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Background: Regular exercise promotes functional and structural changes in the central and
peripheral mechanisms of the cardiovascular system. Heart rate variability (HRV) measurement
provides a sensitive indicator of the autonomic balance. However, because of the diversity of
methods and variables used, the results are difficult to compare in the sports sciences. Since the
protocol (supine, sitting, or standing position) and measure (time or frequency domain) are not well
defined. The aim of this study is to investigate the HRV measures that better indicates the chronic
adaptations of physical exercise in athletes.

Method: PubMed (MEDLINE), Web of Science, SciELO (Scientific Electronic Library), and Scopus
databases were consulted. Original complete articles in English with short-term signals evaluating
young and adult athletes, between 17 and 40 years old, with a control group, published up to 2013
were included.

Results: Selected 19 of 1369 studies, for a total sample pool of 333 male and female athletes who
practice different sports. The main protocols observed were the supine or standing positions in free
or controlled breathing conditions. The main statistical results found in this study were the higher
mean RR, standard deviation of RR intervals, and high frequency in athletes group. In addition, the
analyses of Cohen’s effect size showed that factors as modality of sport, protocol used and unit of
measure selected could influence this expect results.

Conclusion: Our findings indicate that time domain measures are more consistent than frequency
domain to describe the chronic cardiovascular autonomic adaptations in athletes.
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Regular exercise promotes functional and struc-
tural changes in the central and peripheral mecha-
nisms of the cardiovascular system.1,2 The resting
bradycardia observed in athletes is a marker of the
effect of exercise training,3 that is related to cardiac
autonomic and nonautonomic adaptations.4 The
autonomic sympathovagal balance in athletes is
characterized by the predominance of parasympa-
thetic activity on sympathetic activity.5
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The cardiac autonomic control can be assessed
by monitoring the heart rate variability (HRV),
a noninvasive technique used to evaluate the
instantaneous variation of the intervals between
R waves (RR interval) of the electrocardiogram.6–8

The changes in the HRV indices indicate the ability
of the autonomic nervous system to respond to
multiple physiological and environmental stimuli,
such as breathing, physical exercise, mental stress,
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hemodynamic and metabolic changes, and sleep
and posture changes, as well as compensating
for disorders resulting from illness.9,10 Factors
such as fitness level, experience, intensity, training
schedule, and the athlete’s daily routine can influ-
ence physiological and emotional aspects related
to changes in the autonomic responses during
training, and consequently the HRV indices.4

The number of publications about HRV related to
training or physical exercise is increasing. In sports,
the HRV is supposed to be used as a tool for adjust-
ment of the training load, diagnosis and prevention
of tiredness, evaluation of overtraining and aerobic
capacity, and characterized by emotional aspects
such as anxiety and precompetitive stress.11–14

However, because of the diversity of protocols and
variables used, the results are not consistent and
are difficult to compare in the sports sciences.4

Although the HRV measurement is a potential
method for better understanding the regulation and
control of the cardiovascular system,4 it remains
unclear if it could be used as a predictor of athletic
condition.

The high frequency (HF) band is a marker of
vagal activity. Aubert et al.4 showed that athletes
have higher HF component than the sedentary
control group. However, the time domain measures
seems to be better than frequency domain to
describe the autonomic adaptations of chronic
physical training.15 Sandercock et al.15 observed
that in physical training interventions longer than
12 weeks presented the effect size (ES) change in
RR interval was greater than that for HF.

In spite of the recommended use of long- and
short-term HRV recordings,7 there are few data
using long-term record in sport. The two studies
presented in Aubert et al.4 showed controversial
results.16,17 This systematic review selected cross-
transversal studies using short-term HRV, due to
the short-term records tend to give more significant
results than the long-term ones.15

Considering HRV as a useful tool in sports
medicine to monitor the individual athlete achieve-
ments, it is fundamental to determine the advisable
protocol and more sound measure. Since the
protocol (supine, sitting, or standing position) and
measure (time or frequency domain) are not well
defined, the aim of this study is to investigate
the HRV measure that better indicates the chronic
adaptations to physical training in athletes.

METHODS

Information Sources

The following databases were used for the
search: PubMed (MEDLINE), Web of Science,
SciELO (Scientific Electronic Library), and Scopus.
Studies published up to 2013 were included.

Search

The search was performed according to the
strategies suggested by the MEDLINE database,
using a combination of the following keywords:
“autonomic control AND sports”; “autonomic
control AND athletes”; “HRV AND sports”; “HRV
AND athletes.” The details of the search were:
(“autonomic nervous system”[MeSH Terms]) OR
(“autonomic” [All Fields] AND “nervous”[All Fields]
AND “system”[All Fields]) OR “autonomic nervous
system”[All Fields] OR “autonomic”[All Fields])
AND (“prevention and control” [Subheading] OR
(“prevention” [All Fields] AND “control” [All
Fields]) OR “prevention and control” [All Fields]
OR “control” [All Fields] OR “control groups”
[MeSH Terms] OR (“control” [All Fields] AND
“groups” [All Fields]) OR “control groups”[All
Fields]) AND (“sports”[MeSH Terms] OR “sports”
[All Fields]) AND (“heart rate [HR]”[MeSH Terms]
OR (“heart”[All Fields] AND “rate” [All Fields]) OR
“HR” [All Fields]) AND variability [All Fields] AND
(“athletes”[MeSH Terms] OR “athletes” [All Fields])
AND (“humans”[MeSH Terms] AND English[lang]).

The guidelines of Prisma were adopted to
develop the systematic review.18 The search was
performed by two evaluators independently. A
third evaluator was requested for diverging cases.

Study Selection

Complete original articles in English that eval-
uated young and adult athletes between 17 and
40 years old, with a sedentary control group were
included. Studies that included variables for short-
term recording in the time and frequency domains
were selected: the mean of RR intervals (mean RR),
standard deviation of RR intervals (SDRR), root
mean square deviations of RR intervals, frequency
bands of the spectral analysis Very Low Frequency,
Low Frequency (LF), and HF, as well as the LF/HF
ratio. Studies in elders or adolescents with a com-
bination of physical exercise and pharmaceutical
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intervention, long-term analysis, illness, overtrain-
ing, experiments with high altitude or diving, para-
athletes, and review studies were excluded.

Data Collection Process

The following criteria were analyzed for the
sample selection: age group, sex, type of sport,
experience, training routine, fitness level, physi-
ological characteristics (anaerobic threshold, maxi-
mum oxygen uptakeV̇O2and HR). The procedures
and methods used to analyze the HRV included:
time, fitness (free or controlled breathing), position
(standing, sitting, or lying down), recording time,
interval time, sampling frequency, heartbeat, the
technique used for spectral analysis and the
variables (in the time and frequency domains).

Statistical Analyses

The Cohen’s d ES calculation was performed to
offer more robust information regarding the studies
included in the present analysis. The formula
applied on the data was:

d = x̄1 − x̄2

s
,

in which x̄1d x̄2e mean HRV of the athletes and
nonathletes, respectively, is the pooled standard
deviation.

The HRV data were provided by articles3,19–28

or by e-mail29–31 through contact with the authors.
Missing values are due to graphic representations
in the articles and mismatched data received by
e-mail.32–37 According to Cohen’s d, the ES is used
as a parameter based on the magnitude of the
statistical effect (small 0.2 < d < 0.3; moderate
0.5 < d < 0.8; large d � 0.8).38

RESULTS

The search found 1369 nonduplicate titles. The
great majority, 1345 publications, were excluded
based on their titles and abstracts, leaving
24 relevant studies for this review. Five additional
studies were excluded because they used younger
subjects than the cutoff age for this study, were
not the original complete article, or did not use
the traditional HRV measurement. For this review,
19 complete articles were selected based on the

inclusion criteria. Figure 1 describes the selection
process for the studies included.

The descriptive analyses of the studies are
summarized in Table 1.3,19–21,23–37

The total number of athletes was about 333
males and females, aged between 17 and 40 years,
who practiced different sports (running, cycling,
swimming, canoeing, athletics, skating, volleyball,
football, basketball, rugby, and triathlon). For
the sample characterization, seven studies used
the as a physiological measure20,23,26,30,31,35,37,
seven studies reported the length of time that
the athletes had practiced the sport (over
2 years),3,20,21,23,25,26,37 and eight studies selected
athletes participating in national, regional, or
international competitions.23,25,27,29,31,34,35,37 No
study reported the athlete’s training phase during
the course of the experiment. Of the studies with
female subjects, only one reported the phase of
menstrual cycle of the subjects.37

Of the studies that reported preevaluation
recommendations, eight requested the participants
to avoid exercising before the day of the
experiment, for periods of 12–48 h before the
experiment.23,26,28,31,34–37 The schedules for
the evaluations varied from 08:00 to 12:00 in
the morning, and from 13:00 to 16:00 in the
afternoon.3,20,23,28,30,31,33,34 Breathing control
was used in three studies19,20,24 and only one of
them used free and controlled breathing.26 The
recording time varied from 2 to 15 minutes.

Analyses in the time domain were performed in
13 studies. The main variables used were the mean
RR and the SDRR. The main techniques of spectral
analysis were the periodogram and the autoregres-
sive model. The LF and HF were assessed in 16
studies; however the selected frequency bands var-
ied among the studies. For LF the minimum varied
from 0.02 to 0.07 Hz and the maximum from 0.14 to
0.15 Hz. In addition, the limits of the HF remained
from 0.14 and 0.15 Hz to 0.4 and 0.8 Hz. In spite
of the diverse methods applied the main statistical
results found in literature were the higher mean
RR, SDRR, and HF in athlete’s group (Table 1).

The provided mean and standard deviation
values from 14 articles were included in the
quantitative analyses of the Cohen’s ES,3,19–31

whose large and moderate values were showed in
time (Table 2) and frequency domain (Table 3).

The analysis showed significant results from
articles in time and frequency domains presented
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1962 articles identified through database

searching:

PubMed (969), WEB OF KNOWLEDGE (506), 

Scopus (478), SciELO (9). 

1369 articles screened after duplicates 
removed. 

24 articles screened

19 articles

In
cl
ud
ed

E
lig
ib
ili
ty

S
cr
ee
ni
ng

Id
en
tif
ic
at
io
n

 were included in 

Systematic Review  

1345 articles excluded for 

title and abstract.

5 articles excluded for : conference 

paper, proceeding paper, no HRV, 

teenager. 

Figure 1. Flow chart of search and selection for the articles included in the
Systematic Review.

large or moderate ES. All time domain measure
observed in aerobic athletes showed a pos-
itive ES (Table 2). Negative ES was showed in time
domain for SDRR only in rugby and anaerobic
athletes.29 The most performed protocol was
the free breathing in supine position, which did
not show different ES in standing position. The
frequency domain results were showed as peak fre-
quency (beats/minutes), absolute power (ms2), nor-
malized units (n.u), and logarithmic transformation
of absolute powers (Ln[ms2];Table 3). From seven
protocols using the low and high absolute spectral
power, only one showed a moderate positive ES
(Table 3).19 Contrarily, five protocols using the
logarithmic transformation to calculate the power
in LF showed large positive ES (Table 3).25,26,29

Considering normalized LF, two protocols with
free breathing found a consistent negative ES,20–23

whilst two protocols with controlled breathing
showed ESs with opposite signals (Table 3).20,26

Only one protocol with controlled breathing
showed a negative ES for the normalized HF, which

was inconsistent with the same condition in the
other study (Table 3).20,26 Both studies with rugby
athletes showed a negative ES for HF in logarithmic
scale.25,29 The ES showed that the protocol, the
modalities of sport and the unit of measure both
appeared to contribute for the controversial results
found in the literature, especially in the frequency
domain analyses.

DISCUSSION

Considering that calculated indexes from HRV
are sensitive markers of autonomic control, the
objective of this study was to investigate the
soundest measures of HRV that better ind-
icate the chronic adaptations of physical training in
athletes. We also emphasized certain aspects of the
performed methodologies to determine a advisable
protocol. The global results showed a higher mean
RR, SDRR, and HF in athletes.4,39 These are due to
the physical exercise adaptations in cardiovascular
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system, mainly due to improved control by nucleus
tractus solitarii, rostral ventrolateral medulla, and
paraventricular nucleus of the hypothalamus.1

These adaptations promote an increase capacity of
the parasympathetic component, thereby increas-
ing HRV.

In spite of the expected founds, the Cohen’s ES
showed that factors such as modalities of sport,
breathing condition, and unit of measure would
confound this results. The unexpected negative ESs
observed in time domain and HF measure were
found only in anaerobic and rugby athletes.25,29

According to the current literature, the autonomic
cardiovascular adaptations are mainly related to
the aerobic exercise. Contrarily, the adaptations of
strength training are related to the nonautonomic
cardiovascular mechanisms such as the decrease of
intrinsic HR.40 From this point of view, it can be
supposed that anaerobic and rugby athletes had not
a reasonable aerobic training.

Breath condition could emphasize the autonomic
modulation due to the cardiorespiratory synch-
ronization that occurs by the activation of the
parasympathetic branch originating in the nucleus
ambiguous, which increases the vagal tone.41

Furthermore, during breathing control the vagal
tone increases and subsequently may improve
the total power,7 and this could explain the
enhancement of HF and LF observed in some stu-
dies.19,26 Consequently, it is suitable the use of
normalized units to better understand the mec-
hanisms related to electrocardiology signal.

Although Middleton and De Vito26 have shown
a negative ES– for HF during controlled breathing
and indicates that athletes have lower vagal
tone than control group, such a controversial
result could be explained by the intense training
programs these athletes were engaged at the
time of testing.26 Iellamo et al.42 also reported
this enhanced sympathetic modulation during
an intensive training program, which suggests
that this sympathovagal balance changes prior
competition as a neural adaptation that enabled the
cardiovascular system to prepare for demanding
competition, enhancing athletic performance.

Moreover, the HRV is a sensitive measure-
ment of adaptation to physical and psychological
stress,43–45 and also established a relationship
between behavioral aspects such as attention and
emotion.43,46,47 In competitive sports, the HRV
is sensitive in detecting the autonomic changes
caused by precompetitive anxiety.13,48,49 It is

appropriate for studies with elite athletes to
observe the subject’s training stage and routine.
Generally, the low vagal tone is related to poor
system adaptation,50 and it can be related to
overtraining.11

In addition, Middleton et al.26 selected a sample
composed only by females, but did not control
the menstrual cycle stage, which could also con-
tribute to the unexpected results of normalized
HF. On the luteal stage, there is an increase in
progesterone release and the HRV is characterized
by enhancing the LF and the LF/HF ratio. However,
the follicular stage shows an increase in the HF
and decreases in the LF and the LF/HF ratio.51

In a methodological point of view, factors
related to sample characterization and data anal-
yses also influence the measures in time and
frequency domain. The differences in genders and
ages are well established in the literature,39,52,53

women show slightly lower HRV values and
higher parasympathetic activity.39,52 Nevertheless,
as observed in three studies included in this
review,28,30,33 the use of heterogeneous groups as
part of the same sample did not appear to influence
the results.

The literature recommends for short-term
recording the use of frequency domain meas-
urements.7 However, Sandercock et al.15 showed
that in long-term physical training the ES for
change in mean RR interval was greater than
HF. This study suggests that higher vagal
modulation is responsible for initial increases in
RR interval, but that other factors such as changes
in heart geometry may be responsible for further
adaptation. Considering the ES, the present review
points that the time domain measure efficiently
represents the athlete’s cardiovascular autonomic
adaptations.19,24,26–31

As the selected time domain measures in this
review are statistical, the duration of the signal and
the total number of heartbeats could change the
results, but only three studies reported the signal
processing.3,25,28 It is recommended to record
between 3- and 5-minute windows, and between
256 and 300 heartbeats.7,54,55 Furthermore, a wide
variation in the frequency bands determination of
HF and LF were also observed in the studies an-
alyzed. For healthy young athletes, measurements
below 0.12 Hz for LF and up to 0.12 Hz for HF are
recommended.56

In summary, the range of performed protocols
seems to contribute to the diversity of results found
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in the literature. Some conflicting results might
have been influenced by signal processing and the
sample characterization (gender, fitness level, and
training routine). According to present results, the
time domain measures are suitable to describe the
athlete’s autonomic profile at rest. Since short-term
HRV recording is a physiological, noninvasive,
and low-cost measurement that provides sensitive
markers of the autonomic balance, it is suggested
to compound the use of HRV analysis with other
physiological and psychological measurement to
better understand the athlete’s conditioning and
health.

CONCLUSION

The present findings indicate that time domain
measures of short-term HRV are less controversial
than frequency domain to describe the chronic
cardiovascular autonomic adaptations to physical
training. The mean RR and SDRR were the most
consistent measures with higher ES to assess the
autonomic cardiovascular profile in athletes. It was
not found any difference between supine or stand-
ing position. However, the breath condition had
an impact in the frequency domain measures. The
controlled breathing caused inconsistent results of
LF and HF contrarily to free breathing.
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the Poincaré plot analysis. Clin Physiol Funct Imaging
2004;24:10–18.

15. Sandercock GR, Bromley PD, Brodie DA. Effects of exercise
on heart rate variability: Inferences from meta-analysis.
Med Sci Sports Exerc 2005;37:433–439.

16. Goldsmith RL, Bigger JT, Steinman RC, et al. Comparison
of 24-hour parasympathetic activity in endurance-trained
and untrained young men. J Am Coll Cardiol 1992;20:552–
528.

17. Tonkins P, William. Analysis of the Relationship between
Exercise Capacity and Heart Rate Variability in Trained and
Untrained Individuals. Eugene (OR): University of Oregon,
Microform Publications, 1999, p. 30.

18. Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA state-
ment for reporting systematic reviews and meta-analyses of
studies that evaluate healthcare interventions: Explanation
and elaboration. Ann Intern Med 2009;151:W65–94.

19. Puig J, Freitas J, Carvalho MJ, et al. Spectral analysis of
heart rate variability in athletes. J Sports Med Phys Fitness
1993;33:44–48.

20. Shin K, Minamitani H, Onishi S, et al. Assessment of
training-induced autonomic adaptations in athletes with
spectral analysis of cardiovascular variability signals. Jpn
J Physiol 1995a;45:1053–1069.

21. Shin K, Minamitani H, Onishi S, et al. The power spectral
analysis of heart rate variability in athletes during dynamic
exercise–Part I. Clin Cardiol 1995b;18:583–586.

22. Shin K, Minamitani H, Onishi S, et al. The power spectral
analysis of heart rate variability in athletes during dynamic
exercise–Part II. Clin Cardiol 1995c;18:664–668.

23. Shin K, Minamitani H, Onishi S, et al. Autonomic
differences between athletes and nonathletes: spectral
analysis approach. Med Sci Sports Exerc 1997;29:1482–490.

24. Aubert A, Ramaekers D, Cuche Y, et al. Effect of long term
physical training on heart rate variability. Computers in
Cardiology 1996;17–20.

25. Aubert A, Beckers F, Seps B, et al. Non-linear dynamics
of heart rate variability in athletes: Effect of training.
Computers in Cardiology 2002;29:441–444.

26. Middleton N, De Vito G. Cardiovascular autonomic control
in endurance-trained and sedentary young women. Clin
Physiol Funct Imaging 2005;25:83–89.

27. Kawaguchi LYA, Nascimento ACP, Lima MS, et al.
Caracterização da variabilidade de freqüência cardı́aca e
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