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ABSTRACT

The aim of this study was to determine strength @najen uptake (Vénax) performances
according to different training program interventi@esign with 8-weeks duration in
prepubescent children through a multiple linearesgion models. Two hundred and forty-
five healthy prepubescent children (aged 10.9 +\y@&&rs) were randomly assigned to a
specific training program (strength training onlb+aerobic training only — A; intra-session
aerobic and strength training — AS; intra-sessivangth and aerobic training — SA; or
concurrent training performed in different sessienST) or a control group (no training
regimen - C). It was possible to develop indireedictive models for each training method,
by including each variable pre-training, body fargentage and body mass index. The
models provided explained 82% of variance in theéx, 98% in the 1kg ball-throw, 96%
in the 3kg ball-throw, 92% in the counter-movemgmop, 93% in the standing long jump
and 98% in the 20m sprint performances. This neypgroach to training evaluation and
control aims to provide a tool to allow professilsnéo calculate changes with a high
confidence level (Cl 95%), to control gains ancckmose the best training methodology to
apply according to the defined purposes. The resilthis study could be a great support to
teachers, coaches and professionals providing itaupiotools to improve the efficacy and

individualization of training.

Key words: concurrent training, explosive, linear regressimuth.
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INTRODUCTION

Several studies have reported that concurrentitighicean be highly effective for improving
strength and aerobic fitness simultaneously (16, i85children. Concurrent training is
commonly defined as a combination of strength (&) aerobic (A) training, performed
either in the same training session or separatalyalternating days, often limiting the
recovery between subsequent exercise sessionsi¥, 82, 31). To date, physical education
professionals have used this training approachnasffecient and motivational method for
children to improve health-related parameters andain good physical activity habits (4).
Moreover, schools could provide an excellent sgtiia enhance and promote physical

activity by implementing safe training programs,(20).

More recently, our lab (3, 4) contributed to thisld by showing that different types of
concurrent training (strength exercise and aertaining, either in the same training session
or in different sessions; and aerobic training dekd by strength exercise vs. strength
training followed by aerobic exercise) are equaffective for training-induced explosive
strength, depending on program priorities. Howewestill difficult for practitioners not only
to choose the best training design but also toigrexhd identify training standards for
strength and aerobic enhancement in a school emagaot. In fact, to the best of our
knowledge, no study has tried to predict the pdssgains or decreases in strength and
aerobic performance in a concurrent training cantékis not only could help to implement
the best training “formula” in order to achieve piwal fithess goals but also could provide
more details on how each subject responds to taing and allows a comparison of
individual progress with previously establishednsgds and goals. Therefore, the aim of

this study was to determine strength and maximgbew uptake (V@max) performances
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according to different training program interventi@esign with 8-weeks duration in
prepubescent children through a multiple linearegsgion models. Our hypothesis was that it
was possible to predict models that would havesbffit responses based on training program
interventions, explaining the relationship betweestrength, cardiovascular and

anthropometrics variables in the prepubescent @nlgerformance.

METHODS

Experimental Approach to the Problem

The purpose of this study was to determine streagthVQmax performances according to
different training program intervention design €sigth training only — S; aerobic training
only — A; intra-session aerobic and strength tragnt AS; intra-session strength and aerobic
training — SA; concurrent training performed infeifent sessions — CT; or a control group -
C) with 8-weeks duration in prepubescent childrerough a multiple linear regression

models.

Subjects

Two hundred and forty-five healthy prepubescentdcéin (aged 10.9 + 0.5 years) from a
school cluster (Guarda, Portugal) were randomlygassl to a specific training program (S,
A, AS, SA, or CT) or a control group (C, no traigiregimen) for 8 weeks. The height and
body mass of the entire sample was as follows+48 m, and 39.8 *+ 9.0 kg, respectively.
The inclusion criteria were children aged 9 to #2rg (in 8 or 6" grade) without a chronic
paediatric disease or orthopaedic limitation andheuit regular extra-curricular physical

activity (i.e., practice of a sport at an academy).
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Before data collection and the beginning of thening, each participant reported any health
problems, physical limitations, physical activitgdits and training experiences for the last 6
months. Thereafter, maturity levels based on Tastaging (35) were self-assessed, and to
minimize the effects of growth, only children thaére self-assessed in Tanner stages I-I
were selected. No subject had regularly particghaeany form of training program prior to

this experiment. Efforts were made to collect a [ganfor making comparable groups. All

participants and their parents/guardians were méar about study procedures as well as
possible benefits and risks. The written informezhsent was obtained from parents/
guardians of all participants. The study was apgdoly the Institutional Review Board of

the University of Beira Interior and procedures avar accordance with the latest version of

the Declaration of Helsinki.

Procedures

Sample Procedures

Two hundred and forty-five healthy children receditrom a Portuguese public high school
were randomly assigned to 5 experimental groupslaoontrol group. The assigned groups
were determined by a chance process (a random mugeherator on a computer) and could
not be predicted. This procedure was establishedrding to the “CONSORT” statement.

The participants were randomly assigned into 1 oftérvention arms. Randomization was

performed using R software version 2.14 (R Foundair Statistical Computing).

Training Procedures
The training programs consisted of a 10-min warnpapod with low to moderate intensity
exercises (e.g., running, sprints, stretching amdt jspecific warm-up). Joint-rotations

included slow circular movements, both clockwis@ @ounter-clockwise, until the entire
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joint moved smoothly. Stretching exercises inclutdedk and chest stretches, shoulder and
side stretches, wrist, waist, quadriceps, groird hamstring stretches. At the end of the
training sessions, all subjects performed 5 mistafic stretching exercises such as kneeling

lunges, ankle over knee, rotation and hamstrings.

After the warm-up period, the A group performed@an2 shuttle run exercise only. The S
group performed strength training only, comprisih@nd 3 kg medicine ball throws, box
jumps (0.3 to 0.5 m), vertical jumps over al0B5 m hurdle and sets of 30 to 40 m of
sprints. The SA group performed the same strengtihimng and then a 20-m shuttle run
exercise, while the AS group performed a 20-m #hutin exercise and then strength
training. Finally, the CT group performed strentgdining, and in an alternate session (on the
next day) performed a 20-m shuttle run after thenwap. After 4 weeks of training, the A,
SA, AS, and CT groups were reassessed with a 20uttles run test to readjust the volume
and intensity of the 20-m shuttle run exercisach training session lasted approximately 45
min (aerobic group only), 15 min (strength grougyprand 60 min (concurrent training
groups performed in the same session). It is algportant to mention that concurrent
training performed in different sessions did sttangaining (15 minutes) alternate with
aerobic training (45 minutes) in different days€agth-aerobic-strength-aerobid)he rest

period between sets was 1 min and that betweemisgswas 2 min.

Before the start of the training, subjects complateo familiarization sessions to practice the
drill and routines they would further perform dugithe training period (i.e., power training
exercises and 20-m shuttle run test). The predi¢tegmax was obtained through the Multi-
Stage Fitness Test (MSFT) as described by Légecaltehgues (17). Participants jogged or
ran in a straight line between two lines 20 m apdrile keeping pace with pre-recorded

audio signals. The initial speed was 8.5 km/hout iacreased by 0.5 km/hour each minute.
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The test ended if the participant failed to redwhénd lines in time with the audio signals on
two consecutive occasions or when the subject sthppcause of self-reported fatigue. With
the results obtained on MSFT we used the Légelet@ly) to acquire the predictive ¥ax

values from maximal shuttle run speed, stage aed Hgoughout the pre- and experimental
periods, the subjects reported their non-involvemeradditional regular exercise programs
for developing or maintaining strength and endueaperformance besides institutional
regular physical education classes. A more detaiteadysis of the program can be found in

Table 1.
(Table 1 about here)

The experimental groups were assessed for changgsength (chest 1 and 3 kg medicine
ball throw, standing long jump, counter movementieal jump, and 20 m sprint running)
and cardiovascular parameters @ax) before and after 8 weeks of training. The wtud
design and training program were developed basedpiecific studies conducted in
prepubescent children (3, 4, 21, 22), and the kedgé of an experienced coach and

researcher.

Testing Procedures

Anthropometric Measurements. All anthropometricialales were assessed according to
international standards for anthropometric assessn(&d). Body mass and body fat

percentage of the subjects were measured wherubjects were in underwear and did not
have shoes and metallic objects (e.g., earrings;elets, rings, watches), using electronic

scales (Tanita® BC544, Tokyo, Japan) with a lowhtécal error of measurement (TEM=

0.51%). Height was measured using a mechanicaliostater platform (Seg% 214,

Hamburg, Germany; TEM= 0.01%). BMI was calculatedti@e body weight in kilograms
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divided by the square of the height in meters. \Megatus categories were defined as

having a BMI above the age and sex-specific thieshaf the IOTF (13).

Medicine Ball Throwing This test was performed according to the proto@dcdbed by

Mayhew et al. (23). The subjects were seated \uhbackside of their trunk touching a wall.
They were required to hold medicine balls (Bhalgetnational - Vinex Sports, Meerut -
India) that weighed 1 kg (Vinex, model VMB-001R ripgeter 0.72 m) and 3 kg (Vinex,

model VMB-003R, perimeter 0.78 m) with their har{dbreast of chest) and throw the ball
forward for the maximum possible distance. Hip eoflon was not allowed, nor was
withdrawal of the trunk away from the wall. Thremls were given, and the furthest throw
was measured (in cm) from the wall to the firstip@t which the ball made contact with the
floor. One minute of rest was provided between 3nérials. The intraclass correlation

coefficients (ICC) for the 1 kg and 3 kg mediciradl bhrowing data were both 0.98.

Standing Long JumpThis test was assessed using the EUROFIT teserpafl). The

participants stood with their feet slightly apades behind a starting line) and jumped as far
forward as possible. Three trials were given, ddftirthest distance was measured (in cm)
from the starting line to the heel of the foot msarto this line. The standing long jump has

shown an ICC of 0.94.

Counter Movement Vertical Jum@his test was conducted on a contact mat that was
connected to an electronic power timer, control borl handset (Globus Ergojump, Italy).
From a standing position, with their feet shouldedth apart and hands placed on the pelvic
girth, the subjects performed a counter movemerih wieir legs before jumping. Such

movement makes use of the stretch-shorten cyclehich the muscles are pre-stretched
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before shortening in the desired direction (18)e Bhbjects were informed that they should
try to jump vertically as high as possible. Eachtipgpant performed three jumps with a 1
min recovery between attempts. The highest jumpc(m was recorded. The counter

movement vertical jump has shown an ICC of 0.91.

20-meter Sprint RunningdOn a 20-m length track, the subjects were requioedover the

distance in the shortest time possible. The timmesfi to run 20 m was obtained using
photocells (Brower Timing System, Fairlee, VT, USAJhree trials were performed, and the
best time scored (seconds and hundredths) wastergls The sprint running (time) has

shown an ICC of 0.97.

Statistical Analysis

Statistical analyses were performed using Stagistiackage for Social Sciences (SPSS)
v22.0° for Windows and statistical significance was setpa 0.05. Standard statistical
methods were used to calculate the means and staelaations to describe the data. After
check that no assumptions underlying the analyfsissidues have been violated (normality,
independence and homogeneity of variances) it wasiple to predict indirect methods for
explosive strength and maximal oxygen uptake végghfter each training program chosen
through the multiple linear regression model. Iltswansidered the stepwise method. We
applied the multiple linear regression since thme af this study was to evaluate the children
performance on the post-test (in respect to exyostrength and maximal oxygen uptake
variables) as a function of their baseline valuegsining program intervention, body fat
percentage and body mass index. The normality eased by the Kolmogorov-Smirnov
test. For the homogeneity of variances, the sgatteof standardized predicted values versus

studentized residuals was performed. In order &zkhhe independence, the Durbin-Watson
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Statistics was calculated. The assumption of nceex values was also verified. The 95%
confidence interval (Cl 95%) was calculated for edtimated variables on the regression
model. The data set was splitted into two equakdsizub sets and cross validation,

considering the holdout method, was conductedgtiftéhere is no overfitting.

RESULTS
Table 2 provides descriptive statistics of the petedent variables inserted in the standard
model for each variable. It was only considered tlaga that verified all assumptions

underlying the regression analysis.

(Table 2 about here)

To verify whether the independent variables wegaificantly predictive or not to obtain the
results of dependent variables (post-test) a narite linear regression analysis was
performed. Thus, it was possible to estimate theali regression equations to predict the

gains in each variable after 8 weeks and accortdirige training methodology used.

In Table 3 it can be observed that the null hypsien which the coefficient equals zero is
rejected at the 95% confidence level. Therefore ,haee sufficient evidences to conclude
that each of these variables were significant enghbst training performances. Based on this

we obtained the following regression equationsaichdraining program (Table 4).

(Table 3 about here)

(Table 4 about here)
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The different training programs explained 82% ofiatace in the V@max, 98% in the 1kg
ball-throw, 96% in the 3kg ball-throw, 92% in thtAQump, 93% in the SL Jump and 98%

in the 20m sprint performances.

The results presented in Table 5 suggest that’shace overfitting, since the correlation
coefficients are positive and large enough and @topresent a big difference between both

sub sets. So, we may to conclude that the presengdgises may be generalized.

(Table 5 about here)

DISCUSSION

The aim of this study was to determine strength ¥@dmax performances according to
different training program intervention design wiBiweeks duration in prepubescent
children through a multiple linear regression medé&he resulting models explained 82% of
the variance in the Vénax, 98% in the 1 kg ball-throw, 96% in the 3 kdj-darow, 92% in
the CM jump, 93% in the SL jump and 98% in the 2@prnint performance, with inputs of
the pre-training value for each variable, body gatcentage (BFP) and body mass index
(BMI). With the results obtained, it was possibtedevelop indirect predictive models for
each training method. These equations serve aseal approach to training evaluation and
control, providing important tools to help professils improve the efficacy and

individualization of training.

Throughout the years, several studies have praselifferent training programs to improve
physical fithess. Strength training has the po#&trib improve muscle strength, endurance,

and power (3, 4, 26, 27, 28, 29, 30), while aerdf@ning is suggested to improve
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cardiorespiratory fitness (16). Moreover, recentesech has suggested that concurrent
strength and aerobic training can improve muscudand cardiorespiratory fitness
simultaneously, especially in children (3, 4, 13).3n this study verifying the influence of
different training programs in prepubescent childrall the analysed variables showed

improvements after 8 weeks of aerobic, strengttoocurrent training (3, 4).

It was quite clear in our previous studies thatddllthe experimental training programs
resulted in improved cardiovascular or/and strengginameters (3, 4). Consequently, by
using the data collected, it was possible to dgvelo indirect method to evaluate explosive
strength and V@nax variables according to the training methodolagpglied to the children.

It was considered that changes in strength andbmevariables are strongly related to the
baseline values, BFP, BMI, and training methodolaged (14). The analysis of the
relationships included the training programs asp@hdent variables, which is in itself a

novelty in this type of study.

The different equations explained each changekg tall-throw, 3 kg ball-throw, SL jump,
CM jump, and 20 m sprints by more than 90%, whieveals their accuracy and reliability.
The explained variance of \i@ax was lower but still sufficient to support theeghictive
model. It can be stated that qualitatively, a higredictive value for strength and
cardiovascular variables was verified. Even scaraye between 20% (\VMax) and 2% (1
kg ball-throw and 20 m sprints) of the change cam@oexplained by the included variables.
Perhaps predictability would increase if a morecgmeapparatus were used for evaluation
(e.g., breath-by-breath oxygen measures) or ifrotheasurements were included, such as

changes in maturity, motor control, genetics orcphsjyogy (5, 34, 36).
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One of the goals of physical activity professionalerking with children should be to
develop their strength and cardiovascular fithesshat they can reach the standard values
for healthy youth. Usually, several assessmentpar®rmed at the beginning of the school
year to evaluate physical fithess. Based on theselts, teachers should plan a training
program to improve the weakest capacities and totaia the higher-level ones. Moreover,
it is known that different kinds of training devpl@ach strength and/or aerobic parameter
differently. For instance, aerobic training progeachieve better results in ViGax, while

the AS, CT and SA programs seem to be more efficredeveloping explosive strength (3,
4). Thus, with the suggested prediction equatiors @evious evaluations, the teacher will
be able to understand which program is the besnhgbement. In addition, the teacher can
adjust each training program individually to eatident according to their needs and using
variables that are easy to collect and have a alatoganing to design, control and evaluate
the training process. A practical example, if gopigescent child is assessed at the beginning
of the school year (i.e., \4ax) and the results in baseline are;f@ax = 42.3 ml.kgd.min™

and body fat percentage = 21.29%, the teacher caticp (using the formulas in Table 3)
that performing 8 weeks of intra-session strengtill aerobic training would result in a
VO,max of 44.32 ml.kg.min™. Instead, if performing intra-session aerobic ate@ngth
training the VOmax would be 45.39 ml.kgmin®, if performing concurrent strength and
aerobic training in different sessions, it would4%45 ml.kg".min, if performing aerobic
training only, it would be 45.72 ml.Kgmin™, and without training the V&nax would stay

similar (42.77 ml.kg.min™).”

Predictive models are not new in sports scienceared. However, until now, most of them
were developed to explain acute performance regsonsased on biomechanical,

physiological or/and anthropometric measures (6) 8d to predict aerobic capacity
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(VO2max) or maximal strength (1RM) (15, 32). In contrabe present study aimed to
understand and predict the responses to differenhiig program interventions. This
approach aims to provide a tool to allow professaisrio calculate changes with a high
confidence level (Cl 95% is also provided in theulfts if needed), to control gains and to
choose the best training methodology to apply atingrto the defined purposes. At the end
of the program, the same variable could be evaluatmin and compared with the expected
results to identify responders or even to undedstdre children’s. commitment to the
program. There is a wide inter-individual varialyilin response to exercise training that
under the same stimulus, some subjects may aclpesiive benefits after training (i.e.,
responders), while others exhibit a worsened ohanged response and are thus termed non-
responders (10). In a study conducted by Alvared emlleagues (2) applied in school
children were found several metabolic, body conmpmsi blood pressure, and performance
improvements independent of an early or normal magttn or the prevalence of non-

responders.

In conclusion, the model based on baseline valfiestrength and cardiovascular variables,
BMI, BFP and the training program selected is appate to explain changes in ¥@ax, 1

kg and 3 kg ball-throw, SL jump, CM jump, and 20sprint in prepubescent children (aged
9-12 years). These results are novel findings i @hea, and the equations presented could
be a great support to teachers, coaches, profedsitm estimate and predict the physical
fitness gains expected during 8 weeks of traintagcé per week, i.e., the typical frequency
of physical education lessons). Nevertheless, éantbsearch is needed to improve these data
by including longer durations of training or eveher physiological variables that could help

to explain the effects obtained.
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PRACTICAL APPLICATIONS

The indirect predictive models for each trainingtmoel were developed, being a novel
approach to training evaluation and control. Thegeations could be of great interest for
teachers, coaches, professionals, allowing to estinand to predict the changes in the
physical fitness of children during 8-weeks of nrag (twice-a-week, the same as the
physical education lessons). Moreover, these emumtiproviding to abovementioned

professionals pertinent information (i.e., relaghip between variables and training method,
according to the measurement) to decide which pragraining is more effective according

to the children’ purposes/needs. With this novedrapch, it is also possible to improve the

efficacy and individualization of training.
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Tables

Table 1 —Training Program Design (sets x repetitions/distahc

Sessions
Exercise 1 2 3 4 5 6
1lkg BT 2x8 2x8 2x8 2x8 2x8 2x8
3kg_BT 2x8 2x8 2x8 2x8 2x8 2x8
SL 2x4 2x4 2x4 2x4 2x4 2x4
CM 1x5 1x5 1x5 1x5 2x5 2x5
SP 2x20 m 2x20 m 2x20 m 2x20 m 3x20 m 3x20 m
20m Shuttle Run (MAV) 70% 70% 70% 70% 75% 75%
Sessions
Exercise 7 8 9 10 11 12
lkg BT 2x8 2x8 3x8 3x8 3x8 3x8
3kg_BT 2x8 2x8 2x8 2x8 3x6 3x6
SL 2x4 2x4 3x4 3x4 3x4 3x4
CM 2x5 2x5 2x5 2x5 3x5 3x5
SP 3x20 m 3x20 m 3x20 m 3x20 m 3x30 m 3x30 m
20m Shuttle Run (MAV) 75% 75% 75% 75% 80% 80%
Sessions
Exercise 13 14 15 16
1lkg BT 3x8 3x8 3x8 3x8
3kg_BT 3x6 3x6 3x6 3x6
SL 4x4 4x4 4x4 4x4
CM 3x5 3x5 3x5 3x5
SP 3x30m 3x30m 3x30m 3x30m
20m Shuttle Run (MAV) 80% 80% 80% 80%

1kg_BT: chest 1 kg medicine ball throw (cm), 3kg_:Rhest 3kg medicine ball throw (cm), 20m ShuttienRMAV): MAV, maximal individual aerobic volume, NI

counter movement vertical jump (cm), SL: standiorggl jump (cm), SP: 20-m sprint running (S).
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Table 2—Descriptive statistics of the independent variableanalysis.

V (n=243) 1kg_BT (n=244) 3kg_BT (n=244) SL (n=237) CM (n=238) SP (n=241)

V (ml.kg™.min") 43.06+3.29 1kg_BT (cm)345.68+65.80  3kg BT (cm) 226.65%43.49 SL (cm) 12920.14 CM (cmp2.89x5.37  SP (s) 4.37%0.31

BMI (kg.m?)  19.01+3.16 19.00+3.16 19.00+3.16 18.97+3.14 18.98+3.19 .02£3.18
BFP (%) 21.32+8.21 21.29+8.18 21.34+8.19 21.18+8.09 21.31+8.19 .3248.23
C N= 44 N= 44 N=43 N=40 N=43 N=43
SA N= 44 N= 45 N= 45 N= 45 N= 45 N= 45
AS N= 32 N= 31 N= 32 N= 30 N= 32 N= 32
cT N= 40 N= 41 N= 41 N= 40 N= 36 N= 40
A N= 42 N= 42 N= 42 N= 41 N= 41 N= 41
s N= 41 N= 41 N=41 N= 41 N= 41 N= 40

A: aerobic training only, AS: intra-session aero@i strength training, C: control group, CT: canent training performed in different sessio8s strength training onl
SA: intra-session strength and aerobic training. Bdg.nT): body mass index, BFP (%): body fat percgatalkg_BT: chest 1 kg medicine ball throw (cm)g 3BT: ches
3kg medicine ball throw (cm), CM: counter mavemeeitical jump (cm), SL: standing long jump (cm),:SP®-m sprint running (s), V: multistage shuttle iy O,max,

ml.kg™.min%).
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Variable Estimates Chse, p-value* R, ANOVA (**p-value)
V post Constant 3.859 (0.326, 7.393) 0.032 0.822 0.000
V pre 0.954 (0.882, 1.027) 0.000
Intra-session strength and aerobic training 1.547 1.000, 2.086) 0.000
Concurrent training performed in different sessions 2.683 (2.074, 3.291) 0.000
Intra-session aerobic and strength training 2.621 1.996, 3.246) 0.000
Aerobic training only 2.952 (2.336, 3.568) 0.000
BFP 0.070 (-0.096, -0.044) 0.000
1kg_BTyost Constant 0.025 (-6.989, 7.039) 0.994 0.978 0.000
1kg_BT pre 1.009 (0.990, 1.029) 0.000
Intra-session strength and aerobic training 17.019 (13.407, 20.631) 0.000
Strength training only 17.053 (13.334, 20.771) 0.000
Concurrent training performed in different sessions 16.954 (13.220, 20.688) 0.000
Intra-session aerobic and strength training 10.615 (6.510, 14.721) 0.000
3kg_BTyost Constant 4.610 (-1.931, 11.151) 0.166 0.955 0.000
3kg_BT pre 0.993 (0.965, 1.021) 0.000
Intra-session strength and aerobic training 16.484 (13.036, 19.932) 0.000
Strength training only 15.143 (11.587, 18.699) 0.000
Concurrent training performed in different sessions 15.042 (11.482, 18.602) 0.000
Intra-session aerobic and strength training 9.730 5.84@4, 13.615) 0.000
CM post Constant 0.440 (-4.469, 1.349) 0.341 0.918 0.000
CM g 1.015 (0.976, 1.055) 0.000
Aerobic training only -0.918 (-1.485, -0.351) 0.002
Concurrent training performed in different sessions 0.670 (0.080, 1.261) 0.026
SL post Constant 5.605 (-0.645, 11.856) 0.079 0.933 0.000
SL pre 1.013 (0.974, 1.052) 0.000
Intra-session strength and aerobic training 6.684 4.70(, 8.667) 0.000
Strength training only 4.113 (2.058, 6.167) 0.000
Concurrent training performed in different sessions 4.030 (1.969, 6.091) 0.000
BFP e -0.216 (-0.314, -0.119) 0.000
SP post Constant -0.036 (-0.134, 0.062) 0.474 0.976 0.000
SPore 0.998 (0.974, 1.021) 0.000
Intra-session aerobic and strength training -0.018 (-0.039, 0.003) 0.094
Intra-session strength and aerobic training -0.083 (-0.101, -0.065) 0.000
Strength training only -0.084 (-1.103, -0.065) 0.000
Concurrent training performed in different sessions -0.078 (-0.097, -0.059) 0.000
BFP e 0.002 (0.001, 0.002) 0.000

*p-value: p-value of the coefficients, *p-valueNOVA p-value, R* adjusted R square of the model. BFP: body fatqueage, 1kg_BT: chest 1 kg medicine ball throkg_BT: chest 3kg medicine balirow, CM
counter movement vertical jump, SL: standing loamp, SP: 20m sprint running, V: multistage shuttle (VO,max). Pre- corresponding to the baseline valuest- mporresponding to the values aftew8eks o

training.
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Table 4— Regression equations to each training program.

Control group Intrasession strength and aercintra-session aerobic and stren@tncurrent training performe  Aerobic training only Strength training only
training training in different sessions

V post 3.859+0.954xV-0.070xBFP  5.406+0.954xV-0.070xBFP  4860.954xV-0.070xBFP 6.542+0.954xV-0.070xBFP  6.819%4xV-0.070xBFP
1kg_BT,0s 0.025+1.009x1kg_BT 17.044+1.009x1kg_BT 10.64+1.06@x BT 16.979+1.009x1kg_BT 17.078+1.009x1kg_BT
3kg_BTpost4.610+0.993x3kg_BT 20.634+0.993x3kg_BT 13.192+0x388_BT 18.516+0.993x3kg_BT 18.65+0.993x3kg_BT
CM st 0.440+1.015xCM 1.11+1.015xCM -0.478+1.015xCM
SL post 5.605+1.013xSL-0.216xBFP 12.289+1.013xSL-0.216xBFP 9.635+1.013xSL-0.216xBFP 9.718+1.013xSL-0.216XBF
SPost -0.036+0.998xSP+0.002xBF#.119+0.998xSP+0.002xBFP  0.054+0.998xSP+0.002xBFR 0.114+0.998xSP+0.002xBFP -0.12+0.998xSP+0.002xBFP

BFP: body fat percentage (%), 1kg_B!I;: chest 1 kg medicine ball throw (cm) after 8-weeksraining, 3kg_BT.si chest 3kg medicine ball throw (cm) after 8-weeksraining
CM ,esi COunter movement vertical jump (cm) after 8-week$raining, SL,esi standing long jump (cm) after 8-weeks of trainifP ,osi 20m sprint running (s) after 8eeks o
training, V posi Multistage shuttle run (Vanax, ml.kg".min?) after 8-weeks of training. All variables includedthe equations correspond to the baseline v4BE®, 1kg_BT

3kg_BT, CM, SL, SP, V).
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Table 5-Cross validation — holdout method

Variable Testing sef Training set”
V post 0.917 0.897
TKg_BTpos: 0.987 0.984
3Kg_BT pos 0.981 0.972
CM o 0.962 0.955
SL pox 0.964 0.968
SPgost 0.984 0.991

# Pearson correlation coefficient between prediatedi observed values. 1kg_BT: chest 1 kg medicafiethrow, 3kg_BT: chest 3kg
medicine ball throw, CM: counter movement verticathp, SL: standing long jump, SP: 20m sprint rugnid: multistage shuttle run

(VO,max). post- corresponds to the values after 8-wekksining.
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