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R E S U M E NS U M M A R Y 

Objetivos: Analizar la variabilidad de la frecuencia cardiaca 
(VFC) en reposo y tras 3 partidos de Bádminton consecuti-
vos jugados en un corto periodo de tiempo (2 o 3 días) para 
evaluar el efecto de la fatiga acumulada y si existen diferencias 
entre hombres y mujeres en estas condiciones.
Métodos: Hemos estudiado a 19 jugadores de Bádminton 
divididos en dos grupos: 11 mujeres (17,88±3,01 años)  y 8 
hombres  (18,16±2,87 años). Se tomaron un gran número de 
registros iniciales en cuatro campeonatos diferentes, pero se 
seleccionaron para el estudio a aquellos jugadores que jugaron 
al menos tres partidos antes de ser eliminados del torneo. Se 
registró la señal cardiaca latido a latido durante 20 minutos en 
posición supina antes de iniciarse la competición y después de 
3 partidos consecutivos. El registro inicial (basal) se hizo en 
la habitación de los jugadores al día siguiente a su llegada a la 
ciudad sede y los otros tres registros se tomaron entre 15 y 25 
minutos tras la finalización del partido (media 17.14 + 3, 93 
minutes). Se calcularon los parámetros usuales del dominio de 
tiempo y los diámetros transversal (SD1) y longitudinal (SD2) 
del gráfico de Poincaré.
Resultados: Todos los parámetros del dominio de tiempo fue-
ron significativamente más bajos tras los partidos, respecto a la 
situación basal, pero sin diferencias entre los tres partidos. No 
se encontraron diferencias entre hombres y mujeres en ninguno 
de los parámetros en  las cuatro situaciones. Los diámetros 
SD1, SD2 y la relación SD1/SD2 también tuvieron valores más 
bajos tras los partidos y sin diferencias entre sexos.
Conclusiones: La VFC disminuye tras los partidos de Bádmin-
ton pero sin diferencias debidas al número de partidos y con 
los mismos cambios para hombres y mujeres.

Palabras clave: Variabilidad de la Frecuencia Cardiaca. Bád-
minton. Gráfico de Poincaré. Fatiga.

Objectives: To analyze heart rate variability (HRV) at rest and 
after 3 consecutive badminton matches played in a short period 
of time (2 or 3 days) in order to assess the effect of accumula-
ted tiredness and if there were differences between males and 
females under these conditions. 
Methods: We have studied 19 badminton players divided into 
two groups: 11 females (age 17,88±3,01 years) and 8 males 
(age 18,16±2,87 years). In four different championships we 
took initial records in a large number of players, but we selec-
ted for the study to those players who played at least 3 matches 
before of being eliminated from the tournament. The heartbeat 
signal was recorded beat to beat for 20 minutes in supine 
position before the competition and after 3 matches. The initial 
record (baseline) was made at their own room one day after 
arriving in the host city and the another three records were 
made after finishing the match, between 15 and 25 minutes 
(average 17.14 + 3, 93 minutes). 
 The usual parameters in the time domine as well as the trans-
verse (SD1) and the longitudinal axis (SD2) of the Poincaré 
plot were calculated.
Results: All parameters in time domine were significantly lower 
after the matches than basal but the differences between the 
matches were not significant. No significant differences were 
found between males and females in none of the parameters 
at the four situations. SD1, SD2 and the ratio SD1/SD2 in the 
Poincaré plot post-matches were lower than the baseline, but 
without significant gender differences. 
Conclusions: HRV decreases after matches but without diffe-
rences due to the number of matches and these changes are the 
same for men and women.

Key words: Heart rate variability. Badminton. Poincaré plot. 
Fatigue.
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INTRODUCTION

Assessment of heart rate variability (HRV) is 
based on analysis of consecutive RR intervals 
and it may provide quantitative information on 
the modulation of cardiac vagal and sympathe-
tic nerve input. So, HRV is a result of interac-
tions between the autonomous nervous system 
and the cardiovascular system and it is used as 
an indicator of cardiovascular health1. Accor-
ding to bibliography, the most studied factors 
influencing HRV are pathology2 and aging3,4; 
in both situations HRV decreases due to a pre-
dominance of sympathetic activity. However, 
there are other important factors influencing 
HRV and, between them, we want to highlight 
exercise and gender. We know that autonomous 
control during exercise causes a predominance 
of sympathetic activity, increasing heart rate 
(HR) and modifying HRV2,5-13 but we do not 
know if these changes are different both in ma-
les and females.

HRV can be analyzed through different me-
thods. In the frequency domain , HRV has 
been categorized into high frequency (HF), low 
frequency (LF) and very low frequency (VLF). 
HF is considered to represent the vagal activity 
of heart and LF is considered to reflect the 
sympathetic activity. The ratio LF / HF reflects 
the sympathovagal balance. Parhelic, et al7 
analyzed the influence of autonomic control on 
HRV in two different exercise intensities (50% 
and 80% of VO2max). They showed that high-
intensity exercise (80%) causes more changes in 
autonomic balance in post-exercise recording of 
HRV than low-intensity exercise. Cottin, et al15 
compared both HF and LF during heavy exer-
cise (above the ventilatory threshold) and they 
observed a predominance of the HF component. 
Therefore, the autonomous control of heart rate 
during heavy exercise is less effective than du-
ring moderate one. Buchheit, et al16 found that 
moderate physical activity was enough to obtain 
high values of the vagal component of HRV 
and to perceive a better health state, while high 
intensity activity was associated with a high pre-
valence of vagal activity but it was not perceived 
as an improvement of health status.

Another method to analyze HRV is the Poincaré 
plot. It is a diagram in which transverse diame-
ter (SD1) is directly related to parasympathetic 
activity while longitudinal diameter (SD2) is in-
versely related to sympathetic activity. Mourot, et 
al17. observed that both SD1 and SD2 decreased 
after steady state exercise in 18 healthy subjects.

However, the most used parameters for asses-
sing HRV are those in the time domine and, 
between them, the best prognosis information 
is provided by the standard deviation of RR 
intervals (SDRR) and the percent of differences 
higher than 50 msec in successive RR intervals 
(pRR50). SDRR lower than 50 msec and pRR50 
lower than 3% identify patients with a severely 
decreased HRV, while SDRR higher than 100 
msec and pRR50 higher than 3% indicate a nor-
mal variability14. 

Concerning the response of HRV to exercise the-
re are two aspects which are not known in full. 
On the one hand the effect of both the accumu-
lation of acute fatigue and overtraining, and on 
the other hand the influence of gender. In relation 
to the first aspect, there are several studies with 
different (even contradictory) results, in such a 
way that we can not know if HRV increases18, 
decreases19 or remains without changes20 in over 
trained athletes. 

About gender influence on HRV, some differen-
ces between men and women could be expected 
according to bibliography. That way, some 
studies report that men have a predominance 
of LF component whereas women have a pre-
dominance of HF component in the spectral 
analysis21-24. In the time domine, women have 
a preponderance of those parameters reflecting 
parasympathetic activity, such as pRR5025. These 
differences decrease over 50 years old26,27 and 
disappear after 6025. 

In all these studies HRV was recorded at rest. 
However, if HRV is assessed after exercise, these 
differences do not seem to be corroborated; in 
fact, Brown did not found differences when HRV 
was examined in 13 athletes (7 men and 6 wo-
men) after a high-intensity exercise28. 
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We hypothesize that the cumulative effort have to 
influence the HRV record during recovery but we 
don’t know if it will be different by gender.

A badminton championship offers the advantage 
that players accumulate a number of matches in 
a very short period of time (2 or 3 days) depen-
ding on the stages that every player is able to 
overcome. The aim of this study was to analyze 
the HRV at rest and after consecutive matches 
played in a short period of time in order to assess 
the effect of accumulated tiredness and if there 
were differences between males and females in 
these conditions. 

MATERIALS AND METHODS

Subjects

We have studied 19 badminton players divided 
into two groups: 11 females (age 17,88±3,01 
years; height 165,33±5,83 cm; weight 61,01±7,17 
kg) and 8 males (age 18,16±2,87 years; height 
178,33±7,22 cm; weight 70,61±6,91 kg). All 
players were included in the world ranking and/
or they have participated in their youth or senior 
national team of badminton. All of them were 
informed about the contents of the investigation 
and they gave written consent. The study had the 
approval of the ethical committee of the Centro 
Andaluz de Medicina del Deporte (CAMD) 
according to the ethical guidelines of the Decla-
ration of Helsinki.

Procedures

The heartbeat signal was recorded in four different 
championships. In each championship we took 
initial records in a large number of players, but we 
selected for the study to those players who played 
at least 3 matches before of being eliminated from 
the tournament. So, the sample was configured 
as follows: 2 player from the XIV Children and 
Youth Pan-American Championships in Puerto 
Vallarta (Jalisco, Mexico. 2007); 6 player from the 
Grand Prix of Granada (Spain. 2008); 4 players 
from the state tournament of Monterrey (Nuevo 
León, Mexico. 2008) and 7 players in the quali-

fying heats for the Children and Young Olympics 
in Mexico City (Mexico. 2009). 

A total of four heartbeat records were obtained 
from each of the players: one before starting the 
championship and another three after every one 
of the matches. The initial record (baseline) was 
made at their own room one day after arriving in 
the host city and the another three records were 
made after finishing every match, between 15 
and 25 minutes (average 17.14 + 3, 93 minutes). 

The heartbeat signal was recorded for 20 minu-
tes in supine position using a Polar RS800sd® 
monitor (Kempele, Finland) in a RR mode (beat 
to beat). The records were incorporated to the 
computer through an infrared interface (Polar 
IR), using the Polar Precision Performance soft-
ware (version 5), and then data were included in 
a database for statistical and graphic analysis.

According to the recommendations of the Eu-
ropean Society of Cardiology and the North 
American Society of Pacing and Electrophysio-
logy14, we calculated the following parameters: 
the average of all RR intervals, the standard 
deviation of RR intervals (SDRR), the standard 
deviation of average RR intervals calculated over 
short periods of 5 minutes (SDARR), the average 
standard deviation of RR interval (Index SDRR) 
and the number of pairs of adjacent RR intervals 
differing by more than 50 ms in the entire record, 
divided by the total number of RR intervals, ex-
pressed as percentage (pRR50). 

We also studied the Poincaré plot, where the con-
secutive RR intervals were transferred to a scatter 
diagram for a two-dimensional graphic image of 
the behavior of HRV in each of the records . This 
analysis allows the quantification of autonomic 
activity on the heart because the transverse axis 
(SD1) is an indicator of parasympathetic activity 
and the longitudinal axis (SD2) is considered as 
an inverse function of the sympathetic activity30-32. 

Statistics

Data for each of the four records from every 
subject were subjected to descriptive analysis and 
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they are expressed as mean and standard devia-
tion for each variable.

The differences in the reported variables among 
the different recording sessions were assessed by 
a repeated measures ANOVA and one-way ANO-
VA for comparisons between men and women. 
The Scheffé test was used as a post-hoc test.

We considered significant a p value less than 0.05 
and F <0.1. 

The statistical analysis was performed with SPSS 
software, version 15.0.

RESULTS

Table 1 and 2 show the values in the time domain 
for women and men respectively. In both groups, 
heart rate is significantly higher after the matches 
than basal while all HRV parameters are signifi-
cantly lower (except SDARR). However, the di-
fferences between the matches are not significant.

We do not found significant differences between 
males and females in none of the parameters at 
the four situations. The parameters with best 
prognostic value (SDRR and pRR50) are shown 
in Figure 1 and 2, respectively. 

Table 3 shows the values of both diameters (SD1 
and SD2) in the Poincaré plot as well as the ratio 
SD1/SD2. In both groups the post-matches va-
lues are lower than the baseline for both axes and 
ratio, but without significant gender differences. 
This situation is shown graphically in Figure 3.

DISCUSSION

HRV has been discussed in many sports but ra-
rely in badminton . In a full tournament of this 
sport one can play several matches in a short 
period of time (2 or 3 days) with a great physical 
requirement.

This study started with heartbeat records at rest 
from 41 players, but only 19 (who met the cri-

Women Basal Match 1 Match 2 Match 3

RR Interval 832,5±145,3 647,24±161,43 *** 611,03±70,12*** 616,25±98,45***

SDRR 79,67 ±30,6 43,65±29,05** 34,66±14,38*** 33,25±21,24***

SDRR index 76,98±30,49 33,53±28,97*** 27,13±10,78*** 25,45±19,78***

SDARR 18,86±10,85 24±13,18 19,68±15,12 21,79±16,61

RMSSD 44,58± 26,29 17,33±28,92** 8,3±5,51*** 8,44±9,17***

pRR50 33,34±23,78 10,16±20,11*** 1,8±2,91*** 2,17±4,48***

HR (beat/min) 74,04±12,73 95,81±20,53*** 98,15±13,18*** 98,46±13,9***

Men Basal Match 1 Match 2 Match 3

RR Interval 823,85±96,8 703,4±154,12** 624,48±67,23*** 648,73±58,01**

SDRR 79,61±27,39 48,94±34,43* 34,76±10,57*** 42,91±7,56**

SDRR index 75,08±27,01 39±27,4** 24,92±11,74*** 29,3±7,5**

SDARR 23,8±13,77 29,41±28,07 26,02±9,52 33,11±6,8

RMSSD 34,99±13,68 20,68±21,54* 8,87±7,84*** 10,71±5,72***

pRR50 27,31±13,21 11,23±15,04* 4,96±8,33*** 6,02±10,85**

HR (beat/min) 73,09±8,16 86,21±15,44** 94,34±10,79*** 90,01±7,91**

TABLE 1. 
Data for women 

(average ± SD) in 
parameters of the 

time domain. 
Asterisks show 

significant difference 
with respect to 

baseline: (*) p<0,05; 
(**) p<0,01; 

(***) p<0,001

TABLE 2. 
Data for men 

(average ± SD) in 
parameters of the 

time domain. 
Asterisks show 

significant difference 
with respect to baseli-

ne: (*) p<0,05;  
(**) p<0,01; 

(***) p<0,001
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teria for inclusion) remained in competition at 
least 3 matches; so, the sample was not designed 
previously due to the specific characteristic of 
case selection. In a single-elimination badmin-
ton competition, a player can play from 1 to 5 
matches, depending on how many players begin 
the tournament (16 or 32) and when the player is 
removed. Thus, the number of players who play 
at least 3 matches will be 4 (if the competition 
starts with 16) or 8 (if it starts with 32); but ta-
king into account the difficulties to register all the 
players who start a competition, we had to attend 
four different tournaments in order to guarantee 
a sample similar to those reported in previous 
papers (between 7 and 22 subjects)7,9, 13,19,34-40.

Regarding the duration of the RR records, we 
followed the recommendations of the Task Force 
of the European Society of Cardiology and the 
North American Society of Pacing and Electro-
physiology14 and we decided that 20 minutes was 
appropriate for the study, it would not interfere 
with the competition and it would be well ac-
cepted by the players and coaches. The average 
HR values at rest are too high for the expected in 
trained people, but they can be explained by the 
age and the precompetitive anxiety.

Another important issue to be controlled was 
the time passed from the end of the match to 
the start of registration of the HRV. About this, 
it is accepted37,38 that after 50 minutes the chan-
ges induced by exercise in HRV can disappear. 
Therefore, we decided to initiate the records as 
soon as possible after the match not exceeding 30 
minutes. The time ranged from 8 to 21 minutes.

FIGURE 1. 
SDRR values (average 
± SD) for women 
and men. There are 
significant differences 
(p<0,01) for every 
match with respect to 
baseline both for ma-
les and females. No 
significant differences 
are observed between 
consecutive matches 
or between men and 
women

FIGURE 2. 
pRR50 values (average 
± SD) for women 
and men. There are 
significant differences 
(p<0,01) for every 
match with respect to 
baseline both for ma-
les and females. No 
significant differences 
are observed between 
consecutive matches 
or between men and 
women

Women Basal Match 1 Match 2 Match 3

SD 1 50,20±26,90 22,12±29,11** 16,19±7,26*** 13,95±8,25***

SD 2 103,57±35,08 68,16±30,46** 56,42±21,80*** 56,25±25,59**

SD1/SD2 0,48±0,77 0,32±0,96*** 0,29±0,33*** 0,25±0,32***

MEN Basal Match 1 Match 2 Match 3

SD 1 42,45±12,83 26,21±19,34* 16,30±7,93*** 18,46±8,01**

SD 2 112,06±32,88 77,34±43,05* 61,75±22,39*** 76,34±18,57*

SD1/SD2 0,38±0,39 0,34±0,45 0,26±0,35*** 0,24±0,43***

TABLE 3. 
Transverse (SD1) 
and longitudinal (SD2) 
diameters in the Poin-
caré plot, as well as 
the ratio SD1/SD2, 
for both groups 
(average ± SD). 
Asterisks show 
significant difference 
with respect to 
baseline: (*) p<0,05; 
(**) p<0,01; 
(***) p<0,001

FIGURE 3. 
SD1 and SD2 
(average ± SD) 
for women and men. 
There are significant 
differences (p<0,01) 
for every match with 
respect to baseline 
both for males and 
females. 
No significant 
differences are 
observed between 
consecutive matches 
or between men and 
women
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In the time domine we have observed a significant 
reduction in HRV after the three matches both in 
males and females (Tables 1 and 2) in any of the 
assessed parameters (except SDARR). However, 
no significant difference was observed between 
the matches neither for males nor females des-
pite the fact that the three matches were played 
within 48 hours and accumulated fatigue could 
be expected. So, we can not confirm the fact 
reported by other authors that HRV decreases as 
accumulated workload increases41. When males 
and females were compared, no differences were 
observed at rest or after the matches. We have not 
found references to gender differences in HRV 
during or after exercise, although some author 
reported differences at rest in some parameters 
of the time domine42. 

It is known that SDRR27,43-45, and pRR50 pro-
vide the best prognostic information of health 
state. Thus, SDRR values higher than 100 ms 
and pRR50 values higher than 3% are related 
to healthy subjects. But this must be true only 
for HRV records at rest because on the contrary, 
SDRR after the three matches for men (Table 1) 
and women (Table 2) as well as pNN50 for males 
after matches 2 and 3 (Table 1) could indicate a 
high cardiovascular risk and it is not. Figures 1 
and 2 show the changes in these two parameters.

Concerning the Poincaré plot, we observed 
a significant decrease in SD1 and SD2 both 
for males and females after the three matches 

(Table 3) but without significant differences 
between them. This could suggest that accu-
mulated work does not induce more changes in 
the autonomic control of heart rate than those 
reported previously after a single effort17. Howe-
ver, taking into account that a decrease in SD1 
means a reduction in parasympathetic influen-
ce and a decrease in SD2 means an increase 
in sympathetic control, may be interesting to 
consider their relationships. Table 3 shows that 
SD1/SD2 ratio decreases (both for women and 
men) as the number of matches increases, in 
such a way that after the third match, SD1 is a 
quarter of SD2 when it was near a half at rest. 
So, we know that exercise induces a sympathe-
tic predominance in the recovery period, but it 
seems to be due more to a decreased parasym-
pathetic activity than to a sympathetic increase. 
Our results seem to point the fact that, after 
exercise, the parasympathetic activity is restored 
more slowly than sympathetic activity decreases 
and the more work is accumulated the more 
evident this difference is. 

In conclusion, 1) HRV decreases after each Bad-
minton match but without differences due to the 
number of matches; 2) the changes in HRV at 
rest and after the matches is the same for men 
and women and 3) the changes in the SD1/SD2 
ratio suggest that the accumulation of physical 
work may affect the way in which exercise in-
duce changes in sympathetic/parasympathetic 
control.

   B           I           B           L           I           O           G           R           A           F           Í           A

 1. Pumprla J, Howorka K, Groves D, Chester M, Nolan 
J. Functional assessment of heart rate variability: 
physiological basic and practical applications. Int 
J Cardiol. 2002;84:1-14.

 2. De la Cruz B, López C, Naranjo J.  Analysis of 
heart rate variability at rest and during aerobic 
exercise. A study in healthy people and cardiac 
patients. Br J Sports Med. 2008;42:715-720.

 3. Lipsitz LA, Goldberger AL.  Loss of complexity 
and aging. JAMA. 1992;267(13):1806-1809.

 4. Kaplan DT, Furab ML, Pincus SM, Ryan SM, Lipsitz 
LA, Golberger AL. Aging and the complexity of 
cardiovascular dynamics. Biophys J. 1991;59:945-949.

 5. Pober DM, Braun B, Freedbon PS.  Effects  of 
a single bout of exercise on resting heart rate 



HEART RATE VARIABILITY AFTER THREE BADMINTON MATCHES. ARE THERE GENDER DIFFERENCES?

VOLUMEN XXVIII - N.º 144 - 2011

263
A M D

variabi l i ty .  Med Sci  Spor ts  Exerc .  2004;36(7) : 
1140-1148. 

 6. González-Camarena R, Carrasco S, Román R, 
Gaitán MJ, Medina V, Azpiroz J.  Effect of static 
and dynamic exercise on herat rate and blood 
pressure variabilities. Med Sci Sports Exerc. 2000; 
32(10): 1719-1728.

 7. Parekh A, Lee CM.  Heart rate variability alter 
isocaloric exercise bouts of different intensities. 
Med Sci Sports Exerc. 2005;37(4):599-605. 

 8. Vinet A , Beck L, Nottin S, Obert P.  Effect of 
intensive training on heart  rate variabi l i ty  in 
prepuberal swimmers.  Eur J Clin Investigation. 
2005;35:610-614.

 9. Perini R, Fisher N, Veicsteinas A, Pendergast DR. 
Aerobic training and cardiovascular responses at 
rest and during exercise in older men and women. 
Med Sci Sports Exerc. 2002; 34(4): 700-708. 

 10. Pichot V, Busso T, Roche F, Garet M, Costes F, 
Duverney D, et al. Autonomic adaptions to intensive 
and overload training periods: a laboratoy study. 
Med Sci Sports Exerc. 2002;34(10):1660-1666. 

11. Lee CM, Wood RH, Welsch MA. Influence of short-
term endurence exercise training on heart rate 
variability. Med Sci Sports Exerc. 2003;35(6):961-969. 

12. Hottenrott K, Hoss O, Esperer HD.  Heart rate 
variability and physical exercise. Herz. 2006;31:54-
552.

13. Hautala A, Tullpo MP, Makikallio TH, Laukkanen 
R, Nissila S,  Huikuri HV.  Changes in cardiac 
autonomic regulation after prolonged maximal 
exercise. Clin Physiol.  2001;21(2):238-245.

14. Task Force of the European Society of Cardiology 
and the North American Society of Pacing and 
Electrophysiology. Heart rate variability: standards 
of measurement, physiological interpretation and 
clinical use. Circulation. 1996;93:1043-1065.

15. Cottin F, Médigue C, Leprêtre PM, Papelier Y, 
Koralsztein JP, Billet V. Heart rate variability during 
exercise performed below and above ventilatory 
threshold. Med Sci Sports Exerc. 2004;36(4):594-
600.

16. Buchheit M, Simon C, Charloux A, Doutreleau 
S, Piquard F, Brandenberger G. Heart rate va-
riability and intensity of habitual physical activity 
in middle-aged persons. Med Sci Sports Exerc. 
2005;37(9):1530-1534.

17. Mourot L, Boihaddi M, Perrey S, Rouillon JD, 
Regnard J.  Quatitative Poincaré plot analysis of 
heart rate variability: effect of endurance training. 
Eur J Appl Physiol. 2004;91:79-87.

18. Hedelin R, Winklund U, Bjerle P, Henriksson-
Larsén K.  Cardiac autonomic imbalance in a 
overtrained athlete. Med Sci Sports Exerc. 2000; 
32(9):1531-1533. 

19. Baumert M, Brechtel L, Lock J, Hermsdorf, Wolff 
R, Baier V, et al .  Heart rate variability,  blood 
pressure variabi l i ty  and baroref lex sensit iv i ty 
in overtrained athletes. Clin J Sport Med.  2006; 
16:412-417.

20. Hedel in  R ,  Kenttá  G,  Winklund U,  Bjer le  P, 
Henriksson-Larsén K.  Short-term overtraining: 
effects  on performance,  c irculatory responses 
and heart rate variability. Med Sci Sports Exerc. 
2000;32(8):1480-1484.

21. Evans JM, Zeigler MG, Patwardhan AR, Ott JB, 
Kim CS, Leonelli,  et al.  Gender differences in 
autonomic cardiovascular regulation: spectral , 
hormona l  and  hemodynamic  indexes .  J  App l 
Physiol. 2001;91:2611-2618.

22. Sztajzel J, Jung M, Bayes de Luna A.  Reprodu-
cibility and gender-related differences of heart 
rate variability during all-day activity in young 
men and women. Ann Noninvasive Electrocardiol. 
2008;13(3):270-7

23. Ramaekers D, Ector H, Aubert AE, Rubens A, Van 
de Werf F.  Heart rate variability and heart rate 
in healthy volunteers. Is the female autonomic 
nervous system cardioprotective? Eur Heart  J. 
1998;19:1334-1341.

24. Ryan SM,  Goldberger  AL ,  P incus  SM,  e t  a l . 
Gender- and age-related differences in heart rate 
dynamics: Are women more complex than men? 
J Am Coll Cardiol 1994;24:1700–1707.

25. Stein PK, Kleiger RE, Rattman JN.  Differing 
effects of age on heart rate variability in men 
and women. Am J Cardiol 1997;80:302-305.

26. Umetani K, Singer DH, McCraty R, et al. Twenty-
four hour time-domain heart rate variability and 
heart rate: Relations to age and gender over nine 
decades. J Am Coll Cardiol. 1998;31:593–601.

27. Kuo KTJ,  Lin T,  Yng CCH, Li  CL,  Chan CF, 
Chou P. Effect of aging on gender diferences in 
neural control of heart rate. Am J Pshysiol. 1999; 
277(46):2233-2239. 



GARRIDO ESQUIVEL, A.
et al.

ARCHIVOS DE MEDICINA DEL DEPORTE

264
A M D

28. Brown SJ, Brown JA.  Resting and postexercise 
card iac  autonomic  contro l  in  t ra ined master 
athletes. J Physiol Sci. 2007;57(1):23-9.

29. Woo MA, Stevenson WG, Moser DK, Trelense RB, 
Harper RM.  Patterns of beat-to-beat heart rate 
variability in advanced heart failure. Am Heart 
J. 1992;123:704-710.

 30. Kamen PW, Krum H, Tonkin AM. Poincaré plots 
of heart rate variability allows quantitative display 
of parasympathetic nervous activity in humans. 
Clin Sci.  1996; 91: 201-208.

31. Tulppo M.P, Mäkikallio T.H, Takala T.E. S, Se-
ppänen T, Huikuri H.V. Quantitative beat-to-beat 
analysis of heart rate dynamics during exercise. 
Am J Physiol. 1996;271(1 Pt 2):H244-H252.

32. Toichi M, Sugiera T, Murai T, Sengoku A. A new 
method of assessing cardiac autonomic function 
and its  comparison with spectral  analysis  and 
coefficient of variation of R-R interval. J Auton 
Nerv Syst. 1997;62(1-2):79-84.

33. Garrido A , De la Cruz B, Garrido M.A, Medi-
na M, Naranjo J.  Variabilidad de la frecuencia 
cardiaca en un deportista juvenil  durante una 
competición de bádminton de máximo nivel. Rev 
Científica Med Deporte.  2009;2(2):70-74.

34. Atlaoui D, Pichot V, Lacoste L, Barale F, Lacour 
JR, Chatard JC.  Heart rate variability training 
variation and performance in elite swimmers. Int 
J Sports Med. 2007;28:394-407.

35. Boutcher SH, Cotton Y, Nurhayati Y, Craig GA, 
MacLaren PF. Autonomic nervous function at rest 
in aerobically trained and untrained older man. 
Clin Physiol.  1997; 17: 339-346.

36. Niewiadomski W, Gasiorowska A, Krauss B, Mróz 
A, Cybulski G. Suppression of heart rate varia-
bility after supramaximal exertion. Clin Physiol 
Funct Imaging. 2007;27:309-319.

37. Terziotti P, Schena F, Gulli G, Cevese A .  Post-
exercise recovery of autonomic cardiovascular 
control: a study by spectrum and cross-spectrum 

analysis in humans. Eur J Appl Physiol. 2001;84:187-
194.

38. Casties JF, Mottet D, Le Gallais D.  Non-linear 
analyses of heart rate variability during heavy 
exercise and recovery in cyclists. Inter J Sports 
Med. 2006;27:780-785.

39. Pluim BM, Swenne CA, Zwinderman AH, Maan 
AC.  Correlation of Herat rate variabil ity with 
cardiac funct ional  and metabol ic  variables  in 
cycl is ts  with training induced left  ventr icular 
hypertrophy. Heart.  1999;81(6):612-617.

40. Gamelin FX, Berthoin S, Sayah H, Libersa C, 
Bosquet L.  Effect of training and detraining on 
heart rate variability in healthy young men. Int 
J Sports Med. 2007;28:564-570.

41. Pichot V, Roche F, Gaspoz JM, Enjolraz F, An-
toniadis A , Minini P, Costes F, Busso T, Lacour 
JR, Barthelemy JE.  Relation between heart rate 
variability and training load in middle distance 
runners. Med Sci Sports Exerc. 2000;32(10):1729-
1736.

42. Gregoire J,  Tuc S,  Yamamoto Y, Hughson RL. 
Heart rate variability at rest and exercise: in-
f luencie of age,  gender and physical  training. 
Can J Appl Physiol. 1996;21(6):455-470. 

43. Nolan  J,  Bat in  PD,  Andrews  R ,  L indsay  SJ, 
Brooksby P, Mullen M  et  al.  Prospective study 
of heart rate variability and mortality in chronic 
heart failure. Circulation. 1998;98:1510-1516.

44. Kleiger RE, Miller JP, Bigger JT y Moss AJ. Des-
creased heart rate variability and its association 
with increased mortality after accute myocardial 
infarction. Am J Cardiol. 1987;59:256-262.

45. Kleiger RE, Bosner MS, Rottman JN, Stein PK. 
Time-domain measurements of heart rate varia-
bility. J Ambul Monit. 1993;6(1):1-18.   

46. Algra A , Tijssen JGP, Poelandt JRTC, Pool J, 
Lubsen J.  Heart rate variabil ity from 24-hour 
electrocardiography and the 2-year risk for sudden 
death. Circulation. 1993;88:180-185.


