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ABSTRACT 
This study aimed to determine a model for stratifying the maximum oxygen uptake (VO2max) based on 

heart rate variability (HRV) parameters at rest. It was applied 70 young adult physically active male. After 

recording the resting tachogram with a heart rate monitor for 5 min, a maximal incremental test was 

performed to measure VO2max. Based on VO2max percentile, participants were divided into two groups 

of 35: high (HG) and low (LG) aerobic fitness group. Groups were compared according to: (1) VO2max; 

(2) Classical HRV parameters and the cardiac deceleration rate (CDR). HG presented significant higher 

VO2max than LG (48.61 ± 6.70 vs 34.62 ± 3.81 ml.kg
-1
.min

-1
). The HG higher values in the time domain 

HRV parameters, as well as in the high frequency contents in the frequency domain. Also, CDR index 

was significant higher for HG than LG (p<0.01). The model for predicting VO2max was obtained by 

backward stepwise multivariate logistic regression assuming as independent variables CDR and pNN50. 

This model presented 85.74% positive predictive value, 88.51% negative predictive value and 87.16% 

total accuracy. In conclusion, the use of the proposed model was able to stratify the level of aerobic 

fitness in young healthy adult males at rest. 
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INTRODUCTION 

The evaluation of aerobic fitness is usually 

measured through the assessment of maximum 

oxygen consumption (VO2max), as a measure of 

the oxygen transported in the blood and pumped 

by the heart to the working muscles and 

efficiency of the muscles to use that oxygen. 

Therefore, increasing the aerobic fitness leads to 

an increasing ability of the heart to supply 

oxygen and energy to human body (Wasserman 

& Whipp, 1975). This is often estimated at 

maximal cardiopulmonary exercise testing 

(CPET). However, the high cost of the 

equipment can make it impractical (Mezzani et 

al., 2009). 

The analysis of heart rate variability (HRV) 

has been used in the clinic as a prognostic tool 

to assess the autonomic control of the heart rate 

fluctuations (Task Force, 1996). Most of the 

studies on healthy populations showed the 

effects of physical training and HRV indices 

(Kawaguchi et al., 2007; Marocolo, Nadal & 

Barbosa, 2007; Melanson & Freedson, 2001; 

Rosenwinkel et al., 2001). However, other 

studies showed the opposite (Grant et al., 2013; 

Bosquet et al., 2007). Thus, the present study 

investigated another possibility of indices, based 

on HRV analysis, since it is already associated 

with physical fitness (Nasario-Junior et al., 

2014; Nasario-Junior et al., 2015a). In this 

sense, the acceleration and deceleration indices 

of the RR interval series were studied (Bauer et 

al., 2006). 

Recently, Bauer et al. (2009) introduced the 

phase-rectification signal averaged (PRSA) 

approach to HRV analysis, that consists in 

separately assessing the accelerating and the 

decelerating phases of R-R interval series, in 

order to estimate the sympathetic and the 

parasympathetic contributions to heart rate 

control. Particularly the decelerating capacity 

index is being useful to predict mortality after 

myocardial infarction (Bauer et al., 2009), to 

estimate physical conditioning (Nasario-Junior 

et al., 2014; Nasario-Junior et al., 2015a) and 

autonomic control status in Chagas disease 
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patients (Nasario-Junior et al., 2015b). On the 

other hand, it is still unknown how these 

parameters relate with VO2max. 

A simple, safe and accurate procedure for 

estimating the VO2max would benefit the 

stratification of aerobic fitness, only based on 

the resting parameters derived from HRV and on 

the phase-rectification signal averaged through 

the development of a mathematical model and 

without the need for a maximum 

cardiopulmonary test. Therefore, the purpose of 

the present study was to stratify the degree of 

aerobic fitness using a logistic model based on 

parameters derived from HRV and PRSA.  

 

METHODS 

Participants  

Participated in the present study 70 voluntary 

male, 19–29 years old, non-smokers, with no 

history of cardiopulmonary disease. All 

participants were physical education students 

with different levels of aerobic fitness, and none 

was taking any medication. The participants 

were divided into two groups of 35 subjects, 

according to the percentile 50
th

 of the VO2max 

distribution to physical conditioning 

assessment: high aerobic fitness group (HG) and 

low aerobic fitness group (LG). The Ethics 

Committee of the Institution of Universidade 

Federal do Rio de Janeiro (CAAE: 

12207013.5.0000.5257), and an informed 

written consent was obtained from all 

participants. The study was conducted according 

to the instructions of the Helsinki Declaration of 

2008. 

 

Anthropometric Measurements  

Testing procedures and time commitment 

required for participation in this study were 

verbally explained to potential participants in a 

familiarization session. Anthropometric data 

were collected by the same experienced 

evaluator, who assessed for height, body mass 

and skinfold measurement. Body mass was 

measured to the nearest 0.1 kg and the height 

was measured in centimetres using a mechanical 

scale with stadiometer (Filizola, Brazil). Body fat 

was estimated by skinfold thickness 

measurements. A skinfold calliper (Cescorf, 

Brazil) was used to take skinfolds measurements 

to the nearest 0.1 mm on the right side of the 

body. Body density was estimated based on 

skinfolds (Jackson & Pollock, 1978) and the 

percent body fat was determined based on body 

density (Siri, 1961). 

 

Experimental procedures  

All the tests were conducted in a quiet room 

with temperature maintained at 22ºC. All 

volunteers were instructed to avoid physical 

exercise, alcoholic beverages and tobacco 

products in the preceding 24 hours, as well as 

not consume a heavy meal for, at least, three 

hours prior to testing and to remain hydrated 

throughout the tests. 

In the first visit to the lab, all participants 

were instructed to lie in supine position for 5 

min at rest while breathing normally. A heart 

rate monitor Polar RS810 (Polar, Finland), 

working at a sampling rate of 1000 Hz was used 

to record R-R intervals (RRi), during this 

period. The tachograms of RRi were transferred 

using an infrared interface device to the Polar 

Precision Performance SW software v. 3.0 

(Polar, Finland), which automatically corrects 

RRi based on moving average filter. All records 

of sample data showed were then saved to “.txt” 

files. 

In a second visit 48h after the first one, a 

maximal cardiopulmonary exercise test was 

performed using a mechanically braked cycle 

ergometer 167 (ERGOFIT, Germany). The 

aerobic fitness of the participants was expressed 

by the values of VO2max at peak conditions. For 

safety concerns, electrocardiogram was 

monitored during the whole test using a multi-

parametric monitor (Dixtal, Brazil). 

The protocol was divided in three phases: 4 

min at rest in sitting position; incremental 

workload until exhaustion (25 W/min, 

maintaining 50 to 60 rpm); and a 15 min 

recovery, the first 3 min consisting of active 

resting (cycling to 12.5 W), followed by a final 

12 min passive rest period. Throughout the 

tests, the pulmonary gas exchange variables 

were determined breath-by-breath withVO2 

metabolic analyser (MedGraphics, EUA) 

calibrated in automatic mode before each test. 
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The oxygen consumption and other variables 

were continuously drawn from facemask 

connection through sample intervals of 20s.  

 

Heart Rate Variability Analysis 

All signal analysis were performed with 

programs in Matlab version 6.5 (The 

MathWorks, USA) and HRV analysis was 

performed by the SinusCor Matlab package 

software (Pulmonary Engineering, 

PEB/COPPE/UFRJ, Brazil). 

The classical HRV analysis was performed in 

the time domain parameters: reflect the mean 

percentage of times in which the change in 

consecutive normal sinus (NN) intervals 

exceeds 50 milliseconds (pNN50), the standard 

deviation of all NN intervals (SDNN) and the 

root mean square of SDs between adjacent N-N 

intervals (RMSSD). The spectral analysis of the 

sequence of RRi was interpolated by cubic 

splines and resampled with a frequency of 4 Hz 

to obtain equally sampled signal and, 

posteriorly, the spectral parameters were 

analysed by Welch Periodogram Method (Task 

Force, 1996) (segments of 256 points with 128 

points of overlap using Hanning window): low-

frequency (LF; 0.04-0.15 Hz), high-frequency 

(HF; 0.15-0.40 Hz) and ratio LF/HF. All these 

parameters were computed in both groups as 

recommended by the Task Force of the 

European Society of Cardiology and the North 

American Society of Pacing and 

Electrophysiology (Task Force, 1996). All signal 

analysis was performed with programs written 

in Matlab version 6.5 (The MathWorks, USA).  

 

Phase-rectification of RR-interval series  

Following the original proposal of Bauer et al. 

(2009), the decreasing and increasing phases of 

heart rate were also analysed separately to better 

estimate the contributions of parasympathetic 

and sympathetic control, respectively. In the 

present study, a simplification was proposed. 

Firstly, it was created a vector of the differences 

between successive elements of the RRi series; 

then, the cardiac-deceleration rate (CDR) index 

was defined as the mean of the positive values, 

and the cardiac acceleration rate (CAR) index as 

the mean of the negative values. 

 

Statistical Analysis 

Descriptive statistical analyses of the data 

were expressed as mean ± standard deviation. 

The Kolmogorov-Smirnov test confirmed the 

normality of distribution. The difference 

between groups in anthropometric and physical 

characteristics, the resting heart rate, the 

VO2max, and the HRV parameters including 

CDR and CAR indexes were tested using an 

independent sample T test. The model for 

predicting the VO2max values through the 

logistic distribution function are probabilities 

where 0 corresponds to HG and 1 to LG. A 

multivariate logistic regression (stepwise) was 

applied, assuming as independent variables the 

HRV parameters, including the CDR and CAR 

indices. The adjustment was selected by the 

least squared error, and the Wald test results 

were examined for individual parameters 

(Hosmer & Lemeshow, 2000). 

Thus, it was obtained a confusion matrix for 

plotting ROC curve with better sensitivity, 

specificity and global accuracy, and the area 

under the curve (AUC) with standard error was 

used for expressing the overall discriminatory 

power with 95% confidence interval (95%CI) 

(Hanley & Mcneil, 1983). All procedures 

assumed p≤ 0.05 for statistical significance and 

were processed in the SPSS 18.0 software (SPSS, 

USA). 

 

RESULTS 

Anthropometric and physical characteristic of 

the participants were very similar as well as the 

low values of standard deviation for each 

variable (Table 1), showing no significant 

differences. The VO2max of participants with 

high aerobic fitness was significantly higher than 

those from participants with low aerobic fitness 

(48.61±6.70 vs 34.62±3.81ml.kg
-1
.min

-1
, 

respectively), which made it possible to divide 

into two groups HG and LG. Besides, the resting 

heart rate was lower in HG (53.00 ± 6.54 vs 

62.71 ± 6.13, p = 0.001) than in LG.  

Afterwards, the HRV parameters including 

CDR and CAR indexes were estimated in both 

groups and respective inter-group comparison 

are showed in Table 2. The HG showed 

significant higher values in all time domain 

parameters, as well as in the high frequency 
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(HF) contents in the frequency domain, 

compared with LG. Besides, the CDR index of 

HG participants was significantly higher than 

those from LG (p= 0.001). 

 

Table 1 

Physical and anthropometric characteristics of each group 

Variables HG LG P-value 

Age (years) 21.93 ± 2.82 22.62 ± 2.53 0.28 

Height (cm) 175.70 ± 5.47 174.82 ± 6.21 0.54 

Body Mass (kg) 71.42 ± 8.2 73.23 ± 8.47 0.17 

Body Fat Percentage (%) 11.54 ± 2.2 9.82 ± 2.01 0.07 

Resting Heart Rate (bpm) 53.00 ± 6.54 62.71 ± 6.13 0.001* 

VO2max (ml.kg
-1
.min

-1
) 48.61 ± 6.70 34.62 ± 3.81 0.001* 

Values are mean ± standard deviation (SD); *Significant difference in t-test 

 

Table 2 

Comparison of hate rate variability parameters in the time and frequency domains at rest of each group  

HRV Variables HG 95% CI LG 95% CI P-value 

RMSSD (ms) 74.21 ± 28.70 66.07 to 82.70 58.72 ± 24.74 50.27 to 66.45 0.01* 

SDNN (ms) 83.02 ± 25.23 73.52 to 93.28 69.21 ± 23.35 60.73 to 78.48 0.02* 

pNN50 (%) 42.64 ± 18.54 36.01 to 48.35 31.38 ± 17.44 24.29 to 38.78 0.01* 

LF (ms
2
/Hz) 1812.86 ± 1481.32 1409.54 to 2268.05 1802.73 ± 1562.88 1412.25 to 2204.60 0.97 

HF (ms
2
/Hz) 2206.86±1481.37 1709.54 to 2724.41 1420.25 ± 1084.51 1009.70 to 1827.83 0.01* 

LF/HF  1.08 ± 0.77 0.82 to 1.33 1.52 ± 1.37 1.10 to 1.96 0.09 

CDR index (ms) 77.1 ± 25.72 72.60 to 82.16 36.8 ± 14.01 27.29 to 42.78 0.001* 

CAR index (ms) -44.81 ± 17.32 -39.54 to 49.19 -50.25 ± 25.57 -46.32 to 54.50 0.34 

Values are mean ± standard deviation (SD) and 95% CI is 95% confidence interval; *Significant difference in t-test 

 

The stepwise logistic regression produced a 

model including only two variables: CDR index 

and pNN50. The model showed 85.74% 

sensitivity, 88.51% specificity and 87.16% global 

accuracy with standard errors of 0.02 (p= 0.04) 

and the AUC was obtained in 0.95 (0.87 to 0.99 

with 95%CI), according to equation 1 for 

predicting probability of the VO2max 

(PVO2max): 

 

50*05.0*15.07.9

50*05.0*15.07.9

max2
1 pNNCDR

pNNCDR

e

e
OVP

++−

++−

+
=  (1) 

 

where CDR is cardiac-deceleration rate index 

and pNN50 is the mean percentage of times in 

which the change in consecutive normal sinus 

intervals exceeds 50 ms. 

The Odds ratio were calculated by the 

coefficients presented in the equation are 

showed in Table 3. 

 

Table 3 

Odds ratio calculated by the coefficients of the model 

Variables Coefficients  Odds Ratio 95% CI 

CDR index 0.15 1.16 1.07 to 1.24 

pNN50 0.05 1.04 1.00 to 1.09 

Constant -9.7 - - 

DISCUSSION 

This study aimed to identify participants with 

different maximum oxygen uptake based on 

resting HRV analysis and the phase-rectified 

signal averaging method. The logistic regression 

model was suitably adjusted to maximal aerobic 

power data from young healthy males, 

previously dichotomized into two groups. This 

represented an important step for stratifying the 

degree of aerobic fitness without the need of a 

maximum stress test, with potential application 

to participants who could not be submitted to 

such exercise. 

Previous studies (De Meersman, 1996; 

Yataco, Fleisher, & Katzel, 1997) have compared 

HRV between high and low aerobic fitness 

participants, and high aerobic fitness subjects 

presented higher values of HF power and 

increase in time domain parameters of the HRV 

related to parasympathetic activity. 

Nevertheless, other studies failed to show a 

relationship between the degree aerobic fitness 

and HRV in the time and frequency domains 

(Grant et al., 2009; Melanson & Freedson, 

2001).  
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Current findings indicated that participants 

in HG showed significant higher values of HF 

power and time domain HRV parameters than 

the LG. Although both groups contained healthy 

participants with HRV parameters in the normal 

range, HG participants presented significant 

lower resting heart rate. Previous studies have 

been conducted regarding the mechanisms 

responsible for the resting bradycardia in high 

aerobic fitness participants (Buchheit et al., 

2010; Plews et al., 2013; Sullo et al., 2003). 

Changes in the intrinsic mechanisms acting on 

the sinus node and changes in the autonomic 

nervous system control of the heart have been 

reported to contribute to chronic effect of 

cardiorespiratory training (Carter, Banister, & 

Blaber, 2003). These findings lead to the 

hypothesis that high aerobic conditioning is 

related to high cardiac efficiency, with improved 

ejection fraction. In this condition, lower heart 

rates are required to maintain the arterial blood 

pressure, and this is obtained by increased vagal 

tonus. To better investigate this hypothesis, the 

phase rectified HRV analysis was performed. 

In the original PRSA method proposed by 

Bauer et al. (2009), each positive change of R-R 

time series was used as the anchor for the 

coherent average of the surrounding R-R 

interval segment, and the resulting step was 

defined as the decelerating capacity index. 

Similarly, the accelerating capacity index 

corresponded to the respective step obtained 

from the negative R-R changes. Furtherly, 

Nasario-Junior et al. (2014; 2015a) proposed a 

change to this method, by considering as anchor 

for the coherent average only the steepest 

change in each period of positive or negative 

changes of R-R time series. This approach was 

successful for stratifying athletes with high 

aerobic fitness from normal participants. In the 

present study, the proposal was to simplify the 

method by avoiding the calculus of coherent 

averages, since the only interest was on the 

height of the resulting step. Thus, the mean 

value of positive changes was taken as a cardiac 

deceleration rate and the respective value of 

negative changes as a cardiac acceleration rate. 

As the HG participants presented lower 

resting heart rate when compared to LG, it was 

supposed they were susceptible to higher vagal 

tonus, and thus able to present higher values of 

CDR than LG, as observed. The absence of 

differences in CAR also supports this 

hypothesis, since both groups had similar 

sympathetic tonus at rest. 

The result of the logistic regression model 

supported the hypothesis that CDR index 

adequately represents the parasympathetic 

control of the heart rate, and thus it could be 

applicable to estimate the positive adaptation to 

cardiorespiratory fitness (Buchheit et al., 2010; 

Bucheit & Ginder, 2006; De Meersman, 1996; 

Martinelli et al., 2005; Moreira et al., 2013; 

Plews et al., 2013; Yataco, Fleisher, & Katzel, 

1997), or the autonomic control of post-exercise 

heart rate (Martinelli et al., 2005; Moreira et al., 

2013; Plews et al., 2013) and the increasing 

vagal activity (Trevizani, Belchimol-Barbosa, & 

Nadal, 2012). Therefore, it is possible to 

speculate that regular aerobic exercise, with 

enough intensity to cause further increase in 

VO2max could be evaluated by the CDR index. 

This variable express changes in heart rate due 

to parasympathetic control (Buchheit et al., 

2010; Bucheit & Ginder, 2006; Moreira et al., 

2013), in agreement with the higher chance 

showed by CDR index through odds ratio 

analysis. However, CAR index did not present 

statistical differences because this is related to 

the sympathetic control of the heart rate, and 

not associated with physical fitness (Bauer et al., 

2006; Nasario-Junior et al., 2015a). Additionally, 

the pNN50 is also associated with increased 

parasympathetic modulation, being directly 

related to aerobic fitness (De Meersman, 1996; 

Yataco, Fleisher & Katzel, 1997).  

To the extent of our knowledge, the 

presented model is the first to stratify the 

aerobic fitness from parameters derived only 

from heart rate variability at rest. It was applied 

with a homogeneous sample of young (18-27 

years) health adult male participants, physically 

active college students, but not athletes, since 

presented a limited range of VO2maxvalues, 

with levels of aerobic fitness (41.6 ± 8.2 ml.kg
-

1
.min

-1
) near the population mean for young 

people (40 ml.kg
-1
.min

-1
, according to the 

American College of Sports Medicine) (ACSM, 
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2010). In fact, the sample characteristics could 

be viewed as a limitation, and the potential 

application to other samples, including both 

genders and participants who could not be 

submitted to a maximal cardiopulmonary test is 

still to be investigated. 

 

CONCLUSION 

The use of the proposed CDR index with the 

pNN50 parameter measured at rest seems to be 

able to stratify the level of aerobic fitness in 

young healthy adult males. Thus, this is 

performed without the need of applying a stress 

test and extends the HRV applicability in the 

evaluation of the physical performance.  
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