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ABSTRACT 

Background: Heart rate recovery (HRR) following exercise serves as a simple, non-

invasive indicator of autonomic function and cardiovascular fitness. Impaired HRR 

has been linked with increased cardiovascular risk, even in apparently healthy 

individuals. However, there is limited data on HRR among young adults in the 

Nigerian population. 

Aim: This study aimed to characterize typical HRR values among undergraduate 

students of the University of Benin and to examine their relationship with key 

lifestyle and stress-related factors, including physical activity and perceived academic 

stress. 

Methods: A total of 346 apparently healthy male and female undergraduate student 

aged 18 – 25 years with a mean age of 21.09 ± 1.87 years participated in this cross-

sectional observational study. Of the total respondents, 167 (48.3%) were male and 

179 (51.7%) were female. Resting and exercise heart rate, and blood pressure were 

recorded. HRR was determined at 1, 2, and 5-minutes post-exercise. Physical activity 

levels were assessed using the International Physical Activity Questionnaire (IPAQ), 

while perceived stress was evaluated with the Perceived Stress Scale (PSS). Data was 

summarize using descriptive statistics. Independent t-tests, ANOVA, correlation, and 

linear regression, with significance set at p < 0.05 were used to test the hypothesis. 

Results: The participants had mean HRR values of 50.34 ± 19.61 bpm (1-minute), 

65.32 ± 21.27 bpm (2-minute), and 75.35 ± 22.72 bpm (5-minute). No significant 

gender differences were observed in HRR (p > 0.05). Physical activity showed a 

significant negative correlation with 5-minute HRR (r = –0.15, p = 0.005), while 

perceived academic stress showed no significant relationship with HRR across time 

points. HRR significantly predicted maximum heart rate (B = 0.737, p < 0.001), but 

not resting cardiovascular parameters. 

Conclusion: The findings suggest that HRR after 6MWT among healthy young adults 

at the University of Benin reflects generally normal autonomic recovery patterns, 

independent of gender and academic stress levels. However, reduced physical activity 

may influence delayed autonomic recovery. Regular physical activity and preventive 

cardiovascular screening are recommended to promote optimal autonomic health. 

Keywords: Heart rate recovery, Autonomic function, Physical activity, Academic 

stress, Healthy young adults, Preventive screening. 
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CHAPTER ONE 

INTRODUCTION 

 

1.1 Background of the Study  

 

Heart rate recovery is crucial for revealing the autonomic health in every population. 

It is significant in physiotherapy as it is often linked to the symmetry of the autonomic 

nervous system and its cardiovascular implications.  Physiotherapists often give 

treatment to individuals who have impairment, disability, or injuries, and improve 

their physical fitness, which directly includes heart rate recovery, which can be a vital 

aspect of their well-being (Lee et al., 2012; Maria et al., 2017). There are several 

methods of assessing autonomic function, one of which is HRR, a non-invasive 

method used to assess autonomic and cardiovascular function. This method has been 

used in different populations, including older adults and athletes, to determine their 

autonomic function. Therefore, the clinical investigation of Heart rate recovery is 

important to identify individuals who may be at risk of developing diseases and to 

develop interventions to improve their physical fitness, which directly improves HRR. 

 

Heart rate recovery (HRR), defined as the rate at which heart rate decreases after the 

cessation of exercise, has emerged as a valuable, non-invasive marker of cardiac 

autonomic function, particularly reflecting the efficiency of parasympathetic 

reactivation and the withdrawal of sympathetic tone (Okutucu et al., 2011). The 

human body’s ability to adapt and maintain internal equilibrium, or homeostasis, is 

largely organized by the autonomic nervous system (ANS). This complex network 

operates beneath the realm of conscious control, diligently regulating a cascade of 
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vital physiological functions, including the rhythmic beating of the heart, the dynamic 

regulation of blood pressure, and the essential processes of respiration and digestion 

(John, 2006). The ANS is characterized by two delicate primary branches that often 

engage in reciprocal interplay: the sympathetic nervous system (SNS) and the 

parasympathetic nervous system (PNS). The SNS is a crucial component of the ANS, 

mainly known for its role in initiating the "fight-or-flight" response. When active, it 

triggers a cascade of physiological changes characterized by increased heart rate and 

blood pressure, faster breathing, heightened alertness, and release of energy reserves. 

Conversely, the PNS functions in the opposite manner of the SNS and acts as the 

body's brake, promoting "rest and digest" activities leading to a slowing of heart rate, 

relaxation of muscles, and conservation of energy. The dynamic balance between 

these two branches, often referred to as sympathovagal balance or autonomic tone, is 

paramount for maintaining optimal cardiovascular health. Heart rate recovery (HRR) 

after exercise is a well-established marker of autonomic nervous system (ANS) 

function and cardiovascular health. It reflects the body's ability to transition from a 

state of sympathetic dominance (during exercise) to a state of parasympathetic 

dominance (during recovery). 

 

The heart rate is primarily regulated by the ANS; the SNS increases heart rate in 

response to stress or exercise, while the PNS slows it down during rest or recovery. 

During exercise, there’s a withdrawal of parasympathetic activity and an increase in 

sympathetic activity, leading to a rise in heart rate, which is an autonomic shift in the 

nervous system. After the cessation of exercise, the sympathetic drive gradually 

decreases, following a rapid reactivation of parasympathetic tone to promote a 

quicker slowing of the increased heart rate. This indicates a healthy heart rate 
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recovery. A faster HRR generally indicates a good sympathovagal balance where the 

parasympathetic system can effectively dampen the sympathetic effects of exercise 

and quickly restore the heart rate to its normal resting state (Arena et al., 2006). 

 

The clinical significance of HRR has been well-established in various populations. 

Studies have consistently demonstrated that an impaired HRR is a potent predictor of 

adverse cardiovascular events and increased all-cause mortality in individuals with 

pre-existing cardiovascular disease (Jouven et al., 2000; Omar et al., 2016). An 

efficient and adaptable ANS allows the cardiovascular system to respond 

appropriately to various physiological demands in changes, from the exertion of 

physical activity to the emotional responses engendered by daily life. Disruptions in 

this delicate balance, characterized by either excessive sympathetic activation or 

diminished parasympathetic influence, may bring about notable implications for 

cardiovascular function and overall well-being for older adults. Less is known about 

autonomic health in young healthy adults, such as undergraduates. 

  

The Focus on Undergraduate Students, a Critical Population, has received less 

attention and has been directed towards understanding autonomic function, as 

assessed by HRR, in healthy young individuals. This demographic often experiences a 

unique confluence of physiological and psycho-social stressors, often characterized 

by high levels of stress, poor sleep, and variable lifestyle habits. Understanding 

autonomic health through HRR is crucial. The clinical relevance of HRR has been 

robustly demonstrated across diverse adult populations. Landmark studies have 

recognized a clear link between a blunted HRR and an elevated risk of adverse 

cardiovascular events, including myocardial infarction, sudden cardiac death, and 
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increased all-cause mortality (Jouven et al., 2000; Omar et al., 2016). This established 

prognostic value underscores the potential of HRR as a valuable tool for identifying 

individuals who may be significantly at increased risk for cardiovascular morbidity, 

even in the absence of patent clinical symptoms. 

 

However, it is unclear how the dynamics and uniqueness of undergraduate lifestyles 

affect heart rate and physical fitness among university students; therefore, 

understanding this relationship in this population can by extension, assist 

physiotherapists to accurately assess and plan appropriate interventions. The choice of 

HRR as an index for assessing autonomic function is due to its quick call to action 

status, which will take just a few minutes to carry out and calculate. Using this will 

not only serve as a measure of autonomic function for university students but would 

by extension, also encourage further studies comparing diverse programmes in the 

university, as well as enabling physiotherapists to assess their exercise capacity, 

cardiac health, and ultimately their physical fitness in very little time.   

 

1.2    Statement of the Problem 

There is an underexplored landscape of the autonomic function in healthy young 

adults (university undergraduate), while the significance of HRR is well-documented 

in clinical and aging populations, the autonomic landscape of healthy young adults, 

particularly university undergraduate students, remains comparatively underexplored. 

This is a critical oversight, considering the unique constellation of physiological and 

psychosocial stressors that characterize this pivotal stage of life. This lack of baseline 

data and understanding of the factors influencing HRR in undergraduates represents a 

significant knowledge and population gap. Without this information, tertiary 
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institutions lack the evidence-based foundation to identify students who may be 

significantly at risk for early autonomic dysregulation and to implement early 

precautions and targeted wellness interventions. Consequently, potential early 

warning signs of compromised cardiovascular health may go unnoticed, representing 

a missed opportunity for dynamic health promotion and disease prevention in this 

young adult population (Kim et al., 2018; Melillo et al, 2011). The undergraduate 

experience is often marked by a confluence of factors that can exert considerable 

influence on the autonomic nervous system, potentially leading to early signs of 

cardiovascular dysregulation. These factors include the rigorous academic 

environment inherent in university life, with its demanding mental academic 

coursework, important examinations, and the pervasive pressure to achieve academic 

excellence, which can serve as a significant source of chronic mental stress (Wilks, 

2008). This sustained psychological stress can lead to prolonged sympathetic 

activation, potentially impacting autonomic balance and cardiovascular regulation. 

 

1.3   Research Questions 

1. What was the average heart rate recovery (HRR) value, specifically measured at 

the one-minute, two-minute, and five-minute marks following the cessation of a 

6MWT, among the healthy young adults population of the tertiary institution? 

2. Was there any difference in the average HRR value measured at one-minute, two-

minute, and five-minute marks following the cessation of a 6MWT, among the 

healthy young adults population of the tertiary institution 

3. Was there any difference in heart rate recovery in one-minute (HRR1) value after a 

6MWT in the male and female healthy young adults participants? 
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4. Was there any difference in heart rate recovery in two-minute (HRR2) value after a 

6MWT in the male and female healthy young adults participants? 

5. Was there any difference in heart rate recovery in five-minute (HRR5) value after a 

6MWT in the male and female healthy young adults participants? 

6. Was there a correlation between the self-reported physical activity levels of 

healthy young adults and one-minute heart rate recovery (HRR) value after a 6MWT  

?  

7. Was there a correlation between the self-reported physical activity levels of 

healthy young adults and two-minute heart rate recovery (HRR) value after a 6MWT  

?  

8. Was there a correlation between the self-reported physical activity levels of 

healthy young adults and five-minute heart rate recovery (HRR) value after a 6MWT  

?  

9. Was there any correlation between the level of perceived academic stress of 

healthy young adults and one-minute heart rate recovery (HRR) value after a 6MWT 

? 

10. Was there any correlation between the level of perceived academic stress of 

healthy young adults and two-minute heart rate recovery (HRR) value after a 6MWT 

?  

11.  Was there any correlation between the level of perceived academic stress of 

healthy young adults and five-minute heart rate recovery (HRR) value after a 6MWT 

?  

12.  Would one-minute HRR after a 6MWT predict systolic blood pressure as a 

measure of autonomic function ? 
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13.  Would one-minute HRR after a 6MWT predict diastolic blood pressure as a 

measure of autonomic function ? 

14.  Would one-minute HRR after a 6MWT predict resting heart rate as a measure of 

autonomic function ? 

15.  Would one-minute HRR after a 6MWT predict maximum heart rate as a measure 

of autonomic function ?  

 1.4 Aim of the Study 

This study aimed to contribute to the knowledge and population gaps by 

characterizing typical HRR values within this demographic at a tertiary institution.  It 

would also aim to characterize heart rate recovery in university undergraduate 

students and investigate its relationship with key lifestyle and stress-related factors.  

1.5 Specific Objectives 

The objectives of this study were. 

1. To conduct a comprehensive assessment of the autonomic health among healthy 

young adults (undergraduate students) enrolled at a tertiary institution by 

meticulously measuring their heart rate recovery (HRR) at one, two, and five minutes 

following a 6MWT. 

2. To examine the intricate relationships between this physiological marker and self-

reported habitual physical activity levels, as well as their perceived levels of academic 

stress. 

3.  To precisely quantify and subsequently compare the mean heart rate recovery 

(HRR) values after a 6MWT, measured at the critical one-minute post-exercise time 

point, between the distinct groups of male and female healthy young adults 

participating in the study. 
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4. To precisely quantify and subsequently compare the mean heart rate recovery 

(HRR) values after a 6MWT, measured at the critical two- minute post-exercise time 

point, between the distinct groups of male and female healthy young adults 

participating in the study. 

5. To precisely quantify and subsequently compare the mean heart rate recovery 

(HRR) values after a 6MWT, measured at the critical five- minute post-exercise time 

point, between the distinct groups of male and female healthy young adults 

participating in the study. 

6. To rigorously investigate the nature and strength of the association between self-

reported habitual physical activity levels, as comprehensively assessed by the 

validated International Physical Activity Questionnaire (IPAQ), and the magnitude of 

heart rate recovery (HRR) after a 6MWT measured at the critical one-minute post-

exercise time point in healthy young adults. 

7. To rigorously investigate the nature and strength of the association between self-

reported habitual physical activity levels, as comprehensively assessed by the 

validated International Physical Activity Questionnaire (IPAQ), and the magnitude of 

heart rate recovery (HRR) after a 6MWT measured at the critical two-minute post-

exercise time point in healthy young adults. 

8. To rigorously investigate the nature and strength of the association between self-

reported habitual physical activity levels, as comprehensively assessed by the 

validated International Physical Activity Questionnaire (IPAQ), and the magnitude of 

heart rate recovery (HRR) after a 6MWT measured at the critical five- minute post-

exercise time point in healthy young adults. 

9. To thoroughly investigate the potential relationship between the self-reported 

levels of perceived academic stress, as measured by the widely utilized Perceived 
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Stress Scale-10 (PSS-10), and the subsequent heart rate recovery (HRR) post 6MWT 

measured at the critical one-minute post-exercise time point exhibited by healthy 

young adults. 

10.  To thoroughly investigate the potential relationship between the self-reported 

levels of perceived academic stress, as measured by the widely utilized Perceived 

Stress Scale-10 (PSS-10), and the subsequent heart rate recovery (HRR) post 6MWT 

measured at the critical two- minute and five- minute post-exercise time point 

exhibited by healthy young adults. 

11. To thoroughly investigate the potential relationship between the self-reported 

levels of perceived academic stress, as measured by the widely utilized Perceived 

Stress Scale-10 (PSS-10), and the subsequent heart rate recovery (HRR) post 6MWT 

measured at the critical five- minute post-exercise time point exhibited by healthy 

young adults. 

12. To determine the relationship between one-minute heart rate recovery (HRR) 

value after a 6MWT and systolic blood pressure as a measure of autonomic function.  

13. To determine the relationship between one-minute heart rate recovery (HRR) 

value after a 6MWT and diastolic blood pressure as a measure of autonomic function.  

14. To determine the relationship between one-minute heart rate recovery (HRR) 

value after a 6MWT and resting heart rate as a measure of autonomic function.  

15. To determine the relationship between one-minute heart rate recovery (HRR) 

value after a 6MWT and maximum heart rate as a measure of autonomic function.  
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1.6 Hypotheses 

1.6.1 Main Hypothesis   

There would be no significant difference in heart rate recovery (HRR)among healthy 

young adults and between males and females, and also no significant correlation 

between HRR after a 6MWT and other demographic factors.  

1.6.2 Sub Hypothesis 

1. There would be no significant difference between the mean HRR value at one-

minute, two-minute, and five-minute after a 6MWT in healthy young adults. 

2. There would be no significant difference in the mean one-minute heart rate 

recovery (HRR) value after a 6MWT between male and female healthy young adults. 

3. There would be no significant difference in the mean two-minute heart rate 

recovery (HRR) value after a 6MWT between male and female healthy young adults. 

4. There would be no significant difference in the mean five-minute heart rate 

recovery (HRR) value after a 6MWT between male and female healthy young adults. 

5. There would be no significant correlation between the self-reported habitual 

physical activity levels and the magnitude of one-minute heart rate recovery (HRR) 

after a 6MWT in healthy young adults 

6.  There would be no significant correlation between the self-reported habitual 

physical activity levels and the magnitude of two-minute heart rate recovery (HRR) 

after a 6MWT in healthy young adults. 

7. There would be no significant correlation between the self-reported habitual 

physical activity levels and the magnitude of five-minute heart rate recovery (HRR) 

after a 6MWT in healthy young adults 

8. There would be no significant correlation between the self-reported levels of 

perceived academic stress and the one-minute heart rate recovery (HRR) after a 

6MWT performance in healthy young adult.  
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9. There would be no significant correlation between the self-reported levels of 

perceived academic stress and the two-minute heart rate recovery (HRR) after a 

6MWT performance in healthy young adults.  

10.  There would be no significant correlation between the self-reported levels of 

perceived academic stress and the five-minute heart rate recovery (HRR) after a 

6MWT performance in healthy young adults.  

11. One-minute heart rate recovery (HRR) after a 6MWT would not significantly 

predict systolic blood pressure as a measure of autonomic function.  

12. One-minute heart rate recovery (HRR) after a 6MWT would not significantly 

predict diastolic blood pressure as a measure of autonomic function.  

13. One-minute heart rate recovery (HRR) after a 6MWT would not significantly 

predict resting heart rate as a measure of autonomic function.  

14. One-minute heart rate recovery (HRR) after a 6MWT would not significantly 

predict maximum heart rate as a measure of autonomic function. 

1.7    Significance / Justification of Study  

The significance of the study includes. 

Contribution to the field of physiotherapy: The findings of the study may 

contribute to the field of physiotherapy in particular and, by extension, the medical 

field. By providing evidence-based information on the autonomic health data for the 

specific population, identifying at-risk individuals, informing holistic treatment 

approaches that consider the autonomic nervous system, also supporting the 

development of preventive strategies and further justifying exercise prescription for 

improved physical and autonomic well-being. 
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Establish Foundational Knowledge: The study intended to generate crucial baseline 

data on HRR values within a university undergraduate population at a specific tertiary 

institution. This data would contribute to the limited existing normative information 

for this demographic and serve as a valuable reference point for future investigations 

and potential clinical applications. 

 

Inform/Guided Targeted Health Promotion Activities: By clarifying the 

relationships between modifiable lifestyle factors, such as physical activity, and 

psycho-social factors, such as academic stress, with HRR, this study could provide 

evidence-based insights that can directly inform the development and implementation 

of targeted health promotion programs within university settings. These programs 

could be tailored to address specific factors influencing autonomic health in students. 

 

Contribute to Scientific Literature: This study intended to add a valuable 

contribution to the existing body of scientific literature concerning autonomic 

function in health young adult populations, an area that has historically received less 

research compared to older adults and clinical populations. The findings may 

stimulate further research in diverse academic environments and with larger student 

samples. 

 

Investigating the Potential for Preventive Screening Strategies: The study 

intended to contribute to the evaluation of HRR as a feasible and non-invasive 

screening tool for identifying undergraduate students who may exhibit early signs of 

autonomic dysregulation and could potentially benefit from early lifestyle counseling, 

stress management interventions, or further cardiovascular risk assessment. 
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Practical Application: The study may provide practical implications for university 

students, as it intends to help them understand better the need for cardiovascular 

fitness and motivate them to adopt healthier lifestyle habits.  

1.8 Scope and Delimitation  

The scope of the study would be delimited to undergraduate students at the School of 

Basic Medical Sciences. College of Medical Sciences, University of Benin, Edo State, 

aged 18-25 years. The study included male and female students who met the inclusion 

criteria (free of diagnosed cardiovascular or metabolic disorders, not on heart rate-

altering medications) and provided informed consent. The study focuses on heart rate 

recovery, which was specifically defined as the difference between peak heart rate 

achieved during a standardized exercise protocol and the heart rate recorded at exactly 

one minute, two minutes, and five minutes after a 6MWT. 

1.9 Limitations of the Study  

Cross-sectional design 

The study’s cross-sectional nature limits the ability to infer causal relationships 

between HRR, physical activity, and perceived stress. Longitudinal follow-up will be 

required to determine changes in autonomic function over time. 

Self-reported measures: 

Physical activity and stress levels were assessed using self-reported questionnaires 

(IPAQ and PSS), which may be subject to recall bias or social desirability bias, 

potentially affecting data accuracy. 

Single population sample: 

The participants were all undergraduate students from a single university, which may 

limit the generalizability of the findings to other young adult populations or socio-

demographic groups. 
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Controlled environment limitations: 

The HRR measurements were taken under controlled conditions that may not 

perfectly reflect real-life recovery responses following different intensities or types 

of physical activity. 

1.10 Definition of Terms 

 Heart Rate Recovery (HRR): For this study, HRR is operationally defined as the 

absolute difference, measured in beats per minute (bpm), between the peak heart rate 

achieved during the standardized exercise protocol (HR peak) and the heart rate 

recorded exactly at one minute, two minutes, and five minutes after 6MWT post-

exercise recovery period. 

Heart Rate Recovery (HRR) is a widely recognized non-invasive measure reflecting 

the body's ability to transition from the physiological stress of exercise back to a 

resting state. It quantifies the speed at which the heart rate decelerates in the post-

exercise period (Okutucu et al., 2011; Omar et al., 2016). Typically, HRR is 

calculated as the difference between the maximum heart rate achieved during 

maximal or submaximal exercise (HR-peak) and the heart rate recorded at one or 

more specific time points during the recovery phase.   

 

Autonomic Nervous System (ANS): It comprises sympathetic and parasympathetic 

nervous systems. The sympathetic nervous system (SNS) is often associated with the 

"fight-or-flight" response, preparing the body for action or stress. Activation of the 

SNS leads to an increase in heart rate and contractility, vasoconstriction in most blood 

vessels (except those supplying skeletal muscles), bronchodilation, increased 

sweating, and the release of adrenaline and noradrenaline. In contrast, the 

parasympathetic nervous system (PNS) is often referred to as the "rest and digest" 
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system, promoting energy conservation and relaxation. PNS activation leads to a 

decrease in heart rate, vasodilation, bronchoconstriction, increased digestive activity, 

and glandular secretion. The balance between sympathetic and parasympathetic 

activity, known as autonomic balance, is dynamic and constantly adjusted in response 

to internal and external stimuli. This balance is crucial for maintaining cardiovascular 

health, metabolic regulation, and overall physiological well-being (Thayer & Lane, 

2000). 

 

Physical Activity Level: The extent of habitual physical activity engaged in by the 

participants, as self-reported and quantified using the International Physical Activity 

Questionnaire (IPAQ). Activity levels will be categorized according to the IPAQ 

scoring protocol, typically into low, moderate, and high levels of activity based on the 

frequency, intensity, and duration of reported activities.  

 

 Perceived Academic Stress: Perceived academic stress refers to the subjective 

feeling of tension, strain, or worry experienced by students in relation to their 

academic demands, pressures, and expectations (Khan et al.,2013). It encompasses the 

cognitive appraisal of academic stressors (e.g., workload, exams, grades, competition) 

as exceeding one's coping resources. University undergraduate students often face a 

multitude of academic stressors that can significantly impact their physical and mental 

health (Aihie et al., 2019). 

1.11   List of Abbreviations/Acronyms 

6MWT: Six minute walk test 

ANS: Autonomic nervous system  

HRR: Heart rate recovery 



16 
 

HRR1: Heart rate recovery in one minute 

HRR2: Heart rate recovery in two minutes 

HRR5: Heart rate recovery in five minutes  

SNS: Sympathetic nervous system  

PNS: Parasympathetic nervous system 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Conceptual Framework 

The conceptual framework proposes that: 

 Independent Variables: 

o Physical activity levels 

o Perceived academic stress 

o Sex 

 Dependent Variable: 

o Heart Rate Recovery (HRR) at one, two, and five-minute post-exercise 

o  

Diagrammatic Representation 

 

 

[Physical Activity] ──► (+) ──► [HRR] 

 

       │ 

       └──► (–) ──► [Academic Stress] ──► (–) ──► [HRR] 

 

                           ↑ 

                         [Sex] 

 

This framework supports investigating HRR as an integrative biomarker influenced 

by both physiological (activity) and psychosocial (stress) variables, with implications 

for early identification of autonomic imbalance. 

 

This framework supports investigating HRR as an integrative biomarker influenced 

by both physiological (activity) and psycho-social (stress) variables, with implications 

for early identification of autonomic imbalance. This framework provides the 

independent variables as physical activity level, perceived academic stress, sex, and 

the dependent variable as heart rate recovery at one, two, and five-minute post-

exercise. This study is primarily grounded in the Neurovisceral Integration Model 

(NVIM) proposed by Thayer and Lane (2000, 2007). This model propounds that 

efficient regulation of the autonomic nervous system, particularly the influence of the 

vagal nerve (the primary component of the parasympathetic nervous system), is 

crucial for adaptive functioning across a range of physiological and psychological 
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domains. The NVIM emphasizes the bidirectional interaction between the brain 

(central nervous system) and the visceral organs (peripheral nervous system), with the 

prefrontal cortex playing a key role in modulating autonomic control via the vagal 

nerve. The model relevance to this study is on vagal tone as an index of regulatory 

capacity which proposes that higher resting vagal tone, often reflected in greater heart 

rate variability (HRV) and a faster heart rate recovery (HRR) after exercise, this 

indicates a greater capacity for flexible and adaptive physiological responses to 

internal and external demands, including stress (Thayer, J. F., & Lane, R. D. 2000). In 

the context of exercise, a higher baseline vagal tone is theorized to facilitate a more 

rapid reactivation of parasympathetic influence upon cessation of exertion, leading to 

a faster HRR (Ewah A.A.& Oyeyemi, A. L. 2015). The prefrontal cortex, involved in 

executive functions such as attention, working memory, and emotional regulation, 

exerts a top-down inhibitory influence on subcortical areas that control autonomic 

output. Efficient prefrontal cortical function is associated with greater vagal tone and 

more adaptive autonomic responses. 

 

This study utilizes HRR as a peripheral marker of vagal influence and overall 

autonomic balance. Within the framework of the NVIM, we potentially explain that 

higher levels of self-reported physical activity in undergraduate students will be 

associated with a faster HRR, reflecting enhanced vagal tone and more efficient 

autonomic recovery. Higher levels of perceived academic stress will be associated 

with a slower HRR, indicating a relative dominance of sympathetic activity and a 

reduced capacity for vagal reactivation. Potential sex differences in HRR may be 

partly explained by variations in baseline vagal tone and autonomic regulation 

between males and females. By examining these relationships, this study aims to 
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contribute to our understanding of how lifestyle factors (physical activity) and 

psycho-social stressors (academic stress) prevalent in the undergraduate experience 

are associated with a key indicator of autonomic health, as conceptualized within the 

Neurovisceral Integration Model. 

 

The framework highlights the potential of HRR to serve as an indicator of autonomic 

function, cardiovascular fitness, and also has an association with physical fitness 

among students in a tertiary institution. The other variables included in the framework 

provide additional context and potential explanations for the observed relationship. 

By adopting the conceptual framework, the study aims to investigate the validity of 

HRR as an index mark for autonomic function and examine the relationships between 

these variables and other factors that contribute to the autonomic function of 

undergraduate students in a tertiary institution. 

 

2.2 Autonomic function 

The autonomic nervous system (ANS) is the body's intricate and often silent 

conductor, organizing a vast symphony of involuntary physiological processes 

fundamental to maintaining homeostasis (McCorry, 2007). Operating beneath 

conscious control, the ANS regulates vital functions including heart rate, blood 

pressure, respiration, digestion, thermoregulation, and glandular secretions. It’s the 

unseen conductor of cardiovascular health. Understanding autonomic function, 

particularly its influence on the cardiovascular system, is paramount for this project 

exploring heart rate recovery (HRR) as an index of autonomic health in university 

undergraduate students. 
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The ANS comprises two primary branches: the sympathetic nervous system (SNS) 

and the parasympathetic nervous system (PNS). These branches often exert opposing 

effects on target organs, allowing for nuanced physiological adjustments. The ANS is 

classically partitioned into two primary branches: the sympathetic nervous system 

(SNS) and the parasympathetic nervous system (PNS). While these systems often 

innervate the same visceral organs, their effects are typically antagonistic, allowing 

for a finely tuned and dynamic control over physiological processes (Guyton & Hall, 

2006). This intricate interplay, known as autonomic balance or sympathovagal 

balance, is not a static equilibrium but rather a constantly shifting state that reflects 

the body's adaptive responses to various stimuli, ranging from the demands of 

physical exertion to the psychological impact of stress (Thayer & Lane, 2000).The 

sympathetic nervous system is associated with the "fight-or-flight" response which 

prepares the body for stress or demands. Activation leads to increased heart rate and 

contractility, vasoconstriction (except in skeletal muscles), bronchodilation, increased 

sweating, and glucose release (Guyton & Hall, 2006). During exercise, the SNS 

elevates heart rate and blood pressure to meet metabolic demand.. These effects 

include a pronounced increase in heart rate and myocardial contractility, leading to 

enhanced cardiac output and blood flow to skeletal muscles (Berne & Levy, 2018). 

The parasympathetic nervous system is the orchestrator of the rest and recovery 

phase. The PNS, or "rest and digest" system, promotes energy conservation and 

relaxation. Its activation slows heart rate, causes vasodilation, bronchoconstriction, 

and increases digestive activity (Guyton & Hall, 2006). The PNS is primarily 

associated with anabolism, promoting energy conservation, tissue repair, and the 

maintenance of baseline physiological functions. Its principal neurotransmitter, 

acetylcholine, released from parasympathetic nerve endings, binds to muscarinic 
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receptors, mediating effects that generally oppose those of the SNS. Following 

exercise, the PNS, particularly via the vagus nerve, plays a crucial role in decelerating 

heart rate, which is measured as HRR (Romagnoli, F et al., 2017). In the context of 

recovery from physical exertion, the PNS, particularly through the rapid reactivation 

of vagal tone, is instrumental in decelerating heart rate and facilitating the return to a 

resting physiological state, a process quantified as heart rate recovery. 

 

The continuous interplay between the SNS and PNS, termed autonomic balance or 

sympathovagal balance, is vital for cardiovascular health and overall well-being 

(Thayer & Lane, 2000). This balance dynamically shifts based on internal and 

external demands, favoring sympathetic dominance during exercise and stress, and 

parasympathetic dominance during rest. The autonomic balance is not a fixed point 

but rather a dynamic spectrum that reflects the body's capacity to adapt to ever-

changing internal and external demands (Thayer & Sternberg, 2006). 

 

The cardiovascular system is controlled by the ANS, ensuring that blood flow and 

pressure are appropriately regulated to meet the body’s ever-changing metabolic 

demands (Robertson et al., 2013). This regulation is archived through the opposing 

actions of sympathetic and parasympathetic branches on various aspects of cardiac 

and vascular function like heart rate and contractility where the PNS primarily via the 

vagus nerve releasing acetylcholine, acts to decrease heart rate and the force of atrial 

contraction, conversely the SNS increases the heart rate and both the atrial and 

ventricular contractility, leading to greater cardiac output. (Berne & Levy, 2018). 

Other cardiac and vascular functions include blood pressure, heart rate variability, and 

baroreceptor sensitivity (BRS). 
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Heart rate recovery (HRR) provides a non-invasive measure of autonomic regulation 

of the cardiovascular system (Borresen & Lambert, 2008). It reflects the efficiency of 

PNS reactivation and SNS withdrawal post-exercise (Arena et al., 2006). Faster HRR 

indicates a healthy autonomic balance with strong vagal influence (Okutucu et al., 

2011). Conversely, blunted HRR suggests impaired autonomic function (Jouven et al., 

2000). The magnitude and kinetics of the post-exercise heart rate decline are believed 

to be largely mediated by the rapid increase in vagal tone and the concurrent 

withdrawal of sympathetic drive (Borresen & Lambert, 2008) 

 

There are other measures of autonomic function beyond HRR; these methods are 

employed to assess different aspects of autonomic function, which include Heart Rate 

Variability (HRV). As mentioned, HRV analyzes the fluctuations in heart rate 

intervals, providing insights into sympathovagal balance and overall autonomic tone 

(Michal Javorka et al., 2002). Blood Pressure Variability (BPV), is similar to HRV. 

BPV measures the fluctuations in blood pressure over time, reflecting autonomic 

control of vascular tone ( Iranpour et al., 2020). Baroreceptor Sensitivity (BRS) 

assesses the responsiveness of the baroreflex, a crucial mechanism for short-term 

blood pressure regulation mediated by the ANS. Orthostatic Hypotension Testing, 

measuring blood pressure and heart rate changes upon standing, assesses the 

autonomic nervous system's ability to maintain blood pressure against gravity (Low, 

2008). The tilt-table test is a more controlled version of this assessment. Valsalva 

Maneuver, analyzing heart rate and blood pressure responses during and after the 

Valsalva maneuver (forced expiration against a closed glottis), evaluates both 

sympathetic and parasympathetic reflexes. Sudomotor Function Tests: These assess 

sympathetic cholinergic function by measuring sweat output in response to stimuli 
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(e.g., Quantitative Sudomotor Axon Reflex Test - QSART, Thermoregulatory Sweat 

Test - TST) (Low, 2008). Pupillometry, which measures pupil size and reactivity to 

light and other stimuli, can provide information about both sympathetic and 

parasympathetic innervation of the iris (Low,2008).  

2.2.1 Factors influencing Autonomic function 

 Lifestyle Factors: Chronic stress can lead to prolonged activation of the sympathetic 

nervous system (fight-or-flight response), increasing heart rate, blood pressure, and 

releasing stress hormones like cortisol and catecholamines. This sustained activation 

can be unhealthy to the body over time (Kim et al., 2018). Regular exercise is known 

to calm an overactive sympathetic nervous system and can improve cardiac 

autonomic function (Kim et al., 2018). High physical activity and frequent sport 

activities are associated with lower heart rates and improved parasympathetic activity 

(Bellardita et al., 2021). Sedentary lifestyles, especially prolonged sitting with poor 

posture, can negatively effect heart rate variability and sympathetic tone (Bellardita et 

al., 2021).Dietary factors also play a role as deficiencies, particularly in vitamin B12, 

can damage the autonomic nervous system (Ali et al., 2018). Caloric restriction can 

decrease sympathetic nervous system activity, while carbohydrate intake can increase 

it (Kennedy & Symonds, 2018). Caffeine and other stimulants can significantly 

stimulate the nervous system (Kennedy & Symonds, 2018). Chronic and excessive 

alcohol consumption can have toxic effects on autonomic nerves (Ali et al., 2018). 

Poor sleep-wake cycle can contribute to an overactive sympathetic nervous system 

(Kim et al., 2018), and excessive smoking is associated with higher heart rates 

(Bellardita et al., 2021). 
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Medical Conditions and Diseases: Many diseases can impair autonomic function, 

leading to a range of symptoms. Poor management of type 2 diabetes can cause 

diabetic autonomic neuropathy, damaging nerves that control various organs, leading 

to issues like orthostatic hypotension (blood pressure drops upon standing), intestinal 

dysmotility, and erectile dysfunction (Kim et al., 2018). Neurodegenerative disorders 

such as Parkinson's disease, Multiple System Atrophy (MSA), and Lewy Body 

Dementia can also cause orthostatic hypotension and other signs of ANS damage 

(Bellardita et al., 2021). Multiple Sclerosis (MS) can also affect autonomic function 

(Bellardita et al., 2021). Autoimmune and inflammatory conditions like Guillain-

Barré Syndrome, Amyloidosis, and Lupus can lead to autonomic dysfunction (Ali et 

al., 2018). Certain types of dysautonomia involve the immune system attacking parts 

of the body (Bellardita et al., 2021). Infections by viruses (e.g., HIV, COVID-19) and 

bacteria (e.g., Lyme disease, Chagas disease, botulism, tetanus) can cause nerve 

damage that affects the ANS (Kennedy et al., 2018). Spinal cord disorders and 

trauma, as well as cancer and tumors, can disrupt autonomic connections (Ali et al., 

2018). Congenital and genetic conditions such as Hirschsprung's disease and familial 

dysautonomia are also relevant (Bellardita et al., 2021). Exposure to toxins, such as 

heavy metals (mercury or lead) or industrial chemicals, can damage autonomic nerves 

(Ali et al., 2018). Orthostatic Hypotension (OH) and Postural Orthostatic Tachycardia 

Syndrome (POTS) are conditions characterized by autonomic dysfunction (Bellardita 

et al., 2021). 

 

Medications: Various medications can affect autonomic function by influencing 

neurotransmitters or receptors. Anticholinergics inhibit the actions of acetylcholine in 

the parasympathetic nervous system, leading to effects such as dry mouth, dilated 
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pupils, increased heart rate, and decreased gastrointestinal motility (e.g., atropine, 

scopolamine, oxybutynin) (Kennedy & Symonds, 2018). Sympathomimetics mimic or 

modify the effects of the sympathetic nervous system, increasing sympathetic tone 

(e.g., phenylephrine, amphetamine) (Kennedy & Symonds, 2018). Sympatholytic 

block or decrease sympathetic signals, increasing parasympathetic tone (e.g., beta-

blockers like propranolol) (Kennedy & Symonds, 2018). Parasympathomimetic or 

Muscarinic Agonists mimic or enhance the effects of the parasympathetic nervous 

system, increasing parasympathetic tone (e.g., pilocarpine, carbachol) (Kennedy & 

Symonds, 2018). Cholinesterase Inhibitors increase acetylcholine levels by inhibiting 

its breakdown (e.g., neostigmine, pyridostigmine) (Kennedy & Symonds, 2018). 

 

Environmental Factors: Horrendous temperatures can place demands on the ANS to 

regulate body temperature, with avoiding hot environments advised for those with 

reduced sweating (Bellardita et al., 2021). Chronic noise exposure can lead to 

increased blood pressure and heart rate, affecting autonomic balance (Kim et al., 

2018). Air pollutants can stimulate sensory nerves within the cardiopulmonary 

system, leading to autonomic dysfunction (Ali et al., 2018). Distressed levels of light 

can disrupt circadian rhythms and affect hormonal secretions, indirectly influencing 

autonomic function (Bellardita et al., 2021). The body adapts to seasonal changes in 

climatic conditions, which can influence the balance of sympathetic and 

parasympathetic nervous systems (Kim et al., 2018). Physical injuries, especially to 

the spinal cord, can cause long-term or permanent nerve damage affecting autonomic 

connections (Ali et al., 2018). 
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2.2.2 Intervention to improve autonomic health 

 

Physical Activity and Exercise: Regular engagement in physical activity, 

particularly aerobic exercise, is a highly effective intervention for enhancing 

autonomic health, characterized by increased vagal tone and faster heart rate recovery 

(HRR) (Iranpour et al., 2020; Billman, 2009). Even resistance training can contribute 

to improved autonomic balance (Michael et al., 2017). 

Stress Management Techniques: Interventions aimed at reducing chronic stress are 

crucial for optimizing autonomic balance. These include mindfulness and meditation 

practices, which increase parasympathetic activity and reduce sympathetic arousal 

(Chiesa & Serretti, 2010; Tang et al., 2009), and Pranayama, which uses a deep 

breathing exercise pattern to directly stimulate the vagus nerve and promote 

parasympathetic dominance (Dhanvijay & Chandan, 2018; Bhimani et al., 2011). 

Yoga and Tai Chi, which combine physical postures with mindfulness, also improve 

autonomic regulation (Curtis & O'Keefe, 2002; Telles et al., 2013). 

 

Lifestyle Modification: Adequate and good quality sleep is fundamental for restoring 

autonomic balance. Sleep deprivation is linked to increased sympathetic activity, 

while establishing regular sleep schedules and optimizing the sleep environment can 

support parasympathetic restoration (Fan et al., 2020; Tobaldini et al., 2013). 

 

Nutritional Interventions: While research is ongoing, certain dietary elements are 

hypothesized to support autonomic health. Omega-3 fatty acids, found in fatty fish, 

may positively influence heart rate variability (HRV) and autonomic balance 

(Mozaffarian et al., 2008), while a balanced diet generally aids overall physiological 

regulation (Mayo, 2024). 
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Monitoring and Feedback: Wearable sensors and machine learning algorithms can 

be used to monitor HRV and detect early signs of stress, enabling timely 

interventions (Razavi et al., 2023). 

2.2.3   Perception of students towards autonomic Health  

Student perception of autonomic health is a developing area of research, with growing 

recognition of the significant interplay between stress, lifestyle, and the functioning of 

the autonomic nervous system (ANS), according to published journals of Medical 

Education and Curricular Development students. The students' attitude towards 

autonomic health can be influenced by a range of factors, including their self-efficacy 

beliefs and their perception of the benefit of healthy living (Lazauskaite-Zabielske et 

al., 2018). A study by Dabbagh et al. 2024 found that awareness of stress and its 

physiological impact on students frequently report experiencing chronic stress due to 

academic pressures, financial concerns, social pressures, and adjustment to university 

life. This stress is often perceived as a significant challenge. Students increasingly 

recognize that stress is not merely a mental state but manifests physically through 

symptoms such as increased heart rate, fatigue, digestive issues, and susceptibility to 

illness, all indicative of an activated sympathetic nervous system response (Dabbagh 

and Dabbagh, 2024). However, their understanding of the underlying mechanisms of 

the ANS, including the balance between sympathetic and parasympathetic activity, is 

generally limited unless they are pursuing health-related disciplines (Reyes-Ruiz et 

al., 2021). Educational strategies, such as active learning approaches, are being 

developed to improve this understanding (Reyes-Ruiz et al., 2021). 
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The Impact of lifestyle on well-being, including the autonomic health of 

Students are becoming more aware that their lifestyle choices significantly impact 

their overall health and ability to cope with stress (Dabbagh and Dabbagh, 2024). The 

link between diet and autonomic health is less widely understood by students, though 

general healthy eating habits are often promoted for overall well-being. Another study 

found that there is a growing awareness of the negative impact of substances like 

nicotine, alcohol, and drugs on mental and physical health, including their detrimental 

effects on ANS balance, such as nicotine increasing sympathetic activity (Brody G.H. 

et al., 2024). According to the Journal of Physical Therapy Science, students are 

increasingly seeking and recognizing the value of stress-management techniques such 

as breathing exercises, positive social interaction, laughter, and seeking professional 

help (Lee J.Y. et al., 2017). Unless students are in medical or health-related 

programmes, formal education on the autonomic nervous system is often minimal, 

leading to a conceptual gap between experiencing symptoms and understanding their 

physiological basis (Reyes-Ruiz et al., 2021). This lack of understanding can lead to 

misinterpretations of autonomic symptoms, potentially delaying appropriate care for 

underlying dysautonomia (Reyes-Ruiz et al., 2021). According to the Journal of 

Medical Education and Curricular Development, there is a clear need for more 

comprehensive education that connects lifestyle choices, stress, and the functioning of 

the ANS, empowering students to proactively manage their health (Reyes-Ruiz et al., 

2021). 

 

Studies on nursing students have shown that higher-grade students, who are likely to 

face greater stressors, may exhibit abnormal functioning of the autonomic nervous 
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system, with lower parasympathetic activity and higher sympathetic activity, 

suggesting a physiological response to academic stress (Choi and Lee, 2017). 

Research on perceived discrimination indicates that it can influence ANS 

coordination, highlighting the impact of psycho-social stressors on physiological 

regulation (Brody et al., 2014). Educational games have also shown promise in 

improving students' understanding of complex physiological concepts like the ANS 

(Reyes-Ruiz et al., 2021). 

 

2.3    Heart Rate Recovery  

Heart rate recovery refers to the rate at which the heart rate decreases in the first few 

minutes after exercise cessation (Darr et al., 2016). It's an important indicator of 

autonomic function and cardiovascular fitness and is a strong predictor of mortality 

and morbidity (Jouven et al., 2000). Heart rate recovery is typically measured during 

the first minute following the cessation of exercise, and the rate of decline in heart 

rate during this period is considered an important indicator of cardiovascular fitness. 

HRR is influenced by a number of factors, including age, sex, fitness level, and the 

intensity and duration of exercise. Research has shown that a slower HRR is 

associated with an increased risk of cardiovascular disease and morbidity. For 

example, a study conducted by Michal Javorka et al. (2002) indicates that heart rate 

recovery after exercise, assessed through HRV and complexity measures, reflects 

autonomic health. Positive correlations between early post-exercise HRV indices and 

cardio deceleration suggest parasympathetic reactivation, relevant for evaluating 

cardiovascular fitness in undergraduate students. These findings underscore the 

clinical significance of HRR as a readily obtainable indicator of autonomic function 

and cardiovascular risk. 
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While the long-term prognostic implications of HRR in young, healthy populations 

are less established, these findings in adults highlight the importance of understanding 

factors that influence HRR in younger individuals, as potential early indicators of 

autonomic dysregulation. 

Another study conducted by Cole et al. found that individuals with a slower HRR had 

a higher risk of all-cause mortality, even after controlling for other risk factors such as 

age, sex, and fitness level (Jouven et al., 2000). Similarly, a study by Oyeyemi et al. 

indicates that heart rate recovery (HRR) is a significant predictor of cardiovascular 

fitness among undergraduate students, with physically active individuals 

demonstrating better HRR compared to inactive counterparts, suggesting enhanced 

autonomic health and parasympathetic activity in active students. In a study by 

Lampson, M. Fan et al. found that heart rate recovery (HRR) at 3 minutes post-

exercise is a significant indicator of autonomic health in undergraduate medical 

science students, correlating positively with cardiorespiratory fitness (VO2max) and 

negatively with unhealthy lifestyle behaviors. Similarly, Kim et al. (2022) reported a 

correlation between a higher physical efficiency index (PEI) from the Harvard step 

test and improved autonomic nerve function, as reflected in heart rate variability 

during recovery, in college students. Fan et al. (2020) found that better 

cardiorespiratory fitness (VO2max) was positively correlated with faster HRR in 

medical science students. These studies collectively suggest that higher levels of 

physical activity are associated with a more efficient autonomic recovery following 

exercise in young adults. 

2.3.1 Heart rate recovery and perceived stress 

Heart rate recovery and the effectiveness of stress have also been investigated. 

Chronic stress is generally hypothesized to impair autonomic balance, potentially 
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leading to a blunted HRR due to sustained sympathetic activation and reduced vagal 

tone. Sloan et al. (2017), in a study on college-aged individuals, found an inverse 

correlation between perceived stress levels and HRR, suggesting that higher stress 

was associated with slower recovery. Wimmer et al. (2019) examined cardiac 

recovery after a stressful presentation in university students and found that different 

dimensions of self-concept were associated with HRR, indicating a link between 

psychological factors and autonomic responses to stress. While Hammoud et al. 

(2018) focused on heart rate variability during examination stress in Lebanese 

students,  

their findings of reduced HRV during stress suggest a potential parallel impact on 

HRR, reflecting a shift towards sympathetic dominance. Studies on stress-reduction 

techniques like pranayama have shown improvements in HRV (Dhanvijay & 

Chandan, 2018; Bhimani et al., 2011), implying a potential indirect positive effect on 

HRR by modulating autonomic balance. 

2.3.2 Heart Rate Recovery and Sex Differences 

Some studies have explored potential sex differences in HRR, although the findings 

are not always consistent. Some research suggests that females may exhibit a slightly 

faster HRR compared to males, potentially due to differences in baseline autonomic 

tone and hormonal influences (Dorado-García et al., 2017). However, other studies 

have reported no significant sex differences in HRR in young adult populations (e.g., 

Oyeyemi et al., 2015). Further research is needed to clarify the role of sex in 

influencing HRR in undergraduate students. 

 

In addition to its prognostic value, HRR has also been used as a tool for assessing 

status and cardiovascular fitness. A study by Buchheit et al. Found that HRR was a 
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better predictor of maximal oxygen uptake than other commonly used fitness 

measures such as resting heart rate and HRV (Buchheit et al., 2008). Younger 

individuals and those with a higher fitness level typically have a faster HRR than 

older individuals and those with a lower fitness level. Similarly, a study shows that 

higher intensity exercise is associated with a slower HRR than lower intensity 

exercise (Gibbons et al., 2017). 

2.3.3     Factors influencing heart rate recovery 

Physical Activity Levels: Physical activity is a significant determinant of HRR. 

Physically active students exhibit faster HRR compared to their sedentary 

counterparts. This is attributed to enhanced parasympathetic activity and improved 

cardiovascular adaptations in active individuals (Oyeyemi et al., 2015; Kim et al., 

2022). 

Regular exercise, such as aqua aerobic training, has been shown to improve HRR and 

overall autonomic function. For example, college male students who participated in 

regular aqua aerobic exercise demonstrated significant improvements in heart rate 

variability (HRV) parameters, including root mean square of successive differences 

(RMSSD) and high-frequency (HF) power, indicating enhanced parasympathetic 

activity (Iranpour et al., 2020). 

 

Stress and Academic Pressure: Academic stress, particularly during examinations, 

significantly impacts HRR and HRV. Studies have found that HRV, which is closely 

related to HRR, decreases during periods of high stress, such as university 

examinations. This reduction in HRV is associated with increased sympathetic 

activity and decreased parasympathetic activity (Melillo et al., 2011) (Hammoud et 

al., 2018). 
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Interventions such as yoga and pranayama have been shown to mitigate the effects of 

stress on autonomic function. Regular practice of Nadi Shuddhi Pranayama, for 

instance, reduces perceived stress levels and improves HRV parameters, including HF 

power and the LF/HF ratio, indicating a shift toward parasympathetic 

dominance (Dhanvijay & Chandan, 2018) (Bhimani et al., 2011). 

 

Lifestyle Factors: Lifestyle factors, such as alcohol consumption, smoking, and sleep 

patterns, also influence HRR and autonomic function. Studies have found that high 

levels of alcohol consumption and lack of exercise are associated with lower basal 

HRV, a marker of poorer autonomic health (Udo et al., 2013). In addition, body mass 

index (BMI) and cardiorespiratory fitness, as measured by VO2max, are inversely 

associated with HRR. Students with higher BMI and lower VO2max tend to have 

slower HRR, indicating poorer autonomic function (Fan et al., 2020; Kirby et al., 

2010). 

 

Psychological Factors: Psychological traits, such as neuroticism, can also influence 

autonomic responses to stress. University student-athletes with high neuroticism 

exhibit blunted HRV responses to mental stress, suggesting that personality traits may 

play a role in autonomic regulation (Doğan, 2023). 

 

Age: Age is another important factor that influences HRR. As people age, their 

cardiovascular system becomes less efficient, and their HRR tends to be slower. This 

is because the heart is less able to recover quickly from the demands of exercise (Pal 

et al., 2014). 
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Exercise intensity: The intensity of the exercise is another important factor that can 

influence HRR. The harder the exercise, the longer it will take for the heart rate to 

recover. This is because the heart must work to pump blood to the muscles during 

high-intensity exercise (Gibbons et al., 2017) 

 

Exercise duration: The duration of the exercise is another factor that can influence 

HRR. The longer the exercise, the longer it will take for the heart rate to recover. This 

is because the heart has to work harder for a longer period of time, which can cause it 

to take longer to recover (Gaber et al., 2011) 

 

Medications: Certain medications can also influence HRR. For example, beta 

blockers can slow down the heart rate and make it take longer to recover after 

exercise (Frishman,2004) 

 

Health conditions: Certain health conditions can also influence HRR. For example, 

people with heart disease or diabetes may have slower HRR due to damage to their 

cardiovascular system. 

 

Environmental factors: Environmental factors such as temperature and humidity can 

also influence HRR. In hot and humid conditions, the heart must work harder to pump 

blood to the skin for cooling, which can slow down heart rate recovery (Casa et al., 

2000) 
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Genetics: Genetics can also play a role in determining HRR. Some people may be 

predisposed to having faster or slower heart rate recovery based on their genes 

(Bouchard et al.,2012) 

 

Body composition: Body composition, specifically the ratio of muscle mass to body 

fat, can also influence HRR. People with more muscle mass tend to have faster HRR 

because their muscles require more oxygen during exercise, which increases blood 

flow and promotes quicker recovery (Wagner et al., 2012) 

 

Gender: Gender is increasingly recognized as a significant factor influencing HRR, 

although the precise mechanism and consistent findings are still under investigation. 

Several physiological differences between males and females may contribute to 

variations in how the ANS regulates heart rate following exercise. Some evidence 

suggests that females may have a higher resting heart rate but also potentially greater 

parasympathetic activity at rest ( Koenig & Thayer, 2018). This theory's paradoxical 

finding could influence how heart rate recovers after exercise. 

 

Resting Heart rate: Resting Heart rate, or the heart rate at rest, can also influence 

HRR. People with lower resting heart rates tend to have faster HRR because their 

heart has more room to slow down after exercise. 

Emotional State: Emotional state can also influence HRR. For example, stress and 

anxiety can cause the heart rate to remain elevated for longer periods of time after the 

exercise, which can slow down HRR (Sheps and Sheffield, 2001) 
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2.3.4 Limitations of Heart Rate Recovery 

Heart Rate Recovery (HRR) is widely used to assess autonomic status. It remains a 

valuable, simple, and non-invasive tool in clinical practice and research due to its 

prognostic power for cardiovascular health and mortality. However, its limitations 

stem from its multifactorial determinants, the inability to precisely differentiate 

between sympathetic and parasympathetic contributions, measurement variability, and 

the distinction between correlation and causation. Hence, it sets limits to health care 

providers (D’Souza et al., 2017; Hoffman, 2023) 

2.4    Empirical review 

Heart rate recovery is an important marker for autonomic function, which is a crucial 

component of overall health and well-being. A study was conducted on 17 healthy, 

untrained male volunteers with an average age of 20.3 years. The study experimental 

protocol consisted of two days using a step test to determine the maximum power 

outcome, and it was found that after exercise, heart rate decreases rapidly in the first 

1minand then continues to decline more slowly. HRV, which reflects the autonomic 

nervous system's control over the heart, showed a gradual increase during the 

recovery phase. It also reveals that the rate of the heart rate decreases during the first 

minute of recovery was not correlated with HRV parameters measured before or 

during exercise. This indicates that the body takes time to fully recover from the stress 

of exercise, and the findings highlight the importance of monitoring heart rate 

recovery and HRV as indications of cardiovascular fitness and autonomic function 

(Michal Javorka et al., 2002) 

 

A study conducted in Nigeria found that RPP was not a valid predictor of physical 

fitness among male university students. The study used a step test and heart rate 
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recovery as measures of physical fitness and found a significant correlation between 

RPP and physical fitness (r=0.65, p< 0.05) (Okonkwo et al., 2015).  

 

A study conducted in India among athletes found that heart rate recovery is directly 

proportional to cardio-respiratory fitness of the athlete. That is, if the heart rate 

recovery of the individual is faster or quicker, the individual will be fitter as measured 

by VO2max. The study used a wearable heart rate monitor in sports. Additionally, 

from their experimental approach, the utility of HRV to estimate oxygen uptake of a 

large population of athletes was validated (Balakarthikeyan et al., 2023).  

 

Another study was conducted in Nigeria, Maiduguri, among 105 healthy males aged 

18 to 15 from the university. The study identified an inverse relationship between 

RPP and both Heart rate recovery one minute after exercise, which means that higher 

resting RPP is associated with slower recovery of heart rate after physical activity, 

indicating poorer cardiovascular fitness (Oyeyemi et al., 2022). 

 

A study conducted at the University of Surrey, UK, among 124 first-year medical 

science students with the inclusion criteria of age of 18-35 and without a documented 

medical condition. The test conducted involved a 6-minute exercise bout on a cycle 

ergometer, where the participants' heart rate recovery was measured 3 minutes after 

the cessation of exercise and VO2max as also calculated from the exercise data. The 

study reveals a strong correlation between the amount of exercise performed and both 

VO2max and HR. The findings of the study highlight that unhealthy lifestyle choices 

affects the cardiopulmonary fitness and HRR of young medical students highlight 

search also identified that 3-minute HRR after exercise could serve as a valuable 

indicator of cardiopulmonary function (Lampson et al., 2020).  
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2.5 Empirical Review of Literature 

AUTHOR/YEAR/C

OUNTRY 

TITLE AIM OF THE 

STUDY 

STUDY TYPE OUTCOME 

MEASURES 

FINDINGS 

Balakarthikeyan et 

al., 2023, Spain. 

Heart rate variability-based 

estimation of maximal 

oxygen uptake in athletes 

using supervised regression 

models 

865 athletes Correlation study 

(implied) 

The result of the 

study established the 

fact that the recovery 

rate is directly 

proportional to 

cardio-pulmonary 

fitness of the athlete. 

The conclusion of the 

study established the fact 

that the recovery rate is 

directly proportional to 

cardio-pulmonary fitness 

of the athlete. That is if 

the recovery rate is faster, 

the athlete would be fitter 

as measured by VO2max. 

Ejike et al., 2018, 

Nigeria 

Predictors of autonomic 

dysfunction among 

predialysis chronic kidney 

disease patients in a tertiary 

hospital, Southeast Nigeria  

80 (4O CKD 

patients, 40 

controls) 

Case-Control 

study 

High prevalence 

(51.3%) of autonomic 

dysfunction in CKD 

patients. Heart rate 

response to standing 

was the most 

sensitive test. 

Autonomic dysfunction 

is common in Nigerian 

CKD patients, 

contributing to poor 

outcomes. Objective 

autonomic function tests 

are important. 

 Lampson et al., 

2020, United 

Kingdom 

Impact of an unhealthy 

lifestyle on 

cardiorespiratory fitness and 

heart rate recovery of 

medical science students. 

614 first year 

medical 

students(124 

completed 

both test) 

Observational 

study 

The result shows that 

those that exercised 

less than 3 hours per 

week had 

significantly lower 

VO2max (a measure 

of cardiorespiratory 

fitness) and slower 

The study found that 

unhealthy lifestyle 

choices significantly 

affects the 

cardiorespiratory fitness 

and HRR of young 

medical scinece students. 
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HRR after exercise 

compared to their 

peers who exercised 

more. 

Michal javorka et al., 

2002, Brasil 

Heart rate recovery after 

exercise: relation to heart 

rate variability and 

complexity 

17 healthy 

male subjects 

Observational 

study 

The study found that 

the rate of heart rate 

decrease during the 

first minute of 

recovery was not 

correlated with HRV 

parameters measured 

during the standing 

and resting phases. 

It emphasizes the 

complex interplay 

between heart rate 

recovery, HRV, and the 

body’s autonomic 

responses to exercise. 

Oyeyemi et al., 

2022, Nigeria 

Relation between derived 

cardiovascular indices, body 

surface area, and blood 

pressure/heart rate recovery 

among active and inactive 

Nigerian students 

105 apparently 

healthy male 

subjects. 

Comparative/Cor

relational study 

The results show a 

significant negative 

relationship between 

RPP and HRR, and 

1% recovery after 

exercise; also, RPP 

was significantly 

higher in physically 

active subjects than in 

inactive subjects.  

The study concluded that 

RPP is the strongest 

negative predictor of 

recovery HR and blood 

pressure, while MAP is 

the strongest positive 

predictor. This highlights 

the importance of 

cardiovascular fitness 

and recovery after 

exercise. 
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CHAPTER THREE 

METHODS AND MATERIALS 

 3.1 Materials 

3.1.1   Population 

Healthy young adults comprising university undergraduate students of both male and 

female genders from the University of Benin, School of Basic Medical Sciences, 

College of Medical Sciences, who met the inclusion criteria, participated in a short 

exercise protocol(6MWT), in this study. Undergraduate students were randomly 

selected from the six departments. These departments include Physiotherapy, 

Radiography, Medical Laboratory Science, Anatomy, Physiology, and Medical 

Biochemistry. 

3.1.2 Selection Criteria 

3.1.2.1 Inclusion Criteria 

I. Undergraduate students aged 18-25 years. 

II. Students without a known history of cardiovascular, metabolic, or neurological 

disorders. 

III. Willing and able to provide informed consent. 

IV. Participants not on medications affecting heart rate or autonomic function, e.g., 

beta blockers  

V. Participants who understand and communicate effectively in English or Pidgin 

English. 

3.1.2.2 Exclusion Criteria 

This study excluded. 
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i. Students with acute illnesses or fever at the time of the study. 

ii. Participants who were unable to perform mild to moderate physical activity. 

3.1.3 Instruments 

i. International Physical Activity Questionnaire (IPAQ) 

ii. Digital Sphygmomanometer 

iii. Digital Stopwatch 

iv. Digital Treadmill  

v. Perceived Stress Scale (PSS-10)   

vi. Pulse Oximeter  

vii. Six-Minute Walk Test (6MWT) 

 

3.1.4 Description of instruments  

i. International Physical Activity Questionnaire (IPAQ): The International 

Physical Activity Questionnaire began in Geneva in 1998. It was initiated by an 

international group of experts in physical activity measurement. It is used to 

assess and quantify levels of physical activity in a population by measuring the 

amount and type of physical activity a person has engaged in over a specific time. 

The IPAQ has been tested for reliability and validity, Showing Reliability 

coefficients (intra-class correlation, ICC) ranging from 0.70 to 0.88, depending 

on activity type and population. The short version of the IPAQ showed 

repeatability with reliability coefficients typically above 0.75‖ (Craig et al., 

2003). In African contexts, studies report ICCs from 0.72 to 0.84, showing good 

stability over time (Oyeyemi et al., 2014). IPAQ scores correlate significantly 

with expected variables (e.g., BMI, age, fitness levels). Higher IPAQ scores are 

associated with lower BMI and better self-reported health status. IPAQ scores 
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show expected associations with health variables, supporting construct 

validity‖ (Booth et al., 2003). 

 

ii. Digital Sphygmomanometer: A device used to measure blood pressure without 

the use of a stethoscope or manual inflation/deflation. It provides a numerical 

display of systolic and diastolic blood pressure along with pulse rate on a digital 

display. Blood pressure is expressed in millimeters of mercury (mmHg), and 

pulse rate or heart rate is measured in beats per minute (bpm). An Omron blood 

pressure monitor was used for this study, and it is made by OMRON Healthcare 

Co., Ltd. It has been tested and has high test–retest reliability when properly 

calibrated. The intra-class correlation coefficient usually ranges from 0.85–0.95. 

With proper technique, the sphygmomanometer demonstrates excellent reliability 

in BP monitoring‖ (Alpert, 2020). Validity depends on calibration and the correct 

cuff size. Digital devices are typically compared to mercury standards. Validated 

devices provide BP measurements closely aligned with intro-arterial 

monitoring‖ (Stergiou et al., 2018). 

 

iii. Digital Stopwatch: This is an electronic device that’s designed to display and 

precisely measure elapsed time. For this study, an Apple smartwatch was used to 

monitor the timing of the exercise duration and recovery monitoring (one, two- 

and five minutes post-exercise. Digital watches like the Apple Smartwatch are 

highly reliable for timing with minimal variability(±0.1sec). Reliability depends 

on user accuracy (manual start/stop). Smartwatches show good reliability in 

measuring time and HR but require synchronization for consistency (Nelson et 

al., 2020). Apple Watch is valid for timing measurements in structured fitness 

testing (Dooley et al., 2017). 
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iv. Digital Treadmill: This is a motorized exercise machine designed for indoor 

walking, jogging, and running, characterized by electric controls and a digital 

display. It shows advanced metrics and historical data tracking to monitor 

progress over time. For this study, an American Fitness Model treadmill was used 

for the 6 Minute Walk Test (6MWT). The digital treadmill was tested for 

reliability and validity, showing high intra-class correlation coefficients (ICCs) > 

0.90 for VO₂  max, speed, and time to exhaustion. Treadmill exercise testing has 

high test–retest reliability and reproducibility in controlled settings (Bassett & 

Howley, 2000). Its construct validity is validated by research that confirms the 

Treadmill is considered a gold standard for VO₂  max and sub-maximal 

cardiovascular testing (ACSM, 2018). 

 

 

v. Perceived Stress Scale (PSS-10): The Perceived Stress Scale (PSS-10) is a 

popular psychological tool established in 1983 by Sheldon Cohen, Tom 

Kamarck, and Robin Mermelstein to assess stress perception. To measure the 

global perception of stress in an individual’s life. It’s a self-reported 

questionnaire that focuses on how individuals feel about the situations in their 

lives as stressful, particularly in recent months. The PSS-10 has been tested for 

reliability and validity, showing high internal consistency with Cronbach’s alpha 

values for the PSS-10 ranging from 0.78 to 0.91, indicating reliability across 

various cultural and demographic groups (Lee, 2019). Its construct validity is 

validated by research that confirms a two-factor structure: perceived helplessness 

and perceived self-efficacy (Taylor, 2021). It also demonstrates convergent 
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validity by having strong correlations with anxiety and depression measures such 

as the GAD-7 and the PHQ-9 (Lee, 2019). 

 

vi. Pulse oximeter monitor:  A pulse oximeter is a device used to quickly and non-

invasively measure a person's blood oxygen saturation level (SpO₂ ) and heart 

rate. The A&D Fingertip Pulse Oximeter was used for this study to aid 

continuous monitoring of heart rate while performing 6MWT. Pulse oximeters 

have high test-retest reliability, often reporting intra-device reliability coefficients 

above 0.95 under stable conditions. Its generally valid however, accuracy can be 

affected by movement, poor perfusion, and skin pigmentation (Shah et al., 2023) 

 

vii. Six-Minute Walk Test (6MWT): The 6MWT is a highly reliable and valid 

measure of functional exercise capacity across numerous populations, including 

healthy individuals and patients with cardiorespiratory and neurological 

conditions. For this study, the 6MWT was performed on the Treadmill.  6MWT 

demonstrates excellent test-retest reliability, meaning that a person's score is 

highly consistent upon repeated testing, provided their clinical status hasn't 

changed. It shows an Intraclass Correlation Coefficient (ICC), with reported 

values in the range of 0.91 to 0.96 (Eiser et al., 2005; MDPI, 2022). For healthy 

children and adolescents. It is a valid measure, primarily supported by its strong 

concurrent validity, and it shows a moderate to strong correlation with 

established, criterion-standard measures of cardiorespiratory fitness, such as Peak 

Oxygen Uptake (VO
2
Max), with Correlation coefficients typically ranging from 

0.44 to 0.78 (Eiser et al., 2005). Other Functional tests: It exhibits an excellent 

correlation of 0.84 to 0.94 with walking speed tests (Wevers et al., 2011). 

tel:0.95
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3.2 Methods 

3.2.1 Research Design 

This study utilized a cross-sectional observational study design. 

3.2.2 Sampling Technique  

Participants were selected using a stratified random sampling technique to ensure 

proper representation across the departments of the School of Basic Medical Sciences, 

College of Medical Sciences, University of Benin. 

3.2.3 Sample Size 

The sample size was calculated using a two-step method which includes a Cochran 

formula as if the population were infinite and finally the use of Finite population 

correction which adjusted the population size using a known population of 3412 

undergraduate students across the six departments in School of Basic Medical 

Sciences, College of Medical Sciences, University of Benin. 

 

The Cochran fomula; 

 

n0 = Z
2
. p.(1-p) 

          e
2 

 

 Confidence Level of 95% {Z-score} = (1.96)  

 Margin of Error (e) 5% = (0.05)  

 Population Proportion (p)  50% = (0.50)  

 

Substituting: 

  

no = (1.96)
2 
. 0.50 . ( 1-0.50) 

                0.05
2 

 

no = 3.8416 . 0.25  



46 
 

              0.05
2 

 

no = 384.16 

 

Now adjusting the population size using Finite population correction 

 

n =             no___
 

     1 + no -1 

             N 

 

Subtistuting;  

 

n = Final sample size 

no = Sample size using cochran fornula 

N = The total number known (3412) 

 

n =        _384.16___
 

         1 +  384.16 -1 

                 3412 

 

n =        _384.16___
 

         1 +  383.16 

3412 

 

n =        _384.16___
 

         1 + 0.11229 

 

 

n = 345.39 
 

3.2.4 Ethical Consideration 

Ethical approval for this study was obtained from the Ethics and Research Committee 

of the University of Benin, Benin City. A formal letter of introduction was also 

submitted to the appropriate university authorities. 
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Written informed consent was obtained from all participants. Participants were 

assured of confidentiality, and all data was anonymized and securely stored. 

Participation was voluntary, with the right to withdraw at any time without 

consequence. 

3.2.5 Procedure for Data Collection 

Participants were recruited randomly from the six departments under the School of 

Basic Medical Sciences and approached during free lecture periods or campus events. 

After explaining the purpose and procedures of the study, informed consent was then 

obtained. Baseline data, including age, gender, resting blood pressure, and heart rate, 

were collected. A time is assigned to each randomly recruited participant to come to 

the physiotherapy lab for the study. 

The participant would then perform a 6MWT on a treadmill. Heart rate was recorded: 

At baseline (before exercise) 

Immediately post-exercise 

At 1-, 2-, and 5-minutes post-exercise respectively 

Heart Rate Recovery (HRR) was calculated as: 

HRR1 = HR_post – HR_1min 

HRR2 = HR_post – HR_2min 

HRR5 = HR_post – HR_5min 

3.2.6 Data Analysis 

Data was summarised using descriptive statistics such as mean and standard deviation 

to summarize the data. The Inferential statistics of repeated-measure ANOVA and 

Pearson's correlation were used to test the hypotheses. Repeated measure ANOVA 

was used to compare the difference in HRR at different time points, followed by post 



48 
 

hoc tests if there was a significant difference. Pearson’s correlation was used to 

analyze the relationships between HRR, physical activity level, and perceived 

academic stress scores. Linear regression was used to analyze whether HRR will 

predict autonomic function. All analyses were conducted using IBM Statistical 

Package for Social Sciences (SPSS) version 27. The level of statistical significance 

will be set at p < 0.05 
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CHAPTER FOUR 

RESULTS 

4.1 Preamble 

The primary objective of this study was to characterize the heart rate recovery values 

among undergraduate students at the University of Benin and explore their 

relationship with key lifestyle and stress-related factors. A total of 346 male and 

female undergraduate students were recruited for this study. 

4.1.1 Sociodemographic characteristics of the participants 

The participants were aged 18 – 25 years with a mean age of 21.09 ± 1.87 years. Of 

the total respondents, 167 (48.3%) were male. 59 (17.1%) if the participants were 

recruited from the department of physiotherapy. This is presented in 4.1. 
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Table 4.1: Sociodemographic characteristics of the participants 

 Range Mean ± SD 

Age 18 – 25 21.09 ± 1.87 

 Frequency Percentage 

Gender   

Male 167 48.3 

Female 179 51.7 

Department   

Anatomy 71 20.5 

Medical Biochemistry 61 17.6 

Medical Laboratory Science 47 13.6 

Physiology 42 12.1 

Physiotherapy 59 17.1 

Radiography 66 19.1 
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4.1.2 Cardiovascular parameters of the participants 

This is presented in Table 4.2. The participants had a mean systolic blood pressure of 

115.09 ± 11.98 mmHg and a mean diastolic blood pressure of 74.16 ± 10.5 mmHg. 

Their resting heart rate averaged 75.16 ± 10.7 bpm. The mean height was 1.68 ± 0.09 

m, while the mean weight was 61.23 ± 8.65 kg. The maximum heart rate recorded 

was 162.94 ± 21.68 bpm. Mean heart rate recovery was 50.34 ± 19.61 bpm at 1 

minute, 65.32 ± 21.27 bpm at 2 minutes, and 75.35 ± 22.72 bpm at 5 minutes. 
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Table 4.2: Cardiovascular parameters of the participants 

 Range Mean ± SD 

Systolic BP (mmHg) 85 – 143 115.09 ± 11.98 

Diastolic BP (mmHg) 46 – 120 74.16 ± 10.5 

Heart Rate (bpm) 52 – 102 75.16 ± 10.7 

Maximum Heart Rate (bpm) 93 – 208 162.94 ± 21.68 

Heart rate recovery    

1 minute (bpm) 1 – 81 50.34 ± 19.61 

2 minutes (bpm) 5 – 100 65.32 ± 21.27 

5 minutes (bpm) 9 – 115 75.35 ± 22.72 
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4.1.3 Physical activity level among the participants 

The participants had a mean walking MET of 1186.2 ± 1578.85, a moderate MET of 

1014.82 ± 1474.04, and a vigorous MET of 1023.45 ± 2162.99, resulting in a total 

MET of 3224.46 ± 3815.25. Based on the IPAQ physical activity categories, 24.9% of 

participants were inactive, 36.1% were minimally active, and 39.0% were HEPA 

active. This is presented 4.3. 
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Table 4.3: Physical activity level of the participants 

 Range Mean ± SD 

Walking MET 0 – 5544 1186.2 ± 1578.85 

Moderate MET 0 – 6720 1014.82 ± 1474.04 

Vigorous MET 0 – 13440 1023.45 ± 2162.99 

Total MET 0 – 25704 3224.46 ± 3815.25 

Physical Activity Category   

Inactive 86 24.9 

Minimally Active 125 36.1 

HEPA Active 135 39.0 
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4.1.4 Perceived academic stress among the participants 

The participants had a mean Perceived Stress Scale (PSS) score of 20.7 ± 4.8. Based 

on stress categories, 6.6% of participants reported low stress, 83.5% moderate stress, 

and 9.8% severe stress. This is presented in Table 4.4. 
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Table 4.4: Perceived academic stress among the participants 

 Range Mean ± SD 

Total PSS Score 6 – 40 20.7 ± 4.8 

Stress Categories   

Low stress 23 6.6 

Moderate stress 289 83.5 

Severe stress 34 9.8 
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4.1.5 Differences in heart rate recovery across time points 

There was a significant difference in heart rate recovery (HRR) across time points (F 

= 313.17, p < 0.001). This is presented in Table 4.5. Post-hoc analysis shown in Table 

4.5.1 indicate a progressive increase in mean values from 1-minute HRR to 3-minute 

HRR, specifically, the mean score at 1-minute HRR was significantly lower than 2-

minute HRR (p < .001) and 3-minute HRR (p < . 
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Table 4.5: Repeated Measures ANOVA for differences in heart rate recovery 

across time points 

 df Mean Square F Partial η² p-value 

HRR 1.641 66840.5 569.5 0.623 <0.001 

 

  



59 
 

4.5.1 Post-hoc analysis 

Comparison (I–J) Mean Diff. p-value 

1-minute HRR – 2 -minute HRR -14.98* < .001 

1-minute HRR – 3-minute HRR -25.01* < .001 

2-minute HRR – 5-minute HRR -10.03* < .001 
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4.1.6 Influence of gender on heart rate recovery 

There was no significant difference in the heart rate recovery value across both 

genders, at 1 minute (p = 0.878), 2 minutes (p = 0.992) or 5 minutes post-exercise (p 

= 0.811). This is presented in Table 4.6. 
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Table 4.6: Independent T test for influence of gender on heart rate recovery 

 Gender Mean ± SD t p-value 

1-minute HRR Male 50.17 ± 20.14 -0.153 0.878 

 Female 50.49 ± 19.17   

2-minute HRR Male 65.33 ± 22.19 0.01 0.992 

 Female 65.31 ± 20.44   

5-minute HRR Male 75.65 ± 22.86 0.239 0.811 

 Female 75.07 ± 22.65   
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4.1.7 Relationship between physical activity level and heart rate 

recovery 

Pearson correlation analysis showed no statistically significant relationship between 

physical activity level and heart rate recovery at 1 minute (r = –0.06, p = 0.268), 2 

minutes (r = –0.10, p = 0.064). There was however, a significant negative correlation 

between physical activity level and 5-minute HRR (r = -0.15, p = 0.005). This is 

presented in Table 4.7.  
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Table 4.7: Pearson correlation between physical activity level and heart rate 

recovery 

 r p-value 

1-minute HRR -0.06 0.268 

2-minute HRR -0.10 0.064 

5-minute HRR -0.15 0.005 
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4.1.8 Relationship between perceived academic stress and heart 

rate recovery 

Pearson correlation analysis revealed no significant correlation between academic 

stress and heart rate recovery at 1 minute (r = 0.068, p = 0.204), 2 minutes (r = 0.032, 

p = 0.911) and 5 minutes post exercise (r = -0.006, p = 0.924). This is presented in 

Table 4.8.  
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Table 4.8: Pearson correlation between perceived academic stress and heart rate 

recovery 

 r p-value 

1-minute HRR 0.068 0.204 

2-minute HRR 0.032 0.911 

5-minute HRR -0.006 0.924 
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4.1.9 Predictive effect of HRR on autonomic function 

Linear regression analyses were performed to examine the association between 1-

minute heart rate recovery (HRR) and cardiovascular parameters of blood pressure 

and heart rate. The results showed that 1-minute HRR was not significantly associated 

with systolic blood pressure (B = –0.063, p = 0.056), diastolic blood pressure (B = –

0.014, p = 0.630), or resting heart rate (B = 0.018, p = 0.532). However, 1-minute 

HRR was found to be a significant positive predictor of maximum heart rate (B = 

0.737, p < 0.001). This indicates that participants with higher HRR values tended to 

achieve higher maximum heart rates during exercise. 
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Table4.9: Linear regression between HRR and autonomic function 

Predictor B (SE) β t p-value 

Systolic blood pressure     

Constant 118.258 – 66.83 <0.001 

1-minute HRR -0.063 -0.103 -1.92 0.056 

Diastolic blood pressure     

Constant 74.87 – 48.04 <0.001 

1-minute HRR -0.014 -0.026 -0.482 0.630 

Heart rate     

Constant 74.23 – 46.74 <0.001 

1-minute HRR 0.018 0.034 0.625 0.532 

Maximum heart rate     

Constant 125.86 – 52.418 <0.001 

1-minute HRR 0.737 0.67 16.569 <0.001 
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4.2 Hypotheses Testing 

 

Hypothesis 1: There would be no significant difference between the mean HRR value 

at one-minute, two-minute, and five-minute after a 6MWT in healthy young adults 

Alpha level: 0.05 

Test statistic: Repeated Measures ANOVA 

Observed: F = 569.5, p < 0.001 

Since the observed p-value was less than the 0.05 alpha level, the hypothesis was 

therefore REJECTED. 

Hypothesis 2: There would be no significant difference in the mean one-minute heart 

rate recovery (HRR) value after a 6MWT between male and female healthy young 

adults. 

Alpha level: 0.05 

Test statistic: Independent T-test 

Observed: t = -0.153, p = 0,878 

Since the observed p-value was greater than the 0.05 alpha level, the hypothesis was 

therefore ACCEPTED. 

Hypothesis 3: There would be no significant difference in the mean two-minute heart 

rate recovery (HRR) value after a 6MWT between male and female young healthy 

adults. 

Alpha level: 0.05 

Test statistic: Independent T-test 

Observed: t = 0.01, p = 0.992 

Since the observed p-value was greater than the 0.05 alpha level, the hypothesis was 

therefore ACCEPTED. 
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Hypothesis 4: There would be no significant difference in the mean five-minute heart 

rate recovery (HRR) value after a 6MWT between male and female young healthy 

adults. 

Alpha level: 0.05 

Test statistic: Independent T-test 

Observed: t = 0.239, p = 0.811 

Since the observed p-value was greater than the 0.05 alpha level, the hypothesis was 

therefore ACCEPTED. 

Hypothesis 5: There would be no significant correlation between the self-reported 

habitual physical activity levels and the magnitude of one-minute heart rate recovery 

(HRR) after a 6MWT in healthy young adults.  

Alpha level: 0.05 

Test statistic: Pearson correlation 

Observed: r = -0.06, p = 0.268 

Since the observed p-value was greater than the 0.05 alpha level, the hypothesis was 

therefore ACCEPTED. 

Hypothesis 6: There would be no significant correlation between the self-reported 

habitual physical activity levels and the magnitude of two-minute heart rate recovery 

(HRR) after a 6MWT in healthy young adults.  

Alpha level: 0.05 

Test statistic: Pearson correlation 

Observed: r = -0.010, p = 0.064 

Since the observed p-value was greater than the 0.05 alpha level, the hypothesis was 

therefore ACCEPTED. 
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Hypothesis 7: There would be no significant correlation between the self-reported 

habitual physical activity levels and the magnitude of five-minute heart rate recovery 

(HRR) after a 6MWT in healthy young adults.  

Alpha level: 0.05 

Test statistic: Pearson correlation 

Observed: r = -0.15, p = 0.005 

Since the observed p-value was less than the 0.05 alpha level, the hypothesis was 

therefore REJECTED. 

Hypothesis 8: There would be no significant correlation between the self-reported 

levels of perceived academic stress and the one-minute heart rate recovery (HRR) 

after a 6MWT performance in healthy young adults. 

Alpha level: 0.05 

Test statistic: Pearson correlation 

Observed: r = 0.068, p = 0.204 

Since the observed p-value was less than the 0.05 alpha level, the hypothesis was 

therefore REJECTED. 

Hypothesis 9: There would be no significant correlation between the self-reported 

levels of perceived academic stress and the two-minute heart rate recovery (HRR) 

after a 6MWT performance in healthy young adults. 

Alpha level: 0.05 

Test statistic: Pearson correlation 

Observed: r = 0.032, p = 0.911 

Since the observed p-value was greater than the 0.05 alpha level, the hypothesis was 

therefore ACCEPTED. 
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Hypothesis 10: There would be no significant correlation between the self-reported 

levels of perceived academic stress and the five-minute heart rate recovery (HRR) 

after a 6MWT performance in healthy young adults. 

Alpha level: 0.05 

Test statistic: Pearson correlation 

Observed: r = -0.006, p = 0.924 

Since the observed p-value was greater than the 0.05 alpha level, the hypothesis was 

therefore ACCEPTED. 

Hypothesis 11: One-minute heart rate recovery (HRR) after a 6MWT would not 

significantly predict systolic blood pressure as a measure of autonomic function. 

Alpha level: 0.05 

Test statistic: Linear regression 

Observed: B = -0.063, p = 0.056 

Since the observed p-value was greater than the 0.05 alpha level, the hypothesis was 

therefore ACCEPTED. 

Hypothesis 12: One-minute heart rate recovery (HRR) after a 6MWT would not 

significantly predict diastolic blood pressure as a measure of autonomic function. 

Alpha level: 0.05 

Test statistic: Linear regression 

Observed: B = -0.014, p = 0.630 

Since the observed p-value was greater than the 0.05 alpha level, the hypothesis was 

therefore ACCEPTED. 

Hypothesis 13: One-minute heart rate recovery (HRR) after a 6MWT would not 

significantly predict resting heart rate as a measure of autonomic function. 

Alpha level: 0.05 
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Test statistic: Linear regression 

Observed: B = 0.018, p = 0.532 

Since the observed p-value was greater than the 0.05 alpha level, the hypothesis was 

therefore ACCEPTED. 

Hypothesis 14: One-minute heart rate recovery (HRR) after a 6MWT would not 

significantly predict maximum heart rate as a measure of autonomic function. 

Alpha level: 0.05 

Test statistic: Linear regression 

Observed: B = 0.737, p < 0.001 

Since the observed p-value was less than the 0.05 alpha level, the hypothesis was 

therefore REJECTED. 
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CHAPTER FIVE 

 DISCUSSIONS, CONCLUSION, RECOMMENDATIONS 

5.1 Discussion 

This study investigated heart rate recovery (HRR) as an index of autonomic 

function among healthy young adults at the University of Benin, with 

particular attention to its relationship with physical activity and perceived 

academic stress. A total of 346 undergraduate students aged 18–25 years 

participated in the study. 

 

The main findings are summarized as follows: 

i. Sociodemographic and Cardiovascular Profile: 

The participants demonstrated normal cardiovascular parameters, with mean systolic 

and diastolic blood pressures of 115.09 ± 11.98 mmHg and 74.16 ± 10.5 mmHg, 

respectively, and a resting heart rate of 75.16 ± 10.7 bpm. The mean age aligns with 

early adulthood, a period when autonomic function and heart rate recovery (HRR) are 

typically at their peak, making it a relevant demographic for such research 

(Goldberger et al., 2019). Including both male and female participants allows for 

analysis of potential sex-based differences in HRR, which have been attributed to 

hormonal and cardiovascular variability (Koenig & Thayer, 2019; Barutcu et al., 

2020). The predominance of health science students may influence lifestyle factors 

like physical activity and stress, as they often demonstrate greater health awareness 

and higher physical activity levels compared to non-health peers (Ogunleye et al., 

2021), but also experience high academic stress, which can affect autonomic balance 

and delay HRR (Dishman et al., 2021). This demographic context supports a 

meaningful exploration of HRR in relation to lifestyle and stress.  
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ii. Heart Rate Recovery Values: 

The mean HRR values were 50.34 ± 19.61 bpm (1-minute), 65.32 ± 21.27 bpm 

(2-minute), and 75.35 ± 22.72 bpm (5-minute). These values reflect normal 

autonomic recovery patterns consistent with healthy parasympathetic reactivation 

after exercise. The results of this study revealed a statistically significant, 

progressive increase in heart rate recovery (HRR) across the 1-, 2-, and 3-minute 

post-exercise intervals, with each time point showing a significantly higher HRR 

than the previous. This pattern reflects the physiological process of 

parasympathetic (vagal) reactivation and gradual sympathetic withdrawal after 

exercise cessation (Peçanha et al., 2024). The sharpest decline in heart rate 

occurred within the first minute, consistent with prior findings by Imai et al. 

(2020), who identified early HRR as a sensitive marker of vagal tone and 

cardiovascular fitness. The large effect size observed suggests a robust autonomic 

response, which is expected in young, healthy individuals with optimal 

baroreceptor sensitivity and autonomic flexibility (Goldberger et al., 2019). These 

findings also align with Daanen et al. (2022), who reported similar temporal 

improvements in HRR among young adults. Clinically, the 1-minute HRR is often 

used as a quick screening indicator for autonomic dysfunction, with values below 

12 bpm linked to elevated cardiovascular risk (Cole et al., 2020). The consistently 

increasing HRR values seen in this study suggest healthy autonomic reactivation 

and good cardiovascular resilience in the study population. 

 

iii. Gender Differences: 

There were no significant gender differences in HRR at any of the time points (p > 

0.05), suggesting similar autonomic recovery between male and female 
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participants. This suggests that both genders exhibited similar autonomic recovery 

responses, consistent with previous research reporting minimal sex-based 

variation in HRR among healthy young adults (Kingsley et al., 2022; Peçanha et 

al., 2024). In this age group (18–27 years), shared physiological traits such as 

vagal tone, baroreflex sensitivity, and cardiovascular conditioning likely outweigh 

hormonal influences on autonomic function (Mann et al., 2025). Although some 

studies have observed slightly faster HRR in females, attributed to estrogen-

related cardioprotective effects and higher parasympathetic activity (Koenig & 

Thayer, 2019), such differences tend to emerge more clearly with age or in 

populations with distinct fitness levels or health risks (Zamuner et al., 2020). The 

absence of gender disparity in this study may also reflect the relatively 

homogeneous lifestyle factors among participants, including moderate physical 

activity and stress levels, which have been shown to exert stronger influence on 

HRR than gender alone (Buchheit & Gindre, 2016). 

 

iv.  Physical Activity: 

Physical activity levels varied across participants, with 24.9% inactive, 36.1% 

minimally active, and 39.0% highly active (HEPA). A significant negative 

correlation was observed between total physical activity and 5-minute HRR (r = –

0.15, p = 0.005), indicating that lower activity levels may be associated with 

delayed autonomic recovery. This contrasts with previous research suggesting 

faster HRR in more active individuals, possibly due to differences in measurement 

methods, such as the reliance on self-reported activity via the IPAQ rather than 

objective fitness indicators. The delay in HRR may also result from recent high-

intensity exercise temporarily suppressing parasympathetic reactivation. These 
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findings suggest that HRR, especially in later recovery phases, may be influenced 

more by the intensity and recovery status of physical activity than by overall 

activity volume, highlighting the need for future studies to use objective fitness 

assessments like VO₂ max or heart rate variability. 

 

v.  Perceived Academic Stress: 

The mean Perceived Stress Scale score was 20.7 ± 4.8, indicating moderate stress 

in most participants (83.5%). However, there was no significant relationship 

between perceived stress and HRR across all time points (p > 0.05). These 

findings are consistent with previous research indicating that short-term or 

moderate levels of stress may not significantly affect autonomic function in 

healthy young adults (Dishman et al., 2021; Jandackova et al., 2017). The 

predominance of moderate stress levels among participants may have been 

insufficient to trigger measurable autonomic dysregulation via HRR. Additionally, 

university students may possess effective coping strategies that buffer the 

physiological impact of transient academic stress (Luft et al., 2016). The use of 

the Perceived Stress Scale (PSS), which reflects subjective psychological stress 

rather than objective physiological responses, may also explain the lack of 

association, as physiological stress markers like cortisol or heart rate variability 

are often more closely aligned with autonomic outcomes (Kim et al., 2018). 

Clinically, this suggests that mild-to-moderate academic stress may not acutely 

impair cardiovascular autonomic function. 
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vi.  Predictive Analysis: 

Regression analysis showed that 1-minute HRR significantly predicted maximum 

heart rate (B = 0.737, p < 0.001) but not resting blood pressure or heart rate. This 

implies that individuals with higher HRR values also tended to achieve higher 

exertion levels during exercise. 

This study used linear regression to explore the relationship between 1-minute 

heart rate recovery (HRR) and various cardiovascular parameters, finding that 

HRR significantly predicted maximum heart rate but not systolic or diastolic 

blood pressure or resting heart rate. The positive link between HRR and maximum 

heart rate suggests that HRR reflects dynamic autonomic processes related to 

exercise-induced cardiac activation rather than resting cardiovascular function 

(Imai et al., 2020; Cole et al., 2020; Stanley et al., 2023). The absence of strong 

associations with resting measures may stem from their multifactorial nature, 

including influences like vascular tone and hydration status, and the limited 

variability in the healthy sample (Peçanha et al., 2024). Although a marginal trend 

suggested a possible inverse relationship between HRR and systolic blood 

pressure, it did not reach statistical significance possibly due to the homogeneity 

of participants or the narrow blood pressure range though this aligns with 

suggestions that better autonomic recovery may support improved post-exercise 

blood pressure regulation (Carter et al., 2023). These findings support previous 

work indicating that HRR is a sensitive marker of parasympathetic reactivation 

post-exercise, but not necessarily correlated with resting hemodynamic variables 

in healthy individuals (Lamberts et al., 2019; Borresen & Lambert, 2018). 
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Overall, the findings suggest that HRR among healthy young adults at the School of 

Basic Medical Sciences, College of Medical Sciences, University of Benin reflects 

normal autonomic recovery patterns, largely unaffected by gender or academic stress 

but influenced by habitual physical activity levels. 

 

5.2 Conclusion 

This study established reference HRR values for healthy young adults within a 

Nigerian university population and confirmed the utility of HRR as a simple, non-

invasive indicator of autonomic function. 

 

The findings demonstrate that: 

- HRR increases progressively over time following exercise, reflecting efficient 

parasympathetic reactivation. 

- There are no significant gender-based differences in HRR within this age group. 

- Physical activity level is a significant determinant of long-term HRR, while 

perceived academic stress does not significantly influence autonomic recovery. 

- HRR is positively associated with exercise capacity, as indicated by its prediction of 

maximum heart rate. 

 

These results underscore the relevance of HRR as a useful physiological marker for 

assessing cardiovascular autonomic regulation and for preventive screening in young 

adults. 
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5.3 Limitations of the Study 

i. The cross-sectional design limits the ability to infer causal relationships 

between HRR, physical activity, and stress. 

ii. Self-reported questionnaires (IPAQ and PSS) were used, introducing potential 

recall or reporting bias. 

iii.  The sample was limited to a single university, restricting generalizability to 

other populations. 

iv. Certain confounding factors such as diet, caffeine intake, sleep quality, and 

menstrual cycle phase (in females) were not controlled. 

v. HRR testing occurred in a controlled environment, which may not reflect 

everyday physiological recovery responses. 

 

5.4 Recommendations 

i.  HRR testing should be incorporated into routine cardiovascular and 

physiotherapy screening programs for early detection of autonomic 

dysfunction among students and young adults. 

ii.  Regular participation in aerobic exercise should be encouraged to enhance 

autonomic balance, improve HRR, and reduce future cardiovascular risk. 

iii. Future research should adopt longitudinal or experimental designs to 

determine causal relationships and evaluate how training, stress management, 

or lifestyle modification influence HRR over time. 

iv. The use of wearable activity monitors and physiological biomarkers (e.g., 

cortisol, heart rate variability) should be incorporated to improve accuracy 

beyond self-report methods. 
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v.  Similar studies should be replicated across multiple universities and age 

groups to establish broader normative HRR reference values for the Nigerian 

population.  

vi. Physiotherapists should consider HRR as part of exercise tolerance and 

recovery assessments when designing individualized rehabilitation or fitness 

programs. 

 

5.5 Contribution to Knowledge 

i. This study provides the first reference HRR values for Nigerian university 

students aged 18–25 years, contributing to local data on autonomic function. 

ii. It demonstrates that physical activity—rather than perceived stress or 

gender—is the primary factor influencing HRR in young adults. 

iii. It reinforces the role of HRR as a clinically relevant, non-invasive indicator 

for cardiovascular screening and preventive health assessment in 

physiotherapy practice. 
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APPENDIX I 

DATA COLLECTION PROFORMA 

 

Title of Study: _________________________________________ 

Participant Code: ___________     Date: ___ / ___ / _______ 

 

 

SECTION A: INFORMED CONSENG 
 

Informed Consent Obtained: □ Yes  □ No 

(Attach signed consent form) 

 

 

SECTION B: DEMOGRAPHIC DATA 
 

1. Age: _________ years 

2. Gender: □ Male □ Female  

3. Faculty:____________________ 

4. Department: _______________________  

 

SECTION C: CARDIOVASCULAR MEASUREMENTS 

 
1. Resting Blood Pressure 

2. Resting Heart Rate 

 

 

SECTION D: ANTHROPOMETRIC MEASUREMENTS 

Measurement  Value  Units  

Height  _____________ Cm 

Weight _____________ kg 

BMI _____________ kg/m
2
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APPENDIX 2 

INTERNATIONAL PHYSICAL ACTIVITY 

QUESTIONNAIRE-SHORT FORM (IPAQ-SF) 

Think about all the vigorous activities that you did in the last 7 days. Vigorous 

physical activities refer to activities that take hard physical effort and make you 

breathe much harder than normal. Think only about those physical activities that you 

did for at least 10 minutes at a time. 

1. During the last 7 days, on how many days did you do vigorous physical activities 

like heavy lifting, digging, aerobics, or fast bicycling?   

_______ days per week 

No vigorous physical activities Skip to question 3 

2. How much time did you usually spend doing vigorous physical activities on one of 

those days? 

 _____ Hours per day 

_____ Minutes per day 

[ ] Don’t know/Not sure  

Think about all the moderate activities that you did in the last 7 days. Moderate 

activities refer to activities that take moderate physical effort and make you breathe 

somewhat harder than normal. Think only about those physical activities that you did 

for at least 10 minutes at a time. 

3. During the last 7 days, on how many days did you do moderate physical activities 

like carrying light loads, bicycling at a regular pace, or doubles tennis? 

[ ] Do not include walking.  

_____ Days per week 

No moderate physical activities Skip to question 5 

4. How much time did you usually spend doing moderate physical activities on one of 

those days? 

_____ Hours per day  

_____ Minutes per day 

[ ] Don’t know/Not sure 

Think about the time you spent walking in the last 7 days. This includes at work and 

at home, walking to travel from place to place, and any other walking that you have 

done solely for recreation, sport, exercise, or leisure. 

5. During the last 7 days, on how many days did you walk for at least 10 minutes at a 

time? 

_____ Days per week 

[ ] No walking Skip to question 7 

6. How much time did you usually spend walking on one of those days?  

_____ Hours per day 

_____ Minutes per day 

[ ] Don’t know/Not sure 

The last question is about the time you spent sitting on weekdays during the last 7 

days. Include time spent at work, at home, while doing course work and during leisure 
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time. This may include time spent sitting at a desk, visiting friends, reading, or sitting 

or lying down to watch television. 

7. During the last 7 days, how much time did you spend sitting on a week day? 

___ Hours per day  

_____ Minutes per day 

[ ] Don’t know/Not sure 

8. During the past 7 days how often have you done any light housework 

such as dusting, sweeping, washing dishes. 

___ Hours per day  

_____ Minutes per day 

[ ] Don’t know/Not sure 

9. During the past 7 days how often have you done any heavy housework 

or chores such as scrubbing floor washing windows or wall 

___ Hours per day  

_____ Minutes per day 

[ ] Don’t know/Not sure  
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APPENDIX 3 

PERCEIVED STRESS SCALE (PSS-10) 

The questions in this scale ask you about your feelings and thoughts during the last 

month. 
In each case, you will be asked to indicate by circling how often you felt or thought a 

certain way. 

0 = Never 1 = Almost Never 2 = Sometimes 3 = Fairly Often 4 = Very 

Often 

1. In the last month, how often have you been upset because of.   

  something that happened unexpectedly?            0 1 

2 3 4 

2. In the last month, how often have you felt that you were unable to 

  control the important things in your life?                             0 1 

2 3 4                   

3. In the last month, how often have you felt nervous and ―stressed‖?           0 1 

2 3 4 

4. In the last month, how often have you felt confident about your 

  ability to handle your personal problems?                         0 1 

2 3 4 

5. In the last month, how often have you felt that things were going 

  your way?                        0 1 

2 3 4                 

6. In the last month, how often have you found that you could not cope 

  with all the things that you had to do?             0 1 

2 3 4          

7. In the last month, how often have you been able to control irritations 

  in your life?                        0 1 

2 3 4                 

8. In the last month, how often have you felt that you were on top of 

  things?                          0 1 

2 3 4                 

9. In the last month, how often have you been angered because of 

  things that were outside of your control?            0 1 

2 3 4 

10. In the last month, how often have you felt difficulties were piling up 

  so high that you could not overcome them?          0 1 

2 3 4 
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