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Abstract 
Objectives. This study aimed to analyze the effect of a four-week moderate-intensity exercise regimen on increasing 
growth hormone (GH) levels in individuals with obesity.
Materials and methods. A total of 25 female individuals aged 20-25 years, with a body mass index (BMI) of 
27.50-37.00 kg/m2, were involved in the study and randomly divided into two groups, namely the control group 
(CON; n = 12) and the moderate-intensity exercise group (MIE; n = 13). The moderate-intensity exercise regimen 
(treadmill exercise for 30 minutes at 60-70% of HRmax, and resistance exercise for 30 minutes at 60-70% of 1RM) 
was conducted 3 times per week for a period of 4 weeks. Blood samples from participants were collected pre- and 
post-exercise sessions, and GH levels were analyzed using the Enzyme-Linked Immunosorbent Assay method. Data 
analysis techniques used the paired sample t-test with a significance level of 5%.
Results. The paired sample t-test results of GH levels between the pre-exercise and post-exercise sessions in the 
CON group showed a change from (1291.79 ± 383.76 to 1151.53 ± 484.80 pg/mL; p = 0.694), while the MIE group 
demonstrated the following dynamics of change — from (1161.79 ± 133.72 to 2103.83 ± 357.09 pg/mL; p = 0.006).
Conclusions. The main findings of this study revealed that after implementing a four-week moderate-intensity 
exercise intervention, a significant increase in GH levels was observed in obese females.
Keywords: growth hormone, healthy lifestyle, obesity, physical exercise.
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Introduction

Obesity, widely recognized as one of the greatest public 
health challenges of the modern era, continues to rise in 
prevalence worldwide (Alebna et al., 2024). The primary 
factors contributing to this condition include a sedentary 
lifestyle and a deficit in physical activity, often associated 
with an unsupportive environmental factor (Aljabri, 2022). 
Research has shown that a lifestyle with minimal movement 
has a significant impact on the increase in obesity cases, 

marked by a deterioration of metabolic function (Chen et 
al., 2024a). The lack of physical activity affects about 27.5 % 
of the global population, with the figure increasing to 42.3 % 
in high-income countries, contributing substantially to 
the global disease burden (Chen et al., 2024b; Guthold et 
al., 2018). Sedentary behavior, defined as activities with an 
energy expenditure of less than 1.5 metabolic equivalents 
(METs) during waking periods, represents the lowest level 
of physical activity and has been associated with increased 
fat mass and waist circumference, as demonstrated by 
significant statistical correlations (Zhang & Liu, 2024; 
Myers et al., 2016). Since 1990, the prevalence of obesity 
in adults has more than doubled, and in adolescents, it has 
quadrupled, with 2.5 billion adults overweight in 2022, 
including 890 million suffering from obesity, and more than 
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390 million children and adolescents also overweight, of 
which 160 million are obese (WHO, 2024). The significant 
increase in the number of children and adolescents who are 
overweight and obese, along with the drastic surge in obesity 
cases among adults and adolescents since 1990, affirms that 
obesity has evolved into a serious and urgent global health 
issue (Pranoto et al., 2024).

Obesity is often associated with various cardiometabolic 
comorbidities, including metabolic syndrome, prediabetes, 
type 2 diabetes mellitus, atherogenic dyslipidemia, and stea-
totic liver disease related to metabolic dysfunction, all of which 
are established risk factors for coronary heart disease, heart 
failure, and stroke (Petersen et al., 2024). Sedentary behavior 
is significantly related to weight gain and substantial metabolic 
disturbances, including the body’s inability to effectively con-
trol blood sugar and blood pressure levels, as well as a decrease 
in fat breakdown efficiency (Gonzalez Ramirez & Bolaños Mu-
ñoz, 2023). This unhealthy metabolic status can trigger various 
pathophysiological changes in the body, including blood pres-
sure, glucose tolerance, and lipid profile (Sun et al., 2023). These 
metabolic disorders can also be characterized by decreased 
levels of Growth Hormone (GH) and an increase in body fat 
that occurs in obesity (Hjelholt et al., 2020). The relationship 
between adipose tissue and GH secretion is complex (Salva-
tori et al., 2015). Obesity causes hyperinsulinemia, hypoadi-
ponectinemia, hyperleptinemia, decreased serum ghrelin, and 
increased free fatty acid (FFA) levels, thereby suppressing GH 
secretion from the pituitary (Savastano et al., 2014). GH, often 
referred to as the ‘master hormone,’ plays a key role in regulat-
ing metabolic homeostasis and has multifaceted effects on vari-
ous physiological processes (Al-Samerria & Radovick, 2023).

Physical activity is considered a fundamental founda-
tion in the management of overweight and obesity (Oppert et 
al., 2021). Many benefits of physical activity can be obtained 
from an average of 60 minutes of moderate to high-intensity 
physical activity every day, and exceeding this duration can 
yield additional health benefits (Bull et al., 2020). Research by 
Ashcroft et al. (2024) indicates that physiological adjustments 
that occur simultaneously in various tissues in response to 
physical activity, and the synergistic interactions between 
these tissues, contribute to improved cardiometabolic health. 
Metabolic fitness refers to the body’s ability to efficiently uti-
lize energy, regulate blood sugar levels, and maintain overall 
health. It is associated with a reduced risk of non-communi-
cable diseases and mortality (Sabag et al., 2021). GH is known 
to play a crucial role in physiological processes such as metab-
olism, tissue repair, and growth, and provides direct and in-
direct effects on adipose tissue (Carrard et al., 2021). Further-
more, although both aerobic and resistance exercises trigger 
Growth Hormone (GH) responses, the relative contribution 
of aerobic exercise to these GH responses and actions is argu-
ably less clear (Sabag et al., 2021). Therefore, this study aims 
to analyze the influence of four weeks of moderate-intensity 
training on increasing GH levels in individuals with obesity.

Materials and Methods

Study Participants

A total of 25 young women who were obese were 
recruited voluntarily to participate in this study. Participants 
were randomly divided into two groups: a control group 

(CON; n  =  12), and a moderate-intensity exercise group 
(MIE; n = 13). All participants received detailed information 
about the objectives, content, methods (exercise protocol 
and growth hormone function), and potential risk factors 
associated with the experimental design. The participants 
also consciously filled out and signed an Informed Consent 
Form. This study was conducted in accordance with the 
principles outlined in the Declaration of Helsinki and 
had received approval from the Health Research Ethics 
Commission (KEPK), Faculty of Medicine, Ciputra 
University (Indonesia) (No:103/EC/KEPK-FKUC/II/2024).

Study Design

The intervention applied in the study was moderate-
intensity exercise (treadmill exercise for 30 minutes between 
60-70 % of HRmax, and resistance exercise for 30 minutes 
between 60-70 % of 1RM), with a frequency of 3 times 
per week for 4 weeks. Meanwhile, the control group did 
not receive any form of intervention. Blood samples from 
participants were collected pre-exercise (before MIE) and 
post-exercise (after 4 weeks of MIE) from the cubital vein, 
amounting to 2ml, performed in the morning (08.00-10.00). 
GH levels were analyzed using Human Enzyme-Linked 
Immunosorbent Assay (ELISA) Kits (Cat.No.:E-EL-H0177; 
Elabscience Bionovation Inc., USA). The ELISA Kits used 
had been validated in previous research (Pranoto et al., 2024).

Statistical Analysis

Data analysis techniques were applied using the 
Shapiro–Wilk test for normality, while the paired sample 
t-test was used to determine differences in GH levels pre-
exercise and post-exercise within each group. Meanwhile, 
the independent sample t-test was applied to determine 
differences in serum GH levels of the CON and MIE groups 
pre-, post-exercise, delta (pre-post), and change. The level of 
significance was accepted if p ≤ 0.05.

Results

As indicated in Table 1, the values of systolic blood 
pressure, diastolic blood pressure, resting heart rate, oxygen 
saturation, body temperature, age, body weight, body height, 
and body mass index showed no significant differences 
between the two groups. Meanwhile, the results of the 
analysis of indicators of changes for blood pressure, resting 
heart rate, and body weight are presented in Table 2.

As illustrated in Fig. 1, the GH levels between pre-exercise 
and post-exercise in the CON group (from 1291.79 ± 383.76 
to 1151.53 ± 484.80 pg/mL; p = 0.694) and the MIE group 
(from 1161.79 ±133.72 to 2103.83 ± 357.09 pg/mL; p = 0.006) 
are presented. Figure 2 displays the GH levels between the 
CON and MIE groups at pre-exercise (from 1291.79 ± 383.76 
to 1161.79 ± 133.72 pg/mL; p = 0.744), post-exercise (from 
1151.53 ± 484.80 to 2103.83 ± 357.09 pg/mL; p = 0.016), delta 
(from -140.27 ± 347.62 to 942.03 ± 280.66 pg/mL; p = 0.023), 
and change (from -6.91 ± 13.83 to 80.07 ± 22.88%; p = 0.004).

Discussion

This study aimed to analyze the effect of a four-week 
combined exercise regimen on increasing GH levels in 
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Table 1. General population description in study

Parameters Unit CON; n = 12 MIE; n = 13 p
Systolic blood pressure mmHg 111.50 ± 6.36 114.54 ± 7.87 0.302
Diastolic blood pressure mmHg 75.92 ± 5.82 79.31 ± 5.62 0.152
Resting heart rate bpm 72.83 ± 5.48 74.39 ± 5.44 0.485
Oxygen saturation % 97.83 ± 1.27 97.62 ± 1.19 0.662
Body temperature °C 36.08 ± 0.33 36.12 ± 0.25 0.737
Age yrs 21.92 ± 1.31 21.62 ± 1.45 0.592
Body weight kg 76.46 ± 9.65 76.45 ± 9.80 0.999
Body height m 1.57 ± 0.06 1.55 ± 0.06 0.466
Body mass index kg/m2 30.66 ± 3.06 31.78 ± 3.24 0.384

Fig. 1. Comparison of GH levels of both groups (CON and MIE) pre-exercise and post-exercise. *p ≤ 0.05, 
ns: Not significant, CON: Control group, MIE: Moderate-intensity exercise group, GH: Growth hormone
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Fig. 2. Serum GH levels of CON and MIE groups pre-, post-execise, delta (pre-post), and change. *p ≤ 0.05, 
ns: Not significant, CON: Control group, MIE: Moderate-intensity exercise group, GH: Growth hormone
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obese women. The findings indicate a significant increase 
in GH levels, affirming the potential of combined exercise 
as an effective intervention. This positive correlation 
strengthens previous findings by Sabag et al. (2021), which 
also documented an increase in GH post-combined exercise. 
Furthermore, the study by Mendonça et al. (2022) provides 
consistent evidence, reinforcing the view that combined 
exercise contributes to increased GH levels. GH has 
therapeutic potential due to its strong lipolytic effects and 
the resulting ability to reduce fat mass while maintaining 
lean body mass (Berryman & List, 2017).

Combined exercise plays a key role in enhancing basal me-
tabolism and lipolysis through the induction of intense muscle 
contractions, as explained by Muscella et al. (2020). This mech-
anism is reinforced by findings from Donato et al. (2021), which 
show that GH-responsive neurons are widespread in various 
brain areas that control metabolism, with a particular focus on 
the hypothalamic nuclei. This response is further elaborated by 
Hymer & Kraemer (2023), who identified that exercise stimu-
lates the hypothalamus to release Growth Hormone-Releasing 
Hormone (GHRH), which then prompts the anterior pituitary 
gland to release GH into circulation. Additionally, O’Neill et al. 
(2022) linked exercise to a reduction in blood glucose levels, 
which triggers GH release, demonstrating the body’s adaptive 
mechanism to maintain glucose homeostasis.

Good metabolic health is a crucial aspect of obesity 
management, and physical exercise plays an important role 
in achieving it (Gergő Szűcs et al., 2023). Regular physical 
exercise can improve the metabolic profile of individuals 
with obesity in various ways (Liu et al., 2019). First, exercise 
increases insulin sensitivity, which is important for blood 
glucose regulation and the prevention of type 2 diabetes 
(Hsu et al., 2019). Second, physical activity helps reduce 
visceral fat, which is associated with an increased risk of 
cardiovascular disease (Oppert et al., 2023). Third, physical 
exercise promotes weight loss and the maintenance of a 
healthy weight, which is important for reducing the load 
on the musculoskeletal system and decreasing the risk of 
osteoarthritis (Richa et al., 2023). Fourth, physical exercise 

improves body composition by increasing muscle mass, 
which aids in calorie burning and maintaining a healthy 
metabolism (Liu et al., 2019). Fifth, physical exercise also 
plays a role in reducing oxidative stress and inflammation, 
both of which contribute to the pathogenesis of obesity 
and its comorbidities (Gergő Szűcs et al., 2023). Therefore, 
integrating physical exercise into daily life is an effective 
strategy for improving metabolic health and reducing the 
risk of obesity-related diseases (Liu et al., 2019).

Combined exercise, which incorporates aerobic and 
anaerobic elements, has been proven effective in increasing 
GH levels in obese women (Davis et al., 2024). GH plays a vital 
role in metabolism regulation, including stimulating lipolysis 
and energy production (Davis et al., 2022). In individuals 
with obesity, increasing GH levels through combined exercise 
can help overcome the GH resistance often seen in obesity, 
contributing to decreased metabolic efficiency (Foster-
Schubert et al., 2011). By increasing GH levels, combined 
exercise not only aids in body fat reduction but also promotes 
protein synthesis and muscle growth, which are important 
for enhancing the basal metabolic rate (Liang et al., 2021). 
These benefits, when combined, can result in a comprehensive 
improvement in metabolic health, which is crucial for long-
term obesity management and quality of life enhancement 
(Mousa Khalafi et al., 2024). Therefore, combined exercise 
should be considered a valuable intervention strategy in 
obesity management programs for women (Davis et al., 
2024). It can be concluded from this study that four weeks of 
combined exercise significantly increases GH levels in obese 
women. This study has several limitations that need to be 
considered. First, the study duration of only four weeks may 
not be sufficient to observe the long-term effects of combined 
exercise on GH levels. Second, the study sample was limited to 
obese women, so the results may not be generalizable to other 
populations such as men or individuals with normal weight. 
Third, this study did not consider other factors that may affect 
GH levels, such as diet, sleep quality, and stress. The findings 
from this study provide important clinical implications. 
Increasing GH levels through combined exercise could be a 
potential therapeutic strategy for improving the metabolic 
profile in obese women. This suggests that combined exercise 
could be integrated into obesity management programs to 
improve metabolic health and reduce the risk of comorbidities 
associated with obesity. Future research should be designed 
to address the limitations of this study. Longer-duration 
studies are needed to assess the long-term effects of combined 
exercise on GH levels and other health components. 
Additionally, studies with larger and more diverse samples 
will help understand the effects of combined exercise on a 
broader population. Further research is also needed to explore 
the interactions between combined exercise and factors such 
as diet and sleep patterns in regulating GH levels.

Conclusion

Specifically, this study found an increase in GH levels after a 
four-week intervention of moderate-intensity exercise in obese 
women. The results of this study can be taken into account in 
planning training programs for individuals with obesity.

Conflict of Interest

The authors declare no conflict of interest in this study.

Table 2. Indicators of changes for blood pressure, resting 
heart rate, and body weight

Parameters Unit CON; n = 12 MIE; n = 13 p
Pre-SBP mmHg 111.50 ± 6.36 114.54 ± 7.87 0.302
Post-SBP mmHg 112.75 ± 4.88 111.31 ± 4.61 0.455
Changes-SBP mmHg 1.25 ± 3.31 -3.23 ± 4.73* 0.012
Pre-DBP mmHg 75.92 ± 5.82 79.31 ± 5.62 0.152
Post-DBP mmHg 75.67 ± 4.96 76.23 ± 5.28 0.786
Changes-DBP mmHg -0.25 ± 2.83 -3.08 ± 1.26* 0.003
Pre-RHR bpm 72.83 ± 5.48 74.39 ± 5.44 0.485
Post-RHR bpm 72.75 ± 4.39 72.54 ± 5.29 0.915
Changes-RHR bpm -0.08 ± 2.71 -1.85 ± 0.80* 0.035
Pre-BW kg 76.46 ± 9.65 76.45 ± 9.80 0.999
Post-BW kg 76.61 ± 9.85 74.68 ± 9.32 0.622
Changes-BW kg 0.15 ± 1.14 -1.77 ± 0.64* 0.000

Description: BW: Body weight; DBP: Diastolic blood pressure; 
SBP: Systolic blood pressure; RHR: Resting heart rate. *p ≤ 0.05
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Заняття короткотривалими фізичними вправами 
помірної інтенсивності підвищують рівень 
гормону росту в осіб з ожирінням
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Мета дослідження. Мета цього дослідження полягала в аналізі впливу застосування чотиритижневого режиму фі-
зичних вправ помірної інтенсивності на підвищення рівня гормону росту (ГР) в осіб з ожирінням.
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Матеріали та методи. У дослідженні взяли участь 25 осіб жіночої статі віком 20-25 років з індексом маси тіла (ІМТ) 
27,50-37,00 кг/м2, які були розподілені за методом рандомізації на дві групи: контрольну (КОН; n = 12) та групу трену-
вань помірної інтенсивності (ТПІ; n = 13). Режим фізичних вправ помірної інтенсивності (тренування на біговій доріжці 
протягом 30 хвилин на рівні 60-70% від максимальної частоти серцевих скорочень (ЧСС макс.) та вправи з опором про-
тягом 30 хвилин на рівні 60-70% від показника максимуму одного повторення або 1ПМ — вказує на максимальну вагу, 
яку можна підняти з максимальним зусиллям за одне повторення) проводили 3 рази на тиждень впродовж 4-тижневого 
періоду. В учасників дослідження відбирали зразки крові перед початком і після закінчення тренувань, а рівень гормону 
росту визначали за допомогою методу ферментного імуносорбентного аналізу. Під час аналізу даних використовувався 
t-критерій для парних вибірок з рівнем значущості 5%.

Результати. Результати t-критерію для парних вибірок рівнів гормону росту між сеансами перед та після проведення 
тренування в контрольній групі показали змінення з (1291,79 ± 383,76 до 1151,53 ± 484,80 пг/мл; p = 0,694), в той час як 
група тренувань помірної інтенсивності продемонструвала таку динаміку змінення — з (1161,79 ± 133,72 до 2103,83 ± 
357,09 пг/мл; p = 0,006).

Висновки. Згідно з ключовими висновками цього дослідження встановлено, що після впровадження інтервенції у 
вигляді комплексу фізичних вправ помірної інтенсивності впродовж чотирьох тижнів у жінок з ожирінням спостерігало-
ся значне підвищення рівня гормону росту.

Ключові слова: гормон росту, здоровий спосіб життя, ожиріння, фізичні вправи.

Information about the authors:
Muhammad: muhammad@unesa.ac.id; https://orcid.org/0000-0002-6735-1425; Department of Sport Coaching Education, 
Faculty of Sport and Health Science, Universitas Negeri Surabaya, Jl. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, Kota SBY, Jawa 
Timur 60213, Indonesia.
Siantoro, Gigih: gigihsiantoro@unesa.ac.id; https://orcid.org/0009-0000-4377-5218; Department of Sport Coaching Education, 
Faculty of Sports and Health Sciences, Universitas Negeri Surabaya, Jl. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, Kota SBY, 
Jawa Timur 60213, Indonesia.
Subagio, Irmantara: irmantarasubagio@unesa.ac.id; https://orcid.org/0000-0003-0265-7842; Department of Sport Coaching 
Education, Faculty of Sport and Health Science, Universitas Negeri Surabaya, Jl. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, 
Kota SBY, Jawa Timur 60213, Indonesia.
Yosika, Ghana Firsta: gfyosika@gmail.com; https://orcid.org/0000-0002-9993-7586; Study Program of Sports Coaching 
Education, Faculty of Teacher Training and Education, Tanjungpura University, Prof. Dr. H. Hadari Nawawi Street, Pontianak, 
West Kalimantan 78124, Indonesia.
Phanpheng, Yanyong: yanyong.pha@lru.ac.th; https://orcid.org/0000-0002-9290-2479; Sports and Exercise Science Program, 
Faculty of Science and Technology, Loei Rajabhat University, 234 Loei - Chiang Khan Road, Loei 42000, Thailand.
Pramono, Bayu Agung: bayupramono@unesa.ac.id; https://orcid.org/0000-0002-9308-1289; Department of Sport Coaching 
Education, Universitas Negeri Surabaya, Jl. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, Kota SBY, Jawa Timur 60213, Indonesia.
Kusuma, I Dewa Made Aryananda Wijaya: dewawijaya@unesa.ac.id; https://orcid.org/0000-0002-4939-7294; Department of 
Sport Coaching Education, Universitas Negeri Surabaya, Jl. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, Kota SBY, Jawa Timur 
60213, Indonesia.
Pranoto, Adi: adipranoto83@gmail.com; https://orcid.org/0000-0003-4080-9245; Doctoral Program of Medical Science, Faculty 
of Medicine, Universitas Airlangga, Jl. Mayjen Prof. Dr. Moestopo No.47, Pacar Kembang, Kec. Tambaksari, Kota SBY, Jawa 
Timur 60132, Indonesia.

Cite this article as: Muhammad, Siantoro, G., Subagio, I., Yosika, G. F., Phanpheng, Y., Pramono, B. A., Kusuma, I. D. M. A. W., & 
Pranoto, A. (2024). Engaging in Short-Term Moderate-Intensity Exercise Increases Growth Hormone Levels in Individuals with 
Obesity. Physical Education Theory and Methodology, 24(4), 619-625. https://doi.org/10.17309/tmfv.2024.4.14

Received: 16.05.2024. Accepted: 26.07.2024. Published: 30.08.2024

This work is licensed under a Creative Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0)

Retraction Note
The Editors have retracted the following article:
Muhammad, Siantoro, G., Subagio, I., Yosika, G. F., Phanpheng, Y., Pramono, B. A., Kusuma, I. D. M. A. W., & 
Pranoto, A. (2024). Engaging in Short-Term Moderate-Intensity Exercise Increases Growth Hormone Levels in 
Individuals with Obesity. Physical Education Theory and Methodology, 24(4), 619–625.  
https://doi.org/10.17309/tmfv.2024.4.14
The Editors retract this article due to identified errors in citation. The authors did not consent to the retraction of the 
article.
We have been informed in our decision-making by our policy on publishing ethics and COPE guidelines.
The retracted article will remain online to maintain the scholarly record, but it will be digitally watermarked on each 
page as “Retracted”.




