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Abstract - Aim: This study aimed to explore the effects of a training program during the pre-season on aerobic and
anaerobic performance, hemodynamics, autonomic variables, and sleep quality in youth soccer players. Methods:
Nineteen athletes, with an average age of 17 ± 1 years, participated in the study. The multicomponent training protocol
was divided into technical, tactical, and physical practice for four weeks. The cardiac autonomic modulation was
obtained through an electrocardiogram and blood pressure values were measured by a sphygmomanometer. The athletes
answered the Pittsburgh questionnaire that assessed sleep patterns and issues. The VO2

max was analyzed using the
Intermittent Recovery Test Yo-Yo level 1. The RAST test was used to assess anaerobic power. Results: There was
improvement in Heart Rate Variability (HRV) indicated by the increase in indexes, mean square root of the differences
between normal cycles (RMSSD), low frequency increase (LF) (p = 0.04; d = 0.70), high frequency decrease (HF)
(p = 0.01; d = 1.02) and the LF / HF sympathovagal index (p = 0.03; d = 0.70), variables related to faster recovery. An
improvement in the components of sleep duration (p = 0.03) and quality (p = 0.02) of baseline and post-intervention
sleep was also observed. Conclusion: The four-week multicomponent protocol contributed to improving VO2

max,
improving fatigue rates, quality of sleep, and maximum power. Additionally, we observe that youth soccer athletes had
physiological and hemodynamic adaptations that resulted in an improvement in cardiac autonomic modulation and
sleep patterns after four weeks of training.

Keywords: physiological stress, sleep quality, autonomic nervous system.

Introduction
Soccer is one of the most played sports in the world. Many
professional teams work in the detection and selection of
youth players, pillars in the renewal and maintenance of
soccer, enabling these young athletes to develop and
become professional athletes1. The initiation of youth and
children carried out in soccer teams or schools seeks to
maximize performance while facilitating early access to
the sport increase experience and practice in the sport2.

One of the main characteristics of high-performance
sports is physical performance. The use of physical tests is
important in soccer for detecting players who are physi-
cally talented and to serve as a basis for planning appro-

priate training regimes for these athletes3. Monitoring
physical performance during training is essential to assist
the development of players and monitoring their
evolution4.

Soccer is characterized by intermittent efforts carried
out at high intensity5,6, which requires players to have
good technical, tactical, cognitive, and physical
performance7 from the development of physical fitness
variables such as resistance, speed, power, and strength5.
However, to maintain performance during the game, ath-
letes need to develop greater anaerobic capacity and aero-
bic recovery capacity8. Professionals can monitor athletes’
physical performance through different protocols already

DOI: http://dx.doi.org/10.1590/S1980-65742021000921Motriz, Rio Claro, v. 27, 2021, e1021000921

http://orcid.org/0000-0001-7445-6156
http://orcid.org/0000-0003-1181-6411
http://orcid.org/0000-0002-9878-8486
http://orcid.org/0000-0002-5812-4837
http://orcid.org/0000-0002-1887-1256
http://orcid.org/0000-0003-4057-7907
http://orcid.org/0000-0003-1698-9418
http://orcid.org/0000-0002-4028-3370
http://orcid.org/0000-0001-6060-5587
http://orcid.org/0000-0002-1305-1697
http://orcid.org/0000-0002-0508-0308
http://orcid.org/0000-0001-7445-6156
http://orcid.org/0000-0003-1181-6411
http://orcid.org/0000-0002-9878-8486
http://orcid.org/0000-0002-5812-4837
http://orcid.org/0000-0002-1887-1256
http://orcid.org/0000-0003-4057-7907
http://orcid.org/0000-0003-1698-9418
http://orcid.org/0000-0002-4028-3370
http://orcid.org/0000-0001-6060-5587
http://orcid.org/0000-0002-1305-1697
http://orcid.org/0000-0002-0508-0308
http://dx.doi.org/10.1590/S1980-65742021000921


used in soccer. Physiological indices, maximum oxygen
consumption (VO2

max/VO2
peak), anaerobic threshold,

reduction of fatigue index (FI) can also assist these profes-
sionals in designing training9.

In a training program, in addition to monitoring phy-
sical capacities, it is necessary to monitor variables related
to recovery to quantify and plan recovery. Among these
measures, heart rate variability (HRV), which improves
sleep quality, has been widely used in soccer5,6. Physical
and recovery capacities are developed mainly in the pre-
season, a period that precedes competitions between
teams10. These physical conditions are maintained during
the competitive phase and, in the competitive phase, the
technical and tactical aspects are emphasized in training10.

Recent research shows that FI is directly associated
with the ability to perform repeated sprints, as the lower
the FI the greater the maintenance and recovery capacity
between these sprints. HRV is also associated with the
ability to recover after a physical stimulus, being an
important tool for prescribing and controlling the training
load individually11. The increase in HRV correlates posi-
tively with the increase in VO2

max, in which an improve-
ment in vagal modulation is observed12.

Another aspect that is related to performance is the
quality of sleep with a positive impact not only on the
physical but also on the cognitive and emotional aspects13.
When sleep is insufficient, it promotes numerous physio-
logical disorders not only in adults but also in children and
adolescents14. Despite the knowledge about the presence
of sleep disturbances and autonomic dysfunction in many
pathologies, little is known about the association of ath-
letes with the Sleep Quality index and autonomic control.
Likewise, information about the effects of exercise train-
ing on autonomic control and sleep quality is scarce.

Few studies in the literature gathered analyses of
several variables of physical performance and recovery in
youth soccer athletes. Therefore, this study aimed to eval-
uate the effects of a training program during the preseason
on aerobic and anaerobic performance, hemodynamic,
autonomic variables, and sleep quality in youth soccer
athletes.

Methods

Ethical aspects
All procedures were performed following the ethical

principles established in Resolution No. 466, of December
12, 2012, by the National Health Council. The project was
approved by the Ethics Committee under number code
51908115.6.0000.5087 and approval Nº. 1.548.709.

Participants
The study's sample was selected by convenience,

composed of 19 youth soccer players, with a mean age of

17 ± 1 years, from a team in northern, Brazil, in prepara-
tion for the state championship.

Study design
The study was carried out during the pre-season. The

following evaluations were carried out: (a) Anthropo-
metric assessment (weight, height, and body mass index);
(b) Hemodynamic variables at rest (blood pressure and
heart rate); (c) Heart Rate Variability; (d) Aerobic and
anaerobic power; (f) 1-RM test, (g) Sleep Quality Assess-
ment and (h) Training protocol. All assessments were con-
ducted before the training period (pre-test) and after four
weeks of training (post-test).

For the sample calculation, we used the base of 14
soccer teams of the U20 championship, totaling a popula-
tion of 266 players. In our study, we used 19 athletes in the
research.

Hemodynamic variables
Systolic (SBP) and diastolic (DBP) blood pressure

assessments were measured with a sphygmomanometer
(Omron digital, Automatic, Hem-7122). The mean arterial
pressure (MAP) was obtained through the calculation:

MAP= 2×DBPð Þþ SBP÷ 3

Heart Rate Variability (HRV)
Heart rate variability (HRV) was obtained conti-

nuously and non-invasively through the electrocardiogram
(ECG). The use of the algorithm through the Kubios HRV
2.0 software (Group of Analysis of Biosignals and Medi-
cal Images, Kuopio, Finland).

For the evaluation of HRV, a 12-lead electro-
cardiogram of 600 Hz, of Win Cardio 6.1.1 was used. In
this protocol, the subjects were placed in the supine posi-
tion for 10 min and remained at rest, with spontaneous and
normal respiratory frequency (between 9 and 22 cycles/
min).

The analysis was performed using the Time Domain
and Frequency Domain indices: (a) Time Domain: RR (the
average of the RR intervals), SDNN (standard deviation of
the RR interval), and RMSSD (square root of the mean
squared of the differences between adjacent RR intervals),
these were obtained using the Kubios HRV software, ver-
sion 2.0 (Kubios, Finland); (b) Frequency-domain: The
spectral power was integrated into three frequency ranges
of interest: High-frequency (HF-0.15-0.4 Hz), Low-fre-
quency (LF-0.04-0.15 Hz) and to assess autonomic bal-
ance, the ratio between the two of them (LF/HF). The Fast
Fourier transform (FFT) was used to measure the low-fre-
quency band (LF), the high-frequency band (HF), absolute
values of power (ms2) and standard units (nu), very low
frequency (VLF) representing the sympathetic and vagal
modulations, respectively, and the LF/HF ratio.
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The HRV analysis in the time domain expresses the
results in unit time (milliseconds), measuring each normal
RR-interval (sinus beats) during a given time interval and
based on statistical methods, the translating indexes of
duration fluctuations were calculated.

Evaluation of anaerobic power
The evaluation of anaerobic potential was performed

using the Running anaerobic Sprint Test (RAST). The
RAST consists of 6 runs at maximum speed for 35 m, with
10 s of recovery between runs. For the timing of each
maximum stimulus, a set of Speed Test STD photoelectric
cells with SPEED TEST 6.0 software from CEFISE was
used.

The calculations of maximum, average, minimum
power and fatigue index were performed15. For analysis
purposes, the following times were acquired in each sprint
(T1, T2, T3, T4, T5, and T6), the best time (MT), and the
average time (TM).

Speed = distance/time.
Acceleration: speed/time.
Power: The power p (w) for each effort was obtained

through the product between the athlete's total body mass
(mc (kg)) and the distance of each effort squared (35 m).
The result was divided by the time of each effort t (s) =
raised to the cube.

p wð Þ=mc× 352 ÷ t3

The calculation of the power of the six runs was then
determined:

Maximum Power: the highest value.
Minimum Power: the lowest value.
Average Power: the sum of all six power values,

divided by six; Fatigue index: (maximum power - mini-
mum power) / total time for the six (6) short distance runs.

Evaluation aerobic power
The assessment of aerobic power was performed

using the Yo-Yo Intermittent Recovery Test Level 1 (Yo-
Yo IR1)16. The Yo-Yo IR1 consists of round-trip runs over
20 m at increasing speeds, interspersed with a 10-s active
recovery period. The speed is controlled by audio signals
from a sound player). The test was interrupted when the
subject was unable to maintain speed and the distance
covered at that point is used for the calculation of VO2

max.

1-RM test
To evaluate the strength of the participants and to

prescribe the intensity of training, the test of one-repetition
maximum was applied, in the same exercises used during
the session. Before the examination, participants observed
the correct demonstration of exercises performed by an
experienced professional, to avoid errors in execution dur-
ing the exercise, and performed a warm-up (< 50% of

estimated maximum load). For the determination of the
maximum load, the participants made three to five
attempts, with intervals between 3-5 min. The weight was
increased, and then a new attempt was made, registering
the weight value lifted immediately before a failed
attempt.

Training protocol
The multicomponent training protocol lasted for four

weeks and was divided into technical and tactical training,
resistance training, interval training in the proportion 1:1
with a focus on aerobic capacity, aerobic treadmill train-
ing, and repeated sprint training. Based on the availability
of training spaces, weekly training was distributed as fol-
lows:

Monday (Power Training) � Exercises: Leg 45,
blacksmith squat, leg extension, leg curls, extension chair,
adduction, abduction, legless calf. 3 sets of 15 repetitions
at 60% 1-RM, the 45-s interval between sets. The subjects
were instructed to perform the movements at maximum
speed17. After this workout, 20 sprints of 20 m were per-
formed with 30 s of rest. Tuesday (Power Training) �
Volume and intensity of the workout were reduced to
improve recovery for ball training the next day. Exercises:
leg 45, Smith squat, leg extension, flexing table, adduc-
tion, abduction, the calf in the leg. 3 sets of 8 repetitions at
40% 1-RM, the 60-s interval between sets. After this
workout, the athletes ran on the treadmill for 1 h and
20 min at a speed of 10 to 12 km/h. Wednesday, Thursday,
and Friday: 1h30 of training with the ball: Analytical tech-
nical exercises, modified and tactical games. After this
workout, participants performed the interval training 1:1.
In a field with dimensions of 100 by 50 m, the athletes
were positioned in one of the corners of the field (in the
corner area) and at the coach's signal, they would perform
a lap in 1 min with 1 min of passive rest. This was repe-
ated 10 times. At the end workout, the athletes participated
in a stretching session.

Workout load control
In order to quantify the training load, we used the

method of subjective perception of effort (SPE) of the ses-
sion, proposed by Foster et al18. Thirty minutes after the
end of the training session, the athlete answered the fol-
lowing question: “How was your training session?”. The
use of the CR10 scale (category-ratio 10) requires some
anchoring procedures. The subject indicates a descriptor
and then a number from 0 to 10, which can also be pro-
vided in decimals (for example 7.5). The maximum value
(10) must be compared to the greatest physical effort per-
formed by the person and the minimum value is the condi-
tion of absolute rest (0).

The training load based on the SPE product (inten-
sity) for the duration of the session (volume) was expres-
sed in arbitrary units.
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Sleep quality assessment
Sleep quality was assessed using the Pittsburgh

Sleep Quality Index (PSQI), as validated by previous
study19. The PSQI uses seven components: (1) subjective
sleep quality, (2) sleep latency, (3) sleep duration, (4)
usual sleep efficiency, (5) sleep disorders, (6) use of medi-
cations for sleep, and (7) drowsiness and daytime dis-
turbances during the day.

The score for each component was determined sepa-
rately, on a score scale ranging from 0 to 21 points, where
the higher the score value found, the worse the quality of
sleep. Score values between 0 and 4 represent good sleep
quality, 5 and 10 represent poor sleep quality, and scores
greater than 11 indicate sleep disorders.

Statistical analysis
Statistical analysis was performed using the Graph-

Pad Prism 8.4.2 software. To assess the normality of the
sample, the Shapiro-Wilk test was used, followed by the
paired student t-test to compare the moments before and
after training. To assess sleep quality, we used the chi-
square test. The Pearson's correlation we use in the index
of the variable sympathovagal, fatigue index, and
VO2

max.
To assess the effect size, we use d Cohen with the

following classifications of the effect: small (0.20-0.30),
medium (0.40-0.70), and large (≥ 0.80), using the
G* Power3.1.9.4 program. Data are presented as mean ±

standard deviation. p ≤ 0.05 was considered statistically
significant.

Results
The descriptive and body composition character-

istics of the athletes are shown in Table 1. There was no
statistical difference between the variables of body mass,
height, BMI, maximum power (w), maximum power
(w/kg), Output speed (m/s), and Output acceleration
(m/s2). In addition, we show the differences for relative
and absolute fatigue index with a reduction in the pre-
training measurements compared to the post (p = 0.0002
and p = 0.001). As a result, there was an improvement in
the distance achieved in the yo-yo test (p = 0.004). Addi-
tionally, it improved minimum power (w) (p = 0.03) and
minimum power (w/kg) (p = 0.008) in the pre-training
measurement compared to the post.

Table 2 shows the descriptive values in an arbitrary
unit on the training load data per week. The responses of
pressure and autonomic indexes at the beginning and end
of the pre-season are also shown in Table 2. Note that
there were significant differences in diastolic blood pres-
sure, RMSSD, LF, HF, and LF/HF ratios. In contrast, the
average R-R was decreased.

The results presented in Table 3 show that after the
training period there was a reduction in DBP, as well as an
improvement in HRV, observed in the significant increase

Table 1 - Anthropometric and performance characteristics of soccer athletes.

Variables Baseline (n = 19) Post (n = 19) p-value d

Body mass (kg) 68.28 ± 6.78 69.0 ± 7.0 0.13 0.10

Height (m) 1.7 ± 0.6 1.7 ± 0.6 1.00 0.00

Body mass index (kg.m-2) 22.2 ± 2.3 22.2 ± 2.5 0.98 0.00

Distance yo-yo test (m) 814.70 ± 385.4 1000 ± 325.5 0 04 0.57

Fatigue index (w.kg−1) 7.15 ± 3.1 4.18 ± 0.9 0.001 1.03

Minimum power absolute (w) 41.22 ± 8.8 28.42 ± 8.4 0.0002 1.58

Minimum power relative (w/kg) 4.78 ± 0.4 5.77 ± 1.3 0.008 0.86

Medium power absolute (w) 438.95 ± 88.7 445.45 ± 111.5 0.42 0.06

Medium power relative (w/kg) 6.71 ± 1.3 7.01 ± 1.2 0.23 0.22

Maximum power (w) 586.68 ± 118.7 548.21 ± 126.4 0.20 0.30

Output speed (m/s) 5.79 ± 0.1 5.36 ± 1.6 0.06 0.27

Output acceleration (m/s2) 1.03 ± 0.0 0.96 ± 0.2 0.33 0.36
d = d de Cohen; p significant > 0.05.

Table 2 - Descriptive statistics (M [95% CI]) of training load data per week.

Variables Week-1 Week-2 Week-3 Week-4

RPE (CR-10) 9.49 [8.43-10.55] 8.06 [6.97-9.16] 7.98 [6.96-8.99] 7.55 [6.60-8.51]

Internal Load (U.A) 1.043[898.49-1.120.49] 886.6[620.09-963.31] 877.8[656.09-997.31] 830.05[534.26-916.25]
RPE: the rating of perceived exertion; CR-10: Category-ratio10; Statistically different from Week-1; Week-2; Week-3; and Week-4, for a p < 0.05. U.A. -
Arbitrary units.
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in the indexes (RMSSD, HF) and reduction (LF and LF/
HF indexes).

Sleep quality in athletes’ groups evaluated by Pitts-
burgh Sleep Quality Score presented alterations in the
components of sleep duration (p = 0.03) and quality
(p = 0.02) of pre- and post-intervention sleep (Table 4).

Figure 1 shows the results regarding changes in test
performance during the period under investigation. There
was a significant difference in maximal oxygen uptake
(p < 0.001) and in the absolute fatigue index (p < 0.01).
However, there was no difference in the relative fatigue
index. There was an improvement in performance in the
Yo-Yo IR1 combined with a better fatigue index, which
also reflects a speed improvement when comparing the
pre-and post-assessments of the preseason.

Figure 2 shows the correlation between VO2
max and

sympathovagal balance and VO2
max and the fatigue index.

The findings show a positive correlation with fatigue
index and sympathovagal balance, and a negative crela-
tionship between VO2

max with sympathovagal balance in
youth athletes at the end of the pre-season.

Discussion
The study aimed to analyse the performance respon-

ses and to verify if the cardiac autonomic modulation at

Table 3 - Values of blood pressure, autonomic indexes, mean (SD) at the
beginning and end of the preseason.

Variables Baseline (n = 19) Post (n = 19) p-value d

Hemodynamic

HR (bpm) 72.0 ± 12.7 73.2 ± 11.2 0.34 0.00

SBP (mmHg) 124.1 ± 12.4 123.0 ± 14.5 0.31 0.08

DBP (mmHg) 66.7 ± 9.4 62.6 ± 7.4 0.05* 0.47

MBP (mmHg) 85.8 ± 8.4 82.8 ± 8.9 0.06 0.37

Time domain

RR (ms) 918.55 ± 98.75 894.76 ± 87.82 0.11 0.25

SDNN (ms) 77.4 ± 32.7 80.5 ± 33.8 0.28 0.09

RMSSD (ms) 67.0 ± 37.3 79.6 ± 57.7 0.04* 0.24

Frequency domain

LF (ms2) 1870.0 ± 143.0 2370.0 ± 913.0 0.10 0.39

LF (nu) 47.5 ± 15.7 36.1 ± 16.5 0.04* 0.70

HF (ms2) 2340.0 ± 198.0 5080.0 ± 303.0 0.01* 1.02

HF (nu) 52.4 ± 15.7 63.8 ± 16.5 0.04* 0.70

LF/HF 1.1 ± 0.7 0.67 ± 0.43 0.03* 0.70

Data are: SBP, systolic blood pressure; DBP, diastolic blood pressure;
MBP, mean blood pressure; HR, heart rate; RR, interval means; SDNN,
the standard deviation of the intervals; RMSSD, root mean square suc-
cessive difference of the RR intervals; LF, low-frequency spectrum; HF,
high-frequency spectrum; LF/HF, sympathovagal balance. *Significant
difference Baseline vs Post (p < 0.05).

Table 4 - Sleep quality in athletes’ groups evaluated by Pittsburgh Sleep Quality Score.

Category Baseline (n = 19) Post (n = 19) p-value

Absolute Relative Absolute Relative

Subjective Sleep Quality Very good 2 10.52 7 36.85 0.11

Good 16 84.21 12 63.15

Bad 1 5.27 0 0

Very bad 0 0 0 0

Sleep Latency (Min) ≤ 15 min 13 68.42 15 78.96 0.20

16 a 30 min 5 26.31 2 10.52

31 a 60 min 1 5.26 2 10.52

> 60 min 3 15.78 0 0

Duration of Sleep (Hours) > 7 15 78.94 19 100 0.03

6-7 4 21.06 0 0

5-6 0 0 0 0

< 5 0 0 0 0

Sleep Efficiency (%) > 85 17 89.48 19 100 0.14

75 - 84 2 10.52 0 0

65-74 0 0 0 0

< 65 0 0 0 0

Sleep Disorders (Events/Weeks) None 0 0 0 0 1.00

< 1 0 0 0 0

1-2 19 100 19 0

3 0 0 0 0

(continued)
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rest and the quality of sleep had an association with
improvement in the performance of youth soccer athletes
during the pre-season training. The main finding of this
study was an association between cardiac autonomic mod-
ulation and the improvement in VO2

max and reduction in
fatigue index. The four-week multicomponent protocol
contributed to the improvement of VO2

max, improvement
of fatigue indices, quality of sleep, and maximum power.
Additionally, there was an improvement in cardiac auto-
nomic modulation, evidenced by the increase in vagal
modulation.

During the preparatory period, we observed that the
athletes in this study obtained cardiovascular benefits,
such as maintaining blood pressure levels, as in other stu-
dies performed with aerobic and resistance exercises20 that
describe a reduction in systolic, diastolic, and mean pres-
sure in post-training. However, this effect is more evident
in hypertensive patients21.

Previous studies show a relationship between
improvement in vagal modulation and VO2

max either in
sedentary individuals22 or athletes23. Our findings corro-

borate with Oliveira et al.24 who observed a positive asso-
ciation between vagal modulation variables and aerobic
performance in professional soccer players after 6 weeks
of training.

In addition to the improvement in VO2
max, we can

observe a reduction of the relative and absolute fatigue
index. According to Bangsbo (1998)16, for the classifica-
tion of the fatigue index, at the end of the pre-season, the
participants with excellent fatigue index (< 6.96 w/s)
increased from 60% to 100%. From the fatigue index, it is
possible to quantify the athlete's ability to withstand suc-
cessive stimuli at high intensity, minimizing the reduction
in performance25.

Despite the improvement in the fatigue index, four
weeks of training were not enough to improve anaerobic
power. In his study with elite athletes, Lopes et al. (2005)
did not observe an improvement in speed after 10 weeks
of training26.

According to Gomes (2002) it takes at least 3
months for the development of anaerobic power to be
observed. Thus, the training period used in the present

Figure 1 - Values obtained in performance tests expressed as mean (SD) at the baseline and post of the pre-season. VO2
max (mL.kg−1.min−1), oxygen

consumption in a maximal stress test.

Table 4 - continued

Category Baseline (n = 19) Post (n = 19) p-value

Absolute Relative Absolute Relative
Use of Sleeping Medication (Events/Weeks) None 19 100 19 100 1.00

< 1 0 0 0 0

1-2 0 0 0 0

3 0 0 0 0

Daytime Sleepiness None 12 63.17 13 68.42 0.13

Small 2 10.52 5 26.31

Moderate 5 26.31 1 5.26

High 0 0 0

Sleep Quality Good (0-4) 11 57.90 17 89.48 0.02

Bad (5-10) 8 42.10 2 10.52

Disturb (> 10) 0 0 0 0
Results are presented by distribution frequency and relative percentage, Chi-square test.
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study may not have been the most suitable for assessing
anaerobic power27. This explains the discrepancy in the
improvement of anaerobic power with the autonomic vari-
ables, which in general present adaptations more
quickly28. Levy et al. (1998) suggest that the improvement
of autonomic variables does not depend on age29.

Our results of maximum, medium, and minimum
power are inferior when compared to other studies30,31.
This can be explained by these studies being conducted
with elite players.

Some factors such as age and level of training can
influence the fatigue index. When comparing juveniles
with professionals, observed lower fatigue rates in profes-
sional players32.

We observed a correlation between the sympathova-
gal balance and the variables of aerobic and anaerobic
performance. There was a significant correlation between
VO2

max and fatigue index. The sympathovagal balance
showed a moderate inverse correlation with VO2

max and
directly proportional to the fatigue index, which can be
explained by lower sympathetic activity. Studies show that
autonomic modulation, both at rest and during exercise,
increases when a positive adaptation to training
occurs22,33, leading to an improvement in physical
performance11. Corroborating with our findings, after four
weeks of training, an improvement in cardiac autonomic
modulation was observed both in the time domain and in
the frequency domain, variables that reflect an improve-
ment in vagal modulation and a reduction in sympathetic
activity, factors that are decisive for faster recovery.

Prolonged periods of sleep deprivation are asso-
ciated with an autonomic imbalance, due to an increase in
sympathetic activity compared to the parasympathetic
component34. Further, our findings indicate that in addi-
tion to improving performance, there was a better balance
between autonomic systems and consequently, in sleep
pattern, factors associated with improved physical perfor-
mance.

When comparing the pre-and post-training measure-
ments during the pre-season, there was a quantitative and
qualitative improvement in the sleep of athletes. A better
sleep pattern is indispensable for athletes, which directly
improves performance while minimizing the chances of
injuries35.

Despite the perceived importance of sleep by ath-
letes, they still encounter difficulties in maintaining a good
sleep pattern due to routine, which may affect perfor-
mance36. In our study, although there was an improvement
in sleep pattern, the athletes still presented values below
those recommended. In a previous study, Milewski et al.37

observed how adolescents that sleepless (< 8 h) are
1.7 times more likely to be injured when compared with
athletes who sleep more.

This study was important because it demonstrated
the effects of a four-week training program in restoring
cardiac autonomic balance, cardiovascular risk, sleep
quality, and physical performance of soccer players. This
study can be a useful tool for coaches and athletes for the
evaluation of physical performance. The application of
physical tests on youth players at the beginning of the sea-
son may serve as a basis for coaches for developing better
periodization, which is related to an improvement in aero-
bic performance and parameters related to recovery, a
determining factor for the improvement of long-term per-
formance. In addition, aerobic performance and para-
meters related to recovery minimize the chances of stress
injuries.

Limitations of this study include the number of par-
ticipants and lack of daily monitoring of the internal train-
ing load, which would better control daily training
intensity38.

Conclusion
The four-week multicomponent protocol contributed

to improving VO2
max, improving fatigue rates, quality of

Figure 2 - Pearson's correlation between sympathovagal and VO2
max balance, and sympathovagal balance and fatigue index in youth athletes at the end of

the pre-season; d = d de Cohen; p significant > 0.05.
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sleep, and maximum power. Additionally, we observe that
youth soccer athletes had physiological and hemodynamic
adaptations that resulted in an improvement in cardiac
autonomic modulation and sleep patterns after four weeks
of training.
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