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 Heart Rate Variability and Cardiorespiratory Fitness in Youth 
Populations: The Impact of Heart Rate on Data Analysis  

by 

Abel Plaza-Florido 1,*, Jerzy Sacha 2,3, Juan M. A. Alcantara 1 

The positive association between heart rate variability and cardiorespiratory fitness in youth populations is 
unclear. In this regard, several methodological aspects related to heart rate variability analysis could partially explain the 
disagreement between studies. To the best of the authors’ knowledge, the influence of the heart rate on data analysis is 
unclear. In the present short communication, we discuss the impact of the heart rate on the associations between heart 
rate variability and cardiorespiratory fitness in youth. In addition, we proposed some aspects that should be considered 
for statistical analyses when the relationship between heart rate variability and cardiorespiratory fitness is studied. 
Finally, we should acknowledge that these recommendations may be applicable for other health-related outcomes different 
than cardiorespiratory fitness (e.g., inflammatory markers, cognition, cardiovascular disease status). 
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Short Communication 

Cardiac autonomic modulation can be 
determined using non-invasive biomarkers such as 
heart rate variability (HRV), i.e., variations on the 
time between consecutive heart beats or the time 
between R-R peaks (Task Force, 1996). HRV can be 
expressed using different variables (Table 1) which 
are derived from the measured R-R signal 
(henceforth HRV variables) (Task Force, 1996). 
Usually, low values of HRV variables under 
resting conditions (low parasympathetic 
modulation) have been related to a higher risk of 
cardiovascular disease (CVD) and mortality (Task 
Force, 1996) as well as poor athletic performance 
(Chiu et al., 2022; Pagaduan et al., 2020). 
Furthermore, youth's low cardiorespiratory fitness 
(CRF) levels are related to a higher risk of CVD and 
mortality later in life (Högström et al., 2014). 
Interestingly, a logistic regression model using  

 
resting HRV variables can identify children with 
low CRF levels (estimating their CRF) without 
performing any specific exercise test (Redón et al., 
2020). This could be practical for clinicians and 
exercise physiologists as allows a fast detection of 
youths with a higher risk of developing CVD later 
in life. However, the literature showing a positive 
association between HRV variables and CRF levels 
in youth is inconsistent (Oliveira et al., 2017; Plaza-
Florido et al., 2021a). In this regard, diverse 
methodological aspects (e.g., length of the R-R 
signal recording, artefact correction and data 
analysis) could partially explain the disagreement 
between studies (Plaza-Florido et al., 2021a). 

To our knowledge, the less explored 
methodological aspect may be the influence of the 
heart rate (HR) on data analysis (Sacha, 2014a). It is 
well-known that an inverse and non-linear 
association exists between HRV variables and the 
HR (Sacha, 2014a). People exhibiting a low HR  
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usually present higher HRV compared to people 
exhibiting an elevated HR, an issue which may 
introduce a mathematical bias in analyses (Sacha, 
2014a). Likewise, certain associations showed in 
previous research (Plaza-Florido et al., 2019a) and 
CVD risk factors could result from the HR rather 
than HRV (Sacha, 2014b). Therefore, HRV 
variables should be “corrected” considering the 
prevailing HR, i.e., HRV should be calculated 
relative to the average HR (Sacha, 2014b). To this 
end, HRV variables should be divided by the 
appropriate powers of the average R-R interval 
(Sacha, 2014b). After performing this “correction 
procedure”, the association between HRV 
variables and the HR disappears (Figure 1) (Sacha 
et al., 2013). Including this correction procedure 
into analyses allows to explore whether the HR 
influences (over-powers) the “real” clinical value 
of HRV variables, i.e., thus we are able to 
determine the HR contribution to the clinical value 
of HRV in a given clinical context (Sacha, 2014b).  

This correction procedure has been used in 
different studies observing the relationship 
between HRV variables and CRF levels in youths 
(Grant et al., 2013; Plaza-Florido et al., 2019a). 
Grant et al. (2013) reported that pNN50 (Table 1) 
was positively associated with CRF in healthy 
young adults (18–22 years old), while the HR was 
negatively and stronger associated with CRF. 
Importantly, the corrected HRV variables were not 
associated with CRF (Grant et al., 2013). Similar 
results were reported by Plaza-Florido et al. 
(2019a) in a study addressing the associations 
between HRV variables and CRF relative to body 
weight (CRFBW) in children with 
overweight/obesity (9–11 years old). RMSSD, 
pNN50, and SDNN (Table 1) were positively 
associated with CRFBW (Plaza-Florido et al., 2019a). 
However, these associations were not observed 
after performing the correction procedure detailed 
above (Plaza-Florido et al., 2019a). In contrast, the 
HR showed stronger association with CRFBW 
compared to HRV variables (Plaza-Florido et al., 
2019a). These findings are in agreement with those 
recently published on a cohort of healthy young 
adults (20–24 years old) (Plaza-Florido et al., 
2021b). Besides, in the abovementioned study on 
healthy young adults, CRF was objectively 
assessed using indirect calorimetry and an 
incremental exercise test, while Grant et al. (2013) 
estimated CRF using a field test (the Cooper 12- 
 

 
min run test). Nevertheless, all these studies (both 
performed on healthy young adults (Grant et al., 
2013; Plaza-Florido et al., 2021b), and the one on 
children with overweight/obesity (Plaza-Florido et 
al., 2019a) agreed and concluded that the HR was 
better associated with CRF (i.e., CRFBW) than HRV 
variables. 

On the other hand, other studies reported 
associations between HRV variables and CRF 
considering the confounding role of the HR (Chen 
et al., 2019; Leppänen et al., 2019; Michels et al., 
2013), although they did not compare whether 
HRV variables or the HR were better associated 
with CRF. Leppänen et al. (2019) reported that 
RMSSD, SDNN, and HF (Table 1) were positively 
associated with CRF (expressed as Watts per 
kilogram of lean body mass) in boys (6–9 years 
old). However, only the corrected RMSSD was 
positively associated with CRF (Leppänen et al., 
2019). Interestingly, Michels et al. (2013) observed, 
after including the HR as a covariate in multiple 
regression models, a positive association between 
RMSSD, pNN50, and HF and CRF estimated using 
a field test (the 20 m shuttle test) in boys (5–10 years 
old). Recently, Chen et al. (2019) performed cross-
sectional analyses in a large cohort of 2316 healthy 
middle-aged adults, and they observed that the 
better was CRF (represented by exercise 
duration—time to volitional exhaustion), the 
higher were HRV variable values (SDNN and 
RMSSD). Unfortunately, the correction procedure 
was not performed in the latter studies (Chen et al., 
2019; Michels et al., 2013), although they included 
the HR as a covariate in statistical analyses and the 
associations between HRV and CRF remained 
significant (Chen et al., 2019; Michels et al., 2013).  

In general, associations between HRV 
variables and CRF could be (at least partially) 
explained by the “confounding” role of the HR 
(Grant et al., 2013; Plaza-Florido et al., 2019a, 
2021b). This “HR impact” could be of interest for 
clinicians as the HR presents certain advantages 
compared to HRV variables; the most evident one 
is that HR data is much easier to obtain and 
interpret than HRV variables. Nevertheless, in 
most of the studies, the associations of HRV 
variables and the HR with CRF were weak to 
moderate (r or β statistical coefficients ranged from 
0.19 to 0.32 for HRV variables, and from -0.33 to -
0.41 for the HR, respectively). The two studies that 
included the HR as a covariate (Chen et al., 2019;  
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Michels et al., 2013) observed, although this is a 
usual observation in most of the studies, a positive  
association between HRV variables and CRF. In 
line with their findings, one study reported that 
differences in HRV among children with different 
weight status might be explained by their 
differences in the HR regardless the statistical 
approach (i.e., corrected HRV variables or adding 
the HR as a covariate) (Plaza-Florido et al., 2019b). 
In this regard, and as their influence is difficult to  
 
 

 
be elucidated, we should acknowledge that other 
methodological aspects regarding the HRV  
assessment and processing (e.g., length of the R-R 
signal recording, artefact correction, etc. (Plaza-
Florido et al., 2021a)), as well as different 
methodologies to determine CRF (e.g., estimated 
from field tests or measured by indirect 
calorimetry) could also contribute to the 
discrepancies between studies (i.e., the HR has an 
impact on the associations between HRV variables 
and CRF). 

 
 

Table 1. Common heart rate variability (HRV) variables which are considered indicators 
of parasympathetic modulation during resting recordings. 

 
HRV variable abbreviation Full name
Time-domain  

RMSSD (ms) 
The square root of the mean squared differences of successive NN 
intervals 

SDNN (ms) The standard deviation of the NN interval 

pNN50 (%) 
The percentage of pairs of adjacent NN intervals differing by more 
than 50 ms in the entire recording 

Frequency-domain  
TP (absolute units; ms2) Total power of HRV spectrum  

HF (absolute units; ms2) 
The absolute power of the High Frequency band (HF: 0.15–0.4 
Hertz) 

LF (absolute units; ms2) 
The absolute power of the Low Frequency band (HF: 0.04–0.15 
Hertz) 

TP: total power; HF: high frequency; LF: low frequency; ms: milliseconds; NN intervals: normal R-R 
intervals in an electrocardiogram. Abbreviations and full name of HRV parameters are extracted from 

Task Force Report (1996). 
 
 
 
 

 
Figure 1. Associations between HR and uncorrected (Panel A), partially corrected (Panel B) 

and fully corrected (Panel C) heart rate variability (HRV).  
Panel A shows the inverse association between HRV, i.e., total power (TP) of HRV spectrum and HR, 
while Panel B and C show the associations after dividing TP by the average R-R interval (RR) to the 
power 2 and the power 4, respectively. The examples show that in order to fully correct HRV for the 
prevailing HR, one must select the appropriate power of the average R-R interval—in this case, TP 

completely loses dependence on the HR only after dividing by the average R-R interval to the power of 
4. Reprinted with modification from Sacha et al. (2013). 
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Undoubtedly, more research and studies are 
warranted on this topic. Indeed, further studies 
investigating the impact of the HR correction 
procedure on the associations between HRV 
variables and different health-related outcomes 
(e.g., adipokines, cognition, etc.) are needed. In our 
humble opinion, the following aspects should be 
considered in the analysis approach when 
associations between HRV variables and health-
related outcomes are studied. Firstly, researchers 
should test these associations as well as the HR 
relationship using independent statistical models 
(e.g., HR and HRV variables as 
predictors/independent variables in different 
regression models). Then, if both HRV variables 
and the HR are associated with the health-related 
outcomes, the correction procedure should be 
considered (i.e., calculating HRV variables divided 
by the suitable powers of the average R-R interval) 
and replicate all the analyses using the corrected 
HRV variables instead. Alternatively, the HR can 
be included as a covariate in the multiple 

regression model when the associations are 
assessed. However, it is important to highlight that 
HRV variables and the HR cannot co-exist in the 
same statistical model as predictors/independent 
variables due to the strong correlation between 
them (i.e., multicollinearity). Another option is to 
add the corrected HRV variables and the HR 
together as predictors/independent variables in the 
same statistical model—as the corrected HRV 
variables are not correlated with the HR after 
performing the correction procedure (Sacha, 
2014a). Considering all these steps in the analysis 
approach might allow to determine the “real” 
relationship between HRV variables and diverse 
health-related outcomes, and to study whether 
they are better associated with these outcomes than 
the HR. Lastly, it should be noted that this 
correction procedure and the analysis approach 
could also be performed in studies in which the 
outcome variables are associated with the HR 
(Sacha, 2014b).

 
 

Author Contributions: Conceptualization: A.P.-F. and J.M.A.A.; writing—original draft preparation: A.P.-F.; 
writing—review and editing: A.P.-F., J.S. and J.M.A.A.; supervision: J.M.A.A. All authors have read and 
agreed to the published version of the manuscript. 

ORCID iD:  
Abel Plaza-Florido: (https://orcid.org/0000-0002-5374-3129) 
Jerzy Sacha: (https://orcid.org/0000-0001-7504-7506)  
Juan MA Alcantara: (https://orcid.org/0000-0002-8842-374X)  

Funding Information: A.P.-F. is supported by the Spanish Ministry of Education, Culture and Sport (FPU 
16/02760). J.M.A.A. is supported by the University of Granada, Plan Propio de Investigación 2020 Programa de 
Contratos Puente. Additional funding was obtained from the University of Granada, Plan Propio de Investigación 
2016, Excellence actions: Units of Excellence; Unit of Excellence on Exercise and Health (UCEES); by the Junta 
de Andalucía, Consejería de Conocimiento, Investigación y Universidades and European Regional Development 
Fund (ERDF), ref. SOMM17/6107/UGR, and the Andalusian Operational Programme supported with 
European Regional Development Funds (ERDF in English, FEDER in Spanish, project ref: B-CTS-355-UGR18). 

Institutional Review Board Statement: Not applicable. 

Informed Consent: Not applicable. 

Conflicts of Interest: The authors declare that the research was conducted in the absence of any commercial 
or financial relationships that could be construed as a potential conflict of interest. 

References 
Chen, L. Y., Zmora, R., Duval, S., Chow, L. S., Lloyd-Jones, D. M. & Schreiner, P. J. (2019). Cardiorespiratory 

Fitness, Adiposity, and Heart Rate Variability: The Coronary Artery Risk Development in Young Adults 
Study. Medicine and Science in Sports and Exercise, 51(3), 509–514.  
https://doi.org/10.1249/MSS.0000000000001796 

 



 by Plaza-Florido A. et al. 5 

Articles published in the Journal of Human Kinetics are licensed under an open access Creative Commons CC BY 4.0 
license. 

 
Chiu, Y., Clemente, F., Bezerra, P., Pagaduan, J. & Chen, Y. (2022). Day-to-day Variation of the Heart Rate, 

Heart Rate Variability, and Energy Expenditure during FIFA 11+ and Dynamic Warm-up Exercises. 
Journal of Human Kinetics, 81(1), 73–84. https://doi.org/10.2478/hukin-2022-0007 

Grant, C. C., Murray, C., Janse van Rensburg, D. C. & Fletcher, L. (2013). A comparison between heart rate and 
heart rate variability as indicators of cardiac health and fitness. Frontiers in Physiology, 4 
NOV(November), 1–5. https://doi.org/10.3389/fphys.2013.00337 

Högström, G., Nordström, A. & Nordström, P. (2014). High aerobic fitness in late adolescence is associated 
with a reduced risk of myocardial infarction later in life: A nationwide cohort study in men. European 
Heart Journal, 35(44), 3133–3140. https://doi.org/10.1093/eurheartj/eht527 

Leppänen, M. H., Haapala, E. A., Veijalainen, A., Seppälä, S., Oliveira, R. S., Lintu, N., Laitinen, T., Tarvainen, 
M. P. & Lakka, T. A. (2019). Associations of cardiometabolic risk factors with heart rate variability in 6- 
to 8-year-old children: The PANIC Study. Pediatric Diabetes, 1–8. https://doi.org/10.1111/pedi.12967 

Michels, N., Clays, E., De Buyzere, M., Huybrechts, I., Marild, S., Vanaelst, B., De Henauw, S. & Sioen, I. (2013). 
Determinants and reference values of short-term heart rate variability in children. European Journal of 
Applied Physiology, 113(6), 1477–1488. https://doi.org/10.1007/s00421-012-2572-9 

Oliveira, R. S., Barker, A. R., Wilkinson, K. M., Abbott, R. A. & Williams, C. A. (2017). Is cardiac autonomic 
function associated with cardiorespiratory fitness and physical activity in children and adolescents? A 
systematic review of cross-sectional studies. International Journal of Cardiology, 236, 113–122. 
https://doi.org/10.1016/j.ijcard.2017.02.022 

Pagaduan, J., Chen, Y., Fell, J. & Wu, S. (2020). Can Heart Rate Variability Biofeedback Improve Athletic 
Performance? A Systematic Review. Journal of Human Kinetics, 73(1), 103–114. 
https://doi.org/10.2478/hukin-2020-0004 

Plaza-Florido, A., Amaro-Gahete, F. J., Acosta, F. M. Sacha, J., & Alcantara, J. M. A. (2021b). Heart rate rather 
than heart rate variability is better associated with cardiorespiratory fitness in adults. European Journal 
of Sport Science, 1–38. https://doi.org/10.1080/17461391.2021.1892198 

Plaza-Florido, A., Migueles, J. H., Mora-Gonzalez, J., Molina-Garcia, P., Rodriguez-Ayllon, M., Cadenas-
Sanchez, C., Esteban-Cornejo, I., Navarrete, S., Lozano, R. M., Michels, N., Sacha, J. & Ortega, F. B. 
(2019b). The role of heart rate on the associations between body composition and heart rate variability 
in children with overweight/Obesity: The active brains project. Frontiers in Physiology, 10(JUL), 1–10. 
https://doi.org/10.3389/fphys.2019.00895 

Plaza-Florido, A., Migueles, J. H., Mora-Gonzalez, J., Molina-Garcia, P., Rodriguez-Ayllon, M., Cadenas-
Sanchez, C., Esteban-Cornejo, I., Solis-Urra, P., de Teresa, C., Gutiérrez, Á., Michels, N., Sacha, J. & 
Ortega, F. B. (2019a). Heart Rate Is a Better Predictor of Cardiorespiratory Fitness Than Heart Rate 
Variability in Overweight/Obese Children: The ActiveBrains Project. Frontiers in Physiology, 10(May), 1–
11. https://doi.org/10.3389/fphys.2019.00510 

Plaza-Florido, A., Sacha, J. & Alcantara, J. M. (2021a). Short-term heart rate variability in resting conditions: 
methodological considerations. Kardiologia Polska, 79(7), 1–11. https://doi.org/10.33963/kp.a2021.0054 

Redón, P., Grassi, G., Redon, J., Álvarez-Pitti, J. & Lurbe, E. (2020). Identifying poor cardiorespiratory fitness 
in overweight and obese children and adolescents by using heart rate variability analysis under resting 
conditions. Blood Pressure, 29(1), 13–20. https://doi.org/10.1080/08037051.2019.1700777 

Sacha, J. (2014a). Interaction between Heart Rate and Heart Rate Variability. Annals of Noninvasive 
Electrocardiology, 19(3), 207–216. https://doi.org/10.1111/anec.12148 

Sacha, J. (2014b). Interplay between heart rate and its variability: A prognostic game. Frontiers in Physiology, 5 
AUG(September), 1–4. https://doi.org/10.3389/fphys.2014.00347 

Sacha, J., Barabach, S., Statkiewicz-Barabach, G., Sacha, K., Müller, A., Piskorski, J., Barthel, P. & Schmidt, G. 
(2013). How to strengthen or weaken the HRV dependence on heart rate - Description of the method 
and its perspectives. International Journal of Cardiology, 168(2), 1660–1663. 
https://doi.org/10.1016/j.ijcard.2013.03.038 

Task Force. (1996). Heart rate variability: Standards of measurement,physiological interpretation and clinical 
use. Task Force of the European Societyof Cardiology and the North American Society of Pacing and 
Electrophysiology. European Heart Journal, 17, 354–381. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


