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Abstract

Objective: to describe the cardiac autonomic function in healthy adolescents between 13 and 18
years old. Methods: data from 93 adolescents, of both sexes, were analyzed; they were divided
into three groups according to age. Group A 13-14 years old (n=26), Group B 15-16 years old
(n = 30) and Group C 17-18 years old (n = 17). The protocol consisted of raising the heart rate, beat
by beat for twenty minutes of rest in supine position with spontaneous breathing. The cardiac
autonomic behavior analysis was performed by the method of heart rate variability (HRV) through
the indices of the Poincaré plot (SD1, SD2 and ratio SD1/SD2) and its qualitative analysis and
indices in linear time domain (RMSSD and SDNN) and frequency (LFnu, HFnu and LF/HF). One-way
ANOVA test or Kruskal-Wallis test was used for comparison between groups, with a significance level
of 5%. Results: there was no significant difference in none of the indices compared the three
groups. In addition,visual analysis of Poincaré plot has observed for all age groups large dispersion
of RR intervals, indicating that these groups have good HRV. Conclusion: there were no changes in
HRV in the different age groups analyzed, however the result allowed to establish a standard for
each group that was studied, becomes an important tool for comparison of cardiac autonomic function
between healthy and patients subjects or in different areas.
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INTRODUCTION

The autonomic nervous system (ANS)
promotes changes in the heart due to tissue and
metabolic needs that the individual is subject during
their activities of daily living1,2. The influence of the
sympathetic and parasympathetic systems of the
ANS on the heart determines the heart rate
variability (HRV), a non-invasive method that
evaluates the fluctuations in heart rate (HR) caused
by adjustments of the SNA on the cardiovascular
system3-5 and it allows the identification of a
phenomena related to SNA6.

Analysis of HRV may be done either by means
of linear methods, analyzed in the time and
frequency domain, and the nonlinear methods7.
Among the methods used for analysis of HRV we
may include the Poincaré plot, one dimensional
graphical representation of the correlation between

consecutive RR intervals, in which each RR interval
is plotted against the next interval8-10.

The plot Poicaré may be quantitatively
analyzed by means of the following indexes: SD1,
SD2 and SD1/SD2 obtained by fitting the ellipse
formed by the attractor of the figure11,12. It may be
qualitatively assessed through the shape formed
by its attractor, which shows the degree of RR
intervals complexity13,14.

The analysis of the Poincaré plot has been
considered by some authors as a nonlinear dynamics
method10,15. Although it is still scarce in the clinical
l iterature, the nonlinear methods helps to
understand the system behavior that linear models
do not explain, since there is evidence that the
mechanisms involved in cardiovascular regulation
likely interact in a nonlinear way16,17.

The literature indicates that one of the aspects
that may modify the contents of HRV is age2,18,19. In
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this context, Finley & Nugent18 reported increased
sympathetic and parasympathetic activity in
individuals aged from one month to six years old,
followed by a decrease up to 24 years old. Migliaro
et al.20 aimed to evaluate 15 to 20 years old subjects
and observed decrease in HRV with advancing age.
Moreover, Goto et al.21 observed that the high
frequency (HF) component increases with age
between three and six years old and decreases
between six and 15 years old.

Despite the nonlinear behavior is predominant
in human systems, studies regarding autonomic
function in different age groups using HRV as a tool
to measure, evaluate the variability indices, mainly
using linear methods of analysis. Thus, the objective
is to describe the cardiac autonomic function of
healthy adolescents between 13 and 18 years.

METHODS

Population
It analyzed 93 adolescents of both sexes aged

between 13 and 18 years old and body mass index
(BMI) classified as normal22, randomly selected,
which were divided into three groups according to
age. Group A consisted of 26 volunteers from 13 to
14 years old (13 females and 13 males), group B
consisted of 30 volunteers from 15 to 16 years old
(ten female and 20 male) and Group C consisted of
17 volunteers from 17 18 years old (five female
and 12 male).

We excluded volunteers who presented at least
one of the following conditions: infections, metabolic
and cardiorespiratory disorders, use of medications
that could alter the cardiac autonomic activity, such
as propranolol and atropine, alcohol and tobacco.

The volunteers were informed about the
procedures and objectives of the study, and after
agreeing, they signed a consent form. All procedures
were approved by the Ethical Committee in Research
of the Faculty of Science and Technology of
Presidente Prudente - FCT/UNESP (Proc. No. 260/
2008) and followed the rules established by
Resolution 1996/96 of the National Health Council.

Procedures
The procedures were performed at a room

temperature between 21ºC and 23ºC and humidity
was monitored between 40% to 60% at the same
period of the day (2 p.m. to 6 p.m.) in order to
mitigate the possible influence of the circadian
rhythm. All volunteers were instructed to abstain
from caffeine and physical activity for at least 8
hours before data collection.

Before beginning the experimental procedure,
the volunteers were identified by collecting the
following information: age, sex, weight, stature and
BMI. Anthropometric measurements were obtained
according to the recommendations described by
Lohman et al.23.

Weight was measured through a digital scale
(Filizzola PL 150, Filizzola Ltda., Brazil) with an
accuracy of 0.1kg, with volunteers wearing light
clothing and no shoes. The stature was measured
using a stadiometer accurate to 0.1cm in length
and 2 meters. The BMI was calculated using the
following formula: weight (kg)/stature (m)2.

After these procedures, we set up a pickup
band at the height of xiphoid process, which consists
of two electrodes with a sealed electronic
transmitter, where the heart’s electrical impulses
are transmitted via an electromagnetic field Polar
S810® monitor (Polar Electro, Kempele, Finland)
placed on the wrist of the volunteer. This tool is a
portable and validated tool that captures the heart
rate beat to beat and use its data for analysis of
HRV24-26.

The experimental protocol consisted of 20
minutes to capture the heart rate at rest,
continuously, with the volunteer supine on a mat
performing spontaneous breathing. The volunteers
were instructed to not perform movements of large
amplitude, and to not sleep or talk during the data
collection, which was done individually.

For HRV analysis, the pattern of behavior was
recorded beat to beat during the entire protocol,
with a sampling rate of 1000 Hz for data analysis
we used in 1000 consecutive RR intervals after
digital and manual filtering, to eliminate premature
ectopic beats and artifacts. Only series with more
than 95% of sinus beats were included in the
study27.

Heart rate variability indices analysis
HRV was analyzed by means of the Poincaré

plot and linear methods, in the time and frequency
domain. The Poincaré plot allows each RR interval
to be represented as a function of the next interval.
For quantitative analysis of the plot we calculated
the following indices: SD1 (standard deviation of
instantaneous beat to beat variability), SD2
(standard deviation of the long-term continuous RR
intervals) and the SD1/SD2 ratio12.

Qualitative analysis of the Poincaré plot was
made by analyzing the figures formed by its
attractor, which were described by Tulppo et al.28:

1) Figure in which an increased dispersion of
the RR intervals is observed with an
increase in the ranges profile of a normal
plot.

2) Figure with a small global beat to beat
dispersion and without increased
dispersion of RR intervals over the long
term.

In the time domain, the root mean square of
the squared differences between adjacent normal
RR intervals (RMSSD) and the standard deviation
of the mean of all normal RR intervals (SDNN) were
used. For HRV analysis in the frequency domain,
we used the spectral components of low frequency
(LF, 0.04 to 015 Hz) and high frequency (HF, 0.15
to 0.40 Hz) in normalized units (LFun and HFun,
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respectively), which represents a value relative to
each spectral component in relation to the total
power minus the very low frequency (VLF)
components, and the relationship between these
components (LF/HF ratio). Spectral analysis was
calculated using the algorithm of fast Fourier
transform. Kubios HRV software (version 2.0) was
used to calculate these indices29.

Statistical analysis
Descriptive statistics were used to

characterize the profile of the sample, with data
represented as mean, standard deviation, median,
maximum, minimum and 95% confidence intervals.
Normality of the data was determined using the
Shapiro-Wilk test.

To compare the HRV indices between the
three groups were applied the analysis of variance

(one-way ANOVA) when the distribution was
parametric (RMSSD, SDNN, LFun, HFun and SD1)
and the Kruskal-Wallis test for non-parametric data
(SD2 index, compared SD1/SD2 and the LF/HF).
Differences were considered significant when the
probability of a Type I error was lower than 5%
(p < 0.05).

RESULTS

Analyses were performed initially separated
by sexes. However, there were no significant
differences between sexes. As a consequence, the
analyzes were performed without distinction.

The anthropometric profile of the volunteers
is shown in Table 01. There were no significant
differences between groups, thus, indicating the
homogeneity of the groups.

Table 1: Mean values, followed by standard deviations, minimum and maximum values of the variables
weight, height and BMI, Presidente Prudente, SP, Brazil, 2012

Index Group A (n = 26) Group B (n = 30) Group C (n = 17)
13 – 14 years old 15 – 16 years old 17 – 18 years old

Weight (Kg) 54.85 ± 6.76 61.6 ± 9.46 63.55 ± 6.01
[43.8 – 71.0] [46.0 – 84.4] [51.5 – 72]

Height (m) 1.65 ± 0.06 1.69 ± 0.10 1.71 ± 0.08
[1.55 – 1.76] [1.48 – 1.86] [1.55 – 1.86]

BMI (Kg/m2) 20.00 ± 1.92 21.21 ± 1.70 21.53 ± 1.32
[16.64 – 24.50] [17.42 – 24.61] [19.34 – 25.16]

Legends: BMI = body mass index; n = population number; Kg = kilograma; m = meters; m2 = square meters.

Table 2 presents
the values of the indices analyzed in the time (SDNN and RMSSD) and frequency (LFun, HFun and the LF/

Table 2: Mean values, followed by their standard deviations, 95% confidence interval of linear indices in
the time (SDNN and RMSSD) and frequency domain [LF, HF and LF/HF ratio), Presidente Prudente, SP.
Brazil, 2012

Index Group A (n = 26) Group B (n = 30) Group C (n = 17)
13 – 14 years old 15 – 16 years old 17 – 18 years old

RMSSD 45.96 ± 11.93 51.35 ± 16.51 43.94 ± 21.65
[41.1 – 50.8] [45.2 – 57.5] [32.4 – 55.5]

SDNN 57.44 ± 13.29 62.81 ± 17.38 53.05 ± 18.89
[52.1 – 62.8] [56.3 – 69.3] [43.0 – 63.1]

LF (un) 51.71 ± 12.35 49.26 ± 14.35 50.56 ± 17.10
[46.7 – 56.7] [43.9 – 54.6] [41.5 – 59.7]

HF (un) 48.28 ± 12.34 50.73 ± 14.35 49.44 ± 17.10
[49.3 – 71.5] [45.4 – 56.1] [40.3 – 58.5]

LF/HF* 1.24 ± 0.73 (1.03) 1.14 ± 0.63 (1.03) 1.32 ± 1.10 (1.00)
[0.94 – 1.53] [0.90 – 1.38] [0.76 – 1.89]

* Mean ± SD (Median) [95% IC]; Legends: RMSSD = root mean square of the squared differences between adjacent
normal RR intervals; SDNN = standard deviation of the mean of all normal RR intervals; LF = low frequency;
HF = high frequency; un = normalized units; LF/HF = low frequency/high frequency ration.
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HF) domain. There was no statistical difference
between the groups (p > 0.05).

Table 3 shows the values   of SD1, SD2 and
SD1/SD2 ratio indices analyzed by means of the

Table 3: Mean values, followed by their standard deviations, 95% confidence interval of the SD1, SD2 and
SD1/SD2 ratio indexes, of healthy adolescents at rest of Presidente Prudente, SP. Brazil, 2012

Index Group A (n = 26) Group B (n = 30) Group C (n = 17)
13 – 14 years old 15 – 16 years old 17 – 18 years old

SD1 32.52 ± 8.45 36.33 ± 11.67 31.21 ± 15.30
[29.1 – 35.9] [32.0 – 40.7] [23.1 – 39.4]

SD2* 74.24 ± 17.69 80.59 ± 23.22 69.98 ± 23.00
(74.9) (74.5) (62.9)

[67.1 – 81.4] [71.9 – 89.3] [57.7 – 82.2]

SD1/SD2* 0.44 ± 0.09 (0.43) 0.46 ± 0.11 (0.43) 0.41 ± 0.18 (0.42)
[0.41 – 0.48] [0.42 – 0.50] [0.32 – 0.50]

* Mean ± SD (Median) [95% IC]; Legends: SD1 = standard deviation of instantaneous beat to beat variability;
SD2 = standard deviation of the long-term continuous RR intervals.

Poincaré plot. We also found no significant differences between the groups (p > 0.05).

Figure 1C: Group C (17-18 years old)

Figure 1A: Group A (13-14 years old) Figure 1B: Group B (15-16 years old)

Figure 1 : Visual pattern of the Poincaré plot observed in participants aged between 13-14 years old (1A),
15 to 16 years old (1B) and 17 to 18 years old (1C)
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Figure 1: shows an example of qualitative analysis
of the Poincaré plot in the three groups.
DISCUSSION

The cardiac autonomic modulation by means
of HRV indices obtained from the Poincaré plot and
analysis in domain  the time and frequency, is a
resource to be used to study, monitor and describe
autonomics modulations in healthy adolescents
between 13 and 18 at rest.

The SD1 index, which represents the
transverse axis of the Poincaré plot and indicates
the parasympathetic influence on the sinoatrial
node11,30 showed no significant difference between
the groups. The same was observed for RMSSD and
HFun, both markers of the parasympathetic activity.
Small increases in the average of these rates in the
age group between 15 and 16 years old (Group B)
were observed in relation to 13-14 years old (Group
A) and 17 and 18 years old (group C).

Conversely, Finley & Nugent18 evaluated HRV
in individuals from one month to 24 years old and
observed, in general, an increase in LF, HF and total
power up to six years old followed by a decrease to
24 years old. Significant increase in the HF spectral
component for three to six years old and reduction
of this index for subsequent ages from six to 15
years old were also described during sleep in
children between three and 15 years old21.

By analyzing older subjects, Paschoal et al.2,
evaluated individuals aged between 20 and 60 years
old. They were divided into four age groups with an
interval of ten years, at rest and during change of
position they observed both reduced HRV and
progressive decrease in the magnitude of the ANS
response forward the position change with
advancing age.

The longitudinal axis of the Poincaré plot,
represented by the SD2 index, which indicates
overall variability7, also showed no significant
difference between groups and so on for the SDNN
index, which reflects the same behavior7.

In relation to the LFun index, which indicates
the sympathetic activity, we also found no
differences between groups. Increase in this index

with advancing age was reported by Vuksanovic &
Gal31, when evaluated volunteers aged between
eight and 61 years old.

As noted above, the present results did not
show convergence with other studies that
evaluated HRV in different age groups, which
indicate that with advancing age HRV tends to
decline due to aging of the SNA. However, in the
age groups evaluated in this study, the decrease
in HRV was not observed, which may be explained
by the fact that those studies consider groups with
a higher range of ages, unlike the present study,
whose ages were established in smaller groups,
suggesting that in the age group studied there were
no changes in SNA that could change the HRV
indices.

In relation to the LF/HF ratio, which express
the relationship between the sympathetic and
parasympathetic components of the SNA, and the
SD1/SD2 ratio, which indicates the relationship
between overall HRV and parasympathetic, we did
not find differences between the three groups.
Values of   LFun and HFun point to a balance between
the sympathetic and parasympathetic systems.

In relation to the visual analysis of the
Poincaré plot we observed for all age groups large
dispersion of RR intervals, indicating that these
groups present good HRV. In healthy subjects, at
rest, beat to beat intervals are irregular; making
the plot to be seemed similar to an ellipse7,28, which
was observed in this study.

Some limitations of the study that may have
influenced the results obtained should be pointed
out. In the population studied was not assessed
the level of physical activity, which might have added
important discussions for the study, which
represents a limitation.

The use of HRV to assess autonomic
modulation in research and clinical practice has
increased in recent years and the results of this
study allow us to establish a profile of HRV in
adolescents, which may be important for
researchers and clinicians to realize further
comparison between healthy subjects and patients
of diseases or in different areas.
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