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ABSTRACT 
 

Gomez CG, Rodríguez DAS, Carvalho WRG, Mostarda CT,  
Gambassi BB, Rodrigues B, Silva FF, Higino WP, Souza RA. The 
Practice of Sport Climbing Contributes to the Improvement of 
Autonomic Modulation in Young Individuals. JEPonline 2017; 20(2): 
84-91. The aim of this study was to evaluate the chronic effects of 3 
yrs of sport practice climbing on autonomic modulation by analyzing 
the HRV using a time/frequency-domain method. Sixteen male 
subjects were allocated to two groups: (a) sedentary group (SG, n = 
9), participants with no or irregular physical activity; and (b) indoor 
rock climbing group (IRCG, n = 7), participants have practiced indoor 
rock climbing for 3 yrs with regular practice at 2 times·wk-1 and with 
similar technical skill. There were statistically significant differences 
in HRV time and frequency domains (RR interval, SD1, RMSSD, LF, 
and HF) between the SG group and the IRCG group. However, 
IRCG showed higher values in all differences. The findings indicate 
that the long-term practice of sport climbing produces higher HRV in 
the indoor rock climbers compared to sedentary individuals, thus 
indicating some cardiovascular benefit. 
 

Key Words: Autonomic Nervous System,  Cardiovascular, 
Deconditioning, Heart Rate Variability, Sport Climbing 
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INTRODUCTION 
 
A sedentary lifestyle is considered one of the major modifiable risk factors for the development of 
metabolic disturbances (8). Individuals who avoid regular exercise have lower heart rate variability 
(HRV) when compared with trained individuals (1). A reduced HRV is considered a factor for 
increased cardiovascular morbidity and mortality in patients with a large number of diseases and 
even in non-diseased subjects (15,17). The HRV indicates the heart's ability to respond to multiple 
physiological stimuli, such as exercise, breathing, and metabolic disorders. Therefore, HRV is 
considered as a non-invasive measure to evaluate the autonomic nervous system (11). 
 

Although there are numerous studies (2,4,6,9,14,20) that speak to the benefits of the practice of 
resistance exercise and aerobic exercise on HRV in the elderly, adults in general, in hypertensive 
subjects, and in judo athletes, there are still questions regarding the effects of sport climbing 
practice on the HRV. Sport climbing emerged in the beginning of the 1980 decade as a tool of 
physical and technical training for rock climbers. Nevertheless, as the years passed by, it gained its 
own followers, especially due to its greater accessibility when compared to rock climbing (3). Sport 
climbing is the branch of climbing in which the element of danger is reduced by placing protection 
points in the rock or indoor wall. In the practice of this sport, falls are common but relatively safe 
(19).  
 

In a recent review, it was observed that climbing is unique from a physiological point of view 
because it requires sustained and intermittent isometric forearm muscle contractions for upward 
propulsion. During climbing, there is an increase in oxygen consumption and heart rate, which 
suggest sport climbing requires the utilization of a significant portion of whole body aerobic capacity. 
With an increase in climbing difficulty, there is an increase in the climber’s reliance on anaerobic 
energetic pathways. This is evidenced by the increase in blood lactate and a disproportionate rise in 
heart rate in relation to oxygen consumption. However, the determinants of climbing performance 
are still not clear (19). 
 

Thus, the aim of this study was to evaluate the chronic effects of 3 yrs of sport practice climbing on 
autonomic modulation by analyzing the HRV using a time/frequency-domain method. 
 

METHODS  

 
Subjects 
A total of 16 male subjects were allocated to two groups: (a) sedentary group (SG, n = 9), 
participants with no or irregular physical activity; and (b) indoor rock climbing group (IRCG, n = 7), 
participants have practiced indoor rock climbing for 3 yrs with regular practice 2 times·wk-1 and with 
similar technical skill. Written informed consent was obtained from the subjects. All subjects were 
carefully informed about the experiment procedures and the possible risk and benefits associated 
with participation in the study. Each subject signed an informed consent document pursuant to law 
before any of the tests were performed.  
 
Anthropometric Measurements 
Anthropometric measurements were obtained using standardized techniques by well-trained 
interviewers (13). Anthropometric measurements were performed in all subjects wearing light 
clothes without shoes. Body weight was measured in kilograms (kg) using a digital scale (Seca®803, 
Hamburg, Germany) with a precision of 100 grams (g). Height was measured in meters (m) and 
recorded with an accuracy of 0.1 cm with a portable stadiometer (Seca® 213, Hamburg, Germany). 
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Each subject’s body mass index (BMI) was calculated using the formula: BMI = body weight 
(kg)/body height (m) x body height (m2). 
 
Heart Rate Variability 
The RR interval (iRR) acquisition was collected at 1000 kHz sample rate for a 10 min period in the 
supine position with the head elevated at 30°. To assess the subject’s HRV (the temporal series of 
RR intervals) was registered by the Polar RS 800 CX (Kempele, Finland). 
 
Temporal series from the tachogram were related to each selected segment, and were quantitatively 
evaluated considering the values for the HR, total, and normalized (nu) powers. The sympathovagal 
index (LF/HF) was calculated based on the LF ad HF normalized. Normalized units (nu) were 
obtained by dividing the power of given component by the total power (from which VLF was 
subtracted) and multiplied by 100 (16). 
 
The tests were analyzed using the program Kubios HRV 2.0 (Biosignal Analysis and Medical 
Imaging Group, Kuopio, Finland) in which the ECG signal was processed to obtain the variables 
related to HRV in the time and frequency domains. In the time domain, the following variables 
chosen were VarRR (Variance of RR intervals), SDNN (standard deviation of RR intervals), RMSSD 
(square root of the mean squared differences between adjacent normal RR intervals, expressed in 
milliseconds, ms), and pNN50 (the proportion of NN50 divided by total number of NNs). In the 
Poincare plot, the variables were SD1 (short variation of RR interval) and SD2 (represents HRV in 
long-term records). The analysis of HRV in the frequency domain was performed using Fast Fourier 
Transform (FFT) in portions of 5 min with 4 Hz interpolation overlap by 50%. The bands of interest 
were low frequency or LF (0:04 to 0:15 Hz and this component refers predominantly to sympathetic 
modulation) and high frequency or HF (0.15 to 0.4 Hz that refers parasympathetic modulation). 
 
Normalized LF and HF components of R–R variability were considered, respectively, as markers of 
cardiac sympathetic and parasympathetic modulation, and the ratio between them (LF/HF) was 
considered as an index of the autonomic modulation of the heart. The results were expressed in 
absolute values (HF and LF ms2) and percentage (HFnu and LFnu).  
 
Statistical Analyses 
 
The SPSS version 19.0 (Statistical Package for the Social Sciences, Chicago, IL, USA) was used 
for database and statistical analysis. The results were expressed as mean and standard deviation 
(SD). The normal distribution of the data was tested using the Shapiro-Wilk’s test. The assessment 
of the means between the two groups was carried out with the Student’s t-test for 2 independent 
samples. The alpha level of P<0.05 was considered statistically significant. 
 

RESULTS 
 
Table 1 shows the baseline characteristics of the SG and IRCG groups. There were no statistically 
significant differences in age, height, weight, and BMI between the groups. The HRV analysis both 
in time and frequency domains are presented in Table 2. When compared, the data of HRV in the 
time domain between the SG and IRCG groups, there were significant differences in the RR interval 
and RMSSD indexes. Furthermore, in the nonlinear evaluation method, there was a significant 
difference between the groups in the amount of SD1 (Figure 1). 
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Table 1.  Descriptive Data of the Subjects. 

Variables Sedentary Group 

 (n = 9) 

   M ± SD 

  Indoor Rock Climbers Group  

                      (n = 7) 

   M ± SD 

P-value 

    
Age (yrs) 22.8 ± 3.0 

 
25.4 ± 6.0 0.41 

Weight (kg) 75.4 ± 5.0 
 

73.9 ± 6.9 0.12 

Height (cm) 176 ± 3.0 
 

174 ± 4.0 0.69 

BMI (kg·m-2) 24.7 ± 10.0 21.3 ± 1.7 0.94 

    
BMI = body mass index. 

 

 

Table 2.  Time and Frequency Domain Analysis of Heart Rate Variability in Sedentary and 
Trained Rock Climbers Subjects. 

Variables Sedentary Group 

(n = 9) 

Indoor Rock Climbers Group  

(n = 7) 

P-value 

    M ± SD CI (95%) M ± SD CI (95%)  

      

RR 704.3 ± 56.1  667.2; 741.4     795.8 ± 65.6* 735.2; 856.5 0.01 

SD 56.1 ± 5.9  51.5; 60.6 73.9 ± 17.8* 57.4; 90.4 0.03 

SD 1 18.6 ± 3.8  15.7; 21.5       35.1 ± 14.1* 22.0; 48.2 0.02 

SD 2 76.3 ± 7.9  70.3; 82.4     100.2 ± 25.5   76.7; 123.8 0.05 

RMSSD 26.6 ± 5.2  22.6; 30.6 49.8 ± 20.0* 31.3; 68.3 0.02 

PNN50   7.7 ± 4.8   4.0; 11.4       10.4 ± 5.0   5.8; 15.0 0.29 

Variance RR 3380.9 ± 747.5 2908.7; 3933.3 6595.7 ± 2557.6* 4230.3; 8961.1 0.01 

LF (ms2)   519.9 ± 141.1 411.5; 628.3 3295.8 ± 2742.0*   759.9; 5831.7 0.03 

HF (ms2) 181.5 ± 82.7 118.0; 245.1   1046.5 ± 894.5*   219.2; 1873.8 0.04 

LFNu 75.3 ± 4.2 72.1; 78.6       77.5 ± 10.1 68.2; 86.9 0.55 

HFNu 24.7 ± 4.2 21.4; 27.9       22.5 ± 10.1 13.1; 31.8 0.55 

LF/HF   3.5 ± 0.8 2.8; 4.1         4.3 ± 2.1 2.4; 6.3 0.37 

CI 95% = confidence interval; LF = low frequency; HF = high frequency; LFNu = normalized low frequency; HFNu = 
normalized high frequency; LF/HF = ratio between LF and HF components; *P-value ≤0.05 indicate difference between 
group 
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Figure 1. Heart Rate Variability of RR Intervals in a Series of Beats Selected in Sedentary and Indor Rock 
Climbing (SD1). This index is associated with vagal modulation; Instantaneous heart rate variability of RR intervals 
between successive heart beats in sedentary and/or rock climbing (SD2). This index is associated with the total variance 
of beats. 
 

Regarding the HRV analysis in the frequency domain, the SG subjects showed lower values of 
absolute indexes LF and HF and variance RR compared with the IRCG. The balance sympatho- 
vagal and standardized LF and HF component of HRV were similar between the groups. 
 

DISCUSSION 
 
The main findings of the present study indicated that IRCG showed a higher cardiovascular 
autonomic control of the heart when compared to the sedentary group. It was observed by the 
increase in absolute values in the RR interval, increase in SD1, variance RR, LF (ms2), and HF 
(ms2). These data demonstrate a predominance of parasympathetic modulation in IRCG when 
compared to the sedentary subjects. These changes were observed independently of individual 
characteristics such as weight, height, age, and BMI. Interestingly, only a few studies 
demonstrated the benefits of climbing activity in autonomic modulation at rest. 

 

HRV is a variable that can be affected by many factors (such as exercise training), which is a 
sufficient stimulus to cause significant changes in cardiovascular function and autonomic 
adjustments. Thus, alterations in heart rate and respiratory sinus arrhythmia are associated with 
exercise by alternating vagal activity over sympathetic (5). 

 

Some studies have shown that a noncompetitive climb is a typical aerobic activity because the 
intensity is comparable to what the American College of Sports Medicine recommends to maintain 
a good cardiorespiratory performance (18). Also, it has been described that temporal and non-
linear analysis of HRV may be related to training level and can be used as an index for autonomic 
cardiovascular control (12).   
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However, Rodio et al. (18) claim that there is a linearity between the increase in the difficulty of the 
climb and the increase in oxygen consumption, given the increase in energy expenditure and heart 
rate for each meter of rise (18). Thus, when a disproportion between heart rate and oxygen 
consumption is observed, it may be related to the peripheral adaptations caused by the increase in 
isometric contraction time, and the increased metabolic and reflex activity causing a sympathetic 
response (7). 

 
Additionally, according to Ferguson and Brown (7), noncompetitive climbers have a higher 
conductance both during and after the rhythmic exercise when compared to the sedentary. It is likely 
that the decrease in the subjects’ blood pressure values during isometric exercise during climbing is 
partly part due to the increase in vasodilation capacity. Such an adjustment would enable supporting 
a greater resistance during rhythmic exercise, thus allowing for a higher functional hyperemia 
between phases of contraction (10). 
 
It is reasonable to speculate that the increase in heart rate, increased oxygen consumption, and 
muscular adaptations that result from the practice of climbing contributes to the increase in heart 
rate variability (as evidenced by higher rates in the time domain and the frequency observed in this 
study). These adjustments are likely to have a positive influence on the climbers’ performance and 
cardiovascular homeostasis. 
 

CONCLUSIONS 
 
The assessment of autonomic modulation by analyzing the HRV using a time/frequency-domain 
method exhibited higher HRV values in the IRCG subjects when compared with the sedentary 
subjects. Thus, the results of this study suggest that the long-term practice of sport climbing 
produces some cardiovascular benefit. 
 
 
 

Address for correspondence: Renato A Souza, PhD, Federal Institute of Education, Science and 
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000, Email: tatosouza2004@yahoo.com.br 
 
 
REFERENCES 
 

1. Achten J, Jeukendrup AE. Heart rate monitoring: Applications and limitations. Sports Med. 
2003;33:518-538. 

 
2. Araújo PS, Carvalho WRG, Navarro F, Rodrigues B, Gambassi BB, Ramallo BT, Filho AC, 

Mostarda CT. Cardiac autonomic modulation in judo athletes: Evaluation by linear and non-
linear method. Sport Sci Health. 2016;s11332-015-0256-7. 

 
3. Bertuzzi R, Pires FO, Lima-Silva AE, Gagliardi JFL, De-Oliveira FR. Performance determining 

factors in Indoor Calimbing: One of the contributions of Professor Maria Augusta Kiss to the 
development of Sports Sciences in Brazil. Rev Bras Med Esporte. 2015;17:84-87. 

 
4. Carter JB, Banister EW, Blaber AP. Effect of endurance exercise on autonomic control of 

heart rate. Sports Med. 2003;33:33-46. 
 



90 
 

5. Cataldo A, Zangla D, Cerasola D, Vallone V, Russo G, Lo Presti R, Traina M. Influences of 
baseline heart rate variability on repeated sprint performance in young soccer players. J 
Sports Med Phys Fitness. 2016;56(4):491-496.  

 
6. Davy KP, De Souza CA, Jones PP, Seals DR. Elevated heart rate variability in physically 

active young and older adult women. Clin Sci. 1998;94:579-584. 
 

7. Ferguson RA, Brown MD. Arterial blood pressure and forearm vascular conductance 
responses to sustained and rhythmic isometric exercise and arterial occlusion in trained rock 
climbers and untrained sedentary subjects. Eur J Appl Physiol Occup Physiol. 1997;76: 
174-180. 

 
8. Franks PW, Ekelund U, Brage S, Wong M, Wareham NJ. Does the association of habitual 

physical activity with the metabolic syndrome differ by level of cardiorespiratory fitness? 
Diabete Care. 2004;27:1187-1193. 

 
9. Gambassi BB, Almeida FJF, Sauaia BA, Novais TMG, Araujo AER, Chaves LFC, Rodrigues 

BS, Antônio RM, Melo LP, Mostarda CT. Resistance training contributes to variability in heart 
rate and quality of the sleep in elderly women without comorbidities. JEPonline. 2015;18: 
112-123. 

 
10. Giles LV, Rhodes EC, Taunton JE. The physiology of rock climbing. Sports Med. 2006; 

36:529-545. 
 

11. Heart rate variability. Standards of measurement, physiological interpretation, and clinical 
use. Task Force of the European Society of Cardiology and The North American Society Of 
Pacing and Electrophysiology. Eur Heart J. 1996;17:354-381.  

 
12. Henriquez OC, Báez SM, Von Oetinger A, Cañas JR, Ramírez CR. Autonomic control of 

heart rate after exercise in trained wrestlers. Biol Sport. 2013;30:111-115. 
 

13. Lohman TG, Roche AF, Martorell R. Anthropometric Standardization Reference Manual. 
Champaign, IL: Human Kinetics Books, 1998. 

 
14. Meersman RE. Heart rate variability and aerobic fitness. Am Heart J. 1993;125:726-731. 

 
15. Melo RC, Santos MDB, Silva E, Quitério RJ, Moreno MA, Reis MS, Verzola IA, Oliveira L, 

Martins LEB, Gallo-Junior L, Catai AM. Effects of age and physical activity on the autonomic 
control of heart rate in healthy men. Brazilian J Med Biol Res.  2005;39:1331-1338. 

 
16. Montano N, Porta A, Cogliati C, Constantino G, Tobaldini E, Casali KR, Iellamo F. Heart rate 

variability explored in the frequency domain: A tool to investigate the link between heart and 
behavior. Neurosci Biobehav Rev. 2009;33:71-80. 

 
17. Pumprla J, Howorka K, Groves D, Chester M, Nolan J. Functional assessment of heart rate 

variability: Physiological basis and practical applications. Int J Cardiol. 2002;84:1-14. 
 

18. Rodio A, Fattorini L, Rosponi A, Quattrini FM, Marchetti M. Physiological adaptation in 
noncompetitive rock climbers: Good for aerobic fitness? J Strength Cond Res. 2008;22:359-
364. 



91 
 

 
19. Sheel AW Physiology of sport rock climbing. Br J Sports Med. 2004;38:355–359. 

 
20. Taylor AC, McCartney N, Kamath MV, Wiley RL. Isometric training lowers resting blood 

pressure and modulates autonomic control. Med Sci Sports Exerc. 2003;35:251-256. 
 
 

Disclaimer 

The opinions expressed in JEPonline are those of the authors and are not attributable to JEPonline, 
the editorial staff or the ASEP organization. 
 

 

 

View publication statsView publication stats

https://www.researchgate.net/publication/314724921

