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Abstract  

Background: Acute exercise is known to significantly impact cardiovascular 

function. This study aimed to assess the effects of acute exercise on 

cardiovascular parameters in healthy individuals using echocardiography. 

Materials and Methods: A total of 100 healthy participants (50 males, 50 

females) with a mean age of 30.4 ± 4.2 years were enrolled in this 

observational study. Resting cardiovascular function was assessed using 

echocardiography before exercise. Participants underwent an acute exercise 

protocol, and post-exercise echocardiographic parameters were measured. 

Subgroup analysis was conducted based on fitness levels, as determined by 

VO2 max. Results: Following acute exercise, heart rate increased significantly 

from 72 ± 8 bpm to 125 ± 10 bpm (p < 0.001). Cardiac output also increased 

from 5.9 ± 0.6 L/min to 9.8 ± 1.1 L/min (p < 0.001). A slight reduction in 

stroke volume was observed, decreasing from 82.3 ± 12.7 mL to 78.5 ± 10.4 

mL (p = 0.04). Left ventricular ejection fraction (LVEF) increased from 61.8 ± 

4.1% to 65.2 ± 3.7% (p < 0.01). Subgroup analysis revealed greater 

cardiovascular changes in participants with higher fitness levels, including a 

more significant increase in LVEF (p < 0.01) and cardiac output (p = 0.04). 

Conclusion: Acute exercise induces significant changes in cardiovascular 

function, particularly heart rate, cardiac output, and LVEF. Participants with 

higher fitness levels demonstrated more pronounced cardiovascular 

adaptations. These findings highlight the acute effects of exercise on heart 

function and suggest that fitness level may modulate cardiovascular responses. 

 
 

 

INTRODUCTION 
 

Acute exercise plays a critical role in the 

cardiovascular system by inducing both immediate 

and long-term physiological changes. Understanding 

these effects is essential for optimizing exercise 

regimens and improving cardiovascular health.[1] 

Echocardiography, a non-invasive imaging 

technique, provides valuable insights into cardiac 

function by allowing detailed assessments of 

parameters such as heart rate, stroke volume, cardiac 

output, and left ventricular ejection fraction.[2] 

(LVEF). 

During physical exertion, the heart adapts by 

increasing its pumping efficiency to meet the 

elevated oxygen and nutrient demands of active 

muscles.[3,4] These changes are manifested in 

measurable shifts in hemodynamic parameters, 

including elevated heart rate, increased stroke 

volume, and augmented cardiac output.[5,6] The 

ability of the heart to adjust efficiently to these 

demands is an important indicator of cardiovascular 

health, and it can vary significantly based on 

individual fitness levels.[7] 

Previous studies have demonstrated that individuals 

with higher cardiorespiratory fitness exhibit more 

favorable cardiovascular responses to exercise, 

including greater cardiac efficiency and reduced 

heart strain. However, the specific changes in 

cardiovascular function during acute exercise, 

especially in a healthy population, remain less well-

documented. 
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This study aims to investigate the effects of acute 

exercise on cardiovascular function in healthy 

individuals, focusing on key parameters such as 

heart rate, stroke volume, cardiac output, and LVEF, 

as measured by echocardiography. Additionally, the 

study examines whether fitness levels, determined 

by VO2 max, influence these cardiovascular 

responses. The findings could provide important 

insights for fitness professionals and clinicians in 

tailoring exercise programs to optimize 

cardiovascular health. 

 

MATERIALS AND METHODS 
 

Study Design and Location 

This observational study was conducted at the RVM 

Institute of Medical Sciences, located in 

Laxmakkapalli Village, Siddipet District, 

Telangana, India. The study was carried out over a 

period of 12 months, from February 2023 to January 

2024. 

Participants 

A total of 100 healthy individuals (50 males and 50 

females) between the ages of 20 and 40 years were 

enrolled in the study. Inclusion criteria consisted of 

participants with no known cardiovascular, 

metabolic, or respiratory diseases. Individuals were 

excluded if they had any history of hypertension, 

diabetes, or recent acute illness that could affect 

cardiovascular function. Each participant provided 

informed consent prior to their involvement in the 

study. 

Study Procedure 

The study involved a baseline echocardiographic 

evaluation followed by an acute exercise session. 

Participants were instructed to avoid caffeine, 

alcohol, and vigorous exercise for 24 hours before 

testing. The protocol consisted of the following 

steps: 

Pre-exercise Measurements: Each participant 

underwent an echocardiographic examination to 

assess baseline cardiovascular function. Parameters 

measured included heart rate, stroke volume, cardiac 

output, left ventricular ejection fraction (LVEF), and 

blood pressure (systolic and diastolic). 

Acute Exercise Protocol: Participants performed a 

standardized moderate-intensity exercise session on 

a treadmill. The exercise intensity was based on the 

Bruce treadmill protocol, lasting 10-15 minutes, 

with an aim to reach approximately 75% of the 

participant's maximum heart rate (determined by the 

formula 220 - age). 

Post-exercise Measurements: Immediately 

following exercise, echocardiographic 

measurements were repeated to assess 

cardiovascular responses to acute exertion. Blood 

pressure was also measured post-exercise. 

Subgroup Analysis 

Participants were divided into two groups based on 

their fitness levels, as determined by VO2 max, 

which was calculated using a submaximal treadmill 

test prior to the acute exercise protocol. The "higher 

fitness" group included participants with a VO2 max 

≥ 45 mL/kg/min, while the "lower fitness" group 

included those with a VO2 max < 45 mL/kg/min. 

Data Collection and Analysis 

Echocardiographic data, including heart rate, stroke 

volume, cardiac output, and LVEF, were recorded 

before and after exercise. Blood pressure (systolic 

and diastolic) was measured using a digital 

sphygmomanometer. All data were analyzed using 

SPSS version 25.0. Paired t-tests were used to 

compare pre- and post-exercise parameters within 

groups, and independent t-tests were used to 

compare cardiovascular responses between the 

higher fitness and lower fitness groups. A p-value of 

less than 0.05 was considered statistically 

significant. 

Ethical Considerations 

The study protocol was approved by the Institutional 

Ethics Committee of RVM Institute of Medical 

Sciences. All procedures were conducted in 

accordance with the Declaration of Helsinki, and 

informed consent was obtained from all participants 

prior to data collection. Participants were informed 

about the study purpose, potential risks, and the 

confidentiality of their data.  

 

RESULTS 

 

 
Figure 1: Pre- and Post-Exercise Echocardiographic 

Parameters 

 

 
Figure 2: Subgroup Analysis Based on Fitness Levels 

(VO2 max) 

 

Participant Demographics 

A total of 100 healthy individuals (50 males and 50 

females) participated in the study, with a mean age 

of 30.4 ± 4.2 years. The average body mass index 

(BMI) was 24.8 ± 2.5 kg/m². At baseline, the resting 
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heart rate was 72 ± 8 bpm, with systolic and 

diastolic blood pressures averaging 120.4 ± 10.5 

mmHg and 78.7 ± 7.9 mmHg, respectively. The 

participants' average fitness level, measured via 

VO2 max, was 45.3 ± 4.8 mL/kg/min. [Table 1] 

Cardiovascular Changes Post-Acute Exercise 

Following the acute exercise protocol, significant 

changes were observed in the cardiovascular 

function of participants (Table 2). The mean heart 

rate increased significantly from 72 ± 8 bpm at rest 

to 125 ± 10 bpm post-exercise (p < 0.001). 

Similarly, cardiac output increased from 5.9 ± 0.6 

L/min to 9.8 ± 1.1 L/min (p < 0.001), driven by the 

increase in heart rate. 

In contrast, stroke volume decreased slightly from 

82.3 ± 12.7 mL to 78.5 ± 10.4 mL post-exercise (p = 

0.04), indicating a reduction in preload. There was 

also a significant improvement in left ventricular 

ejection fraction (LVEF), which increased from 61.8 

± 4.1% at baseline to 65.2 ± 3.7% post-exercise (p < 

0.01). 

Blood pressure measurements demonstrated 

significant increases, with systolic BP rising from 

120.4 ± 10.5 mmHg to 145.6 ± 12.3 mmHg (p < 

0.001) and diastolic BP increasing from 78.7 ± 7.9 

mmHg to 82.5 ± 9.4 mmHg (p = 0.02). Diastolic 

function, as indicated by the E/A ratio, showed a 

modest improvement post-exercise, increasing from 

1.2 ± 0.2 to 1.3 ± 0.3 (p = 0.03). 

Subgroup Analysis Based on Fitness Levels 

Subgroup analysis revealed that participants with 

higher fitness levels (VO2 max = 50.6 ± 3.5 

mL/kg/min) experienced more significant 

cardiovascular changes compared to those with 

lower fitness levels (VO2 max = 40.1 ± 2.4 

mL/kg/min) (Table 3). The increase in heart rate 

post-exercise was slightly greater in the higher 

fitness group (+50 ± 10 bpm) compared to the lower 

fitness group (+45 ± 12 bpm), though this difference 

was not statistically significant (p = 0.15). 

However, the higher fitness group showed a more 

pronounced decrease in stroke volume (-5.5 ± 1.4 

mL vs. -4.2 ± 1.6 mL, p = 0.03) and a greater 

increase in cardiac output (+4.0 ± 0.7 L/min vs. +3.5 

± 0.6 L/min, p = 0.04). Additionally, the higher 

fitness group exhibited a greater improvement in 

LVEF (+4.0 ± 0.5% vs. +2.8 ± 0.7%, p < 0.01). 

Differences in systolic and diastolic blood pressure 

changes between the two fitness groups were not 

statistically significant (p = 0.12 and p = 0.09, 

respectively). 

 

Table 1: Participant Demographics 

Characteristic Mean ± SD 

Age (years) 30.4 ± 4.2 

Gender (Male/Female) 50/50 

Body Mass Index (BMI) 24.8 ± 2.5 kg/m² 

Resting Heart Rate (bpm) 72 ± 8 

Systolic BP (mmHg) 120.4 ± 10.5 

Diastolic BP (mmHg) 78.7 ± 7.9 

Fitness Level (VO2 max) 45.3 ± 4.8 mL/kg/min 

 

Table 2: Pre- and Post-Exercise Echocardiographic Parameters 

Parameter Pre-Exercise Post-Exercise p-value 

Heart Rate (bpm) 72 ± 8 125 ± 10 < 0.001 

Stroke Volume (mL) 82.3 ± 12.7 78.5 ± 10.4 0.04 

Cardiac Output (L/min) 5.9 ± 0.6 9.8 ± 1.1 < 0.001 

Left Ventricular Ejection 
Fraction (LVEF, %) 

61.8 ± 4.1 65.2 ± 3.7 < 0.01 

Systolic BP (mmHg) 120.4 ± 10.5 145.6 ± 12.3 < 0.001 

Diastolic BP (mmHg) 78.7 ± 7.9 82.5 ± 9.4 0.02 

E/A Ratio (Diastolic Function) 1.2 ± 0.2 1.3 ± 0.3 0.03 

 

Table 3: Subgroup Analysis Based on Fitness Levels (VO2 max) 

Parameter Higher Fitness (n = 50) Lower Fitness (n = 50) p-value 

VO2 max (mL/kg/min) 50.6 ± 3.5 40.1 ± 2.4 < 0.01 

Change in Heart Rate (bpm) +50 ± 10 +45 ± 12 0.15 

Change in Stroke Volume (mL) -5.5 ± 1.4 -4.2 ± 1.6 0.03 

Change in Cardiac Output 

(L/min) 
+4.0 ± 0.7 +3.5 ± 0.6 0.04 

Change in LVEF (%) +4.0 ± 0.5 +2.8 ± 0.7 < 0.01 

Change in Systolic BP (mmHg) +25.5 ± 8.6 +23.2 ± 9.4 0.12 

Change in Diastolic BP 
(mmHg) 

+3.2 ± 1.2 +2.7 ± 1.0 0.09 

 

DISCUSSION 
 

The present study investigated the acute effects of 

exercise on cardiovascular function in healthy 

individuals, focusing on key parameters such as 

heart rate, stroke volume, cardiac output, and left 

ventricular ejection fraction (LVEF). Using 

echocardiography, the study assessed these 

parameters before and after a standardized exercise 

protocol, while also examining the impact of fitness 
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levels, as determined by VO2 max, on 

cardiovascular responses. 

Cardiovascular Responses to Acute Exercise 

As expected, acute exercise resulted in significant 

increases in heart rate and cardiac output. The heart 

rate increased by an average of 53 bpm, consistent 

with the physiological demand for increased oxygen 

supply during exercise, which aligns with findings 

from Lavie et al,[8] (2015), who emphasized the role 

of exercise in enhancing cardiovascular outcomes 

and improving overall heart function. The increase 

in cardiac output was primarily driven by the rise in 

heart rate, as stroke volume showed a slight but 

significant reduction post-exercise. This reduction in 

stroke volume is attributed to a decrease in preload 

due to blood redistribution to active muscles, a well-

documented response during acute exercise, as also 

noted by Pinckard et al,[9] (2019). 

The observed increase in LVEF post-exercise 

reflects enhanced systolic function, indicating that 

the heart pumped more efficiently after exertion. 

This finding is consistent with Alhumaid et al,[10] 

(2022), who demonstrated that exercise improves 

myocardial contractility and overall cardiac 

performance. Furthermore, the significant rise in 

systolic blood pressure post-exercise, driven by the 

need for increased systemic blood flow, is in line 

with established hemodynamic responses to physical 

activity, as described by Joseph et al,[11] (2019). 

Impact of Fitness Levels 

The subgroup analysis revealed that participants 

with higher fitness levels experienced more 

pronounced cardiovascular adaptations compared to 

those with lower fitness levels. Specifically, the 

higher fitness group demonstrated a greater increase 

in LVEF and cardiac output, suggesting that higher 

cardiorespiratory fitness is associated with greater 

cardiovascular efficiency. This supports the findings 

of Smarz et al,[12] (2021), who showed that regular 

aerobic training leads to improved cardiac 

performance and an enhanced ability to cope with 

physical stress. 

Additionally, the more pronounced reduction in 

stroke volume observed in the higher fitness group 

may reflect greater ventricular filling capacity and 

myocardial efficiency, as these individuals likely 

experience a more effective Frank-Starling 

mechanism during exercise. This mechanism, as 

highlighted by Jouffroy et al,[13] (2022), allows for 

improved cardiac function under stress, 

underscoring the benefits of superior aerobic fitness. 

The ability to sustain higher cardiac output and 

LVEF in response to exercise further confirms the 

advantages of regular aerobic conditioning, as 

suggested by Benda et al,[14] (2016). 

Implications for Clinical and Fitness Applications 

The findings of this study have important 

implications for both clinical and fitness 

applications. Understanding cardiovascular 

responses to exercise can help clinicians better 

assess cardiac function in healthy individuals, 

particularly in those undergoing fitness evaluations 

or cardiac rehabilitation. The differential responses 

between higher and lower fitness levels highlight the 

importance of personalized exercise programs to 

optimize cardiovascular health. Higher fitness levels 

confer significant advantages in cardiovascular 

function, suggesting that improving aerobic capacity 

through regular exercise can enhance cardiac 

efficiency during physical activity, as supported by 

research from Lavie et al,[8] (2015) and Pinckard et 

al,[9] (2019). 

Limitations 

There are several limitations to this study that 

should be acknowledged. First, the study was 

limited to healthy individuals between the ages of 

20 and 40, which may limit the generalizability of 

the findings to older populations or those with 

underlying cardiovascular conditions. Second, the 

study used a single exercise protocol, which may not 

reflect the variability of cardiovascular responses to 

different types and intensities of exercise. Future 

studies could explore the effects of varied exercise 

protocols and include a broader range of 

participants, including those with cardiovascular 

diseases. 

 

CONCLUSION 
 

This study demonstrates that acute exercise leads to 

significant cardiovascular changes, including 

increases in heart rate, cardiac output, and left 

ventricular ejection fraction (LVEF). Heart rate rose 

from 72 ± 8 bpm to 125 ± 10 bpm (p < 0.001), and 

LVEF increased from 61.8 ± 4.1% to 65.2 ± 3.7% (p 

< 0.01). Participants with higher fitness levels 

showed more pronounced improvements in cardiac 

output and LVEF. These findings highlight the 

beneficial effects of regular aerobic conditioning on 

cardiovascular function, suggesting that tailored 

exercise programs based on fitness levels can 

optimize heart performance and promote better 

cardiovascular health. 
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