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Abstract
Background  Heart rate variability (HRV) is a key marker of autonomic nervous system function and has been 
proposed as a tool for monitoring training adaptations. However, its relationship with performance beyond aerobic 
capacity remains unclear in football players. This study aimed to examine the associations between resting HRV and 
aerobic capacity, agility, neuromuscular coordination, sleep quality, and body awareness.

Methods  Twenty-five male football players (mean age 20 ± 3 years) underwent HRV assessment via the Polar H10 
system. Performance tests included the 20 m Shuttle Test (VO2max), Illinois Agility Test, Hexagon Test (neuromuscular 
coordination), and Vertical Jump Tests (muscular strength). Sleep quality and body awareness were assessed using the 
Pittsburgh Sleep Quality Index and Body Awareness Questionnaire.

Results  HRV Score was positively correlated with VO2max (r = 0.4, p = 0.04), while LF/HF ratio showed a negative 
correlation with shuttle test distance (rs=-0.52, p = 0.007). Mean RR correlated with neuromuscular coordination 
(r = 0.56, p = 0.004), sleep quality (r = 0.45, p = 0.024), and body awareness (rs = 0.46, p = 0.019). No significant 
correlations were found with muscular strength.

Conclusions  Resting HRV is associated with key performance indicators in football players, supporting its potential 
use in monitoring physiological readiness and training adaptations. Future research should establish reference values 
and evaluate HRV-based interventions for performance enhancement.

Keywords  Heart rate variability, Autonomic function, Football performance, Neuromuscular coordination, Sleep 
quality, Body awareness
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Introduction
The proper functioning of the autonomic nervous sys-
tem (ANS) is essential for athletic performance [1]. The 
ANS comprises two complementary parts: the sympa-
thetic and parasympathetic systems, which must work 
harmoniously to maintain healthy bodily functions and 
homeostasis [2, 3]. Heart rate variability (HRV) is widely 
recognized as a practical, non-invasive method to assess 
ANS modulation and cardiac regulation, reflecting the 
balance between these two systems. It is considered a 
quantitative marker for assessing cardiac responses to 
physical and psychological stimuli [4–6].

HRV has been extensively studied in sports science 
due to its strong association with physiological recovery, 
training adaptation, and overall cardiovascular health in 
athletes. Elevated HRV indices indicate efficient auto-
nomic regulation, typically seen in well-conditioned 
individuals, whereas low HRV may suggest autonomic 
dysfunction, increased stress, or overtraining [7]. Previ-
ous studies have primarily focused on the relationship 
between HRV and aerobic capacity, demonstrating that 
well-conditioned athletes often exhibit greater para-
sympathetic dominance at rest, which is linked to better 
endurance performance [8, 9]. However, HRV’s role in 
other key performance indicators, such as agility, neuro-
muscular coordination, and body awareness, remains less 
explored.

In team sports like soccer, where rapid changes in 
direction, sprinting, and decision-making play crucial 
roles, it is critical to determine whether HRV can be a 
reliable marker for assessing overall athletic performance 
beyond aerobic capacity. Recent studies have attempted 
to link HRV parameters with changes in physical per-
formance variables, but most of these have focused on 
runners or endurance athletes [10, 11]. Furthermore, the 
potential implications of HRV monitoring in practical 
training settings for football players have not been fully 
addressed.

This study aims to fill this gap by investigating the rela-
tionship between resting HRV and multiple athletic per-
formance parameters, including agility, coordination, 
sleep quality, and body awareness, in football players. 
By establishing these relationships, this study may pro-
vide valuable insights into whether HRV can be used as 
a practical tool for monitoring training adaptations and 

optimizing performance strategies in football players. 
Additionally, understanding these connections could 
contribute to the development of HRV-based interven-
tions for enhancing athletic performance and recovery.

Materials and methods
Experimental approach to problem
In the following study, football players of Ankaraspor 
football club in Ankara province were recruited. All 
measurements were collected in the field and laboratory 
where the football club trained. Measurements were car-
ried out on two separate days. Athletes were allowed to 
rest for as long as necessary between tests by the sports 
club’s health professionals, coaches, and conditioners. 
After demographic data was recorded on the first day, 
HRV measurement, sleep quality, body awareness, agil-
ity, and coordination tests were performed. On the sec-
ond day, aerobic and anaerobic performance tests were 
performed.

Subjects
The study included 25 male football players with a mean 
age of 21 ± 3 years. The average height of the football 
players was 181 ± 0.08  cm, and the average body mass 
index (BMI) was 22.4 ± 2 kg/m2 and average years of 
training was 12 ± 4. Descriptive statistics of soccer players 
are presented in Table 1.

Inclusion criteria were male football players aged 
18–25 years, without any known systemic problems, 
without musculoskeletal injury in the last six months, 
with a football player license in Ankara province, and 
who volunteered to participate in the study. Exclusion 
criteria were caffeine consumption within the last 4  h, 
tobacco use within the previous 48  h, use of any drug 
within the last week, and consumption of alcoholic bev-
erages within the last 24 h.

All measurements were performed at the same time 
of day to control for circadian influences on HRV. Play-
ers were also asked to maintain their regular sleep and 
dietary habits the night before testing to minimize poten-
tial confounding effects.

Ethical approval for this study was obtained from the 
Ethics Committee of Ankara Yildirim Beyazit University 
(Date-Decision No: 07.04.2022-06). The study was con-
ducted in accordance with the Declaration of Helsinki. 
Additionally, after providing participants with general 
information about the study, their voluntary consent was 
secured using the ‘Informed Voluntary Consent Form’.

Procedures
After recording the demographic information of the ath-
letes, sportive performance tests, HRV measurement, 
sleep quality, and body awareness assessments were 
performed.

Table 1  Descriptive statistics of soccer players
Variables n Mean ± SD (95% CI)
Age (years) 25 21 ± 3 (18–22)
Height (cm) 25 181 ± 0.08 (1.78–1.84)
Body Weight (kg) 25 73 ± 7 (70–76)
BMI (kg/m2) 25 22.4 ± 2 (21.5–23.2)
Years of training 25 12 ± 4 (10–13)
BMI: body mass index, SD: standard deviation, 95%CI: 95% confidence interval
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Sportive performance tests
40 cm Drop Jump (DJ)
For this test, which is also used as a test of the stretch-
shortening cycle of the leg extensor muscles and mea-
sures the explosive strength of the athlete, the “Drop 
Jump (DJ)” protocol, which is available in the Optojump 
Next® software program (Bolzano, Bozen, Italy), which 
has been tested for validity and reliability, was applied 
[12].

Jump height and reactive force index were calculated 
with this system. For jump height, ground contact time 
(s) and flight time (s) were calculated by placing the 
results into the (9.81m/s

−1 × flight time )
2
/8 equation. 

The equation with the system was also used for the reac-
tive force index [13]. As suggested in previous studies, a 
box height of 0.4 m was used for the measurement, and 
participants were asked to fix their hands in the iliac crest 
region to minimize the effect of arm swing [12]. The test 
was repeated twice with 1-minute rest intervals, and the 
best score of these trials was used for statistical analysis.

Vertical jump test
Vertical jump height was determined using the Counter-
movement Jump (CMJ) and Squat Jump (SJ) protocols 
available in the Optojump Next® software program (Bol-
zano, Bozen, Italy). CMJ provides information about the 
lower limb’s neuromuscular function and fatigue level. 
SJ measures the concentric force/strength of the lower 
limb. In addition, SJ has been used to assess the rate of 
force development without a tensile-shortening cycle 
[14]. For the CMJ protocol, the participants were asked 
to bend their knees 90° while keeping their chest upright 
during the test and then jump to the highest level they 
could. In the SJ protocol, in addition to the CMJ protocol, 
the participants were asked to bend their knees for 1.5 s 
until they reached 90° flexion, wait 1.5 s in a static posi-
tion after their knees got 90° flexion, and then jump to 
the highest level they could jump. To minimize the effect 
of arm swing in both measurement protocols, partici-
pants were asked to fix their hands at the iliac crests, as 
suggested in previous studies. In both tests, any separa-
tion of the hands from the waist or bending of the knees 
during jumping was considered an error, and the test was 
repeated. Both tests were performed twice with a 1-min-
ute rest interval, and the best score of these trials was 
used for statistical analysis.

Shuttle test and VO2max assessment
For the test, which was applied to measure cardiorespi-
ratory endurance (aerobic performance) and to esti-
mate maximal oxygen consumption (VO2max) levels, a 
20-meter flat track prepared on a grass field was divided 
into eight separate corridors. The test was carried out 

according to a predetermined protocol, starting at 
8.5  km/h, and the speed was increased by 0.5  km/h for 
each minute. This speed was determined by a sound sig-
nal emitted through a loudspeaker. The football players 
were asked to cover a distance of 20 m at each sound sig-
nal. The researchers recorded each signal captured by the 
athletes as a shuttle. The test was terminated for football 
players who could not complete the 20 m distance three 
times in a row or reached the exhaustion level despite 
the signal’s sound [15]. The estimation of the athletes’ 
VO2max levels through the values obtained from the 
shuttle run test was calculated using the equation pro-
posed by Léger et al. [16]

20–30 m sprint anaerobic performance test
During the 20- and 30-meter sprint tests used to measure 
anaerobic performance, photocells (Microgate, Bolzano, 
Italy) were placed at the start line, 20 m, and finish line of 
the 30 m distance. Athletes performed a 5-minute warm-
up exercise before starting the test, and then the test was 
performed when they were ready from 0.5 m behind the 
start line - the time on the photocells began as soon as 
the athlete started the test. The time at the first gate at the 
20th meter and the time at the last gate at the 30th meter 
were recorded separately in seconds. Both tests were 
performed twice with a 1-minute rest interval between 
them, and the lowest score in seconds of these trials was 
used for statistical analysis [12].

Hexagon test
The Hexagon Test was performed to assess the neuro-
muscular coordination according to the protocols in 
previous studies [17, 18]. The test was performed in 
three repetitions, and athletes were given 1-minute rest 
between trials. At the end of the test, the lowest time in 
seconds between the three trials was used for analysis.

Illinois agility test
The Illinois agility test was performed to assess agility in a 
rectangular area 5 m wide and 10 m long. Photocell gates 
(Microgate, Bolzano, Italy) placed at the start and finish 
line were used for the test, and predetermined protocols 
were followed [19]. The test was performed in two repeti-
tions, and athletes were allowed to rest for 1 min between 
trials. At the end of the test, the lowest time in seconds 
between the two trials was recorded.

HRV measurement
For HRV measurement, the Polar H10 (Polar Electro 
Oy, Kempele, Finland), a chest strap device validated to 
accurately assess RR intervals under resting and physical 
exercise conditions, was used. HRV measurement was 
performed in a quiet room under thermoneutral condi-
tions (22–24 °C and 40–60% relative humidity) after the 



Page 4 of 10Tekin et al. BMC Sports Science, Medicine and Rehabilitation           (2025) 17:58 

subject was lying down and rested for 5  min. Record-
ings were taken in the supine position with spontaneous 
breathing for 5  min. The electrodes on the chest strap 
were moistened with water at room temperature before 
being placed on the athletes, and the sensor was posi-
tioned on the xiphoid process of the sternum and fas-
tened with velcro on the back of the chest strap. When a 
signal was detected, the Polar H10 chest strap was auto-
matically connected and logged to the Elite HRV© (Elite 
HRV, Asheville, North Carolina, USA) smartphone appli-
cation [20].

To control for circadian variations, all HRV measure-
ments were performed at the same time of day (morn-
ing). Participants were instructed to follow their regular 
sleep schedule, refrain from consuming caffeine or alco-
hol, and avoid strenuous physical activity for at least 24 h 
before the measurement. Despite these controls, HRV 
recordings can still be influenced by individual physi-
ological variations.

As short-term HRV recordings (5 min) can be affected 
by spontaneous breathing patterns, no fixed breathing 
protocol was applied to ensure ecological validity. How-
ever, participants were asked to breathe naturally and 
avoid exaggerated respiratory movements during the 
measurement.

To quantify heart rate variability, which represents 
the variation in the time intervals between consecutive 
heartbeats, the time between two R waves (RR intervals) 
was calculated. Analyses of HRV were conducted using 
two main approaches: time-domain and frequency-
domain analyses.

Frequency-domain measures assess the balance of 
autonomic nervous system activity and include parame-
ters such as low-frequency (LF) and high-frequency (HF) 
components. The LF band, which spans the 0.04–0.15 Hz 
range, reflects both sympathetic and parasympathetic 
nervous system activity, with a general emphasis on sym-
pathetic influence. The HF band, covering 0.15–0.4  Hz, 
primarily represents parasympathetic activity. The abso-
lute power of these frequency bands is measured in mil-
liseconds squared (ms²), and their ratio (LF/HF) provides 
an indication of the autonomic balance between the sym-
pathetic and parasympathetic systems.

Time-domain measures, on the other hand, pro-
vide insights into heart rate variability through metrics 
derived from RR intervals. The mean RR interval repre-
sents the average time between heartbeats over the dura-
tion of the recording, while the standard deviation of 
these intervals (SDNN) reflects overall variability. Addi-
tionally, the root mean square of successive differences 
(RMSSD) between consecutive RR intervals is used as 
an index of parasympathetic activity, and the proportion 
of adjacent RR intervals differing by more than 50 mil-
liseconds (pNN50) offers a percentage-based perspective 

on variability. These measures collectively allow a com-
prehensive assessment of autonomic regulation through 
both temporal and spectral dimensions [21, 22].

In addition to these conventional HRV parameters, an 
aggregate autonomic function index, HRV Score, was 
included in the analysis. HRV Score is a composite metric 
computed by the Elite HRV application, integrating mul-
tiple time-domain (e.g., RMSSD, SDNN) and frequency-
domain (e.g., LF, HF) parameters into a single value. 
Higher HRV Scores indicate a predominance of parasym-
pathetic activity and improved autonomic regulation. The 
validity and reliability of HRV Score as a measure of auto-
nomic function have been supported by previous studies 
[23, 24]. This index provides a simplified representation 
of autonomic nervous system balance and has been uti-
lized in various research settings to assess physiological 
readiness and training adaptations.

Pittsburgh Sleep Quality Index (PSQI)
The Pittsburgh Sleep Quality Index (PSQI), which is valid 
and reliable was used to assess subjective sleep quality. 
The PSQI is a standardized, self-administered question-
naire that retrospectively assesses sleep quality and dis-
turbances over the past month. The PSQI consists of 7 
main headings, including subjective sleep quality, sleep 
latency, sleep duration, habitual sleep efficiency, sleep 
disturbance, sleep medication use, and daytime dysfunc-
tion, and a total of 24 questions. In PSQI, each question 
is scored between 0 and 3 points, and a PSQI total score 
ranging between 0 and 21 is obtained. A total score of > 5 
means “poor sleep quality,” and ≤ 5 means “good sleep 
quality” [25].

Body Awareness Questionnaire (BAQ)
The Body Awareness Questionnaire (BAQ) was described 
as a tool with psychometric properties that thoroughly 
assessed the concept of body awareness. The scale has 
40 items, each related to the name of an organ, part, or 
body function. The scale is a 5-point Likert-type scale 
and is answered as “I don’t like it at all (1)”, “I don’t like it 
(2)”, “I am undecided (3)”, “I like it (4)” and “I like it very 
much (5)”. The total score on the scale is scored between 
40 and 200. The scale has no cut-off point; a high score is 
interpreted as positive body awareness, and a low score is 
interpreted as negative body awareness [26].

Statistical analysis
Statistical analysis was performed using IBM SPSS 24.0 
(SPSS Inc, Chicago, USA). The normality of continu-
ous variables was assessed using visual methods (his-
togram and probability plots) and analytical methods 
(Kolmogorov-Smirnov and Shapiro-Wilk tests). Normally 
distributed variables were presented as mean ± standard 
deviation (95% confidence interval), while non-normally 
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distributed variables were summarized as median (inter-
quartile range).

Pearson correlation analysis was used to assess rela-
tionships between normally distributed variables, 
whereas Spearman correlation analysis was applied for 
non-normally distributed variables. Correlation strength 
was interpreted as follows: 0.10–0.29 as weak, 0.30–0.49 
as moderate, and ≥ 0.50 as strong [27]. A significance 
level of p < 0.05 was considered statistically significant.

To further investigate the independent effects of HRV 
parameters on sportive performance, sleep quality, and 
body awareness, multiple linear regression analysis was 
performed. The assumptions of multiple regression, 
including linearity, homoscedasticity, and multicollinear-
ity, were tested before conducting the analysis. Adjusted 
R² values were reported to indicate the explanatory 
power of the models.

The sample size was determined using a priori power 
analysis with G*Power 3.1 software. Based on a previous 
study examining the relationship between resting heart 
rate variability and the 30  m sprint test, a correlation 
coefficient of 0.55, an alpha error probability of 0.05, and 
a statistical power of 85% were used [28]. The minimum 
required sample size was calculated as 25 participants to 
ensure sufficient statistical power for detecting meaning-
ful associations.

Results
HRV, sportive performance, sleep quality, and body 
awareness parameters of soccer players are shown in 
Tables 2, 3 and 4.

Relationships of HRV with sportive performance 
parameters, PSQI, and BAQ
The relationship between HRV parameters and sportive 
performance parameters is summarised in Table 5.

It was determined that there was a moderate negative 
correlation between HRV score, PNN50, and HF Power 
and agility performance (r = − 0.419, p = 0.037; r = − 0.399, 
p = 0.048; rs = − 0.485, p = 0.014, respectively); and there 
was a strong negative correlation between SDNN and 
agility performance (rs = − 0.552, p = 0.004). When the 
correlation between HRV parameters and distance in the 
shuttle test and VO2max was analyzed, it was found that 
there was a moderate positive correlation between HRV 
Score and HF Power and VO2max (r = 0.405, p = 0.045; 
rs = 0.401, p = 0.047, respectively), and a strong negative 
correlation between LF HF Ratio and distance in shuttle 
test (rs = − 0.525, p = 0.007). No significant correlation was 
found between HRV parameters and muscular strength 
tests (p≥ 0.05). There was a strong positive correlation 
between mean RR and coordination (r = 0.560, p = 0.004).

The relationship between HRV parameters and PSQI 
and BAQ is presented in Table 6.

A positive and moderate correlation was found 
between Mean RR and PSQI1 and BAQ (r = 0.450, 
p = 0.024; rs = 0.465, p = 0.019, respectively). There was a 
moderate positive correlation between HRV Score and 
Total Power and PSQI5 (r = 0.494, p = 0.012; r = 0.437, 

Table 2  Descriptive statistics of HRV parameters of soccer 
players
Variables Mean ± SD (95%CI)
HRV score 67.40 ± 6.67 (64.65–70.15)
RMSSD (ms) 89.27 ± 41.70 (72.06–106.49)
SDNN (ms) 132.16 ± 65.03 (105.31–159.00)
LN RMSSD (ms) 4.40 ± 0.424 (4.23–4.58)
PNN50 (%) 43.40 ± 13.55 (37.81–48.99)
Mean RR (ms) 1007.56 ± 110.16 (962.09–1007.56)
Total power (ms2) 20373.99 ± 36077.55 (5481.91–35266.07)
LF/HF ratio 2.31 ± 2.53 (1.27–3.36)
LF power (ms2) 50382.05 ± 198506.86 (-31557.56–132321.65)
HF power (ms2) 5920.50 ± 10133.43 (1737.63–10103.37)
LF peak (Hz) 0.15 ± 0.192 (0.07–0.23)
HF peak (Hz) 0.25 ± 0.065 (0.22–0.27)
HRV: Heart rate variability; LF: Low frequency; HF: High frequency; SDNN: 
Standard deviation of the average NN ıntervals; RMSSD: Root mean square of 
successive differences; Pnn50: The proportion of NN50 divided by the total 
number of NNs. SD: standard deviation, %95CI: 95% confidence interval

Table 3  Descriptive statistics of performance parameters of 
soccer players
Variables Mean ± SD (95% CI)
Ground contact time (sn) 0.32 ± 0.06 (64.65–70.15)
Jump height (cm) 29.70 ± 5.12 (27.59–31.81)
Reaktive strenght ındex (m/s) 0.95 ± 0.20 (0.86–1.03)
Countermovement jump (cm) 32.16 ± 4.35 (30.36–33.95)
Squat jump (cm) 31.36 ± 4.67 (29.44–33.29)
Illinois agility test (sn) 16.01 ± 0.67 (17.73–16.28)
20 m sprint (sn) 3.02 ± 0.14 (2.96–3.08)
30 m sprint (sn) 4.19 ± 0.20 (4.11–4.28)
Shuttle run test distance(m) 1720.40 ± 274.17 (1707.23–

1833.57)
Shuttle run test -VO2max (ml/kg/dk) 47.72 ± 4.15 (46.01–49.44)
Hexagon test (sn) 6.34 ± 1.56 (5.70–6.99)
SD: mean ± standard deviation, 95% CI: 95% confidence interval

Table 4  Descriptive statistics of sleep quality and body 
perception parameters of soccer players
Variables Mean ± SD (%95CI)
PSQI1 0.84 ± 0.47 (0.64–1.04)
PSQI2 0.84 ± 0.69 (0.56–1.12)
PSQI3 0.64 ± 0.91 (0.27–1.01)
PSQI4 0.94 ± 1.31 (0.42–1.50)
PSQI5 1.08 ± 0.57 (0.84–1.32)
PSQI7 0.64 ± 0.70 (0.35–0.93)
PSQItotal 5.00 ± 2.87 (3.81–6.19)
BAQ 64.84 ± 22.23 (55.66–74.02)
PSQI: Pittsburgh Sleep Quality Index, BAQ: Body Awareness Questionnaire, SD: 
standard deviation, %95CI: 95% confidence interval
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p = 0.029, respectively) and a high positive correla-
tion between RMSS, SDNN and LN RMSSD and PSQI5 
(r = 0.515, p = 0.008; rs = 0.507, p = 0.010; r = 0.515, 
p = 0.008, respectively).

Discussion
In this study, the relationship between resting HRV and 
sportive performance parameters, including aerobic 
capacity, agility, coordination, sleep quality, and body 
awareness, was examined in soccer players. The findings 
indicate a significant connection between these variables, 
while no association was found between HRV and mus-
cular strength.

The key finding of this study is the relationship between 
aerobic capacity and HRV parameters HF Power and LF/
HF Ratio. Among HRV parameters, HF is a marker of 
parasympathetic nervous system activity, while LF is a 
marker of sympathetic nervous system activity [29, 30]. 
The LF/HF ratio also reflects the sympathetic-parasym-
pathetic nervous balance. Although LF has traditionally 
been considered a marker of sympathetic activity, recent 
studies suggest that it may also contain parasympathetic 
components [31]. Thus, interpreting the LF/HF ratio as a 
strict autonomic balance marker may be oversimplified. 
However, studies have shown that a reduced LF/HF ratio 

is associated with improved cardiovascular efficiency and 
aerobic performance, supporting our findings [32, 33].

The autonomic nervous system plays a crucial role in 
adaptation to physical exercise. It is widely recognized 
that elite athletes, especially endurance athletes, experi-
ence high aerobic demands and have parasympathetic 
nervous system dominance at rest, leading to bradycardia 
[34]. After chronic aerobic training, the autonomic bal-
ance shifts towards parasympathetic dominance due to 
increased vagal modulation and possibly decreased sym-
pathetic activity. This study supports these findings by 
demonstrating a positive relationship between parasym-
pathetic activity and aerobic performance, which aligns 
with previous research showing that endurance athletes 
have greater parasympathetic modulation and better car-
diovascular efficiency [35].

Additionally, athletes with higher levels of vagally 
mediated HRV and cardiorespiratory fitness are known 
to adapt more effectively to training loads and experi-
ence lower weekly HRV fluctuations. Previous studies 
have reported that increased effort in performance tests, 
such as aerobic running tests and repeated sprint perfor-
mance, is associated with improvements in HRV after 
exercise in young football players [36]. This study adds to 
the existing literature by reinforcing the notion that HRV 

Table 6  Relationship between HRV parameters and PSQI and BAQ (n = 25)
Variables PSQI 1 PSQI 2 PSQI3 PSQI 4 PSQI 5 PSQI 7 PSQI total BPS
HRV Score r 0.114 − 0.013 − 0.021~ − 0.165~ 0.494 − 0.120 0.026 0.108~

p 0.589 0.952 0.922 0.432 0.012 0.569 0.901 0.606
RMSSD (ms) r 0.157 − 0.030 − 0.012~ − 0.260~ 0.515 − 0.091 − 0.004 0.182~

p 0.452 0.887 0.954 0.210 0.008 0.665 0.986 0.383
SDNN (ms) rs − 0.159~ − 0.155~ − 0.016~ − 0.116~ 0.507~ − 0.026~ − 0.012~ 0.151~

p 0.447 0.459 0.938 0.580 0.010 0.901 0.956 0.471
LN RMSSD (ms) r 0.200 0.045 0.008~ − 0.261~ 0.515 − 0.048 0.066 0.197~

p 0.337 0.832 0.969 0.208 0.008 0.820 0.754 0.345
PNN50 (%) r 0.381 0.338 0.293~ − 0.001~ 0.372 0.029 0.307 0.182~

p 0.060 0.099 0.156 0.995 0.067 0.891 0.135 0.385
Mean RR (ms) r 0.450 0.215 0.172~ − 0.088~ 0.110 0.057 0.136 0.465~

p 0.024 0.302 0.412 0.677 0.599 0.785 0.517 0.019
Total Power (ms2) rs − 0.207~ − 0.205~ − 0.004~ − 0.132~ 0.437~ − 0.084~ − 0.071~ − 0.047~

p 0.321 0.325 0.985 0.530 0.029 0.689 0.737 0.825
LF/ HF Ratio rs − 0.172~ − 0.390~ − 0.090~ 0.050~ 0.007~ − 0.011~ − 0.190~ − 0.175~

p 0.412 0.054 0.669 0.811 0.972 0.958 0.364 0.402
LF Power (ms2) rs − 0.198~ − 0.214~ 0.012~ − 0.106~ 0.361~ − 0.103~ 0.082~ 0.093~

p 0.342 0.304 0.954 0.612 0.076 0.625 0.697 0.660
HF Power (ms2) rs − 0.225~ − 0.081~ 0.012~ − 0.181~ 0.362~ − 0.095~ − 0.062~ − 0.091~

p 0.279 0.699 0.954 0.388 0.076 0.651 0.768 0.664
LF Peak (Hz) rs 0.089~ 0.224~ − 0.016~ − 0.128~ 0.123~ − 0.240~ − 0.020~ − 0.013~

p 0.672 0.282 0.938 0.543 0.557 0.247 0.924 0.950
HF Peak (Hz) r 0.090 − 0.103 0.141~ 0.391~ 0.085 − 0.126 0.179 − 0.082~

p 0.670 0.624 0.501 0.053 0.686 0.550 0.393 0.695
HRV: Heart rate variability; LF: Low frequency; HF: High frequency; SDNN: Standard deviation of the average NN ıntervals; RMSSD: Root mean square of successive 
differences; Pnn50: The proportion of NN50 divided by total number of NNs; GCT: Ground contact time; JH: Jump height; RSI: Reactive strength ındex; CMJ: 
Countermovement jump; SJ: Squat jump; IAT: Illinois Agility Test; 20mS: 20 m sprint; 30mS: 30 m sprint; 20mSRT: 20-m shuttle run test, HT: Hexagon test. r= Pearson 
correlation coefficient; rs: Spearman correlation coefficient



Page 8 of 10Tekin et al. BMC Sports Science, Medicine and Rehabilitation           (2025) 17:58 

monitoring could be a useful tool for tracking aerobic 
performance and training adaptations in soccer players. 
In practical applications, HRV-informed training modi-
fications could assist in monitoring endurance training 
loads, providing insights that may help minimize the risk 
of overtraining and injury [37].

Another significant finding of this study is the relation-
ship between agility and HRV parameters, particularly 
PNN50, HF Power, and SDNN. SDNN is an HRV index 
that reflects all circadian changes globally and represents 
overall autonomic nervous system activity. While SDNN 
is influenced by both parasympathetic and sympathetic 
stimulation, higher values are generally associated with 
better autonomic regulation and overall health [38, 39].

The mean SDNN value in this study was 132.16 ± 65.03 
ms, which is consistent with previous research on well-
trained athletes. For instance, a study by Kiss et al. identi-
fied significantly higher SDNN values (147.4 ms) in elite 
athletes [40]. Similarly, another study found that soccer 
players engaged in regular aerobic training had SDNN 
values of 159 ± 23.8 ms [25]. This suggests that improved 
endurance and training status are associated with higher 
SDNN values, further supporting the notion that HRV 
parameters can reflect an athlete’s ability to cope with 
physiological stress [41].

Buchheit et al. suggested that a reduction in rest-
ing RMSSD, which indicates a withdrawal of parasym-
pathetic activity, may be beneficial for performance in 
sports requiring high sympathetic activation, such as 
sprinting and change-of-direction tasks [42]. This find-
ing aligns with our results, as we observed a significant 
negative correlation between HRV parameters and agil-
ity performance measured by the Illinois Agility Test. The 
autonomic nervous system dynamically regulates cardio-
vascular responses based on the physiological demands 
of the activity. In high-intensity, intermittent sports like 
soccer, temporary reductions in parasympathetic tone 
might facilitate rapid motor responses, improved reac-
tion time, and enhanced neuromuscular efficiency. This 
may explain why athletes with lower HRV values, par-
ticularly lower RMSSD, demonstrated better agility 
performance.

Although HRV is commonly used as an indicator of 
physiological recovery and endurance capacity, its inter-
pretation in agility-based activities requires a sport-
specific perspective. In endurance sports, higher HRV 
is typically associated with enhanced cardiovascular 
efficiency and recovery potential. However, in sports 
involving rapid directional changes and sprinting, a cer-
tain degree of autonomic imbalance favoring sympathetic 
dominance might be beneficial for optimizing neuro-
muscular activation and reaction speed. Therefore, while 
HRV remains a valuable physiological marker, its role 

should be considered within the functional context of the 
sport [42, 43].

Another novel finding of this study is the relationship 
between mean RR interval and body awareness (BAQ 
score). Body awareness is closely linked to self-esteem, 
health-related behaviors, and overall well-being. Indi-
viduals with higher body awareness tend to engage in 
more health-promoting behaviors and demonstrate bet-
ter physical and mental well-being. The observed asso-
ciation between HRV and body awareness in this study 
suggests that optimal autonomic nervous system regula-
tion may contribute to heightened body awareness and 
interoceptive sensitivity. Previous research suggests that 
higher HRV is linked to improved emotional regulation 
and cognitive function, which may explain this relation-
ship [44]. Additionally, the connection between HRV 
and interoceptive processes highlights the potential role 
of autonomic regulation in proprioceptive and sensory-
motor integration [45].

Additionally, the autonomic nervous system shares 
neural pathways with sensory dermatomes, which may 
explain the indirect relationship between ANS function 
and body awareness. For example, functional distur-
bances in visceral organs such as the heart and stomach 
often manifest as discomfort or pain in dermatomally 
related body regions. Given that somatosensory, pro-
prioceptive, and visual inputs are integrated at higher 
cognitive levels to form body representations, autonomic 
dysregulation could potentially impact body image and 
awareness.

One limitation of this study is that it exclusively 
included professional male soccer players. The cardio-
vascular training of this group may have placed them at a 
different metabolic and physiological level than sedentary 
individuals or recreational athletes, potentially limiting 
the generalizability of the findings. Future studies should 
consider including female athletes and players from vari-
ous competitive levels to provide a broader perspective 
on the relationship between HRV and performance.

Additionally, this study did not establish causality, as it 
was based on correlation analyses. Although significant 
associations were identified, longitudinal studies with 
experimental designs are needed to determine whether 
changes in HRV parameters directly influence perfor-
mance outcomes.

Another methodological limitation is that HRV mea-
surements were conducted over a short duration (5 min) 
with spontaneous breathing, which may have influenced 
the frequency-domain parameters (especially HF power). 
Breathing rate is known to affect short-term HRV mea-
surements, particularly HF power and LF/HF ratio [46]. 
Although we did not impose a controlled breathing pro-
tocol, participants were instructed to maintain natural 
breathing patterns to ensure ecological validity. Future 
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studies should consider implementing controlled breath-
ing conditions to improve measurement reliability.

Furthermore, this study did not include non-linear 
HRV measures (e.g., SD1, SD2), which have been shown 
to provide additional insights into autonomic control 
mechanisms. Non-linear HRV analysis, such as Poin-
caré plots or entropy measures, may offer a more com-
prehensive view of autonomic regulation, particularly in 
dynamic and high-intensity sports like football. Future 
research should explore the added value of these mea-
sures in tracking athletic performance and training 
adaptations.

Practical applications
This study highlights the relationship between HRV and 
key sports performance parameters, including aero-
bic capacity, agility, coordination, and body awareness. 
Given that HRV parameters reflect cardiac autonomic 
nervous system responses, they may serve as valuable 
tools for monitoring training adaptations and athlete 
performance.

HRV-based assessments could be integrated into train-
ing programs to optimize workload management and 
recovery strategies. For example, monitoring HRV fluctu-
ations over time may help coaches adjust training inten-
sity based on an athlete’s physiological state, ultimately 
reducing the risk of overtraining and injury.

Although this study does not establish causality, it pro-
vides valuable insights that can inform future research on 
the role of HRV in sports performance. Further investi-
gations should focus on identifying threshold values for 
HRV parameters to develop standardized guidelines for 
performance monitoring and individualized training 
programs.
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