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Abstract

Background: Recent studies have identified that a higher resting heart rate (RHR) is associated with elevated
blood pressure, independent of body fatness, age and ethnicity. However, it is still unclear whether RHR can also
be applied as a screening for other risk factors, such as hyperglycemia and dyslipidemia. Thus, the purpose of the
presented study was to analyze the association between RHR, lipid profile and fasting glucose in obese children
and adolescents.

Methods: The sample was composed of 180 obese children and adolescents, aged between 7-16 years. Whole-
body and segmental body composition were estimated by Dual-energy X-ray absorptiometry. Resting heart rate
(RHR) was measured by heart rate monitors. The fasting blood samples were analyzed for serum triglycerides, total
cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), and
glucose, using the colorimetric method.

Results: Fasting glucose, TC, triglycerides, HDL-C, LDL-C and RHR were similar in both genders. The group of obese
subjects with a higher RHR presented, at a lower age, higher triglycerides and TC. There was a significant
relationship between RHR, triglycerides and TC. In the multivariate model, triglycerides and TC maintained a
significant relationship with RHR independent of age, gender, general and trunk adiposity. The ROC curve indicated
that RHR has a high potential for screening elevated total cholesterol and triglycerides as well as dyslipidemia.

Conclusion: Elevated RHR has the potential to identify subjects at an increased risk of atherosclerosis
development.
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Background
Over the last few decades obesity has reached epidemic
proportions and become one of the major public health
targets worldwide. Several researches indicate that obe-
sity tracks from childhood to adulthood and constitutes
a risk factor in the development of chronic diseases [1].
A high amount of body fatness is responsible for releas-
ing a great amount of inflammatory adipokines into the
bloodstream which has an important role in the patho-
genesis of many chronic diseases [2,3], and also in the
changes of sympathetic and parasympathetic activity in

children and adolescents, which can result in an
increased resting heart rate (RHR) [4-7].
In adults, the use of RHR as screening index for cardi-

ovascular risk has been postulated [8,9] and supported
by studies that reported its relationship to mortality,
independent of abdominal obesity [10,11], but few stu-
dies are found which focus on the obese pediatric
population.
Recently, Fernandes et al. [6] identified that a higher

RHR was associated with elevated blood pressure, in
both lean and obese male children and adolescents,
independent of age and ethnicity, however, it is not
clear if RHR can also be applied as a screening for other
risk factors, such as hyperglycemia and dyslipidemia.
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Thus, the purpose of the present study was to analyze
the association between RHR, lipid profile and fasting
glucose in obese children and adolescents.

Methods
Sample
One hundred and eighty obese children and adolescents
(97 male and 83 female), aged between 7-16 years, from
Presidente Prudente, western Sao Paulo State, Brazil,
were analyzed. The subjects were invited, through televi-
sion and newspaper advertising, to participate in an
intervention program, with physical activity and nutri-
tional orientation, for obese boys and girls (in the pre-
sent study only the initial data was used).
The participants were contacted initially by phone,

after which an appointment was made in order to take
measurements at the Campus of the Universidade Esta-
dual Paulista - UNESP. Primary obesity diagnosis was
made using body mass index (BMI) according to the
cutoffs proposed by Cole et al. [12]. After the prelimin-
ary diagnosis of obesity, the following inclusion criteria
were used to select the subjects: i) aged between six and
17 years; ii) no engagement in regular physical activity
within the three months prior to the study; iii) no lim-
itations on physical activity diagnosed by a medical doc-
tor; iv) a consent form signed by parents/guardians to
participate in the study. The present research was
approved by the Ethical Research Expert Committee of
the Universidade Estadual Paulista - Campus of Presi-
dente Prudente (protocol number 087/2008).

Dual-energy X-ray absorptiometry (DEXA)
Whole-body and segmental body composition were esti-
mated by Dual-energy X-ray absorptiometry (Lunar
DPX-NT scanner [Lunar DPX-NT; General Electric
Healthcare, Little Chalfont, Buckinghamshire, United
Kingdom]) software version 4.7. Fat free mass (FFM),
trunk fat mass (TFM) and percentage of body fatness (%
BF) were measured. The DEXA and RHR measurements
were made, on the same day, in a temperature-con-
trolled room, in a laboratory at the University.

Resting heart rate
Portable heart rate monitors (S810; Polar Electro, Kem-
pele, Finland) were used to measure RHR (expressed as
beats per minute [beats/min]), which was monitored
during two 30-second periods (with a three minute
interval between them) in the sitting position. All mea-
surements were registered after five minutes at rest in a
quiet room with a constantly controlled temperature [8].
For statistical analysis, values of RHR were stratified
into quartile: Quartile 1 (< 72 beats per minute [bpm]),
Quartile 2 (72 - 78.4 bpm), Quartile 3 (78.5 - 84.9 bpm)
and Quartile 4 (≥85 bpm).

Blood samples
Blood samples were collected with tubes containing
EDTA and after a fasting night (10-12 hours). All col-
lected blood samples (performed by nurses) and bio-
chemical analyses were done in a private laboratory.
The fasting blood samples were analyzed for serum tri-
glycerides, total cholesterol (TC), high-density lipopro-
tein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), and glucose, using the colorimetric
method. Blood glucose ≥100 mg/dL was characterized
as high blood glucose. Modifications in lipid profile
were identified as: TC ≥170 mg/dL, LDL ≥130 mg/dL,
HDL < 45 mg/dL or triglycerides ≥130 mg/dL [13]. The
presence of, at least, one lipid modification was used to
characterize the dyslipidemia diagnosis.

Pubertal stage
The stage of puberty was self-assessed by the partici-
pants. The subjects received a standardized series of
drawings to assess their own pubertal development.
Girls received drawings of the five stages of Tanner
breast and female pubic hair development with appro-
priate descriptions accompanying the drawings. Boys
received drawings showing the five Tanner stages of
genitalia and pubic hair development, with appropriate
written descriptions [14,15]. The participants were asked
to select the drawing of the stage that best indicated
their own development (in cases where there was diver-
gence between genitalia/breast stage and pubic hair
stage [6% of the cases; n = 11], the genitalia/breast stage
was adopted as pubertal stage). The results were placed
by each subject in a locked box to guarantee the integ-
rity and anonymity of the subjects, and only the main
researcher had access to them.

Statistical Analysis
Mean and standard deviation were used as central ten-
dency and dispersion measures, respectively. Students’
tests and one-way analysis of variance followed by a
Tukey’s multiple comparison test were used in the com-
parisons among independent groups. The Pearson pro-
duct-moment correlation coefficient was used to analyze
the association between RHR and biochemical variables.
In a multivariate regression model, all biochemical vari-
ables with p ≤ 0.20 were simultaneously inserted, which
should explain which biochemical variables could be
used as a function of RHR (expressed as beta values [b];
adjusted by age, gender, %BF, pubertal stage and TFM).
The receiver-operating characteristic (ROC) curve is a
valuable tool for the assessment of the accuracy of diag-
nostic tests and provides a powerful means with which
to assess the test’s ability to discriminate between the
true-positive ratio (sensitivity) and the true-negative
ratio (specificity) [16]. For categorical analyses, the chi-
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square test (c2) was used to determine the existence of a
significant association between RHR quartiles and dysli-
pidemia. Statistical significance was set at < 5% and sta-
tistical software SPSS version 13.0 (SPSS Inc, Chicago,
Illinois) was used for all analyses.

Results
Table 1 shows the general characteristics of the sample
stratified by sex. There was an average age of 11.2 ± 2.7
years, which was similar in both sexes. The males were
taller, heavier and presented a higher amount of trunk
fat. Comparisons of the %BF, between the sexes, were
on the borderline of statistical significance. Fasting glu-
cose (p = 0.064), TC (p = 0.640), triglycerides (p =
0.254), HDL-C (p = 0.271), LDL-C (p = 0.637) and RHR
(p = 0.169) were similar in both sexes. Pubertal stages
were similar in both boys and girls.
Table 2 presents values of age and biochemical analy-

sis distributed per quartile of RHR. The group of obese
subjects with a higher RHR presented lower ages, higher
triglycerides and TC. There was a similarity in trunk fat,
fasting glucose, HDL-C, %BF and LDL-C.
A statistical relationship was observed between RHR

and triglycerides and RHR and TC, but not between
RHR and LDL-C (Table 3). In the multivariate model,
only triglycerides and TC maintained a significant rela-
tionship with RHR, independent of age, pubertal stage,
sex, general and trunk adiposity. There was a significant
relationship between pubertal stage and TC (r = -0.15; p
= 0.046), %BF (r = 0.19; p = 0.012), TFM (r = 0.60; p =
0.001) and RHR (r = -0.26; p = 0.001); but not for HDL-
C, LDL-C, fasting glucose and triglycerides.
The ROC curve indicated that RHR has limited poten-

tial for screening elevated LDL-C (AUC: 0.584 ± 0.044;
p = 0.052), but high potential for screening elevated

total cholesterol (AUC: 0.609 ± 0.042; p = 0.014) and
triglycerides (AUC: 0.650 ± 0.042; p = 0.001), as well as
dyslipidemia (AUC: 0.658 ± 0.052; p = 0.010) (Figure 1).
Finally, the number of modifications in lipid profile was
inversely associated with RHR quartile (p = 0.001; Figure
2, Panel A) and the occurrence of dyslipidemia was
higher in the higher quartile for resting HR (p = 0.027;
Figure 2, Panel B).

Discussion
The present study was carried out on obese children
and adolescents, of both sexes, and identified that RHR
has a significant relationship to dyslipidemia.
Previous studies have identified that, in children and

adolescents, the chronological age is inversely related to
RHR [6,17]. Al-Qurashi et al. [5] proposed age-specific
reference values of RHR to Saudi children/adolescents,
and identified that the RHR values were lower in adoles-
cents than in children. A possible explanation for this is
the alteration in the autonomic cardiac control, which is
age dependent.
Previous studies carried out on subjects from birth to

24 years observed changes in the autonomic nervous
system in accordance with nutritional status and advan-
cing age [18,19]. They observed that sympathetic and
parasympathetic activity increase in infants but, in chil-
dren and adolescents, there is a great decrease in sym-
pathetic activity and only a slight decrease in
parasympathetic activity. Therefore, the lower cardiac
sympathetic activity in children and adolescents may
explain the reduction in the RHR values [5,6,17]
observed in the present study, and support the necessity
to adjust the statistical analyzes by age.
In this obese sample, both elevated occurrences of

dyslipidemia (85.6%) and elevated blood pressure (17.8%

Table 1 General characteristics of obese children and adolescents (n = 180)

Variables Overall sample
(n = 180)

Male
(n = 83)

Female
(n = 97)

p*

Mean ± SD Mean ± SD Mean ± SD

Age(years) 11.2 ± 2.7 11.2 ± 2.6 11.1 ± 2.7 0.740

Height(cm) 150.1 ± 13.0 153.0 ± 13.8 149.1 ± 12.1 0.044

Weight(kg) 67.0 ± 19.2 71.9 ± 21.7 62.8 ± 21.7 0.001

FFM(kg) 33.5 ± 9.5 36.7 ± 10.8 30.7 ± 7.1 0.001

TFM(kg) 13.9 ± 5.0 14.8 ± 5.7 13.0 ± 4.2 0.017

%BF 45.7 ± 5.8 44.7 ± 5.6 46.2 ± 4.8 0.069

Pubertal Stages (%) 0.454§

I 36.1 36.1 36.1

II 16.7 19.3 14.4

III 21.7 24.1 19.6

IV 16.7 12 20.6

V 8.9 8.4 9.3

*= Students’ test for independent samples; § = chi-square test; SD = standard-deviation; FFM = Fat-free mass; TFM = Trunk Fat Mass; %BF = percentage of body
fat.
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[data not shown]) were observed. In fact, scientific lit-
erature has linked dyslipidemia and arterial hypertension
to increased adiposity in children and adolescents
[6,20,21]. In pediatric obesity, the endothelial dysfunc-
tion occurs due to a state of increased oxidative stress
and the action of the vascular cells adhesion molecules
[20,21]. Moreover, the above mentioned inflammatory
mechanisms are strongly related to dyslipidemia [22].
Our data agrees with previous research, in which there
is an elevated occurrence of the components of meta-
bolic syndrome in obese Brazilian youths [23]. Caranti
et al. [23] identified that metabolic syndrome has a
higher occurrence in obese Brazilian youths (34.8% in
boys and 15.6% in girls) than in obese Italian youths
(23.6% in boys and 12.5% in girls). The above mentioned
data reinforces the dramatic necessity to implement
effective public health action, targeting the prevention of
pediatric obesity in developing nations.
It is well established that the practice of regular physi-

cal activity improves the production of superoxide dis-
mutase and nitric oxide [24,25] and, in turn, that

regular physical activity from an early age, prevents the
development of cardio-metabolic and cardiovascular dis-
eases in adulthood [26]. In the present study, the seden-
tarism of the sample participants could be a factor in
justifying the elevated occurrence of dyslipidemia and
elevated blood pressure.
Research has shown an increased sympathetic activity

in obese individuals [27-29]. Similarly, even in healthy
normal weight subjects, the venous infusion of non-ester-
ified fatty acids increases central sympathetic activation
[30], while weight loss decreases sympathetic activity
[31,32]. Our findings indicate the potential of RHR to
screen dyslipidemia in obese children and adolescents.
On the other hand, the observed relationship between
tachycardia and dyslipidemia is not as simple to explain,
because it is affected by many pathways and the causality
in these biological mechanisms is still not clear [2].
The actual function of some adipokines that affect the

insulin binding by blocking the insulin receptor sub-
strates-1 activation, stimulate the lipolysis and contri-
bute to development of dyslipidemia, was recently
described [2]. These adipokines increase the production
of reactive oxygen species in the brain, through activa-
tion of the nicotine adenine dinucleotide hydrogen
phosphatase oxidase, increasing the oxidative stress in
rostral ventrolateral medulla, which determinates the
basal sympathetic activity [33,34]. In fact, recent studies
have reported that the status of oxidative stress affects,
positively, the sympathetic nervous system activation,
which is responsible for the increase of RHR [33,34].
In our study, fasting glucose was not related to RHR.

Oda and Kawai [10] identified, in a large sample of Japa-
nese adults, increased fasting glucose in subjects with a
higher RHR. Likewise, our results do not support these
results, because our sample was composed exclusively of
obese children and adolescents and further studies are
necessary to clarify this issue.

Table 3 Univariate and linear regression to describe the
relationship between resting heart rate and metabolic
variables in obese children and adolescents (n = 180)

Independent
variables

Pearson’s
correlation

Linear
regression

R p b* p

Glucose(mg/dL) -0.008 0.916 — —

Triglycerides(mg/dL) 0.215 0.004 1.105 0.005

Total cholesterol
(mg/dL)

0.189 0.011 0.613 0.014

HDL-C(mg/dL) 0.035 0.644 — —

LDL-C(mg/dL) 0.118 0.115 0.327 0.148

*adjusted by gender, age, percentage of body fat, trunk fat and pubertal
stages; SE = standard error; HDL-C = high density lipoprotein; LDL-C = low
density lipoprotein.

Table 2 General characteristics of obese children and adolescents stratified by resting heart rate quartiles (n = 180)

Resting Rate Heart (beats/min)

Q1 (n = 44) Q2 (n = 44) Q3 (n = 45) Q4 (n = 47)

Variables < 72 72-78.4 78.5-84.9 ≥85 p*

Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Age(years) 12.4 ± 2.5a 10.9 ± 2.4 11.1 ± 2.6 10.2 ± 2.4 0.001

TFM (kg) 15,5 ± 5,1 13,4 ± 3,5 12,8 ± 5,5 13,5 ± 5,3 0.061

%BF 45.7 ± 5.8 46.1 ± 5.1 45.2 ± 4.3 44.9 ± 5.5 0.776

Glucose(mg/dL) 82.1 ± 5.5 81.8 ± 7.3 80.5 ± 5.9 82.3 ± 5.4 0.541

TG(mg/dL) 107.4 ± 40.9a 106.5 ± 51.1a 118.9 ± 48.1 140.9 ± 62.2 0.006

TC(mg/dL) 162.3 ± 32.4a 155.7 ± 30.9a 166.5 ± 28.1 178.3 ± 33.1 0.006

HDL-C(mg/dL) 43.4 ± 11.1 43.3 ± 10.1 43.1 ± 10.4 43.9 ± 9.3 0.978

LDL-C(mg/dL) 97.5 ± 29.3 91.1 ± 29.2 99.7 ± 24.3 106.2 ± 31.3 0.091

*= One-way analysis of variance;a= Tukey’s test compared with Q4 (p < 5%); SD = standard-deviation; TFM = Trunk Fat Mass; %BF = percentage of body fat; TG =
triglycerides; TC = total cholesterol; HDL = high density lipoprotein; LDL = low density lipoprotein.
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Figure 2 Association between quartiles of resting heart rate and metabolic variables in obese children and adolescents.

Figure 1 Characteristics of resting heart rate to screen metabolic dysfunctions in obese children and adolescents.
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A positive aspect of the present study is the analysis of
TFM by DEXA. The inclusion of TFM in the multivari-
ate model was important because this adipose tissue is
related to the increased release of adipokines related to
many pro-inflammatory mechanisms [2,3]. Moreover,
our data indicated an important relationship between
sexual maturity and higher TC, lower RHR and higher
body fatness and, therefore, to take into account the
pubertal stage in the analysis (instead of only chronolo-
gical age) makes the findings more consistent, because
sexual maturity is strongly related to factors that directly
affect the RHR and lipid profile (e.g. hypertrophy/hyper-
plasia of adipose tissue, increased release of hormones
and adipokines) [35].
On the other hand, some limitations must be pointed

out. The cross-sectional design does not offer support
to causality statements and, therefore, prospective stu-
dies from childhood to adolescence are necessary to
describe more accurately the longitudinal relationship
between RHR and dyslipidemia. The absence of inflam-
matory markers related to oxidative stress and, the
absence of insulin measures to screen more clearly the
relationship between RHR and glucose metabolism
should be considered in future research.

Conclusions
In summary, we conclude that increased RHR was sig-
nificantly associated with dyslipidemia in obese children
and adolescents and that elevated RHR offers potential
to screen subjects at an increased risk of atherosclerosis
development. However, longitudinal and epidemiological
surveys should be carried out to develop optimal cutoff
values for RHR in pediatric populations.
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