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Abstract 

Background: Resting heart rate (RHR) and maximum oxygen consumption (VO2max) are essential 

indices of cardiovascular health and physical fitness. Regular aerobic exercise is known to produce 

cardiovascular adaptations that may affect both RHR and VO 2max. Previous research have mostly 

focused on general populations or clinical groups, however there is little evidence for the association 

between RHR and VO2max in sports science students. Therefore, further studies are needed to 

elucidate the relationship between these characteristics among physically active university students. 

Objectives: The purpose of this study was to determine the link between resting heart rate (RHR) 

and aerobic capacity (VO₂max) in sports sciences students. 

Methods: This research used quantitative observational analytical design using a cross-sectional 

method. A purposive sample was drawn from 30 active sports science students aged between 19 and 

22 years. Resting heart rate was assessed using a digital blood pressure monitor and pulse palpation. 

VO 2max was determined using the 12-minute Cooper test. Data were analyzed with IBM SPSS 

Statistics v. 26. Normality was assessed using the Shapiro-Wilk test and Pearson correlation analysis 

was conducted. p < 0.05 and 95% confidence interval were considered to be statistically significant. 

The respondents gave their informed agreement to participate in the study. 

Results: The mean RHR of the subjects was 69.13 ± 5.35 bpm and the mean VO₂max was 45.39 ± 

4.93 mL/kg/min. Pearson correlation analysis revealed a significant negative connection between 

RHR and VO₂max (r = −0.514; p = 0.004). 

Conclusion: The data imply that RHR can be employed as a feasible, non-invasive index of 

cardiorespiratory fitness, particularly in populations undergoing systematic physical training. 
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INTRODUCTION 

Students in sports science must be physically fit and healthy to assist 

them in their academic and non-academic performance. The physical 

activity that they do, as well as the extra obligations of player and coach, 

means they are very dependent on an efficient cardiovascular system. 

Resting heart rate (RHR) is a simple, non-invasive marker to assess this 

disease. Resting Heart Rate: Your resting heart rate is the number of times 

your heart beats per minute when your body is at rest. This is typically 

logged when you first wake up and before you accomplish anything . 

Resting heart rate (RHR) is a commonly used indicator of cardiovascular 

health and aerobic fitness. (Altini & Plews, 2021). 

VO₂max is an additional significant indicator of cardiorespiratory 

fitness in addition to RHR (Chaliki et al., 2025).  It is the maximum amount 

of oxygen that can be inhaled by the body during strenuous activity (Ross 

et al., 2016). Maximal oxygen uptake or VO₂max or aerobic capacity is the 

ability of the body to absorb, transport and use oxygen during maximal 

exercise which can lead to a greatly higher amount of oxygen consumption 

(Kaminsky et al., 2022) Direct measurement of VO₂max . It displays the 

efficiency of the physiological systems of the body in delivering oxygen to 

the working muscles and removing metabolic waste, which adds to the 

physical performance(Candra, 2021). A high VO2max value is a useful 

signal for the ideal aerobic capacity directly connected with the endurance, 

the training performance and the athletic achievement in university 

students, especially the students in sports science programs and doing 

systematic physical training. 

VO2max and RHR are not only independent markers but also 

interrelated and reciprocally influencing each other in the evaluation of 

the physical fitness of an individual. Resting heart rate (RHR) is closely 

linked with cardiorespiratory fitness (CRF) and aerobic capacity (e.g., 

VO2max) (Garcia et al., 2022). In general, a higher VO2max is associated 
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with a lower RHR as the heart becomes more efficient, mostly due to an 

increase in stroke volume (Altini & Plews, 2021). Therefore, RHR can serve 

as an indirect marker to assess fitness levels and the body’s adaptation to 

physical training. Improvements in VO₂max resulting from regular 

exercise also contribute to a reduction in RHR, which reflects enhanced 

cardiac efficiency and overall cardiovascular fitness. 

Several studies have indicated that RHR (Plaza-Florido et al., 2022) 

can be used as an indirect indicator of VO₂max, making it a practical 

method for assessing cardiorespiratory fitness (Sandercock et al., 2008). A 

population-based study from the HUNT Study in Norway, conducted over 

a 23-year period, revealed a negative correlation between RHR and 

VO₂max: individuals with higher RHR tend to have lower VO₂max levels 

(Nauman et al., 2012). These findings are consistent with results from the 

Fenland Study (UK), in which RHR was shown to be a valid population-

level biomarker of cardiorespiratory fitness (CRF), closely associated with 

VO₂max (Gonzales et al., 2023).  

Sports science students represent a productive age group that is 

particularly vulnerable to lifestyle changes, especially upon entering 

university life (Sutradhar & Jyoti, 2024). Not all of these students maintain 

ideal levels of VO₂max and resting heart rate (RHR), due to lifestyle factors 

and the demanding nature of academic and extracurricular activities (Fan 

et al., 2020). Therefore, monitoring and improving VO₂max and RHR, 

particularly among sports science students, is a crucial step in supporting 

their physical performance.  

This study is important to conduct, as cardiorespiratory capacity is a 

primary indicator for assessing an individual's level of aerobic fitness, 

particularly among sports science students who face high physical 

demands in their daily activities (Ho et al., 2025). Direct measurement of 

VO₂max requires complex equipment (Xiang et al., 2025). and procedures; 

thus, it is essential to identify simpler, non-invasive, and cost-effective 
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predictive methods (Spathis et al., 2022). One potential and relatively easy-

to-measure indicator is resting heart rate (RHR) (Tekin et al., 2025). 

Moreover, most previous studies have focused on the general population 

or clinical groups, while research specifically targeting sports science 

students remains limited (Kaminsky et al., 2023). Yet, in this population, 

adaptations of the cardiorespiratory system play a critical role in 

supporting physical performance, recovery, and the prevention of fatigue 

or injury. 

The unique contribution of this study is the focus on sports science 

students, a group that is often regularly physically active but 

underrepresented in studies examining the association between RHR and 

VO2max. This study shows that RHR can be a simple and feasible indicator 

of aerobic fitness in dynamic academic settings, which is different from 

previous research that has mostly used general populations or clinical 

patients. The peculiarity of this study is therefore the demographic 

specificity and concentrate on the non-invasive technique to measurement 

of cardiorespiratory fitness in university level sports science students. 

 

METHODS 

This study was an analytical observational study using a cross 

sectional design. The purpose of this study was to investigate the 

association between resting heart rate (RHR) as an independent variable 

and aerobic capacity (VO₂max) as a dependent variable in sports science 

students. This investigation was conducted at the Universitas Negeri 

Surabaya athletics field in October 2024.  

The subjects of the study were active students of sports science, aged 

between 19 and 22 years, who took part freely. Purposive sampling was 

used to recruit 30 students in total. Sample size was calculated by means of 

an a priori power analysis for correlation analysis, with an assumed 

medium effect size (r = 0.50), a significance level of 0.05 and a statistical 
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power of 80%, leading to a minimum sample size of about 29 individuals. 

Thus, 30 subjects were included in this investigation.  

The inclusion criteria were: (1) active students in sports science; (2) 

aged 19–22 years; (3) physically active; and (4) willing to engage in the study 

by signing informed agreement. Participants were excluded if they had a 

history of cardiovascular disease, musculoskeletal injury that hindered 

their physical activity, or diseases that could impact resting heart rate 

measures.  

The study was conducted according to the norms of ethical research. 

All individuals gave informed consent to participate in the study. Resting 

heart rate (RHR) was monitored in the morning between 06.00–08.00 a.m. 

to reduce the effect of daily activities. Participants were asked to refrain 

from severe exercise, coffee intake and food consumption before to the 

measurement. Measurement was performed after participants rested in a 

supine position for 10 minutes. Resting heart rate (RHR) was measured 

using a digital blood pressure monitor with confirmation by manual pulse 

palpation. The measure was recorded in beats per minute (bpm).  

Aerobic capacity was evaluated using the 12-minute Cooper test on a 

regular 400-meter athletics track. They were asked to run or walk as far as 

they could in 12 minutes. Total distance covered was measured in metres. 

VO₂max was estimated according to the Cooper equation. The data 

analysis was performed using IBM SPSS Statistics version 26. Participant 

characteristics and research factors were summarized using descriptive 

statistics. Normality of the data was tested using Shapiro–Wilk test. As the 

data satisfied the normal distribution assumptions, Pearson correlation 

analysis was utilized to analyze the association between RHR and VO₂max. 

Statistical significance was considered at p < 0.05, with 95% confidence 

interval.  

This study is a descriptive quantitative study. It uses an 

observational-analytic strategy. Purposive sampling was used to choose 30 
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active students aged between 19 and 22 years who voluntarily participated 

in the study. The research was conducted at the athletics field of 

Universitas Negeri Surabaya in October 2024, with the aim of examining 

the effect of resting heart rate (RHR) on aerobic capacity (VO₂max). The 

independent variable is VO₂max and the dependent variable is RHR . 

Aerobic capacity data were gathered with the 12-minute Cooper test, and 

RHR was measured with a digital blood pressure monitor and pulse 

palpation. Descriptive statistics, normality test, and Pearson correlation 

analysis were used to assess the data and to test the link between the two 

variables. 

 

RESULTS 

Research results are presented in the form of graphs, tables, or 

descriptive. Analysis and interpretation of these results is required before 

they are discussed. The table is written in the middle or at the end of each 

descriptive text of research results/acquisitions. If the width of the table is 

not enough to be written in half a page, it can be written a full page. Table 

titles are written from left to right, all words are capitalized, except for 

conjunctions. If more than one line is written in single space. For example, 

it can be seen in the table bellow.  

Table 1. Descriptive Characteristics 

Variable Min Max Mean SD 

RHR (bpm) 56 79 69.13 5.35 

VO₂Max (mL/kg/min) 34.84 55.76 45.39 4.93 

Table 1 presents the descriptive characteristic values. The mean resting 

heart rate (RHR) of 69.13 ± 5.35 bpm indicates that the majority of 

respondents had a normal RHR. Meanwhile, the average VO₂max value of 

45.39 ± 4.93 mL/kg/min suggests that the subjects generally had good 
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aerobic capacity, which is consistent with the characteristics of physically 

active sports science students. 

Table 2. VO₂max Categories 

Category VO₂Max Range (mL/kg/min) Number of 

Subject 

Very Good > 50 7 

Good 43 – 50 17 

Fair 36 – 42 5 

Poor <36 1 

Table 2 shows that the majority of respondents fell into the "good" (57%) 

and "very good" (23%) categories for VO₂max, followed by the "fair" 

category (17%), with the remaining participants classified as "poor" (0.3%). 

This distribution indicates that the participants' aerobic capacity was 

generally in good condition. 

Table 3. Normality Test 

Variabel p-value 

IMT 0.708 

VO₂Max 0.733 

The results of the normality test showed that both variables had p-values 

greater than 0.05, indicating that the data were normally distributed. 

Therefore, the Pearson correlation test was deemed appropriate for 

further analysis. 

Table 4 Pearson Correlation Test 

Variabel R p-value 

IMT vs VO₂Max -0,514 0,004 
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Table 4 presents the results of the Pearson correlation test, showing 

a statistically significant negative relationship between RHR and VO₂max 

(r = –0.514; p = 0.004). The correlation coefficient indicates a moderate 

correlation, suggesting that a decrease in RHR is associated with an 

increase in aerobic capacity (VO₂max). 

DISCUSSION 

The results of this study indicate a significant negative correlation 

between resting heart rate (RHR) and VO₂max among sports science 

students, with a moderate correlation coefficient of r = –0.514 and p = 

0.004. This finding suggests that lower RHR values are associated with 

higher aerobic capacity (Ramakrishna et al., 2022) . In other words, 

students with higher VO₂max levels tend to have lower resting heart rates. 

This relationship implies that RHR can serve as an indirect yet effective 

indicator for assessing an individual's level of cardiorespiratory fitness 

(Aparicio et al., 2022). These findings are consistent with those reported by 

(Nauman et al., 2012) in the HUNT Study conducted in Norway, as well as 

by (Gonzales et al., 2023) in the Fenland Study in the United Kingdom, 

both of which concluded that RHR can be used as a population-level 

biomarker of fitness in relation to VO₂max. Furthermore, the results align 

with fundamental principles of exercise physiology, which state that one 

of the key cardiovascular adaptations to intensive physical training is a 

reduction in resting heart rate. 

Resting heart rate (RHR) is an important physiological parameter 

that reflects the efficiency of the heart in pumping blood throughout the 

body. Individuals with good cardiorespiratory fitness—such as athletes and 

sports science students who engage in regular training—generally have 

lower RHR compared to the general population (Gonzales et al., 2023). 

This is attributed to an increased stroke volume, or the amount of blood 

ejected by the heart with each beat. As a result, their hearts do not need to 

work as hard when the body is in a state of complete rest. (Altini & Plews, 
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2021) also emphasized in their study that a reduction in RHR is a primary 

physiological adaptation in response to long-term, regular aerobic 

exercise. 

Based on the measurement results, the average VO₂max of the 

students in this study was 45.39 ± 4.93 mL/kg/min. This value falls within 

the "good" to "very good" category according to the aerobic fitness 

standards applied in this research. The distribution of participant 

categories also indicated that more than 80% of the subjects were classified 

as having good to very good VO₂max levels, suggesting that the majority 

of students possessed adequate fitness to support both their academic and 

non-academic activities. This condition reflects that sports science 

students generally have cardiorespiratory endurance levels appropriate to 

the physical demands of university life and extracurricular activities (Lavie 

et al., 2022). These findings are consistent with (Candra, 2021) who stated 

that higher VO₂max levels are positively correlated with improved physical 

performance. 

The average resting heart rate (RHR) found in this study was 69.13 ± 

5.35 bpm. This value lies within the usual range of an active population 

according to exercise physiology criteria. However, some people exhibited 

higher than usual RHR values, which might be associated with stress, sleep 

quality or inadequate fitness. Sports science students should examine these 

aspects to maintain steady cardiorespiratory fitness. In prior studies, Fan 

et al., (2020) also reported that the majority of the sports students in their 

study had VO2max levels that were classified as good to very good, which 

is consistent with their characteristics as physically active individuals. This 

points to the need of regular exercise in the maintenance and 

improvement of aerobic capacity. The mean VO₂max was 45.39 

mL/kg/min with a standard deviation of 4.93 in the present study, which 

shows that the diversity in fitness level among the individuals was within a 

fair range.  
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People with a high VO2max usually have a lower resting heart rate 

(RHR) due to the long-term cardiac adaptations to exercise, such as 

increased stroke volume and better parasympathetic tone (Mongin et al., 

2022). ). The lower the RHR , the more efficient your heart has become in 

pumping blood throughout your body while at rest . This physiological 

reaction is relevant to students of sports science who perform strenuous 

physical training programmes on a regular basis (Altini & Plews, 2021).  

In conclusion, the findings of the present study provide important 

practical consequences for the sports science students and associated 

educational organizations. RHR is easy to assess and monitor on a regular 

basis and can give students a basic understanding of their cardiorespiratory 

fitness without expensive laboratory testing. Furthermore, sports program 

directors can use these insights to build more structured training programs 

based on the students’ physiological data. This work also provides chances 

for additional research to build VO2max prediction models based on RHR 

(Liu et al., 2022), as proposed by (Tekin et al., 2025) and (Ho et al., 2025). 

Therefore, RHR monitoring could be used not only as a health assessment 

tool but also as a vital part in improving physical performance and 

preventing injury or weariness in sports science students. 

These findings are congruent with a study by  (Kato et al., 2016), who 

found a substantial negative correlation between resting heart rate (RHR) 

and exercise capacity (peak VO2) in patients with sinus rhythm. In that 

study, lower RHR was related with increased VO 2 max, even after 

adjusting for characteristics such as age, gender and usage of heart rate 

reducing drugs . In addition, prior studies have also established that RHR 

is a good marker for assessment of cardiorespiratory fitness and prediction 

of health outcomes in the general population and in patients with 

cardiovascular illnesses . From these previous research it can be stated that 

the use of RHR as a tool for fitness monitoring is relevant and 

advantageous in the context of education and athletic training. The present 
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findings, together with an increasing body of international scientific 

evidence, suggest the inclusion of RHR monitoring in fitness development 

programs for students.  

A study by (Kang & Ko, 2019) also shows similar support in that 

persons with lower resting heart rates (RHR) tend to have greater VO2max 

values. This study revealed that RHR is negatively related to VO 2 max 

confirming the utility of RHR as a simple and practical criterion for 

assessing cardiorespiratory fitness. Furthermore, the results of (Kang & Ko, 

2019) point out that monitoring of RHR is an important part of physical 

fitness development of sports science students. 

 

CONCLUSION 

The results of this study indicate there is a strong association between 

resting heart rate (RHR) and aerobic capacity (VO₂max) among sports 

science students. The correlation study indicates that lower RHR in a 

person is associated with higher VO₂max. This negative association shows 

that RHR could be a useful practical measure for the assessment of 

cardiorespiratory fitness levels.  

Therefore, our work contributes meaningfully to the development 

of cardiovascular fitness monitoring tools, especially for sports science 

students. The results can be used as reference for sports science programs 

in order to build more quantifiable physical training plans based on simple 

physiological characteristics such as resting heart rate (RHR). In addition, 

the study offers scope for future research with a larger population and 

different measures. In the future, routine RHR monitoring will be part of 

regular evaluations for sports students to avoid losses in physical 

performance and ensure long-term cardiorespiratory health. 
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