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Cardiovascular and metabolic risk markers are related to
parasympathetic indices in pre-pubertal adolescents
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Abstract Objective: To analyse the relationship between different heart rate variability indices, resting heart rate,
and cardiovascular markers in adolescents. Methods: A cross-sectional study was carried out with information from
an ongoing cohort study. The sample was composed of 99 adolescents who complied with the following inclusion
criteria: aged between 11 and 14 years; enrolled in a school unit of elementary education; absence of any known
diseases; no drug consumption; and a formal consent signed by the parents or legal guardians. Weight, height,
heart rate variability, lipid profile, inflammatory markers, blood pressure, resting heart rate, intima-media
thickness, blood flow, and trunk fatness were measured. Partial correlation and linear regression (expressed by 3
and 95% confidence intervals [95%CI]) analyses were used to analyse the relationships between the variables.
Results: In the linear regression analysis, even after adjustments for sex, age, trunk fatness, and somatic matura-
tion, parasympathetic activity presented significant correlations with maximum carotid artery blood flow
(B=-0.111[95%CI = -0.216; -0.007]), systolic blood pressure (= -0.319 [95%CI = -0.638; -0.001]), and
resting heat rate (f=-0.005 [95%CI=-0.009; -0.002]). Conclusion: Parasympathetic activity at rest is
inversely related to maximum and minimum blood flow, triacylglycerol levels, and systolic blood pressure. These
findings suggest that heart rate variability has the potential to discriminate pre-pubertal adolescents at
increased risk.
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ARDIOVASCULAR DISEASES CONSTITUTE A PUBLIC
health problem in both developed and devel-

simple and non-invasive marker for identifying
disorders in autonomic patterns through oscillations

oping nations around the world." Therefore,
great effort has been made to identify non-invasive
and inexpensive tools to screen individuals at
increased risk for cardiovascular diseases. With this
in mind, heart rate variability has been used in
different studies in order to analyse autonomic
modulation patterns,” principally because it is a

Correspondence to: S. U. Cayres, MSc, Department of Physical Education,
Roberto Simonsen Street 305, 19060900 Presidente Prudente, Sdo Paulo, Brazil.
Tel: +183 229 5400; Fax: (18) 3221 4391; E-mail: suziungari@yahoo.com.br

https://doi.org/10.1017/51047951115000141 Published online by Cambridge University Press

between consecutive heartbeat intervals.”

In recent years, studies have linked heart rate varia-
bility in adults with increased risk of hospitalisation
and early mortality;’ “ however, most of these studies
involved adults with some previous cardiovascular
complication — for example, acute m?focardial infarc-
tion and acute coronary syndrome — 4 and it is not
clear whether these results can be applied to healthy
populations.

In paediatric populations, although heart rate
variability has been related to higher adiposity and
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blood pressure,””” its use in children and adolescents
seems greatly affected by maturational variables.
Despite this, however, most studies investigating the
issue do not take maturational variables into account,
using chronological age instead.®”

Moreover, outcomes directly related to autonomic
modulation, such as resting heart rate, have been
indicated as promising cardiovascular risk factors in
paediatric populations;® however, it is not clear
whether these different variables — resting heart
rate and heart rate variability indices, such as high
frequency and the root mean square of successive
differences, both indicators of parasympathetic
activity in the frequency and time domain, respec-
tively — although biologically linked, are similarly
related to cardiovascular outcomes. Thus, more
scientific effort should be made to overcome the
limitations observed in previous studies, instead
of merely discussing these limitations without any
significant advances in the issue.

The aim of this study was to analyse the relation-
ship of the parasympathetic index and resting heart
rate with cardiovascular risk markers in adolescents.

Materials and methods

Sample

The present study constitutes the baseline measures
of a cohort study, carried out in Presidente Prudente
city (200,000 inhabitants; western Sdo Paulo State,
Brazil) from July to November, 2013. Initially, a
minimum sample size was estimated (r=0.26, 80%
of power and & of 5%),"" which identified the need to
recruit at least 86 adolescents. In the sampling pro-
cess, seven large public and private schools in the
metropolitan area of the city were invited to partici-
pate in the study, and of these three schools agreed to
participate. In the participating schools, there were
495 school children with a chronological age between
11 and 14 years, who were invited to participate in
the cohort. Among all, 120 adolescents agreed to
participate and fulfilled all the following inclusion
criteria: aged between 11 and 14 years; regularly
enrolled in the school unit; absence of any known
diseases; not consuming drugs; signature of parents
or legal guardians. In the present study, 21 patients
were excluded because they did not complete all the
measurements, and thus the final sample size com-
prised 99 adolescents.

The study had been previously approved by
the Human Research Ethics Committee (process:
322.650/2013) of the Universidade Estadual Paulista,
Presidente Prudente, Brazil, and was in accordance
with the National Health Council (Resolution no.

466/12).
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Heart vate variability

Heart rate variability was analg)sed using a heart rate
monitor (model RS800; Polar™, Kempele, Finland).
Each heartbeat was monitored for 30 minutes at rest
in a laboratory at the university (supine position,
spontaneous breathing, on a stretcher). Electrodes
were positioned at the xiphoid process of the sternum.
The receptor device (clock) was placed on the wrist and
the arms were extended alongside the body. All the
adolescents were instructed to avoid caffeine con-
sumption and physical activity for 24 hours before
testing.” Evaluations were petformed in the morning
in order to avoid possible influences of circadian
thythm in an acclimatised room with an ambient
temperature of 25°C (£1°C).

Heart rate variability analysis was performed using
the linear method in the time and frequency
domains.” In the time domain, the root mean square
of successive differences was used, expressed in mil-
liseconds. In the frequency domain, the spectral
components of high frequency (0.15-0.40 Hz) were
used, in normalised units. All data were downloaded
using Polar Pro Trainer software, version 5.41.002.
The method for filtering data was performed in two
stages: automatic fileer by the Polar Pro Trainer
software, version 5.41.002 and manual filter to select
extreme artefacts.” A thousand heartbeat intervals®
were analysed and only series of >95% sinus beats
were evaluated. The heart rate variability indices were
calculated using the software Kubios, version 2.0."

Biochemical variables

Blood samples were collected in the morning, after
12 hours of fasting, by a nurse in a private laboratory,
which met all the quality-control standards adopted by
the Brazilian Health Ministry. High-density lipoprotein
cholesterol; low-density lipoprotein cholesterol; and
triacylglycerol levels were measured using an enzymatic
colorimetric kit processed in an Autohumalyzer
(Dimension RxL. Max model Siemens; Dade-Behring
Deerfield, Illinois, USA). The high-sensitivity C-reactive
protein was determined through the turbidimetric
method (LABEST brand model LabMax 240 Chema
Diagnostica, Monsano, Italy) using an enzyme kit
(Millipore, St. Charles, MO, United States of America) —
intra- and inter-assay coefficients ranging between 4.6
and 6.0 kit %, respectively.

Blood pressure and resting heart vate

Systolic and diastolic blood pressure, as well as resting
heart rate were assessed using the oscillometric method
in an automatic device (Intellisense model HEM 742
INT; Omron Healthcare Inc., Bannockburn, Illinois,
United States of America), validated by Christofaro
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et al'® and used in adolescents.® All measurements
were performed after 10 minutes at rest in the
seated position. A cuff of appropriate size for the arm
citcumference — aged under 13 years [child size]
(6X 12 cm) and aged 13 years or over [medium size]
(9 X18 cm) — was wrapped around the midpoint of the
humerus of the right arm. Adjustments were made
where necessary for obese adolescents with an arm
circumference greater than that of their age group. In
all, three measurements were taken, separated by an
interval of 1 minute, and the average of the final two
measurements was considered as the blood pressure.14

Intima-media thickness and blood flow

The intima-media thickness and (maximum and
minimum) blood flow of the carotid and femoral
artery were assessed by a trained doctor using
a Doppler ultrasound device (model Philips HD
11 XE; Philips, Brazil), equipped with a high-
resolution, multi-frequency linear transducer, set
to 12MHz, in a private hospital in the city.
All recommendations of the Brazilian Society of
Cardiology'> were adopted for this procedure. The
common carotid artery and femoral artery (right side)
were evaluated to estimate intima-media thickness;
in other words, the distance between two echogenic
lines that show the lumen/intima interface and
media/adventitia of the arterial wall.'® When testing
the common carotid artery, the neck was slightly
hyper-extended and inclined at an angle of 45°. To
assess the femoral artery, the adolescent’s leg was
stretched out on the bed and the measurement was
taken near the inguinal line.

The images were interpreted in real time by the
doctor and stored in a digital file; the medical doctor
did not know the results of the other tests performed
for this study. The study of the vessels started with a
B-mode ultrasound picture, evaluating the structure
of the arterial wall, for wall thickening and any
plaque, followed by studies with a pulsed and colour
Doppler (spectral mode).

Measurements of the blood flow in centimetres
per second were carried out, obtaining maximum
values of systolic peaks (maximum blood flow) and
minimum diastolic pressure (minimum blood flow)
in the common carotid and common femoral arteries,
both in the right side, using an automatic method
with minimal adjustments when necessary.
Reproducibility of ultrasound measurements were
performed in a sub-sample (n =16 adolescents) and
scores ranged from ICC=0.57 to ICC=0.91.

Trunk fatness

Trunk fatness — that is, percentage of fat in the trunk
region — was assessed using a dual-energy X-ray
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absorptiometry scanner (Lunar DPX-NT; General
Electric Healthcare, Little Chalfont, Buckinghamshire,
United Kingdom) with GE Medical System Lunar
software, version 4.7; this variable being expressed as a
percentage. The scanner quality was tested by a trained
researcher before each measurement, in accordance
with the manufacturer’s recommendations. Following
this stage, an examination of the entire body was
performed. Throughout the test, the patients wore
light clothing, without shoes, and remained in the
supine position on the machine, remaining immobile
for ~15 minutes.

Biological maturation and other information

In the face-to-face interview, ethnicity — white, black,
oriental, and other — sex, and chronological age were
established. In addition, body weight was measured
using an electronic scale (Filizzola PL 150 model;
Filizzola Ltda, Sao Paulo, Brazil), and height was
measured using a wall-mounted stadiometer (Sanny
model; American Medical of the Brazil Ltda,
Sao Paulo, Brazil). The cephalic trunk height and leg
length — stature minus cephalic trunk height — were
also measured. These measurements were used to
calculate the somatic maturation using sex-specific
equations proposed by Mirwald et al.'” The result of
these equations denotes the time (in years) before
(negative values) or after (positive values) the estimated
peak height velocity (maturity offset). All anthropo-
metric measurements were performed according to
standardised techniques.

Statistical analyses

Descriptive statistics were composed of minimum and
maximum values, means and a 95% confidence interval
(95%CI), median, and interquartile range. The bivari-
ate Pearson correlation and its 95%CI were used to
analyse the relationship among the variables. Second,
partial correlations and linear regression (expressed by
B and 95%CI) were performed, controlled by sex, age,
trunk fatness, and somatic maturation. Statistical
significance was set at 5% (p-value <0.05), and all
statistical analyses were performed using the software
BioEstat (version 5.0, Tefé, Amazonas, Brazil).

Results

In the present study, the overall sample was com-
posed of 99 adolescents of both sexes (49 boys), aged
between 11 and 13 years (mean age 11.6 = 0.7 years).
In general, the adolescents were >2 years before
their peak height velocity (maturity offset: mean:
-2.2[95%CI: -2.5; -2.2]). All descriptive data are
shown in Table 1.
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Table 1. Descriptive statistics of the study variables (Presidente Prudente, Sio Paulo, Brazil, 2013).

Descriptive statistics

Variables (Min; Max) Mean (95%CI) Median (IR)
Cardiovascular
CIMT (mm) (0.40; 0.71) 0.46 (0.44; 0.47) 0.45 (0.05)
FIMT (mm) (0.28; 0.83) 0.39(0.37; 0.41) 0.39 (0.09)
Min Bflowyeociq (cm/second) (18.8; 83.6) 36.4 (34.4; 38.4) 36.5 (8.5)
Max Bflow a;oriq (cm/second) (66; 200) 138.4 (132.2; 144.7) 140.0 (35)
Min Bflowg o (cm/second) (1.0; 116.0) 9.7 (6.3; 13.0) 1.9 (13.8)
Max BloWemora (cm/second) (96; 265) 152.3 (145.6; 158.9) 151.0 (40)
SBP (mmHg) (95.0; 151.0) 112.7 (110.4; 115.1) 113.3 (15.3)
DBP (mmHg) (43.3; 113.0) 69.9 (67.5;72.2) 68.3 (13.0)
RHR (beats/minute) (53.3; 82.0) 78.8 (76.0; 81.6) 77.0 (13.7)
Metabolic
HDL-c (mg/dl) (30; 81) 49.4 (46.7, 52.1) 48.2 (16)
LDL-c (mg/dl) (51; 143) 94.5 (89.7; 99.3) 95.3 (30)
TG (mg/dl) (33; 247) 85.2(75.9; 94.6) 76.6 (49)
Inflammatory marker
hsCRP (mg/L) 0; 12) 1.57 (1.10; 2.04) 0.53 (2)
Adjustment
Age (years) (11; 13) 11.6(11.4;11.8) 12.0 (1)
Maturity offset (years) (-6.0; -0.9) -2.2(-2.5;-2.2) -2.3(0.9)
TF (%) (10.0; 52.0) 32.7 (30.1; 35.2) 33.5 (18.9)
HRV
rMSSD (ms) (9.9; 108.0) 42.8 (38.5; 47.0) 45.7 (25.9)
HF (v) (6.3;76.2) 46.0 (42.6; 49.3) 46.2 (20.5)

CIMT = carotid intima-media thickness; DPB = diastolic blood pressure; FIMT = femoral intima-media thickness; HDL-c = high-density lipoprotein
cholesterol; HF = high frequency; HRV = heart rate variability; hsCRP = high-sensitivity C-reactive protein; IR = interquartile range; LDL-c = low-
density lipoprotein cholesterol; Max = maximum; Max Bflow g = maximum blood flow of carotid artery; Max Bflow.yra) = maximum blood flow of

femoral artery; Min = minimum; Min Bflow ,iq = minimum blood flow of carotid artery; min Bflowg.ora = minimum blood flow of femoral artery;
RHR = resting heart rate; tMSSD = root mean square of successive differences; SBP = systolic blood pressure; TF = trunk fatness; TG = triacylglycerol;

95%CI = confidence interval of 95%

There were negative correlations between the root
mean square of successive differences index and sys-
tolic blood pressure (r=-0.271 [95%CI= -0.445;
-0.078]); the root mean square of successive differences
index and triacylglycerol (r=-0.268 [95%CI = 0.075;
0.442]); and the root mean square of successive
differences index and trunk fat (r=-0.262 [95%CI =
-0.437; -0.068]). Furthermore, there were positive
relationships between resting heart rate and systolic
blood pressure (r=0.352 [95%CI=0.166; 0.514]),
diastolic blood pressure (r=0.431 [95%CI=0.255;
0.579)]), and trunk fat (r=0.331 [95%CI=0.143;
0.496]). There was statistical significance between
high frequency and maximum blood flow of the
carotid artery (r=-0.204 [95%CI=-0.386;
-0.007]); and between high frequency and systolic
blood pressure (r=-0.235 [95%CI=-0.413;
-0.039]) (Table 2).

For the partial correlations controlled by sex, age,
trunk fatness, and biological maturation, there was
statistical significance between the root mean square
of successive differences index and triacylglycerol
(t=-0.224 [95%CI = -0.404; -0.028]); high fre-

quency and minimum blood flow of the carotid artery
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(r=-0.255 [95%CI = - 0.431; -0.061]); high fre-
quency and maximum blood flow of the carotid
artery (r=-0.249 [95%CI=-0.425; -0.054]);
and high frequency and high-density lipoprotein
cholesterol (r=-0.209 [95%CI= -0.390; -0.012]).
There were positive correlations between resting heart
rate and systolic blood pressure (r=0.398 [95%
CI=0.218; 0.552]) and diastolic blood pressure
(r=0.430 [95%CI=0.254; 0.578) (Table 3). In the
linear regression analysis, the parasympathetic indices
were significantly related to resting heart rate,
maximum blood flow of the carotid artery, and systolic
blood pressure. Resting heart rate and diastolic blood

pressure were still significantly related in the multi-
variate model (Table 4).

Discussion

Our results show that parasympathetic activity at rest
in the domains analysed — time and frequency — is
related to lower blood pressure, triacylglycerol, trunk
fatness, and blood flow in pre-pubertal adolescents.
In parallel, resting heart rate presented a positive
relationship with blood pressure and trunk fatness.
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Table 2. Relationship between autonomic modulation and cardiovascular risk markers of health in adolescents (Presidente Prudente, Sio

Paulo, Brazil, 2013).
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rMSSD {r (95%CI)} (ms)

HF {r (95%CD} (v)

RHR {r (95%CI)} (beats/minute)

Cardiovascular markers
CIMT (mm)
FIMT (mm)
Min Bflow ,oiq (cm/second)
Max Bflow ,;oiq (cm/second)
Min Bflowg o (cm/second)
Max Blowemoral (cm/second)
SBP (mmHg)
DPB (mmHg)
RHR (beats/minute)
Metabolic
HDL-c (mg/dl)
LDL-c (mg/dl)
TG (mg/dl)
Inflammatory marker
hsCRP (mg/L)
Adjustment
Age (years)
Maturiy offset (years)
TF (%)

0.040 (-0.159; 0.236)
-0.138 (-0.327; 0.061)
-0.027 (-0.233; 0.171)
-0.006 (-0.203; 0.192)
-0.102 (-0.292; 0.097)
-0.069 (-0.263; 0.130)
-0.271 (-0.445; -0.078)
-0.171 (-0.356; 0.027)
-0.374 (-0.532; -0.191)

0.052 (-0.147; 0.247)
-0.014 (-0.211; 0.184)
-0.268 (0.075; 0.442)

-0,018 (-0,215; 0,180)
0.065 (-0.134; 0.259)

0.140 (-0.059; 0.328)
-0.262 (-0.437; -0.068)

-0.067 (-0.261; 0.132)
-0.137 (-0.326; 0.062)
-0.185 (-0.369; 0.013)
-0.204 (-0.386; -0.007)
0.004 (-0.194; 0.201)
0.028 (-0.170; 0.224)
-0.235 (-0.413; -0.039)
-0.010 (-0.207; 0.188)
0.009 (-0.189; 0.206)

-0.114 (-0.305; 0.085)
-0.154 (-0.341; 0.045)
-0.069 (-0.263; 0.130)

0.111 (-0,088; 0,302)
0.078 (-0.121; 0.271)

0.166 (-0.032; 0.352)
-0.115 (-0.305; 0.084)

-0.006 (-0.203; 0.192)
0.090 (-0.109; 0.282)
0.052 (-0.147; 0.247)

-0.057 (-0.252; 0.142)
0.102 (-0.097; 0.294)
0.092 (-0.107; 0.284)
0.352 (0.166; 0.514)
0.431 (0.255; 0.579)

-0.176 (-0.361; 0.022)
0.057 (-0.142; 0.252)
-0.051 (-0.246; 0.148)

0.140 (-0.059; 0.328)
-0.147 (-0.335; 0.052)

-0.180 (-0.364; 0.018)
0.331 (0.143; 0.496)

CIMT = carotid intima-media thickness; DPB = diastolic blood pressure; FIMT = femoral intima-media thickness; HDL-c = high-density lipoprotein
cholesterol; HF =high frequency; HRV = heart rate variability; hsCRP = high-sensitivity C-reactive protein; LDL-c = low-density lipoprotein choles-
terol; Max Bflow i = maximum blood flow of carotid artery; Max Bflowora = maximum blood flow of femoral artery; Min Bflow,.oiq = minimum
blood flow of carotid artery; Min Bflow.meras = minimum blood flow of femoral artery; » = correlation coefficient of Pearson; RHR = resting heart rate
rMSSD = root mean square of successive differences; SBP = systolic blood pressure; TF = trunk fatness; TG = triacylglycerol; 95%CI = confidence
interval of 95%

Table 3. Relationship adjusted for sex, age, TF, and maturity offset between autonomic modulation and cardiovascular risk markers of health

in adolescents (Presidente Prudente, Sao Paulo, Brazil, 2013).

rMSSD {[r (95%CI)} (ms)

HF {r (95%CD} (v)

RHR {r (95%CI)} (beats/minute)

Cardiovascular markers
CIMT (mm)
FIMT (mm)
Min Bflow,,orig (cm/second)
Max Bflow ,,oiq (cm/second)
Min Bflowgporar (cm/second)
Max BAow . moral (cm/second)
SBP (mmHg)
DBP (mmHg)
RHR (beats/minute)
Metabolic
HDL-c (mg/dl)
LDL-c (mg/dl)
TG (mg/dl)
Inflammatory
hsCRP (mg/L)

0.046 (-0.153; 0.241)
-0.085 (-0.278; 0.114)

0.023 (-0.175; 0.219)
-0.028 (-0.224; 0.170)
-0.077 (-0.270; 0.122)

0.073 (-0.129; 0.267)
-0.128 (-0.317; 0.071)
-0.009 (-0.206; 0.189)
-0.291 (-0.462; -0.099)

~0.031 (-0.227; 0.167)
0.061 (~0.138; 0.255)
~0.224 (-0.404; -0.028)

0.096 (-0.103; 0.288)

-0.079 (-0.272; 0.120)
-0.136 (-0.325; 0.063)
-0.255 (-0.431; -0.061)
-0.249 (-0.425; -0.054)
0.006 (-0.192; 0.203)
0.091 (-0.108; 0.283)
-0.081 (-0.274; 0.118)
0.116 (-0.083; 0.306)
0.077 (0.122; 0.270)

-0.209 (-0.390; -0.012)
-0.134 (-0.323; 0.065)
-0.034 (-0.230; 0.165)

0.186 (-0.012; 0.370)

0.082 (-0.117; 0.275)
0.060 (-0.139; 0.254)
-0.127 (-0316; 0.072)
-0.124 (-0.314; 0.075)
0.143 (-0.056; 0.331)
-0.009 (-0.206; 0.189)
0.398 (0.218; 0.552)
0.430 (0.254; 0.578)

-0.188 (-0.372; 0.010)
-0.076 (-0.269; 0.123)
-0.162 (-0.348; 0.037)

-0.009 (-0.206; 0.189)

CIMT = carotid intima-media thickness; DPB = diastolic blood pressure; FIMT = femoral intima-media thickness; HDL-c = high-density lipoprotein cho-
lesterol; HF = high frequency; HRV = heart rate variability; hsCRP = high-sensitivity C-reactive protein; LDL-c = low-density lipoprotein cholesterol; Max
Bflow 04 = maximum blood flow of carotid artery; Max Bflowg.,or = maximum blood flow of femoral artery; Min Bflow,oq = minimum blood flow of
carotid artery; Min Bflowg.oras = minimum blood flow of femoral artery; = correlation coefficient of Pearson; RHR = resting heart rate; tMSSD = root mean
square of successive differences; SBP = systolic blood pressure; TF = trunk fatness; TG = triacylglycerol; 95%CI = confidence interval of 95%

These outcomes could indicate that both heart rate
variability and resting heart rate are notably linked to
cardiovascular risk in paediatric populations.

In this study, trunk fatness was negatively related to
the root mean square of successive differences index.
The literature shows that increased adipose tissue has
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Table 4. Adjusted linear regression between autonomic modulation and cardiovascular risk markers of health in adolescents (Presidente
Prudente, Sdo Paulo, Brazil, 2013).

rMSSD {f (95%CID)} (ms)* HF [B (95%CD} W)* RHR {f (95%CI)} (beats/minute)*

Cardiovascular markers

Max Bflow ,qiq (cm/second) - -0.111 (-0.216; -0.007) -

SBP (mmHg) -0.004 (-0.009; 0.002) -0.319 (-0.638; -0.001) 0.200 (-0.052; 0.453)
DPB (mmHg) 0.475 (0.238; 0.711)
RHR (beats/minute) -0.005 (-0.009; -0.002) —

Metabolic
TG (mg/dl) -0.001 (-0.003; 0.001) -

DPB = diastolic blood pressure; HF = high frequency; Max Bflow g = maximum blood flow of carotid artery; RHR = resting heart rate; tMSSD = root

mean square of successive differences; SBP = systolic blood pressure; TG = triacylglycerol; f = linear regression; 95%CI = confidence interval of 95%

*Adjusted by sex, age, trunk fatness, and maturity offset

been related to worse autonomic modulation.” This
pathway can be explained, at least partially, by the
function of the sympathetic nervous system on the
adrenal gland, stimulating the secretion of catechola-
mines — adrenaline and noradrenaline — which are
responsible for hpolys1s in adipose tissue via adreno-
ceptors B 1 and B 2."® In the same form, this path-
way can be directly associated with triacylglycerol
serum, as well as sympathetic hyperactivity stimulating
the absorption of low-density lipoprotein cholesterol
in endothehal cells, contributing to atherosclerotic
formation.'® It is noteworthy that our sample was
composed only of pre-pubertal adolescents who had not
experienced the growth spurt, which dramatically
increases the quantity of adipose tissue in a relatlvely
short period of time (mainly in obese patients)'” and
which would boost the harmful effects of adiposity
during later adolescence.

In parallel, the root mean square of successive
differences index was inversely related to systolic
blood pressure in both the domains analysed — that is,
time and frequency. Our results are in concordance
with previous literature, which shows that vagal
response can be reduced by excess body fat and high
blood pressure.” Besides this, such autonomic beha-
viour could be related to blood flow in response to
cardiac output and resting heart rate. In our study it
was found that regardless of adjustments — that is,
for sex, age, trunk fat, and maturity offset — the
maximum blood flow of the carotid artery was related
to parasympathetic activity, and this fact may be
explained by the influence of resting heart rate on
blood pressure, indirectly associated with blood flow
velocity. Besides this, resting heart rate demonstrated
a positive relationship with trunk fatness and blood
pressure, regardless of adjustments for sex, age, trunk
fat, and maturity offset. This fact seems to be affected
by the interaction between body fat and blood flow,
which is related to blood pressure.

On the other hand, carotid intima-media thickness,
femoral intima-media thickness, and high-sensitivity
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C-reactive protein were not significantly related to
autonomic modulation. Regarding intima-media
thickness, the vessel’s architecture is modified
throughout life and ageing acts on this morphological
process, which can be exacerbated if behavioural
risk factors are incorporated 1nto hfestyle such as
smoking and physical inactivity.”*?" Similar effects
on intima-media thickness have been observed
from early life when the effects of cardiorespiratory
fitness”' and physical exercise’>*> are considered.
A possible explanation for the absence of significant
relationships could be based on the fact that these
types of morphological outcomes have been observed
in older adolescents, after the effects of the growth
spurt on adipose tissue, ** and young adults exposed
over the years to behav1oural risk factors.””*' More-
over, in our study, the sample was not composed of
obese adolescents, affecting high-sensitivity C-reactive
protein concentrations, and half of the adolescents
reported participating in organised sports practice
outside school (data not shown).

In addition, high-density lipoprotein cholesterol
presented negative correlations with the root mean
square of successive differences index and high
frequency, but this response was regardless of the
adjustment only in the frequency domain. The direct
relationship between high-density lipoprotein cho-
lesterol and the parasympathetic indices demon-
strates the protective importance of this lipoprotein
in tackling illnesses assoc1ated with vasculature, for
instance, atherosclerosis.”” A significant review
showed that the atherogemc process can begin in the
first decade of life?® and that high-density lipoprotein
cholesterol has an essential function, principally to
stimulate the enzyme expression of the endothelial
nitric oxide synthase, and that physical CXCI'CISC is
associated with reverse cholesterol transport.”’ Taken
together, these facts could be related to vasodilatation
of the smooth muscle of the blood vessel mediated by
oxide nitric.”>*® Furthermore, higher high-density
lipoprotein cholesterol can also be related to a
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predominance of parasympathetic activity and lower
lipolysis rate, and thus can promote amelioration in
the lipid profile. This autonomic behaviour, however,
still requires further research.

The adjustment by biological maturation is a
strong point of this study. The role of maturational
processes is noteworthy in the analysed outcomes.”’
For example, prematurity is associated with some
alterations in myocardial tissue Doppler velocity in
preterm, and therefore it has the potential to influ-
ence the heart rate variability index in childhood.””
On the other hand, the burden of the interaction
between prematurity and genetics/behavioural factors
on heart rate variability is still unclear, and future
studies are necessary to assess this issue.

Some limitations need to be clarified: the cross-
sectional design of the baseline measures should be
taken into account, because it does not offer support to
causal relationships among outcomes; the adolescents
breathed spontaneously, and thus there was no control
of breathing rate, and this fact may have promoted
alterations in the high frequency index; moreover, the
absence of reproducibility measurements related to
heart rate variability should be taken into account, as in
this study parents were reluctant to bring adolescents to
the laboratory twice to perform the same measurement.
Finally, measurements of insulin resistance might be
useful to understand the biological pathways behind
our results and should be considered for future studies.

In conclusion, our data suggest that, independent
of maturation and trunk fatness, parasympathetic
activity and resting heart rate are related to different
cardiovascular outcomes. Apparently, both variables
could be used to screen different cardiovascular
outcomes in paediatric populations.
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