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Abstract: Resistance training is beneficial to adults for improving muscle strength and reducing the body
composition. Nevertheless, little is known regarding online resistance training on anthropometric parameters
and muscular strength (MS) in overweight female adolescents. This study aimed to investigate the effects of
online resistance training on anthropometric parameters and muscular strength (MS) in overweight female
adolescents. This prospective, single-center, single-blinded, randomized controlled study included 60
overweight female adolescents. The participants were allocated into two distinct groups: a control group
consisting of 30 individuals and an intervention group also consisting of 30 individuals. The intervention group
performed online resistance training, which focused on body weight training of 12 components & sets, 12
repetitions) for 45 min, three times per week, for 12 weeks. The intensity of training was 65-75%. Anthropometric
variables, such as body weight (BW), body mass index (BMI), body circumference measurements (BCM), and
muscle strength (MS), were assessed. At weeks 0, 8, and 12, all parameters were measured. Comparisons were
conducted both within and between groups. The results revealed improvements in MS, BW, BMI, and BCM in
the intervention group. However, chest circumference was not significant. These findings suggest that online
resistance training was effective in improving MS and reducing the body composition and circumference.

Keywords: anthropometric parameters; female adolescent; online resistance training; muscle strength;
overweight

1. Introduction

The World Health Organization (WHO) reported that there is a large number of overweight
people, accounting for 1,900 million people (11. More importantly, this overweight crisis could lead to
obesity because there are over 650 million people who are obese. Approximately 40% of adults and
20% of children are now overweight or obese 21 WHO also identified the negative effects of
overweight people, including heart disease, respiratory disease, diabetes, and high blood pressure
(1. Those diseases are the leading cause of death in the world's population. The reason why the
world's population is becoming overweight is because people consume too much without exercising.
This could imply that the body needs less energy, but the amount of food consumed remains the
same. This also leads to an overweight issue.

The prevalence of overweight is increasing globally, impacting individuals across all regions.
Notably, this phenomenon has a disproportionately negative impact on women and adolescent girls.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Regrettably, no nation has effectively managed to halt or reverse this prevailing trend (31.In Thailand,
the Ministry of Public Health reported that 17.4 million people are overweight. A higher percentage
of overweight women 41.80%) than overweight men (3292%) was shown in the report. This gives
children, particularly women and females, greater autonomy over their food preferences. They are
more likely to consume low-quality, energy-dense, or highly processed foods with appealing flavors
or appearances, such as fast food, soft drinks, sugary beverages, and packaged munchies [4). These
foods negatively impact their health and eventually cause them to become overweight. More
importantly, overweight and obesity not only affect a person's health and chance of dying, but they
also add to the cost of health care and society as a whole (5,61. In Thailand, the impact of being
overweight on economic loss is over 12,000 million Thai baht, equivalent to 2.2% of all health
expenditures in Thailand (7). One of the best ways to light up the issue of being overweight or obese
is exercising or doing active physical activities.

Girls and women are physically inactive due to their hectic lifestyles and limited access to
exercise spaces [4]. Those who are overweight or obese appear to have low physical activity and fitness
levels. The structured exercise training programs would be beneficial to them. Oppert, et al. (8]
indicated that detailed physical activity recommendations and the implementation of structured
exercise training programs are recognized as integral components of the management of overweight
and obesity, behavioral support, and medication. As a result, increasing physical activity and fitness
levels in people who are overweight or obese often has a significant positive effect on a variety of
important clinical outcomes, including favorable changes in body composition, improved physical
fitness, eating behavior, and health-related quality of life.

As mentioned about the advantages of physical activities, one of the factors is anthropometry. It
entails the systematic measurement of the physical characteristics of the human body, especially the
dimensions of body size and shape. The body mass index (BMI), waist-to-hip ratio, skin-fold test, and
bioelectrical impedance analysis are commonly used to accomplish such measurements. It is
important to be aware of the effects of changes in body size, structure, and composition and to be
able to measure them [91. Because health and body composition are related. Several research studies
indicated the benefits of various physical activities and exercises, such as exercise training (10,
aerobic training (115, and resistance training (12). The focus of this study was resistance training.

This study focused on resistance training (RT), also known as strength training. RT involves the
voluntary contraction of specific skeletal muscles against external resistance provided by body
weight, free weights (such as barbells and dumbbells), or various exercise modalities (such as
machines, springs, elastic bands, and traditional resistance) and is particularly beneficial for adults
113-151. Strength training is carried out by sustaining or repeating muscular actions to increase muscle
strength (MS) and muscle mass [16]. As an intervention, RT has profound impacts and reduces risk
factors for cardiovascular disease, diabetes, and cancer [171. The efficacy of RT as a treatment has been
shown by earlier investigations. Strength exercise has been demonstrated to enhance body
composition d.e, a lower level of inflammation of the markers, higher levels of muscle mass) through
increasing MS [18-20. The American College of Sports Medicine recommends strength training as an
auxiliary strategy for weight loss, with the aim of improving functional capacity via an increase in
strength, muscle power, and daily energy expenditure (21). Thus, RT inevitably became important
and necessary for survival during the overweight crisis.

Traditionally, RT is usually conducted at gyms and fitness centers in order to increase MS and
reduce anthropometry. Besides, the RT programs were identified as having benefits for adults [13-15].
However, online RT programs designed for young female adolescents are still limited. In 2021 and
2022, the American College of Sports Medicine has identified online training as the leading and third
most popular phrase (15,161 Online platforms allow people to connect with information and other
people anywhere and anytime. Therefore, the present research aimed to investigate the effects of an
online RT program on young female adolescents on their MS, BMI, and anthropometry.


https://doi.org/10.20944/preprints202309.0864.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 September 2023 doi:10.20944/preprints202309.0864.v1

2. Materials and Methods

2.1. Study Design

This present study employed quantitative research design (22]. The data gathered in this research
were calculated to compare the effects of an online RT program on young female adolescents on their
MS, BMI, and anthropometry using pre-test, middle-test, and post-test.

2.2. Participants

This study included 60 female adolescents at a university in the south of Thailand (1) who were
between 18 and 22 years of age, 2 who had BMI between 23 and 26 kg/m? according to
recommendations for those in the World Health Organization Western Pacific Region 23], and 3)
who had physical ability to exercise. Students who had ever participated in any programs to increase
their physical fitness or lose weight, who had musculoskeletal injuries or congenital conditions that
rendered exercising dangerous, and who were athletes were excluded.

The sample size for the randomized controlled experiment with continuous outcomes was
calculated using the n4Studies program 24). The difference in body mass was 3.30 + 440 (mean *
standard deviation (25)) in the treatment group and 0.70 + 0.10 in the control group, with a precision
of 0.05, confidence level of 95%, and power of 80% (with B« of type II error) 261. Consequently, the
minimum sample size required to identify a difference between the two means was 23. The
researchers divided the 60 selected and invited individuals into the online RT intervention group and
control group by simple random and purposive sampling 22]. The study required 30 participants in
each group RT intervention and control groups), assuming a dropout rate of 30%.

In this present study, 30 students participated in the intervention group using the online RT
program. On the contrary, another 30 students in the control group did not have control on them such
as diet, rest, living conditions etc.

2.2. Intervention and Assessment

Anthropometric parameters (BW, BMI, and BCM) and MS sit-ups and push-ups) were tested
before, during, and after the online RT intervention in this prospective study, which involved a
control group as well. This study was conducted between January and December 2021, with an
intervention period of 12 weeks (between August and October 2021). In the experimental investigation,
the online resistance training was conducted online for 45 min. In contrast, the control group adhered
to their regular routine.

The research was carried out in compliance with the 1975 Declaration of Helsinki, with the
amended version from 2013. The study received approval from the Ethics Committee on Human
Research at Walailak University, located in Nakhon Si Thammarat, Thailand. The approval number
assigned to the study was WUCE-21-076-01, and it was granted on May 14, 2021. Prior to the
commencement of the trial, signed informed consent was collected from all participants.

The online resistance training focused on performing core body and body weight training of 12
components, which included exercises such as lunges, squats, sit-ups, V-sits, elbow planks, triceps
dips, bridges, leg raises, push-ups, superman, bicycle crunches, and jumping jacks &4 sets, 12
repetitions), during a continuous training period with a 20-30-sec break. The training lasted for 45 min,
including 10-15 min of warm-up and cooldown. Exercises were performed for 12 weeks at an intensity
of 65-75% of the maximum heart rate. The online RT program was validated by the five experts in
sports science and physical education. In addition, the researcher conducted a pilot study with 10
female adolescents who have the same characteristics with the participants. The results from the pilot

study were applied to adjust the online RT program according to the comments from the experts and
the findings from the pilot study.
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Table 1. Online RT interventional components (three times/week for 12 weeks).

Components Duration Sets Repetitions Rest
Step 1. warm-up 10 min

Step 2:RT intervention 25 min

21  Lunges 4 12 30 sec
22 Squats 4 12 30 sec
23  Legraises 4 12 30 sec
24  Bridges 4 12 30 sec
25  Situps 4 12 30 sec
26  Vsits 4 12 30 sec
27  Elbow planks 4 12 30 sec
28  Tricepsdips 4 12 30 sec
29  Push-ups 4 12 30 sec
210 Superman 4 12 30 sec
211 Bicycle crunches 4 12 30 sec
212  Jumping jacks 4 12 30 sec

Step 3: Cooldown 10 min

Anthropometric parameters, including BW, BMI, BCM (e.g., chest circumference, waist
circumference, hip circumference, thigh circumference), and MS (e.g., 30-sec sit-ups, 30-sec push-
ups), were measured at weeks 0, 8, and 12.

Height was measured to the closest 0.1 cm in centimeters (cm), without socks or shoes. Weight
in kilograms (kg) was measured using a digital electronic weighing scale. BMI was determined by
multiplying the weight in kilograms by the square of height in meters. Body circumference was
measured to the nearest 0.1 cm in centimeters (cm) using a non-elastic measuring tape. The lowest
rib and iliac crest were used as landmarks to measure the waist circumference, whereas the center of
the nipple was used to measure the chest circumference. The largest circumference below the waist
and anterior superior iliac spine was utilized to calculate the hip circumference. Thigh circumference
was measured on the right side of the mid-thigh.

Regarding sit-ups, the participants were instructed to lay on their back with flexed knees and
with their feet flat on the floor. Their arms were crossed across their chest, and their hands were
placed on either side of their shoulders. Their feet were tightly held to a mat by a partner. The
participants were instructed to curl into a sitting position with their arms resting across their chests
while using the cues “Prepare” and “Start.” One sit-up was considered complete when the elbows of
the participants made contact with their thighs, and sit-ups were repeated for 60 sec.

As for push-ups, the participants lay face down with their arms straight and their palms placed
slightly wider than the shoulder width. The legs were maintained equidistant from the floor, and both
elbows were bent down to the floor. Once their elbows were 90° away from the spine, the participants
paused to complete one repetition. Push-ups were repeated for 60 sec, with the body pushed back up
to the starting position.

2.3. Statistical Analysis

Using IBM SPSS Statistics for Windows (version 23.0; SPSS Inc., Chicago, IL, USA), all data
analyses were carried out. Both descriptive and inferential statistics were used to analyze the data.
The median and interquartile range (quartile 1, quartile 3) were used to describe continuous variables
such as weight, height, BMI, chest circumference, waist circumference, hip circumference, thigh
circumference, sit-ups, and push-ups. The Shapiro-Wilk test was used to determine whether the data
were normal. The medians between the groups were compared using the Mann-Whitney U test. The
Friedman's test was used to examine changes in the means for each group from the baseline to the
eighth and twelfth weeks. Additionally, the Wilcoxon test was used for pairwise comparisons to
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determine whether there were any notable differences between the baseline and the 8th and 12th
weeks as well as between the 8th and 12th weeks within the group. Statistical significance was set at
p <0.05.

Assessed for eligibility (N =60)

Excluded

Students who had
- ever participated in any programs to increase

— their physical fitness or lose weight,

- had musculoskeletal injuries or congenital
conditions that rendered exercising
dangerous, and

- were athletes were excluded.

I Simple Random Sampling (N = 60) |
[

v .

Online RT intervention group (N = 30) Control group (N =30)

v :

Pre-test (Week 0)
weight, height, BMI, chest circumference (cm), waist circumference (cm),
thigh circumference (cm), sit-ups (times/min), and push-up time (times/min)

v .

Online RT of 12 components from week 1-8 Regular sedentary lifestyle from week 1-8

. v

Mid-test (Week 8)
weight, height, BMI, chest circumference (cm), waist circumference (cm),
thigh circumference (cm), sit-ups (times/min), and push-up time (times/min)

. .

Online RT of 12 components from week 9-12 Regular sedentary lifestyle from week 9-12

v .

Post-test (Week 12)
weight, height, BMI, chest circumference (cm), waist circumference (cm),
thigh circumference (cm), sit-ups (times/min), and push-up time (times/min)

v '

Online RT intervention group (N = 30) Control group (N =30)
Unable to complete study (N = 0) Unable to complete study (N = 0)

v v

Data analysis

Figure 1. Schematic representation of the experimental procedure.
3. Results

3.1. Demographic Characteristics of the Study Participants

As presented Table 2, no statistically significant differences in mean weight, height, BMI, chest
circumference (cm), waist circumference (cm), thigh circumference (cmy, and sit-ups (timesmin) were
observed at baseline between the control and the online RT intervention groups. At baseline, the mean
push-up time (timesmin) of the online RT intervention group was considerably greater than that of
the control group (Table 2).
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Table 2. Demographic characteristics of the participants at baseline.

Groups
Characteristics RT intervention Control p-value+
n=30) n=30)
Weight kg) 56.5 (55,65 56 (54,60) 0.199
Height (cm) 158 (155,161) 156 (153,161) 0207
BMI kgm?) 2288 (2243,23.88) 2288 (226,23.15) 0813
Chest circumference (cm) 34 (33,36) 34 34,36) 0.690
Waist circumference (cm) 29 27,32) 30 28,32 0568
Hip circumference (cm) 36.25 34,39 36 (34,38) 0.703
Thigh circumference (cm) 20 (19,21.5) 21 (195,22) 0248
Sit-up (times/min) 17 15,21 165 (13,20 0.150
Push-up (timesmin) 11 §,13) 8 7,10) 0.007

Data are presented as median (quartile 1, quartile 3). p < 0.05, significantly different when compared with the
control group.

3.2. Effects on BW

In both the online RT intervention and control groups, BW revealed a statistically significant
variation across time points ¢ < 0.001). BW showed a significant difference in the online RT

intervention group, with a greater decrease at weeks 8 and 12 (p=0.001 for both; compared to baseline
values)and at week 12 (p <0.001; compared to the value at week 8).In the control group, BW exhibited
a significant difference, with a greater increase at week 12 (p = 0.005; compared to the baseline value)
as illustrated in Table 3.

Table 3. Body weight of the RT intervention and control groups.

Groups
Characteristics RT intervention Control p-value+
m=30 m=30)
Week 0 56.5 (65,65 56 (54,60) 0.199
Week 8 55 (53,63)' 56 (55,60) 0.795
Week 12 545 52,61)" 57 (55,61)" 0.061
p-values <0.001 0.002

Data are presented as median (quartile 1, quartile 3). Statistical analysis: Mann-Whitney U test, “Friedman’s test.
'Significant difference between weeks 0 and 8 within the group (p < 0.05). "Significant difference between weeks
0 and 12 within the group (p <0.05). ""Significant difference between weeks 8 and 12 within the group < 0.05).

3.3. Effects on BMI

BMI indicated a statistically significant difference between time points in both the online RT
intervention group p < 0.001)and control group (p = 0.002). The BMI was significantly more decreased

in the online RT intervention group at weeks 8 and 12 (p = 0.001 for both; compared to the values at
baseline)and at week 12 (p <0.001; compared to the value at week 8).In the control group, BMI showed
a significant difference, with a greater increase at week 12 (p = 0.005; compared to the baseline value).
Atweeks 8 p=0.015)and 12 (p <0.001), inter-group analysis revealed statistically significant differences
between the online RT intervention and control groups. At weeks 8 and 12, the mean BMI of the online

RT intervention group was lower than that of the control group (Table 4).
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Table 4. BMI of the online RT intervention and control groups.

Groups
Characteristics RT intervention Control p-value+
m=30) =30
Week 0 22.88 (22.43,23.88) 22.88 22.6,23.15) 0813
Week 8 224 (21.63,23.59) 2324 2272,2344) 0.015
Week 12 2164 2122,22.76)"™ 2347 22.89,23.81)" <0.001
p-values <0.001 0.002

Data are presented as median (quartile 1, quartile 3). Statistical analysis: Mann-Whitney U test, “Friedman’s test.
'Significant difference between weeks 0 and 8 within the group (p < 0.05). "Significant difference between weeks
0 and 12 within the group ( <0.05). ""Significant difference between weeks 8 and 12 within the group < 0.05).

3.4. Effects on Chest Circumference

No significant difference in chest circumference was detected between time points in the online
RT intervention and control groups (Table 5.

Table 5. Chest circumference of the online RT intervention and control groups.

Groups
Characteristics RT intervention Control p-value*
m=30) =30
Week 0 34 (33,36 34 (34,36) 0.690
Week 8 34 (33,36 34 (34,36) 0.654
Week 12 34 (33,36 34 (34,36) 0.600
p-valuex 0.358 1.000

Data are presented as median (quartile 1, quartile 3). Statistical analysis: Mann-Whitney U test, “Friedman’s test.
"Significant difference between weeks 0 and 8 within the group (p < 0.05). "Significant difference between weeks
0 and 12 within the group @ <0.05). ""Significant difference between weeks 8 and 12 within the group @ < 0.05).

3.5. Effects on Waist Circumference

Waist circumference indicated a statistically significant variation across time points in the online
RT intervention group ( < 0.001) and control group @ < 0.001). Waist circumference was significantly
more decreased in the online RT intervention group at weeks 8 and 12 ¢ - 0.002 and p < 0.001,
respectively; compared to baseline values) and at week 12 (p -0.005; compared to the baseline value).
Conversely, waist circumference was significantly more increased in the control group at week 12
-0.017; compared to baseline values). At week 8 p =0.006) and week 12 (p < 0.001), inter-group analysis
revealed statistically significant differences between the online RT intervention and control groups.

At weeks 8 and 12, the mean waist circumference in the online RT intervention group was smaller
than that in the control group (Table 6).

Table 6. Waist circumference of the online RT intervention and control groups.

Groups
Characteristics RT intervention Control p-value+
m=30) mn=30)
Week 0 29 27,32) 30 (28,32 0568
Week 8 28 (26,30 305 (28,32 0.006
Week 12 26.5 (25,28 305 (28,33)" <0.001

p-valuex <0.001 <0.001
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Data are presented as median (quartile 1, quartile 3). Statistical analysis: Mann-Whitney U test, “Friedman’s test.
"Significant difference between weeks 0 and 8 within the group (p < 0.05). "Significant difference between weeks
0 and 12 within the group  <0.05). "'Significant difference between weeks 8 and 12 within the group @ < 0.05).

3.6. Effects on Hip Circumference

In the online RT intervention group, there was a statistically significant difference in hip
circumference between time points (p < 0.001). Hip circumference showed a significant difference in

the online RT intervention group, with a greater decrease at week 12 (p < 0.001; compared to the
baseline value) and at week 12 (p = 0.002; compared to the value at week 8).In the control group, hip
circumference did not change from baseline. At week 12, inter-group comparisons revealed
statistically significant differences between the RT intervention and control groups p =0.044). At week

12, the mean hip circumference in the online RT intervention group was lower than that in the control
group (Table 7).

Table 7. Hip circumference of the online RT intervention and control groups.

Groups
Characteristics RT intervention Control p-value-
m=30) mn =30
Week 0 36.25 (34,39 36 (34,38 0.703
Week 8 35.75 (33.5,38) 36 (34,38 0777
Week 12 345 (33,36)" " 36 (34,38 0044
p-valuex <0.001 0.368

Data are presented as median (quartile 1, quartile 3). Statistical analysis: *Mann-Whitney U test, **Friedmans test.
'Significant difference between weeks 0 and 8 within the group (p < 0.05). "Significant difference between weeks
0 and 12 within the group  <0.05). "'Significant difference between weeks 8 and 12 within the group ¢ < 0.05).

3.7. Effects on Thigh Circumference

The difference in thigh circumference between time points was statistically significant in the
online RT intervention group (p=0.001) and control group (p=0.013). The online RT intervention group

showed a significant difference in thigh circumference, with a greater decrease at week 12 p < 0.001;
compared to the baseline value)and at week 12 (p < 0.001; compared to the value at week 8).In contrast,
hip circumference in the control group did not change from baseline. When compared to the control
group, inter-group analysis revealed statistically significant differences in weight training at week 8
(p=0.035) and week 12 p < 0.001). At weeks 8 and 12, the mean thigh circumference in the online RT
intervention group was smaller than that in the control group (Table 8).

Table 8. Thigh circumference of the online RT intervention and control groups.

Groups
Characteristics RT intervention Control p-value+
m=30 m=30)
Week 0 20 (19,215 21 (195,22 0248
Week 8 20 (185,21 21 20,22 0.035
Week 12 18 (17,20)" 21 20,22 <0.001
p-value+ <0.001 0013

Data are presented as median (quartile 1, quartile 3). Statistical analysis: "Mann-Whitney U test, “Friedmans test.
'Significant difference between weeks 0 and 8 within the group (p < 0.05). "Significant difference between weeks
0 and 12 within the group (p <0.05). "Significant difference between weeks 8 and 12 within the group ¢ < 0.05).
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3.8. Effects on Sit-ups

In the online RT intervention group, sit-ups showed a statistically significant difference between
time points p = 0.001). Sit-ups indicated a significant difference in the online RT intervention group,
with a greater increase at weeks 8 and 12 (p <0.001 for both; compared to baseline values)and at week
12 (p=0.001; compared to the value at week 8). Sit-ups in the control group were constant from baseline.
At week 8 (p < 0.001) and week 12 p < 0.001), inter-group analysis revealed statistically significant
differences between the online RT intervention and control groups. At weeks 8 and 12, the online RT
intervention group performed more sit-ups than the control group (Table 9).

Table 9. Sit-ups in the online RT intervention and control groups.

Groups
Characteristics RT intervention Control p-value+
m=30) m=30)
Week 0 17 (15,21) 16.5 (13,20) 0.150
Week 8 235 (18,26) 16 (13,21) <0.001
Week 12 27 22,33)" ™ 155 14,21 <0.001
p-valuex <0.001 0314

Data are presented as median (quartile 1, quartile 3). Statistical analysis: Mann-Whitney U test, “Friedman’s test.
'Significant difference between weeks 0 and 8 within the group (p < 0.05). "Significant difference between weeks
0 and 12 within the group (p < 0.05). "Significant difference between weeks 8 and 12 within the group (< 0.05).

3.9. Effects on Push-ups

Push-ups exhibited a statistically significant difference between time points in the online RT
intervention group @ < 0.001) and control group (= 0.003). Push-ups indicated a significant difference
in the online RT intervention group, with a greater increase at weeks 8 and 12 p < 0.001 for both;
compared to baseline values)and at week 12 p <0.001; compared to the value at week 8). Push-ups in
the control group showed a significant difference, with a greater increase at week 8 @ = 0.035;
compared to the baseline value) and a decrease at week 12 (p = 0.020; compared to the value at week
8). At week 8 (p < 0.001) and week 12 p < 0.001), inter-group analysis revealed statistically significant
differences between the online RT intervention and control groups. At weeks 8 and 12, the mean

number of push-ups in the online RT intervention group was higher than that in the control group

(Table 10).
Table 10. Push-up of the online RT intervention and control groups.
Groups
Characteristics RT intervention Control p-value:
=30 =30
Week 0 11 8,13) 87,10 0.007
Week 8 155 12,18y 857,11y <0.001
Week 12 20 (18,23)" ™ 87,100 <0.001
p-valuex <0.001 0.003

Data are presented as median (quartile 1, quartile 3). Statistical analysis: Mann-Whitney U test, "Friedman's test.
'Significant difference between weeks 0 and 8 within the group (p < 0.05). "Significant difference between weeks
0 and 12 within the group ( <0.05). ""Significant difference between weeks 8 and 12 within the group @ < 0.05).
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4. Discussion

The primary purpose of this study was to investigate the effects of online RT on MS and
anthropometric parameters in overweight female students. The main finding from this study revealed
that the participants had the significant health improvement in BW, BMI, waist, hip, and thigh
circumference, sit-ups, and push-ups. On the contrary, there was no significant differences in chest
circumference because the chest muscles are the main muscles, and the online RT did not focus on
the pectoral muscles.

Since there was no significant different shown in chest circumference, this could be due to
variances in muscle fiber distribution throughout the body. That is, the majority of muscle fibers in
the upper body are fast-twitch, which is proportionally more than muscle fibers in the lower body.
While most lower body muscles have slow-twitch muscle fibers, adaptation to training may differ
depending on muscle fiber type (27,28). Additionally, the muscles of the upper body, with the
exception of the abdominal and lower back muscles, are continually strained by daily movement.
These two muscles may be the only ones that can respond to training when compared to the entire
upper body's muscles. Including those for chest muscles [29,301. In order to gain chest circumference,
specific exercises should be performed with intensity and volume of training as well as controlling
the nutritional status [31,32].

Such results from the present study suggested that the online RT program could decrease the
BW and BMI and that all parameters (excluding chest circumference) did not differ after RT. This is
consistent with the findings of Riberio et al. (33] concluded that resistance was an effective treatment
for improving MS and cardiovascular fitness in obese children. Additionally, RT interventions
appeared to reduce body fat, BMI, and waist circumference. Most of these findings indicated that RT
was essential for controlling body composition (341. Moreover, RT contributes to the maintenance of
muscle mass [35]. Similarly, Burrup et al. (361 found that resistance strength training was an effective
method for improving body composition. Hence, an RT program could possibly represent the
primary component of performance and health exercise programs because it potentially increases
multiple sclerosis, potency, stamina and hypertrophy, all of which are beneficial for the improvement
of motor performance.

Numerous studies have examined the impact of resistance training (RT) on various
physiological parameters, including body mass index (BMI), lean mass, body fat percentage,
metabolic syndrome (MS), and cardiorespiratory fitness, among a population of overweight students
137-391. The results demonstrated that RT was a successful treatment for obese adolescents and were
consistent with results from treatments in the adult population. In addition to improving MS, RT
Interventions targeting obesity in adolescents were found to yield favorable outcomes, as evidenced
by reductions in body fat, waist circumference, and body mass index (BMI). The aforementioned
studies also documented beneficial changes in body composition following a resistance training (RT)
program. These changes included a notable reduction in body fat and waist circumference, an
increase in lean mass, and a drop in BMI. Additionally, it is noteworthy that MS also shown good
benefits in response to the RT program.

According to certain research, RT may be crucial for enhancing athletic performance and
physical fitness as well as for regulating body composition. In other words, RT improves maintain or
enhance muscle mass (401. However, the effects of age, diet, menopausal status, and physical activity
on the relationship between strength training and body composition remain unclear. The study also
found that the more days, time, and effort devoted to strength training, the more body fat and higher
fat-free mass tended to be visible. A significant portion of the differences in body composition seemed
to result from people who participate in more physical activity than those who do not. Additionally,
some studies suggested that RT may lead to beneficial improvements in cardiorespiratory endurance
in children [40,41]. Some studies showed an increase in cardiorespiratory fitness was linked to the

previously overweight nature of children (39,41). Therefore, it can be implied that for sedentary
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overweight children, RT could be taken for fat loss. More specifically, the RT was used for further
muscle gain and maintenance of muscle mass to improve body composition, BW, BMI, chest, waist,
hip, and thigh circumference, and MS using sit-up and push-up measurements. More importantly,
some findings reveal that it may be essential to improve the quality of life.

Based on the findings of present study, individuals staying at home can utilize an online RT
program to improve their physical performance while increasing their strength and losing weight. It
is important to increase the physical activity or exercise levels. Additionally, the current study
revealed the strength in that it showed the benefits of a home-based resistance exercise regimen in
improving health. Nevertheless, the participants were required to check their target heart rate (THR)
during exercise because the exercise intensity was regulated in this study.

This study found some limitations. All participants underwent the online RT program on
anthropometric assessments. As this was an online study and all participants received measurement
training as part of the program introduction, the researchers were unable to confirm the use of the
same measuring techniques. However, the camera not only was turned on to view and track the
training but was also under the control of a research assistant.

5. Conclusions

This study aims to investigate the effects of online RT program included 12 weeks on MS and
anthropometric parameters in overweight female adolescents. The results suggested that the online
RT program appeared to be effective in improving the MS and anthropometric parameters and could
serve as an efficient strategy for reducing body fat, waist, hip, and thigh circumference, and BMI in
overweight female adolescents in the south of Thailand. However, this study did not reveal the
significant differences in chest circumference. Therefore, this may provide important information for
the development of useful tools and for designing online RT programs to improve chest
circumference. More importantly an online RT program is a suitable method for improving the body
composition, given that training at least three times per week for 12 weeks can increase or
considerably improve the MS and anthropometric measurements in overweight participants. It could
be an excellent way to exercise while staying at home, as no special equipment is necessary to practice
alone at home owing to its simplicity. Consequently, an online RT program has the potential to
improve health, to aid overweight individuals in losing weight, and to increase muscle strength as
well as elevating the quality of life.
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