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ABSTRACT 
 
Nascimento VB, Osiecki R, Redkva PE, Gomes EB, Salgueirosa 
FM, Daros LB, Osiecki AC, Kaminagakura EI. JEPonline  
2012;15(2):55-63. The purpose of this study was to identify the 
variability threshold determined by different parameters and the 
Conconi Threshold (HRDP) in a 20 m Shuttle Run Test, describing the 
concordance between these aerobic indexes. The subjects consisted 
of professional soccer players. The 20 m shuttle run test was used. 
The criteria for determining the heart rate variability threshold (HRVT) 
were the breaking of linearity SD1; breaking of linearity in SD1/SD2; 
first stage in the curve decrease in which the difference between the 
SD1 in two consecutive stages is less than 1 ms; breaking of linearity 
HFpeak x HFms². The HRDP was determined by the breaking of 
linearity in the heart rate curve. All criteria of HRVT demonstrated a 
moderately significant correlation with HRDP (r=0.73). However, only 
the HRVTSD1 presented concordance with HRDP (bias=0.24 km·h-1, 
P=0.245). The main finding of this study was the demonstration of 
association between the non-invasive determination of anaerobic 
threshold in a field test as well as the evidence of agreement between 
the method HRVTSD1 with the HRDP in soccer players.  
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INTRODUCTION 
 
The evaluation of the aerobic condition through the maximum consumption of oxygen (VO2 max) and 
Anaerobic Threshold (AT) through different methodologies is one of the main measurements in batch 
evaluations of athletes (7). Evaluation protocols that take into account the specificity of the modality 
must be considered (19).  
 
Leger and Gadoury’s (13) 20 m multi-stage fitness test is an indirect estimate of VO2 max to evaluate 
the aerobic power of schoolchildren, healthy adults, and athletes. Popularly known as the Beep test, it 
consists of multiple progressive stages. The test is stopped if the subject fails to reach the line for two 
consecutive ends. It is widely used due to the low cost material in its application. 
 
The heart rate deflection point  (HRDP) identifies the AT through the breaking of the heart rate 
linearity in relation to intensity in progressive exercise (5). Despite the controversy in some studies by 
describing a linear relationship between heart rate (HR) and intensity in progressive exercise (10), 
and by reporting that it overestimates the values of the lactate threshold (22), HRDP can be used as 
part of the aerobic assessment (2). 
 
The autonomous nervous system modulates the triggering rate of the sino-atrial node (19) during the 
exercise with progressive loads, and the increase in HR during the initial phase is due to the 
withdrawal of the vagal activity. Then, with the increase in the intensity of the workload, there is an 
increase in the sympathetic activity that is ultimately responsible for the HR response (8). The 
identification of the heart rate variability threshold (HRVT) determined by different criteria can be 
considered an index of aerobic capacity (9,15,16). However, since it is a recent method of indexing 
aerobic capacity, its identification in progressive field tests such as those of shuttle run has not been 
established in literature. 
 
Thus, the objective of the present study was to identify HRVT determined by different parameters and 
HRDP in shuttle run field tests and to describe the concordance between these aerobic indexes. 
 

METHODS  
Subjects 
The subjects in this study consisted of 21 professional soccer players, age 24.08±3.43 yrs old, body 
mass 78.13±8.19 kg, height 1.78±7.37 m, and %Fat 11.56±2.00; all subjects participated in the first 
division of the 2011 Brazilian Championship. Prior to the testing, each subject was familiarized with 
the experimental procedure and was informed of the risks associated with the protocol. All subjects 
gave their written voluntary informed consent.  
 
Procedures 
20 m Shuttle Run  
Leger and Gadoury’s (13) 20 m shuttle run with speed starting at 8 km·h-1 when subjects run a 
distance of 20 m coming and going, which is increased 1 km·h-1 every minute (controlled by a sound 
signal). The test was stopped if the subject failed to reach the line (within 2 meters) for two 
consecutive ends. When the subjects were not able to complete the stage, the speed used was 
corrected according to the work of Kuipers and colleagues (12). 
 
Heart Rate Variability Threshold (HRVT) 
The RR intervals were registered with the use of a POLAR model RS800 heart monitor, which were 
transferred to the Polar ProTrainer 5 software and later analyzed by Kubius HRV software 
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(http://kubios.uku.fi/KubiosHRV/) in order to have the heart rate variability parameters, SD1, SD1 of 
Pointcaré plot, HF peak, and HF ms² as obtained from 1 min samples in progressive test.  The criteria 
for determining HRVT were the breaking of linearity SD1, ratio SD1/SD2 (21,20), first stage in the 
decrease of the curve where the difference between SD1 of two consecutive stages was lower than 1 
ms (20), and the breaking of linearity HFpeak x HFms² (6).   
  
Heart Rate Deflection Point (HRDP) 
The HRDP was determined by the breaking in linearity of the HR curve along the time (5,22) using 
statistical analysis by piecewise linear regression.  
 
Statistical Analysis   
In order to determine the breaking in linearity between HRVT and HRDP, a segmented package (14) 
and the concordance methodology of Bland-Altman (1) were used (P=0.05). For all the analyses, free 
software R 2.13.2 (17) was used. 
 

RESULTS 
Data from the 20 m shuttle run test are shown in Table 1.  
  
Table 1. Data Presented in Mean ± Standard Deviation Regarding Maximum Heart Rate, Speed 
Peak, Corrected Speed Peak and VO2 max in the 20 m Shuttle Run Test. 
 

Variables HR max 
(beats·min-1) 

SP 
(km·h-1) 

CSP 
(km·h-1) 

VO2 max 
(mL·kg-1·min-1) 

Mean±SD 167±6.44 13.93±1.19 14.08±1.21 50.44±4.00 
  *HR max: maximum heart rate; SP: speed peak; CSP: corrected speed peak. 
 
 
The charts are the dispersion charts between HRDP and HRVT according to different methodologies. 
 

(A) Chart 1. Dispersion chart between HRDP and HRVT Hfpeak x HFms². (B) Chart 2. Dispersion 
chart between HRDP and HRVT Diff 1 ms. 
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(B) Chart 3. Dispersion chart HRDP and HRVT SD1/SD2. (D) Chart 4. Dispersion chart HRDP and 

HRVT SD1. 
 

 
Concordance analyses between the different determination methodologies of HRVT with HRDP are 
presented in sequence.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Chart 5. Bland-Altman in relation to HRDP and HRVT SD1. 
 

 
The results indicate concordance between the measures HRDP and HRVT, bias=0.24 km·h-1, 
P=0.245. 
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Chart 6. Bland-Altman relation for HRDP and HRVT SD1/SD2. 
 

 
These results did not show any concordance between the methods HRDP and HRVT SD1/SD2, 
bias=0.66 km·h-1, P<0.05. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Chart 7. Bland-Altman relation between HRDP and HRVT 1 ms. 
 

 
The same applies to the analysis developed between the methods HRDP and HRVT 1ms, bias=1.14 
km·h-1, P<0.05 
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Chart 8. Bland-Altman relation between HRDP and HRVT Hfpeak x HFms² 
 

 
Likewise, in regards to concordance between methods HRDP and HRVT Hfpeak x HFms², bias = 
0.92 km·h-1, P<0.05. 
 

DISCUSSION 
 
For the measurements in the evaluation of aerobic condition, VO2 max and AT are important for the 
monitoring and prescription of training in different sport modalities. In soccer, the aerobic resistance is 
highlighted as an important capacity for the recovery from motor actions (18).  
 
Although this study had the sole objective of identifying HRVT, previous studies have shown good 
correlation between HRVT and lactate threshold and ventilation threshold (9,15,16). In a study 
performed with soccer players identifying HRVT through the Hfpeak x HFms² index, there was 
concordance between ventilation threshold and HRVT (6).  
 
There was significant correlation between HRDP and HRVT determined by the different parameters, 
indicating certain consistency between these measures. Concordance between the HRDP and HRVT 
speeds determined by SD1 (bias=0.24 km·h-1, P=0.245) was observed. However, the same 
concordance results were not observed between the HRDP and HRVT speeds determined by other 
indexes such as Hfpeak x HFms² (bias=0.92 km·h-1, P<0.05), HRVT SD1/SD2 (bias=0.63 km·h-1, 
P<0.05) and HRVT 1 ms (bias=1.14, P<0.05). 
 
The identification of HRVT by a difference smaller than 1 ms (SD1) in two consecutive stages (18) 
was not possible in two subjects. However, in all indexes identified by the linearity break point, 
mathematically determined as Hfpeak x HFms², HRVT SD1/SD2, HRVT SD1, HRVT was identified. It 
was also possible to identify HRDP in all participants using the mathematical method of linearity 
break. Other papers, using the Dmax obtained similar results (9) 
 
The relation between the HRDP and HRVT needs to be better elucidated. In the reviewed literature, 
we find the study of Buchheit et al. (4) that investigated the relationship between HRDP and HRVT 
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and showed similar responses in the HR and VO2 of these methodologies regarding the ventilation 
threshold as well as strong correlation between the HRVT and HRDP, thus, suggesting similarities in 
the physiological development of both non-invasive methodologies for determining the AT of trained 
individuals. In agreement, this present study showed high determination coefficient (r2=0.73) between 
HRVTSD1 and HRDP (Chart 4).       
 
Additionally, various investigations have been designed to study the relation between HRVT and 
others possibilities at the determination of AT. Various investigations showed associations between 
HRVT and AT (3,4,6,8) and stabilization in 4 mM of lactate in constant running loads tests referring 
the HRVT (23). But, another study did not corroborate with association between HRVT and AT (3). 
Thus, we suggest further studies directed to understand the relationship and concordance between 
HRVT with AT determined either through lactate concentration ([La]), ventilation, HR or critical power 
in athletes or physically active people.  
 

CONCLUSIONS 
 
It was possible to identify HRVT using different parameters and HRDP in progressive 20 m shuttle 
run tests, with concordance between the measures only for SD1 criterion, nevertheless, its relation 
with gold standard measures needs to be determined in further studies.  
 
 
 
 

ACKNOWLEDGMENT 

We would like to thank the researchers of the different laboratories that participated and contributed 
to the data collection and improvement in the development of this manuscript. 

 
Corresponding author: Vitor Bertoli Nascimento, Department of Physical Education of Federal 
University of Parana, Parana, Brazil. Street Sagrado Coração de Jesus. Phone (55) 41 9104-7890 
Email: vitorbertolinascimento@yahoo.com.br 
 
 
REFERENCES 
 

1. Bland JM, Altman DG. Statistical methods for assessing agreement between two methods of 
clinical measurement. Lancet. 1986; 307-310. 

2. Bodner ME, Rhodes EC. A review of the concept of the heart rate deflection point. Sports 
Med. 2000;30:31-46. 

3. Brunetto AF, Silva BM, Roseguini BT, et al. Ventilatory threshold and heart rate variability in 
adolescents. Rev Bras Med Esporte. 2005;11:28-33. 

4. Buchheit M, Solano R, Millet GP. Heart-rate deflection point and the second heart-rate 
variability threshold during running exercise in trained boys. Pediatr Exerc Sci . 2007;19:192-
204. 

5. Conconi F, Ferrrari M, Ziglio PG, et al. Determination of the anaerobic threshold by a 
noninvasive field test in runners. J Appl Physiol.1982;52:862-873. 



  
 

62

6. Cottin F, Médigue C, Lopes P, et al. Ventilatory thresholds assessment from heart rate 
variability during an incremental exhaustive running test. Int J Sports Med. 2007;28:287-294. 

7. Currel K, Jeukendrup AE. Validity, reliability and sensitivity of measures of sporting 
performance. Sports Med. 2008;38:297-316. 

8. Ekblom B, Hermansen l. Cardiac output in athletes. J Appl Physiol. 1968;25:619-625. 

9. Fronchetti L, Nakamura FY, Aguiar CA, et al. Regulação autonômica em repouso e durante 
exercício progressivo: aplicação do limiar de variabilidade da frequência cardíaca. Rev Port 
Cien Desp. 2006;6:21-28.  

10. Hofmann P, Von Duvillard SP, Seibert FJ, et al. %HRmax target heart rate is dependent on 
heart rate performance curve deflection. Med Sci Sports Exerc. 2001;33:1726-1731. 

11. Kara M, Gokbel H, Bediz C. Determination of the heart rate deflection point by the dmax 
method. J Sports Med Phys Fitness. 1996;36:31-34. 

12. Kuipers  H, Verstappen  FTJ, Keizer HA, et al. Variability of aerobic performance in the 
laboratory and its physiological correlates. Int J Sports Med. 1985;6:197-201. 

13. Leger L, Gadoury C. Validity of the 20 m shuttle run test with 1 min stages to predict VO2 max 
in adults. Can J Sport Sci. 1989;14:21-26. 

14. Muggeo VMR. Estimating regression models with unknown break-points. Statist Med. 
2003;22:3055-3071. 

15. Nakamura FY, Aguiar CA, Fronchetti L, et al. Alteração do limiar de variabilidade da 
frequência cardíaca após treinamento aeróbio de curto prazo. Motriz. 2005;11:1-9. 

16. Nakamura Y, Yamamoto Y, Muraoka I. Autonomic control of heart rate during physical 
exercise and fractal dimension of heart rate variability. J Appl Physiol. 1993;74:875-881. 

17. R Development Core Team (2008). R: A language and environment for statistical computing. R 
Foundation for Statistical Computing, Vienna, Austria. ISBN 3-900051-07-0, URL 
http://www.R-project.org. 

18. Svensson M, Drust B. Testing soccer players. J Sports Scien. 2005;23:601-618. 

19. 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. Eur Heart J. 1996;17:354-381. 

20. Tulppo MP, Mäkikallio TH, Seppänen T, et al. Vagal modulation of heart rate during exercise: 
effects of age and physical fitness. Am J Physiol. 1998; 274:424-429. 

21. Tulppo MP, Mäkikallio TH, Takala TES, et al. Quantitative beat-to-beat analysis of heart rate 
dynamics during exercise. Am J Physiol. 1996;271:244-252. 

22. Vachon JA, David R, Basset JR, et al. Validity of the rate deflection point as a predictor of 
lactate threshold during running. J App Physiol. 1999;87:452-459. 



  
 

63

23. Zanatta C, Matsushigue KA, Nakamura YA, et al. Heart rate variability threshold and blood 
lactate response during constant load exercises. R da Educação Física/UEM . 2008;19:251-
260. 

 

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

 


