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Abstract 
The study purpose was to analyze the effective form of physical exercise in improving cardiovascular health in obese 
individuals.
Materials and methods. Twenty-four (24) obese adolescents, aged 20–24 years, who met the criteria were selected 
as participants. The participants were divided into 3 groups, namely the control, the strength training, and the 
endurance training, with 8 participants in each group. Strength training was done with Machine Fitness, while 
endurance training used a Treadmill. Exercise was done with moderate intensity, for 35 minutes, the frequency of 
exercise was 3x/week, for 1 month. Heart rate and blood pressure, as parameters of heart health, were measured 
before and after treatment. Data analysis used the One-way ANOVA test with a significance level of 5%.
Results. The results showed that there was a significant difference in cardiovascular health between endurance and 
strength training (p ≤ 0.05).
Conclusions. Based on the study results, it was shown that endurance training is a potential physiological modulator 
to improve cardiovascular health in obese women.
Keywords: cardiovascular health, physical exercise, obesity, blood pressure.
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Introduction

Obesity is a very complex health problem (Chen et al., 
2021), and is an independent factor, increasing the risk of 
heart disease, type 2 diabetes mellitus, and other diseases 
(Jamka et al., 2021). It was found that an increase in obesity 
was directly proportional to an increase in heart disease 
(Amaral, 2014), and in overweight individuals have twice the 
probability of developing heart disease, in obese individuals 
the probability rate can reach 10 times that of individuals 
with normal weight (Pinckard et al., 2019). However, in 
modern society heart disease is still considered the most 
common health condition (Machado et al., 2021), with its 
main contribution to high blood pressure (Schroeder et al., 
2019), which has the highest prevalence rate (Shim & Kim, 
2017). Data shows that high blood pressure reaches 29% and 

is predicted to continue to increase, as well as being the main 
risk of death (Schroeder et al., 2019). It is estimated that 25% 
of deaths each year are due to heart disease (Jamka et al., 
2021), and the prevalence rate increases to 31% deaths every 
year (Brandão et al., 2022). Therefore, heart disease can be 
a major risk factor for increased mortality and morbidity 
(Pinckard et al., 2019).

Obesity is a significant contributor to an increase in heart 
disease, especially high blood pressure (Tayagi et al., 2020), 
myocardial infarction, (Almutawa et al., 2020) and coronary 
artery disease, (Machado et al., 2021), is also a major risk 
factor for death (Schroeder et al., 2019). Pharmacological 
approach (Zimmer et al., 2019) and an eating behavior change 
approach using diet in combination with medication (Shim 
& Kim, 2017). It has been used to treat heart disease and 
cardiovascular health. However, other experts stated that the 
approach with drugs (pharmacology) in the long term is still 
considered less than ideal (Almutawa et al., 2020). Meanwhile, 
other experts stated that the approach with physical exercise 
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was more appropriate and physiological to improve heart 
health in the long term (Ramos et al., 2019) and physical 
exercise is also considered an effective codulation not only 
for heart health, but also for improving cardiac performance 
(Durrani & Fatima, 2015). Physical exercise, is a modulation 
associated with the level of energy expenditure, decreased 
fat mass and increased skeletal muscle mass as well as heart 
muscle (Saeidi et al., 2022; Rejeki et al., 2021).

Physical exercise is very beneficial, not only for heart 
health but also for general health, which is believed to be an 
effective non-drug method of lowering and replacing drug 
doses (Shim & Kim, 2017), thereby  so as to reduce and pre-
vent non-communicable diseases including improving heart 
health (Thirupathi et al., 2021). Previous research has shown 
that regular physical exercise increases high-density lipopro-
tein (HDL), controls insulin resistance, reduces risk factors 
for heart disease and reduces the incidence of death (Oh et al., 
2016). Physical exercise also improves weight management, 
preventing excessive increases in blood pressure over time 
(Durrani & Fatima, 2015). Adaptation response to physical 
exercise depends on: frequency, intensity, time, and form of 
exercise (Saeidi et al., 2022). Previous research suggests that 
forms of endurance training and strength training can be an 
alternative in reducing obesity and improving heart health, 
although resistance training is still considered more effective 
in improving heart health than strength training (Schroeder 
et al., 2019). Strength training is thought to have little effect 
on improving heart health (Shim & Kim, 2017). In contrast, 
endurance training for reducing the risk of heart disease and 
increasing parasympathetic activity (Grässler et al., 2021). 
However, the analysis of the effectiveness of power training 
and strength training on cardiac performance has not been 
widely reported. The form of endurance training is still un-
clear in terms of intensity and duration, compared to strength 
training which will also increase muscle mass and cause mus-
cle hypertrophy (Machado et al., 2021). Therefore, this study 
aims to analyze the adaptive response of strength training and 
endurance training as a physiological modulator in improv-
ing cardiovascular health in obese adolescent womens.

Materials and Methods

Study participants

This study is an experimental study that aims to 
analyze differences in strength and endurance training as a 
physiological modulator of improving cardiovascular health 
in obese adolescent girls. This study involved 24 obese 
adolescents, female gender, age 20-24 years, body mass 
index (BMI) 27-35 kg/m2, normal oxygen saturation (SpO2). 
Participants were divided into 3 groups: control, strength 
training, and endurance training. The division of groups 
was done randomly, each group of 8 participants. Prior to 
the study all participants were given an explanation of the 
research problem and procedure, both written and verbal. 
All participants, both verbally and in writing, expressed their 
willingness. Likewise, participants also received an explanation 
of the physical exercise procedures during treatment. 

This study was approved by the ethics committee of the 
institution and conducted in accordance with the guidelines 
of the Helsinki Declaration. Informed consent was obtained 
from all participants.

Study design

Warming up and cooling down, with static and dynam-
ic stretching and running on a treadmill. Light intensity is 
used for heating and cooling. Each group started at 06.00-
10.00  A.M., at the same time on different days. Strength 
training is done by lifting moderate intensity weights, for 
35 minutes. Exercises are performed at intervals, 12 repeti-
tions, 6 sets, with active rest between sets for 30 seconds. 
While endurance training was done by means of participants 
running on a treadmill for 35 minutes continuously, with 
moderate-intensity (60-70% HRmax). Exercise is done 3x/
week for 4 weeks. Heart rate monitored using Polar H10. 
Physical exercise intervention will be temporarily stopped 
if physical signs are found, shortness of breath, sharply in-
creased heart rate, dizziness and pale face.

Measurement of heart health using parameters of 
systolic and diastolic blood pressure and resting heart rate. 
Measurement of heart health was carried out before exercise 
and 4 weeks after the last exercise, while measurements of 
height and weight were carried out before exercise. Blood 
pressure was measured using an OMRON digital blood 
pressure meter. 

Statistical analysis

Data analysis used the one-way ANOVA, which was 
followed by the Tukey’s Honestly Significant Deference 
(HSD) post-hoc test, with a significant level of 5%.

Results

Characteristics of research participants, based on the 
results of descriptive statistical analysis in each group are 
presented in Table 1 below.

Based on the analysis of participant characteristics: 
resting heart rate, normal systolic and diastolic blood 
pressure (Table 1). The characteristics of the participants did 
not show any significant difference (p ≥0.05). Therefore, if 
there is a difference in heart health, which in this study used 
blood pressure and heart rate parameters after exercise, it 
can be believed to be the effect of the intervention given for 
4 weeks. The results of the analysis of physical exercise as 
a modulator of cardiovascular health, in reducing systolic 
blood pressure in each group (Figure 1).

Physical exercise as a modulator of cardiovascular health 
in reducing systolic blood pressure between before exercise 

Fig. 1. Analysis of systolic blood pressure between pretest and 
posttest in the three groups 

Description: SBP: Systolic blood pressure.  
(*) Significant vs. Pretest (p ≤ 0.001)
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Table 1. Analysis of the characteristics of research participants

Parameter CG STG ETG p-value
Age, years 21.88±1.46 21.63±1.41 22.25±1.28 0.667

BH, m 1.57±0.07 1.58±0.05 1.55±0.06 0.786
BW, kg 74.37±12.32 73.63±6.78 71.41±6.07 0.588
BMI, kg/m2 29.67±4.25 29.46±2.98 29.78±3.27 0.983
SBP, mmHg 120.13±6.29 120.25±4.33 120.63±2.67 0.976
DBP, mmHg 82.25±6.27 82.50±5.73 84.38±7.89 0.788
RHR, bpm 80.25±3.49 81.13±4.02 80.63±8.98 0.958
SpO2, % 97.50±1.19 97.63±1.18 98.13±1.13 0.538

Description: CG: Control group; STG: Strength training group; ETG: Endurance training group. p-value obtained by using One-way 
ANOVA test. Data are shown with mean ± SD. BH: Body height; BW: Body weight; BMI: Body mass index; SBP: Systolic blood 
pressure; DBP: Diastolic blood pressure; RHR: Resting heart rate; SpO2: Oxygen saturation.

Table 2. Analysis of cardiovascular health pretest and posttest

Parameter CG STG ETG p-value
Systolic Blood Pressure (mmHg)
Pretest 120.63±5.88 120.38±3.11 120.75±3.69 0.985
Posttest 121.13±5.94 117.63±2.56 115.00±3.96* 0.035
Delta 0.50±0.33 -2.75±1.04** -5.75±1.75**# 0.000
Diastolic Blood Pressure (mmHg)
Pretest 82.38±6.44 84.50±7.71 82.37±5.01 0.754
Posttest 83.25±6.04 81.13±8.24 75.00±4.17* 0.045
Delta 0.88±1.25 -3.37±1.19** -7.38±1.92**# 0.000
Resting Heart Rate (bpm)
Pretest 80.50±3.02 81.13±8.11 81.38±3.70 0.947
Posttest 81.38±2.77 77.50±7.75 74.38±3.50 0.042
Delta 0.88±0.61 -3.63±1.41** -7.00±1.31**# 0.000

Description: *Significant vs. CG (p ≤ 0.05); **Significant vs. CG (p ≤ 0.001); #Significant vs. STG (p ≤ 0.001).

Fig. 2. Analysis of diastolic blood pressure between  
pretest and posttest in the three groups 

Description: DBP: Diastolic blood pressure.  
(*) Significant vs. Pretest (p ≤ 0.001)

Fig. 3. Analysis of resting heart rate between  
pretest vs. posttest in the three groups 

Description: RHR: Resting heart rate.  
(*) Significant vs. Pretest (p ≤ 0.001)

and after exercise in the control group did not show any 
significant difference (p ≥ 0.05). However, in the treatment 
group there was a significant difference in systolic blood 
pressure in both strength training and endurance training 
(p ≤ 0.001). Systolic blood pressure was lower after exercise 
than before exercise in both the strength training and 

endurance training groups (Figure 1 and Table 2). Further 
analysis of changes in diastolic blood pressure before and 
after treatment in each group in Figure 2.

The data analysis of diastolic blood pressure in the 
control group between before and after treatment there was 
no significant difference (p ≥ 0.05). There was a significant 
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difference in diastolic blood pressure between before and 
after exercise in the strength training and endurance training 
groups (p ≤ 0.001). The study also showed that diastolic 
blood pressure after treatment was lower than before exercise 
(Figure 2 and Table 2). Analysis of physical exercise as a 
modulator of decreasing resting heart rate before and after 
treatment in each group (Figure 3).

Analysis of resting heart rate before treatment and after 
treatment in the control group, did not show a significant 
difference (p ≥ 0.05) (Figure 3 Table 2), but there was a 
significant difference in resting heart rate pretest and posttest 
in the strength training and exercise groups. endurance 
(p ≤ 0.001). Our data show that resting heart rate is lower, 
after strength training and endurance training, than before 
treatment (Figure 3 and Table 2). One-way ANOVA analysis 
of the decrease in blood pressure (systolic and diastolic) and 
resting heart rate before treatment showed no significant 
difference (p ≥ 0.05) (Table 2).

Discussion

The results of this study prove that physical exercise 
is done properly and regularly, a very important factor 
for maintaining heart health and fighting various diseases 
(Souissi et al., 2020). Physical exercise, as the basis for lifestyle 
change interventions in preventing as heart disease (Rejeki 
et al., 2021; Andarianto et al., 2022; Rejeki et al., 2021). The 
findings of this study prove that moderate-intensity exercise, 
frequency 3x/week for 4 weeks, improves cardiovascular 
health in obese adolescent female participants (Table 2). The 
improvement in heart health can be seen from the decrease 
in systolic blood pressure, diastolic and resting heart rate 
after strength training and endurance training (Figure 1-3, 
Table 2). Several previous studies, which are similar to this 
study, also found that individuals who limit their passive 
and active lifestyle to physical exercise have normal blood 
pressure, stable body weight (Durrani & Fatima, 2015), 
higher cardiac output, blood pressure, lower resting heart 
rate, higher insulin sensitivity, better plasma lipoprotein 
profile than someone who is physically inactive (Nystoriak 
& Bhatnagar, 2018). Research identical to this study also 
found a decrease in blood pressure and resting heart rate 
after doing an endurance training program and strength 
training 3x/week, (Jamka et al., 2021). Research with walking 
intervention and crossfit exercise on participants in the age 
group 14 – 38 years, significantly lowers blood pressure 
(Almutawa et al., 2020), also found stronger heart muscle, 
decreased sympathetic nerve activity and decreased resting 
heart rate ≤ 60 bpm in marathon runners (Oh et al., 2016). 
Durrani’s research involving 701 participants, children aged 
12-16 years, found a relationship between physical activity 
and blood pressure (Durrani & Fatima, 2015). In another 
study, someone who did regular physical exercise found 
a decrease of 20 mmHg in systolic blood pressure and 11 
mmHg in diastole (Kui et al., 2022). In addition, physical 
exercise was found to cardiac morphological changes that 
will cause aortic diameter widening accompanied by left 
ventricular fibrosis, improve oxidative profile and metabolic 
health (Dupuy et al., 2022).

The improvement in cardiovascular health is the effect 
of exercise adaptation in increasing the promoting increased 
vasodilation through relaxation of vascular smooth muscle 

cells. Given this effect, it is important to decrease the 
activity of Endothelial Nitric Oxide Synthase (eNOS), which 
contributes to blood pressure (Ramos et al., 2019). Resting 
heart rate and blood pressure were lower than the control 
group and before exercise, this shows that exercise is able 
to modulate changes in the heart system, both in form and 
function, thereby improving cardiovascular health. Exercise 
is believed to be a modulation of changes in heart size, as 
a result of increasing left and right ventricular cavities and 
increasing the thickness of the heart muscle wall and cardiac 
septum. Endurance training is believed to be beneficial 
exercise to improve heart function, such as decreasing heart 
rate. The heart rate is estimated to decrease by 10-15 bpm, 
that the individual is able to work hard efficiently (Pinckard 
et al., 2019). 

Our study findings also show that heart rate and blood 
pressure are lower in endurance training than in strength 
training. Endurance training in general increases the 
oxidative ability to meet oxidative demands, the heart will 
contract and relax, cardiomyocytes and increase the strength 
of heart contraction, which is more optimal than strength 
training. The rate of contraction and relaxation requires 
increased adaptation of the cardiomyocyte contractile 
system, which is associated with an increase and the rate 
of intracellular Ca2+ release. Coordination between 
Ca2+ mediated Ca2+ type L channels and activation of 
the ryanodine receptor (RyR). This causes an increase in 
Ca2+ ion sensitivity, resulting in greater force and speed of 
contraction after exercise (Nystoriak & Bhatnagar, 2018). 
A decrease in blood pressure and heart rate is a complex 
event, many factors influence it, an increase in peripheral 
vascular resistance and autonomic nervous activity is the 
most important mechanism (Oh et al., 2016).

Improved heart health is strongly suspected to be the 
effect of endurance exercise, as a modulator of changes in fat 
mass (Shim & Kim, 2017). Therefore, endurance training is 
described as the optimal form for reducing the risk of heart 
disease and increasing parasympathetic activity (Grässler et 
al., 2021). Previous studies have also reported that endurance 
training induces greater improvements in cardiorespiratory 
fitness and cardio-metabolic variables (Schroeder et al., 
2019), decreased acute stress reactivity and decreased heart 
rate and heart rate variability compared to the control 
group (Arvidson et al., 2020). Strength training also has a 
modulating effect on cardiac performance, although not 
as high as resistance training. Strength training, affects the 
increase in the strength of heart muscle contraction, heart 
muscle endurance, and reduces damage to the inner walls of 
blood vessels, to improve blood vessel function (Shim & Kim, 
2017). Strength of heart muscle contraction, is the impact of 
strength training that causes cardiac muscle hypertrophy, 
skeletal muscle hypertrophy. Hypertrophy causes an increase 
in stronger contractions and a more complete emptying 
process in systole, with greater stroke volume and cardiac 
output (Schroeder et al., 2019). Therefore, both forms of 
exercise in this study are beneficial for the obese group, in 
addition to improving cardiovascular health, this exercise 
is also believed to initiate an increase in muscle mass and 
decrease fat mass in obesity (Sugiharto et al., 2022; Sugiharto 
et al., 2021; Sugiharto et al., 2022).

The findings of this study provide a starting point 
for understanding exercise as a modulator of improved 
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cardiovascular health, and provide a solid foundation for 
understanding that well-organized exercise causes response 
and adaptation. Response and adaptation to exercise not 
only change shape, but also function in all body systems, not 
only the heart. Although exercise modulation for 4 weeks, 
in improving heart health may not be optimal. However, 
training for 4 weeks is the beginning of the adaptation 
process to the exercise program, as described in the 
general adaptation of the body. But this research also has 
limitations, among others  the study participants only used 
one group of obese adolescent girls, on heart health, this 
study has not measured the parameters of changes in body 
fat, muscle mass and changes in the endothelium associated 
with heart health. In addition, they have not been able to 
fully control the physical activities carried out, outside the 
exercise program that has been set for 4 weeks. Perhaps the 
results of this study cannot be generalized to all age groups 
and genders. However, the findings of this study still have 
significance in developing the science of exercise physiology, 
by providing substantial data and information, and opening 
up opportunities for further research.

Conclusion

Overall, it was concluded that endurance and strength 
exercise moderate intensity, for four weeks improved 
cardiovascular health, by decreasing blood pressure and 
resting heart rate. However, endurance training lowers 
resting blood pressure and heart rate more than strength 
training, therefore endurance training can be recommended 
as a modulator to improve cardiovascular health in obesity.
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ФІЗИЧНІ ВПРАВИ ЯК ФІЗІОЛОГІЧНИЙ МОДУЛЯТОР ПОКРАЩЕННЯ 
ЗДОРОВ’Я СЕРЦЕВО-СУДИННОЇ СИСТЕМИ В ЖІНОК З ОЖИРІННЯМ

Сугіхарто1ABD, Десіана Мераваті1ABD, Аді Праното2BCD, Машурі Еко Вінарно1BD, 
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Реферат. Стаття: 5 с., 2 табл., 2 рис., 28 джерел. 

Метою дослідження було проаналізувати ефективну форму фізичних вправ для покращення здоров’я серцево-су-
динної системи в осіб з ожирінням.

Матеріали та методи. Учасницями були відібрані двадцять чотири (24) молоді жінки з ожирінням віком 20-24 роки, 
які відповідали критеріям. Учасниць розподілили на 3 групи: контрольну, групу силових тренувань і групу тренувань на 
витривалість, по 8 учасниць у кожній групі. Силові тренування проводилися з використанням силових тренажерів, а для 
тренувань на витривалість використовували бігову доріжку. Вправи виконували за середньої інтенсивності, по 35 хви-
лин, частота – 3 рази на тиждень, протягом 1 місяця. Частоту серцевих скорочень та артеріальний тиск, як параметри 
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здоров’я серця, вимірювали до та після процедур. Для аналізу даних використовували однофакторний дисперсійний 
аналіз за рівня значущості 5%.

Результати. Результати показали наявність статистично значущої різниці у здоров’ї серцево-судинної системи між 
тренуваннями на витривалість і силовими тренуваннями (p ≤ 0,05).

Висновки. На підставі результатів дослідження було показано, що тренування на витривалість є потенційним фізіо-
логічним модулятором для покращення здоров’я серцево-судинної системи в жінок з ожирінням.

Ключові слова: здоров’я серцево-судинної системи, фізичні вправи, ожиріння, кров’яний тиск.
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