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Abstract 17 

Purpose: In a sample of healthy adolescents, we aimed to investigate the effects of high intensity 18 

interval exercise (HIIE) training and detraining on baroreflex sensitivity (BRS) and its vascular and 19 

autonomic components at rest Methods: Nineteen volunteers were randomly allocated to: 1) four weeks 20 

HIIE training performed three times per week; or 2) a control (CON) condition with no intervention for 21 

the same duration as HIIE training. PRE, POST and following two weeks of detraining (DET) resting 22 

supine heart rate and blood pressure were measured and a cross-spectral method (LFgain) was used to 23 

determine BRS gain. Arterial compliance (AC) was assessed as the BRS vascular component. LFgain 24 

divided by AC (LFgain/AC) was used as the autonomic determinant of BRS. Results: HIIE training 25 

was completed with 100% compliance. HIIE did not change resting LFgain (P=0.66; effect size 26 

(ES)=0.21), AC (P=0.44; ES=0.36) or LFgain/AC (P=0.68; ES=0.19) compared to CON. Conclusion: 27 

Four weeks of HIIE training does not change BRS and its autonomic and vascular determinant in a 28 

sample of healthy adolescents at rest.  29 

Key-words:  Randomised controlled trial, exercise intensity, blood pressure, detraining, youth 30 



Introduction 31 

Elevated blood pressure is positively associated with atherosclerotic progression in healthy youth (22). 32 

A mechanism underpinning the development of hypertension is an impaired cardiac baroreflex 33 

sensitivity (BRS). In adults decreased BRS at rest has been shown to predict hypertension over five 34 

years (5), and BRS impairment measured using spontaneous indices is also observed in adolescents with 35 

pre-hypertension (6, 10, 11). Exercise training has been shown to improve BRS in healthy adults. In 36 

this population, increases in BRS were observed after 12-weeks of high-intensity interval exercise 37 

(HIIE) training (9) but not following moderate-intensity continuous training of similar duration (7, 20), 38 

indicating that the intensity of exercise may be an important determinant of BRS adaptations. However, 39 

the influence of HIIE training on BRS in adolescents is currently unknown.  40 

To better understand the role of HIIE training on BRS in youth, the BRS gain can be reliably estimated 41 

as the autonomic and the vascular components (29). Although the effects of exercise on the autonomic 42 

and vascular determinants of BRS in youth remains unknown, several observations indicate that HIIE 43 

has potential to increase the BRS autonomic component. For example, cross-sectional associations 44 

between vigorous intensity physical activity and resting autonomic function in adolescents have been 45 

reported (30), and a previous investigation has demonstrated significant increases in cardiac autonomic 46 

function following two weeks of HIIE in normotensive adolescents (1). Moreover, it has been recently 47 

shown that the autonomic compared to the vascular determinant of BRS is more responsive to acute 48 

HIIE and hyperglycaemia in healthy adolescents (27, 28). Therefore, it can be reasoned that resting 49 

cardiac BRS may be improved, thus reflecting increases in its autonomic determinant following HIIE 50 

training. 51 

In contrast, it should also be considered that improvements in resting cardiac BRS in adolescents, via 52 

augmented vascular component, may not be observed following HIIE training. The vascular component 53 

can be assessed using common carotid artery (CCA) compliance (29). In adults, 12 weeks of aerobic 54 

training improved resting cardiac BRS that was positively associated with increases in CCA compliance 55 

(23). However, in youth whether training can improve CCA distensibility is as yet unclear due to an 56 



already elevated CCA distensibility in 12-years old adolescents compared adults aged 21 years (18). 57 

Indeed, a physiological ceiling effect may exist in healthy arteries impeding further adaptations to CCA 58 

compliance following training (25). Altogether, these results imply that the vascular component of BRS 59 

is unlikely to improve following training. Additionally, a better understanding of training effects can be 60 

achieved by the imposition of a detraining period. For example, in adolescents improvements in resting 61 

HRV and arterial function at 24 hours were reversed after 72 hours following HIIE training cessation 62 

(1). These data show that detraining following HIIE training may reverse putative training-induced 63 

adaptations to resting cardiac BRS in youth. 64 

The aim of this study was to investigate in healthy adolescents the effects of four weeks of HIIE training 65 

and two weeks of detraining on resting cardiac BRS and its autonomic and vascular determinants. We 66 

hypothesised that HIIE training would improve cardiac BRS due to a significant increase in its 67 

autonomic component with no observable effects on the vascular component. We also reasoned that 68 

improvements in cardiac BRS after training would be lost following two weeks of training cessation in 69 

healthy adolescents.  70 

Methods 71 

Participants  72 

Twenty-one male adolescents volunteered to take part in this study. Participants were recruited using a 73 

convenient sample from local secondary schools. Assemblies were conducted to explain the risk, 74 

benefits and the protocol of the study. At the end of each assembly, envelopes containing the study 75 

details were distributed. A total of 70 envelopes were delivered to potential participants from which 21 76 

were returned. All 21 volunteers who returned the envelopes were enrolled in the study and randomly 77 

allocated to either a control (CON) or a HIIE training group. Health screening questionnaires were 78 

completed before participation, and all volunteers were free of any contraindications affecting the 79 

cardiac autonomic and vascular systems, such as asthma, congenital heart disease, and hypertension 80 

(35). All adolescents who volunteered and their parents/carers provided signed assent and consent 81 



forms, respectively. All procedures performed were approved by a local ethics committee (Ref No: 82 

161207/B/02) and the study conformed to the standards set by the Declaration of Helsinki.  83 

Study design  84 

Participants performed four visits to the laboratories consisting of: 85 

Visit 1 (familiarisation): Participants were familiarised to the procedures of the study followed by 86 

measurements of stature and body mass, body fat percentage (BF%), and maximum aerobic speed 87 

(MAS). To determine MAS for prescription of the HIIE training, a 20 m shuttle run test was performed. 88 

For this, participants ran back and forth to cones set 20 m apart with the speed guided using a pre-89 

recorded audio cue. Speed increased by 0.5 km·h-1 at the end of each stage (19). The 20 m shuttle run 90 

test was chosen because it provides a reliable and valid assessment of the MAS (36) to guide all training 91 

intensity during HIIE training intervention. Heart rate (HR) was monitored (Polar Team2, Polar, 92 

Kempele, Finland) and maximum effort was considered when participants achieved a HR within 90% 93 

of age predicted maximum (i.e. 220 – age), displayed signs of subjective fatigue, and an unwillingness 94 

to continue the test despite strong verbal encouragement. For descriptive purposes, body fat percentage 95 

was determined using air displacement plethysmography (BodPod®, Concord, California, USA) and 96 

participants received a package containing adapted drawings of pubic hair development for self-97 

assessment of maturity status (26). 98 

Visit 2 (PRE): This visit took place 2-10 days following visit 1. Following an overnight fast, participants 99 

were transported to the laboratory with a car and completed baseline measures between 8-9 a.m. Before 100 

visit 2, participants were instructed to avoid formal exercise in the 48-hParticipants were fitted with a 101 

three-lead ECG and a finger cuff (Finometer PRO, Netherlands). The BRS protocol started after 10-min 102 

of supine rest in a temperature (21-24 ºC) and light controlled room. The BRS protocol consisted of the 103 

following: 1) two automatic measurements of brachial blood pressure were conducted using the return-104 

to-flow method with a Finometer to obtain a brachial reconstructed blood pressure assessment (8); this 105 

device has been validated to monitor blood pressure in children (32); 2) after calibration, images of the 106 



common carotid artery (CCA) were recorded for 15 cardiac cycles; and 3) participants were instructed 107 

to pace their breathing frequency at 12 cycles per min for five minutes (38-40). This breathing frequency 108 

was chosen because it increases autonomic modulation in adolescents (40), and we have recently shown 109 

using phase and coherence that the feedback nature of BRS is measured using this protocol (28). The 110 

procedures were completed in the described order and lasted ~20 min (including the 10-min rest 111 

preceding the protocol).  112 

Visit 3 (POST): This visit took place four weeks following visit 2 and the training intervention. The 113 

procedures of visit 3 were identical to visit 2. To avoid possible effects of detraining, or the acute 114 

influences of the last training session, Visit-3 took place 48-h following the last training session for the 115 

HIIE condition. To match the time elapsed between data collection for the HIIE condition, Visit-3 for 116 

CON was always completed 48-h later and following four weeks after completion of Visit-1.  117 

Visit 4 (detraining – DET): This visit took place two weeks following visit 3 for both CON and HIIE 118 

groups. This visit was identical to visits 2 and 3.  119 

Group allocation  120 

Group allocation was conducted by two researchers and participants were not present. The allocation 121 

procedures were completed following Visit-1. Participants were randomly allocated to either CON or 122 

HIIE group. For this, a simple randomisation was conducted by drawing 21 identical cards from a closed 123 

container. The cards were blindly assigned to each participants’ codes that were inside 21 shuffled 124 

opaque envelopes. The group assignment was revealed after randomisation took place and participants 125 

and parents contacted to arrange Visit-2. Due to the nature of the intervention, participants were not 126 

blind to the conditions. Researchers were however, blinded for data handling and statistics for which 127 

code numbers were used.  128 

Training intervention  129 

Participants allocated to the HIIE group performed three training sessions per week for four weeks 130 

providing a total of 12 HIIE sessions. The HIIE sessions were performed in the morning at the school 131 



sports hall. For HIIE sessions 1-6, participants performed eight bouts, for HIIE sessions 7-9, participants 132 

performed 10 bouts, and for HIIE sessions 10-12, participants performed 12 bouts of 1-min running, 133 

each interspersed by 75 s of recovery. During the 1-min running, participants continuously ran between 134 

two cones set apart to allow the speed to match participants 90% of MAS (i.e. the distance between the 135 

cones varied between participants). To pace individual speeds, at every six seconds (i.e. 10 times per 136 

minute) a sound cue was emitted to which participants should be at their individual cone. During 137 

recovery, participants performed one bout at ~ 4 km·h-1 between the cones and remained passive for the 138 

remaining 75 s of the recovery period. All training sessions were preceded by a 1-min warm up 139 

performed at 6-km/h. For the CON group, no intervention was performed. All participants in the present 140 

investigation kept their usual physical activity, exercise and physical education routines. 141 

For all training sessions, HR was monitored (Polar team 2) and internal training load calculated using 142 

the Edward’s training impulse (TRIMP) method (2). The time spent in five different HR zones was 143 

multiplied by 1-5, respectively. The zones were calculated as 1=50-60%; 2=60-70%; 3=70-80%; 4=80-144 

90%; and 5=90-100% of peak HR obtained during the shuttle run test. This was used as a descriptive 145 

measurement of the participants’ internal training load during the HIIE sessions and is presented in 146 

Table 1.  147 

Baroreflex sensitivity  148 

The BRS analysis procedures for the present study were performed according to previous paediatric 149 

work by our group (27-29) and others (3, 18) using validated (31), and reliable (29) methods. ECG and 150 

BP were recorded simultaneously at 1000 Hz (PowerLab, ADInstruments) and RR intervals and systolic 151 

blood pressure (SBP) data extracted and saved for later analysis. Ectopic beats were automatically 152 

identified and linear interpolation with a low filter was applied when <3% error was present (Kubios 153 

v3.0) (33). Systolic blood pressure and RR intervals were visually checked before data analysis. 154 

Integrated gain (LFgain) of BRS was determined from the final five minutes of the BRS protocol. For 155 

this purpose, beat-to-beat RR interval and brachial reconstructed systolic blood pressure were 156 

interpolated at 2 Hz, de-trended using a linear function and filtered using a Butterworth filter set to 0.95 157 



Hz. A Fast-Fourier Transformation was then applied using a Welch method to obtain the power 158 

spectrum in the low frequency band (LF = 0.04 – 0.15 Hz) and a cross-spectral transfer function was 159 

then calculated to evaluate baroreflex gain, defined as the average of the cross-spectrum divided by the 160 

power spectrum of systolic blood pressure in the range where the coherence was > 0.5, hence expressed 161 

in ms mmHg-1. LFgain was calculated using a laboratory devised programme in Python 162 

(https://www.python.org).  163 

Vascular and autonomic determinants  164 

For determination of the vascular and autonomic determinants of BRS, we used a previously described 165 

reliable protocol in adolescents (29). CCA images were recorded ~ 2 cm distal from the carotid bulb 166 

using a high-resolution (~ 13 MHz) linear array transducer (Apogee, 1000, SIUI, China). The images 167 

were obtained over 15 cardiac cycles recorded at 15 frames per second. Subsequently, CCA images 168 

were analysed using validated wall tracking software (Carotid Analyzer - Medical Imaging Applications 169 

LLC) (21) for determination of diastolic lumen diameter and systolic lumen diameter. The average of 170 

3-7 cardiac cycles with clear definitions of the near and far intra-media thickness was used. During the 171 

15 cardiac cycles, beat-to-beat brachial reconstructed blood pressure (8) was averaged and used to 172 

determine pulse pressure. The vascular components of BRS were determined according to previously 173 

published literature (17):  174 

Arterial compliance – AC (μm·mmHg-1) = ΔD/PP 175 

Where ΔD is systolic lumen diameter minus diastolic lumen diameter, and pulse pressure is the obtained 176 

pulse pressure; 177 

The autonomic and vascular determinants of BRS were determined according to a previous study (18). 178 

Briefly, AC was considered as the vascular component of the BRS and expressed as μm·mmHg-1. To 179 

calculate the autonomic determinant, LFgain was divided by the AC and expressed as LFgain/AC in 180 

ms·μm-1.  181 



Autonomic modulation  182 

Heart rate variability (HRV) was obtained in the five minutes when BRS was measured according to 183 

published guidelines (34). For this, a Fast Fourier Transformation was applied and the area under the 184 

low (HF: 0.15 to 0.50 Hz) and high frequency (HF: 0.15 to 0.50 Hz) were calculated in absolute units 185 

(ms2). The relative contribution of HF and LF were also obtained and expressed in normalised units 186 

(nu), and the LF/HF ratio calculated. HF is known to reflect parasympathetic modulation whilst LF 187 

reflects overall autonomic modulation (34). Finally, to avoid a possible saturation effect following 188 

aerobic training (13), HF was divided by HR to obtain an autonomic modulation measure normalized 189 

by HR. 190 

Statistical analyses  191 

Based on the between-day coefficient of variation of the LFgain/AC of 20% a sample size of 9 192 

participants would be required to obtain a large effect size with a power of 0.80 and an alpha of 0.05, 193 

as previously discussed (29).  194 

Data are presented as mean and standard deviation unless otherwise stated. Normal distribution was 195 

investigated using Shapiro Wilk’s test and log transformation performed when appropriate. To compare 196 

the effects of training on the resting (Baseline) measures, a series of univariate analysis was performed. 197 

For this, delta changes (POST-PRE) were calculated and inserted in the model as the dependent variable. 198 

Group (HIIE or CON) was inserted as fixed factor and the baseline measures (PRE) used as covariate 199 

to control for baseline differences between the groups. Results from univariate analysis are presented 200 

as mean and standard error adjusted to the corresponding PRE values. The group effect was then 201 

obtained, and effect sizes calculated for the between groups comparisons after adjustments for the 202 

baseline values. Effect sizes were interpreted as <0.2 (trivial), ≥0.2 (small), ≥0.5 (moderate) and ≥0.8 203 

(large) (4). To compare the effects of detraining, a similar approach was used only when a training effect 204 

was obtained. For this delta changes (DET-POST) were inserted as dependent variable, group as fixed 205 

factor, and the POST measures as covariate. SPSS was used for all analysis, and P<0.05 was considered 206 

statistically significant.  207 



Results 208 

From the initial 21 participants, two dropped out after visit 2 for reasons unrelated to the study (one 209 

participant dropped out due to illness and the other for personal reasons). The final sample size included 210 

in the analysis was 19. Participants’ descriptive characteristics are presented in Table 2. Training 211 

compliance was 100% for the HIIE sessions and no adverse effects were reported. Table 1 shows a 212 

constant increase in training load and average HR in each training session over the four weeks.  213 

HIIE training and detraining on resting measurements 214 

Changes in resting BRS and its autonomic and vascular determinants are presented in Figure 1. There 215 

were no effects of HIIE training for LFgain (adjusted change in means CON=-0.01, HIIE=1.4 216 

ms·mmHg-1; P=0.66; ES=0.21), AC (CON=2.4, HIIE=0.9 µm·mmHg-1; P=0.44; ES=0.36), and 217 

LFgain/AC (CON=-0.02, HIIE=0.09 ms·µm-1; P=0.68; ES=0.19).  218 

Figure 1 here 219 

Resting cardiac autonomic modulation and blood pressure is presented in Table 3. There were no effects 220 

of training on vagal related HRV measures: HF (adjusted change in means CON=-0.01, HIIE=0.13 ms2; 221 

P=0.58; ES=0.26), HF/HR (CON=0.001, HIIE=0.011 ms2·bpm-1; P=0.20; ES=0.61). Similarly, no 222 

effects between groups for changes in HR (CON=1, HIIE=-4 bpm; P=0.10; ES=0.80), SBP (CON=-223 

2.3, HIIE=-2.4 mmHg; P=0.97; ES=0.01), or DBP (CON=1.8, HIIE= -3.7 mmHg; P=0.20; ES=0.62) 224 

were observed. 225 

Discussion 226 

This is the first randomised controlled trial to investigate the effects of four weeks of HIIE training and 227 

detraining on BRS and its autonomic and vascular determinants in healthy adolescents. The main 228 

findings of the present study were: 1) there was no effect of HIIE training on resting cardiac BRS and 229 

its autonomic and vascular determinants; and 2) because no effect of training was observed, detraining 230 

did not influence any of the outcomes.  231 



Our present findings showed that resting BRS does not change after four weeks of HIIE training in 232 

healthy adolescents. The lack of adaptations following HIIE training in the present investigation is an 233 

interesting observation given previous work in adults that reported improvements in BRS following 234 

training. For instance, significant BRS improvements were observed after 12-weeks of repeated sprint 235 

training in overweight adults (9), and one investigation including older adults (56 years old), increases 236 

in BRS were observed following 12 weeks of aerobic training at 65% of maximal aerobic capacity (23). 237 

Several differences exist between the present study and the cited literature, which may explain the 238 

different results. For example, the training characteristics such as intensity (i.e. moderate, and sprints) 239 

and duration (12-weeks) were different than that used in the present investigation. Moreover, the 240 

participants in the cited investigations were elderly (23) and overweight adults (9) who present lower 241 

BRS compared to young healthy adolescents (16, 18). Indeed, LFgain in the present investigation (CON 242 

= 23.1 ± 10.7; HIIE = 21.8 ± 6.12 ms·mmHg-1 at PRE) is higher compared to data in 12-years old 243 

adolescents (e.g. ~ 8 ms·mmHg-1) (18) but comparable to adolescents of similar age (3) and previous 244 

work from our group (27-29). These studies and the present investigation indicate that in contrast to our 245 

hypothesis, BRS does not improve with HIIE training in healthy adolescents. Future studies are 246 

encouraged to investigate the effects of HIIE training on BRS in adolescents with conditions known to 247 

decrease BRS such as hypertension and obesity (11). 248 

A novel aspect of the present investigation was to investigate the influence of HIIE training on the 249 

autonomic and vascular determinants of BRS. Regarding the vascular component, no effects of HIIE 250 

were observed following 4-weeks of training. This finding is different to training studies involving 251 

adults when improvements in BRS and AC have been reported. For example, Monahan, Tanaka (24) 252 

showed a positive association between increases in CCA compliance and increases in BRS following 253 

training in healthy adults. The lack of increases in CCA compliance in the current study shows that HIIE 254 

training does not alter this parameter at rest, and corroborates the recent hypothesis of a ‘ceiling effect’ 255 

in arteries of healthy adolescents, which present an optimal CCA compliance (25). 256 



No significant improvements were observed in the autonomic determinant of BRS estimated as the 257 

LFgain/AC. Although no investigation in adolescents exists to compare our findings, a cross-sectional 258 

investigation involving older adults has shown no effect of training status on the autonomic determinant 259 

of BRS (23). Conversely, other cross-sectional data highlights that the autonomic determinant of BRS 260 

is higher in participants with a higher training status (15). Contrasting the present investigation with the 261 

cited literature is challenging due to the cross-sectional design of the cited studies (15, 23), the study 262 

population (i.e. adults, older adults) (23), and the methods used to measure the autonomic component 263 

of BRS (i.e. vasoactive drugs, Valsalva manoeuvre, and spontaneous indices) (15, 23).  264 

In the present study, no effects of HIIE intervention was noted on resting autonomic modulation 265 

measured via HRV, which corroborates with the lack of improvements on the autonomic determinant 266 

of BRS. This is a surprising finding, as in a sample of similar healthy adolescents, two weeks of HIIE 267 

caused significant increases in vagal-related HRV (1). Although a lack of a control group impedes 268 

conclusions about the training effect in the previous work, a possible explanation for the differences 269 

between our present findings and Bond, Cockcroft (1), may lie in the likely presence of saturation of 270 

vagal modulation in the present study. A saturation represents a HR point at which no more 271 

improvements in HRV can be observed (14). In our present investigation, a trend was observed for a 272 

decrease in resting HR with a large effect size between CON and HIIE (P=0.10; ES=0.80). We further 273 

normalised HF according to HR to decrease the saturation effects and a moderate effect size, although 274 

not significant, was then observed between HIIE and CON (ES=0.61). It is recognised that 24 hours 275 

HRV analysis is usually required to obtain a measurement of saturation (13); however the lack of 276 

improvements in HRV in the present investigation should be interpreted with caution. Finally, it is 277 

currently unknown whether increases in vagal modulation would reflect a better cardiac BRS. 278 

Several strengths of the present investigation should be noted including the randomised controlled trial 279 

design. Similarly, compliance with the HIIE training was excellent (100%) and we carefully controlled 280 

exercise intensity using direct measures of internal responses to exercise (i.e. TRIMP), which was 281 

progressively increased (see Table 1). We also performed a comprehensive analyses of the autonomic 282 



and vascular determinants of the BRS using reliable methods (29). Another strength of the present 283 

investigation was the timing between the end of HIIE training and the post-training measurements. To 284 

avoid possible detraining or acute effects of the last bout on the autonomic and arterial systems, 285 

participants were tested 48-h after the last training session. 286 

Several limitations are worth reporting. For example, the convenience sampling approach limits the 287 

findings to a specific sample of adolescents in terms of fitness levels. For example, using reference 288 

values Tomkinson et al., (2017) (37) all but one of the participants had MAS > than the 60th percentile 289 

(CON: p90 n=2, p80 n=1, p70 n=3, p60=2 and p20=1; HIIE: p90 n=3, p80 n=3, p70=3, and p60=1). 290 

However, as most of participants in our sample had fitness levels >p60 for their age the influence of 291 

fitness cannot be properly addressed. Moreover, due to the lack of fitness assessment following the 292 

training intervention it is not possible to know whether training increased fitness and whether fitness 293 

could act as a potential mediator of BRS changes with training. Similarly, we could not totally control 294 

for the exercise activities undertaken by the participants outside the CON and HIIE interventions. It is 295 

likely that participants were involved in some exercise routines, which increased the overall training 296 

load during the four weeks and a ceiling effect was likely present for the adaptations of the autonomic 297 

system, as previously described (12). Another limitation is that for the measures of arterial compliance 298 

BP was not obtained at the CCA which may not adequately represent the distensile force experienced 299 

by the baroreceptors located in the carotid bulb. Finally, caution should be taken when interpreting the 300 

results due to the small sample size in the present study, which is powered (80%) to find a significant 301 

(alpha 0.05) for large effect sizes. 302 

Conclusions  303 

A four-week HIIE intervention did not change resting BRS and its autonomic and vascular determinants 304 

in a sample of healthy adolescents. Our findings highlight that in healthy adolescents, any training 305 

benefits derived from HIIE does not change the mechanisms of beat-to-beat control of BP at rest. 306 

Investigations using other training strategies (i.e. > 4 weeks) and targeted groups (i.e. obese or pre-307 

hypertensive) are warranted.   308 
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Figure legends 

Figure 1: Individual data of baroreflex sensitivity and its autonomic and vascular determinants at 

baseline, post training, and at detraining.  





Table 1: Mean and standard deviation of the observed training load and heart rate profile during 

the 12 training sessions  

Training 

session 

Internal training 

Load (AU) 

Average 

HR (bpm) 

Average 

HR (% of 

max) 

Peak HR  

(bpm) 

Peak HR  

(% of max) 

First 72.3±8.6 157±12  76.9±4.6 197±9  96.8±2.2 

Second 75.2±9.2 161±11  79.1±3.3 199±11  97.9±2.5 

Third 75.1±8.5 162±10  79.4±3.5 198±6  96.7±2.7 

Fourth 75.5±8.9 161±10  79.2±3.7 196±8  96.2±2.8 

Fifth 73.7±7.7 159±7  77.9±3.2 196±7  96.1±2.4 

Sixth 70.3±8.7 158±9  77.6±3.6 194±7  95.1±2.7 

Seventh 87.1±7.8 161±7  78.9±3.0 196±7  96.1±2.2 

Eighth 81.4±6.9 158±8  77.5±3.1 193±8  94.9±2.7 

Ninth 81.7±9.8 155±11  75.9±3.8 193±9  94.7±3.1 

Tenth 101.3±7.7 160±8  78.0±2.8 197±9  95.9±2.8 

Eleventh 99.6±11.4 159±10  77.0±3.7 194±7  94.5±2.1 

Twelfth 98.8±9.4 159±8  78.0±2.9 194±7  95.3±1.7 

 HR: heart rate. Bpm: beats-per-minute 



Table 2: Participants characteristics. 

 Pre Post Detraining 

 CON (n=9) HIIE (n=10) CON (n=9) HIIE (n=10) CON (n=9) HIIE (n=10) 

Stature (cm) 164.1±9.8 159.3±8.6 166.6±10.4* 161.1±8.7* 166.6±10.3* 161.1±8.7* 

Body Mass (kg) 50.1±8.8 44.4±6.2 50.2±8.7 45.0±6.2 50.8±8.8 45.2±6.1 

Fat mass (%) 21.6±7.5 18.0±7.3 21.9±9.1 18.4±6.2 21.3±7.9 17.6±6.4 

Tanner 

1=0 
2=1 
3=4 
4=4 
5=0 

1=1 
2=4 
3=1 
4=3 
5=0 

– – – – 

MAS (km·h-1) 11.8±0.9 12.2±0.5 – – – – 

Age (y) 13.2±0.5 13.3±0.5     

HIIE: high-intensity exercise. CON: control. MAS: maximal aerobic speed.  *P<0.05 compared to PRE.  



Table 3: Mean and standard deviation of autonomic modulation at pre, post and detraining for both groups.  

 Pre Post Detraining 

 CON (n=9) HIIE (n=10) CON (n=9) HIIE (n=10) CON (n=9) HIIE (n=10) 

HR (bpm)  63±6 60±8 62±8 57±5 60±7 59±7 

HF (ln) 8.7±0.9 8.6±0.8 8.7±0.9 8.7±0.8 8.7±0.8 8.7±0.8 

HF adjusted HR (a.u.) 0.14±0.03 0.14±0.02 0.14±0.03 0.16±0.02 0.15±0.03 0.15±0.02 

LF (ln) 7.3±0.5 7.0±0.7 7.7±1.03 7.4±0.7 7.8±0.6 7.4±0.8 

Total power (ln) 16.0±1.3 15.6±1.4 16.4±1.9 16.2±1.2 16.5±1.3 16.1±1.4 

HF (nu) 79.6±7.2 81.6±10.7 72.7±9.7 76.5±11.8 70.3±9.6 76.2±11.3 

LF (nu) 20.3±7.3 18.1±10.7 27.2±9.8 23.4±11.9 29.6±9.7 23.5±11.4 

LF/HF (a.u.) 0.26±0.10 0.25±0.19 0.40±0.19 0.34±0.24 0.44±0.18 0.34±0.23 

SBP (mmHg) 111.1±6.3 111.8±7.1 108.9±11.0 109.3±7.5 110.2±12.3 110.2±11.0 

DPB (mmHg) 64.9±8.2 60.1±7.3 65.9±11.9 57.2±7.1 60.7±7.9 61.8±8.1 

CON: Control group. HIIE: Training group. HR: heart rate. HF: high frequency. LF: low frequency.  
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