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Abstract
Objective: Evaluate autonomic function and low-grade inflammation and characterize the cor-
relation between these variables in schoolchildren with obesity living in the Brazilian northeast
region.
Methods: 84 children with obesity and 41 with normal weight were included in this cross-
sectional study. Anthropometry, body composition, blood pressure (BP), inflammatory
biomarkers, and heart rate variability (HRV) indexes were analyzed in children aged 7 to
11 years.
Results: children with obesity had increased systolic (p = 0.0017) and diastolic (p = 0.0131) BP
and heart rate (p = 0.0022). The children with obesity displayed significantly lower SDNN, RMSSD,
NN50, HF (ms), HF (nu), SD1, SD2, and higher LF (ms), LF (nu), LF/HF, SD1/SD2, DFA-a1, and DFA-
a2, compared to normal weight. A lower and higher capacity for producing IL-10 (p = 0.039) and
IL-2 (p = 0.009), respectively, were found in children with obesity compared to children with nor-
mal weight. Although IL-2, IL-4 and IL17A did not correlate with HRV parameters, IL-6 was posi-
tively correlated with SDNN, LF (ms) and SD2, TNF-a was positively correlated with LF/HF and
SD1/SD2 ratio, and IFN-g was positively correlated with SDNN, RMMSSD, NN50, LF (ms), HF (ms),
SD1, and SD2.
Conclusions: The findings suggest that children with obesity have impaired autonomic function
and systemic low-grade inflammation compared to children within the normal weight range, the
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de Pediatria. Published by Elsevier Editora Ltda. This is an open access article under the CC BY-NC-ND

icenses/by-nc-nd/4.0/).
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inflammatory biomarkers were correlated with HRV parameters in schoolchildren living in the
northeastern region of Brazil.
© 2023 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
Introduction

Childhood obesity is a global health issue associated with
infancy and lifelong adverse health consequences, including
an increased risk of suffering or developing cardio-metabolic
diseases.1 In Brazil, the prevalence of childhood obesity in
the last three decades was 8.2%, increasing with age,
decade, and in more developed regions.2

Traditional factors, such as insulin resistance, hypertension,
and reduced high�density lipoprotein cholesterol (HDL�C) are
linked to cardiovascular disease. However, the detection of the
early stages of cardiac autonomic dysfunction and related
causes could be a useful strategy to identify the presence of
cardiovascular risk in childhood obesity, and heart rate variabil-
ity (HRV) could be used as a warning sign of cardiac diseases.3

Autonomic nervous system (ANS) control of the heart is a
dynamic process modulated by parasympathetic and sympa-
thetic innervation.4 RR-variation or HRVobtained from an elec-
trocardiogram, Holter monitor or chest strap has been a
commonly used and validated test to assess cardiac autonomic
function through time, frequency, and non-linear domains indi-
ces that quantify parasympathetic (RMSSD, NN50, HF, and
SD1), and sympathetic (LF, LF/HF and SD2) modulation.5

Although an early study carried out with German children
has not found significant differences in HRV parameters
between children with normal weight and obesity,6 cardiac
autonomic dysfunction and reduced HRV has been reported
in children with obesity.7,8 Concomitantly, chronic low-grade
inflammation and obesity have been reported in children.9

In this condition, excess adipose tissue dysregulates the
immune system, affecting the balance and levels of cyto-
kines and increasing the levels of pro-inflammatory interleu-
kin-6 (IL-6), tumor necrosis factor-alpha (TNFa), and
C-reactive protein (CRP).10,11

Regarding the association of autonomic impairment with
chronic low-grade inflammation in children with obesity, The
authors found only one cross-sectional study with a reduced
sample size demonstrating that impaired HRV and low-grade
chronic inflammation coexist in childhood obesity in the United
States of America, but no significant relationships were found
between any of the measured HRV variables and cytokines lev-
els.9 Considering that inflammation and autonomic function
may be modulated by the environment and lifestyle and may
have ethnic-specific implications, and the scarcity of studies
linking inflammation and autonomic function in children, this
study aimed to evaluate autonomic function and low-grade
inflammation and to characterize the correlation between
these variables in schoolchildren with obesity living in the
Northeastern region of Brazil. The hypotheses tested are that
children with obesity have lower HRV and higher low-grade
inflammation compared to normal-weight children and that
there is a positive association between autonomic dysfunction
and chronic low-grade inflammation in children living in the
Northeast region of Brazil.
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Methods

Ethical aspects

This cross-sectional study was conducted in agreement with
the declaration of Helsinki. The study was approved by a
Human Research Ethics Committee (Health Sciences Center,
Federal University of Paraiba � Jo~ao Pessoa � PB � Brazil;
Reference number protocol n� 4.676.103) and all procedures
were conducted in agreement with Resolution 466/2012 of
the National Health Council. All parents received informa-
tion about the study and gave written informed consent
before data collection.
Participants and study design

According to data from the Department of Education and
Culture of the Municipality of Jo~ao Pessoa (SEDEC), in 2020
there were 23.861 students regularly enrolled in 97 primary
public schools in the municipality of Jo~ao Pessoa (PB, Brazil),
distributed in the four geographic regions of the municipal-
ity (north, south, east and west). To calculate the sample
size, the following parameters were considered: the size of
the reference population equal to 23.861 children from the
1st to the 5th year of primary public schools, the prevalence
of obesity outcome equal to 13.3%,12 95% confidence inter-
val, test power of 80%, and design effect (deff) equal to 1.
Based on these parameters, the minimum size of the original
sample was established at 76 children, a number that was
plus 20% to compensate for losses and refusals, resulting in a
final sample of 125 children.

Children between 7 and 11 years of age, of both sexes,
enrolled in public primary schools were included in the
study, and recruitment and data collection were conducted
in schools. Children were excluded if they presented any of
the following: physical inability to perform the anthropo-
metric measures, psychological or behavioral disturbances,
use of any medication, or having a disease compromising any
analysis.

In the study, 125 children were allocated to two groups:
84 children in the obesity (OB) group and 41 in the normal
weight (NW) group. Children were evaluated for anthropom-
etry, body composition, and cardiovascular parameters,
evaluating blood pressure, HRV, and cytokines levels. All col-
lections were performed at the school.
Anthropometry and body composition

The body weight was measured with an electronic scale
(Omron�, HBF-514C) and height was assessed using a stadi-
ometer (alturaexata�). Nutritional status, using body mass
index for age (BMI/A) and sex according to WHO standards
was determined using Anthor plus (version 1.0.4; WHO)
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Children were classified in normal weight: � �2 z-score �
+1, overweight: > +1 z-score � +2, and obesity z-score >

+2.
To measure the waist circumference, a flexible steel

measuring tape with a scale of 0�200 cm and precision of
0.1 mm (Sanny�) was used. Skinfolds were measured three
times always on the right side of the body, using a scientific
adipometer with a precision of 0.1 mm (Sanny�). The
average values were calculated and subsequently used to
estimate the body fat percentage.

Blood pressure measurement

Blood pressure was measured with a digital sphygmomanom-
eter (Omron healthcare� HBP-1100) validated for use in
children by the Brazilian Society of Cardiology. After an ini-
tial stabilization period (5 min), three consecutive measure-
ments were taken for each child at 1 min intervals, and the
average values were used in the analysis. The measurement
was performed with the child in a seated position and with
an adequate cuff. In addition, the arm was free and posi-
tioned at heart level, resting on a surface and with the palm
facing up.

Heart rate variability analysis

It was recommended that children do not engage in vigorous
physical activity or drink caffeinated beverages for at least
24 h prior to HRV analysis. Recordings were made in the
morning in a quiet room. A short-term recording was per-
formed with the children at rest, in the supine position, and
breathing normally at tidal volume. HRV analysis was per-
formed in 10 min record, according to previous studies.13-15

A smartphone (Iphone12) was used to record the RR intervals
on an APP (Elite HRV LLC, Asheville, NC, USA, and Release
4.0.2, 2018). An elastic belt of adjustable size was posi-
tioned comfortably around the participant’s chest and a
transmission device (Polar model H10, Polar Electro, Fin-
land; 5 kHz transmission system coded with Owncodes, Polar
Electro) was attached on the front at the level of the xiphoid
process. The raw data recorded was exported as a text file
and analyzed by Kubios HRV Standard software (version
3.2.0; Biosignal Analysis and Medical Image Group, Depart-
ment of Physics, University of Kuopio, Kuopio, Finland). The
interpolation of the series was performed by cubic spline,
and frequency values of 4 Hz were set. The R-wave time
instants were automatically detected by applying a built-in
QRS detection algorithm of Kubios software and when
ectopic beats exceeded 5% of the total analyzed, the mea-
surement was repeated. Early studies have demonstrated
that smartphone apps and chest strap (Polar) provide excel-
lent electrocardiogram compliance for all variables in the
time domain, frequency domain, and nonlinear indexes.16,17

The following measures of HRV analysis were determined; 1)
time-domain parameters: the standard deviation between
the duration of NN intervals (SDNN), the square root of the
mean of the sum of the squares of the successive differences
between adjacent normal-to-normal beats (RMSSD), adja-
cent NN with differences in duration greater than 50 (NN50)
low-frequency band (LF), high-frequency band (HF), stan-
dard deviation of the instantaneous variability of continuous
NN intervals in the Poincar�e graph (SD1), standard deviation
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of long-term continuous NN intervals (SD2) and detrended
fluctuation analysis (DFA).

Blood samples and cytokines measurements

Blood samples were collected by a qualified nurse after 12 h
fasting and without strenuous exercise in the last 24 h.
Serum samples were used for the measurement of cytokines
through the Cytometric Bead Array (CBA) technique. Th1/
Th2/Th17 CBA kits from Becton Dickinson Biosciences were
used to quantify the cytokines IL-2, IL-4, IL-6, IL-10, IL-17a,
IFN- g, and TNF- a. The Becton Dickinson (BD)TM CBA uses a
series of particles (microspheres or beads) with different
fluorescence intensities to simultaneously detect soluble
cytokines through a capture surface. Each bead is conju-
gated to a specific antibody and cytokines are detected by
the fluorochrome phycoerythrin. The fluorescence intensity
of each complex reveals the cytokine concentration (pg/
mL). An Accuri C6 BD�

flow cytometer was used, and analysis
of CBA data was performed using FCAP 1.0.1 software.

Statistical analysis

The data normality was assessed by the Kolmogorov-Smirnov
test. Descriptive statistics are presented as mean (standard
deviation) or median (min-max). Comparison intergroup
(NW and OB) was performed using Student’s t-test in the
case of the parametric data or the Mann-Whitney test for
non-parametric data. The relationships between variables
were analyzed using Pearson or Spearman correlation test
according to data distribution. The statistical analysis was
performed using GraphPad Prism� (version 6.01) and the sig-
nificance was maintained at p < 0.05. An a posteriori power
analysis was performed to assess differences between chil-
dren with obesity and normal weight. Power was calculated
using a two-sided 95% confidence interval, a prevalence of
63.51% of children with obesity having a heart rate above
the mean, a prevalence of 35.48% of children with normal
weight having a heart rate above the mean, a prevalence
ratio of 1.8; and a prevalence difference of 28.03. The sta-
tistical power was performed using OpenEpi software (ver-
sion 3.01) and the value obtained was 75.75%. Lastly, the
effect size between�groups differences were calculated
using Cohen’s d test and classified as small (d� 0.20 and <

0.50), medium (d� 0.50 and < 0.80), and large (d� 0.80).
Results

A total of 1.957 children were evaluated and classified
according to BMI, with 1.009 males and 948 females. Of the
total number of children assessed, 79 (4.04%) were classified
as underweight, 1.249 (63.82%) as normal weight, 328
(16.76%) as overweight, and 301 (15.38%) as obese. One hun-
dred and twenty-five of these children were included in this
study, 41 with NW and 81 with obesity.

The anthropometric and cardiovascular characteristics of
children included in the study are presented in Table 1. The
groups were similar in terms of sex (p = 0.702) and age
(p = 0.205). The obesity group had higher BMI/A
(p < 0.0001), waist-hip ratio (WHR) (p < < 0.0001), body fat
(BF) (p < 0.0001), SBP (p = 0.0017), DBP (p = 0.0131), and



Table 1 Anthropometric and cardiovascular characteristics of children with normal weight (NW) and obesity (OB).

Variables NW (n = 41) OB (n = 84) p-value Effect size
Cohen’s d

Male � n (%) 17 (41.5) 39 (46.4) 0.702
-Female � n (%) 24 (58.5) 45 (53.6)

Age (years) 9.6 (1.2) 9.2 (1.3) 0.205 �0.31
BMI/A (z-score) y �0.18 (�1.53�1.00) 2.70 (2.01�5.66) < 0.000 4.13
WHR 0.82 (0.04) 0.88 (0.06) < 0.000 1.10
BF (%) y 21.30 (13.70�34.50) 36.60 (22.75�68.20) < 0.000 2.30
SBP (mmHg) 103.0 (10.44) 110.7 (13.05) 0.001 0.62
DBP (mmHg) y 58.50 (43.00�85.00) 62.50 (40.00�94.00) 0.013 0.50
HR (bpm) 87.0 (65.0�111.00) 95.0 (63.00�121.00) 0.002 0.67

Values are expressed as n (%), mean (SD) or median (min-max), and applied chi-square, T test or y Mann�Whitney, respectively.
BMIA, Body mass index for age; WHR, waist hip ratio; BF, body fat; SBP, Systolic blood pressure; DPB, Diastolic blood pressure; HR, heart
rate.
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heart rate (HR) (p = 0.0022) when compared to the NW
group, with the medium effect size for SBP, DBP and HR.

As reported in Table 2, children with obesity had
increased IL-2 levels (p = 0.009) and decreased IL-10 levels
(p = 0.039) when compared to the NW group (Table 2), with
a medium effect size for the IL-2 and small effect size for
the IL-10. Serum levels of IL-4, IL-6, IL-17A, TNFa, and IFN-g
were similar between groups (Table 2, p > 0.05).

Regarding the HRV analysis, children with obesity had a
predominance of sympathetic ANS in the detriment of para-
sympathetic. In the time domain, children with obesity had
decreased SDNN (p = 0.002), RMSSD (p = 0.001), and NN50
(p = 0.008) compared to the NW children, with a larger
effect size for SDNN and RMSSD (Table 3). In time-frequency,
children with obesity had increased LFnu band (p = 0.001)
and LF/HF ratio (p = 0.003) and decreased HFnu band
(p = 0.004) compared to NW children, with the medium
effect size for the three variables (Table 3). In non-linear
indices, children with obesity had decreased SD1 (p < 0.000)
and SD2 (p = 0.004), and increased SD2/SD1 ratio
(p = 0.001), DFA-a1 (p = 0.002), and DFA-a2 when compared
to NW children, with medium effect size for SD2/SD1 and
DFA-a1 and larger effect size for DFA-a2 (Table 3).

Correlations between HRV and inflammatory variables are
shown in Table 4. Although IL-2, IL-4, and IL17A did not
correlate with HRV parameters, IL-6 showed a positive
Table 2 Comparison of the values of cytokines between children

Variables NW (n = 41) OB

IL-2 (pg/mL) y 7.15 (0.78�13.95) 8.3
IL-4 (pg/mL) y 3.41 (0.43�11.90) 3.7
IL-6 (pg/mL) y 10.14 (0.05�80.32) 9.8
IL-10 (pg/mL) y 5.22 (0.82�14.94) 2.7
IL-17A (pg/mL) y 52.69 (2.32�111.6) 50.1
TNF-a (pg/mL) y 4.14 (0.15�10.64) 4.6
IFN-g (pg/mL) y 9.74 (1.59�15.38) 7.4

Values are expressed as median (min-max). Mann-Whitney test.
IL-2, interleukin-2; IL-4, interleukin-4; IL-6, interleukin-6; IL-10, interl
IFN-g, interferon-g.
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correlation with SDNN, LF, and SD2, and IL-10 with LF (ms).
TNF-a was positively associated with LF/HF ratio and SD1/
SD2 ratio. IFN-g showed a positive correlation with SDNN,
RMSSD, NN50, LF, HF, SD1, and SD2.
Discussion

This study identified that children with obesity had higher
levels of SBP, DBP, HR, and higher serum levels of IL-2 and a
lower serum level of IL-10 than NW children. The children
with obesity also had autonomic dysfunction, as observed
in linear and non-linear indices. The authors also found a
positive correlation between HRV indices and inflammatory
biomarkers, suggesting that autonomic and inflammatory
dysfunction may occur simultaneously in children.

Some important variables related to obesity and cardio-
vascular disease were also different in these children, such
as the increase in SBP, DBP, and HR. There is strong evidence
of greater sympathetic activation in obesity, including
changes in resting BP and HR, which is consistent with the
results found in this study in children with obesity. It is
important to highlight that, despite the existing differences
according to nutritional status, the values of BP and HR were
within the normal limits proposed by the Brazilian Guide-
lines of Hypertension and III Guidelines of the Brazilian
with normal weight (NW) and obesity (OB).

(n = 84) p-value Effect size
Cohen’s d

4 (0.50�39.59) 0.009 0.63
3 (0.33�28.92) 0.734 0.17
2 (0.21�95.43) 0.794 0.16
0 (0.17�14.80) 0.039 �0.41
2 (2.97�157.70) 0.808 0.02
2 (0.11�29.31) 0.591 0.15
0 (0.23�34.18) 0.101 �0.08

eukin-10; IL-17A, interleukin-17A; TNF-a, tumor necrosis factor-a;



Table 3 Assessment of heart rate variability in children with normal weight (NW) and obesity (OB).

Variables NW (n = 41) OB (n = 84) p-value Effect size
Cohen’s d

Time domain
SDNN (ms) y 47.9 (20.8�119.8) 37.9 (12.7�84.9) 0.002 �0.82
RMSSD (ms) y 42.5 (15.3�140.6) 30.1 (7.2�92.5) 0.001 �0.89
NN50 (beats) y 151.0 (4.0�459.0) 76 (0.0�357.0) 0.008 �0.69

Frequency domain
LF (ms2)y 1000 (58.0�4435) 650.0 (100.0�3555) 0.0053 �0.67
HF (ms2) y 942.0 (107.0�7470) 383.0 (18.0�2833) 0.0005 �0.89
LF (nu) 50.9 (15.7) 60.53 (13.8) 0.001 0.67
HF (nu) 47.6 (13.6) 39.4 (13.8) 0.004 �0.59
LF/HF y 1.105 (0.417�7.762) 1.509 (0.295�5.908) 0.003 0.68

Non-linear measurements
SD1 (ms) y 30.1 (10.8�99.5) 21.3 (5.1�65.5) < 0.000 �0.90
SD2 (ms) y 57.2 (25.5�137.3) 48.3 (17.3�100.2) 0.004 �0.77
SD2/SD1 (ms) y 1.77 (1.03�3.55) 2.15 (1.22�3.57) 0.001 0.61
DFA- a1 1.02 (0.21) 1.15 (0.20) 0.002 0.65
DFA- a2 0.45 (0.14) 0.57 (0.13) < 0.000 0.90

Values are expressed as mean (SD) or median (min-max); T test or y Mann�Whitney, respectively.
SDNN, standard deviation between NN intervals; RMSSD, square root of the mean of the square of the differences between consecutive NN
intervals; NN50, adjacent NN with differences in duration greater than 50; LF, low frequency; HF, high frequency; SD1, standard deviation
of the instantaneous variability of continuous NN intervals in the Poincar�e graph; SD2, standard deviation of long-term continuous NN
intervals; DFA, detrended fluctuation analysis; ms: milliseconds; nu: normalized units.
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Society of Cardiology on Analysis and Issue of Electrocar-
diographic Reports, respectively.18-20

Inflammation in obesity occurs due to functional changes
in adipose tissue, resulting in the secretion of pro-inflamma-
tory cytokines produced by activated macrophages residing
in adipose tissue, and decreased secretion of protective adi-
pokines, such as adiponectin.21 The mechanisms underlying
this dysfunction occur in response to the structural changes
in adipose tissue and may involve endoplasmic reticulum
stress, hypoxia, and cellular senescence.21 Chronic low-
grade inflammation results from a persistent failure to orga-
nize the inflammatory response. The interaction of
Table 4 Linear correlation coefficients between heart rate variab

Variables IL-2 IL-4 IL-6

SDNN (ms)y 0.161 0.071 0.246*
RMSSD (ms)y 0.148 0.086 0.161
NN50 (ms)y 0.116 0.118 0.115
LF (ms)y 0.0856 0.0853 0.2924*
HF (ms)y 0.1147 0.0600 0.1798
LF (nu) �0.012 0.024 0.088
HF (nu) 0.006 �0.026 �0.089
LF/HFy �0.023 �0.010 0.034
SD1 (ms)y 0.134 0.083 0.161
SD2 (ms)y 0.151 0.062 0.256*
SD1/SD2 (ms)y �0.071 �0.034 0.029
DFA-a1 �0.030 0.036 0.118
DFA-a2 0.033 �0.037 �0.068

SDNN, standard deviation between NN intervals; RMSSD, square root of
intervals; NN50, adjacent NN with differences in duration greater than
of the instantaneous variability of continuous NN intervals in the Poin
intervals; DFA, detrended fluctuation analysis; ms: milliseconds; nu: no
y = nonparametric data.
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macrophages and monocytes and other inflammatory media-
tors has been studied in the pathogenesis of obesity.22

This study was the first to evaluate a broad cytokine pro-
file in children and showed that although IL-4, IL-6, IL17A,
TNF-a and IFN-g were similar between groups, children with
obesity had increased serum levels of IL-2 and decreased
serum levels of IL-10 compared to NW children, suggesting
that children with obesity may have a loss of ability to regu-
late the monocyte-mediated immune response to produce
cytokines.23 Physical inactivity can, among other things,
lead to obesity, impair immune system function, and
increase the risk of low-grade chronic inflammation. A
ility measures and inflammatory variables.

IL-10 IL-17A TNF-a IFN-g

0.206 0.033 0.134 0.401*
0.125 �0.044 0.015 0.299*
0.071 �0.043 0.010 0.229*
0.2317* 0.1037 0.1957 0.4713*
0.1528 �0.0111 0.0061 0.3163*
0.048 0.155 0.166 0.113

�0.041 �0.149 �0.167 �0.106
0.023 0.115 0.239* 0.024
0.136 �0.041 0.010 0.308*
0.217 0.052 0.167 0.425*
0.019 0.173 0.219* �0.024
0.077 0.162 0.196 0.139

�0.093 0.010 �0.006 �0.177

the mean of the square of the differences between consecutive NN
50; LF, low frequency; HF, high frequency; SD1, standard deviation
car�e graph; SD2, standard deviation of long-term continuous NN
rmalized units.
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higher concentration of IL-2-producing cells and a lower
capacity to produce IL-10 have previously been reported in
sedentary children compared to active children.24 It has
been demonstrated that obesity alters immune function and
that the imbalance between pro- and anti-inflammatory
mediators in obesity may induce the establishment or
progression of cardiovascular complications and
dysautonomia.10,25

HRV is a measure of the natural changes occurring
between beats in a row in heart rate, which represents the
number of heart beats per minute.26 The HRV measurement
must be carried out on normal cardiac cycles (N), without
artifacts and ectopic beats. For this reason, The authors
used the denomination N-N interval and not the R-R interval
in this study.5 An optimal HRV level reflects adequate func-
tioning, characterized by an inherent capacity for self-regu-
lation, adaptability, or resilience. In contrast, a very small
variation indicates age-related system depletion, chronic
stress, pathology, or improper functioning at various levels
of self-regulatory control systems.26

HRVanalysis using linear and non-linear methods has been
used to better understand complex and dynamic heart
rhythms. In 2010, cross-sectional studies conducted in Bra-
zilian children with obesity aged between eight and 12 years
showed a reduction in non-linear HRV measures and
decreased LF and HF indices, suggesting a reduction in both
sympathetic and parasympathetic activities.27,28 Another
study conducted in Brazilian children showed increased LFnu
band and LF/HF ratio in children with obesity when com-
pared to children within the normal weight range but with-
out changes in non-linear HRV measures.8

The present study showed that children with obesity had
decreased HRV measures in the time domain, increased LFnu
and LF/HF ratio in the frequency domain, and increased
SD2/SD1 and DFA-a1 and DFA-a2 in non-linear measures. The
results may indicate unresolved cardiac stress characterized
by parasympathetic withdrawal and sympathetic hyperacti-
vation in obese children.29 Although it is not possible to
determine the underlying causes involved in the fluctuations
in HRV variables in children with obesity, it is reasonable to
suggest that lifestyle changes over the last decade, particu-
larly evidenced by the increase in consumption of ultra-
processed and hypercaloric foods, associated with reduced
physical activity, may have played a key role in altering HRV
indices. This reaffirms the importance of the present study,
which is essential to understand and identify the potential
risk of autonomic dysfunction in children, as well as to pro-
pose effective intervention strategies to prevent cardiovas-
cular disease later in life.

Regarding the contribution of hormonal, reflex, meta-
bolic, endothelial, and inflammatory mechanisms in cardio-
vascular homeostasis mediated by the autonomic nervous
system,18 the main mechanisms to explain alterations of the
ANS in obesity are sympathetic overactivity, dysfunction of
arterial baroreceptor properties, a key mechanism involved
in the control of sympathetic and vagal tonus,18 and
impairment of the respiratory-cardiovascular coupling,
which may result in sympathetic activity and autonomic
dysfunction.18

The positive correlations found between HVR indices in
the time, frequency, and non-linear domains with bio-
markers of inflammation are consistent with available
79
evidence regarding the association between inflammation
and ANS activity.18,30 An early study found a positive associa-
tion between HRV and pro-inflammatory markers, although a
meta-analysis had shown that a negative correlation
between HRV and pro-inflammatory markers is more com-
mon.30 In this sense, an important point to highlight is the
fact that vagal hyperactivity is positively correlated with
first-response inflammatory mediators, such as TNF-a and
IFN-g, through the elimination of the parasympathetic ner-
vous system via acetylcholine, which may partially explain
the positive correlation of RMSSD, NN50, HF and SD1 with
IFN-g. On the other hand, the positive correlation of LF and
SD2 with IL-6 indicates a slower action, characteristic of the
sympathetic nervous system via epinephrine and norepi-
nephrine. Furthermore, parameters that reflect total HRV
(e.g., SDNN) are influenced by both mechanisms, which
explains the positive correlation with IL-6 and IFN-g.30

This study contributes to a better understanding of dysau-
tonomia and low-grade chronic inflammation in children,
demonstrating the coexistence of these conditions in chil-
dren with obesity from the Northeast region of Brazil. The
positive correlation between HRV indices and inflammation
provides valuable information and encourages mechanistic
studies to better elucidate this issue. In addition, this study
may help to establish reference values for HRV indices in
children, which could be an essential screening tool for car-
diovascular risk in health outpatient clinics.

This study has some limitations. First, the cross-sectional
design allows only the study of associations between varia-
bles, not causal relationships. Second, HRV and inflamma-
tory biomarkers may differ by sex, and stratification by sex
could be examined in further studies; and third, a broad
assessment of metabolic variables panel could help to better
understand the cardiometabolic risk in children with obesity
in a post-pandemic scenario. These limitations will be
addressed in future studies.
Conclusion

The results of this study show several cardiovascular risk fac-
tors in obese children compared to children in the normal
weight range. At such a young age, obesity is already associ-
ated with lower HRV and low-grade chronic inflammation,
which reflects and reinforces the need to develop effective
strategies to prevent and combat childhood obesity. Further-
more, the correlations between inflammatory markers and
HRV indices underscore the importance of elucidating the
mechanisms by which such interactions may occur.
Conflicts of interest

The authors declare no conflicts of interest.
Acknowledgments

This study was funded by Paraiba State Research Foundation
(FAPESQ, grant# 41903.612.28794.22092020, Edital n�005/
2020) and CAPES (Finance code 001). de Brito Alves, JL
thanks CNPq for their research productivity fellowship.



P.C. Costa, J.R. de Souza, P.C. Lima et al.
References

1. NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in
body-mass index, underweight, overweight, and obesity from
1975 to 2016: a pooled analysis of 2416 population-based mea-
surement studies in 128¢9 million children, adolescents, and
adults. Lancet. 2017;390:2627�42.

2. Ferreira CM, Reis ND, Castro AO, H€ofelmann DA, Kodaira K, Silva
MT, et al. Prevalence of childhood obesity in Brazil: systematic
review and meta-analysis. J Pediatr (Rio J). 2021;97:490�9.

3. van Biljon A, McKune AJ, DuBose KD, Kolanisi U, Semple SJ. Car-
diac autonomic function and its association with cardiometa-
bolic disease risk factors in Black South African children. Auton
Neurosci. 2019;219:1�4.

4. Malpas SC. Sympathetic nervous system overactivity and its role
in the development of cardiovascular disease. Physiol Rev.
2010;90:513�57.

5. Ernst G. Hidden signals-the history and methods of heart rate
variability. Front Public Health. 2017;5:265.

6. Mazurak N, Sauer H, Weimer K, Dammann D, Zipfel S, Horing B,
et al. Effect of a weight reduction program on baseline and
stress-induced heart rate variability in children with obesity.
Obesity (Silver Spring). 2016;24:439�45.

7. Speer KE, Koenig J, Telford RM, Olive LS, Mara JK, Semple S,
et al. Relationship between heart rate variability and body
mass index: a cross-sectional study of preschool children. Prev
Med Rep. 2021;24:101638.

8. Campos JO, Barros MA, Oliveira TL, Nobre IG, de Morais AS, San-
tos MA, et al. Cardiac autonomic dysfunction in school age chil-
dren with overweight and obesity. Nutr Metab Cardiovasc Dis.
2022;32:2410�7.

9. Kaufman 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.

10. Fang X, Henao-Mejia J, Henrickson SE. Obesity and immune sta-
tus in children. Curr Opin Pediatr. 2020;32:805�15.

11. Lund MA, Thostrup AH, Frithioff-Bøjsøe C, Lausten-Thomsen U,
Hedley PL, Pedersen O, et al. Low-grade inflammation indepen-
dently associates with cardiometabolic risk in children with
overweight/obesity. Nutr Metab Cardiovasc Dis. 2020;30:
1544�53.

12. Arruda Neta AC, Farias Junior JC, Lima Ferreira FE, Marchioni
DM. Prospective association between dietary patterns and BMI
Z-score in Brazilian adolescents. Public Health Nutr. 2021;24:
4230�7.

13. Lira MM, de Medeiros Filho JE, Baccin Martins VJ, da Silva G, de
Oliveira Junior FA, de Almeida Filho �EJ, et al. Association of
worsening of nonalcoholic fatty liver disease with cardiometa-
bolic function and intestinal bacterial overgrowth: a cross-sec-
tional study. PLoS One. 2020;15:e0237360.

14. Rom~ao da Silva LF, de Oliveira Y, de Souza EL, de Luna Freire
MO, Braga VA, Magnani M, et al. Effects of probiotic therapy on
cardio-metabolic parameters and autonomic modulation in
hypertensive women: a randomized, triple-blind, placebo-con-
trolled trial. Food Funct. 2020;11:7152�63.

15. Crispim Carvalho NN, Baccin Martins VJ, da N�obrega VA, de
Arruda Neta AD, Cavalcante da Fonseca LA, Bandeira F, et al.
80
Effects of preoperative sarcopenia-related parameters on car-
diac autonomic function in women with obesity following bar-
iatric surgery: a one-year prospective study. Nutrients.
2023;15:2656.

16. Pereira RA, Alves JL, Silva JH, Costa MD, Silva AS. Validity of a
smartphone application and chest strap for recording RR inter-
vals at rest in Athletes. Int J Sports Physiol Perform.
2020;15:896�9.

17. Gamelin FX, Baquet G, Berthoin S, Bosquet L. Validity of the
polar S810 to measure R-R intervals in children. Int J Sports
Med. 2008;29:134�8.

18. Seravalle G, Grassi G. Obesity and hypertension. Pharmacol Res.
2017;122:1�7.

19. Barroso WK, Rodrigues CI, Bortolotto LA, Mota-Gomes MA,
Brand~ao AA, Feitosa AD, et al. Brazilian guidelines of hyperten-
sion - 2020. Arq Bras Cardiol. 2021;116:516�658. English, Portu-
guese.

20. Pastore CA, Pinho JA, Pinho C, Samesima N, Pereira Filho HG,
Kruse JC, et al. III diretrizes da sociedade brasileira de cardiolo-
gia sobre an�alise e emiss~ao de laudos eletrocardiogr�aficos. Arq
Bras Cardiol. 2016;106:1�23. Portuguese. Erratum in: Arq Bras
Cardiol. 2018;110:497.

21. Kawai T, Autieri MV, Scalia R. Adipose tissue inflammation and
metabolic dysfunction in obesity. Am J Physiol Cell Physiol.
2021;320:C375�91.

22. W€arnberg J, Marcos A. Low-grade inflammation and the meta-
bolic syndrome in children and adolescents. Curr Opin Lipidol.
2008;19:11�5.

23. Mattos RT, Medeiros NI, Menezes CA, Fares RC, Franco EP, Dutra
WO, et al. Chronic low-grade inflammation in childhood obesity
is associated with decreased IL-10 expression by monocyte sub-
sets. PLoS One. 2016;11:e0168610.

24. Merlin M, de Oliveira HH, Passos ME, Momesso CM, Dos Santos de
Oliveira LC, Santana JE, et al. Relationship between children
physical activity, inflammatory mediators and lymphocyte acti-
vation: possible impact of social isolation (COVID-19). Sport Sci
Health. 2021;17:431�9.

25. Christaki EV, Pervanidou P, Papassotiriou I, Bastaki D, Valavani E,
Mantzou A, et al. Stress, inflammation and metabolic bio-
markers are associated with body composition measures in
lean, overweight, and obese children and adolescents. Children
(Basel). 2022;9:291.

26. McCraty R, Shaffer F. Heart rate variability: new perspectives
on physiological mechanisms, assessment of self-regulatory
capacity, and health risk. Glob Adv Health Med. 2015;4:46�61.

27. Vanderlei LC, Pastre CM, J�unior IF, de Godoy MF. Fractal correla-
tion of heart rate variability in obese children. Auton Neurosci.
2010;155:125�9.

28. Vanderlei LC, Pastre CM, Freitas Jr IF, Godoy MF. Geometric
indexes of heart rate variability in obese and eutrophic chil-
dren. Arq Bras Cardiol. 2010;95:35�40. English, Portuguese.
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