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Abstract
The objectives of this study were to verify, first, if arterial stiffness indices can discriminate between obese and healthy
children. Second, to evaluate arterial stiffness index predictors and hemodynamic parameters in obese children. Arterial
stiffness indices evaluated were pulse wave velocity (PWV), central systolic blood pressure (SBPc), and central pulse pres-
sure (PPc). A cross-sectional, descriptive, comparative study design was used. The sample consisted of 78 normal-weight
children (8.1 +1.96 years) and 58 obese children (9.0 +1.87 years). PWV, PPc, and SBPc were significantly higher in the
group of obese children than in the control group. The ROC curve analysis showed that maximum PWYV and SBPc sensitiv-
ity and specificity in differentiating obese from non-obese children occurred at 4.09 m/s and 86.17 mmHg, respectively.
PPc did not exhibit a discriminatory capacity between the two groups. Peripheral systolic blood pressure (SBPp), peripheral
pulse pressure (PPp), and PPc (R*=0.98) were predictors of increased PWV. Augmentation pressure, PPp, and reflection
coefficient (R2 =0.873) were predictors of PPc. Age, augmentation index, total vascular resistance, cardiac index, and mean
fat percentage (R>=0.801) were predictors of SBPc.

Conclusion: This study shows for the first time that PWV >4.09 m/s and SBPc > 86.17 mmHg are cut-off points associated
with a higher risk of obesity. These results indicate that the simple, rapid, and noninvasive measurement of arterial stiffness
adds prognostic information regarding cardiovascular risk, in addition to increased body mass index.

What is Known:
o Overweight and obesity are strongly associated with comorbidities que contribute to the development of cardiovascular diseases.
What is New:
o This is the first study to show that PWV and SBPc can discriminate obese from non-obese children. These results show that, in addition to
an increased BMI, a simple, rapid, and noninvasive measurement of arterial stiffness adds prognostic information on cardiovascular risk.
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HR Heart rate
TIPAQs Internacional physical activity questionnaire

short version
NO Nitric oxide

OSA Obstructive sleep apnea

DBPp Peripheral diastolic blood pressure

PedsQL 4.0 Pediatric Quality of Life Inventory, Version
4.0

PPA Pulse pressure amplification (pPP/cPP ratio)

PPp Peripheral pulse pressure

SBPp Peripheral systolic blood pressure

PWV Pulse wave velocity

RC Reflection coefficient

SV Systolic volume

TVR Total vascular resistance

WHtR Waist-to-height ratio

Introduction

Obesity is a chronic multifactorial disease associated with
genetic, nutritional, hormonal, socioeconomic, and environ-
mental factors [1]. It can affect all age groups and has a
significant impact on physical and mental health [2]. The
prevalence of childhood obesity has increased exponentially
worldwide [3]. In Brazil, a recent meta-analysis by Ferreira
et al. (2021) showed that the prevalence of obesity increased
over 3 decades (1990: 6.5%; 2000: 7.9%; and 2010: 12.0%).
It is higher in boys than in girls, increases with age, and is
more prevalent in developed Brazilian regions [4].

Obesity is associated with eating disorders, depression,
and anxiety, including body image distortions [2]. Some
studies have exhibited worse aspects of quality of life in
obese children and adolescents, compared to those with nor-
mal weight [5, 6]. As for physical health, physical inactivity
stands out as an important contributor to increased cardio-
vascular risk, in addition to being independently associated
with the development of chronic diseases [7, 8].

Among the complications of obesity, we highlight accel-
erated vascular aging, called arterial stiffness, which is an
independent predictor for cardiovascular diseases (CVD),
cognitive functional decline, and chronic kidney disease
[9]. Arterial stiffness is part of a natural vascular aging pro-
cess, but it can be accelerated by obesity, insulin resistance,
and diabetes [10]. Pulse wave velocity (PWV), measured
between the carotid and femoral arteries, is the gold standard
for arterial stiffness analysis. Despite several studies dem-
onstrating an increased PWYV in this population, there are
conflicting reports in the literature regarding this statement
[11]. Hudson et al. demonstrated that increased adiposity
is associated with higher PWV in obese adolescents [12].
Castro et al. observed that central systolic blood pressure
(SBPc) and central pulse pressure (PPc), also considered to
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be indices of arterial stiffness, are higher in obese than in
non-obese children and adolescents, regardless of dyslipi-
demia, arterial hypertension, or a sedentary lifestyle [13].
Increased body mass index (BMI) alone has been associ-
ated with increased peripheral SBP (SBPp) and SBPc and
reduced myocardial perfusion.

To our knowledge, no study has verified whether arterial
stiffness indices were able to discriminate between obese
and non-obese children, nor to identify the associated pre-
dictors of arterial stiffness indices in a single measure. In
addition to increased BMI, the results of this study may
provide prognostic information on cardiovascular risk. The
identification of arterial stiffness index predictors may assist
with the implementation of preventive actions and early
treatment in this population, averting irreversible cardio-
vascular system damage.

Materials and methods

This is a cross-sectional, prospective, and comparative study
with children aged 5-12 years from a Basic Health Unit
evaluated between November 2020 and October 2021. The
exclusion criteria were children using continuous medica-
tion or diagnosed with diabetes, kidney diseases, cardiores-
piratory diseases, or obstructive sleep apnea (OSA). The
International Study of Asthma and Allergies in Childhood
[14] and the Obstructive Apnea Syndrome in Child-18 [15]
questionnaires were respectively used to identify asthma and
OSA, which are common in this age group.

A total of 136 patients were evaluated. In a subse-
quent statistical analysis, the data presented 90% of nor-
mal approximation for all tests comparing arterial stiffness
indices at a 5% significance level. Sociodemographic vari-
ables and socioeconomic class were assessed by means of
the questionnaire of the Brazilian Association of Research
Companies [16].

Participants were classified as normal-weight or obese in
terms of age and sex by means of the BMI z-score distribution
curves as recommended by the World Health Organization [17].
Waist circumference was measured, and the waist-to-height
ratio (WHtR) was calculated. The percentage of body fat (%BF)
was determined by triceps and subscapular skinfold measure-
ments by two examiners using a skinfold caliper (Cescorf tradi-
tional clinical model), and calculation was carried out in terms
of the equation proposed by Slaughter et al. [18]. Patients were
also evaluated regarding their pubertal development and clas-
sified according to Tanner [19].

Cardiovascular parameters were performed according to
previous studies by our group [20-23]. They were meas-
ured using the Mobil-O-Graph pulse wave analysis moni-
tor (Mobil-O-Graph, IEM, Stolberg, Germany), which was
clinically validated for peripheral and central blood pressure
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measurements [24]. The central or aortic pulse wave is gen-
erated from the peripheral oscillatory pulse wave using
an algorithm that integrates arterial impedance and aor-
tic hemodynamics in a mathematical model (ARC Solver
algorithm). The ARC Solver method calculates PWV after
analyzing the aortic pulse wave and its decomposition into
ejection and reflection waves. AIx@75 is the percentage
between augmentation pressure and PPc (AIx@75 = AP/
PPcx 100).

Habitual physical activity was assessed using the short
version of the International Physical Activity Questionnaire
(IPAQs) [25], and the Pediatric Quality of Life Inventory
(PedsQL™) version 4.0 (pedsQL-4.0) questionnaire was
used to assess quality of life [26].

Statistical analysis

The data were presented in frequency tables with absolute fre-
quencies and their respective percentages and descriptive meas-
ures (mean, median, standard deviation, minimum, maximum,
and 25th and 75th percentiles) for quantitative data. The nor-
mality of the variables was tested by the Kolmogorov—Smirnov
test. Parametric tests were used for variables with a normal dis-
tribution (#-test for independent groups, and one-way ANOVA),
and the Mann—Whitney test was used for those without a nor-
mal distribution.

The Chi-square test was used for the association of categori-
cal variables. For numerical variables, Pearson’s correlation
coefficient was used for parametric data, and Spearman’s corre-
lation was used for non-parametric data. Multiple linear regres-
sion models were built by the stepwise method. The necessary
assumptions (normality, independence, and homoscedasticity
of residuals) were evaluated in all models, as well as multicol-
linearity by the variance inflation factor (VIF). Variables that
presented a p-value lower than 0.20 in univariate analysis and
correlation coefficients above 0.25 entered the multiple regres-
sion model. The ROC curve of the three main arterial stiffness
indices—PWYV, SBPc, and PPc—was used to discriminate
obese from non-obese children. A 5% significance level was
set in all tests; therefore, comparisons whose p-value was less

than or equal to 5% were considered significant. The SPSS
software version 25.0 was used for the analyses.

The present study was approved by the FCM-MG Research
Ethics Committee (CAAE: 38,379,520.6.0000.5134). Par-
ents or guardians provided written informed consent.

Results

The sample consisted of 136 patients, 58 obese
(9.0 +1.87 years old) and 78 with normal weight
(8.1 +1.96 years old) classified by BMI. The groups were
similar in terms of sex (p =0.400) and age (p =0.060). Of
the girls, 53.4% were obese and 46.2% had normal weight.
The economic class level was lower in the normal-weight
group (D/E class, 21.8%) than in the obese group (D/E
class, 3.5%) (p <0.001) and did not influence any arterial
stiffness measurements. Quality of life was not associ-
ated with any significant difference between obese and
normal-weight participants. As for development, the nor-
mal-weight group consisted of one postpubescent child
(1.28%), 25 pubescent (32.05%), and 52 prepubescent
(66.67%) children. The obese group had seven postpubes-
cent (12.07%), 22 pubescent (37.93%), and 29 prepubes-
cent (50%) children.

SBPp and DBPp were significantly higher in the obese
group (106.67 mmHg and 62.23 mmHg) than in the
normal-weight group (100.11 mmHg and 56.74 mmHg)
(p <0.001). Similar results were observed for SBPc and
DBPc (p=0.001), which were significantly higher in the
obese group (95.51 mmHg and 64.19 mmHg) than in the
normal-weight group (88.29 mmHg and 58.41 mmHg).
PPp and pulse pressure amplification (PPA) did not differ
between groups. On the other hand, PPc was significantly
higher in the obese (31.41 mmHg) than in the normal-
weight group (30.00 mmHg) (p <0.031). Similarly, with
regard to SBPc and PPc, obese children presented a sig-
nificantly higher PWV (4.4 m/s) than normal-weight chil-
dren (4.19 m/s) (p <0.001). Augmentation pressure did
not differ between groups (Table 1). As for hemodynamic

Table 1 Comparison of arterial stiffness indices between obese and normal-weight children (control)

Arterial stiffness indices ~ Obese (n=58) Control (n=78) p-value
Mean (SD) Median Min—-Max  Mean (SD) Median (IQR) Min—-Max

PWYV (m/s) 4.40 (0.26) 4.40 (4.23-4.87) 3.6-5.0 4.19 (0.27) 4.18 (3.97-4.67) 3.6-5.0 <0.001?

cPP (mmHg) 31.41 (4.83) 31.50 (27.67-39.33) 20.3-41.3  30.00 (5.30)  28.67 (26.042.33) 20.3-41.3 0.031°

c¢SBP (mmHg) 95.51 (7.75) 95.00 (89.33-108.33)  74.0-13.0 8829 (7.04)  89.17 (82.6-98.67) 72.3-100.0 <0.001%

PWYV pulse wave velocity, cPP central pulse pressure, cSBP central systolic blood pressure, Min minimun, Max maximun, /QR interquartile

range
aStudent T test
"Mann—Whitney test

@ Springer



1406

European Journal of Pediatrics (2023) 182:1403-1415

08 /

7

04

Sensitivity

02

00
00 02 04 06 08 10

1- Specificity
A: PWV. AUC: 0.729 (95%Cl: 0.645 — 0.813)

Sensitivity: 0.931, Specificity: 0.590; Cutoff: 4,09 m/sec

ey

J
IR
T

04

Sensitivity

0.2

00
0,0 02 04 06 08 10

1- Specificity
B: SBPc. AUC: 0.744 (95%Cl: 0.661 — 0.827)
Sensitivity: 0.931 e Specificity: 0.551; Cutoff: 86.16

Fig. 1 ROC curve of pulse wave velocity (PWV) and central systolic blood pressure (cSBP)

parameters, stroke volume and cardiac output were sig-
nificantly higher in the obese group (49.15 ml and 4.33 I/
min) compared to the control group (46.29 ml and 3.95 1/
min). In contrast, the cardiac index was significantly lower
in the obese group (3.2 I/min/m?) than in the control group
(4.13 I/min/m?) (p<0.001). HR and total vascular resist-
ance (TVR) did not differ between groups.

ROC curve analysis showed that the maximum PWV
and SBPc sensitivity and specificity in differentiating
obese and non-obese children occurred at 4.09 m/s and
86.17 mmHg, respectively (Fig. 1). The ROC curve for
PPc showed no good discriminatory capacity in differen-
tiating obese and non-obese children.

The association of sociodemographic and anthropometric
variables, as well as of cardiovascular parameters and arte-
rial stiffness indices (PWYV, PPc, and SBPc) in obese chil-
dren are shown in Tables 2, 3, and 4, respectively. Figures 2,
3, and 4 represent the associations of different variables
with PWYV, SBPc, and PPc, respectively.

Table 2 shows that age and BMI had a direct and
moderate correlation with PWV. Waist-to-height ratio
(WHtR) and body fat percentage were weakly correlated
with PWV. AIx@75 and augmentation pressure also were
weakly correlated with PWV. SBPc and SBPp presented
direct and high-intensity correlations with PWV. PPc and
PPp correlated positively and at medium intensity with
PWV.

@ Springer

Factors associated with PPc are shown in Table 3. PPp
and augmentation pressure showed a high and positive
correlation with PPc. The associations of PPc with PWYV,
Alx @75, and reflection coefficient were positive and mod-
erate. As expected, PPA was negatively correlated with PPc.

Age, BMI, and body fat percentage showed a direct and
moderate correlation with SBPc. Waist-to-height ratio was
weakly correlated with SBPc. SBPp and PWV showed direct
and high-intensity correlations with SBPc. AIx@75, aug-
mentation pressure, and reflection coefficient were weakly
correlated with PWV. PPA and cardiac index were nega-
tively correlated with PPc (Table 4).

The multiple linear regression analysis to predict the
behavior of PWYV, PPc, and SBPc is presented in Table 5.
PWYV was positively associated with SBPp and PPc and
negatively associated with PPp. SBPp had the greatest
effect (highest standardized coefficient) on PWV. The three
variables together explain a 98% increase in PW'V.

The predictors of PPc were augmentation pressure, PPp,
and reflection coefficient. PPp had the greatest effect (high-
est standardized coefficient) on PPc. The three variables
together explain an 87.3% increase in PPc.

Age, AIx@75, TVR, cardiac index, and body fat percent-
age were directly associated and increased SBPc values.
Increasing age had the greatest effect (higher standardized
coefficient) on SBPc. The five variables together explain an
80.1% increase in SBPc.
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Tab!e 2 Associa.tion between PWV BMI p-value
sociodemographic and
anthropometric characteristics, Obese (n=58)
m o0z v
other arterial stiffness indices Female 4.40(0.28)
with PWV in obese children Age (years) 0.443* ¢

Body mass index (kg/m?) 0.408* ¢

Waist-to-height ratio 0.208 ¢

Body fat (%) 0.301* ¢

IPAQs High activity (n=15) 4.29 (0.33) 0.126°

Moderate activity (n=22) 4.46 (0.21)
Low activity (n=21) 4.42(0.22)

Peripheral vascular parameters

SBPp (mmHg) 0.977*°¢

PPp (mmHg) 0.524%* ¢

Central vascular parameters

SBPc (mmHg) 0.927% ¢

PPc (mmHg) 0.476* 4

Stiffness parameters

AIx@75 (%) 0.348* ¢

Pulse pressure amplification 0.082 ¢

Reflection coefficient 0.200 ¢

Augmentation pressure (mmHg) 0.307* ¢

Hemodynamic parameters

Total vascular resistance (s*mmHg/ml) 0.243 ¢

Cardiac index (l/min/mz) —-0.226 ¢

Heart rate (bpm) 0.240 ¢

BMI body mass index, IPAQs International Physical Activity Questionnaire Short form, SBPp peripheral
systolic blood pressure, PPp peripheral pulse pressure, SBPc central systolic blood pressure, PPc central
pulse pressure, AIx@ 75 augumentation index normalize to heart rate of 75 bpm

*Significant comparison (p <0.05)
4Student T test

°One way ANOVA

“Pearson’s correlation

dSpearmaln’s correlation

Discussion

The present study shows for the first time that PWV and
SBPc can differentiate between obese and non-obese chil-
dren. In addition, we identified the predictors of increased
PWYV, SBPc, and PPc in this population.

PWYV has been suggested as a noninvasive measurement
to assess vascular health, especially in pediatric patients
at risk for cardiovascular disease [27]. Corroborating the
studies by Koopman et al. and Urbina et al. [28, 29], the
present study demonstrated a significantly higher PWV in
the obese group. Contrary to these findings, Charakida et al.,
Lurb et al. and Dangardt et al. [30-32] found significantly
lower PWYV in obese children compared to the control group.
According to Dangardt et al. a lower PWV may reflect gen-
eral vasodilation.

ROC curve analysis demonstrated the discriminatory
strength of PWV in distinguishing obese from non-obese
children, with maximum sensitivity and specificity at
4.09 m/s. Several PWV reference equations have been cre-
ated for children and adolescents considered healthy [10, 27,
33]. Reusz et al. [33] evaluated PWYV in 1008 children and
adolescents (6-20 years old) and observed that PWV was
positively correlated with age, height, weight, and blood
pressure and negatively correlated with heart rate, but only
age, height, and blood pressure remained as the main PWV
predictors in multiple regression analysis. Fischer et al. [27]
also evaluated children and adolescents (5—19.6 years old)
and observed that PWV was positively correlated with age,
height, weight, SBP, mean arterial pressure, and sex. Multi-
ple regression analysis identified age, sex, and mean arterial
pressure as independent predictors of PWV, explaining 42%

@ Springer
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Tab!e 3 Associa.tion between PPc BMI
sociodemographic and
anthropometric characteristics, Obese (n=58) p-value
Eﬁ‘f;;gj;:‘fﬂ:;tgaﬁ?e s and | SX Male 31 (27.6-34) [22.6-39.33]  0.697 "
other stiffness indices with PPc Female 32.2(28-35) [20.22-41.33]
in obese children Age 0.148°¢

Body mass index (kg/m?) 0.246 ¢

Waist-to-height ratio 0.117°¢

Body fat (%) 0.210°¢

IPAQs High activity (n=15) 29.93 (3.75) 0.177%

Moderate activity (n=22) 32.83 (5.43)
Low activity (n=21) 30.97 (4.66)

Peripheral vascular parameters

PPp (mmHg) 0.754 * ¢

Stiffness parameters

AIx@75 (%) 0.317*¢

Augmentation pressure (mmHg) 0.844* ¢

PWYV (m/s) 0.476* ¢

Reflection coefficient 0.585* ¢

Pulse pressure amplification —0.342% ¢

Hemodynamic parameters

Total vascular resistance (s*mmHg/ml) 0.023 ¢

Heart rate (bpm) -0.213°¢

BMI body mass index, /PAQs International Physical Activity Questionnaire Short form, PPp peripheral
pulse pressure, AIx@ 75 augumentation index normalized to heart rate of 75 bpm

*Significant comparison (p < 0.05)

2One way ANOVA
®Mann—Whitney

“Spearman’s correlation

of the overall variability. In addition to predictors such as age,
height, and weight, Thurn et al. [10] also reported an asso-
ciation of PWV with BMI and body surface area, paternal
hypertension, maternal obesity, and passive smoking. The
present study analyzed associated factors and predictors of
increased PWYV in obese children. PWV correlated directly
with age, BMI, WHtR, body fat percentage, and vascular
pressures (SBPc, SBPp, PPc, and PPp). AIx@75 and aug-
mentation pressure, indirect indices of arterial stiffness, and
direct of reflection wave are also positively associated with
PWYV. Amplification pressure represents an increased SBPc
due to increased wave reflection reaching the heart. Unlike
previous studies, in the present study, only vascular variables
(SBPp, PPp, and PPc) remained in the multiple regression
model and explained 98% of the increased PWV. SBPp had
the greatest effect (highest standardized coefficient) on PW'V.
In a systematic review and meta-analysis, Hudson et al. [34]
reported that PWV varied in obese children according to the
evaluated site, with increased stiffness in the carotid arteries
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and aorta. These findings may have important clinical impli-
cations as target organs are more exposed to central rather
than peripheral blood pressure [35].

In the present study, peripheral and central vascular
pressures were higher in obese children. Stabouli et al. [36]
demonstrated that arterial stiffness is higher in overweight
and obese children in the presence of arterial hyperten-
sion. These authors reported that peripheral and central
blood pressures, BMI, and hemodynamic parameters
including stroke volume, cardiac output, total peripheral
vascular resistance, and cardiac index were all associated
with increased 24-h PWV. However, in multiple regression
analysis, only 24-h peripheral and central blood pressures
and cardiac index were independent predictors of 24-h
PWYV. Li et al. [37] presented a possible explanation for
the correlation between hypertension, arterial stiffness, and
childhood obesity. According to the authors, sympathetic
activation leads to increased left ventricular ejection, lead-
ing to increased PPc and PWV. Increased heart rate and
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Table 4 Association between SBPc BMI
sociodemographic and
anthropometric characteristics, Obese (n=58) p-value
m seon oo
other arterial stiffness indices Female 95.6 (7.9)
with SBPc in obese children Age (years) 0.500%* ¢

Body mass index (kg/m?) 0.481%* ¢

Waist-to-height ratio 0.263* ¢

Body fat (%) 0.402%* ¢

IPAQc High activity (n=15) 29.93 (3.75) 0.177°

Moderate activity (n=22) 32.83 (5.43)
Low activity (n=21) 30.97 (4.66)

Peripheral vascular parameters

SBPp (mmHg) 0.923%* 4

Stiffness parameters

AIx@75 (%) 0.391%* 4

PWV (m/s) 0.927%* 4

Augmentation pressure (mmHg) 0.269%* ¢

Reflection coefficient 0.369% ¢

Pulse pressure amplification —0.158%* ¢

Paramteros hemodinamicos

Total vascular resistance (s*mmHg/ml) 0.427* 4

Cardiac index (I/min/m?) —0.328%* ¢

BMI body mass index, /PAQs International Physical Activity Questionnaire Short form, pPP peripheral
pulse pressure, pSBP peripheral systolic blood pressure, AIx@ 75 augumentation index normalized to heart
rate of 75 bpm, PWV pulse wave velocity

*Significant comparison (p <0.05)
4Student T test

®One way ANOVA

“Spearman’s correlation

dpearson’s correlation

stroke volume can lead to increased cardiac output, which
leads to increased mean arterial pressure. In the present
study, obese children had higher cardiac output and stroke
volume values without heart rate changes.

We also evaluated the SBPs ROC curve, which showed
that the maximum SBPc sensitivity and specificity to
differentiate obese and non-obese children occurred at
86.17 mmHg and area under the curve (AUC) of 0.744.
Measured at the aortic root, the SBPc is the result of the
interaction between the stroke volume ejected by the left
ventricle, the damping capacity of the great arteries, and the
pressure waves propagated and reflected in the arterial tree
[38]. The behavior of the aorta as a blood reservoir prevents
an overly increased SBPc and a sharp flow drop during
diastole, due to elastic recoil favoring coronary artery fill-
ing at this stage [38]. In the present study, SBPc was sig-
nificantly higher in the group of obese children than in the

control group. Age, BMI, and body fat percentage showed a
direct and moderate correlation with SBPc. SBPp and PWV
showed direct and high-intensity correlations with SBPc in
the group of obese children. Peluso et al. [35] reported that
children and adolescents with high SBPc presented a higher
association with vascular changes (increased carotid intima-
media thickness and arterial stiffness) compared with high
SBPp. Increased SBPc in children and adolescents can
be explained by an increased amplitude of incident and
reflected wave components associated with an increased
stroke volume and/or aortic arterial stiffness [13]. In line
with these data, in the present study, the obese group had
increased stroke volume.

Corroborating the study by Castro et al., in our study, the
PPc was higher in obese than in normal-weight children.
PPp, augmentation pressure, PWV, AIx @75, and reflection
coefficient were factors associated with this increase. In

@ Springer
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Fig.2 Association between anthropometric characteristics, cardiovas-
cular parameters, and other arterial stiffness indices with pulse wave
velocity (PWV) in obese children. BMI, body mass index; SBPp and

multiple regression analysis, augmentation pressure, PPp,
and reflection coefficient explained 87.3% of the increased
PPc. As expected, PPA was negatively correlated with PPc.
Garcia-Espinosa et al. [39] also reported increased PPc in
obese children, in addition to increased PWYV and SBPc
associated with BMI.

In this study, we compared hemodynamic parameters
between the obese and control group. Despite the stroke
volume and cardiac output being significantly higher in
the obese group, when these data were normalized by the
body surface, the cardiac index was significantly lower in
the obese group compared to the control group. Our results
corroborate those found by Castro et al. [13]. These authors

@ Springer

SBPc, peripheral and central systolic blood pressure; PPp and PPc,
peripheral and central pulse pressure; AIx@75, augmentation index
normalized to heart rate of 75 of bpm

observed that stroke volume and cardiac output were sig-
nificantly higher in obese children and adolescents aged
5-15 years. On the other hand, the cardiac index was signifi-
cantly lower in this population. According to Castro et al.,
the higher stroke volume may be related to a state of hyper-
dynamic circulation. Cardiac index changes are associated
with clinically critical alterations of the cardiac functioning
of obese people as a result of body composition variations,
and low cardiac index is related to poor tissue perfusion.
Obesity represents a chronic hypoxic state associ-
ated with decreased nitric oxide (NO) bioavailability.
These decreased NO levels lead to the increased produc-
tion of hypoxia-inducible factor-1la (HIF-1a), which is
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involved in the regulation of several metabolic pathway
genes, including pro-inflammatory adipokines, endothe-
lial NO synthase (eNOS), and insulin signaling com-
ponents [40]. Our results suggest that the low cardiac
index observed in obese patients can cause vascular
tissue hypoxia, and this decreased NO bioavailability
may contribute to inducing greater expression of pro-
inflammatory cytokines. The metabolic and inflamma-
tory pathogenesis caused by low cardiac index may be
related to vascular and cardiac dysfunctions observed
in obese patients.

Some limitations of our analyses must be taken into
account. First, it is possible that some variable that has
not been evaluated may be a predictor of arterial stiffness

indices. Second, this study was limited to a single center,
reducing the external applicability of the data. Third,
the data were collected in the period of the pandemic
COVID-19, leading to a sedentary lifestyle, eating habits,
and psychological problems which may have influenced
arterial stiffness measures.

In conclusion, this is the first study to show that PWV
and SBPc can discriminate obese from non-obese chil-
dren. In addition, we have highlighted the associated fac-
tors and predictors of arterial stiffness indices, PWV, PPc,
and SBPc, in obese children. These results show that, in
addition to an increased BMI, a simple, rapid, and nonin-
vasive measurement of arterial stiffness adds prognostic
information on cardiovascular risk.

@ Springer
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Fig.4 Association between anthropometric characteristics, cardiovas-
cular parameters, and other arterial stiffness indices with central sys-
tolic blood pressure (SBPc) in obese children. BMI, body mass index;
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SBPp, peripheral systolic blood pressure; PWV, pulse wave velocity;
Alx@75, augumentation index normalized to heart rate of 75 bpm;
PPA, pulse pressure amplification
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Table 5 Coefﬁc,ients of the Variables Coefficient Standardized coef- CI95% p-value
reference equation for PWV. ficient
PPc and SBPc in obese children
PWV (R>=0.980)
Constant 1.017 - 0.887-1.148 <0.001
SBPp (mmHg) 0.030 0.944 0.029-0.031 0.006
PPp (mmHg) —0.004 —0.088 0.887-1.148 <0.001
PPc (mmHg) 0.012 0.218 0.008-0.015 <0.001
PPc (R*=0.873)
Constant -3.551 —11.85-4.75 0.395
Augmentation pressure 0.651 0.380 0.325-0.976 0.000
(mmHg)
PPp (mmHg) 0.427 0.519 0.314-0.540 0.000
Reflection coefficient 0.185 0.268 0.076-0.294 0.001
SBPc (R*=0.801)
Constant 4.389 —28.590-37.368 0.790
Age (years) 2.829 0.724 1.888-3.769 0.000
AIx@75 (%) 0.363 0.408 0.182-0.543 0.000
Total vascular resistance 21.897 0.267 3.878-39.915 0.018
(s*mmHg/ml)
Cardiac index (I/min/m?) 6.243 0.485 2.485-10.001 0.002
Body fat (%) 0.224 0.333 0.077-0.370 0.004

PWYV pulse wave velocity, SBPc central systolic blood pressure, PPp peripheral pulse pressure, PPc central
pulse pressure, AIx@ 75 augmentation index normalized to heart rate of 75 bpm
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