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Abstract
The purpose of the present work was to compare daily variations of heart rate variability (HRV) parameters between
controlled breathing (CB) and spontaneous breathing (SB) sessions during a longitudinal follow-up of athletes. HRV
measurements were performed daily on 10 healthy male runners for 21 consecutive days. The signals were recorded during
two successive randomised 5-minutes sessions. One session was performed in CB and the other in SB. The results showed
significant differences between the two respiration methods in the temporal, nonlinear and frequency domains. However,
significant correlations were observed between CB and SB (higher than 0.70 for RMSSD and SD1), demonstrating that
during a longitudinal follow-up, these markers provide the same HRV variations regardless of breathing pattern. By contrast,
independent day-to-day variations were observed with HF and LF/HF frequency markers, indicating no significant
relationship between SB and CB data over time. Therefore, we consider that SB and CB may be used for HRV longitudinal
follow-ups only for temporal and nonlinear markers. Indeed, the same daily increases and decreases were observed whatever
the breathing method employed. Conversely, frequency markers did not provide the same variations between SB and CB
and we propose that these indicators are not reliable enough to be used for day-to-day HRV monitoring.

Keywords: Endurance training, monitoring, heart rate variability, breathing, spontaneous controlled

Introduction
For the last three decades, heart rate variability (HRV)
has been widely used for quantifying the activity of the
autonomic nervous system (Akselrod et al., 1981; TaskForce, 1996). Several authors have demonstrated the
utility of HRV for the follow up of diseases (La Rovere
et al., 2003; Tsuji et al., 1996). In addition, because the
autonomic nervous system plays an important role in
exercise training responses, HRV can be used to
prevent fatigue or overtraining syndromes (Baumert
et al., 2006; Hedelin, Wiklund, Bjerle, & HenrikssonLarsen, 2000). Thus, HRV is now commonly used to
guide and individualise training load (Kiviniemi et al.,
2010; Kiviniemi, Hautala, Kinnunen, & Tulppo, 2007)
and monitor fatigue during longitudinal follow-ups
(Plews, Laursen, Kilding, & Buchheit, 2012).
Many studies have shown that HRV is modulated
by respiratory activity (Eckberg, 2003; Penttila et al.,

2001). This cardio-respiratory interaction is called
respiratory sinus arrhythmia (RSA) (Hirsch &
Bishop, 1981; Larsen, Tzeng, Sin, & Galletly,
2010). It is currently widely admitted that the
respiration cycle affects HRV results and some studies
have demonstrated that RSA causes a spectral power
peak at breathing frequency (BF; Schipke, Pelzer, &
Arnold, 1999). With slow and deep breathing (Strano
et al., 1998), the RSA of trained athletes is stronger
than that of sedentary subjects (De Meersman,
1992). Thus respiration may greatly disturb HRV
results, especially for athletes whose BF is close to
0.15 Hz [i.e. the threshold between low frequency
(LF) and high frequency (HF); Middleton & De Vito,
2005; Saboul, Pialoux, & Hautier, in press].
To rule out this influence of respiration, many
authors use metronomic controlled breathing (CB)
to perform HRV measurements on populations of
athletes (Gregoire, Tuck, Yamamoto, & Hughson,
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1996; Melanson & Freedson, 2001). In addition,
using CB improves the reproducibility and reliability
of test findings and facilitates quantitative interindividual comparisons, thereby avoiding misclassification between LF and HF power (Ori, Monir,
Weiss, Sayhouni, & Singer, 1992; Rajendra Acharya,
Paul Joseph, Kannathal, Lim, & Suri, 2006). Conversely, the LF/HF ratio is significantly modified by
CB (Saboul et al., in press), and some authors have
postulated that sympathovagal balance can only be
represented by spontaneous breathing (SB) (Pagani
et al., 1986). Consequently, SB and CB continue
to be used indifferently in sports studies making
it impossible to compare the results of different
publications.
To address this problem, several studies have
compared and modelled the influence of CB and
SB on instantaneous HRV analyses (Ben Lamine
et al., 2004; Bernardi et al., 2000). The effects of
ventilation on HRV markers are controversial and
generally limited to sedentary and patient populations (Bloomfield et al., 2001). More globally, it is
impossible to determine whether CB or SB is the
most suitable breathing pattern to monitor fatigue
since these two methods usually provide very different results (Brown, Beightol, Koh, & Eckberg,
1993), especially with athletes (Middleton & De
Vito, 2005).
To our knowledge, all the studies comparing the
impact of these two breathing methods on HRV
results were performed for short periods during a
single day (Bernardi et al., 2000; Brown et al.,
1993). Indeed, none of them focused on the
differences between CB and SB over several days
during a longitudinal follow-up of athletes, raising
the question of whether HRV measures performed in
CB or SB provide the same variations from one day
to another? From a practical and methodological
point of view, no information exists on the impact of
breathing (i.e. spontaneous or controlled) on HRV
marker variation during a longitudinal follow-up.
However, this respiratory choice is essential given the
specific characteristics of well-trained subjects (i.e.
slow breathing and strong RSA). It is noteworthy
that both SB and CB are still used and there is no
gold standard for HRV analysis during an extended
period of endurance training (Kiviniemi et al., 2007;
Melanson & Freedson, 2001). For example, a
difference between the two methods is generally
measured during a single day, but although this
difference is constant throughout monitoring, it may
have no impact on the interpretation of HRV
variations during longitudinal studies.
Thus it would be interesting to study whether the
day-to-day variations (i.e. increase or decrease) of
HRV markers are similar for CB and SB methods.
Therefore, the aim of this methodological work was

to observe whether or not the two breathing methods
provide the same HRV variations during longitudinal
studies of healthy trained subjects.

Methods
Subjects
Ten healthy male runners were recruited from a
running and athletics club (Age: 29.394.8; Weight:
74.598 kg; height: 182.196.6 cm; V_ O2 max: 65.59
5.8 ml ×min 1 ×kg 1). Subjects receiving medical
treat mentor with asthma or cardiovascular disorders
were excluded. By design, throughout the experiment, the subjects were asked not to change their
lifestyles or, in particular, their training loads. This
resulted in the day-to-day HRV variations necessary
to satisfy the objective of our methodological study.

Protocol
The experiment lasted a total of three weeks. The
subjects performed daily HRV measurements for the
21 days of the period. The signals were recorded at
home in the morning, on waking. Everyday, the
subjects performed two successive HRV measurements in supine position (Buchheit, Al Haddad,
Laursen, & Ahmaidi, 2009) in a quiet environment
(low brightness) and with an empty stomach. One
HRV measurement was performed in CB (during
5 min) and the second in SB (during 5 min) for a
total duration of 10 min per day (Schroeder et al.,
2004; Togo & Takahashi, 2009). The order of the
sessions (CB or SB) was randomised for each subject
and maintained throughout the experiment. A
soundtrack (metronome) was used to fix the pace
of the CB session. The data were collected and
recorded using a Suunto T6d Heart Rate Monitor
(Suunto, Oy, Finland). This system records RR
intervals at a sampling frequency of 1000 Hz and
provided reliable results comparable to other ECG
recording systems (Weippert et al., 2010). The
protocol was approved by the ethical committee of
Lyon Sud-Est II and was in accordance with the
guidelines set by the Declaration of Helsinki. All the
subjects gave their written informed consent.

Choice of controlled breathing frequency (CBF)
In order to determine the CBF, we performed a
preliminary study to measure the mean spontaneous
breathing frequency (SBF) of our sample population
(Mean 0.12490.026 Hz). Thus, the CBF was
fixed at 0.125 Hz (7.5 breath/min). We conducted
a visual control of each HRV power spectrum during
the CB session to check whether the energy peak was

Breathing effect on HRV monitoring
centred around 0.125 Hz, in order to verify that BF
had been correctly maintained.
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HRV parameters
For each session, the signal was analysed in
the temporal, non-linear and frequency domains
(Task-Force, 1996). For the temporal domain, the
mean heart rate (HR), the SDNN (the standard
deviation of normal-to-normal RR intervals) and the
RMSSD (the square root of the mean squared
differences between successive normal-to-normal
RR intervals) were considered. Resting HR is a
health indicator used by all general practitioners;
SDNN corresponds to total variability and RMSSD
to short-term variability (Task-Force, 1996). Two
markers of the non-linear domain were also measured: SD1 and SD2. The SD1 values characterise
short-term HRV and SD2 describes long-term HRV
(Tulppo, Makikallio, Takala, Seppanen, & Huikuri,
1996). The frequency domain was assessed by
calculating the low-frequency power (LF) (from
0.04 to 0.15 Hz), high-frequency power (HF)
(from 0.15 to 0.4 Hz), total power (TP) and the
LF/HF ratio (Task-Force, 1996). It is commonly
accepted that LF are influenced by both sympathetic
and parasympathetic systems, whereas HF is
largely thought to reflect parasympathetic modulation (Carney et al., 2001; Task-Force, 1996).
Similarly, some authors consider that TP corresponds to total HRV variability and that the LF/
HF ratio represents the sympathovagal balance
reflecting autonomic nervous system activity (Pagani
et al., 1986; Task-Force, 1996). The frequency
content of the signals was analysed using custommade software programmed in C# (Saboul et al., in
press). After ectopic removal, we performed a
Discrete Fourier Transform with Adjusted Rectangular Windowing on the signals re-sampled at 4 Hz
by cubic spline interpolation. When either the CB or
SB file was unusable (e.g. unusable non stationary
HRV curve explained by subject movement or
environmental disturbance), the file concerned (i.e.
CB or SB) was removed from the analysis (n 28
files on a total of 420).
Statistical analysis
The results of all the HRV markers obtained for each
subject in SB and CB during the 21-day experiment
are expressed as means and standard deviations. The
relative difference between the two respiration
modes was calculated for each marker using Equation 1. One-way (SB vs. CB) repeated-measurement
(time effect: 21 days) analysis of variance (ANOVA)
followed by a post hoc test was used for the
multiple comparison of the HRV data. The relative
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differences may not totally represent the systematic
individual differences that can exist between the two
respiration modes throughout the experiment (i.e.
one subject may present SB values systematically
higher than CB values over the 21 days, whereas
another subject may present SB values systematically
lower than CB ones). Consequently, we also analysed the difference between the breathing methods
that provided the highest (BMsup) and the lowest
(BMinf) HRV values for each subject (BMsup vs.
BMinf; see Table II for the individual determination
of BMsup and BMinf).
% diff ðRMSSDÞ
¼ 100 

!
RMSSDSB ÿ RMSSDCB
ÿ

RMSSDSB ÿ RMSSDCB =2

(1)

To explore respiratory interaction over the 21
days, linear regressions were performed between
SB and CB for every HRV marker. Indeed, the
variation of differences between the two types of
breathing may be constant over time. Thus, for each
subject, R Pearson coefficients were calculated
individually with all the daily measurements obtained in SB and CB. For each HRV marker, the
means and standard deviations of the correlation
coefficients obtained with all the subjects were
calculated to compare the influence of respiration.
The significance of R coefficients was tested with a
Bravais-Pearson table. A Z Fisher transformation
was performed to obtain a normal distribution
followed by a paired student’s t-test, in order to
compare the R coefficients.
The data were analysed using StatSoft software
(Statistica 7.1, StatSoftinc., USA) and the statistical
significance threshold was set at p B0.05.
Results
The mean and standard deviation of each HRV
marker are presented in Table I. Only two markers,
RMSSD and SD1 are not significantly different
between SB and CB while all the frequency markers
present significant differences. HR, SDNN, SD2,
LF, TP and the LH/HF ratio are significantly higher
when using CB compared to SB, whereas HF is
lower in CB.
Table II gives very significant differences between
the two breathing methods of each subject throughout the 21 days. The sign (minus or plus) of the
relative difference was directly related to the position
of SBF compared to CBF (i.e. an SBF higher than
CBF provides negative results while an SBF lower
than CBF provides positive results). When calculated from the absolute difference between SB and
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Table I. Relative differences between spontaneous and controlled breathing for each HRV marker from 10 subjects, 21 days, n 182.
Spontaneous breathing
Mean9SD

Controlled breathing
mean9SD

48.499.4
110 950
104967

50.399.5
118951
102961

3.82*
6.92*
1.64

3.82**
20.7**
23.3**

Non-linear domain
SD1 (ms)
SD2 (ms)

73948
134959

72943
148961

1.64
9.96*

23.3**
22.0**

Frequency domain
LF (ms2/Hz)
HF (ms2/Hz)
TP (ms2/Hz)
LF/HF

273493016
177392201
676996160
2.793.0

486894192
95891263
769196275
9.397.3

56.16*
59.72*
12.75*
110*

64.0**
64.8**
39.7**
110**

HRV markers
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Temporal domain
HR (bpm)
SDNN (ms)
RMSSD (ms)

Mean difference (%)

Mean NdifferenceN (%)

Spontaneous Breathing vs. Controlled Breathing: *p B0.05.
Breathing Method inferior vs. Breathing method superior: **p B0.05
Mean difference was calculated as follows: 100 ((SB-CB)/ ((SB-CB)/2))
Mean of absolute value of the individual difference (NDifferenceN) was calculated as follows: 100 N(SB-CB)/ ((SB-CB)/2)N

CB, all the HRV markers were significantly affected
by the breathing method (fourth column of Table I).
The day-to-day variation of RMSSD and the LF/
HF ratio in SB and CB during the 21-day experiment for a typical subject is shown in the left panel of
Figure 1. Linear regressions calculated between SB
and CB values are represented in the right panel of
Figure 1. Despite a significant difference between
RMSSD values in SB and CB (24.0%; pB0.01),
we found a very significant correlation between the
two breathing methods (R0.78; p B0.01). We also
found a significant difference between the LF/HF
ratio during the 21-day experiment (82%; pB0.01),
but the correlation coefficients obtained for this
marker were very poor (R0.04; p0.9).
The correlation coefficient calculation was performed for all the HRV markers of each subject, as
shown in Figure 1 which represents the data for one
subject. The distributions of correlation coefficients
are shown in Figure 2. HR, RMSSD and SD1 are
clearly consistent and present a good correlation of

the means (0.8190.12; 0.7390.12; 0.7390.13,
respectively). In addition, for these 3 HRV markers
all the subjects presented a significant R coefficient
between SB and CB (i.e. the number of significant
correlation coefficients is presented at the bottom of
Figure 2 for each HRV markers). We observed a more
heterogeneous distribution of SDNN, SD2, LF and
TP correlation coefficients (0.5490.22; 0.4790.22;
0.5090.20; 0.5190.20, respectively). Moreover,
these markers were significantly correlated for only
6 and 7 subjects (out of 10). The HF and LF/HF
markers were distributed very heterogeneously
(0.4090.36; 0.1490.34, respectively). Only five
subjects presented a significant correlation coefficient
for HF while two subjects presented a significant
correlation coefficient for the LF/HF ratio.
Discussion
The main objective of this study was to compare two
respiration methods during the HRV monitoring of

Table II. Relative differences between spontaneous and controlled breathing for each subject from RMSSD markers for 21 days.

Subject
1 (n 20)
2 (n 21)
3 (n 21)
4 (n 21)
5 (n 13)
6 (n 18)
7 (n 16)
8 (n 21)
9 (n 21)
10 (n 10)

SB
mean9SD (ms)

CB
mean9SD (ms)

Relative
difference (%)

SBF (Hz)

BMsup

219925
135948
75923
141929
1349115
113924
45915
3594
62914
60911

198923
85940
97929
179942
74961
128922
46914
3494
86920
54911

10.3*
45.6*
24.8*
24.0*
57.4*
12.2*
2.2
0.9
31.6*
11.6*

0.10
0.11
0.14
0.16
0.11
0.13
0.12
0.12
0.17
0.08

Spontaneous
Spontaneous
Controlled
Controlled
Spontaneous
Controlled
Controlled
Spontaneous
Controlled
Spontaneous

Spontaneous Breathing vs. Controlled Breathing: *p B0.05
SB, Spontaneous Breathing; CB, Controlled Breathing; SBF, Spontaneous Breathing Frequency; BMsup, Breathing Method Superior
(which provides the greatest RMSSD value).
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athletes. Although there were significant differences
between spontaneous and CB for all HRV markers,
this work showed that day-to-day variations (i.e.
HRV variations) were correlated between SB and CB
measurement for the RMSSD, SD1 and HR indices.
These markers provided similar results during a
longitudinal follow-up, regardless of breathing pattern. Conversely, spectral HRV markers like HF and
the LF/HF ratio were not significantly correlated and
independent day-to-day variations were observed
between SB and CB data over time.
The critical choice of the CBF
Although the choice of the CB frequency was one of
the central features of this work, the literature
provided a very wide range of imposed respiratory
frequencies and there is no ‘‘gold standard’’ for this
critical choice (Bloomfield et al., 2001; Brown et al.,
1993). Nevertheless, the CBF can be predefined
according to the type of population studied (Hayano
et al., 1994). For example, a CBF of 0.25 Hz is
typically used for sedentary subjects (Bernardi et al.,
2000) and some studies have used a CBF
ranging between 0.10 and 0.166 Hz for athletes
(De Meersman, 1993; Melanson & Freedson, 2001).
As suggested by several authors, we conducted pilot
testing to determine the mean SBF of our athlete
population (mean 0.12490.026 Hz) in order to set
the CBF at 0.125 Hz. This choice of frequency may
appear very low but it was in line with other studies
that also focused on athlete populations (e.g. 0.125
Hz or 0.10 Hz (Boutcher & Stein, 1995; De Meersman, 1993)). In addition, during the SB session a
large part of the spectral energy was already naturally
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located in the LF band, a phenomenon probably
caused by the low SBF and strong RSA of our
subjects (De Meersman, 1992). Therefore, a CBF
close to 0.25 Hz may have caused misallocation of all
the energy in the HF band and may have influenced
the regulatory mechanisms brought into play.
Influence of training sessions
We acknowledge that a decrease of HRV is usually
observed the day after a training session and,
conversely, HRV increases after one day of recovery
(Aubert, Seps, & Beckers, 2003; Kiviniemi et al.,
2010). More specifically, HRV variations observed
during longitudinal follow-up may reflect a complex
cumulative effect of fatigue during the training cycle
rather than the sole result of the training load of the
preceding day (Pichot et al., 2000; Plews et al.,
2012). Nevertheless, during the 21 days of the
experiment, each subject was asked not to change
their lifestyle or, in particular, their training loads. By
design, we deliberately chose to ensure they maintained their training habits in order to produce
significant day-to-day variations of HRV. In our
methodological work, these daily HRV variations
were necessary to study whether the decrease or
increase of HRV from one day to another can be
observed in both SB and CB during longitudinal
monitoring of athletes.
Differences between SB and CB
As observed previously, the overall analysis of the
HRV values presented in Table I demonstrated that
the temporal, non-linear and frequency domains are

Figure 1. Daily variation of two selected HRV markers for 21 days and the relationship between spontaneous and controlled breathing
HRV data for a typical subject.
RMSSD, root mean square of successive difference; LF/HF ratio, low frequency/high frequency ratio.

Downloaded by [University Claude Bernard Lyon 1], [Damien Saboul] at 07:03 08 February 2013

6

D. Saboul et al.

affected by the mode of respiration (Brown et al.,
1993; Eckberg, 2003; Hirsch & Bishop, 1981).
Modifications caused by CB conditions can be
attributed to the cognitive task of correctly controlling breathing and thus cause higher sympathetic
activation (Bernardi et al., 2000). In addition, during
CB the strong influence of RSA disturbed the HRV
frequency markers which mechanically concentrate
most of the spectral energy around the CBF (Saboul
et al., in press).
It is noteworthy that inter-individual differences
exist for most HRV indices and especially for the
RMSSD and SD1 markers. Indeed, as highlighted in
Table II, subjects with an SBF lower than the CBF
(i.e. 0.125 Hz) exhibited positive RMSSD and SD1
differences between SB and CB during the 21 days
of the experiment. Conversely, subjects with an SBF
higher than the CBF exhibited negative RMSSD and
SD1 differences between SB and CB. In brief, the
vagal tone and the global activity of the autonomic
nervous system were disturbed by respiration
and our results were in line with previous works
(Bernardi et al., 2000; Eckberg, 2003).
Monitoring the athletes’ training using HRV measures:
SB vs. CB
Absolute HRV values are never used during longitudinal follow-ups and many authors prefer to focus
on the relative day-to-day variation which can
indicate athlete fatigue (Kiviniemi et al., 2010,
2007; Plews et al., 2012). For example, the work
performed by Kiviniemi et al. (2010), illustrates this
daily follow-up: increase or no change of HRV
(i.e. compared to the previous day) resulted in the
prescription for high intensity training on that day.
By contrast, low-intensity training or rest was prescribed if HRV decreased. Consequently, the main
goal of our study was to determine whether HRV
measurements performed during CB or SB can
provide similar variations from one day to another.
As illustrated in Figures 1 and 2, the significant
correlations between CB and SB for the RMSSD,
SD1 and HR indices suggested that HRV variations
are likely to be similar regardless of breathing pattern
and demonstrate that the two respiratory methods
provided the same results (i.e. HRV variations) for
these 3 markers. By contrast, HF and the LF/HF
ratio provided very heterogeneous variations with SB
and CB trends that do not follow the same variations
throughout the experiment (Figure 1). This lack of
correlation between the two respiration modes raises
a major issue. Indeed, the LF/HF ratio is one of the
main physiological markers of the sympathovagal
balance and it had been used for detecting overtraining in certain previous studies (Mourot et al.,
2004; Pagani et al., 1986). In addition, some authors

performed HRV measurements in SB (Kiviniemi
et al., 2007) while others in CB (Melanson &
Freedson, 2001). Consequently, during a longitudinal follow-up, the two breathing patterns do not
provide the same spectral HRVvariations and the
interpretation made by the coach can lead to serious
errors such as the non-detection of fatigue or overtraining syndrome. To conclude, SB or CB may be
used indifferently and reliably to monitor training
and fatigue with the RMSSD and SD1 markers. On
the contrary, it is impossible to determine which
breathing pattern is the most reliable for studying
frequency markers since they present very different
day-to-day variations.

Reliability of spectral HRV markers in athletes
Athletes are characterised by a low SBF (close to
0.15 Hz) and a strong RSA (De Meersman, 1992;
Middleton & De Vito, 2005). Thus, regardless of
breathing method, spectral energy is concentrated
mechanically around the BF and the remaining
spectral energy on either side (i.e. in the HF band)
can be considered as residual information (Brown
et al., 1993). Thus the impact of breathing mechanically cancels all the physiological manifestations of
fatigue and the LF/HF ratio does not seem to
provide a faithful representation of the sympathovagal balance (Saboul et al., in press). This finding is
confirmed by our results which show that frequency
HRV markers are not reliable, even during the
longitudinal follow-up of an athlete. Indeed, we
observed a strong day-to-day variation which has
never been reported in the literature (e.g. in
Figure 1, between day 17 and day 18, the LF/HF
ratio ranged from 4 to 0.5 in SB and from 3 to 6 in
CB). Moreover, the information provided by this
ratio with the two breathing methods is totally

Figure 2. Distribution of correlation coefficients of 10 subjects for
each HRV marker.
HR, heart rate; RMSSD, root mean square of successive
difference; SD1, standard deviation 1; SDNN, standard deviation
of N-N interval; SD2, standard deviation 2; TP, total power; LF,
low frequency; HF, high frequency; LF/HF ratio, low frequency/
high frequency ratio.
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contradictory (increase with CB and decrease with
SB). Thus we believe that in well-trained subjects
presenting an SBF close to 0.15 Hz, the LF/HF ratio
strongly depends on the respiratory frequency in SB
and CB, which may obscure the influence of fatigue
status (Middleton & De Vito, 2005; Sinnreich, Kark,
Friedlander, Sapoznikov, & Luria, 1998).
Consequently, to perform more relevant longitudinal monitoring, the authors now prefer to
use RMSSD or SD1 markers which are related to
athletes’ fatigue (Kiviniemi et al., 2010; Plews et al.,
2012) and provide the same variations whatever the
breathing pattern.
Limitations of the study
Tidal volume was not controlled during this experiment, although its effect on the HRV power spectrum has been reported previously (Brown et al.,
1993). Nevertheless, for both SB and CB, recent
works have not detected significant differences
between the LF/HF ratio by artificially increasing
or decreasing the baseline tidal volume (Poyhonen,
Syvaoja, Hartikainen, Ruokonen, & Takala, 2004).
In addition, the measurement of tidal volumes using
uncomfortable mouthpieces may affect HRV data
as have been shown during mental stress (Bernardi
et al., 2000). Finally, our goal was to compare SB
and CB during a longitudinal follow-up under real
conditions and in this context, for technical and
practical reasons, the athletes measured their HRV at
home using a simple HR monitor without controlling
tidal volume (Kiviniemi et al., 2007).
Conclusion
As in previous studies, we found that there were
differences between HRV markers obtained with SB
and CB during a single measurement. Nevertheless,
the present findings show that these differences
remain stable over time for HR, RMSSD and SD1
during a longitudinal follow-up. Thus these markers
can be used regardless of breathing method since each
of them provides exactly the same tendency through
time. It is noteworthy that none of the frequency
markers provided the same day-to-day variation with
the two breathing patterns, while HRV spectral
indices were strongly mediated by respiration, especially in athletes. In this context and in agreement
with recent works, we suggest using RMSSD or SD1
markers to perform relevant and reliable longitudinal
HRV monitoring in order to prevent overtraining.
Acknowledgements
The authors would like to thank our dedicated
subjects and their coach Pascal Balducci. The

7

authors also would like to thank the SUUNTO
Company for its material support (Hervé Riffault).
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