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Abstract: The decrease in the performance of athlete is often associated with an imbalance between workload and recovery
period. Thus, it is very important to implement tools which can assist in the quantifying the effects of workloads, so that the
maximum performance of the athlete is reached. In this context, we know little about the influence of selective load
periodization system (SLPS) on cardiac autonomic control and the effects on stress markers already known. Thus, the aim of
this study was to investigate if the application of SLPS promoted alterations in autonomic modulation of heart rate variability
(HRV), as well as same stress markers. Therefore, sixteen male basketball players (mean = SE: age 23.3 + 1.0 years; mass 87.5
+ 3.5 kg; height 194 £ 2 cm) were submitted to SLPS and evaluated before and after a competition period. The HRV was
evaluated by a spectral analysis of the time series composed of R-R intervals obtained in the supine position and during a tilt
test. The evaluation of stress markers consisted of measuring plasma catecholamines, cortisol and free testosterone. The results
demonstrated that the training load used during the competition period did not cause significant changes in the autonomic
modulation of HRV. This affirmation is supported by the absence of change in oscillations of low frequency (LF: 0,04-0,15Hz),
that corresponding to sympathetic and parasympathetic modulations, and high frequency (HF:0,15-05Hz), that corresponding
only to parasympathetic modulations of HRV. Additionally, no changes were observed in plasma concentrations of
catecholamines, free testosterone, cortisol and, consequently, in testosterone/cortisol ratio, when pre-competition and post-
competition values were compared. In summary, our findings suggest that the use of SLPS in basketball athletes presented
balance between workloads and recovery periods. However, further investigations are needed, including in other sports, so that
we can evaluate the effects of SLPS on cardiac autonomic modulation and stress markers evaluated in this study.
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training workloads (periodization models or systems) are
found in the literature. The classic or traditional model is
characterised by three well-defined training periods:
preparatory, competitive and transition [3, 4]. The traditional
periodization model has shown limitations in the training
structure for high-performance athletes, especially collective
modalities of sport. The increased frequency of competitions,
globalisation, the fight against illegal drug use and advances
in sports technology have caused changes in training patterns
and prompted the use of alternative periodization models,
called contemporary models [5]. These models, including the

1. Introduction

To improve performance in sports, athletes are subjected to
intense training loads. Accordingly, to enable athletes to
achieve a maximal performance at a desired time, it is
necessary to strictly control their training loads through
structuring and planning in periods or stages, also known as
periodization [1]. Furthermore, thorough knowledge of the
organic adaptive processes triggered in athletes by training is
important [2]. Different methods of structuring or planning
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selective load periodization system (SLPS), are designed to
fit the schedules of team sports for which the preparation
periods before the start of competition are insufficient [6]. In
SLPS, the training volume is maintained, and there is an
increase in specific training tasks with a progressive
expansion in the use of resources and methods directed at
improving speed skills [2, 6]. However, understanding the
organic adaptations arising from the increase in specific
training tasks that characterises contemporary periodization
models remains a challenge for professionals working with
high-performance athletes.

Therefore, it has been suggested that the evaluation and
monitoring of stress markers during training may allow
remodelling and individualisation of the workload to obtain
maximal performance from athletes [7, 8]. Some studies have
shown that the analysis of heart rate variability (HRV),
indirectly quantifying the influence of autonomic,
sympathetic and parasympathetic components on the heart,
may be an important tool in the prognosis of stress and
cardiovascular fitness in athletes [9, 10]. Additionally, studies
are increasingly addressing the monitoring of hormonal
responses to observe and control training-induced stress.
There is a consensus that certain hormones, as free
testosterone and cortisol, are primarily involved in the
adaptive processes triggered by training loads or competition,
in addition to influencing the regeneration phase [&, 11, 12,
13, 14]. However, the results are not conclusive with regard
to stress-assessment models as methods to monitor the
inherent adaptive training processes. Furthermore, in most
cases, the systematization between workloads and the
recovery period were determined empirically. Accordingly,
studies on different systems of periodization, as well as
distinct markers of physical stress, could collaborate with the
systematic of the training, helping to control the
individualization of workloads. Given the above, the purpose

of this study was to investigate the effect of SLPS on known
stress markers in basketball players before and after a
competition period using the following approaches: 1) the
spectral analysis of HRV using the autoregressive method
and 2) the measurement of plasma catecholamines, cortisol
and free testosterone. In this sense, our hypothesis was that
the training organization by SLPS could minimize the load of
physical stress imposed upon the athletes during the
competition and that this response could be observed by
monitoring of the HRV and hormonal stress markers
evaluated in this study.

2. Methods

2.1. Participants and Procedure

The study was conducted with 16 male basketball players
of high-performance (mean =+ SE: 23.3 + 1.0 years; 87.5 + 3.5
kg; 1.94 + 0.02 m) with training history of at least three years
and submitted to the SLPS. The exclusion criteria adopted
were the following: musculoskeletal changes that would
prevent the athlete from performing the evaluations or
participating in training and competitions and the use of
drugs or substances that would interfere with cardiac
autonomic function. The participants were screened in the
Exercise = Physiology = Laboratory, = Department  of
Rehabilitation and Functional Performance, Medical School
of Ribeirdo Preto, University of Sdo Paulo, Brazil. The study
was performed in accordance with the principles of the
Declaration of Helsinki and the procedures adopted were
approved by the Human Research Ethics Committee of the
Clinical Hospital of the Medical School of Ribeirdo Preto,
University of Sdo Paulo, Brazil (ethics approval n°162.079).
All participants signed an informed consent form.

Table 1. Competition microcycle structure.

Microcycles 01 02 03 04 05 06 07 08 09 10
Total days of training 6 7 6 6 7 6 7 6 7 6
No. of sessions 12 13 11 12 12 12 13 11 12 12
Training time (min) 920 960 900 920 900 920 960 900 900 920
Official games 1 1 2 1 2 1 1 2 2 1
Motor skills and weekly frequency of use of training resources

Resistance

Technical and Tactical Work 7 8 7 7 7 7 8 7 7 7
Strength

Weight-training exercises 2 2 2 2 2 2 2 2 2 2
Resistance running 1 1 1 - 1 - 1 - 1 -
Multi-jumps - - - - - - - - - ---
Jumps with weight - - - 1 1 1 1 - - ---
Depth jumps 1 1 - - - - - - - -
Speed

Maximum accelerations - - 1 1 1 1 1 1 2 2
Flexibility

Dynamic stretching 1 1 - 1 - 1 - 1 - 1

The evaluations were conducted in two sessions: one
before and one after a competition period. The competition

period lasted a total of 10 weeks. Its purpose, as proposed by
the SLPS, was the enhancement of the neuromuscular system
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with the increasing use of resources and methods to improve
strength and speed skills. The microcycle composition of the
competition period is described in Table 1.

2.2. Blood Samples

Blood samples were collected before and after the
competition period between 7 and 8 hours using BD
Vacutainer® EDTA tubes (Becton, Dickinson and Company,
Franklin Lakes, NJ, USA). Occasionally, blood samples were
also collected at 16 hours for cortisol quantification. The
samples were centrifuged for 10 minutes at 3,000 rpm and
4°C. The plasma isolated from each athlete was stored in
Eppendorf tubes (1.5 ml) in a freezer (-80°C) for later
analysis. A 48-hours interval was established between the last
training session and blood collection in the laboratory. The
athletes were instructed to fast for 12 hours and to avoid
physical activity and the consumption of alcoholic and
caffeinated beverages during this period. To quantify the
plasma  cortisol and free testosterone,  specific
radioimmunoassay procedures were used (Siemens Medical
Diagnostics, Los Angeles, CA, USA). The quantification of
plasma catecholamines was performed by high-performance
liquid chromatography (HPLC) using a multichannel
electrochemical detector (CoulArray 5600; ESA, Inc.,
Chelmsford, MA, USA).

2.3. Heart Rate Variability

To spectral analysis of HRV the athletes were instructed
not to consume alcoholic and caffeinated beverages, to avoid
physical activity and to maintain their usual diet for the 48
hours prior to testing. Heart rate assessment for the spectral
analysis of HRV was conducted between 9 and 10 hours
according to the following protocol: the athletes were placed
in the supine position for 20 minutes on an electric
orthostatic table. They were then placed passively in a tilted
position at 75° for another 20 minutes (tilt test). The
assessment of heart rate (HR) in the supine position and
during the tilt test was performed using an electrocardiogram
(PowerLab ML866, ADInstruments, Bella Vista, NSW,
Australia) with the respiratory rate set at 15 cycles/minute
with the aid of a metronome. The time series were obtained
from the adjacent RR intervals (RRi) and then divided into
segments of 200 heartbeats that were superimposed over the
segments of 100 heartbeats from the previous series. After
calculating the mean and variance of each segment, the
spectral analysis was performed using the autoregressive
model [15-17]. The oscillatory components present in the
stationary segments, heartbeat to heartbeat of the RRi, were
calculated based on the Levinson-Durbin recursion according
to Akaike's criteria [15]. This procedure allows an automatic
quantification of the centre frequency and the influence of
each relevant oscillatory component present in the interval
series. The oscillatory components were classified as low
frequency (LF) and high frequency (HF), showing
oscillations in the frequency ranges of 0.04-0.15Hz and 0.15-
0.5Hz, respectively. The effect of the LF and HF components

on the variability of the RRi was expressed in normalised
units obtained by calculating the percentage of LF and HF
variability in consideration of the total force and after
subtracting the very low-frequency (VLF) component
(frequencies < 0.04Hz). The normalisation procedure tends to
minimise the effect of changing the total force on the
absolute values of the wvariability of the LF and HF
components [15-17].

2.4. Statistical Analysis

The data were analysed by Sigma-Stat ® program and are
presented as mean and standard error. The results of the
endogenous factors and the spectral analysis of HRV were
analysed using the Student's t test for independent measures
and the Mann-Whitney rank sum when necessary. The
significance level was set at p less than 5% (p < 0.05) for all
analyses.

3. Results
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Figure 1. (4) Total variance of R-R interval. Spectral power density of R-R
interval in low- (LF) and high-frequency (HF) bands in absolute (ms’; B and
C) and normalised units (nu; D and E) during the supine assessment and the
tilt test (with their respective percentage change) calculated from time series
in basketball players before and after the competition period. *p < 0.05 vs.
the supine position before the competition period. *p < 0.05 vs. the supine
position after the competition period.

The Figure 1 show the parameters of the spectral responses
of HRV found in the supine position and during the tilt test in
the athletes studied, before and after the competition period.
In the supine assessment, the comparison between the two
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experimental periods showed no difference between the
spectral parameters evaluated. The tilt test (inclination of 75°
from the supine position) produced similar results, which
were characterised by an increase in the LF oscillations in
normalised units (Figure 1D) and a reduction of the HF
oscillations in absolute ( Figure 1C) and normalised units
(Figure 1E). Similar values were observed in both
experimental periods when comparing the percentage
variation in relation to the normalised LF (Figure 1D) and HF
(Figure 1E) oscillations after a tilt test.

The Table 2 depicts the hormone levels, comparing the
values obtained before and after the competition period. In
relation to plasma concentrations of catecholamines and free

testosterone, no difference was observed between time points.

Similar results were observed in plasma cortisol levels. As
shown in Table 2 and Figure 2, there was no difference in the
testosterone/cortisol ratio before and after the competition
period.

Table 2. Hormonal responses of basketball players before and after the
competition period.

Competition

Hormonal Responses Before After
Dopamine, pg/ml 30029 31344
Adrenaline, pg/ml 433%6.5 46.3+7.8
Noradrenaline, pg/ml 140.9 £23.1 177.2 £24.6
Total catecholamines, pg/ml 184.2 £26.1 223.6 £22.7
Cortisol, pg/100 ml 13.8+1.2 12712
Free Testosterone, pg/ml 15009 16.5%1.6
Free Testosterone/Cortisol ratio 1.18 0.1 1.35+0.7

Values are expressed as means £ S.E. *p < 0.05 vs. before the competition
period.
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Figure 2. Individual values of testosterone/cortisol ratio in basketball

players before and after the competition period.

4. Discussion

The plateauing of or decrease in the maximal performance
of elite athletes is often associated with an imbalance
between workload and recovery [18]. Accordingly, several

studies have reported the monitoring of stress markers as a
means to control the adaptations triggered by training or
competition [9, 10, 14].

In the present study, was investigated in basketball players
undergoing SLPS training the change in the autonomic
modulation of HRV and the plasma concentrations of
catecholamines, cortisol and free testosterone before and
after a competition period. The main finding was that
workloads and training used during the competition did not
cause significant changes in cardiac autonomic modulation
and stress markers evaluated. This conclusion is supported by
the absence of change in the HRV, plasma concentrations of
catecholamines, free testosterone, cortisol and
testosterone/cortisol ratio, when pre-competition and post-
competition values were compared.

It is well established in the literature that physical exercise
improves cardiac autonomic modulation as compared with
values obtained during the sedentary phase. This
improvement is frequently associated with increased HRYV,
mainly because of the increased influence of the
parasympathetic autonomic component on the heart [19-21].
However, the cardiac modulatory balance exerted by the
sympathetic and parasympathetic autonomic components
may be closely related to the type of physical exercise [21].

In the present study, was not observed any change in the
autonomic modulation of HRV when comparing the two
periods evaluated (before and after the competition period).
These results may be related to a possible adaptation of
athletes to the training intensity during this period, given that
a decrease in this marker has been previously demonstrated
in athletes with insufficient recovery between training
sessions [10]. However, little is known about the relationship
between training intensity and the adaptations involving
cardiac autonomic modulation in athletes. Thus, it is possible
that our findings are associated with the fact that basketball is
an intermittent sport in which athletes often perform high-
intensity and  short-duration work. This hypothesis
corroborates the findings of other studies that showed that the
cardiac autonomic control did not change in athletes
subjected to intense training [22, 23]. The precise cause of
the results for autonomic modulation must be investigated.
However, it is possible that autonomic modulation is
associated with a cardiovascular preconditioning of these
athletes, that is, an improvement in the modulation of the
cardiac autonomic balance acquired before the start of the
competition period. Another finding related to cardiac
autonomic modulation was observed during the tilt test. Low-
frequency oscillations in absolute units were not altered in
the two evaluated periods (before and after the competition
period). This behaviour seems to have been influenced by the
oscillations induced by parasympathetic autonomic
modulation, given that the LF oscillations reflect the sum of
the sympathetic and parasympathetic autonomic components
[17, 24]. In this case, the results suggest that the absence of
changes in the LF oscillations in absolute units during the tilt
test for the two periods are caused by a modulatory
autonomic balance characterised by increased sympathetic
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modulatory influence and the removal of parasympathetic
modulatory influence, resulting in no significant change in
the LF oscillations in absolute values. This hypothesis seems
to gain strength with the prominent reduction of HF
oscillations observed during the tilt test. In contrast, in
normalised units, the LF oscillations increased when the tilt
test was performed because the normalised values represent
the calculation of the percentage share of the LF and HF
bands in total power after the subtraction of the very low-
frequency component (VLF < 0.04Hz). Consequently,
because the HF oscillations decreased significantly during
the 75° inclination employed in the tilt test, the percentage
share of LF oscillations significantly increased. These results
were similar in both periods evaluated, as shown in Figure 1,
depicting the numerical values of the percentage of the
obtained responses.

As for the hormonal measurements, studies have shown
that by monitoring the blood levels of catecholamines,
cortisol and free testosterone, the level of physical stress
imposed by workloads in a given training or competition
period can be identified [25, 26]. However, factors such as
exercise characteristics (type, duration and intensity), training,
age, emotional state and nutritional status can also influence
the responses of these hormones [25], and the literature
shows contradictory results regarding the effects of training
on the responses of these hormones. With respect to
catecholamines, a study involving volleyball athletes showed
increased serum levels of adrenaline and reduced levels of
noradrenaline during a competition period [27]. In contrast,
other authors have shown that the training programme does
not affect catecholamines concentrations [28, 29].

In the present study, no significant changes were observed
in the plasma concentration of dopamine, adrenaline,
noradrenaline and total catecholamines before and after the
competition period. These results demonstrate a direct
correlation with cardiac autonomic modulation, which did
not change after the competition period. However, because
catecholamines are regarded as hormonal stress markers [30,
31], the results seem to reflect positive adjustments to the
workloads during competition, and a previous study reported
an increase in the secretion of these hormones as a result of
physiological and mental stress in high-performance athletes
during a competition period [32].

In addition, free testosterone and cortisol showed
interesting results. Testosterone is recognised as a hormone
involved in musculoskeletal anabolic processes, whereas
cortisol has catabolic functions [14]. In the present study,
there was no change in the plasma concentration of free
testosterone and cortisol after the competition period. The
literature reports no consistent patterns for the training-
induced adaptations in the basal concentrations of these
hormones. Therefore, the testosterone/cortisol ratio has been
suggested as a potent endocrine biomarker of the anabolic-
catabolic balance and a tool for diagnosing overreaching and
overtraining in athletes [13, 33, 34]. In the present study, was
not observed change in the testosterone/cortisol ratio, which
seems to indicate the maintenance of the anabolic-catabolic

balance of athletes after the competition period [35].

5. Conclusions

The results showed that the training loads used in this
study, during the competition, did not cause significant
changes in cardiac autonomic modulation and stress markers
evaluated. This conclusion is supported by the absence of
change in the HRV, plasma concentrations of catecholamines,
free testosterone, cortisol and testosterone/cortisol ratio,
when pre-competition and post-competition values were
compared. However, further investigations are needed,
including in other sports, so that we can evaluate the effects
of SLPS on cardiac autonomic modulation and stress markers
evaluated in this study.
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