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Heart Rate Variability, Blood Lipids and Physical Capacity of Obese
and Non-Obese Children
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Summary
Background: Obesity can affect the cardiac autonomic modulation, blood lipid levels and the physical capacity.

Objective: To study the effect of obesity on the heart rate variability (HRV), blood lipid levels and physical capacity of
obese children.

Methods: Thirty children aged 9 to 11 years were studied, divided in two groups: a) 15 obese children (O) aged 10.2 +
0.7 years and body mass index (BMI) between the 95th and the 97th percentiles; b) 15 non-obese children (NO) aged 9.8
+ 0.7 years and BMI between the 5th and 85th percentiles. All children were submitted to an anthropometric and clinical
assessment, analysis of the HRV at rest and a physical exercise protocol (PEP). Non-parametric tests were used to compare
the variables between the groups. The level of significance was set at p < 0.05.

Results: The waist circumference and levels of triglycerides were higher in O. The cardiac sympathetic activity in the
standing position in normalized units (LF n.u.) was higher in O, 71.4%, when compared to NO, 56.3%. The low frequency/
high frequency ratio (LF/HF) was 3.8 in O and 1.7 in NO. The PEP showed differences between the groups, with higher
values observed in NO children regarding the total distance, time of exposure to PEP, peak oxygen consumption (VO2
peak) and metabolic equivalent (MET).

Conclusion: Obesity in children resulted in alterations in cardiac autonomic control in the standing position and

decreased the physical capacity. (Arq Bras Cardiol 2007;88(6):624-628)
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Introduction

Obesity, considered a worldwide epidemic, is characterized
by the excessive accumulation of fat tissue in the body and its
causes are multifactorial, such as genetic susceptibility, sex,
age, occupation, diet and others’.

Basically, the type of obesity of which occurrence is not
associated to endocrinological diseases is strongly related
to the dietary imbalance resulting from the disequilibrium
between the ingestion and the daily need of nutrients to supply
the metabolism of a genetically susceptible individual®.

This specific type of obesity, called sociogenic or exogenous,
is caused by sociocultural factors, such as the modern lifestyle
itself, which predisposes to a lower energy consumption and
inadequate dietary habits and sedentary lifestyle’.

Considering that obesity is a pandemic, recognized at the
start of this century and with discouraging perspectives on
objective and effective programs directed at its control, all
investigations related to obesity become relevant’.
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In this context, there are studies® that emphasize the very
likely fact that children with excess weight might have a
decrease in their total number of years of life, mainly due to
the development of cardiovascular diseases in adult life, which
originate during infancy and childhood®.

Among these research lines, the ones that are currently
highlighted are those involving the accumulation of fat
tissue in the abdominal region”®, alteration in blood lipid
levels*?, low physical capacity'® and alterations in the cardiac
autonomic control""2,

The accumulation of fat tissue in the abdominal region
has definitely shown to be a better risk factor predictor for
cardiovascular disease and type Il diabetes mellitus than total
obesity’. Inversely, but supporting this theory, recent studies
have shown that moderate to high levels of cardiorespiratory
functional capacity in children are associated to presence of
lower abdominal adiposity™.

Thus, one of the most interesting possibilities for the
decrease in abdominal fat tissue content and, by extension,
for the prevention of type Il diabetes mellitus and total obesity
is the regular practice of physical exercises.

Individuals who practice physical exercises, in addition to
preventing future complications, also tend to present higher
maximum oxygen consumption (VO, ) or peak values (VO,
peak)', which are indicative of good cardiorespiratory functional
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capacity, with a significant impact on the quality of life.

Another aspect that has been the object of increasing
concern by researchers, although it remains controversial
regarding obesity in children, is the alteration in the cardiac
autonomic modulation'. There are some reliable studies that
suggest the occurrence of a decrease in the protective action
of the cardiac parasympathetic nervous system'", associated or
not with the increase in the action of the sympathetic tonus,
a potential cause of cardiac arrhythmias'>.

These studies are based on the use of an important analysis
tool, i.e., the heart rate variability -HRV'®, which, due to the
fact that it is non-invasive and increasingly more accurate, has
been largely used in the cardiovascular assessment of obese
adults and children™"”.

The cardiac autonomic alterations, as observed regarding
the accumulation of fat tissue in the abdominal region, have
also been related to the future occurrence of important
functional and metabolic disorders, such as systemic arterial
hypertension, diabetes mellitus, cerebrovascular accident,
acute myocardial infarction, among others'''2.

Based on these arguments, the present study sought to
comprehensively assess these main problems observed in
childhood obesity, emphasizing the investigation of the body mass
index (BMI), the distribution of body fat, blood lipid levels, HRV
at rest and physical capacity. The objective was to address the
most relevant current paradigms of the early influence of obesity
on the future onset of cardiovascular and metabolic diseases.
Therefore, itis believed that studies comprehensively addressing
all these questions can provide more information on the effect
of this important dysfunction on the cardiovascular system, so
that new therapeutic actions can be developed and applied to
the benefit of the affected population.

Methods

Thirty children aged 9 to 11 years were divided in two groups:
group A with 15 obese (O) children (8 boys and 7 girls), with
a mean age of 10.2 = 0.7 years and body mass index (BMI)
between the 95" and the 97" percentiles'; and group B, with 15
non-obese (NO) children (7 boys and 8 girls), with a mean age of
9.8 = 0.7 years and BMI between the 5" and 85" percentiles.

As inclusion criteria, the obese children presented BMI
in accordance with the previously established values and did
not present heart or metabolic diseases. They did not use any
medication that could interfere with the data. Additionally,
they had not practiced sports activities for at least two months,
except for physical education classes twice a week.

More information on the children’s daily activities was
obtained from interviews carried out with parents or tutors.
They were informed about the objectives of the study and
signed a free and informed consent form. The study was
approved by the Ethics Committee in Research involving
human beings of PUC-Campinas, Protocol number 138/06.

Procedures
Phase 1

Anthropometric and clinical assessments were carried out,
which consisted of weight, height and waist circumference
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(WC) measurements; the latter was obtained with a metric
tape. The AC measurement was performed with the participant
in the supine position, with the metric tape being positioned
on the participant’s waist, at the level of the umbilicus’.

The clinical examination comprehended the blood
collection, after a 12-hour fast, for the measurement of
cholesterol and triglyceride levels, according to conventional
methods®'?; BP measurement carried out with a mercury
column sphygmomanometer; HR frequency at rest and cardiac
and pulmonary auscultations.

Phase 2

After advising the parents or tutors as well as the children
that the latter should not practice sports activities in the 24
hours prior to the assessment, nor consume stimulants such
as coffee, tea, chocolate and carbonated beverages and that
they should have a good night’s sleep (of at least 8 hours), the
heart rate recording was performed, which corresponded to
the heart rate frequency at rest.

This recording was divided in two parts and carried out
between 4 and 5 PM to avoid the interference of the circadian
rhythm of the HR on the HRV. In the first part, the recording
lasted 12 minutes and was carried out in a relaxing and quiet
environment, with controlled temperature between 21°C
and 23°C, with the volunteer lying on a couch in the supine
position. Inthe second part, with the volunteer in the standing
position, the recording lasted seven minutes. In both situations,
the volunteer was advised not to move or speak.

The calculation of the HRV was avoided in the first two
minutes of the recordings in the supine as well as for the
standing position, as problems in signal stability and the onset
of artifacts that occur during this time period due to posture
adaptation can impair their interpretation®.

All' heart beats were recorded by a Polar S810i® heart rate
monitor and directed to an interface (IR® interface) through
infrared signals. The data obtained were sent to the computer
and the HRV analysis was carried out by the software programs
Polar Precision Performance®and Nevrokard® (Figure 1).

Phase 3

The submaximal progressive physical exercise protocol (PEP)
was carried out on a treadmill (super ATL — Inbrasport®) with the
initial velocity of 2.0 km/h, for two minutes, without inclination
and 0.5 km/h increments every subsequent minute.

During the protocol, all children had to achieve the
submaximal HR calculated using the formula: submaxHR
= 195 - age. When the test was completed, the treadmill
velocity was progressively decreased for 2 minutes, to allow
the adequate recovery of the cardiorespiratory and metabolic
functions. The VO, peak was calculated by obtaining the
metabolic equivalent values (MET) recorded on the display of
the treadmill at the moment of the peak exertion, multiplied
by 3.5, as 1 MET = 3.5 ml/O,/kg/min”'

Statistical analysis

The Student’s t test was used to compare between the means
of the anthropometric and the clinical variables; a p value < 0.05
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Figure 1 - Tachogram of the RR interval recording of a non-obese child in the supine position.

was considered statistically significant.

Regarding the HRV parameters, the non-parametric Mann-
Whitney test was applied, with a level of significance of p <
0.05, for the comparison between the groups.

Similarly, the data obtained from the PEP were analyzed.
The analysis of the HRV was based on the assessment of the
normal RRi extracted from the HR tachogram recordings.

Based on these recordings, the analysis of the time domain
(TD) and frequency domain (FD) were carried out. Fourier’s
rapid-transformation (FRT) algorithm was selected for the
analysis performed in the FD. For the TD, we calculated: a)
the mean RRi; b) the standard deviations of RRi in milliseconds
(ms) — SDNN; ¢) the root mean square successive difference
(RMSSD) between the RRi; d) the percentage of adjacent RRi
with a difference > 50 ms — pNN50.

For the FD, we calculated: a) the total power in ms?; b) the
low frequency (LF) and high frequency (HF) spectral component
values in ms? and in normalized units (n.u.); ¢) LF/HF ratio.

To calculate the normalized LF and HF units, the Task
Force?' methodology was used.

Results

Table 1 shows the anthropometric and clinical characteristics.
It is noteworthy the significant differences observed regarding
the BMI, AC, levels of HDL and triglycerides.

Table 2 shows the mean values and standard deviations
of HRV of O and NO children, compared intra-groups and
between groups, in the supine and standing position.

Regarding the variables obtained during the PEP, the data
are shown as box plots below (Figure 2 and Figure 3). The
NO children presented higher physical capacity determined
by the following variables in medians: a) distance achieved
at the progressive test, with 1.35 km in NO children when
compared to 0.96 km in O children; b) time of exposure to
the protocol, respectively, of 15 min and 37 s in NO, versus
12 min and 52 s in O children; c) VO, peak, with 33.6 ml/

Mean values and standard deviations of the
anthropometric and clinical assessment of obese and non-obese
children

Variables (ONb:s1e5) (NNo:-;)sb)ese t Test
BMI (kg/m?) 2391 17716 0.0001*
SAP (mmHg) 1146 £8.5 112.3+£10.1 0.3

DAP (mmHg) 728+79 713491 07

HR (bpm) 84.8+ 112 802+74 0.1

WC (cm) 74.8+4.5 57.848.1 0.0001*
(T;;“/' df;“"e“e“" 15614259 150.0£290 04

HDL (mg/dI) 498+77 59.4+9.3 0.04*
LDL (mg/dl) 91.7+£296 79.1+211 0.1
Triglycerides (mg/dl) 107.3£81.1 64.6 +25.6 0.01*

*p < 0.05; BMI - body mass index; SAP - systolic arterial pressure; DAP
- diastolic arterial pressure; HR - heart rate; WC - waist circumference;
HDL - high-density lipoprotein; LDL - low-density lipoprotein.

Arq Bras Cardiol 2009; 93(3) : 223-229

225



226

Paschoal et al
HRYV of obese children

Original Article

Mean values and standard deviations of HRV of obese and non-obese children in the supine and standing positions

Supine Standing
Time domain Obese Non-obese Obese Non-obese

(n=15) (n=15) (n=15) (n=15)
Mean RRi (ms) 735.7 + 87.6* 738.4 +65.1# 585.7 £ 62.7 586.3 £ 52.0
SDNN (ms) 64.9 £28.7* 68.6 + 23.7# 40.8 £16.9 65.1+93.6
RMSSD (ms) 64.9 £ 36.9% 69.9 + 29.8# 205+ 125 23.9+105
pNN50 (%) 15.7+ 10.3* 19.1 £ 8.9# 24142 37142
HR 84.8£11.2* 80.2 £ 7.4# 103.6 + 10.0 102.9+9.0
Frequency domain Ob_ese Non-t_)bese Obfsas Nao (:besas

(n=15) (n=15) (n=15) (n=15)
Total potency 36381.6 £29122.4 * 81739.1 + 173660.3# 29401.6 £ 35995.1 22150.4 +10588.3
BF (ms2) 1319.4 £ 1326.2* 1234.5 £ 939.2# 744.3 £ 644.2 659.0 + 506.5
HF (ms2) 1887.6 £1730.1* 2065.8 + 1343.2# 314.3+£391.4 388.7£2428
LF (u.n) 431 +14.4* 37.9+13.9# 714+1387 56.3 + 18.8
HF (u.n) 56.8 + 14.4* 62.0 £ 13.9# 28.9+137 3711141
LF/HF Ratio 0.8+0.5% 0.6+ 0.4# 38+3971 1.7+09

*p<0,05 - obese supine x obese standing; # p < 0.05 - non-obese supine x non-obese standing; 1 p<0.05 - obese standing x non-obese standing.

O,/kg/min"' in NO and 15.7 ml/O,/kg/min"'in O children; d)
metabolic equivalent (MET) value, which was 9.6 for NO and
4.5 for O children.

Discussion

Childhood obesity of sociogenic cause has progressively
increased in the last years in practically all countries and it has
been observed that among the several factors responsible for
that, the association of bad dietary habits and sedentary life
style has a predominant role'.

In this context, several studies have appeared with different
lines of research, although with a single objective, i.e.,
contribute to a better quality of life of obese individuals. These
studies seek to bring new information on the development
of mechanisms to improve the prevention and treatment of

cardiovascular and metabolic diseases caused by obesity.

In the present study, important factors regarding the early
detection of problems resulting from obesity and potential
causes of future diseases, such as the accumulation of fat
tissue in the abdominal region and blood lipid levels, HRV
and reduced physical capacity were studied.

Measurements of abdominal fat have shown to be excellent
risk predictors for cardiovascular disease and type 2 diabetes
mellitus, being even more emphasized than total fat and
BMI. It is known, for instance, that the WC values, measured
according to Ferndndez et al*?, have the same assessment
precision for the intra-abdominal and subcutaneous fat as
those measurements obtained through magnetic resonance
imaging used in children and adolescents.

In the present condition, we chose to study the presence of
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Figure 2 - Values of the total distance walked (kilometers) and the time of protocol exposure (seconds) presented by the group of obese (n=15) and non-obese
children (n=15) during the performance of the submaximal continuous progressive exercise test. The horizontal line in the center of the box plot represents the
median value and the 1st and 3rd quartiles are present, delimitating the size of the box plots. The maximum and minimum values are represented by the vertical

lines, delimitated in their extremities by horizontal lines.
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Figure 3 - Estimated peak oxygen consumption (VO, peak) values and respective metabolic equivalents (MET) obtained at the moment of peak exertion developed
by the obese (n=15) and non-obese children (n=15) during the performance of the submaximal continuous progressive exercise test. The horizontal line inside
the box plot represents the median value and the 1st and 3rd quartiles are present, delimitating the size of the box plots. The maximum and minimum values are
represented by the vertical lines, delimitated in their extremities by horizontal lines.

abdominal fat through the analysis of the WC measurements
in O children and we observed that they were higher when
compared to those in NO children. Considering that the height
was not different between the groups, one can conclude
that the fact that the O group presented higher WC values
significantly contributed to the increase in the BMI values.

Table 1 also shows blood lipid levels of all volunteers.
The concern about such values is based on the fact that the
atherosclerotic disease is one of the main causes of morbidity
and mortality in adult individuals, although with a tendency
to affect increasingly younger individuals in developing
countries, without effective prevention programs®. Equally,
the known cause-effect relation between high levels of LDL
and atherosclerosis, demonstrated in clinical trials, emphasizes
the importance that must be given to such values since
childhood?.

According to Willians et al**, childhood obesity is known for
being associated with abnormal blood lipid levels, including
total cholesterol levels > 170 mg/dl, high levels of triglycerides
and low HDL cholesterol levels.

The levels of triglycerides presented by the children in the
O group were significantly higher; however, total cholesterol
levels were not different from those observed in the NO group.
On the other hand, HDL levels were significantly higher in
children from the NO group. In summary, we concluded that:
a) both groups presented lipid levels that were compatible with
normality; b) LDL levels did not differ between the groups and
c) the children from the NO group presented higher HDL and
lower triglyceride levels.

Still regarding the values shown in Table 1, we can verify
that, although there are studies which show higher values
of HR as well as SAP™ and DAP* at res in O children when
compared to NO children, such fact was not observed in the
present study. Perhaps the number of studied children, the
methodology used to classify them as obese and the lack of
equality between the analyzed age ranges might explain the
occurrence of differences in the results among the studies.

Regarding the HRYV, it is known that RR interval (RRi)
variations present during controlled resting conditions
represent a powerful and sensitive method to analyze the

mechanisms of cardiac autonomic control beat by beat**? .
Therefore, and for being capable of expressing the cardiac
sympathetic and parasympathetic action?!, the HRV was
analyzed in two body positions that require different
autonomic adjustments.

Table 2 shows a significant difference in the comparison of
HRV in the two body positions, disclosing that the standing
position reduced the parasympathetic tonus and increased
the cardiac sympathetic tonus in both groups.

The HRV in the supine position was not different between
the groups, which differs from the study carried out by Sekine
etal®. In this study, carried out with 7 obese and 9 non-obese
children, aged between 8 and 9 years of age, a significant
decrease in the cardiac parasympathetic nervous activity in
O children was observed, represented by the decrease in
the value of the high frequency component in normalized
units (HF n.u.), whereas the values of cardiac sympathetic
component (LF n.u.) showed to be significantly higher when
compared to NO children.

Other studies with a higher number of volunteers, such as the
one by Rabbia et al*’, which studied 50 children with a mean
age of 13.9 = 1.7 years, also showed significantly higher values
of the LF component in the obese individuals, when compared
to 12 healthy adolescents, thus suggesting that obesity can cause
an increase in the cardiac sympathetic tonus.

Riva et al'* suggested that the obese adolescents can present
a sympathovagal dysfunction, characterized by a decrease in
the parasympathetic activity and increase in the sympathetic
activity, results that are similar to those obtained by Brunetto
et al”, who found lower HF (n.u.) and higher LF (n.u.) values
in obese adolescents, when compared to eutrophic ones.

The study carried out by Martini et al'', however, using a
long-term recording (24 hours), observed lower values of HF
components (n.u.) and of the LF/HF ratio during the 24 hours
in the obese individuals. The time domain measurements
concerning the vagal activity were also lower.

It is noteworthy that, of all these studies, only one analyzed
the HRV in children in the same age range as the ones in the
present study, which could be one of the factors responsible
for the lack of similarity regarding the values found in the

Arq Bras Cardiol 2009; 93(3) : 223-229
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present study and the others.

Differently from the tests on postural change, such as the
tilt table test**3" or the active postural change test?, both used
to evaluate the cardiac reflex response involving the arterial
baroreceptors, the objective of the HRV assessment in the
standing position was to analyze the RRi in this functional
condition, but only after the cardiocirculatory adjustments were
established and the hemodynamic condition was stable.

It was observed that the O children, in spite of presenting
the same HR values as the NO children, showed a different
cardiac autonomic adjustment, with higher sympathetic activity
demonstrated by the LF values (n.u.) and LF/HF ratio.

The study of the HRV in the two functional conditions
allowed us to infer that: a) they can be used for clinical
investigation on the cardiac autonomic modulation of children
in this age range; b) the O children, in spite of having a
different autonomic modulation in the standing position,
presented HR values that were similar to those observed in
the NO group.

The PEP used to evaluate the cardiorespiratory functional
capacity (CRFC) of the children was the submaximal
progressive type. We decided to use a submaximal protocol
to avoid exposing the children to extreme exertion, as studies
developed by our group had shown differences in CRFC
between O and NO children, even at submaximal exertion
intensities?.

All the variables studied during the PEP were significantly
higher in the NO group, even when considering that, although
both groups had the same number of children, the NO group
had one boy less. In this case, in particular, it is important to
mention that the literature is clear when stating that boys in
the studied age range have a higher VO, peak or VO,max
than girls*2.

Although the children from the O group reached the
same HR peak values as the ones from the NO group, that
fact happened during a shorter time of exposure to the
PEP showing that their HR increased faster and that the
chronotropic reserve was used earlier, consequently resulting
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Conclusion
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