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Abstract

The purpose of this brief report is to stimulate further interest and to raise awareness in relation to the usefulness of assessing cardiac autonomic nerve function
using heart rate variability (HRV). The paper outlines the mechanisms associated with HRV and the relationships between HRV, health, and athletic performance. The
paper then summarizes the potential benefits of HRV in the assessment of health and exercise adaptations. The paper also provides suggestions about the practical
implications of HRV measurement during data collection. We hope that the content provides useful information for the application of HRV for health evaluation and
training adaptations. In addition, we hope the paper will provide a better understanding of how HRV measurements can be interpreted and used. Finally, the paper provides
practical applications that are effective in the assessment of health and athletic training program outcomes.

Abbreviations

HRV: Heart Rate Variability; ANS: Autonomic Nervous
System

Introduction

The cardiac autonomic nervous system (ANS) regulates
the cardiovascular system. The ANS controls heart rate and
associated blood pressure responses during daily activities. The
ANS can also be used to observe the function of visceral organs,
and therefore, is useful in determining the health status of
humans [1]. Over the last decade, with the development of
wearable device technology for heart rate variability (HRV)
measurement, there has been an increase in the investigation

of cardiac autonomic nerve function using HRV [2]. However,
despite increased use, HRV assessment is still underutilized for
the evaluation of cardiachealth and as amethod for investigating
responses to exercise performance. HRV is a measure describing
beat-to-beat variations of the time intervals between adjacent
R-Rintervals [3]. The information provided by HRV reflects the
fluctuation in parasympathetic and sympathetic nerve activity
and is an equilibrium measure between the two systems. There
are three main methods used for HRV analysis. These can be
described as time-domain, frequency-domain, and non-linear
metrics [4]. HRV measurements have demonstrated decent
reliability and test-retest measurement outcomes. A previous
meta-analysis [5] suggested that the intraclass correlation
coefficient (ICC) is a commonly used statistic to express test-
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retest reliability. Coefficients above 0.5 are generally considered
to moderate test-retest reliability and coefficients above 0.8 as
good reliability [6]. Also, a recent systematic review of short-
term HRV test-retest reliability studies concluded that HRV
assessed during rest had moderate test-retest reliability in
healthy adults [7]. The highest ICCs ranged between 0.84 and
0.90 for time domain measures and between 0.67 and 0.96 for
frequency domain measures [7].

Later studies also reported comparable findings [8-11].
Using structural equation modeling and latent state-trait
theory. Bertsch et al. [8] quantified the relative proportions
of variance in HRV explained by trait and non-trait factors
in repeated HRV assessments. As little as 52% of the variance
in a single HRV assessment was explained by trait, but this
proportion increased to 66% and 75% when aggregating two
and three HRV assessments, respectively [8].

In general, good cardiac autonomic control, which is
accompanied by relatively high HRV, is advantageous for
both physiological and psychological health. High HRV in
populations is related to good health, low-stress levels, and
low risk of sudden death and is a useful measure of a positive
training outcome and adaptation for athletic performance
improvement. Contrary to this, low HRV is associated with
decreased physical fitness, high-stress levels, increased risk
of cardiovascular disease, and poor training adaptations in
athletes [2,12,13]. Table 1 outlines both patients' and athletes’
HRV responses pre and post-intervention using different
training loads. This table can be used as a reference point for
researchers during the evaluation of the physical and mental
health indicators described previously [14,15].

The application of HRV in health assessment

HRV has been used for various scenarios in the assessment
of health. These include the assessment of population
health, clinical assessment, cardiovascular research, and
exercise performance. Regular physical exercise can improve
cardiovascular fitness by beneficially elevating cardiac
autonomic adjustment [16]. In relation to clinical assessments,
HRV can be used to observe and evaluate autonomic nervous
function in patients with various diseases. Cardiovascular
diseases are always accompanied by impairments in cardiac

Table 1: HRV Parameters Before and After Distinct Training Load.
Appropriate training load

Excessive training load
Parameters X ) Before After
Before exercise After exercise ) )
exercise  exercise
36 (30.75-40) * 75+8 52 + 41
RMSSD (ms) 22.5(11.65-37) 32.5(24.4-40.9) * 6710 504
pNN50 (%) 3.5(0.15-16.25) 13(3.62-22.5) *
HF (ms?)  57.5(8.5-209.75) 175.5(106.75-265.75) * 1150 + 233 717 + 106"
LF/HF (%) 0.97 (0.65-2.29) 0.63(0.42-1.35)*  1.19+0.19 1.02+0.14"
Note: Values expressed in mean + standard error of measurement. SDNN: Standard
deviation of all RR intervals; RMSSD: The square root of the mean of the sum of
the squares of differences between adjacent RR intervals; pNN50: Percentage of
consecutive RR intervals that differ by more than 50 ms; LF: Power in LF range, 0.04-
0.15Hz; HF: Power in HF range, 0.15-0.4 Hz; LF/HF: Ratio LF (ms?)/ HF (ms?).
*Significantly promoted after six months of suitable aerobic training (p<0.05).
*Significantly reduced after a period of field soccer competition, heavy training load
(p<0.05).

SDNN (ms) 22 (12.5-33.25)
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autonomic control characterized by the reduced cardiac
parasympathetic tone and low HRV. These measures are useful
in the evaluation of cardiovascular health and can be predictors
of sudden death, especially during and following strenuous
exercise. As a result of this, more and more studies have
focused on the changes in the HRV of patients with a variety
of cardiovascular disease pathologies. These include increases
in HRV when individuals with metabolic diseases increase
their fitness levels using structured physical exercise [14,17].
This is especially true when individuals use aerobic exercise
as the training modality. Aerobic exercise has positive effects
on the cardiovascular system, and participation in aerobic
activity causes an increase in HRV [18]. There may also be
positive responses to anaerobic type activities, but this area is
under-researched. HRV has also been used in the diagnosis of
metabolic syndrome and diabetes. Type I and II diabetes are
associated with an imbalance in autonomic modulation and
low HRV [19].

HRV has also been used to evaluate the responses
to training in both individual and team sports. This is
particularly important for the identification of cardiovascular
contraindications to health status and training adaptations in
athletic populations and professional sportsmen and women.
Furthermore, this information is crucial for both coaches
and athletes as appropriate training loads should provide
optimal improvements in fitness and performance [12]. This
statement is supported by the findings of a previous study
that investigated soccer players' HRV status over a training
period. The results of the study indicated that the cardiac
autonomic nervous system and HRV presented negative
outcomes due to player fatigue [15]. In addition, HRV is useful
for understanding and evaluating the cardiovascular responses
to stress. Stress evaluation is crucial and is often related
to the general health status of individuals and as a measure
of overtraining in athletes. For athletes, HRV can be used to
evaluate athletic cardiovascular changes during rest, and pre
and post-exercise. This is an important consideration, as HRV
is related to training load responses during rest and during
recovery periods. D. Hernando et al. observed changes in HRV
due to different training loads. They used frequency-domain
parameters and found that the evaluation of HRV was useful as
an indicator of over-training or overreaching during athletic
performance [20]. In support of these findings, Naranjo et
al. also revealed that HRV can also be useful in the detection
of fatigue and over-training [21]. More suitable, precise, and
objective training plans can be designed by monitoring HRV in
comparison to individual pre and post-exercise measures that
are used presently. Present methodologies for the evaluation
and adaptation of athletes’ cardiovascular responses to
exercise are poorly monitored. HRV provides a valid and
objective measure of cardiovascular health as well as providing
information on exercise performance adaptations. D. F. D. A.
Silva et al. designed a training plan based on pre-training HRV
which was subsequently named HRV guided training. HRV
has been demonstrated to be effective in monitoring training
effects and can be optional as a beneficial supportive tool for
coaches and athletes in the evaluation of traditional training

assessments [22].
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The benefits of HRV in the assessment of health

The main advantage of assessing health status using HRV
is that it is non-invasive which makes the application of HRV
more practical and more accessible. Different from traditional
blood index tests, HRV measures do not need sophisticated
biochemical analysis. Additional patient analysis requiring
biochemical investigation and associated comprehensive
medical examination is only required following medical
abnormalities or patient emergencies. Further positive
considerations in the measurement of HRV are that there is no
pain, discomfort, or related fear or trepidation for individuals
when measurements are taken. This makes the measurement of
HRV acceptable for all populations. Equally important, the HRV
test is easy to administer, the analysis is non-complicated, and
the equipment is portable, safe, and efficient. HRV equipment
comprises a chest strap, electrode tabs, and a computer. The
equipment can be operated comfortably at home, with no need
to visit the laboratory or hospital which can cause anxiety and
stress for patients. In addition, HRV results are easy to interpret
and can be read using mobile technology such as mobile phones
or other portable devices. Moreover, HRV results are immediate
and don’t rely on laboratory analysis techniques that can be
very time-consuming. HRV tests can evaluate the health status
of humans from the perspective of ANS, rather than using
traditional kinetic systems. Besides, HRV testing provides
immediate results, and changes in exercise plans can be
performed efficiently and quickly without medical consultation
[12]. Also, HRV is conducive to the timely detection of cardiac
sports risks and the prevention of cardiovascular events and
potential fatalities for athletes.

HRVhasanimportantrolein evaluating the health of athletes
and the general population. However, using HRV to assess
health has certain limitations. Firstly, there are differences in
ANS among individuals and populations. Therefore, making
individual longitudinal comparisons are more meaningful
than horizontal comparisons between different people.
Secondly, attempting to control the test environment such
as temperature, altitude, humidity, and physical activity,
and trying to avoid the impact of emotional fluctuations on
HRV is challenging. These potentially confounding variables
need consideration in the interpretation of the results during
measurement. There also appears to be a confounding diurnal
effect in the measurement of HRV. Therefore, measurements
not only need to be taken under standardized conditions, but
they also need to be obtained at the same time of day. Thirdly,
HRV should be measured at rest or during low-intensity
exercise. HRV measurements during high-intensity exercise
appear to be less reliable [12]. This indicates that pre and
post-exercise measures when the subjects are in a resting
state provide better results. It should also be noted that HRV
decreases with age [23] but increases with improvements in
health. This provides difficulty in the interpretation of results
for physically active older populations. This potential paradox
requires careful interpretation of the HRV index and careful
analysis of the possible influencing factors contributing to the
specificity and results of the measurements.
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Conclusion

In summary, there is a positive relationship between HRV,
health, and exercise performance. The main benefits of HRV
are that it is non-invasive, easy to operate, and time-efficient.
Hence, HRV can be used as an effective tool to evaluate the
health status of individuals with public health concerns,
for clinical patients or athletes. During HRV assessment,
an identical environment is necessary, and measures
should be performed at the same time of day if test re-test
observations are required. Long-term structured longitudinal
measurements are more helpful in the assessment of health
status and athletic performance evaluation than occasional
measurements. We hope that the information provided in this
paper will promote increased use of HRV by clinicians, trainers,
and coaches as a measure of cardiac health and as a measure of
the cardiovascular response to exercise.
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