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Abstract

Introduction Although a number of pathophysiological aspects of childhood obesity have been reported, few information
are available on obesity-related cardiac organ damage.

Aim The present study was aimed at assessing the impact of anthropometric, blood pressure (BP) and metabolic variable
on cardiac structure and function in youth.

Methods In 78 subjects aged 5-16 years attending the outpatient clinic of cardiovascular risk (Valencia, Spain) anthropo-
metric and metabolic variables, clinic and ambulatory BP and echocardiographic parameters were assessed. Subjects were
also classified according to the presence of insulin resistance.

Results Subjects mean age (+ SD) amounted to 12.03 + 2.4 years and males to 53.8%. Ten subjects were normoweight,
11 overweight, 39 obese, and 18 severely obese. No significant difference in office and ambulatory BP was detected among
different bodyweight groups. A significant direct correlation was observed between left ventricular mass index (LVMI) and
obesity markers [body mass index (BMI): r = 0.38, waist circumference (WC): r = 0.46, P < 0.04 for both]. Left ventricular
hypertrophy, relative wall thickness and left atrial diameter were significantly related to BMI and WC. In contrast, office
and ambulatory BP were unrelated to other variables, and differences in LVMI among different BP phenotypes were not
significant. When partitioning the population by insulin resistance, LVMI, adjusted for confounders, was significantly greater
in the insulin-resistant group.

Conclusions In children and adolescents characterized by different body weight patterns, weight factors “per se” and the
related insulin resistance state appear to represent the main determinants of LVMI and left ventricular hypertrophy, inde-
pendently on BP values and BP phenotypes.

Keywords Childhood - Overweight - Obesity - Office blood pressure - Ambulatory blood pressure - Insulin resistance - Left
ventricular mass index - Left ventricular hypertrophy
1 Introduction

A number of clinical studies have shown that in the adult
population obesity is associated with profound cardiac struc-
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in the pediatric age has been investigated in few studies,
with the seminal information collected in the frame of
the Bogalusa Heart Study [7]. Subsequent studies have
attempted to clarify the relationships between left ventricu-
lar mass index (LVMI) and the obese state in patients in the
pediatric age [8, 9]. However, the relative contribution of
hemodynamic vs non-hemodynamic factors at the develop-
ment of the above mentioned association remains at present
unsettled, due to heterogeneity of the populations examined
as well as to the presence of confounding factors [10]. A
prospective/retrospective study very recently suggested the
importance of body weight as determinant of left ventricular
mass in a cohort of children [11].

The present study has been undertaken to determine the
association of an overweight and an obese state with car-
diac structural alterations and occurrence of left ventricular
hypertrophy (LVH) in a group of children and adolescents.
An additional aim was represented by the determination of
the mechanistic role of ambulatory BP phenotypes versus
anthropometric and metabolic factors, and specifically of
the insulin resistance state frequently characterizing child-
hood obesity, in the development and progression of the
cardiac organ damage in overweight and obese children and
adolescents.

2 Methods
2.1 Population

White youths with normoweight, overweight or obesity
of both sexes aged between 5 to 16 years were included
in the study. They were recruited from those attending the
outpatient clinic for cardiometabolic risk assessment at the
Cardiovascular Risk Unit of the Hospital General of the
University of Valencia, Spain. Concomitant disease were
excluded by physical and instrumental examination, blood
chemistry and urine analysis. Patients with secondary causes
of hypertension and/or acute diseases were excluded from
the sample. Obesity was diagnosed when body mass index
(BMI) exceeded the 95th percentile for age and sex, and
the extent of obesity was quantified using the least mean
square method of Cole et al. [12]. An overweight state was
defined in subjects with a BMI ranging from the 85th to 95th
percentile of the BMI distribution in a normal age-matched
reference population. Informed written consent was obtained
from parents and participants before testing. The study pro-
tocol was reviewed and approved by the Ethics Committee
of the General Hospital, University of Valencia and all the
procedures of the investigation have been performed accord-
ing to good clinical practice and to the Declaration of Hel-
sinki. All participants provided written consent after being
informed of the study nature and purpose.
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2.2 Measurements

Anthropometric variables Body weight was recorded to the
nearest 0.1 kg using a standard beam balance scale with the
subjects wearing light indoor clothing and no shoes. Height
was recorded to the nearest 0.5 cm using a standardized
wall-mounted height board. Weight and body mass compo-
sition were evaluated with bioelectrical impedance analysis,
using a Tanita TBF 410M over a horizontal and hard surface
and to the nearest 0.1 kg, with the subject wearing light
clothing and without shoes. BMI was calculated as weight
(in kilograms) divided by height (in square meters) and
patients were stratified on their obesity status according to
both z-scores following World Health Organization (WHO)
growth charts and Centers for Disease Control (CDC) per-
centiles [13]. According to WHO classification subjects with
z-score between 1 and 2 were defined as overweight, sub-
jects with z-scores between 2 and 3 were defined as obese
and subjects with z-score > 3 were defined as severe obese
[14]. According to CDC subjects were defined as overweight
with BMI above 85" percentile for age and sex, obese with
BMI above 95th percentile and further classified as class
1 obesity, i.e. BMI > 95th percentile to < 120% of 95th
percentile, class 2, i.e. BMI > 25 kg/m* 120% to < 140% of
95th percentile or BMI > 35 kg/m” and class 3, i.e. BMI >
140% of 95th percentile or BMI > 40 kg/m?. Waist circum-
ference (WC) was assessed in standing position at the end of
expiration midpoint between the lowest margin last palpable
ribs and top of iliac crest. Hip circumference was measured
around the widest point of buttocks. Waist-to-hip ratio and
waist-to-height ratio were consequently calculated.

Clinic BP measurements On the day of the study, trained
clinical nurses measured sphygmomanometric office BP
values of each subject three times consecutively in seated
position, at 5 min intervals, using a mercury sphygmoma-
nometer. This was done on the non-dominant arm, with a
cuff and a bladder size adjusted to upper arm girth. Office
systolic and diastolic BP values were taken as the average of
3 measurements. Office BP had to be at least 95th percentile
of the BP distribution on at least 3 separate occasions to be
considered as suggestive of a hypertensive state [15]. Using
office BP, subjects were defined as normotensive when both
systolic and diastolic BP were less than 90th percentile, age,
sex, and height-specific. According to the 2016 European
Society Hypertension (ESH) guidelines on pediatric hyper-
tension, subjects were identified as hypertensive in presence
of BP values above the 95th percentile for age and sex and
normal-high pressure was defined ad BP between the 90th
and 95th percentile [16, 17]. The hypertensive state was fur-
ther classified, accordingly to its clinical severity, into grade
1 (95th percentile to the 99th percentile and 5 mmHg) and
grade 2 (over 99th percentile plus 5 mmHg).



Cardiac Structural Alterations in Chilhood Overweight and Obesity

169

Ambulatory BP measurements Ambulatory BP recordings
were obtained in daily life conditions over the 24 h period
the day after office BP assessment. Recordings were initi-
ated on regular school days between 08.30 a.m. and 09.00
a.m. On monitoring days, the participants did not engage in
vigorous exercise. Cuff and bladder size were adjusted as for
office BP. The oscillometric SpaceLabs 90207 and 90217
monitors (SpaceLabs Inc., Redmond, Washington, USA)
were programmed to obtain BP readings at 20 min inter-
vals from 06.00 am until 12.00 p.m. and at 30 min intervals
from 12.00 p.m. until 06.00 am. Daytime was defined as the
interval ranging from 10.00 a.m. to 08.00 p.m. and nighttime
from 12.00 p.m. to 06.00 a.m. Measurements were auto-
matically repeated when readings were outside the ranges
of 70-220 mmHg systolic or 40-140 mmHg diastolic. Only
recordings with more than 80% of successful measurements,
defined as the percentage of valid measurements, were taken
into account in the analysis. The averages of the valid read-
ings for the whole 24 h period, the daytime and the nighttime
subperiods, respectively, were calculated.

Subjects were further stratified on the basis of joint clinic
and ambulatory blood pressure into different phenotypes:
normotensive (normal clinic and ambulatory BP values),
sustained hypertensive (both clinic and ambulatory BP val-
ues over the 95th percentile), white coat hypertensive (ele-
vated office with normal ambulatory BP values) and masked
hypertensive (normal office with elevated ambulatory BP
values). According to the night-day pattern of the ambula-
tory BP monitoring we identified dippers, i.e. subjects in
which mean systolic/diastolic night-time BP decreases at
least 10%, and non-dippers, i.e. those in which the BP reduc-
tion night-time versus day-time is < 10% [16, 17].

Echocardiographic parameters All subjects underwent
2-dimensional and M-mode echocardiography. Loops of
minimum 3 cycles were recorded and all measurements
were taken 3 times, considering the average of the three
values. The measurements were performed in standard posi-
tions and parasternal long axis (PLAX) and short axis views,
apical 4 chambers, apical 2 chambers, apical 3 chambers
were assessed. We determined in all subjects left ventricular
end diastolic dimension, left ventricular end systolic dimen-
sion, end diastolic interventricular septum and posterior wall
thickness, left atrial diameter in M-mode in PLAX. Major
cardiac abnormalities were excluded. Left ventricular mass
was assessed with M-mode measurements with Devereux
formulae and LVMI was calculated with respect to height
elevated to 2.7 [18]. LVH was defined as LVMI above the
95th percentile for age and sex as recommended by ESH
guidelines [16]. Relative wall thickness (RWT) was calcu-
lated as (IVSd + LVPWd)/LVIDd. Concentric remodelling
was defined as RWT above the accepted juvenile cut-off
amounting to 0.38. Diastolic function was also assessed
according to methods recommended by 2010 American

Society of Echocardiography guidelines [19]. Pulsed-wave
doppler analysis of mitral valve inflow velocities was meas-
ured in 4-C view by peak early diastolic velocity (E wave)
and peak velocity during atrial contraction (A wave) and E/A
ratio was calculated. E’ velocity was assessed by tissue dop-
pler imaging from the lateral mitral valve annulus and the
medial mitral valve attachment to the ventricular septum and
E/E' ratio was calculated. Left ventricular ejection fraction
was calculated using biplane Simpson’s method in apical 2
chambers and apical 4 chambers views [19].

Metabolic profile Assessment of the metabolic profile
was performed in the early morning under fasting condi-
tions. Peripheral blood samples were obtained to measure
uric acid, vitamin D, total and fractional cholesterol, tri-
glycerides, glucose and insulin. Homeostatic model assess-
ment (HOMA) index was calculated as the product of insulin
(mU/ml) and glucose (mmol/l) divided by 22.5 [20].

2.3 Data Analysis

Data are expressed as means + standard deviation (SD)
and checked for normality using Shapiro-Wilks normality
test and log-transformation. For multigroup comparisons
depending on BP, BMI, waist circumference and LVMI,
Levene's test has been performed to assess whether the
variance is equal between groups. If the variance was het-
erogeneous, data have ben log-transformed before analysis.
Regression models have been applied to analyse complex
data. Comparisons between two groups have been assessed
via z-test or non-parametric Mann—Whitney U-test. Two-way
ANOVA has been used to determine the effects of differ-
ent factors, in the case of independent categorical variables.
ANCOVA analyses including variables such as BMI, age
and gender as covariates have been also applied. The thresh-
old of significance has been defined at P <0.05. Correla-
tion analyses with Bonferroni corrections have been also
envisaged to determine the relationships between different
parameters. SPSS and R software have been used for general
statistical analyses.

3 Results
3.1 General Characteristics of the Study Population

Seventy-eight children and adolescents were included in
the study. As shown in Table 1, when grouped accordingly
to body weight categories, 10 were normoweight subjects,
11 overweight, 39 obese and 18 severe obese. Mean age
amounted to 12.03+ 2.44 years (means + standard devia-
tion) and males were 42 (53.8%). Study participants under-
went 24 h ambulatory BP monitoring within one month
from the echocardiographic assessment. Accordingly to
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Table 1 General chgracter istics Variable Total NW ow OB SOB P value

of the study population grouped

by bodyweight categories Number [n°] 78 10 11 39 18
Age (years) 120+ 24 122 +£29 124+35 11920 119+24 0.921
Males [n° (%)] 42 (53.8) 5 (50) 7 (63.6) 19 (48.7) 11(61.1) 0.734
Weight (kg) 70.3+22 48.8+14 60.1+£19 695+16 90.2+25 <0.001%
Height (cm) 156.5 £ 13 1529 + 18 158.2+20 155.7+11 1593+11 0.642
Height percentile WHO 659 +27 488 £33 64.0+27 65026 77.7+23 0.067
BMI (kg/m?) 28.0+6.2 20.17+2.5 232+34 282+37 349458 <0.001*
Fat mass (%) 351110 202+ 56 259+10 36.7+6.7 43.19+73 <0.001*
Waist circumference (cm) 91.9+ 14 76.3+7.5 85.6+16 89.7+9.5 103.8+14 <0.001*
Biochemical values
Uric acid (mg/dl) 55+1.4 4.5+0.7 53+1.7 57+14 56+1.4 0.167
Total cholesterol (mg/dl)  165.2+33  154.2+29  172.1+31 1674+35 162.5+30 0.644
HDL (mg/dl) 473+9.1 49.1+ 63 52.1+12 46.0+84 453+93 0.248
LDL (mg/dl) 101.0+25 89.6+26 102.9+21 103.8+28 99.9+22 0.532
Triglycerides (mg/dl) 103.8+44  74.7+40 120.6+65 105.6+42 105.5+32 0.152
Glycemia (mg/dl) 87.0+10 90.5+7.7 879+83 858+11 873+10 0.642
Fasting insulin (mU/ml) 17.8+9.7 12.7+3.8 125+5.1 18.1+10 214+10 0.112
HOMA index (a.u.) 389+23 288+1.0 269+1.1 391+24 474+2.6 0.164

Data are shown as mean values + standard deviation
NW normoweight, OW overweight, OB obese, SOB severe obese, BMI body mass index, WHO World

Health Organization

Symbol ? refers to P <0.001 between all categories

the patterns of clinic and ambulatory BP values the study
population was subdivided in different clinical BP pheno-
types, i.e. normotension (n = 43, 55.1%), sustained hyper-
tension (n = 7, 9.2%), white-coat hypertension (n = 10,
11.5%) and masked hypertension (n = 18, 24.2%). The
general characteristics of the study population grouped by

body weight categories are summarized in Tables 1 and
2. No significant difference in age, gender, height, and
laboratory values between the 4 groups with different body
weight values was detected. Also the distribution of the
different BP phenotypes was superimposable in the study

Table 2 Office and ambulatory blood pressure (BP) values of the study population grouped by body weight categories

Variable Total NW ow OB SOB P value
Number 78 10 11 39 18

Office BP

SBP (mmHg) 119.5 + 11 119.2+15 121.3+13 118.8+10 121.9+8.8 0.062
DBP (mmHg) 69.4+8.5 68.2+12 70.8.1+7.9 69.2+8.2 722+6.5 0.074
Heart rate (bpm) 80.3+15 82.6+14 78.8+11 81.9+12 83.9+10 0.081
Ambulatory BP

Daytime systolic BP (mmHg) 121.0+10 118.1+8.9 1253 +8.5 126.4+10 128.8+9.1 0.004°
Daytime diastolic BP (mmHg) 72.4+8.1 702+ 15 71.4+55 77.3+7.0 77.6+74 0.05°
Daytime heart rate (bpm) 854+10 84.8+18 81.7+9.4 84.8+ 9.2 88.8+ 9.8 0.396
Nighttime systolic BP (mmHg) 114.8+10 111.3+6.5 111.1+7.1 118.3+10 118.2+13 0.047¢
Nighttime diastolic BP (mmHg) 599+ 7.1 59.0+9.4 59.9+3.1 612+ 6.8 63.6+ 8.2 0.063
Nighttime heart rate (bpm) 75.4+12 72.3+18 73.1+£9.2 753+10 82.4+13 0.155
Non dipping [n°] 51 6 4 30 11 0.069

Data are shown as mean values + standard deviation
SBP systolic BP, DBP diastolic BP. For other abbreviations see Table 1

Symbol b refers to P <0.005 between NW and SOB; OW and SOB, Symbol € refers to P <0.05 between NW and OB
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population subdivided accordingly to the four different
body weight categories (Supplemental Table 1).

3.2 Echocardiographic Data

In the study population as a whole the presence of LVH
was detected in 23 subjects (29.5%) according to the ESH
definition [15, 16]. Concentric remodelling was detected
in 16 individuals (20.5%) and concentric hypertrophy in 6
subjects (7.7%). When partitioning the whole study popula-
tion by weight categories an increase in LVMI was observed
with increasing BMI, particularly in the case of the severely
obese group, although for this difference the P value did
not achieve statistical significance (Table 3). The values of
left atrial diameter were significantly greater in obese and
severely obese subjects as compared to those found in nor-
moweight individuals. A significant correlation was found
between markers of body fat, such as BMI and waist circum-
ference, and LVMI (Fig. 1). Furthermore, left atrial diameter
values were significantly related to BMI, waist circumfer-
ence (Fig. 1) and office heart rate (r = 0.293, P < 0.05).
RWT was significantly (at least P < 0.05) correlated with
BMI (r = 0.303), body weight (r = 0.371), waist circumfer-
ence (r = 0.400), office systolic BP (r = 0.406), office heart
rate (r = 0.271), diurnal ambulatory systolic BP (r = 0.253).
No significant difference in the various echocardiographic
parameters assessed in the present study was observed when
partitioning the population in subgroups classified accord-
ing to BP phenotypes, although a trend for an increase in
LVMI was detected from the normotensive state to white-
coat, masked and sustained hypertension (Supplemental
Table 2). Partitioning the whole study population in sub-
groups according to the detection of an insulin resistance
state, determined by a HOMA index value greater than the
3.6 a.u. pediatric cutoff value (21), a significant increase in
LVMI as well as in the presence of LVH was found in insulin

resistant subjects as compared to the non-insulin resistant
counterparts (Fig. 2). In contrast relative wall thickness and
left atrial diameter values were not significantly different in
insulin- and non insulin resistant subjects. Insulin resistant
subjects displayed significantly greater circulating plasma
levels of glucose, insulin and triglycerides (Fig. 2).

4 Discussion

This single centre cross-sectional observational study was
aimed at assessing in subjects in the pediatric age the main
features of the association between anthropometric parame-
ters, BP values, BP phenotypes and markers of cardiac organ
damage, evaluated by echocardiography, in terms of struc-
ture and geometry. The main study findings can be summa-
rized as follows. First, confirming recent findings [8, 9, 11,
22] markers of obesity such as body weight, BMI and waist
circumference are strongly correlated LVMI in a pediatric
population homogeneous in terms of biochemical profile
and BP parameters. Second, the correlation was detected
not only with left ventricular mass, but also with left atrial
dimensions and RWT, i.e. parameters which, if affected, may
favor with time the development of functional abnormalities
leading to a ventricular diastolic dysfunction and cardiac
failure as well [23]. Third, office BP, ambulatory BP and
the different BP phenotypes appear to be also involved in
favoring the development and progression of the cardiac
structural alterations reported in childhood overweight and
obesity, although the weaker correlation found between BP
variables and echocardiographic parameters suggest a less
relevant impact of haemodynamic mechanisms as compared
to the anthropometric ones. Finally, not only a less or a more
severe obese state but also the overweight condition, which
is of more frequent clinical detection, appears to be associ-
ated with the structural alterations of the heart, suggesting

Table 3 Echocardiographic

Variable NwW oW OB SOB P value

parameters of the study

population grouped according Number 10 11 39 18

to body weight categories LVMI [¢/m?] 313475 331464  338+96  368+95 0433
LVH ESH [n° (%)] 3 (30) 3(27.3) 11 (28.2) 6(33.3) 0.985
Relative wall thickness 0.33+0.05 0.34+0.03 0.33+0.04 0.37+0.07 0.06
Concentric remodeling [n° (%)] 2 (20) 1(9.1) 7(17.9) 6(33.3) 0.415
Concentric hypertrophy [n° (%)] 1 (10) 0(0) 1(3) 4(22) 0.325
Left atrial diameter (cm) 2.40+0.65 2.77+0.49 298+042  2.99+0.36  0.009*
E/A 2.31+0.29 2.23+0.38 1.84+0.41 1.80+0.36  0.954
E/E' 641+14 6.34+1.2 5.76+0.91 5.92+0.87 0.774

Data are shown as means + standard deviation

LVMI left ventricular mass index, LVH left ventricular hypertrophy, ESH European Society Hypertension,
other abbreviations as in the preceding tables

Symbol a refers to P <0.05 between NW and OB and NW and SOB
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Fig. 1 Upper panels: relationships of body mass index (BMI, left
panel), waist circumference (WC, right panel) and Left ventricular
mass index (LVMI) in the study population. For each relationship
r and P values are shown. Lower panels: between body mass index

therefore that even mild increases in body weight and body
mass index may have an adverse impact on the left ventricle.

Our study also provides information on the role of meta-
bolic factors in determining the relationships between over-
weight, obesity and cardiac structural alterations. In par-
ticular we found that the presence of an insulin resistance
state represents the metabolic variable associated with an
increased left ventricular mass and with the detection of
LVH. Of additional interest is the finding that the insulin
resistance state is associated with greater plasma triglyceride
levels, which have been shown, at least in an adult obese
population, to be independently related to left ventricular
mass [24].

Our study was not designed at determining the precise
mechanisms throughout which a pathological increase in
body weight and body mass may trigger the development
of the cardiac structural changes in subjects in pediatric
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(BMI), left atrial diameter (LAD, left panel) and relative wall thick-
ness in the same population. For each relationship r and P values are
shown.

age. We can speculate, however, that BP-dependent and
BP-independent factors may participate [25]. Among the
former, BP variability during the daytime and nighttime
periods may play a relevant role, given the evidence that
in adult overweight and obese subjects an increase in the
short-term and long-term BP oscillations may be associated
with a more pronounced cardiac organ damage [26]. Among
the BP-independent factors a leading one is the hyperinsu-
linemic state, which is detectable in our insulin resistant
young subjects, given the evidence that insulin may exert
pro-hypertrophic effects at cardiac and vascular level [27,
28]. It may also include, however, the sympathetic nervous
system, which (1) is activated in obese subjects at young and
adult age, even when BP values are still in the normotensive
range [29, 30], and (2) exerts directly and indirectly pro-
hypertrophic cardiac effects [31]. These latter are confirmed
by the evidence that adult patients with hypertension-related
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LVH display greater values of sympathetic nerve traffic
and cardiac norepinephrine spillover as compared to age-
matched hypertensive patients without evidence of cardiac
organ damage [32, 33]. In should be noted that in the popu-
lation of the present study, as well as in a previous study
[30], obese and severe obese subjects display elevated heart
rate values during daytime and the nighttime periods. Since
heart rate is a marker, although indirect, of sympathetic car-
diovascular drive [34], this finding may indicate that even
at pediatric age the obese state is already characterized by

a neuroadrenergic activation. Finally, elevated circulating
blood levels of adipokines, leptin, such as those described
in obese subjects, and activation of the renin-angiotensin
system may be regarded as additional non-mutually exclu-
sive factors favoring the development of the obesity-related
cardiac structural alterations, given the evidence that both
leptin, adipokines and angiotensin II exert marked prohyper-
trophic effects on the heart [35-37].

Our study has strengths and limitations. The strengths are
represented by the fact that our study is the first to provide an
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extensive evaluation of young overweight an obese popula-
tion, with simultaneous assessment of office BP, ambula-
tory BP, echocardiographic parameters and metabolic vari-
ables as well. The limitations include the relatively small
sample size of the study population and the cross- sectional
nature of the investigation which prevents to determine the
hemodynamic, echocardiographic and metabolic changes
and their interrelationships occurring during the follow-up.
This was particularly the case for the determination of the
main factor between BMI and HOMA index as responsible
for the cardiac structural alterations observed in our subjects.
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tary material available at https://doi.org/10.1007/s40292-024-00633-5.
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