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Abstract 
Background. Leptin dysregulation and unfavorable body composition are central features of obesity in women. 
Although combined aerobic and resistance training is commonly prescribed to improve adiposity and muscle 
mass, evidence integrating changes in serum leptin concentration with detailed body composition outcomes in this 
population remains limited. 
Objectives. The present randomized controlled trial aimed to examine the effects of an eight-week combined training 
intervention on leptin concentration, fat mass, and skeletal muscle mass in obese women.
Materials and Methods. Thirty obese women were allocated to either a combined training group or a non-exercising 
control group. The intervention consisted of moderate-intensity aerobic and resistance exercise performed five 
times per week for eight weeks. Body composition included body fat percentages (BFP), fat mass (FM), Free Fat 
Mass (FFM) and skeletal muscle mass (SMM) was assessed using bioelectrical impedance analysis, and serum leptin 
concentration was determined by enzyme-linked immunosorbent assay. Pre–post and between–group differences 
were analyzed using parametric statistical tests (independent sample t test and paired t test) with a significance 
threshold of p < 0.05. 
Results. Participants who completed the combined training program exhibited significant reductions in serum leptin 
concentration and adiposity indices (specifically BFP and FM), alongside significant increases in FFM and SMM, 
compared to the control group (p < 0.05).
Conclusions. Using short-term moderate-intensity combined aerobic and resistance training was associated with 
favorable changes in leptin concentration. These findings support the potential role of structured combination 
training as an exercise-based approach for improving metabolic and musculoskeletal profiles within the limits of the 
present study.
Keywords: body composition, combination training, leptin, muscle mass, obesity.
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Introduction

Obesity remains a major public health challenge 
worldwide, with a rapidly increasing prevalence among adult 
populations, particularly women, and is closely linked to a 

broad range of metabolic and cardiovascular complications 
(GBD 2021 Adult BMI Collaborators, 2025; Martin et al., 
2025). According to data from Survei Kesehatan Indonesia 
(SKI) 2023, the prevalence of obesity in Indonesian adults 
(aged 18 years and older) rose from 21.8% in 2018 to 23.4% in 
2023 (Kepmenkes 2025). Beyond excessive fat accumulation, 
obesity is characterized by dysregulation of adipose tissue 
function, including changes in the secretion of adipokines 
like leptin, which are essential for controlling hunger, energy 
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balance, and metabolic homeostasis (Sakers et al., 2022; 
Klein et al., 2022). In individuals with obesity, chronically 
elevated leptin levels are often accompanied by impaired 
leptin signaling, contributing to persistent energy imbalance 
and metabolic dysfunction (Lee et al., 2022; Fahed et al., 
2022). At the same time, obesity is frequently associated 
with reduced skeletal muscle mass and function, a condition 
increasingly recognized as sarcopenic obesity, which further 
exacerbates metabolic risk and limits functional capacity, 
particularly in women (Donini et al., 2022; Petermann-
Rocha et al., 2022; Yuan & Larsson, 2023). Although clinical 
and public health guidelines consistently emphasize physical 
activity as a cornerstone of obesity management (Rock et al., 
2022; American Diabetes Association Professional Practice 
Committee, 2025), there remains a gap between theoretical 
recommendations and empirical evidence regarding how 
specific exercise modalities simultaneously influence leptin 
regulation, fat mass reduction, and muscle mass preservation 
in obese female populations.

Combined aerobic and resistance training has been 
proposed as an effective exercise strategy to address the 
multifaceted nature of obesity by targeting both adiposity 
and muscle tissue. Previous intervention studies and 
systematic reviews have shown that combination training 
can improve body composition, reduce body fat, and 
favorably modify adipokine profiles in individuals with 
overweight and obesity (Rejeki et al., 2023; Oh et al., 2023; 
Sugiharto et al., 2024; Hejazi et al., 2023; Tan et al., 2024). 
However, existing evidence remains heterogeneous with 
respect to training protocols, participant characteristics, and 
outcome measures, and relatively few randomized controlled 
trials have focused specifically on obese women while 
concurrently assessing leptin levels alongside detailed body 
composition indicators. Moreover, many studies emphasize 
weight loss or inflammatory outcomes without adequately 
addressing the combined dynamics of leptin regulation, fat 
mass reduction, and skeletal muscle mass accretion within 
a single intervention framework (González-Jurado et al., 
2020; Gil-Cosano et al., 2024; Hintze et al., 2021). As a result, 
the specific contribution of moderate-intensity combination 
training to integrated metabolic and musculoskeletal 
adaptations in obese females remains insufficiently clarified.

From a theoretical perspective, combining aerobic and 
resistance exercise offers a complementary stimulus that 
may promote favorable changes in energy balance while 
preserving or increasing muscle mass, thereby addressing 
key physiological challenges associated with obesity. Rather 
than focusing on isolated outcomes, an integrated approach 
that simultaneously evaluates leptin concentrations, body fat, 
and skeletal muscle mass may provide a more comprehensive 
understanding of exercise-induced adaptations relevant to 
obesity management. 

Various previous intervention studies have shown that 
physical exercise, both aerobic and resistance training, can 
reduce circulating leptin levels (González-Jurado et al., 
2020; Hintze et al., 2021; Li et al.,2022; Gil-Cosano et al., 
2024; Sugiharto et al., 2024). However, most of these studies 
only assessed the effects of exercise on leptin regulation and 
body composition changes separately, without evaluating 
the physiological adaptations of both simultaneously in an 
integrated exercise program. Furthermore, these studies 
used diverse populations ranging from children to obese 

adults so that evidence in the Indonesian population, 
especially in obese women is still limited. To the best our 
knowledge, research related to the combination of aerobic 
and resistance training is still limited. One of the studies 
that identified related topic in Indonesia was by Rejeki et 
al. (2023) which showed that 4 weeks of combined training 
improved body composition and adipokine levels in obese 
women. Accordingly, this randomized controlled trial 
investigated whether an eight-week moderate-intensity 
aerobic–resistance exercise regimen could modulate serum 
leptin levels alongside changes in adiposity and lean tissue 
indices in women living with obesity. We hypothesized that 
combination training would lead to a significant reduction 
in leptin concentration and body fat, accompanied by an 
increase in skeletal muscle mass, compared with a non-
exercising control group.

Materials and Methods

Study Design

This study used a pretest–posttest control-group study 
and a true experimental design, with participants being 
obese adults females. Purposive sampling was used to choose 
participants based on the inclusion criteria as follows: BMI of 
28 kg/m² or higher, sedentary lifestyle for at least 6 months, 
non-smoker, and no history of metabolic, cardiovascular, 
endocrine, or orthopedic disorders. Before being enrolled 
as participants, eligible individuals gave written informed 
permission. The intervention was conducted over an 8-week 
period. This study was approved by the Health Research 
Ethics Committee, Faculty of Medicine, Universitas 
Airlangga (Approval No. 203/EC/KEPK/FKUA/2025).

Sample Size and Power Calculation

G*Power was used to determine the sample size (Version 
3.1.9.7). A paired mean difference model was selected based 
on expected pre–post change in leptin and body composition 
parameters. The minimum sample size required was 27 
people with a medium effect size (Cohen’s d = 0.50), α = 
0.05, and statistical power (1−β) = 0.80. Accounting for 
an estimated 10–15% attrition, a total of 30 subjects were 
targeted for enrollment.

Randomization and Allocation

After baseline assessments were peformed, individuals 
were randomized using computer-generated basic 
randomization sequence to either the intervention or control 
group. To ensure allocation concealment, sealed opaque 
envelopes were prepared by in indepencent researcher who 
was not involved in testing or analysis. Moreover, those 
assessing outcome and laboratory staff were blinded to the 
group allocations.  

Training Protocol

The intervention group performed combination training 
five sessions per week. Each session began with moderate 
intensity aerobic activity on a motorized treadmill (60-70% 
HRmax) followed by resistance training with Cybex fitness 
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equipment that targeted the main muscle groups in the upper 
and lower bodies. The resistance was set at about 60-70% of 
their one-repetition maximum, two to 4-6 sets per exercise, 
10-12 repetitions per set, with 60-90 seconds of rest between 
sets. The average duration of each session was around 60 
minutes, and their exercise intensity was monitored using 
heart rate. Participants in the control group, on the other 
hand, received instructions to carry on with their regular 
activities without adding any organized exercise. 

Diet and Physical Activity Control

Before participated in the intervention programs, the 
researcher thoroughly explained about the recommended 
diet during the research. The recommendation diet was 
based on the balanced nutritional guidelines, including 
limiting the consumption of foods high in sugar, salt, and fat. 
To avoid contamination effects, participants were prohibited 
from engaging in structured exercise outside the study 
protocol. Light daily activity was tracked using smartphone-
based pedometer step counts and weekly activity checklists 
to verify compliance.

Biochemical and Body Composition Analysis

Blood samples (10-12 hours after fasting) were collected 
at baseline and after intervention. Serum leptin concentration 
was analyzed using enzyme-linked immunosorbent assay 
(ELISA) in accordance with manufacturer instructions 
Human LEP (Leptin) ELISA Kit (Cat.No.: E-EL-H6017; 
Elabscience, Inc. USA) with sensitivity = 9.38 pg/mL; 
detection range = 15.63-1000 pg/mL; inter-assay variability 
=< 10%. Body composition variables including body 
fat percentage, fat mass (FM), free fat mass (FFM), and 
skeletal muscle mass were assessed using TANITA DC-
360 bioelectrical impedance analysis (TANITA Corp. Inc., 
ArlingtonHeights, IL, USA).

Statistical Analysis

By using the Shapiro-Wilk test, the normality of the data 
distribution was evaluated. The normality of data distribution 
was assessed using the Shapiro–Wilk test. We used independent 
sample t-test and to assess differences within group, and to 
evaluate differences within the group, we used paired sample 
t-test. Correlation between changes in leptin concentration 
and body composition were also analyzed using the Pearson’s 
correlation. Additionally, statistical significance was set at p < 
0.05. Effect size (ES) estimates were calculated using Cohen’s 
to quantify the magnitude of observed effects. According to 
Cohen’s classification, effect sizes (Cohen’s d) were interpreted 
as small (d = 0.2), medium (d = 0.5), large (d = 0.8), and very 
large (d ≥ 1.3) to evaluate the magnitude of changes following 
the exercise intervention (Sullivan & Feinn, 2012).

Results

Participant Flow and Baseline Characteristics

Thirty people in all were recruited and randomly 
assigned into training group and control group with each 
group consists of 15 participants. All participants completed 

the 8-week intervention and post-testing (attrition = 0%). 
Age, blood pressure, resting heart rate, oxygen saturation, 
body temperature, fasting blood glucose, hemoglobin, 
height, weight, and body mass index were not significantly 
difference between the groups at baseline. It shows that the 
characterictics of participants in the training and control 
group is similar (p > 0.05) (Table 1).

Table 1. Baseline Characteristics of Participants

Characteristics Control (n = 15) Training (n = 15) p-value
Age (yrs) 25.53 ± 1.85 26.33 ± 1.92 0.254
SBP (mmHg) 116.53 ± 3.16 116.07 ± 3.06 0.684
DBP (mmHg) 72.87 ± 5.14 72.93 ± 4.27 0.969
RHR (bpm) 75.93 ± 4.51 74.53 ± 2.45 0.302
SpO2 (%) 97.73 ± 0.88 98.27 ± 0.89 0.110
BT (°C) 36.41 ± 0.31 36.31 ± 0.27 0.316
FBG (mg/dL) 97.53 ± 7.59 98.20 ± 4.69 0.775
Hb (g/dL) 14.14 ± 1.48 13.97 ± 1.35 0.749
Height (m) 1.55 ± 0.07 1.56 ± 0.06 0.788
Weight (kg) 76.14 ± 7.57 77.99 ± 9.95 0.572
BMI (kg/m2) 31.70 ± 2.75 32.20 ± 3.34 0.659

Note: SBP: Systolic blood pressure, DBP: Diastolic blood pressure, 
RHR: Resting heart rate, SpO2: Oxygen saturation, BT: Body 
temperature, FBG: Fasting blood glucose, Hb: Hemoglobin, 
BMI: Body mass index. All data are presented as mean ± SD. The 
p-value was obtained using the independent samples t-test.

Effects on Serum Leptin

In comparison to baseline, the training group showed 
a significantly decrease in leptin concentration after eight 
week intervention. While there was no significant change in 
leptin level of the control group (p=0.399), the decreasing 
of leptin level in training group after intervention showed 
significantly reduction (p=0.001; ES: 2.163) (Figure 1).
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Fig. 1. Changes in Leptin Concentrations After an 8-Week 
Intervention. Note: (**) Significant at pre (p < 0.001). The 

p-value was obtained using the paired samples t-test

Effects on Body Composition

Based on the Figure 2, it can be seen that in the 
intervention group, combination training led to increase free 
fat mass (FFM) and decrease body fat percentage. Within-
group improvements were statistically significant (body fat 
percentage p = 0.001, effect size (ES) = 0.683; fat mass p = 
0.001, ES = 0.663; free fat mass p = 0.001, ES = 0.645; skeletal 
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Fig. 2. Changes in Body Composition After an 8-Week Intervention.  
Note: (**) Significant at pre (p < 0.001). All data are presented as mean ± standard deviation (SD). The 

p-value was obtained using the paired samples t-test

Table 2. Between-Group Differences in Leptin and Body Composition Improvements

Parameters Control (n = 15) Training (n = 15)
95% CI

p-value ES
Lower Upper

Pre-Leptin (pg/mL) 715.09 ± 81.66 724.91 ± 61.28 -63.81 44.19 0.713 0.135
Post-Leptin (pg/mL) 732.99 ± 53.79 579.11 ± 72.99†† 105.92 201.83 0.001 2.400
∆-Leptin (pg/mL) 17.89 ± 79.69 -145.79 ± 110.48†† 91.64 235.73 0.001 1.699
Change-Leptin (%) 3.33 ± 10.36 -19.27 ± 14.24†† 13.28 31.91 0.001 1.814
Pre-BFP (%) 46.06 ± 2.59 46.75 ± 3.46 -2.98 1.61 0.544 0.224
Post-BFP (%) 46.70 ± 2.55 44.39 ± 3.45† 0.05 4.58 0.047 0.763
∆-BFP (%) 0.64 ± 0.49 -2.36 ± 1.70†† 2.06 3.94 0.001 2.396
Change-BFP (%) 1.41 ± 1.11 -5.01 ± 3.81†† 4.31 8.52 0.001 2.283
Pre-FM (kg) 34.84 ± 5.71 36.47 ± 8.09 -6.86 3.61 0.530 0.232
Post-FM (kg) 35.59 ± 5.82 33.53 ± 8.07 -3.19 7.32 0.429 0.292
∆-FM (kg) 0.75 ± 0.31 -2.93 ± 0.49†† 3.38 3.99 0.001 1.871
Change-FM (%) 2.17 ± 0.84 -8.36 ± 2.09†† 9.34 11.72 0.001 2.535
Pre-FFM (kg) 40.37 ± 3.42 40.92 ± 4.29 -3.46 2.35 0.699 0.142
Post-FFM (kg) 39.73 ± 3.52 43.71 ± 4.35† -6.94 -1.03 0.010 1.007
∆-FFM (kg) -0.64 ± 0.46 2.79 ± 0.35†† -3.73 -3.12 0.001 1.456
Change-FFM (%) -1.61 ± 1.18 6.87 ± 1.09†† -9.33 -7.63 0.001 2.186
Pre-SMM (kg) 38.01 ± 3.14 38.51 ± 3.94 -3.16 2.16 0.704 0.141
Post-SMM (kg) 37.17 ± 3.08 41.61 ± 3.95†† -7.09 -1.79 0.001 1.253
∆-SMM (kg) -0.84 ± 0.37 3.10 ± 0.34†† -4.21 -3.68 0.001 1.648
Change-SMM (%) -2.21 ± 0.95 7.51 ± 0.99†† -10.44 -8.99 0.001 2.231

Note: (†) Significant at control group (p < 0.05). (††) Significant at control group (p < 0.001). ES: Effect Size. ∆: Delta (Post - Pre). All 
data are presented as mean ± standard deviation (SD). The p-value was obtained using the independent samples t-test.

muscle mass p = 0.001, ES = 0.785), whereas the control 
group did not exhibit significant changes (p > 0.05).

Between-Group Differences

Between-group comparisons confirmed greater 
improvements in leptin and body composition in the training 
group compared to control group (all key outcomes p < 0.05) 

(Table 2). Table 3 showed the association between changes in 
leptin levels and the body composition. As shown in Table 
2, the training program significantly reduced leptin level by 
-19.27±14.24% (95%CI: 13.28-31.91, p<0.001, ES: 1.814). 
Moreover, combined training also significantly reduced the 
body composition namely BFP by -5.01±3.81% (95%CI: 
4.31-8.52, p<0.001, ES: 2.283), and FM by -8.36±2.09% 
(95%CI, 9.34-11.72, p<0.001, ES: 2.535), alongside significant 
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increases in FFM by 6.87±1.09% (95%CI: -9.33-(-7.63), 
p<0.001, ES: 2.186) and skeletal muscle mass by 7.51±0.99% 
(95%CI: -10.44-(-8.99), p<0.001, ES: 2.231), compared with 
the control group (p < 0.05).

On the other hand, correlation analysis showed that 
changes in leptin concentration before and after training 
program significantly associated with changes in all body 
composition parameters namely BFP (r:0.554), FM (r: 
0.659), FFM (r: -0.661), and SMM (r: -0.601) (Table 3). The 
r value of BFP, FM, and FFM showed positive value and for 
SMM showed negative value. It means that the decrease in 
leptin concentration significantly inline with reduction of 
the BFM, FM, and FFM; meanwhile, reduction in leptin 
concentration significantly increase the SMM.

  Table 3. Shows the correlations between leptin 
concentrations and body fat and skeletal muscle mass.

Parameter
∆-Leptin (pg/mL)

r p-value
∆-BFP (%) 0.554 0.001
∆-FM (kg) 0.659 0.001
∆-FFM (kg) -0.661 0.001
∆-SMM (kg) -0.601 0.001

Note: BFP: body fat percentage, FM: fat mass, FFM: fat free mass, 
SMM: skeletal muscle mass. The p-value was obtained using the 
Pearson’s correlation test.

Discussion

This study evaluated changes in leptin levels, body 
composition, and skeletal muscle mass in obese women 
with ages ranging from 25.53 ± 1.85 in the control group 
and 26.33 ± 1.92 in the intervention group. In the present 
study, we observed that an eight-week moderate-intensity 
combined aerobic–resistance training program significantly 
reduced serum leptin concentrations by almost 19.5% 
(-19.27±14.24%, 95%CI: 13.28-31.91, p<0.001, ES: 1.814), 
reduced body fat percentage by 5% (-5.01±3.81% , 95%CI: 
4.31-8.52, p<0.001, ES: 2.283), and FM by 8% (-8.36±2.09%, 
95%CI, 9.34-11.72, p<0.001, ES: 2.535), while increasing 
FFM by 6.87±1.09% (95%CI: -9.33-(-7.63), p<0.001, ES: 
2.186)  and SMM by 7.51±0.99% (95%CI: -10.44-(-8.99), 
p<0.001, ES: 2.231), in obese women compared with the 
control group (Table 2). These findings are consistent with 
previous randomized and controlled studies reporting 
favorable effects of concurrent training on body composition 
and adipokine profiles in obese populations (Rejeki et al., 
2023; Oh et al., 2023; Sugiharto et al., 2024). Providing 
aerobic and resistance trainingfor 8 weeks with a frequency 
5 times a week for 60 minutes in this study also can 
improve leptin levels and body composition. Leptin levels 
before intervention in both groups were not significantly 
different. After intervention program, there was a significant 
difference in leptin levels with the training group showing 
lower leptin levels than the control group. Changes in 
leptin concentration also significantly associated with body 
composition (Table 3). 

Obesity is characterized by the body mass index (BMI) 
≥25kg/m2 by criteria from the World Health Organization 
(WHO). Obese individuals have an excessive accumulation 

of adipose tissue, which functions as an endocrine organ 
through the secretion of adipokines, which play a role in 
regulating food intake, lipid and glucose metabolism, insulin 
action, and energy balance is shown in obesity people. 
Adipokine dysfunction contributes to the development of 
obesity, primarily through impaired regulation of leptin 
and adiponectin, key regulators of metabolic homeostasis 
(Park & Shimokawa 2024). Leptin, a product of the 
obesity gene, plays a role in weight control by regulating 
appetite and energy expenditure and also influences 
neuroendocrine function (Landecho et al., 2019). In obesity, 
hyperleptinemia occurs due to leptin resistance triggered by 
excessive energy intake and low physical activity, resulting 
in persistently high circulating leptin levels. This condition 
not only refrects metabolic disturbances but also plays a 
role in the pathogenesis of cardiometabolic complications, 
inflammation, and malignancy. Therefore, intervention like 
combination program that can reduce hyperleptinemia have 
the potential to reduce obesity-related morbidity (Rostas et 
al., 2017). Combination training in this study significantly 
reduced leptin levels in training groups. It has been suggested 
that exercise might increase energy expenditure and inhibit 
leptin secretion (Murawska-Ciałowicz et al., 2022). 

Leptin, glucagon-like peptide 1 (GLP-1), ghrelin, 
peptide YY (PYY), glucose dependent insulinotropric 
polypeptide (GIP), and cholecystokinin (CCK) are among 
the hormones that regulate appetite and satiety behaviors. 
All the mentioned hormones above are released and 
produced by intestine and adipocytes which interact with 
hypothalamus to regulate eating and satiety behaviors 
(Zouhal et al., 2019). Exercise inhibits the production of 
ghrelin via attaching to the its receptor namely G-protein 
coupled receptor 81 (GPCR81) in gastric cell (Vanderheyden 
et al., 2020). On the other hand, exercise also can lower 
leptin levels and increase leptin sensitivity in the brain. After 
doing exercise, the hypothalamusbecomes more sensitive 
to leptin, which improves its capability to control hunger 
and energy balance. It also reduces inflammation, increases 
insulin sensitivity, and stimulates neurogenesis and synaptic 
plasticity (Augusto-Oliveira et al., 2023; de Assis et al., 2023). 
Leptin starts to initiate signaling pathways after binding to 
its hypothalamic receptor, long isoform receptor (ObRb) 
with the most notable being the JAK2/STAT3 pathway, 
which leads to the transcription of genes  such as POMC, 
suppressor of cytokine signaling 3 (SOCS3), and brain-
derived neurotrophic factor (BDNF) that promote satiety 
and reduce food intake (Kwon et al., 2016; Liu et al., 2021). 

In this study, body composition such as FM, FFM, and 
SMM significantly improved by intervention of combination 
training. Exercise activates the cardiovascular, respiratory, 
endocrine, and metabolic systems, triggering key signaling 
pathways such as adenosine monophosphate (AMP)-
activated protein kinase (AMPK), calcium/calmodulin-
dependent protein kinase (CaMK), protein kinase A (PKA), 
protein kinase C (PKC), and mammalian target of rapamycin 
(mTOR) (Hoffman et al., 2015). Specifically, AMPK 
activates peroxisome proliferator-activated receptor gamma 
coactivator 1-alpha (PGC-1α) to sense energy defisit and 
promote mitochondrial biogenesis (Hoffman et al., 2015; 
Gowans et al., 2013). Another crucial kinase, namely CaMK-
II promotes lipid oxidation and increases glucose absorption 
via glucose transporter-4 (GLUT-4), supports lipid oxidation 
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(Yong & Song 2024). Resistance training typically activates 
the phosphaidylinositol 3-kinase (PI3K)- protein kinase 
B(Akt)-mTOR (PAM) signaling pathway, which regulates 
synthesis and degradation of protein, resulting in higher lean 
body mass and muscle hypertrophy (Plaza-Diaz et al., 2022). 
Aerobic exercise, on the other hand, mainly stimulates the 
AMPK-MAPK-PGC-1 α pathway, which leads to increased 
mitochondrial biogenesis, improved oxidative metabolism, 
a change in fiber phenotype from rapid glycolytic to 
more oxidative, and angiogenesis (Ashcroft et al., 2024). 
The physiological changes that affect body composition 
are highlighted by these molecular process. Together, 
aerobic and resistance training can contributeto long-term 
improvements not only body composition but also health 
and performance. 

Comparable benefits have been reported across 
pediatric, adolescent, and adult populations presenting with 
excess body weight, although the extent of these adaptations 
appears to depend on exercise modality, training dose, and 
individual characteristics (González-Jurado et al., 2020; Gil-
Cosano et al., 2024; Hintze et al., 2021; Headid & Park, 2021). 
In addition, evidence from broader exercise interventions 
suggests that combination training is consistently associated 
with favorable adaptations in muscle mass and functional 
capacity across different age groups (Wu et al., 2021). 
Taken together, the present results reinforce the notion that 
combination training is an effective exercise modality for 
simultaneously targeting excess adiposity and muscle mass 
deficits, which are central features of obesity in women.

Although the present study did not directly assess 
molecular or inflammatory pathways, the observed 
reductions in leptin levels and fat mass, alongside increases 
in skeletal muscle mass, may be explained by previously 
described exercise-induced adaptations. Prior studies 
suggest that combined aerobic and resistance training 
can modulate adipokine secretion, reduce low-grade 
inflammation, and enhance metabolic flexibility through 
coordinated adaptations in adipose and skeletal muscle 
tissue (Makarewicz et al., 2022; Sanchis et al., 2024). Exercise-
induced myokines and exerkines have also been proposed to 
facilitate crosstalk between muscle and adipose tissue, thereby 
influencing leptin sensitivity and energy balance (Chow 
et al., 2022). In addition, changes in endocrine mediators 
such as insulin-like growth factor-1 and fibroblast growth 
factor-21 have been reported following concurrent training 
interventions, which may support muscle hypertrophy 
and lipid metabolism (Colleluori et al., 2025; Fiorenza et 
al., 2024). Broader systemic hormonal and metabolic 
adaptations to regular exercise, including age- and lifestyle-
related endocrine responses, have also been suggested to 
contribute to favorable changes in body composition, with 
exercise intensity and prescription playing an important role 
in shaping these responses (Pataky et al., 2021; Hansen et al., 
2022). These mechanisms should be interpreted as plausible 
explanations rather than direct causal pathways, given that 
they were not directly measured in the present study.

From a practical perspective, the present findings 
support the application of moderate-intensity combination 
training as a non-pharmacological strategy for improving 
metabolic and musculoskeletal health in obese women. 
Compared with single-modality exercise, concurrent 
training offers a time-efficient approach that addresses both 

fat reduction and muscle preservation, which is particularly 
relevant for female populations at risk of sarcopenic obesity 
(Donini et al., 2022). The benefits of combined exercise 
modalities have also been demonstrated in other clinical 
and functional contexts, including improvements in muscle 
strength, balance, and overall functional performance 
(Sadeghi et al., 2021), as well as in structured rehabilitation 
settings following disease-related deconditioning (Jimeno-
Almazán et al., 2022). The main contribution of this study 
lies in its integrated evaluation of leptin regulation, detailed 
body composition parameters, and skeletal muscle mass 
within a randomized controlled design. By focusing on 
obese women and employing a structured training protocol, 
this study extends previous evidence and provides novel 
empirical support for the role of combination training in 
comprehensive obesity management.

It is important to recognize that there were several 
limitations of this present findings. First, the results’ 
generalizability may be limited by the comparatively 
small sample size and brief intervention period. Second, 
bioelectrical impedance analysis was used to measure body 
composition instead of imaging-based techniques, which 
may introduce measurement variability. Third, dietary intake 
was monitored but not strictly controlled, and additional 
biomarkers related to inflammation, insulin sensitivity, or 
muscle metabolism were not assessed. These limitations 
should be considered when extrapolating the findings 
beyond the study context.

Further research should prioritize the inclusion of more 
heterogeneous cohorts, prolonged training durations, and 
multidimensional assessments of metabolic, inflammatory, 
and hormonal pathways to better elucidate the biological 
processes underlying exercise-induced alterations in leptin 
regulation and body composition. The integration of 
molecular, transcriptomic, or gut microbiota analyses may 
further clarify the pathways through which combination 
training exerts its effects (Pillon et al., 2020; Quiroga et 
al., 2020; Brunelli et al., 2024; Estébanez et al., 2023). 
Additionally, comparative trials examining exercise training 
alongside pharmacological interventions for obesity may 
help to define optimal multimodal treatment strategies 
(Melson et al., 2025; Jastreboff et al., 2025).

Notwithstanding these limitations, the present results 
suggest that combined aerobic–resistance exercise promotes 
favorable short-term changes in leptin homeostasis alongside 
improvements in body composition profiles among women 
with obesity. Beyond metabolic outcomes, previous 
research indicates that regular exercise—particularly when 
combining aerobic and resistance components—can also 
support broader systemic and neurophysiological health 
benefits, including cognitive and neurotrophic adaptations 
(Ruiz-González et al., 2021; Kao et al., 2025; Dhahbi 
et al., 2025). The findings align with broader evidence 
supporting exercise as a cornerstone of obesity management 
and metabolic disease prevention (Rahmati et al., 2025; 
Batrakoulis et al., 2022). Given the increasing burden of 
obesity-related comorbidities, including cardiovascular 
and hepatic complications (Packer et al., 2025; Younossi et 
al., 2025; European Association for the Study of the Liver, 
2025), the present results justify the inclusion of structured 
combination training programs as part of evidence-based 
lifestyle interventions.
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Conclusion

The findings of this randomized controlled study 
indicate that eight weeks of moderate-intensity combined 
aerobic–resistance training elicit favorable changes in 
leptin levels alongside improvements in body composition 
profiles in women living with obesity. Compared with a 
non-exercising control group, participants who completed 
the combination training intervention exhibited reduced 
leptin levels and adiposity alongside increased muscle mass, 
indicating favorable short-term adaptations in metabolic and 
musculoskeletal health. Taken together, the present evidence 
underscores the relevance of combined aerobic–resistance 
exercise as a non-pharmacological approach to addressing 
fundamental physiological aspects of obesity, especially in 
female populations at risk of unfavorable body composition 
profiles. However, the results should be interpreted within 
the context of the study’s scope, including the relatively 
small sample size, short intervention duration, and the use 
of indirect body composition assessment methods. Overall, 
the present study provides evidence that moderate-intensity 
combined aerobic–resistance training may contribute to 
improved leptin regulation and body composition in obese 
women. While the findings strengthen existing evidence on 
the benefits of concurrent exercise, further large-scale and 
long-term studies incorporating comprehensive metabolic 
assessments are warranted to confirm these effects and 
clarify their underlying mechanisms.
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Комбіновані тренування покращують регуляцію 
лептину, знижують вміст жиру в організмі та збільшують 
масу скелетних м’язів у жінок із ожирінням
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Реферат. Стаття: 11 с., 3 табл., 2 рис., 62 джерелa.

Обґрунтування. Порушення регуляції лептину та несприятливий склад тіла є ключовими ознаками ожиріння у жі-
нок. Попри те, що для покращення показників кількості жиру в організмі (адипозності) та м’язової маси зазвичай призна-
чають комбіновані аеробно-силові тренування, дані щодо взаємозв’язку між змінами концентрації лептину в сироватці 
крові та детальними параметрами складу тіла у цієї категорії осіб залишаються обмеженими.

Цілі. Це рандомізоване контрольоване дослідження мало на меті вивчити вплив восьмитижневої програми комбіно-
ваних тренувань на концентрацію лептину, жирову масу та масу скелетних м’язів у жінок із ожирінням.

Матеріали та методи. Тридцять жінок із ожирінням були розподілені на групу з використанням методу комбінова-
них тренувань або контрольну групу без фізичних навантажень. Програма інтервенції включала аеробні та силові вправи 
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помірної інтенсивності, які виконувалися п’ять разів на тиждень протягом восьми тижнів. Склад тіла, зокрема відсоток 
жиру в організмі (ВЖО), жирову маса (ЖМ), безжирову масу (БЖМ) та масу скелетних м’язів (МСМ), оцінювали за до-
помогою біоімпедансного аналізу (БІА). Концентрацію лептину в сироватці крові визначали методом імуноферментного 
аналізу (ІФА). Аналіз відмінностей у показниках перед та після інтервенції, а також між групами проведено за допомогою 
параметричних статистичних тестів (t-критерій для незалежних вибірок та t-критерій для парних вибірок) із порогом 
значущості p < 0.05. 

Результати. В учасниць, які пройшли програму комбінованих тренувань, спостерігалося значуще зниження концен-
трації лептину в сироватці крові та показників адипозності (зокрема ВЖО та ЖМ), а також суттєве збільшення БЖМ та 
МСМ порівняно з контрольною групою (p < 0.05).

Висновки. Використання методу короткострокового комбінованого аеробно-силового тренування помірної інтен-
сивності асоційовано з позитивними змінами у показниках концентрації лептину. Отримані результати підтверджують 
потенційну роль структурованих комбінованих тренувань як дієвого підходу на основі фізичних вправ для покращення 
метаболічного та опорно-рухового профілів у межах даного дослідження.

Ключові слова: склад тіла, комбіновані тренування, лептин, м’язова маса, ожиріння.
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