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ABSTRACT ARTICLE HISTORY
Background: Blood pressure regulation is an important indicator of cardiovascular Received January 11, 2026
function, which is influenced by physical activity. Aerobic exercise has been shown ﬁﬁ;ﬁi’iﬂ XS:;%JS‘ZSS?

to lower blood pressure. However, studies on the effects of varying intensity training, KEYWORDS '

such as fartlek, on resting blood pressure and dynamic responses during physical  qgjescents; blood pressure;
activity are limited, particularly in younger populations. Objective: This study aimed cardiovascular  adaptation;
to analyze resting blood pressure adaptation and the dynamic blood pressure dynamic response; fartiek
response after participation in a 3-month fartlek training program. Methods: This "9
quasi-experimental pretest—posttest study involved 59 male adolescents (13-14

years) selected through purposive sampling. A three-month fartlek program was

conducted. Blood pressure at rest, during activity, and during recovery was measured

using a bicycle test and a digital sphygmomanometer, and analyzed with paired t-

tests and Cohen’s d. Result: Resting systolic blood pressure decreased from 96.1 +

11.2 t0 91.6 = 8.0 mmHg (p < 0.001; d = 1.41), while diastolic pressure decreased from

58.7 £ 91to 57.2 £ 7.1 mmHg (p < 0.05; d = 0.75). During activity, the decrease in

blood pressure was more pronounced at submaximal (d = 0.58) than at higher

intensities (d = 0.23-0.24). In the recovery phase, there was a consistent increase in

cardiovascular efficiency, with moderate to near-large effect sizes (d = 0.60-0.72).

Conclusion: Fartlek training effectively improves blood pressure regulation and

cardiovascular function in young individuals, particularly in enhancing submaximal

response efficiency and accelerating hemodynamic recovery after physical activity.

Future studies should include control groups and additional physiological

parameters to strengthen causal interpretation and generalizability.

Introduction

Blood pressure represents the force exerted by circulating blood against the arterial walls and
serves as a fundamental indicator of cardiovascular function. It consists of systolic pressure, generated
during ventricular contraction, and diastolic pressure, occurring during cardiac relaxation. These
components reflect the efficiency of cardiovascular regulation in maintaining tissue perfusion and
oxygen delivery. Blood pressure is regulated by complex physiological mechanisms, including cardiac
output, peripheral vascular resistance, and arterial elasticity (Bar et al., 20271; Lim, 2022; Suarez-Roca et
al., 2024).
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Blood pressure is dynamic and can change in response to various physiological conditions,
including physical activity. When a person performs physical activity, the metabolic needs of the tissues
increase, requiring the cardiovascular system to adapt through increased heart rate, cardiac output, and
changes in blood pressure to maintain oxygen supply to the working tissues (Arora et al., 2023; Carrara
et al., 2024; Silva et al., 2021). The blood pressure response during physical activity and during recovery
reflects the cardiovascular system's ability to adapt to the physiological stress of exercise (Alvarez-Pitti
et al.,, 2022; Curovi¢, 2025). Therefore, evaluating blood pressure not only at rest but also during physical
activity and recovery provides a more comprehensive understanding of cardiovascular function.

Regular physical exercise is known to provide various cardiovascular health benefits, including
lowering systolic and diastolic blood pressure. Numerous studies have shown that aerobic exercise can
significantly lower blood pressure by improving endothelial function, reducing sympathetic nerve
activity, and increasing blood vessel elasticity (Liu et al., 2022; Saladini, 2023). Furthermore, aerobic
exercise can increase cardiorespiratory capacity and cardiac efficiency, thereby improving blood
pressure regulation in both healthy individuals and those at risk for cardiovascular disease (Alhumaid et
al., 2022; Andriana et al.,, 2025; Laukkanen et al., 2022).

One aerobic exercise method widely used to improve cardiovascular fitness is fartlek training. This
training method combines intensity variations within a single training session by alternating periods of
high-intensity and low-intensity activity (Fitrian et al., 2023; Xu et al., 2025). This varied training pattern
allows for simultaneous stimulation of the aerobic and anaerobic energy systems, thereby increasing
aerobic capacity and the efficiency of the cardiovascular response to physical activity.

Several previous studies have reported that aerobic exercise can significantly lower blood
pressure and improve cardiovascular function (Choi et al., 2020; Chomiuk et al., 2024; Kiekens & Young,
2022). This is supported by other reviews and meta-analyses that highlight that aerobic duration and
intensity play a major role in the antihypertensive effect (Chomiuk et al., 2024), as well as clinical practice
recommendations that emphasize the need for 90-150 minutes/week of aerobic exercise for BP benefits
(Song et al, 2022; Trindade et al, 2022). However, the current body of literature predominantly
emphasizes resting blood pressure, while dynamic responses during exercise and recovery remain
underexplored. Moreover, empirical evidence on the medium-term effects of fartlek training on blood
pressure adaptation, especially in adolescent populations, is still limited, highlighting a critical gap in
the literature.

These limitations indicate a research gap in understanding how fartlek training methods affect
blood pressure dynamics at rest, during physical activity, and during recovery. Understanding dynamic
blood pressure adaptation is crucial for describing the cardiovascular system's ability to respond to
physiological stress during exercise and the recovery process after physical activity.

Based on this background, this study aims to analyze dynamic and resting blood pressure
adaptations after a three-month fartlek training program in young individuals. This research is expected
to contribute to the scientific understanding of the cardiovascular system's physiological responses to
exercise of varying intensities and to add to the empirical evidence on the effectiveness of fartlek
training in improving blood pressure adaptation.

Method
Research Design

This study used a quasi-experimental design with a pretest-posttest approach to evaluate
changes in resting blood pressure and dynamic blood pressure responses following a three-month
fartlek training program. The absence of a control group was justified by practical and ethical
considerations in maintaining equal access to physical activity among participants. The study was
conducted over three months among male students actively participating in school sports.
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Participants

A total of 59 participants were selected using a purposive sampling technique based on the
following inclusion criteria: male, aged 13-14 years, in good health, and with no history of cardiovascular
disease or metabolic disorders. Participants who did not complete the entire training program or the
measurement process were excluded from the analysis.

Participant characteristics showed an average age of 13.02 + 0.13 years, body weight of 37.07 +
8.07 kg, and height of 144.51 + 6.65 cm. All participants followed a structured training program
throughout the intervention period. Prior to hypothesis testing, data normality was assessed using the
Shapiro-Wilk test to ensure the appropriateness of parametric statistical analysis.

Ethical Approval Statement

This study obtained ethical approval from the Health Research Ethics Committee of the Faculty of
Medicine, Hasanuddin University prior to implementation. Written informed consent was obtained from
all participants and their guardians, and all research procedures were approved by the Hasanuddin
University Ethics Committee (Approval Number: 557/H4.8.4.5.31/PP36-KOMETIK).

Procedures

The fartlek training program is implemented for 3 months, with a scheduled training frequency,
as part of a cardiovascular fitness improvement program. The training is carried out according to the
principle of intensity variation, alternating moderate and high-intensity activities in a single training
session. Each training session consists of three stages, namely: a) Warm-up (+10-15 minutes) to prepare
the cardiovascular and musculoskeletal systems; b) Core training, in the form of variations in speed or
intensity (unstructured intervals typical of fartlek) and Cool-down (+10 minutes) to restore physiological
conditions to normal. This approach aims to provide varied physiological stimuli to improve
cardiovascular system adaptation optimally.

Research Instruments

Blood pressure was measured with a calibrated digital sphygmomanometer to ensure accuracy.
Systolic and diastolic blood pressure were measured at rest, during physical activity, and during the
recovery phase to evaluate the dynamic blood pressure response. The measurement procedure was
carried out systematically to obtain an accurate picture of the blood pressure response. Participants first
underwent a 15-minute rest period before taking the initial resting blood pressure measurement.
Afterward, participants underwent a static bicycle test to assess blood pressure responses during
physical activity. Measurements were conducted in stages, including a 2-minute rest phase on the
bicycle, followed by measurements at minutes 3 and 6 during the activity. Measurements were then
continued during a 6-minute recovery phase, at minutes 1, 3, and 6. This series of procedures was
designed to provide a comprehensive evaluation of the dynamics of the blood pressure response during
physical activity and of the cardiovascular system's recovery after exercise.

Data Analysis

Data analysis was performed using the Statistical Package for the Social Sciences (SPSS) version
24. Descriptive statistics were used to present participant characteristics as mean values and standard
deviations. Differences in blood pressure before and after the intervention were analyzed using a paired
sample t-test with a significance level of p < 0.05. In addition, the effect size (Cohen's d) was calculated
to assess the magnitude of the intervention's effect on blood pressure. Effect size values were
interpreted as small (0.2), medium (0.5), and large (20.8). Descriptive analysis was also used to
characterize the pattern of blood pressure changes during physical activity and during recovery. All
analysis results are presented in tables and narrative descriptions to facilitate interpretation of the
cardiovascular system adaptations.
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Results and Discussion
Results
Characteristics of Research Participants
A total of 59 male participants aged 13—14 years completed the entire study. General participant
characteristics, including age, weight, and height, are presented in Table 1.

Table 1. Characteristics of Participants

Variable Mean + SD Min-Max
Age (years) 13.02 £ 0.13 13-14
Weight (kg) 37.07 £ 8.07 25-64
Height (cm) 144.51 + 6.65 129-159

The data in Table 1 show that participants had relatively homogeneous age distributions, with
greater variation in weight and height. This reflects a representative population of early adolescents,
with anthropometric variations still within the normal range.

Changes in Resting Blood Pressure

Changes in systolic and diastolic blood pressure at rest before and after the three-month fartlek
training program are presented in Table 2. The results demonstrated a significant reduction in both
systolic and diastolic blood pressure following the intervention. The decrease in systolic blood pressure
(4.5 mmHg) was associated with a large effect size (d = 1.41), indicating a substantial physiological
impact. Meanwhile, the reduction in diastolic pressure showed a moderate-to-large effect (d = 0.75),
suggesting improved vascular regulation.

Table 2. Changes in Resting Systolic and Diastolic Blood Pressure Before and After Three Months of
Fartlek Training

Variable Before Training After Training Mean value Cohen’s Effect Size
! (Mean = SD) (Mean = SD)  Difference prval d Interpretation
Systolic Blood 96.1 + 112 9N6+80  45+32 <0001* 141 Large
Pressure (mmHQ)
Diastolic Blood 58.7 + 9.1 572+71  15+20 <005 075 Moderate-Large

Pressure (mmHg)

The implementation highlights how educational technology fosters the engagement necessary
for student success. Technical validation showed that sensor reliability reached optimal levels, ensuring
the data is a dependable foundation for performance evaluation. Although network congestion
occasionally impacted latency, the system maintained the speeds required for immediate feedback. The
trial results further demonstrate that leveraging data analytics within an loT framework effectively
identifies patterns in student learning and athletic achievement.

As illustrated in Figure 1, the downward trend in both variables is visually evident, with a more
pronounced decline in systolic blood pressure. This graphical pattern corroborates the statistical results
presented in Table 2, underscoring the effectiveness of Fartlek training in improving cardiovascular
function.

Dynamic Blood Pressure Response During Exercise

Blood pressure response during physical activity was evaluated using a static bicycle test at several
intensity levels. The results of the analysis are presented in Table 3. The results showed a decrease in
systolic blood pressure across all activity phases after the intervention. The largest decrease was found
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in the initial activity phase (resting on a bicycle) with a moderate effect size (d = 0.58), indicating an
increase in the efficiency of the cardiovascular response under submaximal conditions.

Table 3. Dynamic Systolic Blood Pressure Response During Exercise with Effect Size

. Before Training After Training . , .
Measurement Time (Mean + SD) (Mean = SD) Mean Difference Cohen's d Effect Size

Resting on bicycle (2 min) 104.0 £ 9.6 98.8+80 5.2 0.58  Moderate
Minute 3 exercise 111.9 £15.9 1081 £ 8.3 3.8 0.24 Small
Minute 6 exercise 1191+ 154 115.6 £ 10.0 3.5 0.23 Small

Conversely, in the higher activity phase (minutes 3 and 6), the decrease in blood pressure showed
a small effect size (d = 0.23-0.24), indicating that cardiovascular adaptation during higher-intensity
activity is more limited than during the low-to-moderate intensity phase.

B Before Training
100 - I After Training

80

60 1

Blood Pressure (mmHg)

20 4

0 .
Systolic BP Diastolic BP

Figure 1. Decrease in Resting Systolic and Diastolic Blood Pressure Following Three Months of Fartlek
Training
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Figure 2. Dynamic Changes in Systolic Blood Pressure Across Exercise Phases Before and After Fartlek
Training

Figure 2 shows a consistent reduction in systolic blood pressure across all measurement phases

following the intervention. The most notable decrease occurs during the resting phase, with a moderate

effect size, indicating improved cardiovascular efficiency under low-intensity conditions. In contrast,

Indonesian Journal of Research in Physical Education, Sport, and Health ~ 27



Fatoni, Qureshi, Syaukani, Orhan, & Asyhari

during higher exercise intensities (minute 3 and minute 6), the reductions in systolic blood pressure are
less pronounced and correspond to smaller effect sizes. This pattern suggests that while Fartlek training
effectively enhances cardiovascular responses at rest and during submaximal activity, the magnitude of
adaptation becomes relatively limited as exercise intensity increases.

Blood Pressure Response During Recovery

Blood pressure responses during the recovery phase after physical activity are presented in Table
4. The results showed that systolic blood pressure consistently decreased during the recovery phase at
all time points after the intervention. The effect size was moderate to nearly large (d = 0.60-0.72),
indicating an increase in cardiovascular recovery efficiency after physical activity. The relatively stable
decrease throughout the recovery phase indicates that the fartlek training program contributed to
improved autonomic regulation and accelerated homeostasis after physical activity.

Table 4. Dynamic Systolic Blood Pressure Response During Exercise with Effect Size

Recovery Time B?Iﬂogzgflgg])g A(\,\f/tlzralrilrglg)g Mean Difference Cohen'’s d Effect Size
Recovery Tmin  110.1 + 9.0 105.0 + 8.0 5.1 0.60 Moderate
Recovery 3 min  103.9 £ 8.9 99.2 £ 6.5 4.7 0.61 Moderate
Recovery 6 min 999 + 7.3 95.0 £ 6.2 49 0.72 Moderate-Large

The findings demonstrate that the three-month fartlek training program produced significant
improvements in cardiovascular function, as evidenced by a substantial reduction in resting blood
pressure (large effect size), improved blood pressure responses during physical activity, and enhanced

recovery efficiency (moderate to large effect sizes).
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Figure 3. Changes in Systolic Blood Pressure During Recovery Following Three Months of Fartlek
Training (Mean + SD)

As illustrated in Figure 3, systolic blood pressure consistently decreased at all recovery time points
following the intervention, demonstrating a clear and progressive decline from the first to the sixth
minute of recovery. This pattern indicates improved post-exercise cardiovascular regulation, as the body
returns to baseline conditions more efficiently. The reduction observed at each time interval suggests
enhanced recovery capacity, which is further supported by moderate to near-large effect sizes (d =
0.60-0.72). Notably, the magnitude of reduction becomes more apparent at later recovery stages,
reflecting improved autonomic control, particularly faster parasympathetic reactivation and reduced
sympathetic dominance after exercise. These findings highlight the role of Fartlek training in
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accelerating physiological recovery processes and promoting more efficient cardiovascular adaptation
following physical exertion.

The reductions were observed at 1, 3, and 6 minutes of recovery, indicating a progressive decline
pattern. The effect sizes ranged from moderate to approaching large (d = 0.60-0.72), with the largest
effect observed at the 6-minute recovery point. This trend suggests improved cardiovascular recovery
efficiency, likely reflecting enhanced autonomic regulation, particularly faster parasympathetic
reactivation following exercise.

Discussion

The results of this study indicate that a three-month fartlek training program had a positive effect
on blood pressure adaptation in young individuals. The reductions in resting systolic and diastolic blood
pressure were not only statistically significant but also clinically meaningful, as indicated by large effect
sizes for systolic blood pressure (d = 1.41) and moderate-to-large effect sizes for diastolic blood pressure
(d = 0.75). The findings of this study indicate that fartlek training induces significant cardiovascular
adaptations, as evidenced by reductions in both resting and exercise blood pressure. The large effect
size observed in systolic blood pressure suggests a clinically meaningful improvement in cardiovascular
efficiency. These adaptations are likely mediated by enhanced endothelial function, increased nitric
oxide bioavailability, and improved autonomic regulation (Azimkhani et al., 2025; Hedge et al., 2024,
Tarumi et al., 2024).

This finding aligns with numerous studies showing that aerobic exercise significantly lowers blood
pressure by improving vascular function and cardiac efficiency. Aerobic exercise has been shown to
lower blood pressure by improving endothelial function and vasodilatory capacity (Kozakova &
Palombo, 2021), as well as increasing baroreflex sensitivity, which plays a role in blood pressure
regulation (Alvarez-Araos et al, 2024). Recent meta-analyses also show that aerobic exercise
interventions for 8-12 weeks produce clinically significant reductions in blood pressure (Saco-Ledo et
al., 2020; Sarnaik & Mirzai, 2025; Schneider et al., 2023). The results of this study strengthen these
findings by demonstrating that the fartlek training method is not only effective on resting blood
pressure, but also on dynamic blood pressure responses.

Further analysis showed that cardiovascular adaptations did not occur uniformly across activity
conditions. The decrease in blood pressure during physical activity showed a moderate effect size in
the low-intensity phase (d = 0.58), but only a small effect size in the higher-intensity phase (d = 0.23-
0.24). This pattern indicates that the initial adaptations to fartlek training are more pronounced in
submaximal than in high-intensity conditions. This is likely due to increased cardiac efficiency and more
optimal blood flow distribution at low to moderate intensities, while at high intensities, the body still
requires a greater hemodynamic response to meet metabolic demands (Kammerlander et al., 2025;
Schierbauer et al., 2021). Thus, the dynamic analysis in this study primarily reflects systolic blood pressure
responses.

Conversely, results in the recovery phase showed a more consistent increase in adaptation, with
moderate to large effect sizes (d = 0.60-0.72) at all recovery time points. These findings suggest that
fartlek training plays a significant role in improving cardiovascular recovery efficiency after physical
activity. The accelerated reduction in blood pressure during the recovery phase reflects increased
regulation of the autonomic nervous system, specifically increased parasympathetic activity and
decreased sympathetic activity (Bajdek et al., 2023; Seeley et al., 2027; Sriton et al., 2022).

The superiority of fartlek training over continuous aerobic exercise is also evident in its ability to
stimulate more complex physiological adaptations. Variation in intensity in fartlek allows for alternating
activation of the aerobic and anaerobic energy systems, thereby increasing metabolic efficiency and
tissue oxygenation capacity (Matzka et al, 2025; Santos-Silva et al., 2021). Training with varying
intensities can increase arterial elasticity and decrease blood vessel stiffness, thereby lowering blood
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pressure (Cavero-Redondo et al., 2023; Konigstein et al.,, 2023; Shishira et al., 2024). Furthermore,
increased nitric oxide (NO) bioavailability due to interval training plays a key role in vasodilation and
improved endothelial function (Lavier et al., 2021).

The resulting blood pressure adaptations can be explained by improved vascular endothelial
function. Aerobic exercise increases the activity of the enzyme endothelial nitric oxide synthase (eNOS),
which plays a role in NO production. Increased NO levels relax vascular smooth muscle, thereby
reducing peripheral resistance and blood pressure (Song et al, 2022). Furthermore, increased
antioxidant capacity due to exercise also plays a role in maintaining endothelial function by reducing
oxidative stress (Kozakova & Palombo, 2021).

Another significant adaptation occurs in the autonomic nervous system. Moderate aerobic
exercise increases parasympathetic activity and decreases sympathetic activity at rest, which impacts
heart rate stability and blood pressure (Grassler et al., 2021). This condition also contributes to a faster
rate of blood pressure recovery after physical activity, as shown in this study.

Limitations of Study

This study has several limitations. The lack of a control group and randomization limits causal
inference and increases the potential for confounding. The use of purposive sampling with a relatively
homogeneous sample also limits the generalizability of the findings. Furthermore, external factors such
as diet and daily physical activity were not controlled, and potential bias due to maturational effects in
adolescents could have influenced the study results. Although normality tests were performed using
the Shapiro-Wilk test, potential measurement bias and the relatively short intervention duration may
limit the interpretation of long-term physiological outcomes. Furthermore, the analysis in this study
focused primarily on systolic blood pressure, while diastolic responses during dynamic activity were not
comprehensively explored. Therefore, a more integrative study is needed in future research.

Conclusions

A three-month fartlek training program has been shown to significantly improve blood pressure
regulation in adolescents, as demonstrated by reductions in resting systolic and diastolic blood pressure,
with large and moderate-to-large effect sizes, respectively. During physical activity, blood pressure
reduction was more pronounced at submaximal intensities. At the same time, during the recovery
phase, a consistent increase in cardiovascular efficiency was observed with moderate to near-large
effect sizes.

These findings indicate that fartlek training is effective in improving cardiovascular function,
particularly in optimizing hemodynamic responses to submaximal activity and accelerating post-
exercise recovery. In practice, this method can be applied in physical education and coaching as a
flexible aerobic exercise to improve adolescent fitness, with potential benefits for early hypertension
prevention and cardiovascular risk reduction. However, given the quasi-experimental design without a
control group, results should be interpreted with caution. Future studies should use controlled
experimental designs and include additional physiological parameters.
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