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Abstract N
Overweight and obesity in childhood are associated with early cardiovascular dysfunction and promote heightened risk of |
cardiovascular morbidity and mortality in adulthood. Waist circumference (WC) correlates with visceral obesity, which is why obese
children with elevated WC need to be carefully monitored to prevent long-term cardio-metabolic complications. The purpose of our
study was to establish if WC could be a predictor of cardiovascular complications in children.

The authors conducted a retrospective study that included 160 overweight and obese children and adolescents, aged 6 to 18
years. Patients were evaluated completely anthropometrically, biologically, and imagistic. The anthropometric data tracked were
height, weight, WC, and body mass index. Echocardiography evaluated the following parameters: the interventricular septum, left
ventricular mass, the relative thickness of the ventricular wall, the pathological epicardial fat.

Our results confirm that the presence of visceral obesity was significantly associated (X2=1 1.72, P=.0006) with pathological
epicardial fat. In children, visceral obesity is not a risk factor for vascular or cardiac impairment, but in adolescents, the results showed
that visceral obesity is an important predictive factor for the occurrence of vascular (AUC =0.669, P=.021) and cardiac (AUC=
0.697, P=.037) impairment. Concentric left ventricular (LV) hypertrophy is significantly influenced by the presence of visceral obesity
(AUC=0.664, P=.013 children; AUC=0.716, P=.026 adolescents).

WC above the 90th percentile is a predictive factor for increased LVM index and concentric hypertrophy in both children and
adolescents.

Abbreviations: AUC = area under the curve, BMI = body mass index, BP = blood pressure, DALV = diastolic diameters of the left
ventricle, HDL = high-density lipoprotein cholesterol, IVS = interventricular septum, LDL = low-density lipoprotein cholesterol, LV =
left ventricular, LVM = left ventricular mass, NHANES = National Health and Nutrition Examination Survey, RWT = thickness of the
ventricular wall, SD = standard deviation, TC = total cholesterol, TG = triglycerides, WC = waist circumference, WHO = World Health

Organization.
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1. Introduction

In recent years, the prevalence of obesity has increased in developed
and developing countries, both in children and adults.*!

In children, we are witnessing an upward trend in the
prevalence of obesity globally, from 0.7% in 1975 to 5.6% in
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2016 in girls and from 0.9% to 7.8% in boys.”) With the
increasing prevalence of obesity in pediatric age, the number of
complications associated with obesity has also increased:
dyslipidemias, type 2 diabetes mellitus, fatty liver disease, sleep
apnea, microalbuminuria, elevated triglycerides (TG), total and
low density lipoprotein cholesterol (LDL-C), and insulin levels, as
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well as a reduced high density lipoprotein cholesterol (HDL-C)
levels. All of them represent risk factors for the occurrence of
cardiovascular diseases./*!

Overweight and obesity in childhood are associated with early
cardiovascular dysfunction and promote heightened risk of
cardiovascular morbidity and mortality in adulthood. The signs
of cardiovascular dysfunction in the obese child are: significantly
higher arterial blood pressure, changes in the structure and function
of the myocardium (left ventricular hypertrophy, left ventricular
diastolic dysfunction, and myocardial dysfunction), and the
occurrence of long-term epicardial fat.!*=8! Cardiovascular disorders
in childhood are serious because they cause heart failure, acute
coronary syndrome, and sudden premature death in adult life.*~'!!

Screening for early metabolic complications is considered very
important, but it is still unclear which parameter would be better
to focus on: assessing body mass index or waist circumference as
a cardio-metabolic risk factor.''?! The waist circumference (WC)
is an easy-to-determine clinical parameter for assessing the
nutritional status of the child, independent of body mass index
(BMI).1*! Studies in adults have shown that individuals with
central obesity are more susceptible to cardio-metabolic risk
factors. WC is one of the criteria for defining the metabolic
syndrome and a cardiovascular risk factor."*'®1 WC correlates
with visceral obesity, which is why obese children with elevated
WC need to be carefully monitored to prevent long-term cardio-
metabolic complications."”~! Studies have proven that central
obesity is an independent risk factor for coronary artery disease,
arterial hypertension, dyslipidemia.?%?! Moreover, WC at the
ages of 5 to 17 years was shown to be associated with abnormal
concentrations of TG, LDL-C, HDL-C, and insulin."*?!

However, the association of abdominal obesity in children and
adolescents with cardio-metabolic risk factors remains contro-
versial. The purpose of our paper was to establish if WC could be
a predictor of cardiovascular complications in children.

2. Material and methods

The authors conducted a retrospective study that included 160
children with overweight and obesity, hospitalized between
January 1, 2016 and December 31, 2018 in the “Saint Mary”
Emergency Children Hospital, Iasi, Romania. The inclusion
criteria were overweight and obesity diagnosis without associated
pathologies. Only children and adolescents with an informed
consent (paternalistic consent) for data processing in the medical
record were included in the study. Obese patients with associated
medical illness (genetic syndromes, diabetes, congenital heart or
dyslipidemic diseases, renal, or neurological diseases), eating
disorders, chronic medications were excluded.

According to their age, patients were included in 2 groups:
group A: children between 6 and 11 years old; group B:
adolescents between 12 and 18 years old.

We collected the data from the patient’s observation sheets.
During the hospitalization, patients were evaluated completely
anthropometrically, biologically, and imagistic. The anthropometric
data tracked were height, weight, WC, and the BML. Interpretation
of BMI values was based on BMI Z score and BMI percentile,
applicable for age and sex, according to WHO standards, using
WHO AnthroPlus software.**! Depending on the BMI Z score, the
patients were classified into overweight (BMI Z score >+1SD or BMI
percentiles between 85 and 97th), obese (BMI Z score >+2SD or
BMI percentiles between 97 and 99.9th), and severe obesity (BMI Z
score >+3 SD or BMI percentiles>99.9th).*2%]

Medicine

WC was measured using a centimeter, halfway between the
coastal rim and the iliac crest, at the end of the expiration. For
W C interpretation, we used tables with specific percentiles for age
and sex, developed based on National Health and Nutrition
Examination Survey (NHANES) III data.”®) Because WC
provides an indication of visceral adipose tissue, visceral obesity
was defined by values over the 90th percentile of WC.[!3:19]

Fasting blood profile included: total cholesterol (TC), low-density
lipoprotein cholesterol (LDL,) and high-density lipoprotein choles-
terol (HDL,), triglycerides (TG), glucose levels, alanine aminotrans-
ferase values, urea and creatinine values. The reference standards
were used to interpret the values of biological parameters.

The blood pressure (BP) value was interpreted according to the
National High Blood Pressure Education Program Working
Group on High Blood Pressure in Children and Adolescents.
Children hypertension was defined as systolic BP and/or diastolic
BP >95th percentile, adjusted for height, age, and sex, at least 3
separate determination. Normally, high blood pressure was
considered for values between the 90 and 95 percentile values
(National Institute for Health, 2004). In our study, BP values
>90th percentile were defined as “elevated BP” or vascular
impairment.'*”!

Echocardiography was performed in all patients, the following
parameters being thickness of the interventricular septum (IVS),
diastolic diameters of the left ventricle (DALV), left ventricular
mass (LVM), the relative thickness of the ventricular wall
(RWT), the presence of epicardial fat. Diastolic dysfunction was
evaluated through the E/A ratio and the pulmonary venous flow
through the S/D ratio.

The interpretation of the LVM was made according to LVM
index or LVM-for-height Z score (LVM divided by height raised
to a power of 2.7).2%! Left ventricular hypertrophy (LVH) was
defined as LVM index >95th percentile for normal children and
adolescents.**! Relative wall thickness (RWT) was measured to
assess the LV geometric pattern.*”! The RWT value above >0.41
is considered pathological. Patients with increased LVM index
and elevated RWT (>0.41) had concentric LVH; those with
increased LVM index and normal RWT (<0.41) had eccentric
LVH. Concentric remodeling was defined as elevated RWT, but
with normal LVM index. Pathological epicardial fat quantified
by echocardiography was considered over 4.1 mm."!!

Patients who had concentric or eccentric LVM hypertrophy,
concentric remodeling, and/or epicardial fat with pathological
values were considered to have cardiac impairment.

Statistical analyzes of the variables were performed using SPSS
software v.20 (IBM Corporation, North Castle Drive, Armonk,
NY 10504-1785, U.S.A.) type variables were reported as mean
with standard deviation. Comparisons between the analyzed
groups were performed using Student ¢ test or Mann—Whitney U
test for continuous variables. The qualitative variables were
presented as absolute (n) and relative (%) frequencies, and the
comparisons between groups were made based on the results of
McNemar, Yates Chi-square, or Fisher exact test. Univariate and
multivariate analysis of prognostic factors regarding cardiovas-
cular complications was performed using the Logistic regression
model. The significance level calculated in the used tests (P-value)
was considered significant for P values <.05.

3. Results

We analyzed the clinical, biological, and imaging characteristics
of the 160 patients included in the study group. Group A
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Baseline characteristics.

Study lot (n=160)

Baseline characteristics® Group A: (6-11 years) (n=97) Group B: (12-18 years) (n=63) Statistical test P-value

Age: y 9.82+2.2 147416

Gender, (men/women) 58/39 (59.8%/40.2%) 38/25 (60.3%/39.7%) 0.0041° 9473

Environment (urban/rural) 47/48 (49.5/50.5%) 36/26 (58.1%/41.9%) 1.1142° 2911

BMI, kg/m? 244435 275+3.8 27.3245% <.001"

Percentiles BMI 98.67 +2.16 96.80+3.14 —5.15657 <.0001"

WG, cm 80.7+11.6 93.6+9.8 34.2075% <.001"

Percentiles WC (median) 99.6 97.7

Visceral obesity (No/Yes) 39/58 (40.21%/59.79%) 23/40 (36.51%/63.49%) 0.2207° 6385

Nutritional status
Overweight 13 (13.44%) 28 (44.44%) 28.4990° <.001"
Obesity 52 (53.61% 31 (49.21%)

Severe obesity 32 (32.99%) 4 (6.35%)

Cholesterol, mg/dL 166+29.4 177.7+435 3.0882° 0814

Triglyceride, mg/dL 96.05+63.03 125.87 +£73.69 —2.4507° 0142"

Vascular impairment (No/Yes) 76/21 (78.35% /21.65%) 32/31 (50.79%/49.21%) 13.1127° .0002"

Systolic BP 126.94 +24.32 133.89+26.74 0.8198% 3700

Diastolic BP 80.31+15.39 85.25+12.33 1.4810° 2299
Normal value BP 75 (77.3%) 31 (49.2%) 16.1997° .0003"
Pre-hypertension 8 (8.3%) 19 (30.2%)

Hypertension 14 (14.4%) 13 (20.6%)
Cardiac impairment (No/Yes) 37/60 (38.14%/61.86%) 22/41 (34.92%/65.08%) 0.1710° 6792
IVS thickened (normal/>9/>1.2) 90/7/0 (92.8%/7.2%/0%) 56/6/1 (88.9%/9.5%/1.6%) 2.1738" 3372
IVS, cm 0.76+0.16 0.85+0.17 12.4642° .0005"
Pw, cm 0.80+0.17 0.92+0.23 14.8411° .0001"
DdLV, cm 3.98+0.461 4.62+0.573 59.1216° <.001"
RWT 0.39+0.08 0.38+0.09 0.3550% 5521
RWT >0.42 31 (31.96%) 17 (26.98%) 0.4535" .5006
Epicardial fat (yes) 54 (55.67%) 35 (55.56% 0.0002° .9886
Epicardial fat, cm 3.06+1.53 3.24+15 0.2885°% 5925
LVM, g 118.4+£37.12 180.9+52.95 76.5654% <.001"
LVM index, g/m*’ 1.30+£1.04 1.24+1.04 0.1002% 7522
Concentric LVH 87 (89.69%) 53 (84.13%) 1.0599 3032
10 (10.31%) 10 (15.87%)

Concentric remodeling LV 75 (77.32%) 55 (87.30%) 2.6027 .1066
22 (22.68%) 8 (12.70%)

Eccentric LVH 79 (81.44%) 47 (74.60%) 1.0540 .3045
18 (18.56%) 16 (25.40%)

Continuous variables were expressed as: mean + standard deviation; categorical variables: number (%). BMI=body mass index, BP =blood pressure, DdLV = diastolic diameters of the left ventricle, IVS=
interventricular septum, LV=Ileft ventricular, LVM =left ventricular mass, RWT =thickness of the ventricular wall, TC=total cholesterol, TG=triglycerides, WC=waist circumference.

Student’s ¢ test or Mann-Whitney U test for continuous variables.
® Chi-square test (McNemar Chi-square/Yates) or Fisher exact test.
Marked effects are significant at P<.05.

(children) included 97 patients aged 6 to 11 years old (mean age
9.82+2.2 years) and group B (adolescents) included 63 patients
aged 12 to 18 years old (mean age 14.7 +1.6).

Between the 2 groups of patients, the sex distribution showed
predominance of the male sex in both groups (59.8% in group A
compared with 60.3% in group B).

In both groups, obesity was more prevalent than overweight
(53.61% in children vs 49.21% in adolescents). In the study
group A, 32.99% of children had severe obesity while in the
group B, 44.44% of adolescents had overweight (Table 1). These
results are concordant with the classification of the study groups
according to the nutritional status, with significant differences
regarding the classification of children and adolescents in
overweight, respectively morbid obesity. Thus, overweight is
far more common in adolescents, while obesity and severe obesity
are significantly more common in children. Obesity and severe
obesity are significantly associated (P <.001) with the age of <12
years old. Therefore, the BMI percentile indicated higher mean

values for children compared with adolescents (P<.0001)
(Table 1).

Comparing the average values of the systolic BP and diastolic
BP does not objectively reflect the presence of vascular
impairment due to the different criteria for age group specific
classification. Considering also the age criterion and the
classification of hypertension properly, it is clearly shown that
in obese adolescents (8.3% vs 30.2%; P=.0003) pre-hyperten-
sion and hypertension are significantly more frequent (20.6% vs
14.4%; P=.0003) (Table 1).

We compared several biological parameters between children
and adolescents. The assessment of total cholesterol values
showed that there are no statistically significant differences
between the 2 age groups. Regarding triglycerides, it is observed
that there are statistically significant differences between children
and adolescents (P=.0142) (Table 1).

We evaluated the correlation between epicardial fat and
visceral obesity in children and adolescents (Table 2).
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Table 2
Evaluation of the association of epicardial fat versus visceral obesity.
Visceral obesity
Absent Present Statistical test® P-value

Pathological epicardial fat

No (n/%) 45/97.83% 72/78.26% 11.7281 .0006

Yes (n%) 12.17% 20/21.74%
Visceral obesity versus pathological epicardial fat 95% Cl for AUC
Area under the curve 0.668 0.562-0.775 014

2 Chi-square test (McNemar Chi-square/Yates).
Marked effects are significant at P<.05.

The presence of visceral obesity was unquestionably associated
(x*=11.72, P=.0006) with the presence of pathological
epicardial fat: from the 46 cases without visceral obesity only
2.17% had pathological epicardial fat, whereas of the 92 cases
with visceral obesity, 21.74% presented pathological epicardial
fat. Area under the curve (AUC) showed an increased predictive
power of the presence of pathological epicardial fat (AUC=
0.668, 95% confidence interval [CI]: 0.562-0.775, P=.014) in
the presence of visceral obesity (Fig. 1).

The evaluation of the AUC regarding the predictability of the
clinical and biological parameters on the vascular and cardiac
impairments is presented in Table 3. The analysis revealed that
BMI is not a significant predictor for vascular impairment for
either children or adolescents (AUC=0.57, P=.327 vs AUC=
0.54, P=.53). However, BMI is an important predictive factor
for the occurrence of cardiac impairment in children (AUC=
0.62, P=.041) and adolescent (AUC=0.66, P=.036) (Table 3).

In the age group 6 to 11 years, among the factors analyzed
(BML, visceral obesity, TC, TG, LDL¢, HDLc), none of them are
important predictive factors for vascular impairment (P >.05),
but BMI is a significant predictive factor for cardiac impairment.
Visceral obesity is not a risk factor for vascular or cardiac
impairment in this age group (Table 4).

ROC Curve: epicardic adiposity vs visceral adiposity
Derived from 1 - Specificity
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Figure 1. AUC: Epicardial fat versus visceral obesity. AUC=area under the
curve.

In adolescents, the results showed that visceral obesity is an
important predictive factor for the occurrence of vascular (AUC=
0.669, P=.021) and cardiac (AUC=0.697, P=.037) impairment.
Also, increased levels of TG and LDLc are predictable for the
occurrence of cardiac impairment in adolescents (AUC=0.67,
P=.044; AUC=0.66,P=.038) (Table 4). Total cholesterol isnot a
predictive factor for cardiac manifestations.

In our study, visceral obesity was predictive for increased the
LMYV index values in both children (AUC=0.594, P=.024) and
adolescents (AUC=0.53, P=.035). Moreover, concentric LV
hypertrophy is significantly influenced by the presence of visceral
obesity (AUC=0.664, P=.013 children; AUC=0.716, P=.026
adolescents) (Table 4). Concentric remodeling and the presence
of eccentric hypertrophy were not significantly influenced by the
presence of visceral obesity (P>.05) (Table 4). Regarding
diastolic dysfunction, no changes in the E/A ratio were identified,
but the S/D ratio <1 was identified in 6 patients with severe
obesity who also had hypertrophic cardiomyopathy.

4. Discussions

Overweight and obesity in childhood are associated with early
cardiovascular dysfunction, which increases the risk of cardio-
vascular morbidity and mortality in adult life.®!! Cardiac
structural and functional changes in obese patients affect the
myocardium and determine the so-called “obesity cardiomyopa-
thy,”!32]

In the absence of removal of cardiovascular risk factors,
childhood-onset of cardiac dysfunction will progress into
adulthood, and literature studies show that in overweight and
obese adults, heart failure will develop 10 years faster compared
with subjects with normal BMILY®32 This is why it is extremely
important to identify the clinical and biological parameters for
predicting cardiovascular risk from childhood.

Among the clinical parameters, BMI and WC were the first
cardiovascular risk factors discussed in childhood and adoles-
cence. Janssen et al evaluated data from the Bogalusa Heart
Study, which included 2597 children and adolescents aged 5 to
18 years.** They concluded that both BMI and WC indicate an
increased cardiovascular risk in children and adolescents with
visceral obesity, although there are differences in the origin
environments, ethnicity.[13-33-35]

WC provides an indicator of visceral adipose tissue. Imaging
techniques such as abdominal computed tomography, magnetic
resonance imaging, and dual-energy x-ray absorptiometry provide
accurate measurements of visceral adipose tissue, but are expensive
and often unfeasible to use in the clinical setting. Studies showed
that WC provides almost an identical measurement of visceral
adipose tissue among adults and can be used to identify those at risk
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The estimated parameters in the evaluation of the predictability of the clinical and biological parameters on the vascular and cardiac

impairments.

Study cohort (n=160)

Group A: 6-11 years (n=97)

Group B: (12-18 years) (n=63)

AUC (95%(Cl) P-value AUC (95%Cl) P-value
Vascular impairment
BMI, kg/m? 0.570 (0.426-0.714) 327 0.547 (0.389-0.695) .530
Visceral obesity 0.635 (0.508-0.762) .059 0.669 (0.534-0.804) 021"
Cholesterol, mg/dL 0.518 (0.352-0.683) 837 0.485 (0.316-0.655) .864
Triglyceride, mg/dL 0.558 (0.386-0.731) 488 0.637 (0.477-0.797) 107
LDL,, mg/dL 0.533 (0.291-0.776) 799 0.650 (0.350-0.950) .329
HDL,, mg/dL 0.489 (0.242-0.735) 932 0.636 (0.323-0.950) .366
Cardiac impairment
BMI, kg/m? 0.620 (0.505-0.735) 041" 0.666 (0.529-0.802) 036"
Visceral obesity 0.559 (0.419-0.700) 432 0.697 (0.533-.861) 037"
Cholesterol, mg/dL 0.427 (0.290-0.563) 296 0.572 (0.400-0.743) 419
Triglyceride, mg/dL 0.447 (0.313-0.581) 453 0.677 (0.513-0.842) 044"
LDL;, mg/dL 0.364 (0.158-0.569) 198 0.667 (0.565-0.851) 038"
HDLc, mg/dL 0.556 (0.335-0.778) 595 0.308 (0.006-0.609) .258

95%Cl=95% confidence interval; AUC=area under the curve, BMI=body mass index, HDL. = high-density lipoprotein cholesterol, LDL. = low-density lipoprotein cholesterol.

" Marked effects are significant at P<.05.

of developing cardiovascular disease and type 2 diabetes
mellitus.*®37 In obese 12 to 14-year-old children, WC correlates
to a potentially atherogenic lipoprotein profile.['*38!

The relationship between visceral adiposity and cardiovascular
risk is widely acknowledged which makes the evaluation of fat
distribution a compulsory procedure in obese children.®”! In
evaluating overweight children, WC plays an important role in
the early identification of metabolic syndrome and cardiometa-
bolic risk.*34% In the study published by Bin and Li in 2011, the
authors stated that increased WC was an indicator of high BP
in preschool children, especially in boys. Moreover, WC was
independently associated with high BP in this category of
children. Thus, high BP in children has been associated with
increased WC, and childhood obesity is associated with high risk
of adult hypertension.***3] Regarding the predictive power of
BMI and WC on elevated BP, literature studies have shown that
increased WC is associated with elevated BP even when BMI is
normal.[**431

In our study, we observed that WC is an important predictive
factor for the occurrence of vascular impairment (pre-hyperten-
sion and hypertension) only in adolescents, not in children under
12 years. Regarding the predictive value of BMI, this is not a

significant predictive factor for vascular impairment neither in
children or adolescent in our study.

Visceral obesity induces a variety of structural alterations in
cardiac structure and function. Especially children with severe
obesity, exhibit a tendency to develop abnormal LV geometry
(LV  hypertrophy or relative wall thickness) and cardiac
dysfunction.>**) The mechanisms that lead to altered diastolic
function of the LV are complex and influenced by numerous
variables. Furthermore, in obese children with hypertension, the
risk of left ventricular hypertrophy increases.!*”!

Most studies agree that obese children have increased LVM
index.31*41 Also, LVM index significantly correlated with BMI
in children and adolescents with essential hypertension.”®*! In
our study, WC above the 90th percentile is a predictive factor for
increased LVM index and concentric hypertrophy in both children
and adolescents. Moreover, concentric remodeling and the
presence of eccentric hypertrophy were not significantly influenced
by the presence of visceral obesity.

Greater epicardial fat deposition has been reported in children
with obesity compared with sex- and age-matched children with a
healthy BMI. Moreover, quantification of epicardial adipose
tissue by echocardiography is reported to be associated with

Estimated parameters in evaluating the predictability of visceral obesity on cardiac impairment.

Group A: 6-11 years (n=97)

LVM index, g/m>’

Concentric hypertrophy of LV

Concentric remodeling of LV Eccentric hypertrophy of LV

Visceral obesity
AUC (95%Cl)
P-value

0594 (0.521-0.767)
024

0.664 (0.621-0.806)
013

0.408 (0.232-0.585)
327

0.576 (0.434-0.719)
314

Group B: (12-18 years) (n=63)

LVM index, g/m>’

Concentric hypertrophy of LV

Concentric remodeling of LV Eccentric hypertrophy of LV

Visceral obesity
AUC (95%Cl)
P-value

0.53 (0.509-0.721)
035

0.716 (0.695-0.836)
026

0.630 (0.349-0.911)
.286

0.451 (0.285-0.617)
564

95% Cl=95% confidence interval; AUC=area under the curve; LV=left ventricular, LVM=left ventricular mass.

" Marked effects are significant at P<.05.
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visceral adipose tissue deposition.**! According to this, in our
study the presence of visceral obesity was significantly associated
with the presence of pathological epicardial fat.

This study has a number of limitations. Primarily, the
definition of visceral obesity based on the waist circumference,
in the absence of abdominal magnetic resonance imaging or dual-
energy x-ray absorptiometry. In addition, the impossibility of
performing the vascular ultrasound and evaluation of intima
media thickness for the evaluation of subclinical atherosclerosis,
a marker of morphological vascular damage.

5. Conclusions

Overweight and obesity in childhood are associated with early
cardiovascular dysfunction. Visceral obesity is an important
predictive factor for the occurrence of vascular impairment (pre-
hypertension and hypertension) especially in adolescents com-
pared with children. WC above the 90th percentile is a predictive
factor for increased LVM index and concentric hypertrophy in
both children and adolescents. Obese pediatric patients with
elevated WC need to be carefully monitored to prevent long-term
cardiovascular complications.
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