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Abstract
The purpose of this study was to assess the effectiveness of an aerobic and resistance training
program in improving forced vital capacity (FVC) in young athletes participating in the DBON
program (Desain Besar Olahraga Nasional). The study included 19 participants aged 13 to 16,
including 7 boys and 12 girls, who underwent a 15-week training program. To ensure measurement
accuracy, FVC values were taken before and after the training program with a spirometer. The
intervention resulted in a modest increase in FVC values in the male group, from 3.7+0.4 to 3.7+1.3
liters (p=0.509). Females had signif@illy lower FVC levels (3.4+1.1 liters vs. 3.942.7 liters)
(p=0.047). Other variables, such as forced expiratory velume in one second (FEVI) and peak
expiratory flow (PEF), showed no significant differences between the male and female groups before
and after therapy. These findings indicate that both endurance and strength training can improve
vital capacity, but the response may vary by gender. This work can be utilized to build individualized
training programs for young athletes, taking into account sex-specific physiological characteristics
to increase training effects and sports performance.
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INTRODUCTION

Forced Vital Capacity (FVC) is an important statistic for evaluating lung
function and maximum respiratory capacity. It is strongly related to athletic
performance, particularly in high-intensity sports. (Fernandez-Lazaro et al. 2023;
Mabhotra et al. 2017; Malik, Ma% and Kumar 2017). FVC is a measurement of
respiratory capacity that reveals the maximum volume of air that can be expelled
after a complete inhalation. As a result, FVC is commonly used as a surrogate for
assessing respiratory function and the physiological changes that occur during
exercise. (Daw and Saha 2019; Durmic et al. 2017; Hasan, Taha, and Tawfeeq
2021). The importance of respiratory function is particularly important for young
athletes because their respiratory systems are still developing. As a result, proper
training may have long-term implications for ventilatory efficiency and oxygen
diffusion capacity. (KAHRAMAN et al. 2023; Munadi et al. 2024; Sengiir and
Yaka 2024).
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Exercise in general, both aerobic and resistance-based, has been shown to
improve numerous elements of lung function, including FVC (Brandao-Rangel et
al. 2025; D, D, and D 2018; Silva-Reis, Rodrigues Brandao-Rangel, Moraes-
Ferreira, Gongalves-Alves, Souza-Palmeira, Aquino-Santos, Bachi, Oliveira,
Lopes-Martins, Oliveira-Silva, Albertini, Frison, and Rodolfo P. Vieira 2022).
Aerobic training induces changes in respiratory dynamics, such as an increase in
tidal volume and a drop in ventilation frequency per minute at submaximal
intensity. On the other hand, resistance training improves respiratory muscles,
including the diaphragm and intercostal muscles (Chlif, Chaouachi, and Ahmaidi
2017; Koike and Ogawa 2025; Langer et al. 2018). However, studies examining the
combined effects of both techniques remain limited, despite the fact that adaptive
exercise physiology theory suggests that a multi | strategy has the potential to
improve adaptation results synergistically (Barha et al. 2017; BOLDT et al. 2021)
In this context, it is possible to hypothesize that combined training has two effects:
an increase in lung capacity due to cardiovascular exercise and an increase in
maximum inspiratory and expiratory pressure as a It of strengthening
respiratory muscles (Fan et al. 2024a; Hermes et al. 2015; dos Santos et al. 2019).

Nevertheless, the majority of literature discussing the relationship between
combined training and respiratory function is more focused on adults or patients
under medical supervision (eé individuals with COPD or cardiovascular
conditions) (Francisco de Lima et al. 2024; Kourek et al. 2024; Tian et al. 2024),
Only a few research have looked at its effect on groups of young athletes, notably
those enrolled in Indonesia's National Sports Grand Design (DBON) program
(Fitriani and Pangestika 2022; Masaji Dirgantara et al. 2024; Putriningtyas et al.
2024). The DBON approach emphasizes evidence-based training treatments to
maximize athletes' physiological capabilities beginning at a young age. However,
more study is needed to build complete respiratory training regimens. As a result,
longitudinal research concentrating on individualized mixed training approaches

for DBON athletes is required to close this gap.
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In this setting, the current research aims to assess the efficacy of integrated

aerobic and resistance exercise in incregsing FVC, which is a key metric for
assessing athletes' respiratory capacity. It is expected that the findings of this
research will make a substantial contribution to the creation of evidence-based
training programs for Indonesian adolescent sportsmen. In practice, such a protocol
would serve as the basis for creating training programs that not only improve overall
physical performance but also concentrate on strengthening the respiratgy system,
which is essential for long-term athletic performance (Fan et al. 2024b; Silva-Reis,
Rodrigues Brandao-Rangel, Moraes-Ferreira, Gongalves-Alves, Souza-Palmeira,
Aquino-Santos, Bachi, Oliveira, Lopes-Martins, Oliveira-Silva, Albertini, Frison,
and Rodolfo P. Vieira 2022; Xu et al. 2023). As a result, this study is important both
theoretically, in improving our knowledge of physiological responses to various
training styles, and practically, in developing more appropriate training strategies

to enable national sports success.

METOD

This study employs a quasi-eﬁerimental technique with a one-group
pretestposttest design (Stratton 2019), The purpose of this study is to assess the
efficacy of a combined aerobic and resistance training program in improving and
changing Forced Vital Capacity (FVC) among adolescent athletes participating in
the National Sports Grand Design (DBON) program.

Research Subject

The trial included 19 young athletes, aged 13 to 16, who were actively
engaged in the DBON development program. The sample included seven men and
twelve women representing four sporting disciplines: sport climbing, athletics,
archery, and weightlifting. The sample was purposefully chosen based on inclusion
criteria, which included being a registered DBON athlete, falling within the age
range, having no history of chronic respiratory problems or medical conditions that
would preclude participation, and agreeing to participate in the entire training and

measurement procedure.
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Research Instrument

To ensure uniformity, spirometry-trained medical personnel took the
readings. The surgery was carried out under standard conditions: participants sat
straight, wearing a nasal clip to prevent air leakage, and were advised to exhale as
hard and as long as possible after a maximum inhalation. Each person was measured
three times&ith the highest value serving as the primary data if the results were
consistent. Demographic data and anthropometric measures such as Body Mass
Index (BMI) were obtained for correlation analysis to confirm the instrument's
validity. The study was organized into three main phases: preliminary testing,
training intervention, and final testing.

Research Procedure

The initial testing occurred in January 2024, with all individuals obtaining
their first FVC evaluation using standard spirometry techniques to determine
baseline lung capacity. Following that, individuals took part in a 15-week mixed
aerobic and resistance training program that included five training sessions each
week. Each session included a warm-up, core exercises (circuit training, core
strength, and resistance training), and a cool-down. The workouts were designed to
gradually and periodically increase respiratory muscle strength and lung capacity,
and they utilized equipment such as resistance bands, gym balls, body weight, and
light weights. To preserve measurement consistency and reduce variance across
time points, the last testing was carried out at the end of the training phase in April
2024, with the same methodology and settings as the first.

Data Analysis

The data was quantitatively evaluated u%g JASP software (Han and
Dawson 2020). Prior to doing additional research, descriptive statistics were used
to determine the sample characteristics and FVC distribution, which comprised
participant averages, standard deviations, age ranges, and BMI. Before hypothesis
testing, the Shapiro-Wilk normality test was used to investigate data distribution.
To assess the efficiency of the training, a paired sample t-test was used to compare

FVC values from the pretest and posttest within the same group. Furthermore,
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gender differences in intervention effects were examined using independent sample

t-tests or Mann-Whitney tests. Pearson and Spearman correlation studies were
utilized to look into the links between physiological variables like BMI, FVC,
FEV1, and PEF. This investigation provides empirical data for assessing training
efficacy and the effect of gender on physiological responses to the intervention.
RESULT AND DISCUSSION

The research included 19ﬁople, 12 of them were female and 7 were male.
Data on sample features such as age, height, weight, and Body Mass Index (BMI)
were gathered. Table 1 present the mean and standard deviation (SD) for each

variable assessed in this trial,

Tabel 1. Data characteristics sample

Variable Male ale
n=7 n=12
mean=sd  mean +sd

Age (years) 14.6 £0.8 143+0.9

Height (cm)  165.1+3.9 161.3+6.1

Berat (kg) 582+9.0 559+10.1

BMI (kg/m2) 215+42 214431

Tabel 2. Respiratory responses

Variable Male ale

n=7 n=12

mean = sd mean + sd

Pre Post Pre Post
FVC 37+04 37+£13 39+£27% 34+11
(Liter/minutes)
FEVI (L) 3.0£08 30+£15 25+04 27+07
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PEF 6.1+21 56+27 5318 51+£15
(liter/minute)
BMI (kg) 21.5£4.2 21.7+4.1 214+31 215+28

*) Shows a significant difference in pre-training FVC between males and
females ( p < 0.05, p=0.047, t = 66.000, with mann-whitney test)

According to the research, there were variations in post-intervention
respiratory responses between male and female groups, with some being
statistically significant. Concerning the FVC variable, which represents the total
volume of air exhaled following deep inhalation, normality testing using the
Shapiro-Wilk test revealed that FVC data for males both before (p = 0. 126) and
after (p = 0. 509) the intervention were normally distributed, as p-values were
greater than 0. 05. In contrast, postintervention FVC data for females showed a
statistically significant result (p = 0. 002), implying a nonnormal distribution, but
preintervention data shoyed normality (p = 0. 743). Nonetheless, a t-test comparing
FVC values for males before and after the intervention revealed no statistically
significant difference (t = 0. 191, p = 0. 851, with p > 0. 05), suggesting that the
intervention had no effect on Forced Vital Capacity in males. Similarly, while
females saw a decrease in FVC values (from 3. 908 to 3. 360), the t-test revealed
that this change was not statistically significant (t = 0. 675, p=0. 509, p = 0. 05),
indicating that the difference was insufficient to be considered a significant effect
of the intervention.

According to normality analysis, the FEV1 statistics for men both before
and after the intervention were normally distributed (p=0. 297 and p=0. 622, p >
0.05). In contrast, preintervention FEV1 data for females were normally distributed
(p = 0. 122), but postintervention data were not (p = 0. 002). The t-test comparing
FEV1 values in males revealed a modest, yet statistically insignificant increase (t =
1. 856, p=0.081, p > 0. 05). A modest reduction was observed in females, but this
conclusion was again non-significant (t= 0. 492, p =0. 629, p > 0. 05).

Regarding the PEF variable, which represents the maximum airflow rate

during exhalation, normality testing revealed that both pre- and post-intervention
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PEF data in gales (p=20.369 and p = 0. 618) and females (p = 0. 193 and p = 0.
714) were normally distributed (p > 0. 05). Despite a recorded fall in PEF values
following the intervention in both groups (men from 6. | to 5. 6, females from 5.
27 to 5. 13), t-tests comparing PEF before and after the intervention revealed no
significant changes in either men (t= 0. 924, p = 0. 369) or females (t=0. 508, p =
0. 618), implying that the intervention had no substantial impact on PEF values in
either group.

BMI (Body Mass Index) measurements were also performed to evaluate
participants' physical health. BMI statistics for both les and females before and
after the intervention were nonnormally distributed, with p values less than 0. 05,
indicating that BMI data prior to the intervention were not normally distributed for
both men (p = 0. 017) and f es (p = 0. 032), while postintervention data were
also nonnormally distributed (males p = 0. 006, femaleg p = 0. 032). Nonetheless,
ttests comparing BMI before and after the intervention in males (t = 0. 030, p = 0.
977) and females (t=0. 161, p=0. 874) found no statistically significant differences
between groups, implying that the intervention had no major effect on weight
changes

In general, there were no statistically significant changes in the evaluated
variables associated with respiratory function or body mass status, with minor
variations. The t-test analysis revealed no significant variations to be regarded as
intervention effects on these variables. As a result, despite the fact that the statistics
revealed minor differences, the intervention had no significant influence on the

respiratory response or body mass status of the research group.

Table 3. Correlation

Variable BMI FVC FEV1 PEF

1. BMI Pearson's r (n) —
p-value —

Spearman's rho (tn) —
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p-value —
2.FVC Bearson's r 0.575% —
p-value 0010 —
Spearman's tho 0459* —
p-value 0.048 —
3.FEVI1 Pearson's r 0.129 -0.025 —
ﬁ-value 0599 0918 —
Spearman's tho 0076 0.286 —
p-value 0759 0235 —
4.PEF  Pearson'sr 0.224 ;).534* 0.614%*
avalue 0356  0.019  0.005
Spearman's rho -0.220  -0.270  0.523*
p-value 0364 0263 0.023

*p< .05 *p< 01 ***p< 001

According to the findings based on the Pearson and Spearman methods,
there is a subsﬁtial positive link between BMI and FVC. This suggests that as
BMI rises, so does functional lung capacity (EVC). This might indicate that, up to
a point, an increase in body weight has an influence on the greatest volume of air
that can be expelled from the lungs. However, itis critical to highlight that this does
not prove causation; additional variables may be implicated.

A large negative correlation was also identified between PEF and FVC,
meaning that as vital lung capacity increases, peak expiratory flow falls. This

relationship could represent the difference between lung volume and airflow speed.
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Another significant relationship was identified between PEF and FEV1,
demonstrating the link between expiratory volume in one second and an individual's
ability to expel air quickly. Physiologically, this is possible because both are closely
related to airway patency.

In contrast, no significant association was discovered between FEV | or PEF
and BMI. This shows that body mass index has no direct effect on quick expiratory
capacity or the volume of air ejected in a single second, which may be affected by
other factors such as airway condition and respiratory muscle strength.

Overall, these findings highlight the importance of examjning many aspects
of lung function while assessing how factors such as BMI affect respiratory health.
The discovered relationships could serve as a platform for further research, such as
evaluating causal links or the impact of influencing variables through regression

approaches.

Discussion
1. General Interpretation
The goal of this study was to see how a mixed aerobic and weight training
program improved Forced Vital Capacity (FVC) in young DBON participants. The
data show that there was no statistically significant change in FVC in either the
male or female groups during the 15-week treatment period. Although females had
a lower FVC (p=,0.047), this has to be reevaluated because the t-test results were
not statistically significant (p = 0.509), indicating uncertain physiological
alterations. These data indicate that integrated training does not necessarily
instantly improve lung capacity, especially in teenagers.
2. Comparison with Previous Research
Aerobic and strength training, in theory, benefit respiratory function.
Aerobic activity improves breathing efficiency and oxygen usage, while strength
training strengthens the muscles engaged in breathing, such as the diaphragm and
intercostal muscles (Polla 2004; Silva-Reis, Rodrigues Brandao-Rangel, Moraes-

Ferreira, Gongalves-Alves, Souza-Palmeira, Aquino-Santos, Bachi, Oliveira,
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Lopes-Martins, Oliveira-Silva, ertini, Frison, and Rodolfo P Vieira 2022) The
combination of the two is thought to synergistically improve FVC, (C. Cheshier et
al. 2022; Kuriakose and Mathew 2022; Moradians et al. 2016). However, the
majority of these researches focused on adults or clinical patients rather than
adolescent athletes, as in this trial. Regular exercise has been demonstrated to raise
FVC in adolescents who play football; however, a more prolonged and focused
intervention is required, according to research by (Rwitusmita, Horshajyoti, and
Reeta 2014). Similarly, trials on individuals with pulmonary issues revealed that
multitype training significantly improved lung function (Baek et al. 1991). These
mixed results imply that combined training may need to be prolonged or intensified
in order to produce substantial benefits in healthy adolescents with developing
physical problems.
3. Analysis by Gender

The investigation found variances in replies between men and females. The
female group showed a drop in FVC values, although the reduction was not
statistically significant. Some studies suggest that estrogen influences lung tissue
elasticity and airway resistance, resulting in distinct adaptive responses in females
and males (HARMS and ROSENKRANZ 2008; Harms, Smith, and Kurti 2016).
Furthermore, variations in the developmental stages of respiratory muscles may
account for the different outcomes between the two groups (Hulzebos et al. 2018).

4. Correlation of Physiological Variables

Correlation analysis showed a significant positive correlation between FVC
and BMI, suggesting that greater body weight (within normal limits) is associated
with gﬁter lung capacity. This suggests that a healthy BMI promotes lung
morphology and respiratory muscle strength (Bekkers et al. 2015; Prado Peralta et
al. 2017). However, the negative link between FVC and PEF indicates that an
increase in lung capacity does not always correspond to an increase in peak airflow
rate. This study highlights the need for a more complete understanding of airway
efficiency and respiratory muscle coordination. In contrast, the positive relationship

between FEV1 and PEF demonstrates that these two parameters suggest airway
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patency and quick respiratory performance (Da Silva et al. 2016). However, the
lack of a significant relationship between BMI and both FEV 1 and PEF suggests
that BMI alone is not a reliable predictor of overall lung function. Aerobic ability,
muscle fitness, and nutrition are also important factors (Zhou et al. 2024).
5. Practical and Theoretical Implications

This research emphasizes the necessity of a personalized strategy to
respiratory training for adolescent athletes. Since there was no substantial increase
in FVC, coaches and sports professionals should reconsider the intensity, duration,
and advancement of training methods. In Indonesia, the creation of evidence-based
respiratory training programs is still limited, making this research a first step toward
developing more successful training protocols. Theoretically, these findings pave
the path for further research into the efficacy of multimodal approaches in youth
populations, taking into account hormones, physical maturity, and gender
differences in training response. Furthermore, longitudinal studies with stringent
control over external variables are required to reduce bias and increase result
validity.

6. Research Limitations

This study had various limitations, including a small sample size, a gender
imbalance, and no control group for comparison. The 15-week period of physical
activity may not have been long enough to cause major changes, especially in
physiological systems like breathing that require long-term adaptation.
Furthermore, variations in the types of sports played by participants may have

influenced baseline skills and training responses.

CONCLUSION

This study examined the usefulness of combining aerobic and resistance
training in improving lung function, specifically Forced Vital Capacity (FVC), in
young athletes participating in the DBON program. A fter 15 weeks, the intervention
did not result in significant increases in FVC, FEV 1, or Peak Expiratory Flow (PEF)

in either male or female athletes. Despite not being clinically meaningful, female
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athletes demonstrated a statistically significant drop in FVC. The study discovered
a strong positive association between Body Mass Index (BMI) and FVC, but no
significant relationships between BMI and FEV | or PEF. Meanwhile, the negative
association between FVC and PEF suggests the presence of complex physiological
processes that are not fully understood and require additional research. Overall, the
data indicate that combination training does not usually improve pulmonary
function in adolescent athletes. Adaptive responses may vary according to gender
and anthropometric status. As a result, when developing training programs based
on the DBON idea, individual aspects such as gender and body composition must
be considered, and the multimodal training technique must be reassessed to increase

accuracy and efficacy in increasing young athletes' respiratory capacity.
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