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Abstract: - Objective: The objective of this study is to evaluate the effects of 12 weeks high-intensity interval training(HIIT) on the
cardiopulmonary fitness (CPF)and blood pressure (BP)of obese adolescent girls in China. Methodology: This was a single-center,
randomized, repeated-measures controlled trial (RCT), 44 girls were randomized into 1 interventional groups (HIIT group) or 1 control
group (no training). In the HIIT group, set 100% MAS as the load intensity, and 50% MAS as interval intensity. A 15-second running
(intensity of 100% MAS), followed by a 15-second walking (intensity of 50% MAS), which was regarded as 1 bout, each set includes 8
bouts, 4 sets each time, 3 minutes’ rest between sets, 25 minutes of interval training time, plus warm-up and cooling time, the total training
time was 35 minutes. Intervention period is 12 weeks; the frequency was three times a week. In the dependent variable of this study, there
were 5 indicators, including body weight(BW), maximum oxygen uptake (VO2max), resting heart rate (HRrest), systolic blood pressure
(SBP), and diastolic blood pressure (DBP). All dependent variables were measured at baseline, 6th weeks and 12th week. To examine the
effect of the intervention on the outcomes of interest, Generalized Estimating Equation (GEE) was used. Results: 39 girls completed the
12-week intervention. 19 in the HIIT group and 20 in the control group. Results of GEE showed BW, HRrest, SBP and DBP in the HIIT
group decreased and VO2max increased statistically over time. Conclusion: 12 weeks HIIT can improve cardiopulmonary fitness and blood

pressure of obese adolescent girls in China.
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1 Introduction

The 2015 Global Burden of Disease Study showed that China has the largest number of obese children (Mathers,
2016). The Institute of Child Health at Peking University analyzed data from seven national student physical
health surveys and showed that the obesity detection rate among Chinese students aged 7 to 18 has increased from
0.1% in 1985 t0 9.6% in 2019, an increase of 75.6 times. Further polynomial regression models show that by 2030,
the obesity prevalence may rise to 15.1% (Dong et al., 2023). The significant occurrence of obesity is an essential
component that contributes to the suboptimal cardiovascular health status of school-aged children and adolescents
in China (Wang et al., 2022). Currently, only 1.7% of children and adolescents aged seven to 17 meet the ideal
cardiovascular health indexes (seven items). The number of girls (1.6%) is lower than that of boys (1.9%) (Zhu et
al., 2022). Moreover, the crude prevalence of hypertension in primary and secondary school students in China is

9.74% (Yang et al., 2022), which is much higher than the global prevalence of childhood hypertension (4.0%)
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(Song et al., 2019; Zhu et al., 2022). Notably, compared to children who are fit or thin (5.0%), the prevalence of
hypertension in obese children (34.1%) was 7:1 (Yang et al., 2022). All of these remind us that it is urgent to

improve the cardiovascular health (CVH) of obese children in China.

To avoid the side effects of dieting and medication on the physical and mental health development of children and
adolescents, physical activity is considered the best strategy to help them control their weight and improve
cardiovascular health. Currently, the most popular protocol in the field of weight control is high-intensity interval
training (HIIT), which has jumped from a training tool for middle-distance runners more than 100 years ago
(Atakan et al., 2021) to the top of global fitness trend surveys for 2014 and 2018 (Thompson, 2023). Systematic
literature reviews and meta-analysis conclusions have confirmed that HIIT is effective in improving
cardiopulmonary fitness (CPF) and blood pressure (BP) in obese adults. However, it is uncertain whether this
conclusion is applicable to school-age children and adolescents. Although there are related studies on HIIT
intervention in obese children and adolescents, there is a lack of experimental studies on HIIT intervention only
in obese girls. Therefore, the general research objective of this study is to examine the effects of HIIT on
cardiopulmonary fitness and blood pressure in Chinese adolescent girls and explore a new exercise therapy for

improving cardiovascular health for them.
2 Methods
2.1 Study design

Using stratified sampling according to the severity of obesity, this single-center, randomised, repeated-measures
controlled trial (RCT) randomly assigned participants who satisfied the inclusion criteria to one of two groups:
the HIIT group, which was the intervention group, or the CONT group, which was the control group. Set the
interval intensity to 50% MAS and the HIIT load intensity to 100% MAS in the HIIT Group. Each set consists of
8 bouts, 4 sets each, with 3 minutes of rest in between. The total training time is 35 minutes, which includes warm-
up and cool-down periods in addition to the 25 minutes of interval training. A bout consists of 15 seconds of
running (at 100% MAS) and 15 seconds of walking (at 50% MAS). The outcome markers were measured at
baseline, the 6™ week, and the last week of the intervention. The intervention was conducted three times a week

for a total of 12 weeks.
2.2 Sample Size

The sample power was calculated in the software G*Power (Version 3.1 for Windows, Franz Faul, Germany),
using the ANOVA test of repeated measures, within-between interaction (Leite et al., 2022), which was attributed
power of 0.80, o of 0.05, ES of 0.22 (Batacan et al., 2017). An estimated sample size of 36 participants was seen.
To consider the loss of samples and expand the total sample size by 20% to 44 persons. There are 2 groups in this
study, 22 people in each group should be recruited to participate. Before enrollment, each participant and their
parents signed an informed consent form. This study included specific criteria to determine which people were

included and excluded.
Inclusion criteria:

(1) Female individuals who are currently enrolled in middle school or are eligible to enrol in middle school.
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(2) The individual's BMI indicates obesity based on age and gender criteria.

(3) Refraining from using medicine that could potentially have an adverse effect on the trial protocol, such

as heart problems, hypertension, and diabetes.
(4) There are no restrictions or limitations to engaging in physical exercise.

(5) The individual does not possess any distinctive athletic interests, such as swimming, football, basketball,

or skipping, and has not engaged in any consistent sports training for the past two years.
Exclusion criteria

(1) Individuals with severe chronic conditions such as cardiovascular, neurological, pulmonary, renal, and

motor system disorders.

(2) Individuals with a documented psychiatric disorder.

(3) The informed consent form was not signed by either the individual, the guardian, or both.
2.3 Measurement and Instrument
2.3.1 Dependent Variables

There were 5 indicators involved in this study: body weight (BW), maximum oxygen uptake (VO>max), resting
heart rate (HRrest), systolic blood pressure (SBP), and diastolic blood pressure (DBP). VO2max was measured
using the 20-metre Shuttle Run Test (20-mSRT) (Léger et al., 1988; Mahar et al., 2011; Lemos & Gallagher, 2017).
Resting heart rate (HRrest) is recorded for six minutes; the result is the average value of the last three minutes (Li
et al., 2019; Gonzales et al., 2023). Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were
measured three times with an interval of two minutes each time, and the average of the three measurements was

taken (Pickering et al., 2005; Wingfield et al., 2002).
2.3.2 Covariates

Habitual physical activity (HHA) and daily dietary intake (DDI) were the main potential covariates in this study.
Referring to the experience of other researchers, in this experiment, participants were required to try their best to
maintain HHA and DDI throughout the intervention period. Detailed, 3-day records (2 weekdays and 1 weekend
day) of weighed food and beverage intake are collected from each participant at baseline, 4™ week, 8" week and
12" week. Energy intake and diet composition(Casperson et al., 2015) were analyzed by an experienced dietitian
using a food diary (ESHA Food Processor SQL version 10.7). Participants were also required to complete the
Chinese version of Physical Activity Questionnaire for Older Children (PAQ-C)(J. J. Wang et al., 2016; Erdim et
al., 2019). A pedometer (Tanita PD-637, Tokyo, Japan) was also required to be worn one week out of every four

weeks. Experimenters collected PAQ-C scores and pedometer data at baseline, fourth, eighth and twelfth weeks.
2.4 Statistical Analysis

Data analysis statistically was done using SPSS27.0 (SPSS Inc., Chicago, IL, USA). Descriptive characteristics
were presented as M + SD. Categorical data was summarised as frequency and percentage. To compare baseline

groups, t-test was employed for continuous data and chi-square for categorical variables. Shapiro—Wilk assessed
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data distribution normality. To assess variance homogeneity, Levene's test was done. The generalised estimating
equation (GEE) was employed to assess intervention effects on outcomes. Test results were two-tailed, P < 0.05
was considered significant. Analysis of covariance (ANCOVA) was used to determine the impact of habitual

physical activity and nutritional intake on experimental results when the group x time interaction was significant.
3 Results

44 people completed all components of the baseline test, but only 39 girls ended up completing the 12-week
experiment, with a retention rate of 88.6%. 5 girls failed to complete the training program due to personal reasons,
including 3 in the HIIT group and 2 in the CONT group, their data were therefore excluded from all analyses other

than baseline.
3.1 Socio-Demographic Characteristics of Participants

The demographic characteristics of all participants before the intervention was shown in Table 1. The results of
the chi-square test show there were no baseline differences in socio-demographic characteristics of participants
between HIIT group and CONT group (p > 0.5). Therefore, these variables were considered as covariates for the

all analysis to remove their probable effect on research variables.

Table 1 Socio-Demographic Characteristics of Participants

Variables HIIT (N=22) MICT (N=22) ¥2 p
n % n %
Age (years) 0.778 0.678
12 5 22.7 7 31.8
13 9 40.9 6 27.3
14 8 36.4 9 40.9
Ethnicity 0.613 0.591
Han 20 90.9 22 100.0
Minority 2 9.1 0 0.0
Degree of obesity 0.613 0.591
Mild 8 36.4 7 318
Moderate 10 455 11 50.0
Severe 4 18.2 4 18.2

3.2 Comparison of Baseline Values of Dependent Variables

Table 2 presented the descriptive statistics of the three measurements of each dependent variable in the two groups,
and baseline comparison. The results of t-test showed that there was no significant difference between the three

groups in the selected variables at baseline (p > 0.05).

Table 2 Descriptive Statistics of Dependent Variables and Baseline Comparison (N = 59)

Variable Group Baseline 6" week 12t week t p

Weight (kg) HIT 56.5+6.0 55.5+6.0 53.845.7 0.188 0.829
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CONT

VOzmax (mL/kg/min) HIIT
CONT

HRrest (b.p.m) HIT
CONT

SBP (mmHg) HIT
CONT

DBP (mmHg) HIT
CONT

55.3+4.1

42.7£1.7

42.4+1.1
80+2
80+3
115+6
118+6
78+1
77+3

56.3+4.1

42.3+2.0

42.3£1.7
7642
79+3
112+5
119+5
T74£2
77£3

58.5+4.0

48.6+2.3

42.2+2.0
73+2
79+2
110+4
119+5
71£2
78+3

0.454

3.015

1.097

0.747

0.638

0.059

0.343

0.479

3.3 Analysis of Covariates

The results of GEE analysis of HHA and DDI showed (Table 3) that the time effect (p > 0.08), group effect (p >

0.4) and time*group interaction (p > 0.1) were not statistically significant, that is, both HHA and DDI did not

differ within and between groups in the HIIT and CONT groups. This suggested to us that participants were strictly

instructed to maintain their HHA and DDI during the intervention period. Hence, this outcome removed the

possibility that then act as covariates affecting the analysis of the results.

Table 3 Results of GEE Analysis of HHA and DDI (N = 59)

Time (df=3) Group (df=1) Group*Time (df=3)
Waldy? p Waldy? p Waldy? p
HHA PAC-C 2.379 0.497 1.392 0.499 7.550 0.273
Steps (n) 6.425 0.093 0.296 0.862 2.597 0.857
Calories (kcal) 4.099 0.251 0.615 0.735 25.427 0.060
DDA Protein (g) 11.894 0.080 1.026 0.599 3.880 0.693
Fat (g) 5.076 0.166 1.539 0.463 10.002 0.125
Carbohydrate (g) 1.281 0.515 0.212 0.899 2.010 0.919

3.4 Effects of HIIT on Dependent Variables

The results of the GEE analysis of the dependent variable are presented in Table 4. The main effect of time, the

main effect of group, and the interaction effect of time and group were all statistically significant (p < 0.05) for

all five dependent variables. The time effect significantly indicated that the mean value changed with the extension

of training time. The main effect of group was significant, indicating that there was a statistical difference between

the groups. A significant interaction means that two groups had a different pattern over time (Baseline, 6™ week

and 12" week) for the variable.

Table 4 Main Effect and Interaction Effect Results of GEE for Dependent Variables (N = 59)

Variables Time (df=2) Group (df=1) Time * Group (df=2)
Waldy? p Waldy? p Waldy? p

BW (kg) 744.170* 0.000  11.961* 0.018 744.173* 0.000

VO,max (mL/kg/min) 1423.853* 0.000  31.710* 0.000 1484.776*  0.000

2100



J. Electrical Systems 20-10s (2024):2096-2106

HRrest (b.p.m) 425.361* 0.000 15.677* 0.000 447.535* 0.000
SBP (mmHQ) 84.541* 0.000 12.832* 0.002 100.701* 0.000
DBP (mmHg) 667.372* 0.000 12.777* 0.002 766.239* 0.000

Table 5 showed the result of pairwise mean comparison of dependent variables at three-time points in the HIT
group, the mean scores of BW, VOzmax, HRrest, SBP and DBP were significantly different between baseline, 6%
week, and 12 week (p < 0.05). The values of BW, HRrest, SBP, and DBP decreased and VO,max increased
statistically over time under the HIIT intervention. Furthermore, the results of the effect size analysis showed that
there was a large effect size between the baseline and 12" week for VO,max (d = 2.42), HRrest (d = 2.76), and
DBP (d = 2.86). There was a moderate effect size for SBP (d = 0.74), but a small effect size for BW (d = 0.37).

Table 5 Pairwise Mean Comparison for Variables Within the HIIT Group (N=59)

Mean Difference (I-  Std. Effect size
Variable () Time (J) Time J) Error p (d)

BW (kg) Baseline 6™ week 1.5880* 0.11972  0.000
Baseline 12" week 2.6467* 0.19953  0.000 0.37(S)

6™ week 12" week 1.0587* 0.07981 0.000

VO,max (mL/kg/min) Baseline 6th week -3.5520* 0.10833  0.000
Baseline 12th week -5.9200* 0.18055  0.000 2.42(L)

6th week 12th week -2.3680* 0.07222  0.000

HRrest (b.p.m) Baseline 6th week 4.0800* 0.22054  0.000
Baseline 12th week 6.8000* 0.36757  0.000 2.76 (L)

6th week 12th week 2.7200* 0.14703  0.000

SBP (mmHg) Baseline 6th week 2.7600* 0.31394  0.000
Baseline 12th week 4.6000* 0.52324  0.000 0.74 (M)

6th week 12th week 1.8400* 0.20930  0.000

DBP (mmHg) Baseline 6th week 4.0800* 0.16199  0.000
Baseline 12th week 6.8000* 0.26998 0.000 2.86(L)

6th week 12th week 2.7200* 0.10799  0.000

*The mean difference is significant at 0.05 level. Adjustment for multiple comparisons: Bonferroni.
4 Discussion

The 12-week HIIT in this study significantly lowered obese girls' BW (MD = 2.6467kg, p = 0.000), similar with
other prior investigations of obese children and adolescents' HIIT interventions (Miguet et al., 2020; Costigan et
al., 2015; Delgado-Floody et al., 2019; Dupuit et al., 2020; Ghardashi Afousi et al., 2018a). The duration of the
interventions was at least 12 weeks, the frequency was more than twice a week, and the interval design used an
alternating pattern of high-intensity at around 95% of HRmax and moderate-intensity at about 50% of HRmax.

These are the three most important commonalities across these interventions.
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The HIIT protocol in this study raised participants' VO.max by 13.9% (p = 0.000), which is higher than the 4.2—
13.4% increase reported in prior meta-analyses (Cao et al., 2021; Maclnnis et al., 2017). The most significant
improvement in cardiorespiratory fitness was seen in people with cardiovascular disease (CVD) who did medium-
interval HIIT three times a week for more than 12 weeks (Yue et al., 2022). This was the conclusion of the first
study that looked into which type of HIIT was best for improving cardiorespiratory fitness in people with CVD,
and the HIIT used in the current study precisely aligns with this discovery. HIIT may improve VO2max by
increasing cardiac output, stroke volume, mitochondrial biogenesis, and muscle ability to take oxygen from the
blood and use it for energy (Vollaard et al., 2017). HIIT recruits a variety of muscle fibres and involves oxygen-
dependent and anaerobic energy systems (Torma et al., 2019). The combination of acrobic and anaerobic exercise
improves muscle fibre efficiency and ability, which is more advantageous to enhancing oxygen uptake (Islam &
Gillen, 2023; Ryan et al., 2020). So, HIIT has been utilised instead of endurance training to change VO,max
(Storino et al., 2012). The extent of VO.max improvement was linked to baseline and fatigue index index
(Astorino et al., 2012). Unfortunately, most similar research has failed to track participants' fatigue index, which

should be improved in future investigations.

HIIT in this study for 12 weeks significantly reduced the HRrest (MD = 6.8000b.p.m, p = 0.000) of obese girls,
which supports previous studies that found an improvement in HRrest in HIIT protocols (Bhatia & Kayser, 2019;
Grace et al., 2018) and two meta-analyses on HIIT intervention in cardiopulmonary function in coronary heart
disease patients (Du et al., 2021; Leal et al., 2020). HIIT may increase HRrest through: HIIT alternates high-
intensity activity with rest or low-intensity exercise. These workouts challenge and strengthen the cardiovascular
system, especially the heart (Myers et al., 2015; Schaun et al., 2018). Stronger hearts pump blood more efficiently,
lowering resting heart rate (Nystoriak & Bhatnagar, 2018). HIIT enhances stroke volume, enabling the heart to
sustain the same amount of blood pumped per minute with fewer contractions, leading to a reduced HRrest
(Atakan et al., 2021; Suryanegara et al., 2019). HIIT balances the sympathetic nervous system (fight-or-flight)
and the parasympathetic nervous system (rest) (Daniela et al., 2022), lowering HRrest (Charkoudian & Rabbitts,
2009; Gordan et al., 2015) . In addition, it also improves cardiac oxygen consumption (Ito, 2019; Leal et al., 2020).
The heart works less to sustain important functions during rest, resulting in a reduced resting heart rate (Gonzales

et al., 2023).

Nearly 30% of obese children have hypertension, and the number is rising (Bell et al., 2019). Childhood
hypertension causes a variety of cardiovascular problems and can persist until adulthood if untreated (Juhola et
al., 2012; Chen & Wang, 2008). As with other recent studies on HIIT interventions in obese teens, this study found
that after 12 weeks, SBP (MD = 4.6000mmHg, p = 0.000) and DBP (MD = 6.8000mmHg, p = 0.000) dropped
significantly in obese Chinese girls. This is in line with what other studies have found, regardless of the gender of
the study subjects (Kargarfard et al., 2016; Koubaa, 2013; Meng et al., 2022; Abassi et al., 2022; Vazir et al., 2018;
Murphy et al., 2015; Starkoff, 2014; Farah et al., 2014; Boer et al., 2014; Corte de Araujo et al., 2012). A drop in
blood pressure may be caused by HIIT in a number of complicated ways, including: A vasodilator called nitric
oxide may be made more by the body during HIIT. This helps relax blood vessels and improves blood flow, which
lowers BP (Jessica, 2021). HIIT may lower BP by reducing cardiac resistance (John et al., 2022). HIIT may reduce
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sympathetic nervous system activity. Intense exercise can help modulate the autonomic nervous system,

particularly by decreasing sympathetic (fight or flight) activity associated with elevated blood pressure. BP may

go down because the body can better control the activity of its sympathetic and parasympathetic nervous systems

(Ramirez-Vélez et al., 2020). HIIT also lowers blood pressure by making insulin work better, lowering

inflammation, and raising heart output and stroke volume (Bo et al., 2023).

5 Conclusion

12-week HIIT can improve cardiopulmonary fitness and blood pressure of obese adolescent girls. HIIT is an

effective exercise intervention to enhance cardiovascular health for obese adolescent girls in China.
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