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Abstract

This study aims to investigate the effects of High-Intensity Interval Training (HIIT)
program on lipid profiles, LDL (low-density lipoprotein), HDL (high-density lipoprotein)
, and triglycerides (TG). This study is a quasi-experiment with a one-group pretest-
posttest design. Sixteen obese adolescent males participated in the study. The HIIT
intervention used 85% of maximum heart rate. A treadmill was used for the HIIT
treatment at 50% of baseline, and the exercise was conducted for 6 weeks. LDL, HDL,
and triglyceride levels were measured using the LYSUN Blood Lipid, glucose was
measured using the Blood Glucose 25T AGM-4000, and body composition was measured
using the Omron HBF-702T. Data analysis was performed using the T-paired Test. Result
Glucose (p=0.000), LDL (p=0.011), HDL protein (p=0.002), TG (p=0.000), BMI
(p=0.012) showed significant differences after the 6-week HIIT intervention, with
different results for Waist Circumference (p=0.226), which showed no significant
difference despite a decrease each week. The intervention improved cardiometabolic
markers (glucose, LDL, HDL, triglycerides, BMI), but waist circumference showed
minimal change, indicating internal metabolic adaptations occurred faster than external
body measurements.

Keywords: HIIT, obesity, HDL, LDL, TG

Resumen

El objetivo de este estudio es investigar los efectos del programa de entrenamiento por
intervalos de alta intensidad (HIIT) sobre los perfiles lipidicos, el LDL (lipoproteina de
baja densidad), el HDL (lipoproteina de alta densidad) y los triglicéridos (TG). Este
estudio es un cuasi-experimento con un disefio de pretest-posttest de un solo grupo. En el
estudio participaron dieciséis adolescentes varones obesos. La intervencion HIIT utilizo
el 85 % de la frecuencia cardiaca méaxima. Se utiliz6 una cinta de correr para el
tratamiento HIIT al 50 % del valor basal, y el ejercicio se llevo a cabo durante 6 semanas.
Los niveles de LDL, HDL vy triglicéridos se midieron con el LYSUN Blood Lipid, la
glucosa se midié con el Blood Glucose 25T AGM-4000 y la composicion corporal se
midié con el Omron HBF-702T. El analisis de los datos se realizd mediante la prueba T
pareada. Resultado La glucosa (p=0,000), LDL (p=0,011), proteina HDL (p=0,002), TG
(p=0,000), IMC (p=0,012) mostraron diferencias significativas tras la intervencion HIIT
de 6 semanas, con resultados diferentes para la circunferencia de la cintura (p=0,226),
que no mostrd diferencias significativas a pesar de una disminucién cada semana. La
intervencion mejord los marcadores cardiometabolicos (glucosa, LDL, HDL,
triglicéridos, IMC), pero la circunferencia de la cintura mostré un cambio minimo, lo que
indica que las adaptaciones metabolicas internas se produjeron mas rapidamente que las
mediciones corporales externas.

Palabra Clave: HIIT, obesidad, HDL, LDL, TG.
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Introduction

One of the key clinical consequences of obesity is the development of metabolic
syndrome, a cluster of interrelated cardiometabolic risk factors that includes abdominal
obesity, insulin resistance (Paulino da Silva Bento et al., 2021), dyslipidemia (elevated
triglycerides and reduced HDL-C), and elevated blood pressure (Ahmad et al., 2023). The
pathophysiological basis of metabolic syndrome lies in adipose tissue dysfunction
(Banihashemi et al., 2022), chronic low-grade inflammation, and impaired insulin
signaling—mechanisms strongly linked to excess visceral fat (Lopez-Jimenez et al.,
2022). Individuals with metabolic syndrome are at substantially increased risk of
developing atherosclerosis, myocardial infarction, stroke, and type 2 diabetes mellitus
(Jaakonmaiki et al., 2022). Obesity is far more than a cosmetic issue—it is a complex,
chronic disease marked by excessive fat accumulation that disrupts normal metabolic
processes and significantly increases the risk of non-communicable diseases (NCDs),
particularly cardiovascular diseases (CVDs), type 2 diabetes mellitus, certain types of
cancer, and chronic kidney disease (Gawet et al., 2024). The rising prevalence of obesity
worldwide has thus led to a parallel increase in metabolic syndrome, making it a major
target for preventive and therapeutic interventions in modern healthcare.

From a biomedical perspective, the link between lipid profile and health is
mediated by several interrelated cellular and molecular mechanisms(Hung et al., 2025) .
In obese individuals, adipose tissue undergoes hypertrophy and hyperplasia, resulting in
altered adipokine secretion and chronic low-grade inflammation (Powell-Wiley et al.,
2021). Adipocytes and infiltrating macrophages produce pro-inflammatory cytokines
such as tumor necrosis factor-alpha (TNF-a) (Kawinchotpaisan et al., 2025), interleukin-
6 (IL-6), and monocyte chemoattractant protein-1 (MCP-1), which contribute to systemic
inflammation and insulin resistance (El Meouchy et al., 2022; Hadiono et al., 2023).
Insulin resistance, in turn, disrupts normal lipid homeostasis by increasing hepatic
lipogenesis and decreasing lipoprotein lipase (LPL) activity, leading to elevated
circulating VLDL and TG levels (Nedunchezhiyan et al., 2022).

These complex interactions among lipid metabolism, inflammation, and vascular
pathology underscore the need for targeted interventions aimed at improving lipid profiles

as a means to reduce cardiometabolic risk (Feng et al., 2024). While dietary modification
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and pharmacotherapy remain primary strategies, physical activity is increasingly
recognized as a powerful modulator of lipid metabolism (Ouerghi et al., 2022). Among
various exercise modalities, High-Intensity Interval Training (HIIT) has garnered
attention due to its efficiency and ability to induce profound metabolic adaptations in a
relatively short time frame (Liu et al., 2022). HIIT, which involves alternating periods of
vigorous activity and recovery, has demonstrated promising effects on cardiovascular
function, insulin sensitivity, and body composition (Gawet et al., 2024; Zhu et al., 2021).
Recent studies suggest that HIIT may also exert favorable effects on lipid profiles by
enhancing mitochondrial biogenesis, upregulating fatty acid oxidation, and improving the
expression of lipid-regulating enzymes such as lipoprotein lipase and hepatic lipase
(Bacchetti et al., 2024). Furthermore, HIIT may influence the expression of key genes
involved in cholesterol transport and inflammation, such as peroxisome proliferator-
activated receptor gamma (PPARYy), AMP-activated protein kinase (AMPK), and nuclear
factor-kappa B (NF-kB) (El Meouchy et al., 2022).

Study reported significant improvements in HDL-C and reductions in LDL-C
following a 16-week HIIT intervention in individuals with metabolic syndrome (Alarcon-
Gomez et al., 2021). Similarly, Studied found that HIIT led to greater reductions in total
cholesterol and triglycerides compared to moderate-intensity continuous training (MICT)
in overweight young men (Monica & Hendrianingtyas, 2022). In contrast, observed
minimal changes in lipid profiles following 12 weeks of HIIT in sedentary adults,
suggesting that baseline metabolic status and training duration may influence outcomes .
Moreover, in a systematic review and meta-analysis, concluded that while HIIT is
effective for improving insulin sensitivity and cardiorespiratory fitness, its impact on lipid
profiles is inconsistent and often not significantly different from MICT (Murillo et al.,
2022). These discrepancies highlight the need for further investigation using standardized
HIIT protocols and larger, diverse sample populations to determine the specific
conditions under which HIIT most effectively modulates lipid metabolism.

Therefore, the present study aims to investigate the effect of a 6-week High-
Intensity Interval Training (HIIT) program on lipid profile parameters in obese
adolescents. The research question addressed in this study is: “Does a 6-week HIIT

intervention significantly improve lipid profile markers in obese adolescents?” The
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objective of this study is to evaluate the effectiveness of HIIT in improving HDL-C, LDL-
C, triglycerides, and other lipid-related metabolic indicators as a strategy to reduce

cardiometabolic risk in obese adolescents

Methodology
Subjects

This study employed a quantitative experimental research design using a one-group
pretest—posttest longitudinal approach to examine the physiological effects of a 6-week
High-Intensity Interval Training (HIIT) intervention in adolescents with obesity. The
study focused on evaluating changes in glucose levels, lipid profile parameters (LDL,
HDL, and triglycerides), and body composition indicators (BMI and waist circumference)
before and after the intervention period. Participants in this study consisted of 16
adolescents with obesity (BMI >30 kg/m?). Participants were recruited using a purposive
sampling technique from local communities and schools in Madiun, Indonesia. Inclusion
criteria included adolescents aged 15—18 years with obesity classification based on BMI,
who were physically able to participate in exercise training. Exclusion criteria included a
history of cardiovascular disease, musculoskeletal injury, trauma, or other medical
conditions that could interfere with exercise participation.

Prior to participation, all respondents and their parents/guardians received a detailed
explanation regarding the study procedures, benefits, and potential risks. Written
informed consent was obtained from parents/guardians, and assent was obtained from all
adolescent participants before data collection began.

Ethical clearance was obtained from the Research Ethics Committee of Universitas
PGRI Madiun, Indonesia, which approved all research procedures (No: 003305/Komite
Etik Penelitian Universitas PGRI Madiun/2025).

The training in this study used the HIIT training method. HIIT uses 60% of the total
maximum speed (treadmill speed). The HIIT interval is 2 minutes of activity: 2 minutes
of rest, for a maximum of 20 minutes per session. The training frequency is 3 times per
week for 6 weeks. 6-week HIIT intervention can improve physiological responses in
adolescents with obesity because repeated high-intensity exercise stimulates

mitochondrial biogenesis, enhances antioxidant enzyme activity, and reduces oxidative
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stress, thereby improving skeletal muscle metabolic efficiency and energy utilization
(Mukai et al., 2026). In addition, short-term HIIT has been shown to improve
cardiorespiratory fitness and metabolic flexibility by increasing oxygen consumption
efficiency and carbohydrate oxidation in obese adolescents, which contributes to better
glucose regulation and insulin sensitivity (Manescu, 2025). Regular HIIT performed for
six weeks also promotes favorable adaptations in endothelial function, lipid metabolism,
and inflammatory regulation, which are important mechanisms for reducing
cardiometabolic risk in obesity (Stankovic et al., 2025). Furthermore, exercise-induced
physiological adaptations during a 6-week training period may occur because repeated
muscular contractions activate AMP-activated protein kinase (AMPK) and peroxisome
proliferator-activated receptor gamma coactivator-1 alpha (PGC-1a), leading to improved
fat oxidation and metabolic homeostasis in adolescents with obesity (Cheng et al., 2026).
Glucose, Lipid Profile, Body Composition

The lipid profile included Low-Density Lipoprotein (LDL), High-Density
Lipoprotein (HDL), and Triglycerides. All variables were measured using the the LYSUN
Blood Lipid Analysis Meter, operated by a certified pharmaceutical expert. Blood glucose
test using Gluco Dr. Auto Blood Glucose Monitor + 25T AGM-4000. Body composition
measured was BMI and waist circumference using the Omron HBF-702T Body
Composition Monitor. Initial data analysis was performed using descriptive statistics to
summarize the mean values of each variable. T-Paired Test was performed using SPSS

version 26 for Windows. A significance level of 0.05 was applied in this study.

Results
Table 1 Average per week

GD LDL HDL TG BMI Waist (LP)
W1 2224814 179+3.5 86.143.5  350.316.1 33.310.7 87.0+1.9
w2 220.745.18 178.243.9 85.1+1.8  346.7+46.7  33.3+0.7 87.0+1.5
W3 217.8+ 4.5 178.5+3.5 84.242.1  345.5+5.6  32.9+1.00 87.9+1.4
W4 211.3+3.8 178.146.1 84.2+1.6 3429452  32.74+0.5 86.9+0.9
W5 204.8+6.5 176.845.0 83.143.5  339.145.2  32.940.3 86.9+1.0
w6 200.4+5.3 175.244.5 82.4+1.8  337.244.8  32.9+0.06 85.7+1.3

*Glucose (GD), Low Density Lipoprotein (LDL), High Density Lipoprotein (HDL), Triglycerid (TG), Body Mass Index (BMI), Waist (LP)
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The table 1 and Figure 1 shows a consistent downward trend in metabolic biomarkers

over 6 weeks. Blood glucose (BG) decreased steadily from 222 to 200, followed by LDL
from 179 to 175, and HDL from 86.1 to 82.4, indicating metabolic changes due to the
intervention. Triglycerides (TG) also decreased gradually from 350.3 to 337.2, showing
a positive response to the exercise or program. BMI values decreased slightly in weeks 3
and 4 but tended to stabilize thereafter in the range of 32.7-32.9. Waist circumference
(LP) showed a slight fluctuation from 87.0 to 85.7, indicating slower anthropometric
changes compared to internal biomarker parameters. Overall, physiological adaptation
was more pronounced in metabolic indicators than in external body composition over a

relatively short period of time.

Table 2. Data Analysis
GD LDL HDL TG BMI Waist

Pre 220+6.08" 169.1+6.9" 84.4+2.92" 351.146.9" 34.3+0.4" 90.4+2.0

Post  184+3.3"  93.0+4.1° 33.3+2.7° 140.1+2.2" 30.5+0.15° 80.03+0.09
x Significantly different; Glucose (p=0.000), Low Density Lipoprotein (p=0.011), High Density Lipoprotein (p=0.002),
Triglycerides (p=0.000), Body Mass Index (p=0.012). Waist (p=0.226)

The table shows that the intervention resulted in significant physiological changes in most
cardiometabolic parameters. There was a significant decrease in glucose levels (p=0.000),
LDL (p=0.011), HDL (p=0.002), triglycerides (p=0.000), and BMI (p=0.012) from pre-

to post-intervention conditions, indicating an overall improvement in the participants'
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metabolic profile. However, although waist circumference experienced an absolute
decrease, the change was not statistically significant (p=0.226), indicating that adaptation
to the intervention was more dominant in internal metabolic parameters than in peripheral

anthropometric indicators during the study period.

Discussion

The results of statistical analysis on the Waist Circumference (WC) variable
showed a p-value of 0.226, which was above the significance threshold of 0.05. This
finding indicates that the decrease in waist circumference after six weeks of HIIT exercise
intervention in 16 obese adolescents did not show a statistically significant change.
Although there was a descriptive trend toward a decrease, the change was not large
enough to produce a meaningful effect. Thus, it can be concluded that six weeks of HIIT
training did not have a significant effect on waist circumference in this study.

This insignificance is in line with several previous studies. Research conducted
on obese adolescents showed that eight weeks of HIIT intervention did not result in a
significant reduction in waist circumference, despite an increase in cardiometabolic
capacity (Stankovic et al., 2025). A study also reported that six weeks of HIIT training in
young obese women did not result in significant changes in waist circumference (Powell-
Wiley et al., 2021). Similar findings were reported that despite metabolic improvements
in the form of decreased blood glucose, LDL, and triglycerides, changes in waist
circumference after six weeks of HIIT intervention were still minimal and insignificant
(Jaakonmaiki et al., 2022). These three studies show a pattern that relatively short exercise
duration is insufficient to influence anthropometric changes, particularly waist
circumference.

Decreased of waist circumference may also be associated with hormonal
regulation and systemic inflammatory status associated with abdominal fat (Kong et al.,
2022). Accumulation of central fat is closely correlated with increased cortisol secretion,
both due to psychological stress and physiological responses to high-intensity exercise
(Obradovic et al., 2021). Cortisol has a selective lipogenic effect on the abdominal region
through increased lipoprotein lipase activity (Dote-Montero et al., 2021), thereby

potentially inhibiting waist circumference reduction despite increased energy expenditure
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(Cicek & Ozdurak Singin, 2023). Moreover, visceral adipose tissue is a source of
proinflammatory cytokines such as TNF-a and IL-6, which can impair insulin sensitivity
(Wueest, 2025). Impaired insulin sensitivity has implications for the body's ability to shift
energy substrates from glucose to fat oxidation during and after exercise (Hung et al.,
2025) . Therefore, although HIIT is theoretically effective in increasing fat metabolism,
hormonal and inflammatory conditions that are not fully resolved within six weeks may
be the main limiting factors in producing statistically significant changes in waist
circumference.

Limitations of HIIT on abdominal circumference reduction can be explained by
disruption of the lipolysis-fat oxidation pathway in visceral adipocytes mediated by
hormone regulation and intracellular signaling (Paucar-Uribe et al., 2026). In the
physiological context, HIIT does increase the release of catecholamines (Xu et al.,
2024)that bind to B, and B,-adrenergic receptors (Jakobsen et al., 2024) on adipocytes to
activate adenylate cyclase and increase cAMP concentration (Iliuta et al., 2022), which
in turn activates protein kinase A (PKA) and hormone-sensitive lipase (Obradovic et al.,
2021) . However in visceral abdominal fat, the expression of a,-adrenergic receptors
which are antilipolytic tends to be more dominant, thereby inhibiting the cAMP-PKA
pathway and decreasing the efficiency of free fatty acid mobilization (Izzicupo et al.,
2021). Moreover, increased cortisol due to metabolic stress from HIIT (Iliuta et al., 2022)
activates glucocorticoid receptors in visceral adipocytes (Koskinas et al., 2024), which
transcriptionally increases lipoprotein lipase (LPL) activity and facilitates fatty acid re-
esterification (Weiskirchen, 2024), so that most of the fatty acids resulting from lipolysis
do not enter the mitochondrial B-oxidation pathway (Vatovec et al., 2024). On the
mitochondrial level, insulin resistance and low adiponectin inhibit the activation of AMP-
activated protein kinase (AMPK) (Oniz et al., 2024), which plays a crucial role in
increasing fatty acid transport to mitochondria via carnitine palmitoyltransferase-1 (CPT-
1) (Wang et al., 2026). As a result, despite an acute increase in triglyceride breakdown,
the capacity for visceral fat oxidation remains limited, so that there is not a large enough
deficit in abdominal fat to produce a statistically significant change in waist

circumference over a six-week period.
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Conclusion

Overall, the insignificance of the waist circumference variable in this study is consistent
with most short-term HIIT studies and can be explained by physiological mechanisms
that require more time to produce meaningful anthropometric changes. These results
emphasize that a longer intervention period and stricter dietary control may be necessary

to achieve significant waist circumference reduction in obese adolescents.
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