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Abstract
Background:

Heart rate variability (HRV) is recognized as a crucial indicator of autonomic nervous system function and is valuable in sports
science for monitoring athlete health and performance. This systematic review investigates the use of HRV in elite team sports to
monitor training adaptations, athlete status, and overall health. The purpose is to consolidate recent findings and provide a
comprehensive understanding of HRV's application in elite team sports.

Methods:

The review was conducted in accordance with PRISMA guidelines and registered in PROSPERO (CRD42023431208). A comprehensive
search was performed across PubMed, Science Direct, Web of Science, and Google Scholar, covering studies from January 2013 to
November 2023. Studies included involved elite team-sport athletes, with HRV measured immediately after waking. Exclusion criteria
were underage athletes, injured athletes, and studies using HRV for different purposes. The review process involved screening titles,
abstracts, and full texts, with a final inclusion of 12 studies.

Results:

Out of 277 identified articles, 12 studies met the inclusion criteria, involving sports such as water polo, rugby, football, basketball,
volleyball, handball, futsal, hockey, and rowing. The studies highlighted HRV as a valuable tool for tracking training load adaptations,
monitoring athlete readiness, recovery, and mental stress. Daily HRV measurements were commonly used, showing effectiveness in
detecting overtraining and ensuring adequate recovery. Various HRV parameters and recording methods were discussed, emphasizing
the need for individualized assessment. RMSSD and LnRMSSD were the most commonly used parameters, with variations in
recording times and positions.

Conclusions:

HRV is an effective non-invasive marker for optimizing training regimens and improving athlete health, making it a significant tool in
sports medicine. This review provides actionable insights for integrating HRV monitoring into daily training practices, ultimately
enhancing athletic performance and preventing overtraining. Standardized protocols for HRV measurement are recommended to
ensure consistency and reliability in data collection and interpretation. The findings highlight the need for further research to refine
HRV applications and establish best practices in elite team sports.

Key Points

1. HRV is an effective, non-invasive tool for monitoring training adaptations, athlete readiness, and recovery in elite team sports,
helping optimize performance and prevent overtraining.

2. Standardized protocols for HRV measurement are essential for ensuring consistent and reliable data collection and
interpretation.

3. Individualized HRV assessment allows for personalized training and recovery programs, enhancing athlete health and
performance

1. Background

Heart rate variability (HRV) is a simple and non-invasive method for expressing the complex and nonlinear fluctuations in the time
intervals between consecutive heartbeats.[35] The mechanism responsible for regulating HRV is the autonomic nervous system
(ANS), which is divided into two branches: sympathetic (SNS) and parasympathetic (PNS). HRV has been proposed as a marker of
ANS status[9]. The different influences of these two systems modulate the RR intervals from the QRS complex. The SNS is
responsible for variation in heart rate (HR) resulting from stress[51,52], making HRV analysis a useful method for evaluating the
heart’s ability to adapt to both endogenous and exogenous loads[45,46].
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HRV is shown to be a valid and highly useful tool for monitoring health in the general population. Previous studies identified the
potential use of HRV for recognising healthy and diseased states. For example, the HRV indices of the PNS have been inversely
associated with several risk factors, including diabetes, glucose intolerance, central obesity, dyslipidaemia and high blood pressure.
[29] Furthermore, in the field of sports medicine, HRV may be used as an early-stage marker of fatigue states or overtraining.[53] HRV
is therefore emerging as a key tool for tracking the time course of adaptation/maladaptation to training loads in athletes and
establishing optimal training loads that lead to improved performance.[42][48] Non-functional overreaching and/or maladaptation to
training loads are generally believed to be associated with lower HRV indices [31][6] while increased physical fitness[32][67] and
exercise performance are more closely linked to higher HRV indices.[13][2][26] HRV is useful for assessing fatigue,[33] variation in
recovery from stress,[38] stress and health[16][63] and precompetitive anxiety.[20][36] The relationship between HR and HRV with
regard to intensity and training load has also been seen to be inversely proportional; i.e. HRV decreases as HR and training load
increase (particularly at the start of the physical activity).[57]

There are different methods for analysing HRV, each of which provide several parameters. Currently, the most widely used methods
are time-domain and frequency-domain measures, geometric measures of RR intervals and nonlinear variables:[57] SDNN (standard
deviation of RR intervals) assesses the full array of cardio intervals in milliseconds, reflecting the total effect of autonomic regulation;
SDANN (standard deviation of the average NN intervals) calculates the standard deviation of the average NN (or RR) intervals over 5
minutes; SDSD (standard deviation of successive RR interval differences) measures the deviation of differences between normal and
adjacent cardio intervals; RMSSD (root mean square of successive differences between RR intervals) reflects parasympathetic
activity;[27] pNN50 (percentage of consecutive RR intervals that differ from each other by more than 50 ms) provides information on
spontaneous variations in HR;[53] and LnRMSSD (natural logarithm of the RMSSD) reflects parasympathetic cardiac modulation and
may be used as a marker of fatigue.[27]

The HRV frequency spectrum is assessed using a mathematical operation, usually the Fourier transform, which decomposes the
energy (power) from the RR signal into the various frequency components. These spectral components correlate to the different ANS
branches. Most of the power is contained within the 0-0.4 Hz frequency band.[53] The specific components are: total power (TP)
represents the variance of all RR intervals with frequency ranges below 0.4 Hz (measured in square milliseconds); high frequency (HF)
reflects parasympathetic activity in bands between 0.15 and 0.4 Hz; ultra-low frequency (ULF) encompasses the frequency range
below 0.003 Hz and is associated with the time-domain parameter SDANN; very low frequency (VLF) indicates hormonal, vasomotor
and thermoregulatory influences in the 0.003-0.04 Hz range; and low frequency (LF) primarily reflects sympathetic activity in ranges
between 0.04 and 0.15 Hz. Interpretation in this regard is controversial, as it may be attributed to SNS and/or PNS influences.[53]
Geometric measures, on the other hand, are independent and based on the creation of histograms of the RR values. The geometric
index of HRV is calculated from these histograms, minimising the influence of abnormal, artefact or complex ectopic RR intervals.[53]

The systems used to record HRV data range from electrocardiograms (ECG)[17][65] to more readily accessible systems such as heart
rate monitors,[45][25] indirect techniques such as photoplethysmography[15][50] and ballistocardiography[24][54]. These
developments in recording methodology are allowing HRV data to be obtained and analysed in a less invasive and costly manner,
particularly in applied sport contexts.[39] All HR recording and analysis methods have advantages and disadvantages, which should
be taken into consideration when selecting the most appropriate methodology with athletes[10]. For example, one option involves
performing measurements at rest, in which case night recordings are best (more standardised)[47],[8]. However, the effects that
differences in sleep patterns[43] and quality[14] have on HRV, independent of training-related changes in ANS status, have been
overlooked in the literature[10]. Currently, the best practice for athletes tends to be short-term (5-10 minutes) measurements of HRV
upon waking in the morning.[48][62] Such morning resting measures help overcome the limitations of night recordings and offer a
certain amount of standardisation (e.g. same bed and same time most days, quiet atmosphere, no immediate effect of daily
activities). This method also makes it possible to analyse the data prior to training and adjust them accordingly.[10] Such
measurements may also be repeated at any time[28] to assess the ANS recovery time course following each training
session/competition.[62] HRV measured during exercise has been used to assess physical fitness.[66][34] However, its practical
usefulness as a tool for monitoring fitness is limited, as the determinants of HRV during exercise depend on intensity and are not
exclusively ANS-related[4],58]. Furthermore, HRV has numerous post-exercise applications, including blood pressure regulation,
baroreflex activity and, most importantly, post-exercise metaboreflex stimulation, which drives sympathetic withdrawal and
parasympathetic reactivation[62,11]. The greater the relative exercise intensity, the greater the blood acidosis and metaboreflex
stimulation, while the slower the resting heartbeat, the lower the PNS-related HRV indices. However, one of the main issues with post-
exercise HRV is that it is a compound measure influenced by multiple factors[10].
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With regard to recording protocols, both supine and standing recordings are commonly used within the literature[59]. However, the
supine condition is better tolerated by athletes. Seated recordings are also of great interest due to their level of comfort for athletes
and the fact that athletes are much less likely to fall asleep than with supine measures[10]. Since ANS activity is highly sensitive to
environmental conditions (e.g. noise, light and temperature)[1], precautions must be taken to standardise recording conditions in
order to isolate the training-induced effects on the ANS.

In terms of recording time, technological developments have led to shorter durations. Certain studies have demonstrated the validity
of ultra-short-term measurements, e.g. a 1-minute measurement period following a 1-minute stabilisation period.[21,22] This has
served to enhance the practicality of HRV data collection in team-sport athletes[30]. To lend a certain amount of credibility to the
intervention, a minimum of 3 recordings per week are recommended[49]. PNS recovery has also been shown to be more rapid in
highly-trained athletes compared with less trained athletes[62]. Generally speaking, a positive adaptation to training loads drives
increased cardiac parasympathetic activity [60,61]. Conversely, prolonged overreaching decreases this activity and, as a result, leads
to higher sympathetic modulation[38,59]. These adaptive responses may vary from one subject to the next, which suggests that
professionals should monitor variables that reflect each subject’s capacity to respond to a specific training stimulus[5]. While there is
currently little evidence as to which variable is best for monitoring fatigue and adaptations in athletes[64], the use of HRV to monitor
changes in ANS activity is a promising tool for reflecting responses and adaptation to training programmes[10].

2. Methods

This systematic review was recorded in PROSPERO (registration number: CRD420234317208) and communicated in accordance with
the Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols (PRISMA)[44]. Due to the methodological and
statistical heterogeneity of the studies included, a descriptive approach was adopted in the research synthesis[56].

2.1 Admissibility criteria

We conducted a search for articles published between 2013 and 2023 that used the variable “heart rate variability” (HRV) immediately
after waking as a tool for monitoring athletes.

Only those studies performed with elite team-sport athletes were selected. Any studies involving underage athletes or athletes with
some kind of injury were excluded, as were those which used HRV for different purposes.

2.2 Source of information

We performed a systematic search across the following databases: PubMed, Science Direct, Web of Science and Google Scholar. The
period of study included all articles published between 1 January 2013 and 30 November 2023.

2.3 Search strategy

n

The search strategy included both controlled vocabulary and free-text terms. The terms used were “heart rate variability”, “team
sports” and “readiness” (see Table 1).

Table 1
Search strategy
Database Search Terms
SearcH
PUBMED ?(((”Heart Rate Variability"[Title/Abstract] OR HRV[Title/Abstract] OR "variability index"[Title/Abstract]) AND
"team sports"[Title/Abstract] OR "team sports performance’[Title/Abstract] OR readiness [Title/Abstract])))
SCIENCE Tittle: (("Heart Rate Variability" OR HRV OR "cardiac variability" OR "heart rate variability index") AND (“team
DIRECT sports’ OR "team games" OR "team sports performance" OR Readiness))
GOOGLE (HRV OR Heart Rate Variability) AND Readiness AND "Team Sports"
SCHOLAR
WEB OF AB=((("Heart Rate Variability" OR HRV OR "cardiac variability" OR "heart rate variability index") AND ("team
SCIENCE sports" OR "team games" OR "team sports performance” OR Readiness)))

2.4 Study selection and data collection process
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All identified references were imported into the Mendeley Reference Manager v2.106.0 and all duplicates were removed. Two
researchers conducted the review process, which was divided into three phases. As a first step, the authors screened the titles,
abstracts and keywords from the pertinent studies. As a second step, they screened the full articles, while step three involved
searching for other articles on heart rate variability and readiness from the references listed in the review articles. They found 4
articles of interest, two of which did not use HRV for the purpose of assessing athlete readiness. The authors discussed the areas of
disagreement and included only two of these articles.

They then devised a protocol for extracting data from the articles (See Fig. 1). They extracted information about the article (author,
year of publication), the subjects (number, sex, average age and sport), the duration of the intervention, the recording method, the
variables, the parameters used for the analysis and the objective of the study. (See Table 2).
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Table 2

Summary and results of twelve studies reviewed

Study

D'Ascenzi
etal,
2013

Bellenger,
C.etal,
2022

Botonis, P.
etal,
2021

Chrismas
B. etal,
2019

Sample
analysed duration
10 female
volleyball
players
with an
average
age of
26.9 +-
4.5 years

3 days

11 water 16 weeks
polo
players
with an
average
age of
28.8 +-
5.3 years
9 water 9 weeks
polo

players

with an

average

age of

25.6 +-

4.7 years

6 football 4 months
players

with an

average

age of 26

+- 2 years

Intervention

Recording method

Data recorded one
and two days prior to
the match and the
day of the
competition.
Measurements
performed
immediately after
waking, between 7-8
a.m., for 10 minutes,
after 5 minutes of
supine rest.
Recordings obtained
using MINIcardio Pro
heart rate monitors.

Daily recordings.
Measurements
performed during
overnight sleep
period using WHOOP
heart rate monitors.

Data collected 3 days
a week (4 days
during regeneration
week), 30 minutes
after waking (prior to
training), in the
training facilities
(without food or
coffee).
Measurements
performed for 3
minutes, after one
minute for
stabilisation, seated.
Recordings obtained
using Polar heart rate
monitors.

Data collected on
training days.
Measurements
performed 30-45
minutes prior to
training in a room
with a standardised
temperature, seated,
for 1 minute, with a
respiratory rate of 7.5
breaths per minute
(rate set by app).
Recordings obtained
using Polar heart rate
monitors and the
ithlete app.

Variables

Performance
indicators while
serving and
receiving, HRV.

HRV, HR, training
load (total
cardiovascular load
assessed by
WHOOP device)
(Scale 0-21)

HRV, perceived
recovery status (0-
10), RPE

HRYV, external load
(TD, high-speed
distance, high
metabolic load, ED
(intensity at which
total distance is
covered) and
equivalent distance

index (ratio between

ED and TD)).

HRV parameters

Time-domain: STD,
RMSSD, pNN50
Frequency-domain:
Spectral response
(VLF, LF, HF), total
power, InVLF, InLF,
InHF, LF%/HF %,
Poincaré plot: SD1
spread, SD2 on x-
axis, SD1/SD2.
Total standard
deviation of SD1
and SD2. Minimum
HR, maximum HR
and average HR.

LnRMSSD and
standard deviation

(%)

LnRMSSD and
LnRMSSDcv

LnRMSSD (weekly
average)

Objective

To monitor
player
status
(mental
stress)

To monitor
player
status
(readiness)

To track
adaptations
to training

To monitor
player
status
(readiness)

HRV Heart Rate Variability, STD standard deviation, RMSSD root mean square if differences of successive intervals, pNN50
percentage of adjacent NN intervals differing by more than 50 ms divided by the total number of al NN intervals, VLF very low

frequency, LF low frequency, HF high frequency, HR heart rate, SD standard deviation, LnRMSSD logarithm of the root mean square

of successive RR interval differences, RPE rate of perceived exertion, LnRMSSDcv coefficient of variation logarithm of the root
mean square of successive RR interval differences, ED Equivalent distance, 7D Total distance, SDSD standard deviation of

successive differences, SDNN standard deviation of NN intervals,
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Study

Flatt A. &
Howells
D., 2019

Grainger
A etal,
2022

Holmes
C. etal,
2020

Nakamura
F. etal,
2015

Nakamura
F etal,
2016

Sample
analysed

12 rugby
players

13 rugby
players
with an
average
age of 27
+- 4 years.

16 hockey
players
and 47
female
rowers

24 futsal
players
with an
average
age of
22.9 +-
4.2 years

40 rugby
players
with an
average

Intervention
duration

3 weeks

10 weeks

17 weeks

7 weeks

4 days

Recording method

Daily recordings.
Measurements
performed
immediately after
waking (prior to
consuming food or
fluids), for 1 minute,
seated, under
spontaneous
breathing conditions.
Recordings obtained
using Polar heart rate
monitors and the
Elite HRV app.

Daily recordings.
Measurements
performed between
8-10 a.m., post
bladder emptying,
prior to exercise and
with no caffeine for
previous 12 hours, in
supine position.
Recordings obtained
using an Omegawave
ECG1A device.

Daily recordings.
Data from hockey
team recorded upon
waking, at home,
using the ithlete app
and a fingertip
optical heart rate
monitor. Data from
rowers recorded
upon waking, at
home or at training
facilities, using the
HRV4Training app
and by placing a
finger on the mobile
telephone’s camera.

Data collected on
first day of the week,
after 48 hrs of rest, at
the futsal gym, in a
fasted state for two
hours and free of
caffeine or alcohol
for 24 hours.
Measurements
performed for 1
minute, seated, under
spontaneous
breathing conditions.
Recordings obtained
using Polar heart rate
monitors.

Data collected twice
on the first day, at 10
minutes intervals,

and once on all other

Variables

Maximum aerobic
speed, wellness
questionnaire, HRVY,
external training
load (total distance
covered, high-speed
distance, number of
accelerations and
decelerations),
internal training
load (RPE)

HRYV, state of central
nervous system
assessed using the
Omegawave
device's direct
current potential
option (scale 1-7),
self-report wellness
questionnaire (0—
50

% of days on which
the athletes
measured HRV

HRV

HRV

HRV parameters

LnRMSSD (weekly
average and
standard
deviation)

SDNN, SDSD,
RMSSD, LF, HF,
total power
(variance of all
normal-to-normal
intervals in
frequ)ency range of
4

RMSSD, InRMSSD

LnRMSSD

Objective

To track
adaptations
to training

To monitor
player status
(recovery
status)

To monitor
player
status
(recovery
status)

To track
adaptations
to training

To track
adaptations
to training

HRV Heart Rate Variability, STD standard deviation, RMSSD root mean square if differences of successive intervals, pNN50
percentage of adjacent NN intervals differing by more than 50 ms divided by the total number of al NN intervals, VLF very low

frequency, LF low frequency, HF high frequency, HR heart rate, SD standard deviation, LnRMSSD logarithm of the root mean square

of successive RR interval differences, RPE rate of perceived exertion, LnRMSSDcv coefficient of variation logarithm of the root
mean square of successive RR interval differences, ED Equivalent distance, 7D Total distance, SDSD standard deviation of

successive differences, SDNN standard deviation of NN intervals,
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Study

Milanez V.
etal,
2015

Moreno J.
et al.,,
2015

Ravé G. et
al., 2020

Intervention

Sample
duration

analysed

age of
254+ 5
years.

14 3 weeks
handball

players

with an

average

age of 26

+ 4.6

years.

6 One season
basketball  of Spain’s
players second
with an division
average basketball
ageof 20  league (Leb
+-2.28 Oro%

years

14 12 days
football

players

with an

average

age of

27.9 +-

4.3 years

Recording method Variables

days between 8-9
a.m., at the facilities,
in a fasted state and
free of caffeine or
alcohol for 24 hours.
Measurements
performed for 2
minutes, seated,
under spontaneous
breathing conditions.
Recordings obtained
using Polar heart rate
monitors.

Data collected during  DALDA
the last training
session (Friday) and
first training session
of the week
(Monday).
Measurements
performed for 10
minutes (of which
the last 5 minutes
were analysed), prior
to training, seated,
under spontaneous
breathing conditions.
Recordings obtained
using Polar heart rate
monitors

HRV

Data collected
on training
days.
Measurements
performed
prior to
training,
between 8-10
am.(ina
fasted state),
for 5 minutes,
in supine
position, under
spontaneous
breathing
conditions.
Recordings
obtained using
a microchip
accelerometer
and mobile
app developed
specifically for
the study.

Perceived recovery
scale (TQR), HRV

On match day, at 8:30
a.m. (before
breakfast).
Measurements
performed for 10
minutes, in supine
position, followed by
7 minutes of
standing, without
speaking or moving.

fitness (visual
analogue scale)

questionnaire, RPE,

HRV monitored with
an orthostatic test,
perceived physical

HRV parameters Objective

RMSSD, SDNN To monitor
player
status
(recovery

status)

Average RR,
average HR,
SDNN, RMSSD,
pNNS50, LF/HF

To monitor player
status (recovery
status)

To track
adaptations
to training

RMSSD, spectral
power (very low,
low and high
frequencies),
LF/HF ratio, total
power (HRV), LF
and normalised HF
power (Lfnu and
Hfnu)

HRV Heart Rate Variability, STD standard deviation, RMSSD root mean square if differences of successive intervals, pNN50
percentage of adjacent NN intervals differing by more than 50 ms divided by the total number of al NN intervals, VLF very low
frequency, LF low frequency, HF high frequency, HR heart rate, SD standard deviation, LnRMSSD logarithm of the root mean square
of successive RR interval differences, RPE rate of perceived exertion, LnRMSSDcv coefficient of variation logarithm of the root
mean square of successive RR interval differences, ED Equivalent distance, 7D Total distance, SDSD standard deviation of
successive differences, SDNN standard deviation of NN intervals,
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Study Sample Intervention  Recording method Variables HRV parameters Objective
analysed duration

Recordings obtained
using Polar heart rate
monitors.

HRV Heart Rate Variability, STD standard deviation, RMSSD root mean square if differences of successive intervals, pPNN50
percentage of adjacent NN intervals differing by more than 50 ms divided by the total number of al NN intervals, VLF very low
frequency, LF low frequency, HF high frequency, HR heart rate, SD standard deviation, LnRMSSD logarithm of the root mean square
of successive RR interval differences, RPE rate of perceived exertion, LnRMSSDcv coefficient of variation logarithm of the root
mean square of successive RR interval differences, ED Equivalent distance, TD Total distance, SDSD standard deviation of
successive differences, SODNN standard deviation of NN intervals,

3. Results
3.1 Study selection

The initial compilation of articles for this review contained 277 potentially relevant publications. After removing 29 duplicates (10.5%)
and screening the remaining titles, 53 publications (19.1%) were accepted for full text screening. Of these, 43 (81.1%) were rejected
due to non-compliance with the admissibility criteria: using a sample containing athletes under 18 years old (n = 10), studies not
involving team sports (n = 20), using a sample containing unhealthy athletes (n = 3), not using elite athletes (n = 3) or using HRV for
purposes other than those considered in this review (n = 7). Following the full text screening, the possibility of adding 4 publications
from the references listed in the included articles was considered, of which 2 were rejected for not using HRV for the same purposes
as in this review. Ultimately, 12 articles were included in the review (see Fig. 1). All the selected studies focus on interventions that
analyse resting HRV prior to any physical activity. The subjects in all the studies are elite team-sport athletes and are all of legal age
(see Table 1).

One of the characteristics of the studies analysed in the review are their small sample size, with a number of subjects oscillating
between 6 and 63, all of whom are under the age of 35. Most include less than 15 athletes (n = 9) and less than half include women (n
=2). Of the 12 publications that were analysed, 2 were conducted with water polo players,[3][7] 3 with rugby players [23,27,41] 2 with
football players[18,55], 1 with basketball players[39], 1 with volleyball players[19], 1 with handball players[37], 1 with futsal players[40]
and 1 with both hockey players and rowers[30]. As regards intervention duration, the selection includes studies that were performed
over periods of less than 2 weeks (n = 3), 2-8 weeks (n = 3) and more than 8 weeks (n = 6).

3.2 Objective of the intervention

The studies may be divided into two groups based on their main objective: 1) those that use HRV to track adaptations to training
loads; and 2) those that use HRV to monitor athlete status. The first group contains 5 studies (41.6%). The second group is further
divided into 3 subgroups, which include 2 studies in which HRV is used as a marker of athlete readiness (16.6%), 4 studies whose
purpose is to determine the athletes’ recovery status (33.3%) and 1 study that uses HRV to measure the players’ mental stress (8.3%).

3.3 Recording method

In half the studies, HRV was measured daily (n = 6), while in the rest of the publications, such data was collected on training days only
(n =2), the first day of the week (n = 1), the first and last training session of the week (n = 1), match day (n =1) or 3 days a week (n=1).
The recording time ranges from 1 minute to a full night: 5 studies used recordings of 3 minutes or less (41.6%), 5 used recordings of 5
minutes or longer (41.6%), one recorded throughout the night and 2 articles did not specify the recording time. Most recordings were
performed in the morning (n = 8), with 5 studies specifying that the athletes were in a fasted state; others were conducted prior to
training (n = 3); and in one study data was collected throughout the night. In terms of recording position, 6 studies used a seated
position (50%), 4 used a supine position (33.3%), 1 used two positions, supine and standing (8.3%), and 1 publication did not specify
the recording position (8.3%). With regard to measurement devices, most studies used Polar heart rate monitors (n = 7), although
other devices were also used, such as WHOOP (n = 1), Omegawave (n = 1), MiniCardioPRO (n = 1), an optical fingertip sensor (n=1)
and a microchip accelerometer (n = 1). In addition, certain studies used mobile apps to record data: 2 studies used ithlete, 1 Elite HRV,
1 HRV4Training and 1 an app created specifically for the study.

3.4 HRV parameters used
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The root mean square of successive differences between cardio intervals was the most commonly used parameter for measuring
HRV. Half the articles (n = 6) used it directly, while the other 6 used derived parameters such as natural logarithm (Ln) or standard
deviation (CV) from this parameter. Standard deviation of the full range of cardio intervals (SDNN), standard deviation of the
differences between normal and adjacent cardio intervals (SDSD), low frequencies (LF), high frequencies (HF), the percentage of
consecutive RR intervals that differ from each other by more than 50 ms (pNN50) and mean standard deviation (STD) are some of the
other parameters used in the analysed studies.

4. Discussion

This systematic review has shown that heart rate variability (HRV) is monitored primarily for the purpose of assessing adaptations to
training loads and monitoring athlete status, determining their readiness, recovery status and level of mental stress. In this regard,
HRV emerges as a valuable tool for evaluating the impact of the athletes’ physical training[19] and recovery[37]. In addition to
assessing physical fitness, HRV also provides information on player readiness[18,19]. In short, HRV has great potential as a marker of
readiness in team sports[55] and may anticipate problems such as delayed recovery or reduced sleep quality during periods of high
training loads or competitive stress[19].

4.1 Variables

Two main parameters were used in the reviewed studies: RMSSD and LnRMSSD. RMSSD is correlated with perceived physical fitness
in team sports, making it a useful marker for assessing adaptation to training loads[55]. Furthermore, the weekly assessment of mean
HRV values and their daily fluctuation (quantified using the coefficient of variation, CV) are sensitive to training load.

Nonetheless, assessed weekly, the coefficient of variation of LnRMSSD (LnRMSSDcv) may be even more sensitive to training
responses than mean LnRMSSD (LnRMSSDm)[23]. It has been shown that the weekly mean and standard deviation of LnRMSSD may
be calculated from three randomly selected days from within the same week[41]. Another variable that should be taken into account is
VLF percentage (VLF%), as increases in this value may be a highly sensitive parameter for perceiving changes in ANS activity induced
by precompetitive stress[19].

4.2 Data collection

Overall, heart rate monitors were the most commonly used device for measuring HRV in the analysed studies. They were often
combined with apps and/or software to obtain HRV values. Smartphones are particularly advantageous, as HRV may now be
measured without the need for electrocardiography equipment.[18] The “ithlete” app for tablets is an example of this methodology,
which is cost-effective and easy to use[18]. One of the alternatives to heart rate monitors is ballistocardiography. This method serves
to record HRV in applied contexts, avoiding the use of heart rate monitors and chest straps with electrodes or other external
sensors[39]. It is extremely important to take day-to-day variability into consideration with repeated HRV recordings. This refers to the
reproducibility of an observed value when a measurement is repeated. Day-to-day variability makes it possible to separate a “true”
change in a given variable from the inherent “noise”[3]. For example, the day-to-day variability in HRV measured using a WHOOP heart
rate monitor is 5.5%, which suggests that it may be a good tool for assessing readiness in athletes[3]. Another study shows that
recording HRV values with a mobile telephone is a practical, ecological and valid tool for monitoring readiness in individual
players[18].

Another factor that should be taken into account when collecting data are the recording conditions (time of day, temperature, position,
light, etc.) during HRV assessment. Unfortunately, the lack of standardisation of HRV measures within the literature could lead to a
misinterpretation of the findings.[18] To guide training methods and loads, coaches and sport scientists could consider daily HRV
assessments. For example, measuring HRV every morning after waking could help rapidly identify changes in cardiac autonomic
regulation[40]. It is also important to educate athletes about the purpose of monitoring tools and provide a clear explanation about
HRV in order to improve long-term compliance rates. Since the recommended procedure involves measuring HRV several times a
week to account for daily fluctuations and obtain more precise insight into the recovery status of athletes, coaches must make efforts
to keep the level of motivation among their players high. Coaches and practitioners interested in implementing sports monitoring
tools such as HRV should design a data collection process that is easy to implement and is based on short-term recordings[30].

In the analysed articles, the duration of the HRV recordings ranged from 1 minute to a full night. Collecting the INRRMSSD in a 1-minute
window is capable of showing meaningful alterations in the physiological state in the same direction and magnitude as the lengthier
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traditional procedure[40]. Therefore, to simplify monitoring, the recommended procedure involves acquiring RR intervals in only 1
minute, preceded by 1 minute for stabilisation, with the subject in seated position at rest. This makes it possible to monitor INnRMSSD
on a daily basis and assess training effects[40]. While supine RMSSD only moderately correlates with perceived physical fitness in
football players, larger correlations were observed for other supine and standing HRV indices, such as TP in standing position and LF
in supine position. Yet despite this, there are still doubts within the literature with regard to position in the moment of recording. Ravé
et al. (2020) argues that HRV in standing position could be a good monitoring tool in sports that require simultaneous capacities[55].

Regarding the reliability of repeated assessments, the literature shows that short-term inter-day and intraday INRMSSD measures in
elite sports are repeatable[41]. The intraday reliability of ultra-short-term measures is higher than inter-day assessments, as intraday
conditions ensure a more uniform environment and more consistent physiological and psychological states[41]. As a result,
Nakamura et al. (2016) supports the use of the ultra-short-term assessment method in highly trained team sports.

4.3 Data interpretation

Once the HRV values have been obtained, they must be adequately interpreted. Several studies concur that HRV should be taken into
consideration as an individual marker[39,18] in the recovery process[39]. The large individual differences that exist in autonomic
changes suggest that athlete heterogeneity should be an important consideration when using HRV measures. HRV should therefore
be interpreted carefully alongside other measures, yet most importantly at individual level and compared to their own “baseline”
(obtained from multiple measures to establish “normal” measure variation)[18]. It is important to bear in mind that HRV parameters
appear to show specific patterns for each player[39] and that changes in HR indices may be due to isolated training sessions or,
perhaps, in response to a training phase. Consequently, it is crucial to emphasise the individualised nature of HR data[27]. According
to Grainger et al. (2022), HRV parameters decrease following periods of higher training or competition load. Furthermore, time-domain
measures appear sensitive to match-day loads, and reductions in post-match HRV coincide with reductions in self-reported
perceptions of recovery[27]. It should also be pointed out that increased sympathetic activity, assessed by HRV, could have a negative
effect on sports performance[19]. Consideration should also be given to the potential influence of player anxiety prior to competition
on HRV recordings[55]. Other studies indicate that players benefit significantly from passive rest over a typical weekend without
scheduled matches. This translates into increased HRV indices[27,37] and reduced perceived stress symptoms[37]. However, it is
crucial to understand that muscle soreness recovers at a slower time course than ANS responses, which may lead to an incorrect
assessment of player readiness[27]. According to Chrismas et al. (2019), when players are more “recovered” (as demonstrated by a
higher HRV), they are able to express higher Equivalent Distance Index (EDI) values[18]. In short, HRV may be a valuable indicator for
assessing recovery and state of readiness in players. Yet these values must be interpreted at the level of the individual[18,27,37].

Long-term observations show that a 30% reduction in the in-season training load led to a meaningful increase of LnRMSSD and
improved perceived recovery status(7]. Furthermore, as observed in Flatt & Howells (2018), individuals who experienced less
fluctuations in LnRMSSD during intensified training responded more favourably to stimuli[23]. Individuals who exhibited a smaller
LnRMSSDcv during the initial spike in training load displayed more favourable changes in running performance and vice-versa[23]. In
conclusion, LnRMSSDcv did not display a linear dose-response relationship with the training load. In fact, it appears to reflect an
adaptive physiological response to the imposed training stimulus, which may be useful for identifying individuals who respond
undesirably to training[23]. Another important aspect of HRV interpretation is the presence of non-training stressors, such as travel or
days off, which may result in a lack of correlation between RPE (rate of perceived exertion) and the LnRMSSD. However, this aspect is
inherent to the competition schedule of elite-level teams and must be taken into consideration[7]. With regard to athletic performance,
the studies show that there may be an inverse correlation between the technical ability marker and the LF/HF% ratio (ratio of low
frequency to high frequency). This suggests that an increase in sympathetic activity could affect serving and receiving performance in
volleyball[19]. It has also been confirmed that an increase in VLF% prior to competition could be a more sensitive parameter for
sympathetic activity, as it is capable of detecting changes in the modulation of autonomic tone induced by precompetitive stress[19].
It may therefore be concluded that increased sympathetic activity, assessed by HRV, could negatively affect athletic performance[19].
Subjective variables are also used in a number of studies to supplement and/or link HRV-derived information. For example, RPE is
used to monitor load[7,23,37], while several instruments are employed to monitor recovery in athletes, including wellness
questionnaires[27,23], perceived recovery scales [39,7] and the DALDA questionnaire[37].

This systematic review has highlighted a number of limitations that must be taken into consideration when interpreting the results.
Firstly, consideration should be given to the unique nature of elite sport and the complexity of recording HRV in team sports. The
sample of specific studies on this type of sport is therefore small. Secondly, HRV is analysed on the basis of several variables, which
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makes it difficult to unify criteria when selecting studies for this review. There is a distinct lack of standardisation of HRV measures
within the literature, which may lead to erroneous interpretations[18]. Thirdly, elite sport prioritises results, making it difficult to
conduct recordings in a controlled and lengthier context. The duration and frequency of the measures vary greatly as a result of these
practical restrictions. Lastly, the choice of device for recording HRV varies between studies and may have an impact on the
consistency of the collected data.

In conclusion, HRV may be a valid tool for assessing adaptations to training load and monitoring recovery in athletes. RMSSD is the
variable most commonly used to evaluate these adaptations. Although heart rate monitors are the most widely used devices for
recording data in team sports, consideration is also given to other options such as ballistocardiography. Recording HRV values daily
serves to identify changes in ANS activity. However, three recordings per week are sufficient for ensuring reliable results. Morning
measurements in supine, standing and seated position are an effective method for assessing ANS activity. HRV is an individual
marker, and each player displays different response patterns. As a result, the data must be interpreted at the individual level.

5. Conclusion

This systematic review demonstrates that HRV is a valuable tool for monitoring training adaptations, athlete readiness, recovery, and
overall health in elite team sports. It offers a non-invasive, cost-effective method for assessing autonomic nervous system function,
which is crucial for optimizing training regimens and preventing overtraining. There is a need for standardized protocols for HRV
measurement to ensure consistency and reliability in data collection and interpretation, including consistent recording times,
positions, and methods. HRV parameters should be interpreted on an individual basis due to the large variations in autonomic
responses among athletes, allowing for personalized monitoring to enhance training and recovery programs tailored to each athlete's
unique physiological profile. Continued research is necessary to refine HRV applications, establish best practices, and explore its full
potential in elite team sports, including investigating the relationship between HRV and various performance outcomes and
understanding the long-term benefits of HRV-guided training adjustments.

6. Practical applications

In the context of elite sport, the implementation of ultra-short-term HRV recordings could increase applicability. Establishing a
recording protocol would help manage and adapt the training and recovery process to the needs of each athlete. Coaches play a key
role in educating athletes and clearly explaining the purpose of HRV use. Showing how HRV can contribute to helping athletes meet
their overall targets and improving their performance and match-day success may increase compliance in the long term. Adhering to
the structure developed in this paper may assist practitioners in comprehending, analysing, and optimally utilizing HRV in team sports
(See Fig. 2).
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