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Background: Heart Rate Variability (HRV) serves as a crucial physiological marker 

for assessing autonomic nervous system function. 

Aim: This review systematically examines recent studies on the potential role of Heart 

Rate Variability (HRV) in physical activity, encompassing health, performance, 

cognitive, and physiological perspectives. Specifically, it investigates the impact 

of HRV monitoring methods on physical performance, fatigue, and recovery across 

various aspects of sports performance. 

Materials and Methods: A comprehensive search for primary articles and relevant 

scientific literature was conducted across academic databases, including PubMed, 

Cochrane Library, Web of Science, and Scopus, using keywords such as Heart Rate 

Variability, physical activity, health, sports physiology, and cognitive factors. 

Results: HRV is widely recognized as a non-invasive, practical, and valuable tool for 

assessing autonomic nervous system function. Due to its methodological advantages, 

HRV provides critical insights into fitness levels and training adaptation, optimal 

training intensity and volume, overtraining detection, injury risk assessment, and 

cognitive factors such as stress and anxiety. The reviewed literature indicates that 

individuals with lower baseline HRV tend to experience increased HRV 

levels following regular physical activity.  

Conclusion: exercise training is directly associated with improved HRV, which 

enhances athletic performance, mitigates overtraining risks, and reduces injury 

incidence. 

Keywords: Autonomic Nervous System, Physical Activity, Fatigue Monitoring, 

Overtraining Detection, Physiological Monitoring, Non-invasive Assessment. 
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1. Introduction 

Physical activity is widely recognized as an 

effective strategy for enhancing autonomic 

nervous system (ANS) function. Given that heart 

rate variability (HRV) serves as a dynamic 

reflection of physiological and cognitive states, a 

systematic review of its role in exercise 

spanning health, performance, and physiological 

adaptation is critical to address inconsistencies 

in current methodologies and applications [1]. 

HRV, defined as the variation in time intervals 

between consecutive heartbeats [2], is measured 

using linear (time-domain and frequency-

domain) and non-linear methods (e.g., sample 

entropy, Poincaré plot, and detrended fluctuation 

analysis)  [3, 4]. While time-domain metrics like 

SDNN (standard deviation of R-R intervals) 

offer simplicity, non-linear methods capture 

complex ANS dynamics, highlighting the need 

for standardized protocols in HRV assessment. 

HRV’s non-invasive nature and utility in 

monitoring training readiness [5] and ANS 

balance [6] have made it a cornerstone in sports 

science and clinical research. However, despite 

its potential, the interpretation of HRV data 

remains fragmented across disciplines, with 

limited consensus on its predictive value for 

injury prevention and performance 

optimization [7, 8]. For instance, while reduced 

HRV is linked to cardiovascular risk [9, 10], its 

application in real-world athletic settings—such 

as tailoring training loads or mitigating 

overtraining lacks robust evidence. This gap 

underscores the necessity of synthesizing 

existing literature to establish evidence-based 

guidelines for HRV utilization in sports and 

clinical practice. 

Moreover, HRV’s role extends beyond 

physiological monitoring; it reflects cognitive 

and emotional states, such as stress and anxiety 

[11]. Sedentary individuals and those with 

chronic diseases exhibit diminished HRV, 

correlating with elevated morbidity risks [12, 

13]. Conversely, exercise training improves 

HRV, suggesting its dual utility as a diagnostic 

and interventional tool [14, 15]. However, the 

mechanisms linking HRV, cognitive 

performance, and long-term athletic outcomes 

remain underexplored, particularly in high-

stakes environments like competitive sports. 

HRV is a well-established indicator of 

autonomic nervous system responsiveness to 

internal and external stressors, making it a 

valuable tool for identifying anxiety and stress in 

athletes during both training and competition 

[16]. By modulating HRV, physical activity can 

enhance stress resilience and optimize 

performance [17]. However, while HRV is 

widely used to monitor training load, recovery, 

and overtraining [18, 19], its practical 

implementation remains inconsistent due to 

methodological variability and a lack of 

consensus on optimal thresholds. Therefore, this 

systematic review thus aims to consolidate 

existing evidence on HRV's role in athlete 

monitoring, focusing on bridging the gap 

between theoretical insights and practical 

strategies for coaches and clinicians. In addition, 
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this review focuses on the potential role of HRV 

in monitoring physical activity and cognitive 

and physiological performance in professional 

athletes. 

2. Materials and Methods 

This systematic review examined the role of 

HRV across four domains: health, athletic 

performance, cognitive function, and 

physiological adaptation. A comprehensive 

search was conducted across electronic 

databases, including PubMed, Cochrane Library, 

Web of Science, and Scopus, using a 

combination of MeSH terms and keywords (e.g., 

"Heart Rate Variability," "physical activity," 

"exercise physiology," "cognitive factors,"). To 

minimize publication bias, gray literature and 

reference lists of included articles were 

manually screened for additional relevant 

studies. 

Three researchers independently performed the 

search, screening, and data extraction processes, 

with discrepancies resolved through consensus 

or consultation with a fourth reviewer. The 

inclusion criteria were original research articles 

involving human participants and studies 

published in peer-reviewed journals without 

restrictions on publication date, subject 

demographics, exercise intensity, or HRV 

measurement techniques. Exclusion criteria were 

strictly applied to maintain focus and validity: 

animal studies, non-original research (e.g., 

editorials, narrative reviews without novel data), 

and studies involving pharmacological 

interventions or artificial manipulation of HRV 

(e.g., drugs, pacemakers). Extracted data were 

categorized thematically (health, performance, 

cognition, physiology) and critically evaluated 

for trends, contradictions, and gaps. Given the 

heterogeneity of HRV measurement protocols 

across studies, findings were synthesized 

qualitatively to highlight consensus and 

disparities in methodology (Table 1). 

2.1. Eligibility criteria 

Inclusion criteria for all studies were based on 

the population, intervention, comparison, 

outcome, and study design. 

The studies were included for the review if they 

met the following criteria: 

• The full text of the articles must have been 

available. 

• Articles must be written in English or Persian. 

• Articles must be published in scientific 

journals and be randomized controlled trials 

(RCTs). 

2.2. Exclusion criteria 

• Articles in which full text have not 

been available or found. 

• Animal or in vitro studies (non-human studies). 

• Duplicates or overlapping datasets from the 

same study population. 

• Studies not related to the defined population, 

intervention, comparator, or outcome (PICO) 

criteria. 
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3. Results 

The systematic search across relevant databases 

initially identified 429 articles. After preliminary 

screening of titles and abstracts, 213 articles 

were deemed relevant to the study's scope. The 

second and third researchers independently 

performed secondary and tertiary reviews of the 

database records to ensure comprehensive 

coverage. Subsequent evaluation narrowed the 

selection to 89 articles addressing HRV, 

physical activity, and performance metrics. After 

obtaining full-text versions and applying 

rigorous inclusion/exclusion criteria to studies 

published between 2008 and 2025, 21 high-

quality articles were selected for final analysis 

(Figure 1). The multi-stage screening process, 

involving independent assessments by multiple 

researchers, was designed to minimize selection 

bias and ensure the inclusion of 

methodologically robust studies. The systematic 

review findings demonstrate that comparisons of 

physical recovery techniques following 

resistance and aerobic training have shown 

inconsistent effects on cardiovascular 

parameters across studies. However, these 

techniques facilitate autonomic nervous system 

reactivation, with exercise modality influencing 

HRV's efficacy as a monitoring tool for 

cardiovascular and neurological status [20]. 

HRV and heart rate are established biomarkers 

for evaluating cardiovascular recovery and 

autonomic balance in athletes. Yoga practice - 

incorporating postures, breathing techniques, 

and meditation - enhances parasympathetic 

activation and autonomic balance, promoting 

post-exercise recovery. Empirical evidence 

confirms yoga's positive influence on HRV 

modulation [21], establishing HRV as a valid 

indicator of physical and cognitive fitness 

improvements. 

A 5-week aerobic exercise intervention study 

with twelve active males demonstrated that 

combined low- and high-intensity training 

significantly improved VO₂max independent of 

training load [22]. Similarly, González-

Fernández et al. (2024) examined female soccer 

players undergoing an 8-week pre-season 

aerobic-based program. Their results showed 

improved physical performance (VO₂max, 

Sargent jump) and a notable increase in HRV 

indices such as RMSSD and pNN50, indicating 

enhanced autonomic recovery and 

cardiovascular regulation. Post-intervention 

assessments revealed enhanced lean body mass, 

Sargent jump performance, and VO₂max, with 

HRV showing significant correlations with body 

composition and fitness metrics [23]. These 

findings position HRV and strength measures as 

valuable tools for monitoring training status, 

adaptation, and progression. Notably, reduced 

HRV may indicate overtraining syndrome, 

particularly in aerobic athletes, highlighting its 

broad applicability across athletic, clinical, and 

general populations [24]. 

In adolescent athletes (n=18), HRV reduction 

occurred more rapidly during elevated heart rate 

conditions in higher-fit individuals, detectable 

exclusively through cardiac measurements [25]. 
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A large-scale study (n=28,175) established 

smartphone-monitored BMI, resting heart rate, 

and HRV as effective indicators of 

cardiovascular health in free-living conditions  

[26]. 

 Physiological exercise responses appear 

mediated by sympathetic-parasympathetic 

balance, making HRV a valuable metric for 

individualized training prescription and 

performance enhancement [17]. A systematic 

review of HRV biofeedback interventions 

(n=187) confirmed its effectiveness for athletic 

performance improvement [27], while 

maintaining optimal HRV ranges may prevent 

chronic diseases and preserve cardiac 

homeostasis during increased exercise loads  

[28]. High-intensity interval training (5km HIIT) 

studies emphasized the need for further research 

on HRV-power performance relationships [29]. 

In futsal players, 1-minute HRV intervals 

effectively identified training adaptations, with 

lnRMSSD proving particularly sensitive to 

training-induced changes [30]. 

Cognitive performance studies revealed that 

HRV improvements correlated with enhanced 

sustained attention capabilities, underscoring 

fitness maintenance as a critical factor for 

cognitive-physiological health [31]. Resting 

HRV assessments demonstrated exercise's 

positive effects on autonomic regulation and 

post-exercise cardiac control [32], with regular 

activity improving overall autonomic function 

and cardiovascular health.  

While increased exercise intensity elevated 

nighttime heart rates, it did not significantly 

affect HRV. Ninety-minute training sessions 

reduced nighttime HRV without compromising 

sleep quality, suggesting extended durations are 

necessary for meaningful HRV modifications 

[33]. Endurance training intensity produced 

comparable effects on resting systolic blood 

pressure in older adults, though higher 

intensities elicited more pronounced post-

exercise heart rate responses [34]. Regular 

exercise was shown to mitigate obesity's adverse 

HRV effects and improve cardiac autonomic 

function [35]. 
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Figure 1. Flowchart of studies' search and selection process using relevant keywords in reputable databases. 

Table 1. Characteristics of the studies reviewed. 

Number Researchers Year Sample description Method Results 

1 [21] 2025  20 male athletes Recovery methods, 15 

minutes, and 15-minute 
yoga after HIIT. 

Based on heart rate variability, relaxation in yoga 

facilitates the recovery phase more effectively than 
doing stretching exercises. 

2 [22] 2025  12 active men Combined exercises, 

assessing heart rate 

variability 

Combined low-intensity and high-intensity exercises 

enhance aerobic capacity regardless of the training 

load.  

3 [36] 2025 24 participants: 12 

resistance training, 
12 moderate 

exercise controls. 

HRV was measured using 

a Polar RS800CX heart rate 
monitor and analyzed 

with Kubios HRV software. 

Long-term resistance training was associated with 

improved parasympathetic modulation, 
indicatingpotential cardiovascular benefits and 

enhanced autonomic function. 

4 [37] 2025 twenty-ninemale 
athletes aged 18 to 

20 years 

HRV was measured using 
a Polar V800 heart rate 

monitor (sampling rate: 

1,000 Hz) and analyzed 
with Kubios HRV software. 

This study shows that HRV reflects autonomic 
activity in soccer players and suggests that machine 

learning can help track related molecular changes. 

5 [23] 2024 Women's Soccer The jump was Sergeant and 

VO2max. Heart rate 
variability (HRV) 

There was no relationship between cognitive 

performance and physical fitness, but (HRV) 
impacted body composition and physical fitness 

during the pre-season in female football players. 

6 [25] 2022 18 young athletes Cardiovascular and 
respiratory readiness, 

aerobic capacity, and heart 

rate variability 

Heart rate variability (HRV) decreases faster among 
athletes in better shape when the heart rate goes up. 

7 [26] 2021 28175 men and 

women 

The relationship between 

body mass index, resting 

heart rate, and heart rate 
variability. 

A smartphone app can effectively measure heart rate 

at rest and heart rate variability (HRV) upon waking. 

8 [17] 2020 Athlete women Measuring VO2 max and 
heart rate variability 

(HRV) depends on the type of daily training of 
athletes. 

9 [38] 2020 34 professional 

soccer players 

HRV was measured 

using heart rate monitors 

In conclusion, daily HRV analyses help detect 

individual changes in professional soccer players. 
10 [28] 2018 25 soccer players Heart rate variability and 

exercise load 

High training load capacity may affect cardiac 

homeostasis disturbances. 

11 [29] 2016 Athletic men Heart rate variability 
assessment 

Both RR and lnRMSSD intervals are associated with 
detrimental effects on power performance. 

12 [30] 2015 24 elite futsal 

players 

Heart rate variability 

assessment 

lnRMSSD measured over a short 1-minute period is 

sensitive to training-induced changes in futsal 
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Figure 2. List factors affecting heart rate variability (HRV) monitoring in professional 

 

4. Discussion 

4.1. HRV as a Monitoring Tool for Physiological 

Adaptation 

This systematic review demonstrates that HRV 

is a sensitive, non-invasive indicator of 

physiological responses to physical activity 

across health, performance, cognitive, and 

physiological domains. As illustrated in Figure 

2, HRV fluctuations reflect the interplay of 

factors such as exercise intensity, recovery 

status, and autonomic nervous system (ANS) 

balance  [40]. Elevated HRV correlates with 

improved cardiovascular flexibility and stress 

resilience, whereas reduced HRV signals ANS 

dysfunction, often preceding clinical symptoms 

of overtraining or chronic stress  [41, 42]. The 

body’s adaptation to endurance training 

enhances parasympathetic tone, increasing HRV 

and recovery capacity over time [43]. However, 

individual variability in HRV responses 

influenced by fitness level, age, and health status 

players. 

13 [31] 2013  28 young men VO₂max, lactate, strength, 
heart rate variability (HRV) 

The physiological and morphological results suggest 
that the athlete's fitness level appears to be the 

primary benefit gained. 

14 [32] 2013  21 healthy men Low-intensity and high-
intensity training and heart 

rate variability assessment 

Exercise has a beneficial effect on cardiac autonomic 
control following physical activity. 

15 [33] 2012  14 healthy men Five different running 
protocols and heart rate 

variability assessment 

An increase in the intensity or duration of exercise 
delays the improvement of the cardiac autonomic 

nervous system at night. However, it does not appear 

that increased exercise intensity or duration disrupts 
sleep quality. 

16 [39] 2010 44 patients Beck Depression Inventory, 

Spiroergometer for 
estimating VO2peak, and 

heart rate variability 

assessment 

The results showed that exercise reduced emotional 

distress while improving heart rate variability 
(HRV).  

17 [35] 2008 1712 male and 

female participants 

Regular weekly physical 

activity and heart rate 

variability assessment 

Regular physical exercise substantially benefits 

cardiac autonomic function and seems to counteract 

the adverse effects of obesity on heart rate variability 
(HRV). 
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necessitates personalized interpretation  [44, 45]. 

This review highlights HRV as a reliable, non-

invasive marker reflecting physiological 

adaptation to physical activity. Higher HRV 

indicates better cardiovascular resilience and 

recovery. Due to individual differences, HRV 

assessment should be interpreted based on 

personal fitness, age, and health status. 

4.2. Health and Clinical Implications 

HRV's stratification into low, standard, and high 

ranges provides actionable cardiovascular and 

mental health insights. High HRV signifies 

optimal ANS function and is associated with 

reduced risks of cardiovascular diseases and 

psychological disorders (e.g., depression and 

anxiety) [46, 47]. Notably, even in clinical 

populations, physical activity can restore ANS 

balance: Zhou et al. [48] reported HRV 

improvements in chronic disease patients. At the 

same time, the Whitehall study linked moderate-

to-vigorous exercise to higher HRV in healthy 

adults [49]. Conversely, low HRV may reflect 

pathological states, with hormonal markers (e.g., 

cortisol, adrenaline) and inflammatory pathways 

contributing to ANS suppression  [42, 50]. The 

autonomic effects of resistance training in 

athletic populations depend on chronic exposure 

and acute load characteristics. Barbosa et al. 

(2025) compared resistance-trained individuals 

(≥6 months experience) with non-lifters and 

found significantly higher resting RMSSD and 

SDNN in the trained group, indicating long-term 

autonomic adaptation from regular resistance 

training [51]. These findings underscore HRV's 

dual role as a diagnostic and interventional 

biomarker. For example, HRV monitoring has 

been examined in research settings, and 

improvements in HRV parameters have also 

been observed in clinical populations following 

regular physical activity programs. Meta-

analyses investigating the effects of exercise 

training on patients with type 2 diabetes [52], 

coronary artery disease [53], and heart failure 

[54] have demonstrated a significant increase in 

RMSSD in intervention groups. The 

standardized mean difference (SMD) was 0.62 

(95% CI: 0.28–0.95) in the meta-analysis of type 

2 diabetes, 0.30 (95% CI: 0.12–0.49) for 

coronary artery disease, and approximately 

10.44 (95% CI: 0.60–20.28) for heart failure [52, 

55]. The heart failure meta-analysis used the 

mean difference (MD) instead of the SMD. 

These findings suggest that exercise training 

may enhance parasympathetic nervous system 

activity across various patient populations. HRV 

assessment can be valuable for identifying 

pathological conditions and monitoring 

physiological adaptations over time. In a related 

study, Deng et al. assessed autonomic nervous 

system (ANS) function indirectly through the 

heart rate response (HRr) during a treadmill-

based cardiopulmonary exercise test in 

individuals with varying levels of obesity. HRr 

was calculated as the difference between 

maximal and resting heart rate divided by the 

difference in oxygen consumption. The obese 

group required greater sympathetic activation to 
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complete the test, as reflected by lower HRr 

values than healthy controls. These results are 

consistent with Yadav et al.[56, 57]  , who found 

a strong inverse relationship between body mass 

index (BMI) and heart rate variability (HRV), 

indicating that individuals with higher BMI tend 

to have lower HRV. Collectively, these findings 

highlight HRr and HRV as applicable, non-

invasive markers for detecting autonomic 

dysfunction and increased cardiovascular risk in 

obese individuals. Moreover, regular monitoring 

of HRV in clinical and athletic populations 

offers valuable insights into stress, recovery, and 

overall health status.  

4.3. Performance Optimization and Overtraining 

Prevention 

In athletic contexts, HRV is critical for 

managing training loads and mitigating 

overtraining risks. Endurance athletes exhibit 

HRV instability under high-volume training, 

with prolonged suppression indicating 

inadequate recovery [58, 59]. Sport-specific 

differences are evident: Footballers, wrestlers, 

and rowers show distinct HRV patterns under 

stress, influenced by training age and 

competition level [60, 61]. Resistance training’s 

high-intensity loads acutely reduce HRV, 

reflecting transient physiological stress [62], 

while prolonged overtraining alters biochemical 

markers (e.g., cortisol, IGF-1) for up to 48 hours 

post-exercise [63, 64]. Real-time HRV 

monitoring enables coaches to tailor recovery 

phases, preventing overtraining syndromes and 

associated injuries [65]. The effects of heart rate 

variability monitoring demonstrate that recent 

evidence shows aerobic training can 

significantly enhance vagal-mediated HRV in 

trained individuals. In a 5-week intervention, 

Morinaga and Takai (2025) reported that HRV-

guided aerobic training significantly increased 

VO₂max and improved parasympathetic activity, 

as reflected by increased RMSSD and reduced 

resting heart rate in active male athletes, despite 

a lower training load than the control group [22]. 

Edmonds et al. (2020), investigating elite female 

rowers across a competitive season, observed 

transient reductions in RMSSD and SDNN 

during peak training loads, with recovery in 

HRV measures following the taper phase. This 

pattern reflects the acute autonomic stress of 

intensified aerobic training, followed by 

adaptive restoration with appropriate 

periodization [66]. Together, these studies 

suggest that aerobic training improves 

parasympathetic HRV indices (e.g., RMSSD, 

pNN50), especially when appropriately 

managing the training load. However, excessive 

or poorly managed training loads may lead to 

overtraining and fatigue, which are often 

associated with reductions in parasympathetic 

activity and impaired HRV responses. 

4.4. Cognitive and Recovery Applications 

HRV’s utility extends to cognitive performance 

and recovery strategies. Enhanced 

parasympathetic activity through yoga or 

controlled breathing improves HRV and 
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accelerates post-exercise recovery  [20, 21]. 

Cognitive tasks requiring sustained attention 

correlate with higher HRV, suggesting fitness-

mediated neurogenic benefits [31]. Sleep-quality 

studies reveal that while intense exercise 

transiently reduces nighttime HRV, it does not 

impair sleep, highlighting ANS resilience [33]. 

Medellín-Ruiz et al. (2024) examined the effect 

of three different squat training intensities (10%, 

20%, and 40% velocity loss) on HRV in trained 

male athletes. HRV measures (RR intervals, 

RMSSD, pNN50) were significantly lower 24 

hours after the 40% velocity loss protocol, 

suggesting that training to failure imposes 

greater autonomic fatigue and delayed recovery 

than submaximal effort [67]. For athletes, 

integrating HRV biofeedback into training 

regimens can optimize mental focus and 

physiological recovery, bridging the gap 

between acute stress responses and long-term 

adaptation [27, 43]. HRV plays a vital role in 

cognitive performance and recovery, with 

practices like yoga and controlled breathing 

enhancing parasympathetic activity. Monitoring 

and optimizing HRV, primarily through 

biofeedback, supports mental focus, faster 

recovery, and long-term physiological 

adaptation in athletes. 

5. Conclusions 

HRV is established as a clinically validated, 

non-invasive tool for evaluating ANS function. 

This review demonstrates that HRV provides 

critical insights into multiple physiological and 

cognitive domains, including fitness level and 

training adaptation, optimal exercise intensity 

and volume thresholds, early detection of 

overtraining and injury risks, and stress and 

anxiety modulation. The synthesis of evidence 

confirms two key findings: 

1) Structured physical activity consistently 

elevates HRV in individuals with low 

baseline values, demonstrating a dose-

response relationship between exercise 

and ANS resilience. 

2) HRV-guided interventions can enhance 

recovery trajectories in clinical 

populations, particularly for 

cardiovascular rehabilitation and stress 

related disorders. 

This review highlights HRV's dual utility as a 

diagnostic and interventional tool. Its 

applications extend beyond athletic performance 

monitoring to therapeutic settings, where it can 

personalize treatment plans and objectively track 

progress. Future research should prioritize 

standardized HRV assessment protocols to 

improve cross-study comparability and clinical 

translation. 
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