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Abstract
Background: The detection of anaerobic threshold (AT) by heart rate variability analysis (HRVt) may mean a new way to 
assess the cardiorespiratory capacity (CRC) in pre-adolescents.

Objective: To test the method of HRVt to detect AT in non-obese (NO), obese (O) and morbidly obese (MO) pre-
adolescents in order to determine differences in their CRC.

Methods: Were studied 30 pre-adolescents, aged between 9 and 11 years, divided into three groups of ten pre-
adolescents each: a) NO group - body mass index (BMI) between 5 and 85 percentiles of the chart of National Center 
for Chronic Disease Prevention and Health Promotion.; b) O group - BMI between 95 and 97 of the same chart; c) MO 
group - BMI with percentile over 97. All were submitted to an incremental protocol conducted on a treadmill, and the 
heart rate was recorded for the detection of the HRVt when the beat-to-beat variability (SD1), extracted from the RR 
intervals, reached the value of 3 ms.

Results: The mean values obtained at HRVt were higher for the NO group, which included: a) VO2 (ml/kg/min) NO = 
27.4 ± 9.2; O = 13.1 ± 7.6, and MO = 11.0 ± 1.7 b) HR (bpm): NO = 156.3 ± 18.0, O = 141.7 ± 11.4 and 137.7 ± 
10.4 MO; c) distance (m): NO = 1194.9 ± 427.7, O = 503.2 ± 437.5 and MO = 399.9 ± 185.1.

Conclusion: HRVt was effective for evaluation of CRC and could be applied as an alternative method to ergoespirometry 
in certain situations. (Arq Bras Cardiol. 2011; [online].ahead print, PP.0-0)
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Introduction
The evaluation of cardiorespiratory capacity (CRC) of 

obese children and adolescents has currently gained greater 
importance. In addition to the findings that changes in 
cardiac autonomic control and high levels of cholesterol, 
triglycerides and blood glucose may predispose to the genesis 
of cardiovascular disorders, it is understood that the decrease 
in physical capacity is also a key component to reducing the 
quality and possibly the expectancy of life in these children 
and adolescents1-5.

The employment of physical activity as a therapy, as well 
as its prescription and proper control, is an extremely good 
chance of preventing and reversing obesity in children6. 
For this, these children should first have their physical 
fitness evaluated in order to set up an initial proposal for an 
appropriate physical aerobic work intensity. 

With the intention of classifying healthy people or 
patients at levels of functional capacity, determining stages 
of stratification of cardiovascular risk and measuring aerobic 

capacity, since the twentieth century, several protocols have 
been created to evaluate cardiorespiratory capacity (CRC). 
At the same time, technology geared to the collection and 
recording of data during the performance of these protocols 
has greatly evolved7.

Despite this undeniable progress since the 80s of last century, 
the interest with respect to data collected during the CRC 
assessments remained restricted to the values obtained at certain 
times of the incremental test, such as anaerobic threshold (AT), 
respiratory compensation point and peak exertion8,9. 

With respect to LA, it should be noted that it allows setting 
the time of stress in which anaerobic metabolism begins to 
supplement aerobic metabolism as an energy source for 
muscles at work8-10.

Thus, we can distinguish two physiological states during 
exercise: one below the AT in which the cardiorespiratory 
responses are stable and oxygen supply and consumption 
(VO2) are balanced, and another above the AT, in which 
organic reactions are not balanced, there is an intense 
production of carbon dioxide and changes in blood pH, 
causing an unstable behavior or cardiorespiratory variables8,11.

Currently, one of the forms used for the determination of 
AT is a heart rate variability threshold (HRVt). According to 
some authors12,13, using the SD1 index (standard deviation 
of instantaneous RR intervals) of the Poincaré plot, there is a 
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possibility of identifying HRVt, which would correspond to the 
ventilatory AT (threshold 1) or lactate threshold.

Despite some differences, data obtained during incremental 
stress testing, comparing the HRVt with ventilatory AT 
and lactate threshold, showed good correlation rates and 
strengthened the hypothesis that the HRVt could be a way 
for a reliable determination of AT13,14. Hence, HRVt could be 
considered an indicator of aerobic capacity and be used as 
a physiological parameter to control and prescribe exercise, 
physical training and risk stratification13,15. However, as HRVt 
is a recent methodology, its application to pre-adolescents is 
not found in the literature.

Based on these statements, this study tested this 
methodology as a means of detecting AT and, especially, 
determining the CRC in non-obese, obese and morbidly 
obese pre-adolescents.

Method

Individuals
From 64 pre-adolescent students from state schools in the 

northwest region of Campinas, SP, aged between 9 and 11, 30 
sedentary pre-adolescent were selected through calculation 
of simple random sampling on categorical variables, divided 
into three groups: group A, comprising 10 non-obese (NO) 
pre-adolescents with BMI percentile between 5 and 85, 
from the chart of the National Center for Chronic Disease 
Prevention and Health Promotion16; group B consisted of 
10 obese (O) pre-adolescents, with body mass index (BMI) 
percentile between 95 and 97; and group C with 10 morbidly 
obese (MO) pre-adolescents with percentile greater than 97.

Those responsible for the pre-adolescents were informed 
about the relevance of the study and the experimental 
procedures before giving their approval by signing an informed 
consent, as established by resolution 196/96 of the Declaration 
of Helsinki and approved by the Research Ethics Committee 
(Case No. 138/06). 

The inclusion criteria were applied from the screening of 
volunteers for the values of their BMI. In the first approach, 
done in the schools, we used a portable scale and tape 
measure. The pre-selected ones, which also met the other 
inclusion criteria of not using any medication that could 
interfere with the data studied and not doing physical 
activity or sports for at least 06 months, were asked to go 
to the outpatients department of the University to continue 
in the selection process, which consisted of a more detailed 
anthropometric and clinical evaluation.

Since the day prior to scheduled and on the day of their 
attendance at the outpatients department, the volunteers were 
instructed not to consume caffeine-based beverages, and soft 
drinks, teas, chocolate and any medication. They were also 
advised to sleep at least 08 hours of peaceful sleep and keep 
their routine activities.

Anthropometric evaluation
The volunteers, wearing only shorts (boys) and shorts and 

tops (girls), were placed on a Filizola™ scale, with a weight 

scale of 100 to 100 g, and a height of 1 cm in cm, in order to 
calculate the BMI values.

Clinical evaluation
It involved an interview and evaluation of vital data such 

as HR and blood pressure (BP). It is worth noting that there 
was concern in selecting an appropriate cuff size to the arm 
girth of the volunteer evaluated. Also, everyone had their heart 
rate and breathing auscultated through a technique widely 
reported in the literature17,18.

For the evaluation and registration of resting HR, we used 
a Polar S810™ frequency meter. After remaining 5 min in the 
supine position in a heated room with temperature maintained 
between 23° C and 25° C and relative humidity kept between 
60.0% and 70.0%, volunteers had their heart rates recorded for 
10 min. From the analysis of a report made by Polar Precision 
Performance™, we obtained the average HR for the period 
of 10 min of heartbeat recording. It should be emphasized 
that all study procedures were conducted between 03:00 
p.m. and 05:00 p.m..

Exercise protocol application method (cardiorespiratory 
exercise evaluation)

All volunteers underwent a continuously increasing 
symptom-limited exercise protocol. The protocol was 
conducted on a treadmill (Inbrasport™ Super ATL) with 
initial velocity of 2.0 km/h, held for two minutes, followed 
by increases of 0.5 km/h every minute thereafter. Throughout 
the test, there was no treadmill inclination, avoiding thus 
overloading the volunteers and potential unintended 
orthopedic consequences, preventing complications to MO 
pre-adolescents.

Following completion of the test, the treadmill speed was 
progressively reduced until it reached a speed of 2.0 km/h, 
and remained so for two minutes. After that, the volunteers 
were seated and given fluid replacement.

Method for detection of heart rate variability threshold 
(HRVt)

During the exercise protocol, the RR intervals (iRR) were 
recorded using the Polar S810i™ frequency meter with 
sampling frequency of 1000 Hz The artifacts were eliminated 
with the use of very strong filter selected in the options allowed 
by the software, and these exclusions were confirmed by visual 
inspection done on the computer screen.

For the analysis to detect the HRVt, the record of the 
heartbeats extracted from the incremental test was divided 
into intervals of one minute, being arranged on the computer 
screen simultaneously with the relevant SD1 value presented 
by the software (Figure 1).

As the test progressed and the treadmill speed increased, 
the SD1 value was decreasing until, at a given point, the value 
of 3 m/s was reached, this point being referred to as the HRVt. 
Therefore, the first exercise intensity at which the HRV (SD1) 
had reached a value of 3 m/s was considered responsible for 
the appearance of the HRVt.
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The values of the variables of interest were recorded at the 
HRVt moment and were later used for comparison of CRC 
between groups. 

Calculation of oxygen consumption (VO2) at the HRVt 
time

For the calculation of VO2, done indirectly, we used the 
metabolic equivalent values (MET) presented on the display 
of the treadmill obtained at the HRVt time. MET values were 
multiplied by 3.5; this value is equivalent to 1 MET. That is, 
1 MET = 3.5 ml/O2/kg/min.

Statistical analysis 
Due to the non-normal distribution of age, anthropometric 

and clinical values, we applied the Mann Whitney U test. The 
data obtained at HRVt were compared by Kruskal-Wallis test 
followed by Dunn’s multiple comparison test. The software 
used was Graph-Pad Prism4.0™, and in all procedures, we 
adopted the value 0.05 as the significance level. 

Results

Anthropometric characteristics
Table 1 shows the anthropometric values obtained from 

the three groups studied. As we can see, the height was not 
the factor that promoted the difference between the groups, 
with their own body weight as the main factor for the BMI 
value to be statistically different between them.

Figure 2 shows the relative VO2 values. Respectively, for 
groups NO, O and MO, the median values were 30.1; 12.0 
and 10.8 ml/O2/kg/min; and differed as shown in the figure. 

Figure 3 shows the values of the distance traveled by 
volunteers since the beginning of the exercise protocol up to 
the HRVt moment. Respectively, for groups NO, O and MO, 
the median values were 1.117,0; 487.5 and 358.3 meters, 
differing as shown in the figure.

The average speed (km/h) at the HRVt moment were: NO = 
8.1 ± 1.5; O = 4.9 ± 2.1, and MO = 4.6 ± 1.0 p <0.05 for 
NO compared to the other groups. Mean time of exposure to 
the protocol (min) from rest to HRVt were, respectively, for NO, 

Table 1 - Mean age, anthropometric and clinical values of 
pre-adolescents

Non-obese 
group 

(n = 10)

Obese group 
(n = 10)

Morbidly 
obese group 

(n = 10)
Age (years) 9.4 ± 0.5 10 ± 0.6 9.9 ± 0.7

Body weight (kg) 33.5 ± 5.4 46.6 ± 5.9* 61.3 ± 15.2**

Height (cm) 140.0 ± 0.8 141.0 ± 0.0 145.0 ± 0.0

BMI (kg/m2) 16.8 ± 0.9 23.4 ± 1.1* 29.2 ± 4.7**

HR (bpm) 90.4 ± 8.0 101.8 ± 16.9* 100.1 ± 10.2#

SBP (mmHg) 109.8 ± 7.9 114.0 ± 8.7 119.3 ± 14.3

DBP (mmHg) 70.0 ± 7.8 72.6 ± 5.9 77.6 ± 9.0#

*p < 0.01 non-obese vs obese group; **p < 0.01 non-obese vs morbidly obese 
group; # p < 0.05 non-obese vs morbidly obese group.

Figure 1 - Illustration of a computer screen depicting the anaerobic threshold (threshold 1) obtained by analysis of heart rate variability (HRVt) on a morbidly obese (MO) 
volunteer during stress protocol. The figure illustrates the HR response during the test, the way it is presented on the computer screen, highlighting the HRVt moment. It 
should be emphasized that for the detection of HRVt, the record was observed and analyzed minute by minute. HR - heart rate; SD - standard deviation.
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Figure 2 - Median Values of oxygen consumption (VO2) calculated at the time 
of heart rate variability threshold (HRVt), compared between non-obese (NO; 
n = 10), obese (O; n = 10) and morbidly obese groups (MO; n = 10). *p < 0.05 
= NO vs O; **p < 0.05 = NO vs MO.

MO

Figure 3 - Median values of the distances traveled since the beginning of 
the exercise protocol until the time of heart rate variability threshold (HRVt) of 
non-obese (NO; n = 10), obese (O; n = 10) and morbidly obese groups (MO; 
n = 10). *p < 0.05 = NO vs O; **p < 0.05 = NO vs MO.

MO
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intensity in healthy and sick pre-adolescents in the rehabilitation 
process is the AT8,10,19,20. To determine this, a new non-invasive 
method has been studied due to evidence of good correlation 
with both the lactate threshold13 and with the so-called product-
moment with respect to the values of VO2 in incremental 
testing14. This is the HRVt, which allows the detection of the 
precise AT occurrence timing (threshold 1) for the development 
of continuously increasing exercise protocols and to support this 
new proposal, it has been demonstrated that nonlinear methods 
aimed at analysis of HRVt in physical exertion can also provide 
consistent results on the cardiac autonomic modulation13,15,21-23.

Lima and Kiss13 reported that during incremental exercise, 
the progressive decrease of SD1 (standard deviation of 

O and MO, 14.3 ± 3.1, 7.9 ± 4.3 and 7.5 ± 2.1; with p < 0.05 
between NO and MO. Mean values of metabolic equivalents 
(MET) at the HRVt moment were 7.8 ± 2.7 for NO, 3.7 ± 2.3 for 
O and 3.1 ± 0.5 for MO with p < 0.05 between NO and MO.

Figure 4 shows the HR values at rest and at the HRVt 
moment. We found a significant difference (p < 0.05) 
between HR medians for groups NO and MO in both 
situations compared.

Discussion
One of the parameters most commonly used for 

determination of physical capacity and proper aerobic training 

Figure 4 - Median values of initial HR and at HRVt. HR - heart rate; HRVt - heart rate variability threshold; *p < 0.05 non-obese vs morbidly obese; **p < 0.05 non-obese 
vs morbidly obese.
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instantaneous variability, beat to beat) of the Poincaré plot 
stops when it reaches values equal to and/or smaller than 3 
m/s, suggesting that this point identifies HRVt. 

However, Brunetto et al14 considered the hasty application 
of this method as an alternative to the detection of AT by the 
ventilatory method (threshold 1), claiming to have shown no 
statistically significant correlation in proportionate values of 
peak VO2 during exercise stress tests.

As a counter-argument, it should be noted that in Brunetto 
et al14 study, there are two important differences with respect 
to this research. The first is that the protocol used by these 
authors was modified Bruce, with stages lasting three minutes 
and treadmill inclinations, while ours was done in increments 
of 0.5 km/h every minute and no inclination. The second 
difference is that the volunteers of Brunetto et al14 study were 
adolescents aged between 14 and 18, different from our 
volunteers, aged between 9 and 11 years.

Aside from these arguments, we emphasize that the main 
objective of this study was not to compare the HRVt detection 
method with any other, but to use it as a parameter for 
evaluating the CRC of three groups of pre-adolescents. With 
respect to demographics and clinical features of this sample, 
it is worth noting that the value of volunteers’ height was not 
different between groups. This aspect is relevant in studies 
that use the treadmill as an evaluation tool, because people 
tend to run earlier in incremental tests, which can interfere 
in the evaluation of results. 

With respect to data obtained at HRVt, there are strong 
indications that the factor responsible for lower performance 
presented by the groups O and MO was limited mobility due 
to increased body weight of these volunteers24,25.

According to Birrer and Levine26, there is evidence that 
motor skill may be jeopardized by factors such as adiposity, 
reducing the performance of obese children subjected to 
incremental tests. Other studies such as those by Rowland27, 
Zanconato et al28, Huttunen and Paavilainen29 also showed 
higher values of VO2max in normal children compared to obese 
children. Also for Goran et al25, when there is more fat mass 
in obese children in proportion to the amount of fat mass in 
normal children, it is reasonable to think that this factor has 
limited functional capacity of obese children, as this aspect did 
not contributed to the study being conducted, which would 
increase the limitation of obese children.

In contrast, according to some authors25,30, when there is 
standardization for differences in body size, obese people have 
VO2max values similar to those of normal weight individuals. 
However, when it comes to measurements in submaximal 
efforts, such as those regarding the HRVt zone, there is greater 
consensus on the existence of major differences between 
obese and non-obese individuals because the former present, 
in these conditions of stress, higher HR values, respiratory 
rate and VO2max

25 percentage. For example, in a study31 in 
which obese children were subjected to hikes with non-
obese children, they used 57.0% of VO2max, while the normal 
children used only 36.0% of VO2max. More recently, it has been 
documented that obese children have used 44.0% of VO2max 
against 37.0% used by non-obese children when performing 
activities considered mild moderate25. 

In this study, considering VO2 values at HRVt, it was 
found that O and MO pre-adolescents showed 47.8% and 
40.1% respectively of the value presented by the children 
from the NO group.

The stress caused by obesity also caused the O and MO 
volunteers to reach, from the rest to HRVt, a distance of only 
42.1% and 33.4% respectively, of the distance reached by 
NO. At the same time, the speed reached by NO children was 
39.6% higher than that achieved by O children at HRVt, and 
43.3% higher than that of OM children in the same condition. 

One last aspect has shown the best CRC of NO pre-
adolescents. Figure 4 displays the median values of initial 
HR and at HRVt. In general, low values   of resting HR, such 
as the one shown by NO, reflects a good functional status 
associated with a better fitness level32,33, while high values, 
such as those presented by O and OM, are related to various 
physiological disorders and predisposition to certain types of 
cardiovascular diseases33,34.

Studies on the alterations in cardiac autonomic function 
and therefore on the value of resting HR in the presence 
of obesity in children and adolescents present some 
inconsistencies. They reveal: reduced parasympathetic 
activity; high sympathetic activity associated with decreased 
parasympathetic activity; and reduction of both sympathetic 
and parasympathetic activity1,14,35-37. Regardless of the 
mechanism responsible for changes in resting HR, it is known 
that a lower value of this variable relates to a greater ability 
of chronotropic reserve, which means that there is a greater 
amount of heartbeats which can be used during exercise, 
influencing therefore the cardiac output and performance38.

It was found that the variation (delta) of HR in NO 
volunteers from rest to HRVt, was 69.7 bpm and 40.2 bpm and 
34.8 bpm respectively for O and MO. This greater variation 
in HR of NO is a fact that reflected a higher CRC in these 
children at HRVt.

A limitation of this study was the absence of a parallel study 
done with the same volunteers subjected to the same protocol, 
but with AT being assessed by spirometry, as we could ensure 
greater reliability for the HRVt method for assessment of CRC 
in children and pre-adolescents.

Conclusion
It can be concluded that this study reached its objective 

by showing the application of a new AT detection tool for 
evaluating CRC in children, which led to confirmation of 
a higher CRC in the NO group. Also, it was found that the 
HRVt method requires further comparisons with the models 
traditionally used for detecting AT in order to extend its 
degree of efficiency and credibility, because its input can 
be very significant in several procedures for evaluating and 
controlling development of treatment due to its smaller cost 
and easy access.
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