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Abstract The purpose of this study was to observe the

effect of high intermittent exercise training on children’s

heart rate variability (HRV). Thirty-eight children (age

9.6 ± 1.2 years) were divided into an intermittent (IT,

n = 22) and a control group (CON, n = 16). At baseline

and after a 7-week training period, HRV parameters, peak

oxygen consumption ð _VO2peakÞ and maximal aerobic

velocity (MAV) were assessed. Training consisted of three

30-min sessions composed by short maximal and supra-

maximal runs at velocities ranging from 100 up to 190% of

MAV. HRV was computed in time and frequency domains.

Training resulted in a significant increase in MAV and
_VO2peak in IT (P \ 0.05) only without any significant

change in HRV parameters for the two groups. Thus,

7 weeks of high intermittent exercise training allows to

improve aerobic fitness. However, this modality of training

was not sufficient enough to underline a possible effect on

the heart rate autonomic regulation in children.
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Introduction

The measurement of the heart rate variability (HRV) is a

useful tool to quantifying the activity of the autonomic

nervous system on the cardiovascular function in adults as

well as in children. In adults a decrease in HRV is often

associated with both physiological (Molgaard et al. 1991)

and psychological (Dishman et al. 2000) disorders. On the

contrary a large HRV is a favourable prognostic in the

decrease of disorder incidence for apparently healthy men

(Molgaard et al. 1991) or in the advancement of disease for

patients (Hayano et al. 1991). Likewise, low HRV in

childhood is associated with several paediatric issues such

as congenital heart diseases (Massin and von Bernuth

1998), obesity (Gutin et al. 2000) or diabetes (Javorka et al.

2005). Moreover, the decrease of the HRV is coupled with

the worsening of the disease (Gutin et al. 2000; Javorka

et al. 2005).

Adapted endurance training is widely accepted as non-

pharmacological means to increase HRV and autonomic

nervous control on heart (Billman 2002). In adults, cardio-

vascular autonomic adaptations increase with physical

fitness improvement and particularly with the peak oxygen

consumption ð _VO2peakÞ (Iwasaki et al. 2003). However, a

sufficient quantity of training seems necessary to induced

both aerobic and cardiovascular autonomic adaptations, with

exercise intensity playing a major role in this phenomenon
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as the majority of studies that highlighted an improvement

in HRV used moderate or high intensity exercises (Aubert

et al. 2003).

In children, autonomic nervous activity is dependant of the

maturation state with in particular a greater vagal tone than

adults (Lenard et al. 2004; Silvetti et al. 2001). These differ-

ences are not clear and may be related to both mechanical and

neural alterations with age (Lenard et al. 2004) that could lead

to different autonomic nervous adaptations after an aerobic

training. Nevertheless, the prepubescent children studies on

autonomic adaptation induced by exercise training are poor

and lead to inconsistent conclusions (Franks and Boutcher

2003; Mandigout et al. 2002; Nagai et al. 2004; Triposkiadis

et al. 2002; Vinet et al. 2005). In 1 year longitudinal

study, Nagai et al. (2004) reported minor change in HRV

parameters after submaximal exercise training in children

with normal HRV whereas Mandigout et al. (2002) observed

an enhancement of the majority of HRV components after

13 weeks of intermittent and continuous exercise training

with an intensity higher than Nagai’s study (Nagai et al. 2004).

Thus in children, as in adults, the used of high intensity

training could affect the cardiac adaptation and probably the

heart rate regulation. One way to elicit or maintain different

physiological parameters at a high level of activation is the

used of high-intensity short intermittent exercise (Dupont

et al. 2003). Besides, this type of training is also efficient as

submaximal continuous training to induce beneficial adap-

tations in healthy (Helgerud et al. 2007), pathological

(Wisloff et al. 2007) or paediatrics (Baquet et al. 2003)

populations. Moreover in the paediatric population, this type

of training might be an alternative to continuous exercises as

it is linked to children’s spontaneous activity (Baquet et al.

2002). However to our knowledge, there are no available data

dealing with the effect of training intensity on the autonomic

nervous system adaptations at the heart level in children.

Therefore, the aim of this study was design to investi-

gate the effects of high-intensity short intermittent training,

on the autonomic cardiovascular control in prepubescent

children, as measured by HRV.

Methods

Subjects

Fifty-two healthy children with no clinical or historical

evidence of cardiovascular disease or hypertension partic-

ipated in this study. All of them were nonobese and were

Tanner stage 1 (Tanner 1962) before and after the training

period (boys: pubic hair and genital organ development;

girls: pubic hair and breast development). If children

exhibited any overt signs of pubertal onset, they were

excluded from taking part in the study. None of them was

taking medication that would affect aerobic performance or

autonomic nervous system. They were recruited from two

different primary schools, selected from the same com-

munity environment. All of the children were submitted to

a non-inclusion protocol before the start of the study. This

consisted of an information session about the nature, the

potential risks involved, the inclusion and non inclusion

criteria and the benefits of the study. Children and their

parents gave a written informed consent to participate in

the study. The protocol has been reviewed and approved by

the local Ethics Committee before the start of the study.

Experimental design

Subjects were randomly assigned to one of the two fol-

lowing groups: intermittent training (IT, n = 26; 15 boys

and 11 girls), and control (CON, n = 26; 14 boys and 12

girls). During the protocol, 14 children were excluded for

the study for different reasons. The main causes were a low

grade heart rate recording or children that failed to reach

criteria to confirm that test was maximal. At the end of the

protocol, it remained respectively in, IT and CON: 12 boys

and 10 girls; 7 boys and 9 girls. Their characteristics are

described in Table 1. They performed an autonomic test

and a graded running test before and after a 7 weeks

training period with three 30-min sessions each week.

Maximal continuous graded exercise test

The graded test was performed on a motorized treadmill

(Pulsar 4.0, HP-Cosmos, Nussdorf, Germany) with a slope set

at 0�. Initial velocity was set at 6 km h-1 and was increased

by steps of 0.5 km h-1 every minute until exhaustion. Strong

verbal encouragements were given throughout the test.

Oxygen uptake ð _VO2Þ; minute ventilation ð _VE), and carbon

dioxide production ð _VCO2Þ were determined continuously

using an automated portable cardiopulmonary exercise sys-

tem (Cosmed, K4B2, Rome, Italy). Before each test, the O2

and CO2 analysis systems were calibrated using ambient air

and a gas of know O2 (16%) and CO2 (5%) concentrations.

The calibration of the turbine flowmeter of the K4B2 was

performed using a 3 syringe (Quinton Instruments, Seattle,

WA, USA) before its installation on the mask allowing gas

collection. Heart rate was monitored every 5 s during the test

with a heart rate monitor (S810, Polar Electo Oy, Kempele,

Finland).

Autonomic and cardiovascular testing

Children entered a quiet laboratory room, installed in the

school’s dormitory, with constant temperature (20–23�C) and

dimmed light between 8:30 and 11:30 a.m. They rested com-

fortably for 10 min in a supine position before a 5-min supine
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recording. No attempt was made to control breathing frequency

or tidal volume. intervals R–R were measured continuously

using a heart rate monitor (S810, Polar Electo Oy, Kempele,

Finland) with a sampling frequency of 1000 Hz from the ECG

signal providing an accuracy of 1 ms for each intervals (Ruha

et al. 1997). This kind of device has been previously validated

to assess R–R interval both in adults (Kingsley et al. 2005;

Gamelin et al. 2006) and in children (Gamelin et al. 2008).

Even the heart rate monitor do not allow to check the QRS

complex, the measurement error of this device is largely

acceptable when compared with the different effect sizes (ESs)

reported in a meta-analysis by Sandercock et al. (2005) for

HRV parameters after training in sedentary men.

Training

During 7 weeks, children of IT groups followed three 30-

min sessions per week. Theses trainings were built according

to intermittent modality found in the paediatrics literature

and to fit into the scholar schedule. The training intensity

was determined for each child based on his own maximal

aerobic velocity (MAV). The sessions were composed of

short intermittent runs with exercise/recovery sequences

lasting 5/15, 10/10, 15/10, 20/20 and 30/30 s. Intensities

were set from 100 up to 190% of MAV (Table 2). Only the

two-first sessions consisted in continuous runs. Each session

was carefully supervised by a physical education teacher.

Table 1 Anthropometric characteristics, _VO2peak maximal aerobic velocity (MAV) and maximal heart rate (HRmax) results before and after

7 weeks of maximal and supramaximal intermittent (IT) training and in the control group (CON)

IT CON

Before After Before After

Age (year) 9.8 ± 0.7 9.9 ± 0.7* 9.3 ± 1.2 9.4 ± 1.2*

High (cm) 140.8 ± 6.1 142.4 ± 7.4* 138.8 ± 10.0 141.2 ± 9.6*

Mass (kg) 35.5 ± 7.9 36.4 ± 8.0* 36.2 ± 9.0 36.7 ± 9.2

_VO2peak (ml kg-1 min-1) 51.6 ± 2.8 54.1 ± 3.4* 49.9 ± 4.8 48.7 ± 5.3

MAV (km h-1) 11.3 ± 0.7 12.1 ± 0.7* 10.6 ± 1.2 10.8 ± 1.0

HRmax (bpm) 200.7 ± 8.1 201.6 ± 6.0 200.6 ± 10.2 199.5 ± 7.7

Values are mean ± SD

* Significantly different from before training period (P \ 0.05)

Table 2 Template of 30 min training sessions prescribed over a 7 weeks training program

Session Short intermittent exercises training Session Short intermittent exercises training Session Short intermittent exercises training

1 1 9 (1 9 3 min) at 80% of MAV

Time to exhaustion at 90% of MAV

8 1 9 (10 9 10 s) at 100% of MAV

3 9 (20 9 5 s) at MV

15 1 9 (10 9 10 s) at 100% of MAV

3 9 (20 9 5 s) at MV

2 1 9 (1 9 3 min) at 80% of MAV

Time to exhaustion at 100% of MAV

9 1 9 (5 9 20 s) at 100% of MAV

4 9 (5 9 20 s) at 110% of MAV

16 1 9 (5 9 30 s) at 100% of MAV

3 9 (5 9 30 s) at 110% of MAV

3 1 9 (10 9 10 s) at 100% of MAV

4 9 (10 9 10 s) at 110% of MAV

10 1 9 (5 9 20 s) at 100% of MAV

3 9 (5 9 20 s) at 110% of MAV

1 9 (5 9 20 s) at 120% of MAV

17 1 9 (5 9 30 s) at 100% of MAV

3 9 (5 9 30 s) at 110% of MAV

4 1 9 (10 9 10 s) at 100% of MAV

3 9 (10 9 10 s) at 110% of MAV

1 9 (10 9 10 s) at 120% of MAV

11 1 9 (10 9 10 s) at 100% of MAV

3 9 (20 9 5 s) at MV

18 1 9 (10 9 15 s) at 100% of MAV

1 9 (10 9 15 s) at 110% of MAV

3 9 (10 9 15 s) at 120% of MAV

5 1 9 (10 9 10 s) at 100% of MAV

2 9 (10 9 10 s) at 110% of MAV

2 9 (10 9 10 s) at 120% of MAV

12 Shuttle run test 19 1 9 (10 9 10 s) at 100% of MAV

3 9 (10 9 10 s) at 110% of MAV

1 9 (10 9 10 s) at 120% of MAV

6 1 9 (10 9 10 s) at 100% of MAV

1 9 (10 9 10 s) at 110% of MAV

3 9 (10 9 10 s) at 120% of MAV

13 1 9 (5 9 20 s) at 100% of MAV

2 9 (10 9 10 s) at 110% of MAV

2 9 (10 9 10 s) at 120% of MAV

20 1 9 (10 9 10 s) at 100% of MAV

2 9 (10 9 10 s) at 110% of MAV

2 9 (10 9 10 s) at 120% of MAV

7 1 9 (10 9 10 s) at 100% of MAV

4 9 (10 9 10 s) at 120% of MAV

14 1 9 (5 9 20 s) at 100% of MAV

1 9 (5 9 20 s) at 110% of MAV

3 9 (5 9 20 s) at 120% of MAV

21 1 9 (10 9 10 s) at 100% of MAV

1 9 (10 9 10 s) at 110% of MAV

3 9 (10 9 10 s) at 120% of MAV

MAV maximal aerobic velocity, MV maximal velocity
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Data analysis

Determination of peak oxygen uptake _VO2peak and maximal

aerobic velocity

Cardiopulmonary parameters were averaged on 5 s periods

during the maximal continuous graded exercise test. Peak
_VO2 was determined as the mean of the two consecutive

highest values. _VO2 was accepted as maximal index when

three of the following criteria were met: a levelling off of
_VO2 despite a further increase in velocity, a final heart rate

above 195 beat per minute, a respiratory exchange ration

(RER)[1, and a visible exhaustion (Berthoin et al. 2006).

The velocity of the last completed stage was considered as

the MAV (i.e. the minimal velocity eliciting _VO2peakduring an

incremental test (Berthoin et al. 1999).

Analysis of heart rate variability: Raw R–R intervals

were edited so that artefacts and non-sinus beats could be

replaced by interpolation from adjacent normal R–R

intervals. The signal was then considered to be normal, and

to provide normal-to-normal (N–N) intervals. HRV was

computed in the time and frequency domains, but also

quantitatively from the Poincaré plot analysis.

Time domain analysis: A segment of 256 s was selected

within the 300 s of the supine recording. Mean N–N inter-

val, the standard deviation of all N–N intervals (SDNN),

root mean square of differences of successive N–N intervals

(RMSSD) and proportion of differences between adjacent

N–N intervals of more than 50 ms (pNN50) were computed.

Frequency domain analysis: The same segments of

256 s were resampled at 2 Hz and detrended for sub-

sequent analysis. Spectral analysis was performed with a

fast Fourier transform (FFT) to quantify the power spectral

density of the low frequency (LF; 0.04–0.15 Hz) and the

high frequency (HF; 0.15–0.40 Hz) bands. Additional

calculations included LF ? HF, LF and HF expressed in

normalized unit, which represent the relative value of each

power component in proportion to the total power minus

the power spectral density of very low frequency (VLF;

B0.04 Hz) and the ratio LF/HF according the Task Force

recommendation for short term recordings (Task 1996).

Quantitative beat-to-beat analysis: The Poincaré plot is

a scattergram in which each N–N interval is plotted as a

function of the previous one. The Poincaré plot provides

both a qualitative and a quantitative analysis of HRV. The

shape of the plot can be used to classify the signal into one

of various classes (Tulppo et al. 1996; Mourot et al. 2004),

but also to fit an ellipse, which enables to quantify the

parameters SD1 and SD2. SD1 represents the dispersion of

the points perpendicular to the line of identity, and it is

thought to be an index of the instantaneous beat-to-beat

variability of the data. SD2 represents the dispersion of the

points along the line of identity, and is supposed to rep-

resents the slow variability of heart rate (Tulppo et al.

1996; Brennan et al. 2001).

All analysis were perform with HRV analysis Software

v1.1 (Biosignal Laboratory, University of Kuopio, Finland).

Statistical analysis

Standard statistical methods were used for the calculation

of means and standard deviations. Normal Gaussian dis-

tribution of the data was verified by the Shapiro–Wilk’s

test, and homoscedasctivity by a modified Levene test. A

logarithmic transformation was performed before the

analysis when data were skewed or exhibited heterosced-

asticity. A two-way analysis of variance (group by time)

was used to evaluate the effect of training on HRV and

other relevant parameters. The compound symmetry, or

sphericity, was checked by the Mauchley test. When the

assumption of sphericity was not met, the significance of F-

ratios was adjusted according to the Greenhouse–Geisser’s

procedure when the epsilon correction factor was\0.75, or

according to the Huyn–Feld’s procedure when the epsilon

correction factor was [0.75. Multiple comparisons were

made with the Bonferroni post-hoc test. The magnitude of

the difference was assessed by the adjusted effect size

(aES). The ES (Eq. 1) and adjusted ESa (Eq. 2) formula is

listed just below:

ES ¼ ma � mb
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ððSD2
aÞ:ðna�1ÞþðSD2

bÞ:ðnb�1ÞÞ
ðnaþnb�2Þ

q ð1Þ

ESa ¼ ES
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ð1� rÞ
p ð2Þ

where b before, a after, m group mean, SD standard

deviation, n group subject size, r correlation coefficient

between before and after data.

The scale proposed by Cohen (1988) was used for inter-

pretation. The magnitude of the difference was considered

either small (0.2), moderate (0.5), or large (0.8). Pearson

product moment correlation was used to evaluate the asso-

ciation between the baseline status of body mass index (BMI),
_VO2peak; training response (delta _VO2peak and delta MAV),

and different HRV parameters. Statistical significance was set

at P = 0.05 level for all analysis. All calculations were made

with Statistica 6.0 (Statsoft, Tulsa, USA).

Results

Anthropometric characteristics, MAV and maximal heart

rate (HRmax) measured before and after the training period
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are reported in Table 1. No significant group difference

appeared at baseline for all parameters.

A large and significant increase was found for IT in
_VO2peak (P \ 0.05, aES = 1.8) and MAV (P \ 0.05,

aES = 2.8), while it remained unchanged for CON

(P [ 0.05).

HRV parameters are reported in Table 3. No significant

difference was found for time domain, frequency domain

or quantitative parameters (P [ 0.05), whatever the group

(experimental or control). The magnitude of the difference

(aES) of relevant parameters is shown in Fig. 1.

There was no association between any of the parameters

measured in this study (P [ 0.05).

Discussion

The primary finding from the present study was the non

significant effect of 7 weeks of high intensity intermittent

exercise training programs on the autonomic cardiovascu-

lar control of prepubescent children, as measured by HRV,

despite a large increase in aerobic fitness.

Given the high interindividual variability of HRV in

children (Winsley et al. 2003), great care was taken to

standardize measurement conditions. The tests were real-

ized at the same time of the day to avoid circadian

variations of HRV parameters (Otsuka et al. 1997). Envi-

ronmental factors known to influence HRV such as

temperature, noise or strong luminosity were controlled

during each test. Moreover, recommendations for the last

24 h were given to the parents, where children were asked

to abstain from consuming caffeinated beverages and to

refrain from excessive physical activity. All together, these

precautions should have increased the signal-to-noise ratio,

thus contributing to an improved confidence in the data.

The absences of training-induced modifications of HRV

are not in accordance with Nagai et al. (2004), who

reported an increase in LF without difference in total and

HF power spectral density in healthy children with nor-

mally initial HRV values after 12 months of moderate

continuous training. In the same way, Mandigout et al.

(2002) observed an increase in HRV without alteration in

autonomic balance after an intense combined (intermittent

and continuous exercises) endurance training during

13 weeks.

In these studies, training load (i.e. intensity, duration and

frequency of training) may account for this discrepancy.

Aubert et al. (2003), Earnest et al. (2008) already high-

lighted the fact that training intensity may be an essential

factor to take into account to involve autonomic adapta-

tions. Although heart rate suffers some limitations to

quantify training intensity during near maximal or maximal

aerobic exercises (Achten and Jeukendrup 2003), data in

our study (unpublished data) were close to or sometimes

higher than the 80–90% of maximal heart rate reported by

Mandigout et al. (2002). Since training frequency was

Table 3 HRV spectral analysis results at rest before and after 7 weeks of maximal and supramaximal intermittent (IT) training and in the control

group (CON)

IT CON

Before After Before After

Time domain

Heart rate (bpm) 81.2 ± 8.9 79.7 ± 7.4 80.8 ± 6.8 82.6 ± 8.2

Mean R–R (ms) 753.3 ± 86.8 765.3 ± 76.5 756.3 ± 68.1 740.4 ± 80.7

SD (ms) 58.1 ± 20.4 58.4 ± 20.0 70.2 ± 33.9 61.9 ± 28.7

RMSSD (ms) 53.5 ± 26.3 54.2 ± 25.8 67.4 ± 32.8 61.5 ± 38.3

NN50 (ms) 93.5 ± 59.6 97.0 ± 61.6 116.8 ± 56.9 101.2 ± 69.0

pNN50 (%) 28.7 ± 20.3 30.2 ± 20.2 35.3 ± 19.2 31.1 ± 23.5

Poincaré graph analysis

SD1 (ms) 38.5 ± 18.9 39.1 ± 18.5 48.6 ± 23.5 44.4 ± 27.5

SD2 (ms) 79.8 ± 26.8 83.3 ± 28.0 93.9 ± 46.7 84.1 ± 33.6

Frequency domain

ln (LF ? HF) (ms2) 6.3 ± 0.8 6.2 ± 0.9 6.6 ± 0.9 6.3 ± 0.9

ln LF (ms2) 5.5 ± 0.8 5.5 ± 0.7 5.7 ± 1.1 5.5 ± 0.8

ln HF (ms2) 5.6 ± 1.1 5.4 ± 1.3 6.1 ± 0.8 5.7 ± 1.1

LF (n.u.) 47.1 ± 15.2 52.7 ± 17.5 42.0 ± 12.4 46.6 ± 13.1

HF (n.u.) 52.9 ± 15.2 47.3 ± 17.5 58.0 ± 12.4 53.4 ± 13.1

ln (LF:HF) -0.1 ± 0.7 0.2 ± 0.8 -0.4 ± 0.6 -0.1 ± 0.6

Values are mean ± SD
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similar to Mandigout et al. (2002) study (i.e. three sessions

per week), the single difference with this work which could

explain HRV differences between studies was the training

duration. Seven weeks may be too short to involve sig-

nificant HRV modifications. Although this point has never

been studied specifically with prepubescent children, sev-

eral adult data suggest it should not be the case. In fact, Lee

et al. (2003) reported an increase in vagal modulation of

heart rate after only eight training sessions performed over

2 weeks in young men. Moreover, Iwasaki et al. (2003)

showed that the majority of the autonomic response was

achieved after 12 weeks of moderate training in adults.

These results suggest that significant adaptations should

have been observed after 7 weeks of intense training in

healthy adults. Nevertheless these adaptations seem to be

also age-dependent as it was suggested by the studies of

Earnest et al. (2008) and Verheyden et al. (2006) in older

people. As for elderly, children could be less sensitive to

training adaptations. In our study, the children maturation

could restrain the autonomic adaptations induced by the

training as observed for maximal oxygen consumption

(Baquet et al. 2003).

An other explanation of the lack of significant result

concerns the training load that plays a key factor to induce

autonomic adaptations. High training period can lead to an

overload and an accumulation of fatigue. In adults there is

either no change in autonomic activity (Pichot et al. 2002)

or a shift of parasympathetic to sympathetic activity (Iell-

amo et al. 2002; Portier et al. 2001). In our study all

intensities prescribed were maximal or supramaximal and

could lead the children to a fatigue state. In this way, the

fatigue did not allow to observe the beneficial effect of

training on HRV parameters. This is in accordance with

Vinet et al. (2005) who found no significant difference

between highly trained and sedentary children in HRV.

Nevertheless, to the best of our knowledge, no longitudinal

study investigated the overreaching on heart rate variability

in children. Thus, it seems that an optimal intensity have to

be prescribed to induce favourable autonomic adaptation

without fatigue.

Nevertheless, it is important to underline that the HRV

measurement is a non invasive tool to estimate the activity

of the autonomic nervous system and suffers from several

limitations. It is necessary to keep in mind that variation in

heart rate is not only due to the autonomic nervous system

tone and is the result of some mechanisms as for example

the baroreflex (Cevese et al. 2001) or the respiration

(Rentero et al. 2002). Thus, some cautions should be taken

during the result interpretation and the use of other indirect

measures as the heart rate post-exercise could bring addi-

tional interesting information.

The aim of this study was to observe the effect of

7 weeks of supramaximal intermittent exercise training on

the autonomic cardiovascular control of prepubescent

children, as measured by HRV. The very large increase in

MAV was not accompanied by significant autonomic gains.

Additional data with longer training and different intensities

are needed to confirm the effect of training intensity on

HRV and the autonomic nervous system sensibility of

children to physical training.
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