the improvement in lipopro-
tein values for both groups increased, with the
overall change trend in the experimental group
being superior.

Biochemical indicator measurement results

In Figure 4, the serum TNF-« level in the experi-
mental group subjects decreased after the
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]
Experimental
group

statistical differences both
between and within groups
(P=0.032, P=0.036). The Vis-
fatin data also indicated th-
at intermittent training effec-
tively reduced the subjec-
ts’ inflammatory factors, with
the post-intervention values
(11.23+8.37) showing a significant difference
compared to the control group (22.15+6.44)
(P=0.037<0.05). These results show that inter-
mittent exercise training effectively enhanced
the subjects’ resistance and improve their
inflammatory markers.

Correlation result analysis

The blood lipid data and inflammatory factors
of overweight children undergoing intermittent
running training were subjected to Spearman
correlation analysis to show their intrinsic rela-
tionship, as shown in Figure 6. From Figure 6,
after six weeks of intervention, TC was positive-
ly correlated with TNF-a& and CRP (r=0.318,
r=0.257), (P<0.05). Similarly, there was a posi-
tive correlation between TG values and inflam-
matory factors (r=0.253, r=0.216), (P<0.05).

Am J Transl Res 2024;16(11):6889-6902
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Figure 7 showed that there
were no dissatisfied partici-
pants in the experimental gr-
oup, with an overall satisfac-
tion rate of 96.67%. In con-
trast, fewer participants in the
control group acknowledged
the experimental results, re-

CRP concentration (mg/L)
o
o
T

o

I3

=)
T

sulting in an overall satisfac-
tion rate of only 60%. Addi-

! tionally, a significant statisti-
cal difference existed in the
improvement of overweight
individuals between the two
groups (12.34%>2.73%, P=

0.037 0.026<0.05).

Subsequent follow-up analy-
sis of the psychological sta-
te improvement in the two
groups after the experimental
intervention was conducted,
with a perfect score of 10

representing a healthy psy-
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Note: CRP represents C-reactive protein, Visfatin represents adipokines.

Figure 5. CRP concentration and visfatin inflammation data of two groups of

subjects (A. CRP level; B. Visfatin level).

In Table 5, HDL-C protein was negatively corre-
lated with TNR-&, CRP, and Visfatin inflamma-
tory factors (r=-0.624, r=-0.231, r=-0.327), (all
P<0.05). Meanwhile, LDL-C indicators exceed-
ed statistical tests of inflammatory factors
(P<0.05), demonstrating a significant positive
correlation (r=0.235, r=0.148, r=0.481).

Taking research indicators as dependent vari-
ables and inflammatory factors as independent
variables, a multiple regression analysis was
conducted, with age and gender being correct-
ed during the regression process. The regres-
sion results in Table 6 showed that the BMI
concentration was associated with inflamma-
tory factors, (all P<0.05). Furthermore, lipid
metabolism indicators also differed from the
inflammatory factor TNF-a (P<0.05).

Subject satisfaction evaluation and follow-up
effects

The satisfaction statistics of the two groups
after the intervention are presented in Figure 7.
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Control group

grOTlp

After intervention

Experimental chological state, as shown in
Table 7. Before the experi-
mental intervention, partici-
pants in both groups exhibit-
ed varying degrees of nega-
tive emotions such as infe-
riority, depression, and self-
denial. After the experiment,
the negative emotions of the intermittent train-
ing group were improved, with a reduction in
scores of 3 or more. The emotional state of the
control group was slightly but not significantly
improved (P>0.05).

Discussion

Obesity is an important health issue faced by
people today. Related data shows that the glob-
al obesity rate has significantly increased, with
more than 20% of adolescents now affected.
There are many reasons for this, including gen-
etic, environmental, and psychological factors,
and its pathogenesis is complex and varies
from person to person [20]. Nyangasa believes
that genetic abnormalities lead to leptin defi-
ciency in the body, which can lead to changes in
personal diet and physical condition. In severe
cases, it can also lead to obesity [21]. Other
studies have shown that disturbances in ener-
gy metabolism can easily cause the body to be
unable to return to normal weight. Overweight

Am J Transl Res 2024;16(11):6889-6902



High-intensity interval training for overweight children

A 5. B 5
o 4] o
8 8
2] (2]
g 3r g 3r
[e)] [e)]
[} [}
Q a
O 27 O 27
= =
1+ * . . ! 1 . . . !
1 2 3 4 5 1 2 3 4 5
TNF-a-Degree score CRP-Degree score
C 5, D 5
R=0.253
P<0.05
o 4f o
o o
8 g
83 2
(o] (o))
(3] (]
Q Q
O 2] ®
= =
14 . . - ! 14 - - : !
1 2 3 4 5 1 2 3 4 5

CRP-Degree score CRP-Degree score

Note: TG represents triglycerides, TC represents total cholesterol.
Figure 6. Correlation analysis of TC, TG, and TNF-a and CRP (A. TC and TNF-a

indicators; B. TC and CRP indicators; C. TG and TNF-«a indicators; D. TG and
CRP indicators).

Table 5. Correlation between lipoprotein and inflammatory factors

TNR-a CRP Visfatin
Index
r P r P r P
HDL-C -0.624 <0.01 -0.231 <0.05 -0.327 <0.05
LDL-C 0.235 <0.05 0.148 >0.05 0.481 <0.05

Note: TNR-a represents Tumor Necrosis Factor-a, CRP represents C-reactive pro-
tein, and Visfatin represents adipokines.

Table 6. Multiple regression results

TNR-« CRP Visfatin
Index
F P F P F P

BMI 1.065 0.318 5.745 0.028 2,561 0.412
TC 1.274 0.032 28.410 0.026 2.231 0.831
TG 1.451 0.028 32.162 0.033 15.791 0.672
HDL-C 4109 0.001 11.293 0.016 0.862 0.013
LDL-C 2.166 0.039 1.956 0.847 42174 0.023

often tends to develop into obesity, becoming
the cause of cardiovascular disease, cancer,
and related musculoskeletal disorders [22].
When a child’s weight far exceeds the standard
value, it affects growth and development, daily
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life, and even their psychologi-
cal state. Overweight children
are also more likely to become
obese in adulthood. Exercise
is a common weight control
method, which differs from
simple dietary restrictions, as
it achieves fat burning and
physical fitness. Many studies
have shown that HIT can
achieve rapid fat burning in
the shortest possible time. A
study on lipid metabolism and
inflammatory factors in over-
weight children provides feasi-
ble suggestions and measures
for better management of chil-
dren’s health.

The research results indicated
significant differences in the
height and BMI of the control
group subjects during the in-
tervention at the sixth week
and before the intervention
(P<0.05). The numerical rates
in the later stages of the ex-
periment reached 1.22% and
2.67%, respectively, with so-
me rebound. In contrast, the
overall average BMI value of
the experimental group decre-
ased, with maximum and av-
erage decreasing rates of
0.38% and 2.76%, respective-
ly. The BMI data change rates
for boys and girls were 0.43%
and 0.85%, respectively. This
may have been because high-
intensity training accelerated
oxygen consumption, leading
to an increase in adrenaline
secretion to stimulate fat
burning. This result was simi-
lar to the research conducted
by Llorente-Cantarero [23].
Body fat percentage reflects
the composition of body fat. A
high body fat percentage can

increase the risk of chronic diseases, while a
low body fat percentage can lead to malnutri-
tion and osteoporosis. In the experimental
results, the average body fat percentage of
both boys and girls in the experimental group

Am J Transl Res 2024;16(11):6889-6902
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0.05) in the TG and TC values
in both groups after the inter-
vention. This result is similar
to the research conducted by
Zhao et al. [24]. Both health
education and intermittent
exercise training improved
the HDL and LDL levels com-
pared to before the interven-
tion (P<0.05). The changes in
higdensity and low-density

Unsatisfactory Ge?efral(ljy Satisfactory Very satisfied lipids of the experimental

SaUSIEd " Grade group subjects were signifi-

B 157 cantly greater, with average
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£e mC NN ly. When the LDL is too high,
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E3 LT causes insulin resistance.
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Figure 7. Evaluation results of subject satisfaction after intervention (A. Sat-
isfaction evaluation results; B. Improvement rate of overweight weight in two

groups of subjects (%)).

decreased. Differences existed between gr-
oups and within groups before and after the
intervention (P<0.05), which was similar to the
research conducted by Zhao et al. [24]. Studi-
es have shown that exercise training can lower
the TC and TG in the serum. Cholesterol is a
lipid that is important in constructing cell mem-
branes and for synthesis of hormones. Both
high and low cholesterol levels are detrimental
to the normal functioning of the body [24].
Results showed that the TG values of the con-
trol group subjects increased after the inter-
vention, with the average value changing from
3.85 mmol/L to 4.56 mmol/L, an overall
change rate exceeding 10%. The TG average
value of the experimental group decreased
slightly, from 1.98 mmol/L to 1.21 mmol/L,
with a decrease rate of 5.23%. Differences
existed between both groups after the experi-
mental intervention (P<0.05). The average TC
values after the intervention for both groups
were 1.21 mmol/L and 0.81 mmol/L, respec-
tively, corresponding to change rates of
+20.37% and -21.49%. With an increase in
intervention time, differences emerged (P<
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or activity through signaling
pathways. Even in the ab-
sence of exogenous lipid in-
take, it can reduce LPL [26,
27]. The research results
showed that the TNF-a levels
in the experimental group subjects after inter-
vention had significant statistical differences
compared to before intervention (P<0.01), with
the average value decreasing from 83.24 ng/L
to 64.37 ng/L, and there were significant differ-
ences between the two groups after the inter-
vention (P<0.05). Before the experiment, no
significant differences existed in the CRP con-
centration or Visfatin inflammatory index data
between the two groups (P>0.05). Thisresult is
similar to the research content of Habibian et
al. [28].

HIIT is an endurance aerobic exercise that can
achieve weight loss and visceral fat accumula-
tion by increasing insulin sensitivity and glu-
cose transporter levels in tissues and organs.
Moderate intensity regular exercise can en-
hance the body’s anti-inflammatory state. In
the long run, it can prevent the development of
chronic diseases. Intense physical exercise can
regulate immune responses, immediately redis-
tribute immune cells to surrounding tissues,
and improve immune surveillance and immune
regulation status [29]. HIIT can reduce IL-6,
IL-1¢, and tumor necrosis factor stimulated by

Am J Transl Res 2024;16(11):6889-6902
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Table 7. Improvement in psychological status of both groups of subjects

Indicator

Inferiority - Anxiety and Self negation Social fear

Before intervention
After intervention
Person x?

P value

Experimental group

Control group After 7 weeks of intervention

After 14 weeks of intervention

Person x?
P value

complex  depression
6.23+2.11 7.01+1.22 6.47+0.39 5.06%£1.33
2.37+0.31 2.06+1.04 3.06+0.08 1.22+0.27
2.643 0.376 0.128 3.264
<0.05 <0.05 <0.05 <0.05
5.16+3.10 6.11+1.07 7.09+1.33 5.22+0.26
4.29+1.06 5.07+2.22 5.89+1.32 5.16+0.27
0.369 0.184 0.365 0.823
>0.05 >0.05 >0.05 >0.05

Toll-like Receptor (TLR) ligands, and increase
the number of circulating dendritic cells. The
animal experiment conducted by Wang et al.
showed that HIIT improved liver inflammation
and lipid metabolism disorder in type 2 diabe-
tes mice after 8 weeks [30]. Short term HIIT
significantly increases energy expenditure. Du-
ring the recovery period after exercise, the body
releases a large amount of fatty acids from
adipose tissue and restores energy balance
through oxidative metabolism, which helps to
increase lipid oxidation. During exercise, the
body’s fat breakdown accelerates, thereby in-
creasing the utilization of free fatty acids and
cholesterol, and improving lipid metabolism
disorders [31]. Overweight often leads to obe-
sity, which may affect the function of immune
cells, such as the ability to regulate T cells,
leading to a decrease in the immune system’s
ability to respond to pathogens. Obesity is usu-
ally accompanied by macrophage infiltration
and inflammatory phenotype changes in adi-
pose tissue. HIIT can improve fat metabolism to
a certain extent and reduce the activation level
of inflammatory cells. Khalafi et al. found that
HIIT improved the circulating pro-inflammatory
cytokine TNF-«, which could be used to control
low-grade inflammation in patients with meta-
bolic disorders [32]. HIIT may reduce oxidative
stress levels by increasing the activity of anti-
oxidant enzymes. Sun et al. found that HIT
increased pregnenolone, cortisol, and corticos-
terone in adipose tissue and serum, which
had better anti-inflammatory activity regulation
than moderate intensity continuous training
[33]. Paahoo et al. found that HIIT had a more
positive impact on atherosclerosis and inflam-
matory factors and lipid mass spectrum vari-
ables in overweight/obese children than aero-
bic exercise [34]. After the experimental in-
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tervention, the average CRP value for the con-
trol group subjects changed from 2.21 mg/L to
2.53 mg/L, with no significant difference in the
experimental group (P>0.05). The CRP value of
the experimental group subjects decreased
significantly, with the post-intervention data
mostly below 2 mg/L, showing differences
compared to both within and between the
groups (P<0.05). The Visfatin data also indicat-
ed that intermittent training effectively reduc-
ed the subjects’ inflammatory factors, with
significant differences (P<0.05), which was
similar to the study conducted by Liberali et al.
[35]. The correlation results showed that the
TC after six weeks of intervention was positi-
vely correlated with TNF-a« and CRP (r=0.318,
r=0.257, and P<0.05). The TG values also
showed a positive correlation with the inflam-
matory factors (r=0.253, r=0.216, and P<
0.05). The HDL-C protein was negatively corre-
lated with TNR-a, CRP, and Visfatin inflamma-
tory factors (r=-0.624, r=-0.231, r=-0.327, and
P<0.05). After the experiment, the overall satis-
faction rate of the experimental group was
96.67%. There was a significant difference in
the improvement rate between the experimen-
tal group (12.34%) and the control group
(2.73%) (P<0.05). Intermittent training greatly
alleviated the negative emotions of the sub-
jects (P<0.05). This is similar to the research
conducted by Babaei and Hoseini [36].

In summary, high-intensity interval exercise
training can effectively improve the body shape
of overweight children, increase lipid metabo-
lism levels, regulate inflammatory factors, en-
hance children’s physical fithess, and reduce
negative emotions such as inferiority and de-
pression.
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