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ABSTRACT

The purpose of this study was to compare the aghysiological responses within and between resistan
training (RT) and high intensity interval trainirflliT) matched for time and with comparable effart, a
school setting. Seventeen early adolescents ¢12.9 y) performed both RT (2-5 repetitions pereéishort of
failure at the end of each set) and HIIT (90% of agedicted maximum heart rate), equated for iotak set
and recovery period durations comprising of 12s'set 30 s work followed by 30 s recovery (totassien time
12 min). Variables of interest included oxygen aonption, set and session heart rate (HR) and rate o
perceived exertion (RPE), and change in salivartism (SC), salivary alpha amylasea§, and blood lactate
(BL) from pre- to post-session. Analyses were catelll to determine responses within and betweertvtbe
different protocols. For both RT and HIIT therereeery large increases pre- to post-trial for $@ BL, and
only BL increased greater in HIIT (9.1 + 2.6 mnrof) than RT (6.8 + 3.3 mmel™). Mean set HR for both RT
(170 £ 9.1 bpm) and HIIT (179 + 5.6 bpm) was aste#6% of HR maximum. V©Oover all 12 sets was greater
for HIIT (33.8 + 5.21 mlkg*min™) than RT (24.9 + 3.23 mkg*:min™). Brief, repetitive, intermittent forays
into high, but not supra-maximal intensity exercisiising either RT or HIIT appeared to be a poten

physiological stimulus in adolescents

KEYWORDS: Energy Expenditure, Physiological, Metabolic, Bstent, Youth



INTRODUCTION

High intensity interval (intermittent) training (HI) is now acknowledged as a potent
exercise modality, if not yet universally accepésda viable public health strategy (4). Most
research on HIIT has focussed on training induakaptation resultant from interventions,
often comparing relative efficacy with lower or napdte intensity steady state exercise, and
often utilising young male adults as the subjectory in laboratory settings. Recent reviews
(15,26) detailed studies investigating the genkeadlth outcomes of HIIT interventions in
adolescents and concluded that the evidence, glthdmited, supports its efficacy and
feasibility with the youth cohort. Less evidenceaigailable for the acute physiological
responses to HIIT in adolescent populations. Soesearch has detailed the physiological
and endocrine responses in youth during short tspursts, such as a Wingate style 30 s
maximal cycle sprint (2,10,18), supra-maximal 4 nmtermittent efforts (13), and repeated
sets of 1 min work interspersed with 1 min recovédy). Some age (6) and body
composition status (13) specific responses to esein general are apparent, although it is
often dependent on the variables measured (40)eTisehowever a paucity of research
specifically investigating the acute physiologicasponses to HIIT in youth particularly in

real world settings, such as schools.

Resistance training (RT) is a recommended compootmgfeneral activity guidelines for
youth (19), and general muscular fitness is assatiavith health related benefits in this
cohort (35). A large and expanding body of evidemederpins the recommendations across
a wide variety of populations including childrendaadolescents, but similarly to HIIT
research, limited information on the acute phygjmal responses to resistance training in
adolescents exists, although a recent review tlghiguletails endocrine responses (20). To

our knowledge, no research has specifically contptire acute responses to HIIT with equi-



time and comparable effort RT in adolescents. Suchpproach would serve to better detail
some fundamental mechanisms underpinning potdraiaing induced adaptations. It would
also determine if RT could potentially provide miegful improvements that enhance not
only the known neuromuscular adaptations resuftanmt recommended training parameters,
but also positive cardiorespiratory adaptatione@ased with typical cardiovascular training
modalities. Additionally, intensity prescriptionrfellIT typically uses a target output such as
percentage of maximum heart rate or previouslyoisteed maximum workload. Intensity or
‘effort’ in RT typically prescribes loads based pmor assessment of actual or estimated one
repetition maximum (1RM) or on perception of effahd is traditionally structured with the

intention of eliciting predominantly neuromuscutaaptations.

Hence the primary purpose of this study was torm@sa@and compare the acute responses for
oxygen consumption, salivary cortisol (SC) and alpimylase (&), blood lactate (BL),
heart rate (HR), and both set and session rateroejved exertion (RPE) within and between
equi-time and comparable effort sessions of RT ldHd in early adolescents, in a school

setting where HIIT was structured to elicit a tarng&® and RT a target load effort.

METHODS

Experimental approach to the problem

All subjects acted as their own control in a repdaheasures, randomized crossover design
in which subjects performed both RT and HIIT, sapedt by at least three days. Subject
groups were divided so nine individuals performeld fiRst, and eight performed HIIT first.
Trials were exactly equated for total work set aswbvery period durations comprising of 12

‘sets’ of 30 s ‘work’ followed by 30 s recovery. S§teng was conducted in-school within an



unoccupied classroom at various times over a nosctabol day (between 9 AM and 3 PM),
but each subject performed both trials at the same of day to account for diurnal variation
in key physiological measures. Subjects were askgebrform each trial with identical 16 h
pre-trial preparation such as nutrition, activitgxercise, and sleep (as practicably as
possible). Variables of interest included oxygenstonption via gas analysis, total energy
expenditure (TEE) via indirect calorimetry, SC &A, BL, HR, and both set and session
RPE. Analyses were conducted to determine withih laetween trial differences in these

variables.

Subjects

After approval from the institutional ethics comted, students from three class groups in
year eight (N=77, typical age for year group 12y)3within one school were invited to
participate in this study. Individuals were eligiblo participate if they were able to be
regularly involved in the physical aspects of tlenpulsory physical education curriculum,
and did not have any medical or orthopaedic isshaswould either limit their ability to
participate in strenuous exercise or confound tbg ghysiological measurements. The
number of subjects was limited to 18 given prattregourcing requirements. Hence, one
week after an information session was delivered iaf@mation sheets provided, all those
who had provided signed informed assent and guaidfarmed consent were at that stage
eligible for randomised selection to be part of shedy (N=25). One subject later withdrew
owing to a serious injury unrelated to this studgnceforth all subsequent data represents
N=17 (M=8, F=9). Subject baseline characteristies @esented in Table 1. The age offset
from peak height velocity (PHV), termed ‘maturityfset’ was estimated from age and
anthropometric measurements (body mass, standinghtheand sitting height) (29).

Generally, the cohort represented a cross-sectfoactvity levels with some subjects



actively involved in intra- and extra-curricularcsfs, some in recreational sport, and others
not engaged in any structured physical activitysmig the compulsory physical education

curriculum.

**Table 1 about here**

Procedure

Standardized, progressive familiarization period. For a total of four weeks prior to
performance of the acute physiological responssi@es, all subjects actively participated in
thrice weekly progressive familiarization sessiolhle intention of these sessions was to
ensure all subjects gained sufficient movement aianey required to perform the resistance
training exercises, and to progressively becomeili@med with the requisite intensity,
modalities, session structure, and equipment usetlding all testing procedures). Twice
weekly, and typically separated by two to threesdd@®T sessions were delivered by at least
two supervising New Zealand Registered ExerciséeBsmnals (NZ REP). These sessions
initially focussed on unloaded general movement metency and technique, then some
gradual and progressive increase in loading. Fer fthal three sessions the resistance
training sessions were performed with individugtisescribed loads. The exercises used
during the sessions focussed on squats, push-ngsa anodified pull-up (supine pull), but
derivatives of all three exercises were also inetudo add variety to the sessions (36).
Loading was body mass only utilizing body positionload alteration, except some subjects
utilized a sand bag as external resistance forsth@t. Once weekly HIIT sessions were
delivered by a NZ REP, to introduce use of the eyaigometers (Monark 824™, Vansbro,
Sweden) and non-contact boxing technique usinghgihg boxing bag and a 40cm handheld
round pad. Subjects wore boxing gloves and werechmxh in fundamental techniques,

including basic combinations. In a similar manreethte RT sessions, the initial focus was on



technique, safety, and familiarization with sesstmicture, HR monitoring and RPE usage,
before incrementally progressing intensity. Tatg®'s were communicated and all subjects

were encouraged to reach their target by both meersupervising NZ REP.

Physical profiling. During the familiarization phase prior to the acplgsiological response
trials, all subjects were assessed for generadgrusing protocols based ostensibly on the
‘FITNESSGRAM®'’ assessment battery (1). Brieflyettests were: aerobic capacity with a
multistage 20m shuttle run; a 90° push-up to faila supine pull; and grip strength. The
assessment results provided a physical charaatepstfile of subjects and allowed an

estimation of effort relative to maximums during tcute physiological response trials.

RT acute physiological response trial. After collection of the baseline saliva sample and
BL, the subjects were fitted with the face-maskremied to the online gas analysis system
(Metalyzer 3B system™; CORTEX Biophysik- GmbH, LegzGermany) and HR monitor
(Polar™, Finland). An 8-10 min seated passive period ehguevhich baseline V@and HR
data were averaged over the final 5 min once igw-tata indicated a steady state resting
plateau. The passive period was conducted seatadclassroom in which there was only
occasional incidental activity, otherwise it wasequvithin the context of an operating school
environment at various times of the school daytahdardized warm-up period consisting of
3 min of stationary cycling at approximately 70 Wasvthen performed. Following that,
subjects performed two sets of each of the threeceses used. The first set was performed
for eight repetitions at a slow pace using effedtivvery light loads by adjusting body
position. The next set was performed using 10 repes at a perceived medium load by
adjusting body position or, for the squat, holdangand bag. Dynamic stretching consisting

of a variety of leg and arm swing movements waa fyexrformed for a total of approximately



1 min. The total duration of these warm-up actatincluding transitions was approximately
6 min. Once completed, an approximately 1 min gkemsued in which the researcher
reiterated session instructions and the subjetanasd the starting position for the first
exercise. For the main trials, during which physgital data was monitored, three exercises
(wide stance squat, push-up, and the supine peli¢ werformed in sequence for exactly 30 s
each, followed by a 30 s passive rest period, apeated four times consecutively in that
order for a total of 12 work sets as detailed ibl€a2. Load was prescribed based on
completion of approximately 10-15 repetitions gteaceived effort level of approximately 2-
5 repetitions short of failure at the end of eaety determined by specifically asking ‘how
many more do you think you could have done?’, vioihd adjustments made accordingly
after each set if needed. Additionally, a set RRE® was targeted. The structure was
designed to meet stated guidelines for youth =sest training (19), but in a time efficient
manner by structuring the order of the exerciseallow the appropriate rest between
repeated efforts on the same muscle group, andcaisoeivably result in work intensity

equivalent of at least a so-called ‘vigorous’ catgg21) level.

**Table 1 about herex*

HIIT acute physiological response trial. After baseline measures were completed as per
the RT trial, a standardized warm-up period coimgisbf 4 min of stationary cycling at
incrementally increasing load (from 50 W to 100 Wjs first performed. Within the last 1
min of the warm-up period, two ‘bursts’ of 10 s leat approximately the target workload
were performed. Subjects then dismounted the dgcierform 1 min of non-contact boxing
with general instructions on basic combinationdéoused. One burst of 15 s hard boxing

was included. General dynamic stretching including ‘swinging’ was then performed. The



subject then returned to the cycle ready to comméhe trial whilst key instructions were

reiterated.

The structure of the trial after warm-up was: 3s#t30 s work on the cycle, then 3 sets of
30 s boxing, then another 3 sets on the cycle sradlyf 3 more sets of boxing to total 12
work sets as per the RT trial. Boxing sets weredooted using the 40 cm round target pad
used in familiarization. All work sets were inteesped with 30 s passive recovery, during
which subjects either remained seated on the @ycdmply stood between boxing sets. The
prescribed work set intensity was target HR 90%g# predicted maximum (HR) and>7
RPE. Work set load was prescribed in referencentbvidual HR responses from the
previous familiarization sessions with minor admehts made during trial sessions as
needed to meet the target HR. External encouragemeemeach target HR was used

consistently throughout HIIT.

SC and SaA. Saliva was collected at passive baseline immedgigigbr to starting each
trial, and then again at 10 min post completiothef final work set. Subjects were asked to
abstain from brushing their teeth or eating for réth prior to testing. Subjects were
instructed to first thoroughly rinse their mouththvivarm water and spit the rinse, then after
approximately 1 min an un-stimulated (passive dratiole saliva sample was collected into
a sterile bijou tube (7 ml-capacity with screw tbppserve™, Auckland, NZ) with subjects
seated, leaning forward, and their heads tiltedrdd@®are was taken to allow saliva to dribble
into the collection vial with minimal orofacial mement. Following collection, saliva
volume was estimated by weighing to the nearesassgming saliva density to be 1.0g'ml
(14). Saliva flow rate (ml-mif) was calculated by dividing the volume of salivg b

collection time. Of the 17 subjects there werelbfémnale) who were unable to produce the



minimum required saliva volume, hence saliva cdiltecfor these subjects was abandoned
and no subsequent SC ar/Sanalyses performed. Samples were immediatelygerfited at
4°C for up to 4 h, centrifuged at 1400 rpm for 4utes, transferred into 1.5ml Eppendorf™
containers, then stored at -20°C until subsequealtysis. This procedure resulted in a clear
supernatant of low viscosity. The SC concentratiorere measured in nmol:Lusing
specific assays on a Roche Diagnostics™ Modularlytina E170 instrument at the
Auckland University of Technology-Roche Diagnostitaboratory. @A activity was
measured using a commercially available kit (Infifif a-Amylase Liquid S Reagent,
Thermo Scientific, UK), with proportional reductiarf volumes so that the assay could be
carried out in a 96-well microplate. Briefly, sampmnalysis was performed in duplicate
using 20 pl of saliva, diluted 1:100 with 1.0 mM@za which was then mixed with 180 ul of
Infinity reagent. The plate was incubated at roemerature for 1 min and the increase in
absorbance at 405 nm was recorded for minutes 13and an automated plate reader
(Multiskan GO Microplate Spectrophotometer, Ther&wentific™, UK). The difference in
absorbance per minute was multiplied by 2515, wisch reagent and temperature specific
factor provided by the manufacturer of the amylasagent. The secretion rate odAS
(U-min?) was calculated by multiplying saliva flow rate L(rmin™) by the concentration
of SuA (U-ml™). All samples from one subject were analyzed ansAme microplate. The

intra-assay coefficient of variation was 1.3%.

BL. Whole blood was taken via fingertip puncture atirey baseline prior to each trial and
measured at 5 min post completion of the final wekusing a spring loadable lancet (Safe-
T-Pro Plus™, Germany). A lactate analysis unit (aeeePro™, Arkray, Japan) was used to

determine BL (mmol-1).
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HR. HR was recorded immediately post each work andvexy set, and every 1 min for 10
min post completion of the final work set usingeatt rate strap and watch. HRwas based

on the formula 208 - (0.7 x age) given greaterdislifor an adolescent population (27).

RPE. At the end of each work set subjects were askadatoually signal without verbalising
their RPE on a visually presented ‘Omni’ scale frixh0 (33). At the completion of the 10
min post trial phase and saliva collection, sulsjegere also asked their overall ‘session
RPE’ from 1-10 (28) by responding to the questibow hard was your workout?” and a

visually presented Omni scale.

Oxygen consumption. Gas exchange was measured using breath-by-breatlamglysis.
The metabolic cart was calibrated with known gasceatrations, and volume using a 3 L
syringe. Calibration was performed at the stataxh assessment occasion, and where there
were consecutive subjects within occasion, pricgwery second subject. The face-mask was
fitted to the subjects prior to the baseline passneasurement period and remained on and
recording data until the 10 min post-trial passreeovery data collection period was

complete.

Calculation of energy expenditure. For the work sets, aerobic energy expenditure (BE)
kilocalories per kg body mass (kcaljgwas estimated by multiplying breath-by-breath
absolute V@ (L-min™) by 5.05 kcal-[* given that all respiratory exchange ratios (RERjev
>1.0. Anaerobic EE was estimated based on equatised by Scott et al. (34): that is,
difference between peak BL and baseline BL x bodar{kg) x 3 mL @ converted to L @
and multiplied by 5.024 kcal. Aerobic and anaerdbi€ were then summed to give EE for

work sets. For the inter-set recovery periods drel X0 min post trial passive recovery
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period, VQ was multiplied by 4.7 kcal't(34). TEE from the start of the first work set afte
the warm-up to the end of the ™ &vork set was then calculated as the sum of wotk se
aerobic and anaerobic EE + recovery set EE, exgueas an absolute value (kcal) and
relative to body mass (kcal-Kg The 10 min passive recovery period EE was asorded.

Metabolic equivalent (METS) were also used to dbedEE.

Statistical Analyses

Descriptive data are presented as mean = SD. aRtkpost-trial data are presented as means
with 95% confidence intervals. Linear modelling 8RSS software (version 22, SPSS Inc,
Chicago, IL) was used to determine differences iwitind between RT and HIIT trials using
interaction terms for: 1) sex (boys versus girés)d 2) baseline value£0.05). Cohen’s d
was used to provide a measure of effect size (BS)he mean difference (post-test minus
baseline) between RT and HIIT divided by the statidiviation, expressed as <0.2 = trivial,
0.2-0.5 = small, 0.5-1.1 = moderate, 1.2-1.9 =dar30 or more = very large, and 4.0 or

more = extremely large (24).

RESULTS
All subjects completed both RT and HIT with thecegtion of two reporting discomfort
with the face mask after 10 work sets during HItTwdich point it was removed and no

further gas analysis data collected.

Figures 1 and 2 present group means fop ¥@d HR respectively for both RT and HIIT for
each of the 12 work and recovery sets, and 10 rost frial. The x-y axis intercept

represents immediate pre-trial baseline values.



12

**Figures 1 and 2 about here**

Table 3 details SC,08\, BL, VO,, and HR, values immediately pre-trial baselinenimitand
between the RT and HIIT trials with Cohen’s d andafues. Set and session RPE are also
presented. Mean V{ver all 12 work sets was higher (ES 2.77; 95%.80, 3.81) for HIIT
than RT. Mean HR over all 12 work sets (169.9 +I§fn for RT and 179.0 £ 5.6 bpm for
HIIT) represented 85% and 90% of RRfor RT and HIIT respectively and was greater in
HIIT than RT (ES 1.87; 95% CI -0.79, 6.23). TEE waeater (g0.001) for HIIT (136 *
28.1 kcal, 2.6 + 0.4 kcal-Ky than RT (104 + 30.7 kcal, 2.0 + 0.4 kcal*)kgin HIIT, VO,
was greater (0.000) for the six cycle than the six boxing setg, HR was not. In RT, HR
was greater for the squat exercise (178 + 8.5 lipar) both push-ups (167 £ 12.1 bpm) and
supine pulls (165 + 10.3 bpm) but Y@vas not. Both V@ and HR remained elevated
(p<0.000) for the 10 min post exercise recovery pedomhpared to baseline. Mean METS

was 7.0 + 0.32 for RT and 9.5 + 0.41 for HIIT.

**Table 3 about herex*

Figure 3 presents individual pre- and post-triduga for SC, A concentration, and BL
within and between RT and HIIT for all subjectsdagroup means. There were very large
increases pre- to post-trial in SC for both RT &I but only a small difference between
trials. SA concentration increased moderately for RT andr'Héind the difference between
trials was trivial. 8A secretion rates increased trivially for both Igi&ES 0.14, p=>0.05).
Peak BL 5 min post-trial was extremely large coredato baseline, and that increase was

greater (ES 0.7@=0.046) in HIIT than RT.
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**Figure 3 about here**

DiscussionN

We found that a 12 min session of RT comprising 32,s sets of multi-joint exercises
performed at an effort level perceived as closedittional failure, interspersed with 30 s
passive recovery elicited physiological respon$@s would result in both positive general
neuromuscular and cardiovascular adaptations ifopaed with the requisite weekly
frequency, as it is known to in deconditioned asl(®0). When compared to HHIT utilising
matched durations for both work and recovery séis,total duration, and structured
specifically to elicit 90% HRa.x HR was lower in RT than HIIT, possibly owing toet
horizontal body positions of two exercises, but stithin the so-called ‘vigorous’ intensity
zone (21). Our results are consistent with Puilieéal.’s (31) findings, who noted a peak
HR of 179 £ 7 bpm in adolescent boys (14 + 0 ywesponse to a resistance training protocol
of 5 sets of 10 repetitions (set duration ~20 sadee extension exercise at 40% of one
repetition maximum interspersed with a 40 s recpyariod, then two further sets to failure
(18-23 repetitions). The Vor RT in the present study was comparable tarib#itude of
studies investigating V&during RT in adults. For example, Ratamess et3a@) measured
the VO, during several different RT exercises over mudtipets and reported mean )/
19.6 mL-kg"-min™ for the squat during sets of ~37 s duration althaiing mean HR was only
135 bpm, but the push-up elicited only 11.9 mCkgin® and 117 bpm. Our findings
provide reference values for ¥@esponse during RT of common, accessible exerémes
adolescents in a school setting. The structuiRToallowed for four sets of 30 s hard efforts
per exercise but in a format allowing 2 min 30 sne®n sets per muscle group, whilst other

exercises were performed. The included passiveplesses are arguably requisite to allow



14

repeated localised strenuous muscular contracindggeneral effort over the duration of the

session (5) in order elicit the associated suitgositive neuromuscular adaptations (19,35).

The HIIT responses we observed are similar to theperted in the few other studies
detailing acute responses to some form of HIIT eang adolescents (7,13,18,37). Engel et
al., (18) utilized four repeated 30 s Wingate aobier tests interspersed with a two min
active recovery phase in boys (11.5 £ 0.8 y) frospecer academy. Peak heart rate during
the session was 174 + 11 bpm, butM@ak (42.3 + 5.6 mL-kgmin®) was greater than the
work set mean V@we observed for HIIT; although, the mean MOr our six cycle sets was
37.6 + 6.6 mL-kg-min, thus the session difference is attributable twelorelative VQ
observed in the six boxing sets (29.8 + 6.04 mL-kun). Bond et al., (7) reported that
eight repeats of 1 min cycling at 90% of previous$yablished peak power interspersed with
1 min light active recovery periods in adolesceates (14.1 + 0.3 y) resulted in lower mean
HR (150 + 14 bpm) and V&X(~26 mL-kg"-min* [extrapolated]) than both our findings and
those of Engel et al. (18), although a similar pcot (37) produced 194 + 8 bpm in the final
of 10 sets of 1 min work at maximal aerobic speedboys (11.8 + 0.4 y). Patently,
physiological responses are resultant from the @oatlon of set duration, workload
prescription, and total session duration, with isessnormally based on achieving prescribed
outputs. Subject characteristics may also influemsaillts. For example, Chuensiri et al.,
(13) reported the responses of lean and obese(bggs-10 y) to workloads of 100%, 130%,
and 170% VQ peak for eight repeats of 20 sec cycling burstergpersed with 10 sec
passive rest. The obese boys group Vahged from 31 to 36 mL-Kgmin™ (from 100% to
170% VQ peak intensities respectively), and for the leagsb39 to 49 mL-kgmin®, a

significant difference, not surprising given the mL-kg*-min* lower baseline V@peak of
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the obese boys. HR response was not differenirwithbetween groups, ranging from 188

to 196 bpm across the intensity range in the obegse and 186 to 192 bpm in the lean.

A limitation of the present study is that we did directly assess maximal aerobic capacity
in order to prescribe workload, hence we are untbtiefine percentage of maximum for the
work sets. Given that the intention was to utilzeeal-world setting, and two different
exercise modalities, such maximal testing was ddeommecessary, given that we closely
monitored workload with HR and RPE. We acknowlettlgs is a departure from laboratory
trial convention but such an approach arguably iples/greater translatability.  Additionally,
some SC anddA data were unavailable given five participants wlad produce the requisite
saliva volume and in two participants the final twork sets of HIIT were not performed

owing to discomfort with the face mask.

We calculated TEE as the sum of aerobic and animeeolergy expenditure (34), given RER
values 0f>1.0 throughout both RT and HIIT, and high BL in b®T and HIIT. Such an
approach is not always applied; standard multipbcafactors of between 4.7 and 5.05
L-min* are typically utilised for indirect calorimetryHence, the TEE we observed were
comparatively higher than typically reported, amghmorts the contention that both RT and
HIIT would provide meaningful contributions to tbtaveekly energy expenditure
recommendations within the vigorous category (20e noted that HR and \Wdand hence
EE) remained significantly elevated after a 10 most exercise passive recovery phase
furthering such a contention. Even very brief egmns into higher intensity exercise will
increase EE. For example, 4 s maximal cycling tsurderpolated every 2 min within a 30
min low intensity steady state session resultesignificantly greater TEE than 30 min non-

stop at low intensity (16) in both overweight arafmal weight boys (~10.4 y).
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Salivary cortisol is a non-invasive and valid bioke of ‘psycho-physiological stress
response’ (18) to exercise despite some apparentaad fithess specific differences (3).
Elevated cortisol is sometimes associated with thegahysiological status such as catabolic
condition, and some imply that acute elevationsagoetentially negative response (17). Such
elevations are also considered a marker for théeemibf other acute physiological and
metabolic responses cascading post intense exer€ige example, acute increase in SC is
acknowledged as a surrogate for transient exensthéced growth hormone (GH) increase
(11) known to be responsive in particular to ex@dntensity (39), and representative of
anabolic and lipolytic processes (23). Such tranigmcreases are considered a stimulus for
positive adaptations if total chronic dose Is appeie and in context to general
physiological status and overall training load. Weserved substantive increases in SC
resultant from both RT and HIIT in our cohort, caamgble to previous findings (8,9,12,18).
For example, Capranica et al.; (12) noted peak BC7® + 3.5 nmol-I* at 30 min post
taekwondo match, although Budde (8) reported adrilemediately after 12 min of running
at 70-85% of HRax Of only 8.4 mmol-[* (sic: we assume the units should have been
reported as nmol-t) in school students (15 y), most probably att@ble to the lower
relative intensity, and Engel et al., reported {15.9.7 nmol-[*) and blood lactate (12.6 +
3.5 mmol-LY) were both significantly elevated at 30 min. Thereases we observed in SC
were concurrent with the anticipated elevation8linfor both RT and HIIT, also associated
with potentially positive effect such as beta-empdhan release (22). Zafeiridis et al. (40)
reported similar BL levels in boys (11.4 £ 0.5 ydaadolescents (14.7 £ 0.4 y) in response to
4 sets of 18 repetitions (30 s sets) knee extengi6nand ~8.5 mmol-t for boys and

adolescents respectively), as did Pullinen et(al) (8.0 mmol-[}) resultant from the RT
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protocol detailed prior, and four repeated 30 s¢dir cycle set HIIT (18) elicited 12.6 £ 3.5

mmol-L* 30 min post session.

Salivary alpha amylase is known to up-regulate \elercise in adults, particularly intense
exercise (25), and is considered a valid surrofyatenarkers of sympathetic nervous system
activity such as plasma epinephrine (38). Fewéa dee reported on acute exercise induced
SoA in youth. The immediate post Taekwondo mato $eported by Capranica et al., (12)
(169.6 + 47.0 U-mt) was much lower than the approximately 900 U'mie observed after
both RT and HIIT. We found considerable individuvatiation in both resting and post trial
SoA for both RT and HIIT, and in some individuals tievas a slight decrease post exercise.
A limitation of the present study was that subjegtse scheduled across a range of times
within a normal school day, although both trialsréveonducted at the same time of day
within each subject. It is conceivable that theesithing of our trials influenced both baseline
and responses for SC andASgiven known diurnal variation. Nonetheless, thengrally
observed increases in SC andAluring both trials add to the general quantifmatof the
physiological demands of both the RT and HIT wedisetd. Additionally, although we
attempted to standardise pre-trial preparatios iaknowledged that variations within and
between_subjects, and between trials was likelyrgithe cohort and the setting. Such
variations are most likely to influence measureshsas SC and o, thus the results for

these variables must be taken in that context.

PRACTICAL APPLICATIONS
Brief, repetitive, intermittent forays into highutonot supra-maximal intensity exercise
appeared a potent physiological stimulus in adeletsc A 12 min RT and HIIT session of

equal work to rest durations and comparable effesulted in very similar physiological
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outputs. Although HIIT prescribed to elicit 90% HR per set resulted in greater YHR,
and BL than RT, both were categorical as ‘vigoroasd thus would contribute to the
accumulation of recommended weekly dose of vigorphgsical activity. Given the
additional known neuromuscular responses and daitapgato RT in this cohort, young
adolescents performing RT structured in such a m@aand using perceived repetitions to
failure prescriptively would conceivably gain botieuromuscular and cardiovascular

adaptations if performed with the requisite wedkéguency.
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Figure Legends:

Figure 1. VO, response across 12 work and recovery sets, amiripost-trial for both RT
and HIIT. The x-y intercept represents baselinaera

Figure 2. HR response across 12 work and recovery setsl@mdin post-trial for both RT
and HIIT. The x-y intercept represents baselineeal

Figure 3. Individual pre- and post-trial values for SGAS and BL within and between RT
and HIIT trials

Closed circles=M; Open circles=F; Diamond=representative group mean



Table 1. Subject characteristics

Male Female Group

n=8 n=9 n=17

Mean * SD Mean + SD Mean *= SD
Age (y) 13.0 + 0.32 129 + 0.33 129 + 0.32
Height (cm) 162.4 + 9.88 160.2 + 5.78 161.2 + 7.79
Body mass (kg) 52 + 10.5 53 + 126 53 + 115
BMI (kg-m?) 20 + 2.2 21 + 39 20 + 31
Maturity offset (y) -0.8 + 0.59 09 £ 045 01 = 1.04
Multistage shuttle run laps completec 81 + 20.1 64 + 21.9 72 + 22.1
Press-up repetitions to failure 17 = 7.9 13 + 6.2 14 + 6.9
Modified pull-up repetitions to failure 22 + 52 20 £.9.0 21 + 74
Grip strength (kg) 30 + 6.6 27 -+ 55 29+ 6.0




Table 2. Structure of acute response sessions

Resistance training (RT) session

_ Number of _ Rest Repetitions Repetitio_ns
Exercise Set duration . completed per short of failure
sets duration set per set

Mean = SD Mean * SD

Squat 4 30s 30s 111 + 26 32 =+ 15

Press-up 4 30s 30s 139 + 38 38 £ 1.9

Supine pull 4 30s 30s 13.7 £+ 3.0 31 + 1.6
Session 12 6 min 6 min

High intensity intermittent training (HIIT) session

Exercise Nurgéat(;r of Set duration dfrg'?f)n Load (W) Load (W kg'l)

Mean £ SD Mean = SD

Cycle 6 30s 30s 236 + 6.1 44 + 05
Box 6 30s 30s

Session 12 6 min 6 min




Table 3.Baseline values, and within and between triakdéhces for both RT and HIIT.

Values are Mean (95% CI)

Between group
difference

RT HIT Cohen'sd p value
Cortisol (nmol-L™) 0.58 0.191
Baseline 5.7 (4.0, 7.5) 6.1(4.4,7.8)
10 min post trial 12.4 (9.8, 15.0) 14.7 (11.0, 18.5)
Cohen's d within trial change 2.41 3.26
p value within trial change 0.000 0.000
Alpha Amylase (UmL™) 0.13 0.771
Baseline 593 (303, 884) 590 (353, 826)
10 min post trial 881 (455, 1307) 928 (525, 1330)
Cohen's d within trial change 0.63 0.91
p value within trial change 0.023 0.028
Lactate (mmol-L™) 0.73 0.046
Baseline 1.3(1.0,1.7) 1.5(1.0,1.9)
5 min post trial 7.0 (5.1, 8.9) 8.8 (7.3,10.4)
Cohen's d within trial change 9.62 12.47
p value within trial change 0.000 0.000
VO2 (mL-kg-min™) 2.77 0.000
Baseline 5.3 (4.7,5.8) 5.6 (4.9, 6.3)
Work set mean 25.8 (23.8, 27.7) 35.0(31.8, 38.2)
HR (bpm) 1.87 0.001
Baseline 76.6 (70.5, 82.6) 71.8 (66.6, 77.0)
Work set mean 169.9 (165.1, 174.6 179.0 (176.2, 181.0)
RPE (set) 6.7 (6.3, 7.1) 6.8 (6.3, 6.9) 0.16 0.668
RPE (session) 8.0 (7.5, 8.6) 8.3 (7.9, 8.7) 0.29 0.155




VO, (ml*kg! «min!)

1 2 3 4 3 G 7 5 G 10 11 12 10-min
Prost
Set
—8— HOTVO2Zwwk ——RTVOZwul - B HOTVOZrecovery - A RTVOIrecovery

Copyright © 2016 National Strength and Conditioning Association



Heart Rate (bpm)

60

[
o
.

n

[ 7 § a 10
Set

—l— HOTHE wulk —— RETHR wul - /B HOTHER recovery A

Copyright © 2016 National Strength and Conditioning Association

11

12

10-min
Prost

ETHR recovery



4

Post

Pre

Post

Pre

HIIT

Resistance Training

T T T
o 1o} o
© ol ol

(- 7-lowu) josmioD

15 A
10 A
5

2250 H

2000 H~

1750
1500
1250
1000

(t- Tw-n) eselfwy eydly

750 A

500 ~

250 ~

o

T T T 1 T T T T T T T T 1T
T O N ~—~O0O DO~ OW TN — O

—— — — —

(t- 1 10Www) areloeT



