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Abstract 

Background: Heart rate variability (HRV) is the fluctuation of heart rhythm between two consecutive beats. It reflects the 

autonomic control of the heart, which is also influenced by physical activity. Objective: Thus, the objective of our study was to 

investigate the HRV of Senegalese football players. Methods: This was a cross-sectional and descriptive study based on the 

analysis of HRV of Senegalese footballers at rest, during orthostatic, the Ruffier test and its recovery using a Schiller AR4Plus® 

brand holter EKG. HRV parameters in the temporal and frequency domains were used, as well as cardiac adaptation indices 

during the Ruffier test. Data were analyzed using R software version 3.4.2. Results: A total of 32 players, all male, were explored. 

Majority of them had resting sinus bradycardia and cardiovascular adaptation was considered normal for all players according 

to the Ruffier index. Parasympathetic tone, as measured by RMSSD, pNN50 and HF.nu, was normal or elevated at rest and 

decreased in orthostatic and during the Ruffier test, but increased during recovery. Whereas sympathetic tone, explored by LF.nu 

and the LF/HF ratio, was low or normal and evolved in the opposite direction. Good cardiovascular adaptation was linked to 

good resting variability. Conclusion: Football players had a good total HRV of rest and responded normally to stress and recovery. 

Their cardiovascular adaptation is linked to overall variability. 
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1. Introduction 

Heart rate variability (HRV) is the fluctuation of heart 

rate over time between two consecutive beats. Indeed, in a 

normal subject, the time between heartbeats is not abso-

lutely regular. It depends primarily on the extrinsic regula-

tion of heart rate. This HRV is supposed to correspond to the 

balance between sympathetic and parasympathetic influences, 

as well as hormonal influences, on the rhythm of the sinoatrial 

node [1]. It is also influenced by several factors such as the 

degree of physical training, mental stress [2] and certain phys-

iological situations such as breathing, variations in blood pressure 

and circadian rhythm [3]. Other factors such as dietary habits and 

smoking also interfere with the heart's autonomic control [4]. 

This HRV therefore constitutes a quantitative marker of car-

diac control, which is essentially carried out by the autonomic 

nervous system (ANS) [5]. 

HRV can be measured by a lot of maneuvers. Currently, 

many methods allow the assessment of HRV by continuous 

recording of heart rhythm [6]. Akselrod et al. in 1981 were the 

first to propose this test to quantify the heart control by the 

ANS [7]. This test can be performed on a short-term or long-

term ECG recording of up to 24 hours. It allows monitoring of 

the evolution of HRV parameters during maneuvers exploring 

the different branches of the ANS. Usually, HRV recordings 

are performed at rest in supine or orthostatic position. Given 

that during orthostatic position or on physical activity, the in-

fluence of the sympathetic system is accentuated. 

In top athletes, parasympathetic nervous system cause rest-

ing sinus bradycardia [8] through its cardio-moderating effect. 

This later gives of athletes an increase of their cardiac reserve, 

thus enabling them to improve their performance during exer-

cise. At the same time, regular physical activity also improves 

heart performance by increasing its preload and inotropism 

both at rest and during exercise. All these modifications fall 

under the umbrella of the "athlete's heart". These modifica-

tions vary according to genetic predisposition, type of sport, 

sex, and ethnic origin [9, 10]. 

Although there are notable physical and physiological dif-

ferences between athletes training for different sporting activ-

ities [11], HRV is becoming one of the most widely used train-

ing and recovery monitoring tools in sports science [12, 13]. 

Indeed, playing football, a sport with a strong dynamic com-

ponent, will lead to changes affecting the influence of the au-

tonomic nervous system on cardiovascular and respiratory 

functions. [14]. 

Thus, the objective of our study was to investigate heart rate 

variability of Senegalese football players. 

2. Methods 

A descriptive cross-sectional study was conducted among 

Senegalese footballers playing for the Camberene Sport Asso-

ciation (AS) of football team, a Senegalese League 2 club. 

Measurements of physiological parameters were taken during 

the period from September to October 2024. The manipula-

tions took place at the Camberene Health Centre in Dakar City. 

The data analysis was done at the Laboratory of Physiology 

and Functional Explorations of the Faculty of Medicine, Phar-

macy and Odontostomatology (FMPOS) of the Cheikh Anta 

Diop University (UCAD) of Dakar. 

2.1. Population 

The study focused on players from the football team of the 

AS Camberene. Included in this study were all male players 

with a senior or junior level license playing for AS Camberene. 

We excluded any player who met the criteria but had not given 

their free and informed consent or who presented a non-sinus 

heart rhythm on EKG. 

Protocol 

After receiving the player, we explain to him the different 

measures he will have to undergo after a rest of at least 15 

minutes. 

Measurement of anthropometric data 

Anthropometric parameters such as the body weight of our 

football players, which was measured using a MyScale® 

brand bioimpedance analyzer after the subject's height and age 

were entered into the Fitdays software. The body mass index 

obtained was then classified according to reference standards 

[15]. 

Measurement of HRV parameters 

HRV data were collected in an air-conditioned room with 

an ambient temperature around 24°C, in subjects lying supine 

for 10 minutes on an examination table, then standing for 7 

minutes and during a Ruffier test and its recovery. This Ruff-

ier test was carried out after having the player sit for about two 

minutes after the 7 minutes in a standing position. Next, we 

ask him to perform 30 squats in 45 seconds to the rhythm of a 

metronome. Heart rate was measured at rest (P1), immediately 

after the test (P2), and after one minute of recovery (P3), and 

the Ruffier index was then calculated according to the pro-

posed formula by Dickson et al. in 1950 [16]. Thus, through-

out this entire period of manipulation, a continuous recording 

of the heart's electrical activity was made using a Schiller 

AR4Plus® Holter EKG. The duration of the RR intervals was 

then exported in text format (.txt) by the Medilog Darwin soft-

ware and imported into the Kubios HRV Standard software. 

These different maneuvers allowed us to collect the HRV pa-

rameters in supine and orthostatic position, during Ruffier and 

recovery. Thus, HRV parameters of the temporal domain (RR 

interval (RR), heart rate (HR), "Standard Deviation of the NN 

interval" (SDNN), "Square Root of the Mean Squared Differ-

ences of Successive NN intervals" (RMSSD) and "Percentage 

of pairs of adjacent NN intervals that differ by more than 50 

ms in the entire recording" (pNN50) and frequency domain 

(total power (TP), low frequencies (LF) and high frequencies 

(HF) in ms² and in "normalize unit"; and the LF/HF ratio) were 
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collected over 5-minute time intervals in both supine and or-

thostatic positions. These same parameters were then col-

lected over the 45 seconds of Ruffier's test and during the first 

minute of recovery. A classification of its parameters was then 

carried out according to the reference standards proposed by 

Sammito et al. in 2016 [17]. 

2.2. Statistical Analysis 

Data entry was done using Excel version 2019. The data 

was analyzed using R software version 3.4.2. The Kolmogo-

rov-Smirnov test was used to investigate whether the variables 

followed a normal distribution. Parameters that followed the 

normal distribution were expressed as mean ± standard devia-

tion, while others were expressed as median (Interquartile or 

IQ). The ANOVA test was used to compare the means of pa-

rameters following the normal distribution, while the non-par-

ametric Wilcoxon test was used to compare non-Gaussian pa-

rameters. Research of link between parameters was studied 

using Pearson correlation. The graphs were created using 

GraphPad Prism 5 and R software. The significance threshold 

was set at p < 0.05. 

3. Results 

A total of 32 football players, all male, playing for AS Cam-

berene, were recruited for our study. Physiological parameters 

had been measured for all players. 

3.1. Anthropometric Data 

The average age of our football players was 24 ± 3.5 years 

with extremes ranging from 17 to 32 years. Mean dody mass 

index was 20.97 ± 2.67 kg/m² with extremes between 16.31 

and 29.17 kg/m². Figure 1 represents the proportion of the dif-

ferent BMI classes found in our study population. 

 
Figure 1. Distribution of BMI classes in our study population. 

Analysis of this Figure shows that subjects with a normal 

BMI were significantly more numerous in our study popula-

tion (p<0.001). However, no cases of obesity were found. We 

subsequently studied the cardiovascular adaptation of the 

players. 

3.2. Cardiovascular Adaptation 

The mean of the Ruffier index was 3.6 ± 1.88 with extremes 

ranging from 0 to 8.8. The classification of players’ adaptabil-

ity according to reference standards is shown in Figure 2. 

 
Figure 2. Distribution of players according to cardiovascular adaptation by Ruffier index. 
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Analysis of this Figure shows that the vast majority of play-

ers had good cardiovascular adaptation to exertion as meas-

ured by the Ruffier index. This cardiovascular adaptation was 

considered normal for all players. 

3.3. Heart Rate Variability Parameters 

Temporal domain 

Figure 3 represents the classification of the different param-

eters of the resting time domain. in our players. 

 
Figure 3. Repartition of our study population according to rest time domain values. 

Analysis of this Figure shows that at rest the majority of 

players presented with sinus bradycardia. However, SDNN 

was low for almost all players. Parasympathetic tone assessed 

by pNN50 and RMSSD was often normal or elevated at rest. 

The time domain HRV parameters during the different con-

ditions of the study were represented in Table 1. 

Analysis of this table shows that all temporal domain HRV 

parameters varied significantly between supine position and 

other study conditions. Between orthostatic position and Ruff-

ier test, heart rate increased in relation to the increased of sym-

pathetic activity, while RMSSD and pNN50 decreased. Dur-

ing recovery, we observed a tendency towards reversal with 

an admittedly non-significant increase in parasympathetic 

tone. 

Table 1. Time domain HRV parameters between different conditions. 

 Lying Standing Ruffier Recovery 

p 

 N=32 N=32 N=32 N=32 

RR (ms) 1069 ± 103 821 ± 110aaa 648 ± 59,2aaabbb 624 ± 62,4aaabbb <0.001 

SDNN (ms) 64.4 ± 30.5 51.4 ± 14.6a 42.1 ± 12.3aaa 35.3 ± 14aaab <0.001 

HR (bpm) 56.6 ± 5.58 74.3 ± 9.84aaa 93.4 ± 8.54aaabbb 97.1 ± 9.73aaabbb <0.001 

RMSSD (ms) 85.8 ± 49.2 40.2 ± 21.9aaa 33.5 ± 14.1aaa 36.9 ± 18.9aaa <0.001 

pNN50 (%) 48.3 ± 25.8 17.5 ± 16.8aaa 9.91 ± 6.4aaa 13 ± 10.3aaa <0.001 

RR: RR interval; SDNN: Standard Deviation of the NN interval; RMSSD: Square Root of the Mean Squared Differences of Successive NN 

intervals; pNN50: Percentage of pairs of adjacent NN intervals that differ by more than 50 ms in the entire recording 

a: Lying vs Standing, Ruffier, Recovery; b: Standing vs Ruffier, Recovery; c: Ruffier vs Recovery 

a: p˂0.05; aa: p˂0.01; aaa: p˂0.001; b: p˂0.05; bb: p˂0.01; bbb: p˂0.001; c: p˂0.05; cc: p˂0.01; ccc: p˂0.001 
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Frequency domain 

The Figure below shows the classification of resting HRV parameters in the frequency domain of our players. 

 
Figure 4. Repartition of study population according to classes of resting HRV parameters of frequency domain. 

Analysis of this Figure shows that parasympathetic tone, es-

pecially HF.nu, was normal or elevated for all players, with 

normal or low resting sympathetic tone, especially LF.nu. 

Resting total power was correlated with the Ruffier index, 

and the results are shown in the Figure below. 

 
Figure 5. Correlation between Ruffier index and TP. 
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Analysis of this Figure shows that the Ruffier index was 

negatively correlated with total power (r = -0.35; p = 0.04). 

That is to say, the Ruffier index is better if the total power or 

overall variability is better. 

The variation of the frequency domain HRV parameters 

during the different physiological conditions was shown in 

Table 2. 

Analysis of this table shows that the majority of the param-

eters studied varied significantly between the supine position 

and the other times of the study. The powers in ms² decreased 

from supine to Ruffier test. Normalized values better explain 

the evolution of vegetative tone during stress. Indeed, para-

sympathetic tone via HF.nu decreased from supine position to 

Ruffier and then began to increase in the first minute of recov-

ery. Whereas sympathetic tone by LF.nu and sympathovagal 

balance by LF/HF evolved differently at HF.nu. 

Table 2. Evolution of HRV parameters of the frequency domain during the different conditions. 

 Lying Standing Ruffier Recovery 

p 

 N=32 N=32 N=32 N=32 

VLF (ms²) 179 ± 258 133 ± 96.7 422 ± 316aabbb 136 ± 171ccc <0.001 

LF (ms²) 1719 ± 2070 1450 ± 956 454 ± 509aab 522 ± 511aab <0.001 

HF (ms²) 2587 ± 2623 572 ± 678aaa 117 ± 169aaa 366 ± 423aaa <0.001 

LF (n.u.) 44.6 ± 18.9 75.8 ± 16.8aaa 81.2 ± 12.4aaa 58.2 ± 19.4abbccc <0.001 

HF (n.u.) 55.3 ± 18.8 24.2 ± 16.8aaa 18.7 ± 12.3aaa 41.6 ± 19.3abbccc <0.001 

TP (ms²) 4491 ± 4237 2156 ± 1370aa 994 ± 822aaa 1024 ± 922aaa <0.001 

LF/HF 1.08 ± 0.9 5.96 ± 5.63a 8.82 ± 10.4aaa 2.22 ± 2.12cc <0.001 

VLF: Very Low Frequencies; LF: Low Frequencies; HF: High Frequencies; nu: Normalize unit; TP: Total Power 

a: Lying vs Standing, Ruffier, Recovery; b: Standing vs Ruffier, Recovery; c: Ruffier vs Recovery 

a: p˂0.05; aa: p˂0.01; aaa: p˂0.001; b: p˂0.05; bb: p˂0.01; bbb: p˂0.001; c: p˂0.05; cc: p˂0.01; ccc: p˂0.001 

4. Discussion 

Football is a sport with a strong dynamic component and 

physiological adaptations characterized, among other things, 

by an increased resting parasympathetic tone. This will lead to 

a decrease in resting heart rate with an increase in their cardiac 

reserve during physical activity. This is how we set ourselves 

the objective of studying the variability of resting and activity 

heart rate of football players from AS Camberene. Physiolog-

ical parameters were explored and analyzed. The results 

showed: 1) resting bradycardia was found in the majority of 

players; 2) cardiovascular adaptation was normal for all play-

ers; 3) global resting variability was normal and related to the 

Ruffier index; 4) an appropriate response of the sympathetic 

and parasympathetic systems to the passage of different phys-

iological circumstances. 

The majority of our players presented with resting brady-

cardia. This result is consistent with those of other previous 

studies. Indeed, Azevedo et al. [18] had found a prevalence of 

sinus bradycardia of approximately 80% in athletes training in 

endurance. In Senegal, Ba et al. [19] in 2015 found a preva-

lence of 55.34% of sinus bradycardia in their population of 

Senegalese footballers. Their study focused on professional 

players, some of whom played for the Senegalese national 

team. However, our study found a higher rate of resting sinus 

bradycardia compare to them. This difference could be meth-

odological. Indeed, Ba et al. [19] obtained their heart rate from 

a resting ECG tracing unlike our study where it was measured 

over a 5-minute interval in a 10-minute recording in supine 

position. Thus, our results show that the majority of our play-

ers had developed physiological adaptations resulting in sinus 

bradycardia at rest, indicative of high resting parasympathetic 

tone. This high frequency of sinus bradycardia could also ex-

plain the cardiovascular adaptation to exertion, judged by the 

Ruffier index to be normal. 

At rest, our players had good heart rate variability, with TP 

values that were mostly normal or high. Resting parasympa-

thetic tone was also normal or elevated. Indeed, pNN50, 

RMSSD, HF, and HF.nu were normal or elevated for the ma-

jority of players. Whereas sympathetic tone (LF.nu) was either 

normal or low at rest in our players. In the scientific literature, 

few studies have classified resting HRV data from athletes ac-

cording to reference standards. However, these results seem to 

explain the adaptations to exercise of the autonomic nervous 

system destined for the heart. Indeed, elite athletes are charac-

terized at rest by high parasympathetic tone. This is due to the 
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pronounced cardioinhibitory action of the vagus nerve [20]. 

This action explains the normal or high values noted for the 

parameters exploring the parasympathetic system and the de-

crease in sympathetic tone. This finding revealed that the val-

ues of the LF/HF ratio or sympathovagal balance were low or 

normal. Thus, the athlete at rest should have low values of 

pNN50, RMSSD, HF and HF.nu with a decrease in LF and 

LF.nu. 

During the installation of mild stress such as the transition 

to orthostatism or moderate stress such as during the Ruffier 

test, we noted a decrease in parasympathetic tone associated 

with an increase in sympathetic tone. This increase in sympa-

thetic tone was very marked when moving into an orthostatic 

position, where the LF increased considerably. However, dur-

ing the Ruffier test, the increase in sympathetic tone was more 

marked on LF.nu or on the LF/HF ratio. This improved sensi-

tivity of LF.nu or of the LF/HF ratio to effort was reported by 

Pagani et al. [21] in 1986. These authors have shown that to 

control for decreases in TP, LF and HF in response to exercise, 

it is more appropriate to report LF and HF in.nu and/or using 

the LF/HF ratio, which is considered a marker of sympathetic-

vagal balance. Thus, when the sympathetic system is put into 

play, the modifications will be better appreciated by LF.nu 

and the LF/HF ratio. However, this increase did not allow all 

our players to have a high level of sympathetic tone. This last 

observation could be related to the intensity of the effort, 

which was not intense, but to its short duration of 45 seconds. 

All of these factors could mean that a well-trained athlete does 

not react very strongly to a lower intensity effort, hence the 

absence of a very significant increase in LF.nu in some players. 

When this stress tends to decrease, such as during recovery 

where sympathetic tone should begin to decrease at the ex-

pense of parasympathetic tone. Our results also showed a 

more marked increase in HF.nu associated with a decrease in 

LF.nu. However, time domain HRV parameters such as 

pNN50 and RMSSD did not significantly increase during re-

covery. Note that the Ruffier test and its recovery are short in 

duration, and this may explain the low variability observed. 

The kinetics of recovery vary with the intensity and duration 

of physical exercise. Indeed, Heffernan et al. [22] found a 

greater reduction in HF power, 25 minutes after a short re-

sistance exercise compared to an aerobic exercise. Chen et al. 

[23] had reported a significant decrease in HF contrasting with 

a significant increase in LF.nu after a short duration resistance 

exercise session in healthy young men trained in resistance. 

The differences found compared to our study could be ex-

plained by the fact that these authors had explored healthy and 

trained subjects. In our study, the subjects were athletes play-

ing football. This meant that athletes could show a progressive 

increase in their parasympathetic tone from the first minutes 

of recovery, unlike non-athletes. This is how Barak et al. [24] 

in 2011 found better recovery after 60 seconds in athletes com-

pared to sedentary people who performed endurance exercise. 

Regular endurance physical activity therefore reduces the re-

covery time of heart rate after exercise, resulting in good car-

diovascular adaptation. 

This cardiovascular adaptation was also linked to the over-

all variability (PT) at rest. Our results had shown that the 

higher the TP, the better the Ruffier index and therefore the 

cardiovascular adaptation to exercise. The latter is given by 

the resting, physical activity and recovery heart rates, thus giv-

ing a kinetic profile of this parameter under the successive in-

fluence of parasympathetic and sympathetic tone. Indeed, pre-

vious studies had shown that regular physical activity lowers 

resting heart rate [25] and improves heart rate recovery after 

short-duration physical activity [25, 26] as in our study. These 

various modifications allow for low values of the Ruffier in-

dex calculated in athletes due to increased resting parasympa-

thetic tone. 

5. Conclusion 

Regular football practice develops cardiovascular adapta-

tions mediated by branches of the autonomic nervous system. 

The influence of the parasympathetic system will lead to an 

increase in parameters such as pNN50, RMSSD, HF and 

HF.nu. This influence will be manifested by a resting sinus 

bradycardia, falling within the framework of the "athlete's 

heart" syndrome. Thus, the athlete at rest, due to the influence 

of the parasympathetic system, exhibits increased overall var-

iability. During stress, there will therefore be a reversal of the 

sympathovagal balance in the direction of the sympathetic. 

This will sometimes result in an increase in LF power, as dur-

ing orthostatic recording of HRV over a period of at least 5 

minutes. However, during short-duration physical activity 

such as the Ruffier test, LF.nu and the LF/HF ratio appear to 

be the best parameters to explore the increase in sympathetic 

tone. Indeed, during these short activities a decrease in overall 

variability will be noted and only the parameters resulting 

from the ratio between parameters measured at the same time 

better reflect the evolution of HRV. During recovery, these 

normalized parameters such as HF.nu and LF.nu, as well as the 

LF/HF ratio, better showed cardiovascular adaptations to ex-

ercise in the athlete. This good adaptation explains the in-

crease in overall variability found at rest in athletes. 

Abbreviations 

HRV Heart Rate Variability 

RMSSD Square Root of the Mean Squared Differences 

of Successive NN Intervals 

pNN50 Percentage of Pairs of Adjacent NN Intervals 

That Differ by More Than 50 ms in the Entire 

Recording 

LF Low Frequencies 

HF High Frequencies 

ANS Autonomic Nervous System 

FMPOS Faculty of Medicine, Pharmacy and 
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Odonstomatology 

UCAD Cheikh Anta Diop University 

HR Heart Rate 

SDNN Standard Deviation of the NN Interval 

TP Total Power 
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