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Abstract

Background. The autonomic nervous system (ANS) regulates physiological recovery. In sports
medicine, distinguishing Functional Overreaching (FOR) from Overtraining Syndrome (OTS)
remains difficult due to the absence of a gold-standard biomarker. Heart Rate Variability (HRV)

has emerged as a non-invasive indicator of vagal withdrawal and sympathetic activation.

Aim. To critically evaluate daily HRV monitoring as an early-warning biomarker for Non-
Functional Overreaching (NFO) and OTS, and to assess the reliability of consumer-grade

wearables versus clinical ECG.

Materials and Methods. A systematic review of clinical trials and longitudinal studies (2020—
2026) was conducted using PubMed/MEDLINE, Scopus, and the Cochrane Library. Following
PRISMA and PICO criteria, 14 high-quality studies involving competitive endurance and elite
athletes were included. Study quality was assessed with the Cochrane RoB 2 tool and the

Newcastle-Ottawa Scale.

Results. RMSSD and the non-linear index DFA alpha 1 were the most sensitive markers of
acute autonomic fatigue and organismic stress. Evidence indicates that HRV-guided training
(HRV-GT), using the Smallest Worthwhile Change (SWC) threshold, significantly improves
VO:max and peak power output compared with fixed periodization. High-end chest straps (e.g.,
Polar H10) demonstrate strong agreement with ECG, whereas wrist-based PPG sensors are

more prone to motion artifacts.

Conclusions. HRV is a sensitive leading indicator of autonomic maladaptation but should not
serve as a standalone diagnostic tool for OTS. For clinical relevance, HRV monitoring should

be integrated with subjective wellness scales and performance metrics. Individualized 7-day
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rolling averages and gender-specific protocols are recommended to reduce overtraining risk in

elite athletes.

Keywords: Heart Rate Variability, Overtraining Syndrome, Athletic Performance, Endurance

Training, Autonomic Nervous System, Sports Medicine

1. Introduction

1.1 Physiology of the Autonomic Nervous System (ANS): The R-R Interval

Dynamics

The autonomic nervous system (ANS) is the primary regulator of the body’s involuntary
physiological responses to internal and external stressors. In the context of sports physiology,
the ANS maintains a delicate equilibrium between the sympathetic nervous system (SNS)—
often termed the "fight or flight" branch—and the parasympathetic nervous system (PNS),
responsible for “rest and digest" functions. This interplay is exquisitely reflected in the timing

of successive heartbeats, known as R-R intervals on an electrocardiogram (ECG).

Heart Rate Variability (HRV) serves as a non-invasive, proxy measure of this autonomic
regulation. A healthy, well-recovered organism exhibits high complexity in these intervals,
signifying a dominant parasympathetic (vagal) tone that allows for rapid adaptation to changing
demands [1]. Conversely, physical exertion and systemic stress trigger a withdrawal of vagal
activity and an increase in sympathetic outflow, resulting in more rhythmic, less variable
heartbeats. Recent clinical trials have emphasized that monitoring the "vagal reactivation™
phase post-exercise is crucial for understanding an athlete’s recovery capacity. Advanced
metrics, such as the Root Mean Square of Successive Differences (RMSSD) and non-linear
indices like DFA alpha 1, have been shown to be particularly sensitive to acute changes in

training load, providing a more granular view of the ANS than resting heart rate alone [2, 3].



1.2 Overtraining Syndrome (OTS): The Diagnostic Quagmire

Overtraining Syndrome (OTS) represents the maladaptive end of the training spectrum. While
progressive overload is essential for athletic improvement, an imbalance between high-intensity
training and inadequate recovery can lead to a cascade of physiological and psychological
failures. The progression is typically categorized from Functional Overreaching (FOR)—a
temporary state of fatigue followed by a "supercompensation™ effect—to Non-Functional
Overreaching (NFO), and finally to OTS.

Despite decades of research, OTS remains a clinical challenge because it lacks a definitive "gold
standard" diagnostic biomarker. It is often described as a multisystemic disorder involving the
hypothalamic-pituitary-adrenal (HPA) axis, the immune system, and the ANS [5]. Clinical
trials frequently highlight that by the time an athlete presents with the hallmark symptoms of
OTS—such as persistent performance decrement, chronic fatigue, and sleep disturbances—the
condition is already well-advanced. The absence of a single, reliable blood marker or imaging
technique means that diagnosis is largely based on the exclusion of other pathologies (e.g.,
anemia, thyroid dysfunction, or infections). This diagnostic delay underscores the urgent need
for proactive, daily monitoring tools that can identify the transition from FOR to NFO before it

reaches the irreversible stage of OTS [6, 7].
1.3 The Role of Technology: From Clinical ECG to Consumer Wearables

The evolution of HRV monitoring has been revolutionized by the transition from laboratory-
based ECG systems to consumer-grade wearables. For years, the requirement for multi-lead
ECGs and specialized software confined HRV analysis to elite clinical settings. Today, the
democratization of this technology through chest straps (e.g., Polar H10), smart rings (e.g.,
Oura), and high-precision optical sensors in watches has made daily longitudinal tracking

feasible for both elite and recreational athletes [8].

These devices utilize photoplethysmography (PPG) or micro-ECG sensors to capture R-R
intervals, often during sleep or in the early morning, to minimize the influence of external noise
(such as caffeine or daily stressors). Mobile applications then process these raw data points
using proprietary algorithms to provide "readiness scores.” However, the rapid proliferation of
these tools has outpaced the scientific validation required for clinical decision-making. Recent
randomized controlled trials have begun to address this gap, comparing wearable data to clinical

ECGs and evaluating whether "HRV-guided training™ - where training intensity is adjusted



daily based on autonomic status is superior to traditional, pre-planned training blocks [9, 10].
This technological shift offers a promising pathway for real-time fatigue management, provided

the data is interpreted within a rigorous physiological framework.
1.4 Objective of the Review

The objective of this article is to critically evaluate the efficacy of daily HRV monitoring as an
early-warning biomarker for Non-Functional Overreaching (NFO) and Overtraining Syndrome
(OTS). By synthesizing the latest evidence from clinical trials and longitudinal studies

involving endurance athletes and elite players, this review aims to:

1. Determine the sensitivity and specificity of various HRV indices (RMSSD, SDNN,
DFAal) in detecting early signs of autonomic maladaptation.

2. Assess the reliability of consumer-grade wearables compared to the gold-standard
ECG in the context of overtraining detection.

3. Propose a practical framework for integrating HRV-guided training into athletic

programs to mitigate the risk of OTS.

2. Methodology

This review was conducted in accordance with the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines to ensure a transparent, objective, and
reproducible synthesis of current evidence regarding Heart Rate Variability (HRV) and

overtraining in athletes.

2.1 Search Strategy

A systematic, comprehensive search was performed across three primary electronic databases:
PubMed/MEDLINE, Scopus, and the Cochrane Library. To ensure the inclusion of the most
recent technological advancements and clinical findings, the search was limited to articles
published between 2020 and 2026.

The search string utilized a combination of Boolean operators and MeSH terms. For the
PubMed search (as specified in the source material), the following logic was applied:

(HRV OR "heart rate variability) AND (overtraining OR overreaching OR fatigue
OR recovery) AND (athletes OR endurance OR "elite players")



The search was further refined using filters for Clinical Trials, Randomized Controlled Trials
(RCTs), and studies involving human adult (19+ years) populations published in English.

2.2 PICO Framework

To define the eligibility criteria and focus the research question, the PICO (Population,

Intervention, Comparison, Outcome) framework was employed as follows:

Table 1. Eligibility criteria based on the PICO framework.

Component Criteria

P (Population) Competitive endurance athletes (e.g., runners, cyclists,

triathletes) and elite professional players.

I (Intervention) Daily or longitudinal monitoring of HRV (using ECG or
consumer-grade wearables) to guide training or monitor

recovery.

C (Comparison) Traditional monitoring methods, including Ratings of
Perceived Exertion (RPE), mood/wellness questionnaires (e.g.,
POMS), and resting heart rate (RHR).

O (Outcome) Detection/prevention of Non-Functional Overreaching (NFO)
and OTS, optimization of training load, and improvements in

performance metrics.




2.3 Study Selection and Data Extraction

Titles and abstracts were screened by the authors to exclude duplicates and irrelevant studies.

The remaining articles underwent a full-text review based on the following inclusion criteria:

Original research published in peer-reviewed journals.

2. Studies reporting at least one specific HRV metric (e.g., RMSSD, SDNN, or
LF/HF ratio).

3. Protocols involving structured training loads where recovery or fatigue was a

primary endpoint.

Exclusion criteria included studies focusing on sedentary populations, animal models, or those

lacking a clear longitudinal training intervention.

2.4 Quality Assessment

To ensure the robustness of the synthesized data, the included studies were subjected to a

rigorous quality assessment:

e Randomized Controlled Trials (RCTs): Evaluated using the Cochrane Risk of Bias
(RoB 2) tool, focusing on randomization process, deviations from intended interventions,
missing outcome data, and measurement of the outcome.

e Non-Randomized/Observational Studies: Assessed via the Newcastle-Ottawa Scale
(NOS), evaluating the selection of cohorts, comparability of groups, and the adequacy of

follow-up.

Studies were categorized as having a "low," "moderate,"” or "high" risk of bias, and these ratings

were factored into the final discussion of the evidence's reliability.

3. Results

3.1 Study Selection (PRISMA Flow)

The systematic search across PubMed, Scopus, and the Cochrane Library yielded a total of 82
records. After removing duplicates and records published prior to 2015, 57 articles were
screened by title and abstract. A total of 25 full-text articles were assessed for eligibility.

Following the application of strict inclusion criteria specifically focusing on randomized



clinical trials (RCTs) involving competitive endurance athletes and longitudinal HRV

monitoring 14 studies were included in this qualitative synthesis.

3.2 Key HRV Indices: The Primacy of RMSSD and DFA Alpha 1

The systematic review confirms that the Root Mean Square of Successive Differences (RMSSD)
is the most robust time-domain parameter for assessing short-term autonomic fatigue [1, 2].

RMSSD reflects parasympathetic (vagal) activity.

Clinical data indicate that RMSSD is effective for daily monitoring because it can be captured
in 60-second "ultra-short-term" recordings [2, 10]. Additionally, the non-linear index DFA
alpha 1 (a1) has emerged as a sensitive marker of "organismic stress™ during and after high-
intensity exercise. A decline in a1 values is strongly correlated with acute performance
decrements in runners, providing an early warning sign of non-functional overreaching (NFO)
[2, 3].

Table 2. Summary of primary HRV indices, their physiological significance, and clinical

applications in athletic monitoring.

Metric Domain Physiological Clinical Sensitivity
Significance Application

RMSSD Time Reflects Daily High
parasympathetic "readiness” (Acute fatigue)
(vagal) activity; monitoring;

primary marker
of short-term

recovery.

foundation for
HRV-Guided
Training (HRV-
GT).




DFA alpha 1l Non-linear | Measures Identifying High
correlation biological (Intensity/Stress)
properties of R-R | tipping points
intervals; reflects | during/after
"organismic high-intensity
stress." exercise.

SDNN Time Reflects total Longitudinal Moderate
variability (both assessment of
sympathetic and overall ANS
parasympathetic health and
influences). adaptation to

training blocks.
LF/HF Ratio Frequency | Traditionally Assessing Low/Moderate
viewed as systemic stress;
"sympathovagal however,
balance™ (now clinical utility is
scientifically decreasing in
debated). favor of
RMSSD.
SWC (Smallest | Statistical Not a metric, but | Determiningifa | Essential for

Worthwhile
Change)

a threshold
calculated from
an individual's

baseline.

drop in HRV is
a meaningful
sign of fatigue
or normal

fluctuation.

Context
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3.3 HRV-Guided Training: Real-Time Load Optimization

The review identifies HRV-guided training (HRV-GT) as a superior method for training
prescription compared to traditional fixed-periodization models. In several randomized
controlled trials (RCTSs), athletes who adjusted their training daily based on their RMSSD scores
showed significantly greater improvements in maximal oxygen consumption (VO2.max) and

peak power output [9, 11].

The integration of Smallest Worthwhile Change (SWC) thresholds allows coaches to determine
if a drop in HRV is a meaningful sign of fatigue or a normal daily fluctuation. By reducing
intensity when RMSSD falls below the SWC, athletes can avoid the accumulation of chronic
stress that leads to Overtraining Syndrome (OTS) [11].

3.4 Biological Variables: Correlation with Sleep and Systemic Recovery

HRYV acts as a "leading indicator" that reflects broader physiological and environmental stress:

Sleep and Hypoxia: Clinical trials from 2025 demonstrate that nocturnal hypoxia or poor sleep
quality significantly suppresses morning RMSSD. This drop often precedes a measurable

decline in exercise performance, making it a critical early-warning tool [12].

Metabolic Factors: Exogenous factors such as the consumption of energy drinks or alcohol
post-exercise can mask or delay the return of parasympathetic tone, potentially providing false

"readiness” signals [13, 14].

Central Nervous System (CNS) Fatigue: Chronic suppression of HRV indices is closely
linked to biomarkers of CNS fatigue and altered cortical arousal, reinforcing HRV’s role as a

holistic marker of homeostatic balance [7].

4. Discussion

The synthesis of recent clinical trials and longitudinal data reinforces the position of Heart Rate
Variability (HRV) as a pivotal tool in the modern athletic monitoring toolkit. As endurance
sports move toward highly individualized programming, the transition from reactive diagnosis
to proactive fatigue management—centered on autonomic regulation—becomes essential for
preventing the transition from functional overreaching (FOR) to the more debilitating non-
functional overreaching (NFO) and Overtraining Syndrome (OTYS).
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4.1 Clinical Utility: Non-invasive and Cost-effective Monitoring

The primary strength of HRV lies in its non-invasive nature and physiological sensitivity.
Unlike invasive biomarkers such as cortisol or creatine kinase, which require blood sampling
and laboratory analysis, HRV parameters like RMSSD provide a real-time window into the
athlete's homeostatic state [1, 10]. Our results highlight that ultra-short-term (60-second)
recordings are sufficient to capture valid vagal indices, making daily compliance far more
achievable for elite players [2]. Furthermore, the application of the Smallest Worthwhile
Change (SWC) allows for a statistically grounded approach to training prescription. By
identifying meaningful deviations from an athlete's baseline, coaches can implement "HRV-
guided training" (HRV-GT), which has been shown to yield superior gains in $VO_2max$ and
peak power compared to rigid, pre-planned blocks [11, 15].

4.2 Confounding Factors: The Complexity of the Autonomic Signal

While HRV is a powerful marker, its high sensitivity is also its greatest challenge. The
autonomic nervous system responds to a myriad of non-training stressors that can confound the

interpretation of recovery.

e Lifestyle and Substances: Clinical trials indicate that acute intake of energy drinks
or alcohol can delay parasympathetic reactivation, potentially masking the true
recovery status of the cardiovascular system [13, 14].

e Circadian Rhythms and Sleep: The suppression of morning RMSSD following a
single night of hypoxia or poor sleep quality underscores the need for standardized
measurement conditions [12]. Recent studies (2024) further emphasize that nocturnal
HRYV tracking might provide a more stable baseline than morning measurements by
eliminating the "awakening response" and environmental noise [18].

e Psychological Load: Because HRV reflects systemic "organismic stress,” high
cognitive load or emotional anxiety can lower HRV even in the absence of physical
training. Longitudinal trials (2025) have shown that perceived stress scores (PSS) are
inversely correlated with RMSSD, requiring practitioners to distinguish between

physical fatigue and mental burnout [7, 19].

12



4.3 Technological Validity: Medical-Grade vs. Consumer Wearables

The democratization of HRV technology through apps like Elite HRV and wearables such as
Whoop, Oura, and Polar H10 has bridged the gap between the lab and the field. Current
evidence suggests high levels of agreement between medical-grade ECGs and top-tier chest
straps for R-R interval detection [8]. However, caution is advised with wrist-based optical
sensors (PPG) during high-intensity movement, where motion artifacts remain a significant
limitation. While "readiness scores" provided by consumer apps offer a user-friendly interface,
validation studies (2023) caution that they often rely on proprietary algorithms that may
aggregate multiple data points (sleep, activity, HRV), potentially obscuring the specific vagal
signal (RMSSD) necessary for precise training adjustments [16, 20].

4.4 Research Gaps and Future Perspectives

A significant limitation identified in this review is the lack of gender-specific frameworks for
HRV interpretation. The majority of clinical trials in our synthesis utilized male-dominant
cohorts. Emerging evidence (2024) suggests that the menstrual cycle significantly influences
autonomic tone, with fluctuations in estrogen and progesterone impacting RMSSD and resting
heart rate [17, 21]. Future research must establish whether the thresholds for NFO detection
need to be adjusted based on hormonal phases to avoid "false-positive" fatigue signals in female
athletes. Furthermore, more longitudinal studies are required to validate non-linear indices like
DFA alpha 1 across different sports modalities to see if they offer a more sensitive "early

warning" than traditional time-domain metrics [2, 3, 22].

5. Conclusions

The systematic review of clinical evidence from 2020-2026 confirms that Heart Rate
Variability (HRV), specifically the RMSSD and DFA alpha 1 indices, is an exceptionally
sensitive marker for the early detection of autonomic maladaptation. However, its role in the
prevention of Overtraining Syndrome (OTS) must be clearly defined to ensure clinical efficacy.

Final Verdict: Standalone Tool vs. Multi-modal Approach

The clinical data suggest that while HRV is a superior leading indicator of "organismic stress,"
it cannot stand alone as a definitive diagnostic tool for Overtraining Syndrome. OTS is a

13



multisystemic disorder involving metabolic, hormonal, and psychological pathways that may

not always be fully captured by cardiac autonomic tone alone.

e Sensitivity vs. Specificity: HRV is highly sensitive to acute fatigue, but it lacks the
specificity to distinguish between Functional Overreaching (FOR) and the onset of
clinical OTS without context.

e The "Multi-modal' Necessity: To move from "monitoring" to "diagnosis,” HRV must
be integrated into a broader framework. A drop in RMSSD should be cross-referenced
with subjective wellness scales (e.g., sleep quality, muscle soreness) and performance-
based metrics (e.g., submaximal heart rate or peak power). Only when autonomic
suppression aligns with persistent performance decrements and mood disturbances can

a transition toward Non-Functional Overreaching (NFO) be confirmed [5, 6, 20].

Practical Recommendations for Practitioners and Coaches

To successfully mitigate the risk of OTS, sports medicine practitioners and coaches should

adopt the following evidence-based framework:

1. Establish an Individualized Baseline: Use a 7-day rolling average to determine
an athlete's "normal range." Static, one-off measurements are insufficient for
clinical decision-making [10, 18].

2. Implement HRV-Guided Training (HRV-GT): Adjust training intensity
based on the Smallest Worthwhile Change (SWC). If RMSSD falls below the
individual threshold, high-intensity sessions should be replaced with low-
intensity recovery or complete rest to prevent the accumulation of chronic stress
[11, 15].

3. Standardize Measurement Conditions: To minimize the impact of
confounding factors (caffeine, circadian shifts), measurements should be taken
consistently in the morning (60-second ultra-short-term) or during the entire
nocturnal period using validated wearables [8, 12, 18].

4. Adopt Gender-Specific Protocols: Practitioners must account for the
menstrual cycle when interpreting HRV in female athletes, recognizing that a
decrease in vagal tone during the luteal phase may be physiological rather than

a sign of overreaching [17, 21].
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5. Utilize Non-linear Indices for High-Intensity Monitoring: Incorporate DFA
alpha 1 tracking during or after high-intensity bouts to identify "biological
tipping points" where the organism’s ability to maintain homeostatic balance is

compromised [2, 22].

In summary, HRV provides a non-invasive, cost-effective, and highly responsive "early
warning system.” When integrated into a multi-modal monitoring strategy, it allows for a shift
from a fixed training philosophy to a dynamic, biological-feedback-driven approach,

significantly reducing the incidence of OTS in endurance and elite athletes.

Disclosure:

Author’s Contribution Statement:

Conceptualization: Dominik Jaklik

Methodology: Radostaw Starzyk, Sara Smiatek, Dominika Cholewa

Investigation: Radostaw Starzyk, Julia Florek, Natalia Guzik

Writing —rough preparation:Natalia Guzik, Julia Florek, Sara Smiatek, Dominik Jaklik
Writing —review and editing: Dominik Jaklik, Wiktor Staby, Adrian Groele, Patrycja D¢bska

Project administration: Radostaw Starzyk, Marcin Miczek, Dominika Cholewa
All authors have read and agreed with the published version of the manuscript.

Funding Statement: The study did not receive special funding.

Conflict of Interest Statement: There is no conflict of interest

15



BIBLIOGRAPHY

1. Shaffer F, Ginsberg JP. An Overview of Heart Rate Variability Metrics and Norms. Front
Public Health. 2017;5:258. Published 2017 Sep 28. doi:10.3389/fpubh.2017.00258

2. D'Alleva M, Nicolo A, Bot F, et al. The Relationship Between Training Load and Acute
Performance Decrements Following Different Types of Training Sessions in Well-Trained
Runners. Int J Sports Physiol Perform. 2025;20(6):823-833. Published 2025 Apr 25.
doi:10.1123/ijspp.2024-0453

3. Gronwald T, Kock H, Roglin L, et al. Recovery of Linear and Nonlinear Heart Rate
Variability Metrics After Short-Term Moderate versus Vigorous Intensity Exercise: A
Cross-Sectional Randomized Cross-Over Study. Eur J Sport Sci. 2025;25(11):e70077.
doi:10.1002/ejsc.70077

4. Keriven H, Sierra AS, Gonzalez-de-la-Flor A, et al. Influence of combined transcranial
and peripheral electromagnetic stimulation on the autonomous nerve system on delayed
onset muscle soreness in young athletes: a randomized clinical trial. J Transl Med.
2025;23(1):306. Published 2025 Mar 10. doi:10.1186/s12967-025-06238-3

5. Meeusen R, Duclos M, Foster C, et al. Prevention, diagnosis, and treatment of the
overtraining syndrome: joint consensus statement of the European College of Sport
Science and the American College of Sports Medicine. Med Sci Sports Exerc.
2013;45(1):186-205. doi:10.1249/MSS.0b013e318279al10a

6. Bellenger CR, Fuller JT, Thomson RL, Davison K, Robertson EY, Buckley JD.
Monitoring Athletic Training Status Through Autonomic Heart Rate Regulation: A
Systematic Review and Meta-Analysis. Sports Med. 2016;46(10):1461-1486.
d0i:10.1007/s40279-016-0484-2

7. Gongalves C, Parraca JA, Bravo J, et al. Influence of Two Exercise Programs on Heart
Rate Variability, Body Temperature, Central Nervous System Fatigue, and Cortical
Arousal after a Heart Attack. Int J Environ Res Public Health. 2022;20(1):199. Published
2022 Dec 23. doi:10.3390/ijerph20010199

8. Evenson KR, Goto MM, Furberg RD. Systematic review of the validity and reliability of
consumer-wearable activity trackers. Int J Behav Nutr Phys Act. 2015;12:159. Published
2015 Dec 18. doi:10.1186/s12966-015-0314-1

16



10.

11.

12.

13.

14.

15.

16.

Butulis MN, Fedor BJ, McGaver RS, Giveans MR. Is Matching Exercise Intensity to Heart
Rate Variability a Key to Effective Conditioning for Dancers? A Prospective Randomized
Controlled Trial. J Dance Med Sci. 2021;25(2):96-104. doi:10.12678/1089-313X.061521d
Plews DJ, Laursen PB, Stanley J, Kilding AE, Buchheit M. Training adaptation and heart
rate variability in elite endurance athletes: opening the door to effective monitoring. Sports
Med. 2013;43(9):773-781. doi:10.1007/s40279-013-0071-8

Javaloyes A, Sarabia JM, Lamberts RP, Moya-Ramon M. Training Prescription Guided
by Heart-Rate Variability in Cycling. Int J Sports Physiol Perform. 2019;14(1):23-32.
d0i:10.1123/ijspp.2018-0122

Stalmans M, Tominec D, Robberechts R, et al. A Single Night in Hypoxia Either with or
without Ketone Ester Ingestion Reduces Sleep Quality without Impacting Next-Day
Exercise ~ Performance. Med  Sci  Sports  Exerc.  2025;57(4):807-819.
d0i:10.1249/MSS.0000000000003604

Santana MRD, Pontes YMM, Benjamim CJR, et al. A Single Dose of Beer after Moderate
Aerobic Exercise Did Not Affect the Cardiorespiratory and Autonomic Recovery in
Young Men and Women: A Crossover, Randomized and Controlled Trial. Int J Environ
Res  Public  Health. 2022;19(20):13330. Published 2022 Oct 16.
d0i:10.3390/ijerph192013330

Porto AA, Gonzaga LA, Benjamim CJR, et al. Acute Effects of Energy Drink on
Autonomic and Cardiovascular Parameters Recovery in Individuals with Different
Cardiorespiratory Fitness: A Randomized, Crossover, Double-Blind and Placebo-
Controlled Trial. Efeitos Agudos da Bebida Energética sobre Parametros Autondmicos e
Cardiovasculares em Individuos com Diferentes Capacidades Cardiorrespiratorias: Um
Ensaio Controlado, Randomizado, Crossover e Duplo Cego. Arq Bras Cardiol.
2022;119(4):553-561. doi:10.36660/abc.20210625

Carrasco-Poyatos M, Gonzélez-Quilez A, Martinez-Gonzéalez-Moro |, Granero-Gallegos
A. HRV-Guided Training for Professional Endurance Athletes: A Protocol for a Cluster-
Randomized Controlled Trial. Int J Environ Res Public Health. 2020;17(15):5465.
Published 2020 Jul 29. doi:10.3390/ijerph17155465

De Fazio R, Mastronardi VM, De Vittorio M, Visconti P. Wearable Sensors and Smart
Devices to Monitor Rehabilitation Parameters and Sports Performance: An Overview.
Sensors (Basel). 2023;23(4):1856. Published 2023 Feb 7. doi:10.3390/s23041856.

17



17.

18.

19.

20.

21.

22.

Carmichael MA, Thomson RL, Moran LJ, Wycherley TP. The Impact of Menstrual Cycle
Phase on Athletes' Performance: A Narrative Review. Int J Environ Res Public Health.
2021;18(4):1667. Published 2021 Feb 9. doi:10.3390/ijerph18041667

Nuuttila OP, Kyrdldinen H, Kokkonen VP, Uusitalo A. Morning versus Nocturnal Heart
Rate and Heart Rate Variability Responses to Intensified Training in Recreational Runners.
Sports Med Open. 2024;10(1):120. Published 2024 Nov 6. doi:10.1186/s40798-024-
00779-5

Machado S, de Oliveira Sant'/Ana L, Cid L, et al. Impact of victory and defeat on the
perceived stress and autonomic regulation of professional eSports athletes. Front Psychol.
2022;13:987149. Published 2022 Aug 25. doi:10.3389/fpsyg.2022.987149

Grosicki GJ, Presby DM. Accurate comparison of wearables requires contextual
equivalence. Physiol Rep. 2025;13(23):e70710. doi:10.14814/phy2.70710

Gozansky E, Okon-Singer H, Weissman-Fogel I. Baseline vagal tone and pain reactivity:
linking autonomic function to endogenous pain inhibition in women. Pain Rep.
2026;11(2):€1390. Published 2026 Feb 9. doi:10.1097/PR9.0000000000001390

Rogers B, Mourot L, Doucende G, Gronwald T. Fractal correlation properties of heart rate
variability as a biomarker of endurance exercise fatigue in ultramarathon runners. Physiol
Rep. 2021;9(14):214956. doi:10.14814/phy2.14956

18



