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Abstract
Background: Obesity causes changes in cardiac autonomic modulation.

Objective: To investigate the autonomic modulation of eutrophic and obese children by means of indexes of heart rate 
variability (HRV) obtained through geometric methods.

Methods: We analyzed data from 133 children aged 8 to 13, divided into two groups: obese (n = 61) and eutrophic (n = 
72) according to body mass index for age and sex. For the analysis of HRV, heart rate was recorded beat-to-beat. The RR 
intervals were transformed into geometric figures, and from them, we calculated the triangular index (RRtri), triangular 
interpolation of RR intervals (TINN), the indexes SD1, SD2 and SD1/SD2 ratio, obtained from the Poincaré plot. Visual 
analysis of the plot was also performed. Student’s t test was performed for unpaired data and Mann-Whitney’s test, with 
significance level of 5.0%, for data analysis.

Results: In obese children, RRtri indexes were proven to be reduced (0.0730 vs 0.1084 [median]), TINN (171.80 ± 
55.08 vs 218.26 ± 51.12), SD1 (19.93 ± 9.10 vs 24.10 ± 8.03) and SD2 (51.63 ± 16.53 vs 69.78 ± 17.19). The SD1/SD2 
ratio showed no significant differences (0.3781 ± 0.12 vs 0.3467 ± 0.08). Visual analysis of the plot, in obese children, 
revealed a smaller dispersion of RR intervals both beat-to-beat, and in the long term, indicating lower HRV.

Conclusion: Obese children presented changes in the autonomic nervous system characterized by decreases in 
parasympathetic activity and overall variability. (Arq Bras Cardiol. 2010; [online]. ahead print, PP.0-0)
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on axis x the length of RR intervals, and on axis y, the frequency 
with which they occurred. Joining the points of the histogram 
columns forms a shape like a triangle from which these indexes 
are extracted2,4,5.

The Poincaré plot is a two-dimensional graphic representation 
of the correlation between consecutive RR intervals, in which 
each interval is plotted against the following interval6,7 and its 
analysis can be done in a qualitative way, by assessing the shape 
formed by its attractor, which shows the degree of complexity 
of RR intervals8,9, or quantitative, by fitting an ellipse to the 
shape formed by the plot, from which the following indexes 
are produced: SD1, SD2 and the SD1/SD2 ratio10,11. Beside 
this, the analysis of the Poincaré plot is considered by some 
authors as based on nonlinear dynamics7,12.

HRV analysis by means of nonlinear methods has been 
gaining increasing interest, since there is evidence that the 
mechanisms involved in cardiovascular regulation probably 
interact in a nonlinear way13.

These methods describe complex rhythm fluctuations and 
manage to separate nonlinear behavior structures in time 
series of heartbeats better than linear methods14. It has been 
speculated that HRV analysis based on nonlinear dynamics 

Introduction
Changes in heart rate, defined as heart rate variability 

(HRV), are normal and expected and indicate the heart’s 
ability to respond to multiple physiological and environmental 
stimuli, as well as compensate disorders induced by diseases1.

It is a noninvasive measure that can be used to identify 
phenomena related to the autonomic nervous system (ANS)2. 
The methods used for HRV analysis include the geometric 
methods - triangular index (RRtri), triangular interpolation 
of NN interval histogram (TINN) and Poincaré plot - which 
convert RR intervals into geometric patterns and allow 
analyzing HRV through the geometric or graphic properties 
of the resulting pattern2-4.

The RRtri and TINN are calculated from the construction of 
a histogram of density of normal RR intervals, which contains 
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methods can provide valuable information for physiological 
interpretations of HRV and evaluation of risk of sudden 
death7, also enabling a better understanding of the nature of 
dynamic and complex systems occurring in healthy and sick 
human bodies15.

Studies have shown that obesity causes changes in the 
function of the autonomic nervous system in children and 
adolescents16,17. Such a condition of imbalance may represent 
a major negative factor since the autonomic function controls 
some of the internal functions of the body and, accordingly, 
deserves attention. 

Studies involving obesity in children and analysis of ANS, 
through the evaluation of HRV, have shown controversial 
results. Sekine et al18, analyzing HRV indexes in the frequency 
domain, suggest that they have more sympathetic activity and 
less parasympathetic activity as compared with eutrophic 
children, while Nagai et al19 and Nagai & Moritani20 observed 
both sympathetic and parasympathetic activities decreased in 
obese children. Yakinci et al21, using autonomic function tests, 
observed normal sympathetic activity and parasympathetic 
underactivity, and more recently, Kaufman et al16 observed 
increase in LF/HF ratio and decreased HF index. Pascoal et 
al22 found higher cardiac tone in the standing position when 
compared obese children with eutrophic children.

These studies assess HRV using linear methods, however, 
it should be noted that, after a systematic search of relevant 
databases in order to prepare this manuscript, no studies 
were found using geometrical methods as a means of analysis.

Hence, in order to add elements related to the theme 
exposed in literature, it is intended, with this study, to investigate 
the autonomic modulation in obese and eutrophic children 
through HRV indexes obtained by geometric methods.

Methods

Population
For this study, we analyzed data from 133 children, 

regardless of gender, aged from 08 to 13. The children were 
divided into two groups according to nutritional status: obese 
and eutrophic. Obesity was defined according to criteria 
established for age and sex by Cole et al23.

The obese group consisted of 61 children, 28 males 
(45.90%) and 33 females (54.10%), while the eutrophic group 
consisted of 72 children (35 males [48.60%] and 37 females 
[51.40%]). The characteristics of these children (age, weight, 
height and body mass index) can be seen in Table 1.

Children reporting at least one of the following characteristics 
were not included in this study: use of medications that 
would influence the autonomic activity of the heart, such as 
propranolol and atropine, infections, or metabolic diseases or 
cardiorespiratory system diseases.

The volunteers and their guardians were fully informed 
about the procedures and purpose of this study and, after 
agreeing, their guardians signed an informed consent. All 
procedures were approved by the Research Ethics Committee 
of the School of Science and Technology - FCT/UNESP (Proc. 
No. 187/2007). 

Experimental protocol
Before beginning the experimental procedure, 

children were identified by collecting the following 
information: age, sex, weight, height, and body mass index. 
Anthropometric measurements were obtained according to 
the recommendations described by Lohman et al24.

Weight was measured on a digital scale (Filizzola PL 150, 
Filizzola Ltda., Brazil) with a precision of 0.1 kg, with children 
wearing light clothes and barefoot. Height was measured 
using a stadiometer with precision of 0.1 cm and 2 meters 
in length. BMI was calculated using the following formula: 
weight (kg)/height (m)2.

Data collection was performed in a room with temperature 
between 21° C and 23° C and humidity between 40 and 60%. 
After the initial assessment, we explained all the procedures 
necessary to collect the data, which was done individually. 
The children were instructed to remain at rest, avoid talks 
during the collection.

After these procedures, the recording strap was placed on 
the children’s chest at the sternal angle. On their wrist, the 
heart rate receiver Polar S810i (Polar Electro, Finland). This 
equipment had been previously validated to record the beat-
to-beat heart frequency and use their data for analysis of HRV 
in children and adults25,26. 

After placing the strap and the monitor, the children were 
placed supine on a mat and remained at rest with spontaneous 
breathing for 20 minutes. After the collection period, the 
children were discharged.

For HRV analysis, the pattern of their behavior was recorded 
beat-to-beat throughout the experimental protocol, with a 
sampling rate of 1,000 Hz. For data analysis, we used 1,000 
consecutive RR intervals after digital filtering, complemented 
with manual filtering, to eliminate premature and artifact 
ectopic beats, and only series with more than 95.0% of sinus 
beats were included in the study27.

Analysis of heart rate variability indexes
HRV analysis was performed by means of geometrical 

methods: RRtri, TINN and Poincaré plot (SD1, SD2, SD1/

Table 1 - Average values followed by their standard deviations, 
confidence interval at 95.0% and p value for age, weight, height and 
body mass index in obese and eutrophic groups

Variables Obese Eutrophic p value

Age
10.20 ± 1.47 10.57 ± 1.51 0.152

[9.82 – 10.57] [10.21 – 10.92]

Weight
66.43 ± 19.44 [61.80]a 38.72 ± 8.17 [37.00]a < 0.000*

[61.45 – 71.41] [36.80 – 40.64]

Height
149.16 ± 11.29 148.45 ± 10.65 0.715

[146.27 – 152.05] [145.95 – 150.96]

BMI
29.30 ± 4.74 [28.24] 17.37 ± 1.82 [17.15] < 0.000*

[28.09 – 30.51] [16.94 – 17.80]
aMedian value; *significant difference between groups (Mann-Whitney test; p < 
0.05); BMI - body mass index.
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SD2 ratio). 
The RRtri was calculated from the construction of a density 

histogram of RR intervals, which contains the horizontal axis 
of all possible values of RR intervals measured on a discrete 
scale with 7,8125 ms boxes (1/128 seconds) and on the 
vertical axis, the frequency with which each occurred. The 
union of points of the histogram columns forms a shape 
like a triangle. The RRtri was obtained by dividing the total 
number of RR intervals used to construct the histogram by 
their modal frequency (RR interval value that most frequently 
appeared on RR)2. 

The TINN consists of the measure of the base of a 
triangle. The method of least squares is used to determine 
the triangle2. The RRtri and the TINN express the overall 
variability of RR intervals2.

The Poincaré plot is a map of points in Cartesian coordinates, 
constructed from the values of RR intervals obtained, where 
each point is represented on axis x (horizontal/abscissa) by 
the previous normal RR interval, and on axis y (vertical/
coordinate), by the following RR interval.  

For quantitative analysis of the plot, an ellipse was fitted 
to the points of the chart, with the center determined by the 
average RR intervals, and the SD1 indexes were calculated 
to measure the standard deviation of the distances of the 
points to the diagonal y = x, and SD2 measures the standard 
deviation of the distances of points to the line y = - x + RRm, 
where RRm is the average of RR intervals. The SD1 is an index 
of instantaneous recording of the variability of beat-to-beat 
and represents parasympathetic activity, while the index SD2 
represents HRV in long-term records, and reflects the overall 
variability. Their ratio (SD1/SD2) shows the ratio between short 
and long variations of RR intervals1,11.

The qualitative analysis of the plot was made through the 
analysis of the figures formed by its attractor, which were 
described by Tulppo et al28 in:

Figure in which an increase in the dispersion of RR 
intervals is observed with increased intervals, characteristic 
of a normal plot.

Small figure with beat-to-beat global dispersion without 
increased dispersion of RR intervals in the long term.

The HRV analysis software - Version 2.0 was used to 
calculate these indexes29.

Statistical treatment
To compare the groups, the normality of data was initially 

determined using the Shapiro-Wilks test. When normal 
distribution was accepted, Student’s t test for unpaired data was 
applied (age, height, TINN, SD1, SD2 and SD1/SD2 ratio) and 
in situations where normal distribution was not accepted, we 
applied Mann-Whitney’s test (weight, BMI, RRTri). Differences 
in these tests were considered statistically significant when the 
value of “P” was smaller than or equal to 0.05. 

Results
Table 2 shows the values for the indexes RRtri, TINN, SD1, 

SD2 and SD1/SD2 ratio for obese and eutrophic groups. The 

study found significantly lower values for the obese group 
compared to the eutrophic group, except for the SD1/SD2 
ratio, which presented no statistically significant difference 
between groups. 

Figures 1 and 2 show examples of Poincaré plot patterns 
for obese children and controls.

Discussion
The results obtained by means of HRV indexes showed that 

the obese children analyzed presented decreased geometric 
indexes, suggesting that in these children, the heart rate 
variability is reduced.

The SD1 index, which represents the transverse axis 
of the Poincaré plot shows the standard deviation of the 
instantaneous variability of the beat-to-beat heart rate11 and 
indicates the parasympathetic influence on the sinoatrial 
node10. The lowest values of the SD1 index in obese children 
suggest that in these children, the parasympathetic activity 
is reduced.

Decreased parasympathetic activity in obese children 
was also reported by other authors16,19,21. Such reduction is 
associated with increased risk for morbidity and mortality from 
all causes and development of several risk factors30. 

Martini et al31 observed that obese children have higher 
blood pressure, blood glucose, insulin and triglyceride levels 
and lower levels of high density lipoprotein (HDL) when 
compared with non-obese children. Paschoal et al22 also 
reported lower levels of HDL and increased triglycerides 
in obese children. The presence of such characteristics in 
children with obesity may be associated with changes in ANS 
activity as stated by Sekine et al18. 

The indexes SD2, TINN and RRtri also showed reduction 
in obese children compared with eutrophic children. These 

Table 2 - Average values followed by their standard deviations, 
confidence interval at 95.0% and p value for analysis of geometric 
indexes of obese and eutrophic groups

Variables Obese Eutrophic p 
value

RRTri
0.0730 ± 0.02 [0.070]* 0.1084 ± 0.13 [0.094]* 0.000a

[0.0660 – 0.0788] [0.0789 – 0.1380]

TINN
171.80 ± 55.08 218.26 ± 51.12 0.000b

[157.70 – 185.91] [206.24 – 230.29]

SD1
19.93 ± 9.10 24.10 ± 8.03 0.006b

[17.60 – 22.26] [22.21 – 25.99]

SD2
51.63 ± 16.53 69.78 ± 17.19 0.000b

[47.39 – 55.86] [65.74 – 73.83]

SD1/SD2 
Ratio

0.3781 ± 0.12 0.3467 ± 0.08 0.082

[0.3482 – 0.4081] [0.3271 – 0.3663]

*Median value; aSignificant difference between groups (Mann-Whitney test; p < 
0.05); bSignificant difference between groups (Student’s t test for unpaired data; 
p < 0.05); RRtri - Triangular index; TINN - triangular interpolation of RR intervals; 
SD1 - standard deviation of instantaneous variability beat-to-beat; SD2 – long-
term standard deviation of continuous R-R intervals.
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Figure 1 - Visual pattern of Poincaré plot observed in the eutrophic group (Volunteer A - SD1 = 24.1 and SD2 = 75.6) and obese (Volunteer B - SD1 = 17.0 and SD2 = 57.2).

Volunteer A - Control Volunteer B - Obese

Figure 2 - Visual pattern of Poincaré plot observed in the eutrophic group (Volunteer A - SD1 = 25.2 and SD2 = 70.1) and obese (Volunteer B - SD1 = 16.2 and SD2 = 52.9).

Volunteer A - Control Volunteer B - Obese

indexes express the overall variability of RR intervals2,11, 
suggesting that obese children have reduced the overall 
variability of heart rate.

Sekine et al18 and Martini et al31, evaluating the overall 
variability in obese children through the SDNN index (standard 
deviation of RR intervals), found no statistically significant 
differences in this index, however these values were lower in 
these children, compared with non-obese children. Significant 
reduction of this index was reported by Rabbia et al32 in obese 
adolescents (aged 13.9 ± 1.7).  

In obese children, reduction in sympathetic activity was 
described in literature19,20. This system participates in the 
control of glucose metabolism and fat33 and a lower level 
of sympathetic activity was associated with lower energy 
expenditure and therefore a positive energy balance and 
weight gain34.

Concerning the SD1/SD2 ratio, the analyses showed no 
significant differences of this index when comparing the obese 
group against the eutrophic group, which can be explained 
by the reduction observed in both the SD1 and in the SD2 
indexes in obese children.

The visual analysis of Poincaré plot revealed that eutrophic 

children have a greater beat-to-beat dispersion of RR intervals, 
as well as greater dispersion of RR intervals in the long term, 
compared with obese children, indicating that these children 
have higher HRV.

In healthy individuals at rest, the intervals between beats are 
very irregular, especially by the vagal predominance in heart 
modulation, which makes it possible to see, in Poincaré plot, 
a cloud of points with the approximate shape of an ellipse28,35, 
which can be observed in eutrophic children.

Unlike what was observed in eutrophic children, analyses of 
figures from the plot of obese children showed less dispersion 
of RR intervals, both beat-to-beat and in the long term, 
implying lower HRV.

In summary, the findings of this study suggest that obese 
children have autonomic dysfunctions characterized by 
decreased parasympathetic activity and overall variability. 
These findings, coupled with the serious problems that can 
be produced by obesity36, reinforce the need for treatment 
of childhood obesity and in this sense, physical activity 
and a hypocaloric diet, based on appropriate behaviors, 
can be powerful tools to reverse the physiological changes 
caused by obesity. These procedures reduce body weight 
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and leading to reduced sympathetic activity and blood 
pressure, improving insulin sensitivity, decreasing plasma 
concentrations of triglycerides and increasing HDL-cholesterol 
concentrations37-39, which may be beneficial to alleviate or 
eliminate the risks produced by obesity.

Conclusions
The results suggest that obese children present changes in 

the autonomic nervous system, characterized by decreases 
in parasympathetic activity and overall variability, which 
demonstrates the need for early attention to these children, 
to avoid future complications.
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