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Abstract

Amateur futsal training, particularly in university settings, often faces limitations in training load regulation and
recovery management, which may increase the risk of accumulated fatigue and maladaptive physiological
responses. This study aimed to examine within-subject changes in physical fitness and heart rate variability
(HRV) across pre-season and in-season training phases in amateur futsal players. Twenty male university-level
futsal players completed physical fitness assessments and resting HRV measurements at three time points:
baseline, after a 6-week pre-season, and after a 6-week in-season training period. Physical fitness variables
included countermovement jump (CMJ), 10-m sprint performance, aerobic capacity assessed by the Beep Test
(estimated VO2max), and repeated shuttle sprint ability. Internal training load was monitored using the session
rating of perceived exertion (session-RPE) method. Data were analyzed using repeated-measures analysis of
variance, with statistical significance set at p < 0.05. The pre-season phase was characterized by higher training
load, monotony, and strain, which were associated with stagnation or reductions in selected physical fitness
variables and unfavorable autonomic responses. In contrast, the in-season phase, marked by reduced training
load and monotony, resulted in significant improvements in physical fitness and a more favorable autonomic
balance. These findings indicate that seasonal training structure plays a critical role in shaping physical fitness
adaptations and autonomic regulation in amateur futsal players. Monitoring HRV in conjunction with training
load may serve as a practical approach for optimizing training management and supporting recovery throughout
the competitive season.

Keywords: training periodization; autonomic nervous system; physical performance; training load
monitoring

Introduction

Futsal is a five-a-side indoor football sport characterized as a high-intensity intermittent activity, played
in a restricted area and allowing unlimited substitutions. These game-specific conditions result in rapid
transitions between offensive and defensive phases, thereby imposing substantial physical and physiological
demands on players. During match play, futsal athletes are required to repeatedly perform high-intensity actions
such as sprinting, rapid accelerations and decelerations, and abrupt changes of direction, while simultaneously
executing technical skills under severe spatial and temporal constraints. Consequently, players experience high
levels of physiological fatigue, accompanied by a progressive reduction in high-intensity activities as the match
progresses. Previous research has consistently demonstrated that these demands are key determinants of
competitive performance in futsal and other indoor football codes (Bangsbo et al., 2008; Barbero et al., 2008;
Nakamura et al., 2021).

Accordingly, possessing physical fitness characteristics that align with the specific demands of futsal is
considered fundamental to achieving high-level performance. The effective development of physical
preparedness requires a structured and periodized training process that is appropriately aligned with each phase
of the competitive season, while also incorporating adequate recovery to support physiological adaptation
(Buchheit & Laursen, 2013; Issurin, 2010). A substantial body of evidence indicates that the pre-season period
plays a crucial role in enhancing repeated sprint ability, intermittent endurance, and aerobic capacity, all of
which are essential components of futsal performance (Bangsbo et al., 2008; Barbero et al., 2008; Soares-
Caldeira et al., 2014). However, pre-season training programs are typically characterized by high training
volume and intensity. Although such workloads are necessary to stimulate adaptive responses, they
simultaneously increase the risk of functional overreaching, which is defined as a temporary stagnation or
decline in physical and psychological performance (Lehmann et al., 1998; Meeusen et al., 2013). When
appropriately managed with sufficient recovery, functional overreaching may facilitate supercompensation and
long-term performance development. Conversely, if excessive training stress persists without adequate recovery,
it may progress to overtraining syndrome, resulting in detrimental effects on performance, health, and
competitive readiness. Evidence from various sports disciplines supports the negative impact of excessive
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training loads on physical performance and physiological function. Reductions in muscle strength, aerobic
capacity, and competitive performance have been reported following prolonged periods of high-intensity training
(Callister et al., 1990; Fry et al., 1994; Hooper et al., 1993; Jeukendrup et al., 1992; Snyder et al., 1995). From an
autonomic regulation perspective, compelling evidence indicates that heart rate variability (HRV) decreases
during periods of elevated training load, reflecting increased sympathetic activity and reduced parasympathetic
modulation (Plews et al., 2013; Urhausen & Kindermann, 2002). In addition, hormonal markers such as the
testosterone-to-cortisol ratio have been shown to exhibit significant imbalance in athletes experiencing
overtraining (Adlercreutz et al., 1986; Fry et al., 1991). During the in-season phase, although overall training
volume may be reduced compared with the pre-season, the increased frequency of matches and competitive
pressure continue to impose substantial physical and psychological stress. Studies have reported a decline in
resting HRV toward the end of the competitive season in professional athletes, indicating accumulated fatigue
and altered autonomic nervous system regulation (Rave et al., 2020; Thorpe et al., 2017). Therefore, monitoring
athletes’ responses to training loads across both the pre-season and in-season phases is essential for effective
performance management. In this context, HRV has been proposed as a non-invasive marker of autonomic
nervous system function that is sensitive to changes in training load and recovery status and can be effectively
applied in practical settings (Buchheit & Simpson, 2020; Flatt et al., 2018; Flatt & Howells, 2019; Plews et al.,
2013). Nevertheless, Buchheit (2014) emphasized that HRV should not be interpreted in isolation but rather in
conjunction with training load characteristics, the phase of the competitive season, and individual athlete
responses. This perspective is supported by recent strength and conditioning literature, which suggests that HRV
provides maximal value when combined with additional indicators of training load and fatigue (Addleman et al.,
2024).

Despite the growing body of research examining training load management and HRV monitoring in
professional football and futsal players, limited evidence is available regarding the effects of seasonal training on
physical fitness and autonomic regulation in amateur futsal players, particularly at the university level. This
population is characterized by distinct training structures, recovery resources, and competitive contexts
compared with elite athletes, which limits the direct transferability of findings derived from professional cohorts.
Therefore, the purpose of this study was to investigate within-subject changes in physical fitness and
heart rate variability in university-level amateur futsal players across the pre-season and in-season phases within
the same seasonal training structure. Physical performance assessments included measures of power, speed,
aerobic capacity, and repeated sprint ability, alongside resting HRV measurements collected at three time points:
baseline, post pre-season, and post in-season. Training load was concurrently monitored using the session rating
of perceived exertion (session-RPE) method to facilitate interpretation of training-induced responses. The
findings of this study are expected to provide empirical insight into seasonal training adaptations in amateur
futsal players and to offer practical guidance for monitoring and adjusting training loads in university-level futsal
settings.

Materials and Methods
Research Design

This study employed a one-group repeated-measures experimental design. Key outcome variables were
assessed at three time points: baseline (pre-training), after a 6-week pre-season training period, and after a 6-
week in-season (pre-competition) training period. The purpose was to examine within-subject changes in
physical fitness and heart rate variability (HRV) in response to seasonal training.

Participants

Twenty male university-level futsal players from Chandrakasem Rajabhat University (age: 19.60 + 1.01
years; body mass: 65.50 = 9.35 kg; height: 170.50 + 7.01 cm) participated in the study. Participants were
recruited using simple random sampling. Sample size estimation was performed using G*Power software,
assuming a statistical power of 0.95, alpha level of 0.05, and a large effect size (f = 0.95), based on previous
related studies. The minimum required sample size was 15 participants; therefore, 20 participants were recruited
to account for an anticipated dropout rate of approximately 20%.

All participants provided written informed consent prior to participation. The study protocol was
approved by the Human Research Ethics Committee of Chandrakasem Rajabhat University and conducted in
accordance with the Declaration of Helsinki.

Experimental Procedures

Participants completed physical fitness and HRV assessments at baseline, after the pre-season period
(week 6), and after the in-season period (week 12). All assessments were conducted under standardized
environmental conditions and consistent time-of-day schedules to minimize external variability.

The training program was divided into two phases:

Pre-season (Weeks 1-6): Training emphasized the development of fundamental physical capacities,
including strength, power, speed, and high-intensity endurance. Training frequency was six sessions per week,
with a total weekly training volume of approximately 520-600 minutes. Sessions consisted of resistance and
power training (two sessions per week), speed and agility drills, interval and Fartlek running, and technical—
tactical exercises. Training volume and intensity were progressively increased across the pre-season.

304

JPES®  www.efsupit.ro



THANAKORN KAIMUSIK, VORRAMATE PRAJONGJAI, NIROMLEE MAKAIJE

In-season (Weeks 7-12): The in-season phase focused on performance maintenance and recovery
optimization. Training frequency remained at six sessions per week, while weekly training volume was reduced
to approximately 438-486 minutes. Training content emphasized tactical preparation, small-sided games,
position-specific drills, and the maintenance of speed, power, and agility.

Internal training load was assessed using the session rating of perceived exertion (session-RPE) method.
Participants reported their perceived exertion (RPE) following the completion of each training session. The
session-RPE was then calculated by multiplying the RPE score by the duration of the training session (minutes).
Weekly training load, training monotony, and training strain were calculated according to the methods proposed
by Foster et al. (2001).

Heart Rate Variability Assessment

Resting HRV was assessed using a BioRex Biofeedback device (BioRex, Russia). Participants remained
seated and breathed spontaneously in a quiet, temperature-controlled room (25-26 °C) for 10 minutes. RR
intervals were recorded at a sampling rate of 1,000 Hz, with the final 5 minutes used for analysis via BioRex
software. Time-domain HRV indices included mean RR interval, the root mean square of successive differences
(RMSSD), and the standard deviation of normal-to-normal RR intervals (SDNN). Frequency-domain analysis
was performed using a 1,024-point fast Fourier transform (FFT) with 50% overlap and Welch’s periodogram.
Power spectral density was calculated for low-frequency (LF: 0.04-0.15 Hz) and high-frequency (HF: 0.15-0.40
Hz) bands. Absolute power values were expressed in ms?, and normalized units (nu) were calculated after
removal of the very low-frequency component. The LF/HF ratio was used as an indicator of sympathovagal
balance. Participants were instructed to abstain from caffeine, alcohol, and strenuous physical activity for at least
24 hours prior to HRV testing and to maintain normal sleep and dietary routines.

Physical Fitness Testing

Muscular Power: Lower-body power was assessed using the countermovement jump (CMJ) performed
on a force platform (Australia). Participants executed maximal vertical jumps from an upright standing position.
Jump height, peak force, and peak power (W-kg™') were recorded.

Sprint Performance: Linear sprint speed was assessed using a 10-m sprint test with electronic timing
gates (Smart Speed, Australia). Participants started from a standing position, and sprint time was recorded with a
resolution of £0.01 s.

Aerobic Capacity: Aerobic fitness was estimated using the multi-stage 20-m shuttle run test (Beep
Test). Estimated maximal oxygen uptake (VO: max) was calculated based on the final stage completed.

Anaerobic Capacity: Anaerobic performance was evaluated using the repeated shuttle sprint ability
(RSSA) test. Participants completed six maximal 2 x 20 m shuttle sprints interspersed with 20 s of passive
recovery. Best sprint time, mean sprint time, and fatigue index were calculated.

Data Collection

Heart rate variability (HRV) and physical fitness assessments were conducted at three time points under
identical testing conditions. On Day 1, participants underwent a health history screening to confirm their health
status and ensure safety prior to testing. The screening included a review of medical history and recent injuries,
an assessment of current musculoskeletal conditions, and verification of the absence of contraindications to
exercise, in accordance with standard pre-participation guidelines. Resting HRV was then assessed between
09:00 and 11:00 h. Subsequently, between 15:00 and 17:00 h, participants performed the countermovement jump
(CM)), sprint, and repeated sprint ability (RSSA) tests. On Day 2, aerobic fitness was evaluated using the Beep
Test between 09:00 and 11:00 h. All running tests were performed on a rubberized indoor court familiar to the
participants.

Statistical Analysis

Descriptive statistics are presented as mean + standard deviation. Prior to inferential analyses, data
distribution was examined for normality using the Shapiro—Wilk test, and visual inspection of histograms and Q-
Q plots was performed to confirm distributional assumptions. Changes in physical fitness and HRV variables
across the three assessment time points were analyzed using repeated-measures analysis of variance (ANOVA).
When significant main effects were observed, Bonferroni-adjusted post hoc comparisons were applied.
Differences in weekly training load, training monotony, and training strain between the pre-season and in-season
phases were examined using paired-samples t-tests. Statistical significance was set at p < 0.05.

Results

The results are presented in three sections: (1) participant characteristics and training load, (2) changes
in physical fitness across training phases, and (3) changes in heart rate variability (HRV).

1. Participant Characteristics and Training Load

Twenty male amateur futsal players completed the study. Participant characteristics are presented in
Table 1. The mean age was 19.60 £+ 1.01 years, body mass was 65.50 + 9.35 kg, and height was 170.50 + 7.01
cm. Weekly training load, training monotony, and training strain differed significantly between the pre-season
and in-season phases (Table 2). During the pre-season (weeks 1-6), players exhibited higher weekly training
load (1,490.55 + 129.12 AU), training monotony (5.02 + 0.83), and training strain (7,506.32 + 1,504.25 AU). All
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training load indices were significantly lower during the in-season phase (weeks 7-12), with a weekly training
load of 1,043.70 + 91.98 AU, monotony of 2.12 + 0.54, and strain of 2,247.77 + 632.60 AU (p <0.001).
Table 1. General characteristics of the participants (N = 20)

Variable Mean + SD

Age (years) 19.60+1.01

Body mass (kg) 65.50+9.35

Height (cm) 170.50+7.01

Table 2. Weekly training load, monotony, and strain during pre-season and in-season

Variable Pre-season (Weeks 1-6) In-season (Weeks 7-12) p-value
Weekly training load (AU) 1,490.55+129.12 1,043.70+91.98 <0.001
Training monotony 5.02+0.83 2.12+0.54 <0.001
Training strain (AU) 7,506.32+1,504.25 2,247.77+632.60 <0.001

Note: Values are mean + SD. AU = arbitrary units. p-values were derived from paired-samples t-tests.
Table 3. Changes in physical fitness variables across training phases

Variable Baseline Post pre-season Post in-season p-value
(Mean = SD) (Mean = SD) (Mean = SD)

Muscular power (W-kg™) 51.40+4.45 50.3246.35° 56.5045.60° <0.001
CM]J height (cm) 35.70+4.082 33.20+£3.200 39.20+4.48¢ <0.001
10-m sprint (s) 2.86+0.222 2.88+0.267 2.79+0.24° 0.015
Anaerobic power (W) 358.73+53.400 356.07+53.77 369.40+62.63° 0.037
Anaerobic capacity (W) 346.20+51.312 339.13+47.82> 352.73+54.79¢ <0.001
VO:max (ml-kg'-min™) 46.31+5.712 45.33+5.320 50.34+5.31¢ <0.001
Fatigue index 3.75+£1.39» 5.24+1.57° 4.68+2.002° 0.009

Note: Values are presented as mean + standard deviation. Different superscript letters (a, b, ¢) within the same
row indicate statistically significant differences at p < 0.05 based on post hoc pairwise comparisons, whereas
means sharing the same or common superscript letters (e.g., ab) indicate no statistically significant differences.

2. Changes in Physical Fitness across Training Phases

Changes in physical fitness variables across baseline, post pre-season, and post in-season assessments
are presented in Table 3. Following the pre-season training phase, CMJ height, anaerobic capacity, and estimated
VO:max were significantly lower than baseline values (p <0.05). No significant changes were observed
in muscular power, 10-m sprint time, anaerobic power, or fatigue index following the pre-season period.
Following the in-season training phase, significant improvements were observed in all physical fitness variables.
Muscular power, CMJ height, anaerobic power, anaerobic capacity, and estimated VO.max were significantly
higher compared with both baseline and post pre-season values (p < 0.05). In addition, 10-m sprint time was
significantly reduced following the in-season phase (p < 0.05). Fatigue index values were significantly lower
than post pre-season values but did not differ significantly from baseline.

3. Changes in Heart Rate Variability across Training Phases

HRYV parameters measured at baseline, post pre-season, and post in-season are presented in Table 4.
Resting heart rate increased significantly following the pre-season phase compared with baseline and post in-
season values (p < 0.05). RR interval was significantly reduced following the pre-season period (p < 0.05).
Following the in-season phase, resting heart rate, LF power, and LF/HF ratio were significantly lower than both
baseline and post pre-season values (p < 0.05). Conversely, RR interval, RMSSD, and HF power were
significantly higher following the in-season phase compared with baseline and post pre-season measurements (p
<0.05).

Table 4. Changes in heart rate variability parameters across training phases

HRY Variable (MeanssD)  (MeansSD)  (Memespy Pl
HR (beats min™") 67.00+5.072 74.00£7.47° 62.00+4.53¢ <0.001
RR interval (ms) 887.00+78.912 806.00+94.18> 956.00+90.11¢ <0.001
RMSSD (ms) 50.00£25.102 44.00+28.30° 70.00+£33.11° 0.013
HF (nu) 49.10+21.308 38.08+23.220 58.56+15.76° 0.005
LF (nu) 50.90+21.302 61.92+23.220 41.49+15.74> 0.005
LF/HF ratio 1.87+2.302 3.904+4.57° 0.85+0.61° 0.004

Note: Values are presented as mean + standard deviation. Different superscript letters (a, b, ¢) within the same
row indicate statistically significant differences at p < 0.05 based on post hoc pairwise comparisons, whereas
means sharing the same or common superscript letters (e.g., ab) indicate no statistically significant differences.
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Discussion

The purpose of this study was to examine the effects of seasonal training structure on physical fitness
and heart rate variability (HRV) in amateur university-level futsal players. The principal findings indicate that
the structure of training load across different phases of the season elicited distinct physiological responses and
athlete adaptations. Specifically, the pre-season phase was characterized by high training load, monotony, and
training strain, which resulted in stagnation or transient declines in several physical fitness components, along
with alterations in autonomic nervous system regulation that were not conducive to recovery. In contrast, the in-
season phase, during which training load was appropriately reduced, led to significant improvements in both
physical fitness and HRV indices, reflecting a more favorable restoration of physiological homeostasis and
autonomic regulation.

Effects of Pre-season Training Load on Physical Performance

The findings of the present study indicate that, during the pre-season phase, university-level amateur
futsal players were exposed to a high average weekly training load, accompanied by persistently elevated
training monotony and training strain. This pattern reflects a training structure primarily designed to increase
both training volume and intensity in order to elicit short-term physiological adaptations. However, when
physical fitness outcomes were examined at the end of the pre-season period, measures of lower-limb power
assessed by the countermovement jump (CMJ), short-distance sprint performance, and aerobic capacity tended to
remain unchanged or exhibit slight reductions compared with baseline values. These results suggest that, during
this phase, the applied training stimulus was not yet conducive to optimal performance expression. Such
responses are consistent with the concept of functional overreaching, which arises from the accumulation of
training load in combination with insufficient recovery. Foster et al. (1998) proposed that sustained exposure to
high training monotony and training strain increases the risk of transient performance decrements and
unfavorable physiological adaptations. This pattern closely aligns with the pre-season training characteristics
observed in the present study. Furthermore, Bell et al. (2020) described a continuum between functional and
non-functional overreaching in sports with high neuromuscular demands, emphasizing that prolonged periods of
high-intensity and monotonous training may suppress short-term performance expression, even in the absence of
long-term impairment to athletic potential. Previous research in team-sport settings has also reported clear
associations between training load variables and changes in physical performance. Clemente et al. (2017)
demonstrated that the accumulation of high training load in conjunction with elevated training monotony was
associated with stagnation or reductions in maximal aerobic speed and estimated VO: max, even among well-
trained athletes. Similarly, Fry et al. (1994) reported that rapid increases in training load in resistance-trained
athletes can induce short-term overreaching, manifested by increased fatigue and reductions in muscular
strength. In addition, studies by Callister et al. (1990) and Hooper et al. (1993) documented performance
decrements in athletes exposed to sustained heavy training without adequate recovery.

When considered within the specific physiological and mechanical demands of futsal—a sport
characterized by repeated explosive actions, rapid accelerations, and frequent changes of direction performed
under limited recovery intervals—the accumulation of high and monotonous training load may directly impair
the capacity to generate muscular power and movement speed. This effect may be particularly pronounced in
university-level athletes, who often face additional constraints related to sleep quality, academic demands, and
limited recovery resources, thereby exacerbating short-term suppression of physical performance during the pre-
season phase.

Effects of In-Season Training Load on Physical Fitness

Upon entering the in-season phase, a clear reduction in overall training load was observed,
encompassing decreases in training volume, training monotony, and training strain. This shift reflects a strategic
modification of the training structure from the pre-season emphasis on inducing physiological adaptations
toward the maintenance of physical performance and athlete freshness to accommodate the demands of
continuous competition. Such an approach is consistent with the principles of periodized training, which
advocate the attenuation of accumulated training stress to allow previously induced adaptations to be optimally
expressed (Buchheit & Simpson, 2020). The present findings demonstrated that, following the in-season period,
university-level amateur futsal players exhibited significant improvements across multiple physical fitness
components, including lower-limb power assessed by the countermovement jump (CMJ), short-distance sprint
performance, anaerobic capacity, and aerobic fitness, compared with post pre-season values. These adaptations
align with previous evidence from team-sport research indicating that reductions in training load during the
competitive season are associated with the restoration and enhancement of power, speed, and endurance
capacities (Clemente et al., 2017; Foster et al., 2001). These performance improvements are also consistent with
the concept of the delayed training effect or supercompensation, whereby the reduction of training stress
following a period of high load enables previously suppressed performance capacities to manifest more fully
(Issurin, 2010; Urhausen & Kindermann, 2002). In this context, the recovery of physical fitness during the in-
season phase can be attributed to a reduction in accumulated fatigue and an optimization of recovery processes,
which collectively facilitate neuromuscular function and enhance both aerobic and anaerobic energy production
pathways. Supporting this interpretation, previous studies have reported that internal training load indicators,
such as session rating of perceived exertion (session-RPE) and training impulse (TRIMP), are positively
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associated with improvements in endurance performance and aerobic capacity in team-sport athletes when
training load is appropriately regulated during the competitive season (Bourdon et al., 2017; Impellizzeri et al.,
2019). In futsal specifically the reduction of training load during the in-season phase plays a critical role in
restoring neuromuscular readiness and preserving the quality of high-intensity movement execution.

The present findings further support earlier reports indicating that the attenuation of training stress
following intensive training phases promotes aerobic fitness and repeated high-intensity performance capacity
(Jeukendrup et al., 1992). Collectively, these results reinforce the recommendations of Bourdon et al. (2017),
which emphasize that effective training management in team sports should rely on the integrated monitoring of
multiple load and recovery indicators to ensure informed, context-sensitive decision-making throughout the
competitive season.

Effects of Pre-Season and In-Season Training Load on Autonomic Nervous System Responses and
HRYV Adaptations

Heart rate variability (HRV) analysis provides a sensitive and non-invasive approach for examining
autonomic nervous system responses to seasonal training structure and accumulated training stress. In the present
study, the pre-season phase was characterized by an increase in resting heart rate alongside concomitant
reductions in RR interval, RMSSD, and HF power, accompanied by elevations in LF power and the LF/HF ratio.
When interpreted collectively, these changes indicate a shift in autonomic regulation toward sympathetic
predominance and parasympathetic withdrawal, a pattern commonly associated with accumulated training stress
and functional overreaching (Lehmann et al., 1998; Urhausen & Kindermann, 2002). This
interpretation is consistent with previous findings demonstrating that reductions in RMSSD, particularly when
accompanied by elevated resting heart rate, represent sensitive markers of insufficient recovery and accumulated
fatigue in team-sport athletes exposed to high training load and monotony (Bellenger et al., 2021; Plews et al.,
2013). Furthermore, Urhausen and Kindermann (2002) reported pronounced reductions in HRV indices during
periods of intensified and monotonous training, reflecting increased sympathetic drive and altered autonomic
control. Although hormonal variables were not assessed in the present study, prior research has shown that
sustained training stress may be accompanied by marked reductions in the testosterone-to-cortisol ratio,
reflecting broader dysregulation of physiological stress responses under conditions of excessive load
(Adlercreutz et al., 1986; Fry et al., 1991). Collectively, these findings support the notion that the autonomic
alterations observed during the pre-season phase reflect a state of heightened physiological stress rather than
optimal adaptive readiness. From an applied perspective, these pre-season HRV responses align with recent
recommendations emphasizing that HRV metrics should be interpreted in conjunction with training load indices
and seasonal context rather than in isolation (Addleman et al., 2024; Flatt & Howells, 2019). In the present
study, HRV alterations were examined alongside objectively quantified training load, monotony, and strain,
thereby strengthening the physiological plausibility of the observed autonomic responses.

In contrast, the in-season phase was characterized by a normalization of autonomic function, as
evidenced by reductions in resting heart rate and concurrent increases in RR interval, RMSSD, and HF power,
alongside a decrease in the LF/HF ratio. These adaptations reflect enhanced parasympathetic modulation and
improved autonomic balance, indicative of sufficient recovery and positive physiological adaptation under
reduced training stress. Consistent with this interpretation, RMSSD has been identified as a robust and stable
HRYV index for monitoring recovery status and readiness in intermittent team sports (Buchheit & Laursen, 2021;
Schneider et al., 2018). Moreover, increases in RMSSD during competitive phases have been associated with
improved performance consistency and recovery capacity in both football and futsal players (Milanez et al.,
2021). Taken together, the present findings reinforce the concept that HRV responses reflect the dynamic
balance between training-induced stress and recovery processes across seasonal phases. When integrated with
training load monitoring, HRV represents a valuable applied tool for guiding load regulation, minimizing the risk
of maladaptive fatigue, and supporting sustainable performance development in university-level amateur futsal
players, who often operate under greater recovery constraints than professional athletes.

Conclusion

The purpose of this study was to examine the influence of seasonal training structure on changes in
physical performance and autonomic nervous system regulation in university-level amateur futsal players, using
an integrated analytical framework that combined physical performance outcomes, training load characteristics,
and physiological response indicators. The present findings clearly demonstrate that the organization and
management of training structure across different phases of the season play a central role in shaping
physiological adaptations and performance trajectories, rather than the isolated effect of any single monitoring
variable considered outside the training context. During the pre-season phase, which was characterized by high
training loads, elevated training monotony, and increased training strain, several components of physical
performance tended to stagnate or decline. These changes were accompanied by alterations in heart rate
variability (HRV) indicative of heightened physiological stress. This response pattern suggests that although pre-
season training is essential for establishing physical foundations, training structures involving excessive load
accumulation, low variability, and insufficient recovery allocation may constrain adaptive potential and promote
maladaptive physiological responses. In contrast, the in-season phase, during which training load and monotony
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were more appropriately regulated, was associated with improvements in multiple aspects of physical
performance alongside HRV responses reflecting improved autonomic balance and recovery status. These
findings emphasize the importance of designing seasonal training structures that balance training stress and
recovery demands to support favorable physiological adaptations and the maintenance of performance
throughout the competitive period in amateur futsal players.

A key contribution of this study lies in demonstrating that seasonal changes in physical performance
and HRV primarily reflect the characteristics of the training structure to which athletes are exposed, rather than
providing direct evidence of the effectiveness of specific monitoring tools or methods. From a theoretical
perspective, this research extends current knowledge on the interaction between seasonal training planning,
autonomic nervous system regulation, and performance adaptation in high-intensity intermittent team sports such
as futsal, particularly within the under-represented context of university-level amateur athletes.

In summary, sustainable performance development in amateur futsal players cannot be explained solely
by training volume or intensity. Instead, it is closely linked to the overall seasonal training structure, the
continuity and distribution of training load, and the adequacy of recovery strategies. Accordingly, the present
findings support the concept of designing and evaluating balanced seasonal training structures that are aligned
with the practical realities of university-level futsal training.

Practical Applications

From a practical standpoint, the present findings suggest that the evaluation of seasonal training
structure in amateur futsal players can be effectively conducted through the combined consideration of physical
performance data, training load characteristics, and physiological response indicators. In this study, variables
such as session rating of perceived exertion (session-RPE) and heart rate variability (HRV) functioned as
reflective indicators of athletes’ responses to differing training patterns and stress levels between the pre-season
and in-season phases, rather than as tools intended to predict or guarantee performance outcomes directly.

Accordingly, coaches and sport scientists working at the university level may use information derived
from these variables to support the systematic review and refinement of existing training structures. This
approach may help ensure that training load management, training variability, and recovery allocation are better
aligned with the practical context of amateur futsal players throughout the competitive season, thereby reducing
the risk of undesirable training responses. Specifically, practitioners should carefully manage training load,
training monotony, and training strain, particularly during the pre-season phase, to minimize the risk of
functional overreaching. Excessive training volume combined with low load variability may impair
neuromuscular performance and autonomic regulation, even when the primary objective is to enhance physical
fitness. Integrating HRV monitoring alongside subjective load measures such as session-RPE may facilitate the
early detection of excessive physiological stress and allow timely adjustments to training programs. In this
context, the root mean square of successive differences (RMSSD) represents a practical, non-invasive indicator
of recovery status and autonomic regulation that can be readily implemented within amateur futsal environments,
supporting evidence-informed decision-making in seasonal training design.

Limitations

Several limitations should be considered when interpreting the findings of this study. First, the use of a
one-group repeated-measures design without a control group limits causal inference regarding the effects of
seasonal training structure. Nevertheless, this approach was intentionally adopted to reflect the real-world
constraints of amateur futsal training environments and to enable appropriate within-subject comparisons across
different training phases. Second, the sample consisted exclusively of male amateur university futsal players,
which may limit the generalizability of the findings to female athletes or elite futsal populations. However, the
specificity of the sample enhances the contextual relevance of the conclusions within the training setting
examined. Finally, psychological and perceptual recovery markers were not integrated into the present analysis.
Future research should therefore incorporate psychometric assessments alongside physiological indicators, such
as heart rate variability, to provide a more comprehensive understanding of the adaptive processes associated
with seasonal training structures.

Recommendations

Consistent with the study conclusions, the present findings indicate that adaptations in amateur futsal
players are primarily influenced by the overall seasonal training structure rather than by any single training-load
variable considered in isolation. Accordingly, the evaluation of training programs should adopt a system-based
perspective that accounts for the interactions among training load distribution, recovery allocation, and
physiological responses.

From a practical standpoint, the combined monitoring of physical performance, training load
characteristics, and heart rate variability (HRV) represents a feasible and applicable framework for reviewing
and refining training structures in university-level and amateur futsal contexts. Within this framework, indicators
such as session rating of perceived exertion (session-RPE) and HRV should be interpreted as reflective markers
of athletes’ responses to training stress, rather than as direct predictors of performance outcomes.

From a management perspective, the use of non-invasive and low-cost monitoring tools may support
more effective training load management, reduce the risk of maladaptive training responses, and promote
continuity of the training process across the competitive season.
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Finally, future research should extend monitoring across multiple competitive seasons and include more
diverse athlete populations to improve understanding of long-term adaptation patterns. The integration of
psychological and recovery-related markers—such as perceived fatigue, sleep quality, and psychological
stress—alongside physiological measures is recommended to provide a more comprehensive perspective on
adaptation to seasonal training structures. In parallel, future studies should examine the integrated relationships
among training load dimensions (volume, intensity, monotony, and strain), changes in physical performance, and
HRYV in order to develop predictive models for the early detection of short-term overreaching, particularly during
the pre-season. Such approaches may further support evidence-based decision-making in training design and
recovery management within amateur futsal settings.
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