
Rev Paul Pediatr 2014;32(2):244-9.

Original Article

Cardiac autonomic dysfunction in obese normotensive children 
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Disfunção autonômica cardíaca em crianças e adolescentes obesos normotensos
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ABSTRACT

Objective: To test the hypothesis that obese normotensive 
children and adolescents present impaired cardiac autonomic 
control compared to non-obese normotensive ones. 

Methods: For this cross-sectional study, 66 children 
and adolescents were divided into the following groups: 
Obese (n=31, 12±3 years old) and Non-Obese (n=35, 
13±3  years  old). Obesity was defined as body mass in-
dex greater than the 95th percentile for age and gender. 
Blood pressure was measured by oscillometric method 
after 15 minutes of rest in supine position. The heart rate 
was continuously registered during ten minutes in the 
supine position with spontaneous breathing. The cardiac 
autonomic control was assessed by heart rate variability, 
which was calculated from the five-minute minor variance 
of the signal. The derivations were the index that indicates 
the proportion of the number of times in which normal 
adjacent R-R intervals present differences >50 milisec-
onds (pNN50), for the time domain, and,  for the spectral 
analysis, low (LF) and high frequency (HF) bands, besides 
the low and high frequencies ratio (LF/HF). The results 
were expressed as mean±standard deviation and compared 
by Student’s t-test or Mann-Whitney’s U-test. 

Results: Systolic blood pressure (116±14 versus 
114±13mmHg, p=0.693) and diastolic blood pressure 
(59±8 versus 60±11mmHg, p=0.458) were similar between 
the Obese and Non-Obese groups. The pNN50 index (29±21 

versus 43±23, p=0.015) and HF band (54±20 versus 64±14 
normalized units – n.u., p=0.023) were lower in the Obese 
Group. The LF band (46±20 versus 36±14 n.u., p=0.023) and 
LF/HF ratio (1.3±1.6 versus 0.7±0.4, p=0.044) were higher 
in Obese Group. 

Conclusions: Obese normotensive children and adolescents 
present impairment of cardiac autonomic control.

Key-words: obesity; arterial pressure; heart rate; 
autonomic nervous system; child; adolescent.

RESUMO

Objetivo: Testar a hipótese de que crianças e adolescentes obe-
sos normotensos apresentam disfunção autonômica cardíaca quan-
do comparados a indivíduos não obesos também normotensos. 

Métodos: Estudo transversal com 66 crianças e adolescentes, 
divididos nos grupos Obeso (n=31, 12±3 anos) e Não Obeso 
(n=35, 13±3 anos). Definiu-se a obesidade pelo índice de 
massa corpórea maior que o percentil 95, considerando-se ida-
de e sexo. Aferiu-se a pressão arterial clínica por oscilometria 
após 15 minutos de repouso em posição supina. Registrou-se 
a frequência cardíaca durante dez minutos na posição supina, 
com respiração espontânea. Avaliou-se o controle autonômico 
cardíaco pela variabilidade da frequência cardíaca, calculada a 
partir dos cinco minutos de menor variância do sinal. Foram 
derivados o índice que indica a proporção do número de vezes 
em que os intervalos R-R normais sucessivos apresentam di-
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ferença de duração superior a 50 milisegundos (pNN50) para 
o domínio do tempo e, para a análise espectral, as bandas de 
baixa (LF) e alta (HF) frequências, além da razão entre as bandas 
espectrais de baixa e alta frequência (LF/HF). Os resultados 
apresentam-se como média±desvio padrão, sendo comparados 
pelo teste t de Student ou pelo teste U de Mann-Whitney. 

Resultados: Os níveis de pressão arterial sistólica 
(116±14 versus 114±13mmHg, p=0,693) e diastólica (59±8 
versus 60±11mmHg, p=0,458) foram semelhantes entre 
os grupos Obeso e Não Obeso, respectivamente. O índice 
pNN50 (29±21 versus 43±23; p=0,015) e a banda HF (54±20 
versus 64±14 unidades normalizadas – u.n.; p=0,023) foram 
menores no Grupo Obeso. A banda LF (46±20 versus 36±14 
u.n.; p=0,023) e a razão LF/HF (1,3±1,6 versus 0,7±0,4; 
p=0,044) foram maiores no Grupo Obeso. 

Conclusões: Crianças e adolescentes obesos, mesmo normo-
tensos, apresentam prejuízo do controle autonômico cardíaco.

Palavras-chave: obesidade; pressão arterial; frequência 
cardíaca; sistema nervoso autônomo; criança; adolescente.

RESUMEN

Objetivo: Probar la hipótesis de que niños y adolescentes 
obesos normotensos presentan disfunción autonómica cardiaca 
cuando comparados a individuos no obesos también normotensos. 

Métodos: Estudio transversal con 66 niños y adolescentes, 
divididos en los grupos Obeso (n=31, 12±3 años) y No obesos 
(n=35, 13±3 años). Se definió la obesidad por el índice de 
masa corporal superior al percentil 95, considerándose edad 
y sexo. Se verificó la presión arterial clínica por oscilome-
tría después de 15 minutos de reposo en posición supina. 
Se registró la frecuencia cardiaca durante 10 minutos en la 
posición supina, con respiración espontánea. Se evaluó el con-
trol autonómico cardiaco por la variabilidad de la frecuencia 
cardiaca, calculada a partir de los cinco minutos de menor 
variancia de la señal. Fueron derivados el índice que indica 
la proporción del número de veces en que los intervalos R-R 
normales sucesivos presentan diferencia de duración superior 
a 50 milisegundos (pNN50) para el dominio del tiempo y, 
para el análisis espectral, las bandas de baja (LF) y alta (HF) 
frecuencias, además de la razón entre las bandas espectrales de 
baja y alta frecuencia (LF/HF). Los resultados se presentaron 
como promedio±desviación estándar, siendo comparados por 
la prueba t de Student o por la prueba U de Mann-Whitney. 

Resultados: Los niveles de presión arterial sistólica 
(116±14 versus 114±13mmHg, p=0,693) y diastólica (59±8 
versus 60±11mmHg, p=0,458) fueron semejantes entre los 

grupos Obeso y No obeso, respectivamente. El índice pNN50 
(29±21 versus 43±23; p=0,015) y la banda HF (54±20 versus 
64±14 unidades normalizadas - u.n.; p=0,023) fueron menores 
en el Grupo Obeso. La banda LF (46±20 versus 36±14 u.n.; 
p=0,023) y la razón LF/HF (1,3±1,6 versus 0,7±0,4; p=0,44) 
fueron más grandes en el Grupo Obeso. 

Conclusiones: Niños y adolescentes obesos, aunque normo-
tensos, presentan perjuicio del control autonómico cardiaco.

Palabras clave: obesidad; presión arterial; frecuencia 
cardiaca; sistema nervoso autónomo; niño; adolescente.

Introduction

Childhood obesity(1) affects around 16% of the world 
population aged 6 to 19 years(2). In Brazil, data from the 
Brazilian Institute of Geography and Statistics (IGBE - In-
stituto Brasileira de Geografia e Estatística) for 2010 shows 
that approximately 14% of children and 5% of adolescents 
were obese(3). In addition to being highly prevalent, obesity 
in children and adolescents is responsible for the emergence 
and development of cardiovascular diseases(1,2).

Over recent decades, results of indirect analysis of cardiac 
autonomic modulation of heart rate variability (HRV) have 
been found to have a direct associated with cardiovascular 
prognosis(4). Findings show that the lower the HRV, the 
greater the chance of coronary events occurring(5).

Additionally, dysfunctions of autonomic cardiac control 
have been described among the pathophysiologic characteris-
tics of childhood obesity(6-8). Among obese children and adoles-
cents, reductions are observed in HRV and vagal modulation 
while sympathovagal balance increases(6,7). These  findings 
suggest, at least in part, that cardiac autonomic dysfunction 
in obese children and adolescents is related to sympathetic 
hyperactivation in detriment to vagal activation. 

However, in the majority of studies that have assessed 
HRV, the obese children and adolescents studied had signifi-
cantly higher blood pressures than their non-obese peers(6,8). 
This hemodynamic characteristic may itself be an independent 
cause of the cardiac autonomic dysfunction observed in this 
population. There is in fact a direct association between high 
arterial blood pressure levels and impairment of cardiac au-
tonomic modulation(9,10). In view of this, in order to attempt 
to exclude the effect of high arterial blood pressure on cardiac 
autonomic modulation, the objective of this study was to test 
the hypothesis that normotensive obese children and adoles-
cents would exhibit impaired cardiac autonomic modulation 
when compared with normotensive non-obese individuals.
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Method

The sample size calculation was based on an article published 
previously(6) and estimated that a minimum of 23 individuals in 
each group would be needed to achieve test power of 90% with 
an α error of 5%. A total of 31 normotensive obese children 
and adolescents were therefore recruited at the pediatric obesity 
and hypertension clinic run by the Fundação Imepen in Juiz de 
Fora, MG, Brazil, and 35 non-obese controls were recruited in 
the local community. All volunteers were aged 8 to 17 years, 
were normotensive and were not on any type of medication. 

Both volunteers and their legal representatives received 
explanations of all of the procedures involved in the study 
and, after both agreed to participation, free and informed 
consent forms were signed. This project was approved by the 
Research Ethics Committee at the Universidade Federal de 
Juiz de Fora (UFJF, protocol number 0051/2009) and was 
conducted at the UFJF University Hospital and Physical 
Education and Sports Department.

Since the inclusion criteria were obesity or healthy weight 
combined with normal blood pressure, the following proce-
dures were used to define the participants: body mass and 
height were measured using a balance with built-in stadiom-
eter (Filizola®) and body mass index (BMI) was calculated by 
dividing body weight in kilograms by the square of height in 
meters. Obesity was defined as BMI above the 95th percentile 
for age and sex(11). Arterial blood pressure was measured in an 
upper limb after 15 minutes at rest in the supine position, 
noninvasively, using the auscultatory method with a mercury-
column sphygmomanometer (Takaoka®), on two different days 
prior to the start of the experimental protocol. The choice of 
cuffs appropriate to arm circumference was made as recom-
mended by the V Brazilian Directives on Arterial Hyperten-
sion (V Diretrizes Brasileiras de Hipertensão Arterial)(12). 
Individuals were classed as normotensive if their means for 
two systolic and diastolic arterial blood pressure measurements 
were below the 90th percentile for age and sex(12), which were 
120mmHg for systolic pressure and 80mmHg for diastolic 
pressure. Individuals were excluded if they were on any type 
of medication and/or had a physician-diagnosed metabolic, 
cardiovascular or hormonal disease, in addition to obesity. 
These criteria were checked during clinical consultations 
conducted by the physician responsible for the clinic.

Physical activity was measured using the Habitual Physi-
cal Activity Questionnaire, which quantifies the number of 
minutes spent engaged in habitual physical activity during 
the 12 months preceding administration and has been vali-
dated for the juvenile Brazilian population(13).

During the investigation, arterial blood pressure was meas-
ured non-invasively and automatically by the oscillometric 
method (Dixtal, DX 2020), with the cuff positioned on the 
volunteer’s right upper limb. Heart rate was recorded continu-
ously in the supine position using a heart rate monitor (Polar®, 
S810i). In order to evaluate autonomic cardiac control, data on 
the interval between each pair of heart beats (iRR) were sent 
to a microcomputer, by the pulse receptor’s data transmission 
port to Polar Precision Performance® software, using an infrared 
signal interface. All signals used were within a maximum error 
of 3%. The data were then transferred to Matlab, version 6.0, 
for automatic selection of the five minutes of least variance, 
using a previously implemented routine(14,15). This selec-
tion is made automatically using a moving window and the 
mathematical algorithm only analyzes the five minute period 
(uninterrupted) that exhibits the least variance. The sections 
selected were then analyzed visually and were only used for 
the HRV analysis if there were no obvious irregularities in 
the R-R intervals. These five-minute time series were then 
exported to Kubios HRV Analysis, version 2.0 software(15). This 
application was used to correct artifacts, using the program’s 
medium level filter, and to calculate the HRV indexes, for 
the time domain, and the mean R-R intervals (MNN), in 
milliseconds (ms), which represents the inverse of heart rate; 
the standard deviations for normal R-R intervals (SDNN), 
in ms, which reflects HRV; the square root of the mean of 
the squares of the differences between normal R-R intervals 
(RMSSD), in ms, and the percentage of adjacent R-R intervals 
with a difference greater than 50ms (pNN50), which reflects 
cardiac vagal modulation. To estimate the function for power 
spectrum density using the nonparametric Fourier rapid 
transform method(16), the trend component was removed from 
the time series, using the a priori smoothing method(17), after 
piecewise cubic spline interpolation, at a frequency of 4Hz. 
The spectral analysis of HRV was based on calculation of the 
power spectrum density for a low frequency band (LF – 0.04 
to 0.15Hz), which reflects predominantly sympathetic modu-
lation, and for a high frequency band (HF – 0.15 to 0.4Hz), 
which reflects cardiac vagal modulation, expressed both as 
absolute power (milliseconds squared – ms2) and as normal-
ized units (n.u.), and also the LF/HF ratio, which reflects 
sympathovagal balance.

All volunteers were assessed during the afternoon in order 
to avoid influence from the circadian cycle. The anthropo-
metric measurements were taken first and then, after 15 min-
utes at rest in the supine position, arterial blood pressure 
was measured. Next, a 10-minute continuous recording of 
heart rate was made in order to calculate HRV.
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Table 1 - Anthropometric characteristics, hemodynamics at rest and weekly physical activity for Obese and Not Obese groups 

Variables Obese Group 
(n=31)

Not Obese Group  
(n=35) p-value

Age (years) 12±3 13±3 0.464
Sex (male/female) 9/22 16/19 0.163
BMI (percentile) 97±1 48±26 <0.001
SBP (mmHg) 116±14 114±13 0.693
DBP (mmHg) 59±8 60±11 0.458
MBP (mmHg) 78±10 78±11 0.765
HR (bpm) 78±9 74±11 0.103
Weekly PA (minutes/week) 238±193 322±232 0.086

Data are expressed as mean±standard deviation of the mean. BMI: body mass index; SBP: systolic arterial blood pressure; DBP: diastolic arterial 
blood pressure; MBP: mean arterial blood pressure; HR: heart rate; weekly PA: weekly physical activity score

Data were expressed as mean±standard deviation. 
The Kolmogorov-Smirnov test was used to verify normality 
of data. Possible differences between groups were analyzed 
using Student’s t test for independent samples, where vari-
ables had normal distribution, or the Mann-Whitney U test 
if data distribution was not normal. Analysis of covariance 
(ANCOVA) was used to control for the possible effects of 
age and sex. Statistica, version 8.0 (Statsoft, USA) was used 
for all statistical tests and differences were considered sig-
nificant when p<0.05.

Results

Results for anthropometric and hemodynamic vari-
ables and habitual physical activity are shown in Table 1. 
Groups were similar in terms of age, habitual physical 
activity level and, as expected, there were no significant 

differences in systolic or diastolic arterial blood pressures. 
Additionally, blood pressures were within the range 
considered ideal. 

The time-domain and frequency-domain results for 
HRV are shown in Table 2. The MNN, SDNN and RMS-
SD indexes were similar for both groups and the pNN50 
index was lower in the Obese Group than in the Not 
Obese Group. With regard to frequency-domain HRV 
results, the spectral bands LF and HF were similar in 
both groups in terms of absolute power. However, the 
HF band (n.u.) was significantly lower and the variables 
LF (n.u.) and LF/HF were higher in the Obese Group. 
Among the variables used in the ANCOVA, it was ob-
served that obesity was an independent factor for low 
values of pNN50 and the HF band (n.u.) and for high 
values for the LF band (n.u.) and the LF/HF ratio in the 
Obese Group (Table 3).

Variables Obese Group  
(n=31)

Not Obese Group  
(n=35) p-value

MNN (ms) 775±92 826±143 0.093
SDNN (ms) 49±21 55±21 0.212
RMSSD (ms) 56±28 69±32 0.086
pNN50 (%) 29±21 43±23 0.015
LF (ms2) 969±849 915±869 0.842
HF (ms2) 1.582±1.846 1.691±1.420 0.345
LF (u.n.) 46±20 36±14 0.023
HF (u.n.) 54±20 64±14 0.023
LF/HF 1.3±1.6 0.7±0.4 0.044

Data are expressed as mean±standard deviation of the mean. MNN: mean duration of normal R-R intervals; ms: milliseconds; SDNN: standard 
deviation of normal R-R intervals; RMSSD: the square root of the mean of the squares of the differences between successive normal R-R intervals; 
pNN50: percentage of successive normal R-R intervals with a difference greater than 50ms; LF: low frequency spectral band; ms2: absolute power 
(milliseconds squared); HF: high frequency spectral band; n.u.: normalized units; LF/HF: ratio of low to high frequency spectral bands 

Table 2 - Variability of heart rate in time and frequency domains for Obese and Not Obese groups



248

Cardiac autonomic dysfunction in obese normotensive children and adolescents 

Rev Paul Pediatr 2014;32(2):244-9.

Discussion

The primary finding of this study is that normotensive obese 
children and adolescents have abnormal cardiac autonomic modu-
lation when compared with their non-obese, normotensive peers. 
The pNN50 index and HF band (n.u.), which indicate cardiac va-
gal modulation, were lower in obese individuals. Additionally, the 
LF band (n.u.), which reflects modulation that is predominantly 
sympathetic, and the LF/HF ratio, indicative of sympathovagal 
balance, were both elevated in the Obese Group. All of these 
results were independent of age and sex effects. 

The positive association between obesity and high blood 
pressure levels has consistently been reported(18), and these 
hemodynamic changes have been primarily explained by 
hyperactivity of the sympathetic nervous system(19). There is, 
therefore, clear evidence that excessive accumulation of body 
weight can provoke hemodynamic abnormalities and impair-
ment of autonomic control(19,20). For example, Guízar et al(8) 
found that obese adolescents had significantly compromised 
sympathovagal balance, represented by an elevated LF/HF ra-
tio. However, the adolescents investigated in that study, while 
normotensive, had significantly higher blood pressure levels 
than their non-obese peers. In the present study, there was also 
a negative change in sympathovagal balance manifest as higher 
LF/HF ratio among obese children and adolescents. However, in 
contrast with the research described by Guízar et al(8), in which 
the obese subjects’ blood pressure levels were already elevated, 
our results show that obesity was itself responsible for compro-
mising the cardiac autonomic modulation of obese children and 
adolescents, irrespective of their resting blood pressure, since 
the blood pressure measurements for this sample did not only 
classify the individuals investigated as normotensive, but were 
also similar for the Obese Group and the Not Obese Group. 

There is no doubt that both compromised autonomic car-
diac control and elevated arterial blood pressures are present 
in obesity. Riva et al(6) conducted a study of obese adolescents 
who did not only have compromised sympathovagal balance, 
but also exhibited significantly reduced vagal modulation, 

represented by lower pNN50 index values. Therefore, if 
our results are considered side-by-side with those of these 
researchers(6), it can be seen that the autonomic dysfunction 
observed in obesity may be characterized by sympathetic 
activation in detriment to vagal activation. Kauffman et al(21) 
have published further evidence to support this, showing 
that obese adolescents had lower results for the HF band, 
converted into n.u., which is related to vagal modulation, 
while values for the LF band (also in n.u.) and the LF/HF ratio 
were elevated. Furthermore, these authors noted that the 
impairment of autonomic cardiac control seen in childhood 
obesity is associated with leptin levels, insulin resistance, 
and increased oxidative stress and inflammation, and that 
these relationships are primarily mediated by adipose tissue. 

The LF/HF ratio has been proposed as an accurate measure of 
sympathovagal balance of the heart, in that if this ratio is high 
it may indicate greater sympathetic modulation of the cardio-
vascular system(22,23). Indeed, the normotensive Obese Group 
studied in the present research exhibited a higher LF/HF ratio 
than the Not Obese Group, which indicates that adipose tissue 
is one of the factors responsible for increased sympathetic stimu-
lation, although other mechanisms may also be involved. Con-
firming this physiological representation of LF/HF, the spectral 
components of the LF and HF bands (in n.u.) show the balanced 
action of the two branches of the autonomic nervous system in 
control of heart beat(22). The existence of a linear relationship has 
been shown between changes in the LF band (n.u.) and heart 
rate during tests involving incremental orthostatic postural 
maneuvers, reinforcing the theory that increases in the spectral 
values of this index indicate possible increases in sympathetic 
activation of the heart(24). Thus, once again our results confirm 
the predominance of sympathetic cardiac modulation in the 
Obese Group, shown by significantly higher values for LF (n.u.), 
when compared with the Not Obese Group. As a consequence, 
the obese individuals studied exhibited impaired vagal cardiac 
activation, shown by their reduced HF (n.u.). 

Although they are not the object of study here, cer-
tain neurohumoral mechanisms could explain the cardiac 

Table 3 - Analysis of covariance of heart rate variability

pNN50: percentage of successive normal R-R intervals with a difference greater than 50ms; LF: low frequency spectral band; n.u.: normalized 
units; HF: high frequency spectral band; LF/HF: ratio of low to high frequency spectral bands; F: F statistic; M/F: ratio male to female

Variables pNN50 (%) LF (n.u.) HF (n.u.) LF/HF
F p-value F p-value F p-value F p-value

Grupo Obeso 4.73 0.034 4.11 0.047 4.11 0.047 4.60 0.034
Idade (anos) 0.04 0.834 0.01 0.942 0.01 0.944 0.03 0.857
Sexo (M/F) 1.98 0.165 2.31 0.134 2.31 0.134 1.10 0.297
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autonomic dysfunction observed in obesity. The most impor-
tant of these are increased levels of insulin, leptin, proinflam-
matory cytokines, oxidative stress and catecholamines(25,26). 
These mechanisms are responsible for the sympathetic 
hyperactivation observed in obese individuals(19) and, there-
fore, it can be speculated that the children and adolescents 
investigated here may also have disorders of these types. 

The detection of autonomic dysfunction in children and 
adolescents underscores the increased cardiovascular risk that is 
associated with childhood obesity, particularly the consequences 
of increased morbidity and mortality in adulthood(1). These results 
are an alert to the need for actions designed to have an effect early 
on, avoiding progression to cardiovascular complications. Health 
education programs and interventionist measures to encourage 
lifestyle changes involving adoption of a balanced diet and regular 

physical activity should be conducted by multi-professional 
teams, in order to prevent and treat childhood obesity. 

One limitation of this study is that the maturity stages of 
these children and adolescents were not assessed. However, 
since it is known that maturity is influenced by both age and 
sex, an ANCOVA was conducted to control for the possible 
effects of these variables. Our results show that obese children 
and adolescents had lower results for pNN50 index and the 
HF band (in n.u.) and higher results for the LF band (in 
n.u.) and LF/HF ratio, irrespective of age and sex. Therefore, 
despite not having assessed maturity stage, it is improbable 
that this factor has skewed our results.

It can be concluded that even normotensive obese children 
and adolescents have impaired autonomic cardiac control 
when compared with their non-obese normotensive peers.

References

1.	 Klein S, Burke LE, Bray GA, Blair S, Allison DB, Pi-Sunyer X et al. Clinical 
implications of obesity with specific focus on cardiovascular disease: a 
statement for professionals from the American Heart Association Council on 
Nutrition, Physical Activity, and Metabolism: endorsed by the American College 
of Cardiology Foundation. Circulation 2004;110:2952-67.

2.	 Allcock DM, Gardner MJ, Sowers JR. Relation between Childhood Obesity 
and Adult Cardiovascular Risk. Int J Pediatr Endocrinol [serial on the Internet] 
2009;2009:10 [cited 2013 Aug 29]. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/19956748 

3.	 Brasil - Ministério do Planejamento, Orçamento e Gestão - Instituto Brasileiro 
de Geografia e Estatística. Pesquisa de Orçamentos Familiares 2008-2009: 
antropometria e estado nutricional de crianças, adolescentes e adultos no 
Brasil. Rio de Janeiro: IBGE; 2010. 

4.	 Kotecha D, New G, Flather MD, Eccleston D, Pepper J, Krum H. Five-minute 
heart rate variability can predict obstructive angiographic coronary disease. 
Heart 2012;98:395-401. 

5.	 Tsuji H, Venditti FJ Jr, Manders ES, Evans JC, Larson MG, Feldman CL et 
al. Reduced heart rate variability and mortality risk in an elderly cohort. The 
Framingham Heart Study. Circulation 1994;90:878-83.

6.	 Riva P, Martini G, Rabbia F, Milan A, Paglieri C, Chiandussi L et al. 
Obesity and autonomic function in adolescence. Clin Exp Hypertens 
2001;23:57-67.

7.	 Rabbia F, Silke B, Conterno A, Grosso T, De Vito B, Rabbone I et al. 
Assessment of cardiac autonomic modulation during adolescent obesity. Obes 
Res 2003;11:541-8.

8.	 Guízar JM, Ahuatzin R, Amador N, Sánchez G, Romer G. Heart autonomic 
function in overweight adolescents. Indian Pediatr 2005;42:464-9.

9.	 Grassi G. Debating sympathetic overactivity as a hallmark of human obesity: 
a pro’s position. J Hypertens 1999;17:1059-60.

10.	Esler M, Straznicky N, Eikelis N, Masuo K, Lambert G, Lambert E. Mechanisms 
of sympathetic activation in obesity-related hypertension. Hypertension 
2006;48:787-96.

11.	Kuczmarski RJ, Ogden CL, Grummer-Strawn LM, Flegal KM, Guo SS, Wei 
R et al. CDC growth charts: United States. Adv Data [serial on the Internet]. 
2000;(314):1-27 [cited 2013 Aug 29]. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/11183293 

12.	Sociedade Brasileira de Cardiologia; Sociedade Brasileira de Hipertensão; 
Sociedade Brasileira de Nefrologia. V Diretrizes Brasileiras de Hipertensão 
Arterial. Arq Bras Cardiol 2007;89:e24-79.

13.	Florindo AA, Romero A, Peres SV, Silva MV, Slater B. Development and 
validation of physical activity assessment questionnaire for adolescents. Rev 
Saude Publica 2006;40:802-9.

14.	Lopes FL, Pereira FM, Reboredo MM, Castro TM, Vianna JM, Novo Jr JM et 
al. Reduction of heart rate variability in middle-aged individuals and the effect 
of strength training. Rev Bras Fisioter 2007;11:113-9.

15.	Peçanha T, Prodel E, Bartels R, Nasario-Junior O, Paula RB, Silva LP et al. 
24-h cardiac autonomic profile after exercise in sedentary subjects. Int J Sports 
Med 2014;35:245-52.

16.	Tarvainen MP, Niskanen JP. Kubios HRV user’s guide - version 2.0. Finland: 
Kupio; 2008.

17.	Malik M, Camm AJ. Heart rate variability. New York: Futura Publishing 
Company; 1995.

18.	Tarvainen MP, Ranta-Aho PO, Karjalainen PA. An advanced detrending method 
with application to HRV analysis. IEEE Trans Biomed Eng 2002;49:172-5.

19.	National High Blood Pressure Education Program Working Group on High 
Blood Pressure in Children and Adolescents. The fourth report on the diagnosis, 
evaluation, and treatment of high blood pressure in children and adolescents. 
Pediatrics 2004;114:555-76.

20.	Ribeiro MM, Trombetta IC, Batalha LT, Rondon MU, Forjaz CL, Barretto AC et 
al. Muscle sympathetic nerve activity and hemodynamic alterations in middle-
aged obese women. Braz J Med Biol Res 2001;34:475-8.

21.	Kauffman CL, Kaiser DR, Steinberger J, Kelly AS, Dengel DR. Relationships of 
cardiac autonomic function with metabolic abnormalities in childhood obesity. 
Obesity (Silver Spring) 2007;15:1164-71.

22.	 Autoria não referida. Heart rate variability: standards of measurement, 
physiological interpretation and clinical use. Task force of the European Society 
of Cardiology and the North American Society of Pacing and Electrophysiology. 
Eur Heart J 1996;17:354-81.

23.	Malliani A, Pagani M, Furlan R, Guzzetti S, Lucini D, Montano N et al. Individual 
recognition by heart rate variability of two different autonomic profiles related 
to posture. Circulation 1997;96:4143-5.

24.	Bootsma M, Swenne CA, Van Bolhuis HH, Chang PC, Cats VM, Bruschke AV. 
Heart rate and heart rate variability as indexes of sympathovagal balance. Am 
J Phys 1994;266:H1565-71.

25.	Mussad S, Haynes EN. Biomarkers of obesity and subsequent cardiovascular 
events. Epidemiol Rev 2007;29:98-114.

26.	Hajer GR, van Haeften TW, Visseren FL. Adipose tissue dysfunction in obesity, 
diabetes, and vascular diseases. Eur Heart J 2008;29:2959-71.


