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Abstract Obesity and left ventricular hypertrophy (LVH)
have been identified as independent risk factors for car-
diovascular events. The definition of LVH depends on the
geometric algorithm used to calculate LV mass (LVM) by
echocardiography and the method used to normalize LVM
for body size. This study evaluates the effect of these
methods on the prevalence of LVH in obese children. LVM
for 109 obese and 109 age-matched non-obese children was
calculated using M-mode or two-dimensional echocardio-
graphy (2DE). LVM was then normalized to height 2.7 as
indexed LVM (LVMI), to body surface area (BSA), height,
and lean body mass (LBM) as LVM Z-scores. LVH was
defined as LVMI >95th %o using age-specific normal ref-
erence values or LVM Z-scores >2. The prevalence of
LVH by LVMI and LVM Z-scores was compared. There
was a correlation between LVM determined by M-mode
and by 2DE (R* = 0.91), although M-mode LVM was
greater than 2DE LVM. However, the difference between
these values was greater in obese children than in non-
obese children. Based on the method of normalization, the
prevalence of LVH among obese children was 64 % using
LVMI, 15 % using LVM Z-scores for height, 8 % using
LVM Z-scores for BSA and 1 % using LVM Z-scores for
LBM. Height-based normalization correlates with obesity
and hypertension. The methods used to measure and nor-
malize LVM have a profound influence on the diagnosis of
LVH in obese children. Further study is needed to
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determine which method identifies children at risk for
cardiovascular morbidity and mortality.

Keywords Left ventricular mass - Left ventricular
hypertrophy - Obesity - Pediatric echocardiogram

Background

The presence of left ventricular (LV) hypertrophy (LVH)
has been identified as a predictor of adverse cardiovascular
events. In adults, LVH has been associated with compli-
cations such as myocardial infarction, cerebrovascular
events, congestive heart failure, and death [1-5]. In fact,
the importance of LVH as an independent risk factor for
future cardiovascular events is second only to older age. In
children, establishing the diagnosis of LVH requires that
LV mass (LVM) be adjusted for the effects of body size
[6]. Several body size parameters have been used. In this
population, LVH has been associated with hypertension
[7-10] and obesity [11-18] in studies using height as the
body size parameter. Also in studies using body surface
area (BSA) as the body size parameter, LV outflow tract
obstruction has been associated with LVH [19].

Recent studies show that 34 % of American children
12-19 years of age are overweight or obese [20]. These
adolescents are more likely to present with cardiovascular
risk factors such as hypertension [21], abnormal lipid levels
[22], prediabetes or diabetes [23], and increased C-reactive
protein [24, 25]. With the increasing prevalence of child-
hood obesity, characterizing the relationship between LVM
and obesity has become more important as LVH may be an
early indicator of cardiovascular disease in this population.

Echocardiography is the most common modality used to
estimate LVM in children [26]. There are several
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algorithms to calculate LVM, including the prolate ellip-
soid formula using M-mode measurements and the area—
length formula using two-dimensional echocardiographic
(2DE) measurements [27-29]. Each approach makes geo-
metric assumptions about the shape of the ventricle, and
there is controversy over which method to use in children
[30]. Because of the cubing function associated with the
prolate ellipsoid formula, small measurement errors are
magnified. In addition, the accuracy of M-mode measure-
ments can be limited by oblique sampling, particularly in
the setting of limited echocardiographic windows. In con-
trast, limited echocardiographic windows, especially in
obese children, often involve foreshortening of the LV in
2DE apical views, thereby affecting the measurements in
the area—length formula. Studies comparing methods to
calculate LVM have been limited to non-obese children.

As stated previously, LVM must be adjusted for body size in
order to determine LVH [30]. The most commonly used
parameters for which LVM has been adjusted include height,
BSA, and lean body mass (LBM), and the choice of method
may affect which patients are diagnosed with LVH, thereby
affecting management of children at risk [30-38]. Since in
subjects with normal weight LVM strongly correlates with
LBM, many suggest that LBM is the ideal parameter [39].
However, LBM is not readily measured, and both height and
BSA have been used as surrogates for LBM [40]. Other studies
have evaluated LVM normalization in overweight and mildly
obese children. However, they have not involved children with
moderate-to-severe obesity [41]. This limitation is especially
important because of the increasing prevalence of severe
obesity among children and adolescents [42]. Previous inves-
tigations that demonstrate high prevalence of LVH in child-
hood obesity have used the prolate ellipsoid formula using
M-mode measurements and have focused primarily on the
effect of height [43—48]. However, method of calculation of
LVM and its normalization may affect this prevalence. As 2DE
method of measurement of LVM results in lower estimates of
LVM and BSA is disproportionately higher than height in
obese children, LVM by 2DE method when adjusted for BSA
may result in underestimation of the prevalence of LVH. This
study was performed to determine whether the method used to
calculate and normalize LVM significantly affects the preva-
lence of LVH in obese children. The hypothesis was that LVM
adjusted for height would result in a higher prevalence of LVH
compared to LVM adjusted for BSA.

Methods
Study Population

This retrospective analysis of clinical and echocardio-
graphic data was approved by the Institutional Review
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Board. Several standard definitions were utilized for this
study. Patients with a body mass index (BMI) >97.5th %o
(Z-score > 2) were considered as obese. Those with a BMI
between 95th and 97.5th %o were classified as mildly
obese, between 85th and 95th %o as overweight, and <15th
%0 as underweight. Hypertension was defined by the
presence of a systolic and/or diastolic blood pressure (BP)
>95th %o (Z-score > 1.6). Two groups were identified
among the children 3-17 years of age who had an
echocardiogram performed at the Children’s Hospital at
Montefiore from January 2009 to December 2010. The
obese group consisted of patients with a BMI >97.5th %o
undergoing evaluation for a heart murmur or hypertension.
The control group consisted of patients who had a BMI
between 15th and 85th %o and a BP <95th %o, were eval-
uated for a heart murmur, and were matched for age,
gender, and race to the obese patients. Patients were
excluded if any of the following criteria were present: (1)
congenital heart disease, (2) systemic disorders such as
sickle cell disease, cancer, rheumatic heart disease,
Kawasaki disease, systemic lupus erythematosus, pul-
monary hypertension, solid organ transplant, Marfan syn-
drome, and genetic syndromes, (3) arrhythmias, and (4)
treatment with antihypertensive medications.

Demographic and Clinical Data

Age, gender, and self-reported race data (when available) were
collected for each patient. Height and weight were measured by
trained personnel using a SCALE-TRONIX 5002 stand-on
scale (height minimum 0.5 cm, weight minimum 0.1 kg)
(SCALE-TRONIX, Carol Stream, IL), and BSA was calculated
using the Haycock formula (BSA = 0.024265 x weight
0.5378 x height 0.3964) [49]. Z-scores for weight, height, and
BMI were calculated using the Lambda Mu Sigma (LMS)
tables published by the Centers for Disease Control [50]. LBM
was estimated for each participant using validated sex-specific
predictive equations (males: Ln(LBM) = —2.8990 +
0.8064 x Ln(height) 4+ 0.5674 x Ln(weight) + 0.0000185 x
weight” — 0.0153 x BMI  Z  score” + 0.0132 x age;
females: Ln(LBM) = —3.8345 + 0.954 x Ln(height) +
0.6515 x Ln(weight) — 0.0102 x BMI Z scorez) [51]. Sys-
tolic and diastolic blood pressures were measured in a sitting
position using a DINAMAP (PROCARE 400 GE, Fairfield,
CT), and all measurements were converted to Z-scores using
the Fourth Report Criteria of the National High Blood Pressure
Education Program Working Group in the USA [10].

Echocardiographic Data
All patients underwent an echocardiographic evaluation

using either the IE33 (Philips Inc., Andover, MA, USA) or
Sequoia 512C (Siemens Medical Solutions Inc. Mountain
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View, CA, USA) ultrasound systems. 2DE and M-mode
measurements were obtained using a standard protocol [26]
in subcostal, apical four-chamber, and/or parasternal short-
axis views. All studies were stored digitally and re-ana-
lyzed by one author (J.M.). Additional author (P.H.)
repeated all measurements and calculations in 20 % of the
studies (n = 43) and these measurements used for inter-
observer variability analysis. The second reader was blin-
ded to previous measurements and allowed to select the
best image for measurement. Both readers were blinded to
prior measurements and calculations. The following
M-mode measurements were obtained: LV end-diastolic
diameter (EDD), LV end-diastolic septal wall thickness
(SWT), and LV end-diastolic posterior wall thickness
(PWT). The following 2DE measurements were obtained:
LV end-diastolic endocardial area, LV end-diastolic
endocardial length, LV end-diastolic epicardial area, and
LV end-diastolic epicardial length. Measurements were
performed once and within a single cardiac cycle.

Echocardiographic Calculations and Indices

M-mode LVM was calculated using the prolate ellipsoid
formula as recommended by the chamber quantification
guidelines for adult echocardiography [27]. 2DE LVM was
calculated by determining LV endocardial and epicardial
end-diastolic volumes (EDV) using the area-length for-
mula [26] and subtracting the endocardial EDV from the
epicardial EDV and multiplying the difference (myocardial
volume) by 1.05 g/mL, the myocardial density [52].

Considering that published normal values for LVM
normalized to height and LBM only used M-mode-derived
values, M-mode LVM values were normalized for body
size using the following four methods: LVM index (LVMI)
calculated as LVM divided by height 2.7 and LVM
Z-scores based on height; BSA and LBM calculated from
normal data published previously [6, 41, 53]. Patients were
classified as having LVH based on two possible combi-
nations: (1) LVMI >95th %o (based on age and gender
specific reference values for normal children) [54] or (2)
LVM Z-scores for height, BSA and LBM >2.

Statistical Analysis

Descriptive statistics (mean =+ standard deviation) were
generated for all demographic characteristics. All values
were checked for normality. Means, confidence intervals,
standard deviations, standard errors, ranges, P values, and
equality of variances were calculated for all variables.
Demographic information, anthropomorphic data, and all
echocardiographic measurements and calculations and
their corresponding Z-scores were compared between the
obese and control group.

LVM calculations based on M-mode and 2DE measure-
ments were compared by calculating the percentage differ-
ences (absolute difference between measurements divided
by the mean value). Interobserver percentage differences
were also calculated. Intraclass correlation coefficients with
absolute agreement of single measures were used to test for
the correlation between the two methods and the two
observers. Bland—Altman limits of agreement were evalu-
ated for LVM in the obese and control groups [55].

The agreements between the LVM Z-scores were asses-
sed using intraclass correlation coefficient with absolute
agreement of single value. The relationships between BMI
Z-score and systolic BP Z-score and each of LVM Z-scores
were evaluated among control and obese groups. These
relations were investigated using linear regression.

Fishers exact, ¢ tests, and analysis of variance were
performed to compare the means. y* test for significance
was used to evaluate differences in the proportion of
patients with LVH using different normalization methods.
All tests were two-sided. Statistical significance was
defined as P < 0.05. Statistical analyses were performed
using SPSS version 22 (IBM, Armonk, NY).

Results
Study Population

Twelve hundred and twenty-one patients between the ages
of 3 and 17 years underwent echocardiographic evaluation
for a murmur or for hypertension during the study period.
The obese group consisted of 112 patients of whom 109
had the required echocardiographic views for LVM mea-
surements. In this group, 40/109 patients had an abnor-
mally high BP during the echocardiogram (N = 28) and/or
were referred for cardiac evaluation of hypertension
(N = 24). The control group consisted of 109 patients
matched for age, gender, and race (Fig. 1). No patients in
the control group had an abnormally high BP or a history of
hypertension. Demographic and anthropometric data are
compared between groups in Table 1.

M-mode Versus 2DE Measurements

Intraclass correlation coefficients and percentage differ-
ences of the mean between the M-mode and 2DE LVM for
the obese and control groups are given in Table 2. The
linear correlation and Bland—Altman scatter plots between
the M-mode LVM and 2DE LVM for the obese and control
groups are shown in Fig. 2a, b. Although M-mode LVM
correlated well with 2DE LVM, M-mode LVM was higher
than 2DE LVM in both groups. In addition, the percentage
differences between M-mode LVM and 2DE LVM were
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Fig. 1 Flow diagram showing
inclusion of obese group and

control group

Table 1 Comparison of

demographic and

anthropometric data between
the obese and control groups

higher for the obese group (12.7 & 8.3 % in controls vs.

Normal echo (no structural
heart disease with normal

function) N = 1267

BMI Z-score <2
N =1158

BMI Z-score > 2

N =109

BMI Z-score > 1.45

N =366

BMI Z-score < 1.45

N=1792

BP Z-score > 1.6

N=46

BP Z-score < 1.6
N =746

Control
N=109

Obese (N = 109) Control (N = 109) P value

Male (n) 68 (62 %) 66 (60 %) 0.889
Age (years) 12.0 £ 4.3 129 + 39 0.082
Height (cm) 150.4 £+ 23.1 152.7 £ 214
Height Z-score 04 +£15 00x£1.1 0.014
Weight (kg) 78.9 £ 35.7 485+ 17.2
Weight Z-score 254+0.6 0.2 +0.8 <0.001
BMI (kg/m?) 32.7+9.2 19.9 + 3.2
BMI Z-score 244+04 0.3 +0.7 <0.001
BSA (m?) 1.8 £ 0.6 14+ 04 <0.001
Systolic BP (mmHg) 118.5 £ 14.7 108.6 £ 11.1
Systolic BP Z-score 1.0 £ 1.1 0.0+£0.8 <0.001
Diastolic BP (mmHg) 65.9 £ 10.2 619 +74
Diastolic BP Z-score 0.3 +09 —0.1 £ 0.7 0.001
Race 0.279

Black (V) 30 (28 %) 31 (28 %)

Multiracial (N) 45 (41 %) 36 (33 %)

Caucasian (N) 14 (13 %) 18 (17 %)

Unknown (N) 20 (18 %) 24 (22 %)

Values are means =+ standard deviations or number (%)

Statistically significant values are given in bold (p < 0.05)

16.9 + 11.8 % in the obese group, P = 0.003).

Interobserver Variability

obese group and control group. There was a significant

difference in the percentage differences for EDV between
obese and control group (P = 0.001).

Echocardiography

Interobserver variability data are summarized in Table 3.

There was no significant difference in the percentage dif-
ferences for M-mode LVM and 2DE LVM for both the
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Table 2 Agreement of left ventricular mass measures by M-mode and 2DE in the obese and control groups (N = 218)

M-Mode 2DE ICC % Difference P value*
Obese 143.79 £+ 65.71 122.58 £ 52.86 0.878 16.88 £+ 11.80 <0.001
Control 103.14 £ 37.38 93.97 £ 34.37 0.906 12.73 £+ 8.26 <0.001
Statistically significant values are given in bold (p < 0.05)
P values for all ICC were <0.001
2DE two-dimensional echocardiography; ICC intraclass correlation; LVM left ventricular mass
* P value is for paired ¢ test between M-mode and 2DE measurements
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were compared between the obese and control groups in
Table 4. The mean Z-scores for all measurements and
calculations were within normal limits for both groups. The
mean M-mode EDD and 2DE EDV Z-scores were lower,
and the mean M-mode SWT and PWT Z-scores were
higher in the obese group. The mean M-mode LVM
Z-scores based on LBM and height were significantly
higher in the obese group, but the mean Z-scores based on
BSA were not different. Agreement between different
LVM Z-scores using intraclass correlation coefficient is
given in Table 5. There were good agreements between all
three Z-scores in the control group. Agreement between

LVM Z-scores by BSA and height in the obese group was
poor. In both groups, there was better agreement between
LVM Z-scores by BSA and LBM compared to LVM
Z-scores by height and LBM. Heteroscedasticity was seen
in the control group with a persistent relationship between
LVMI and height (r = —0.238, P = 0.006) and obese
group with a persistent relationship between LVM Z-scores
by height and height (r = 0.361, P < 0.001), but they were
not seen in other normalizations in obese and control
groups.

Correlations between normalized LVM and measured
risk factors for LVH in our cohort are given in Table 6.

@ Springer



998

Pediatr Cardiol (2016) 37:993-1002

Table 3 Interobserver variability between echocardiographic data
and calculated variables (N = 43)

Obese (N = 22) Control (N = 21) P value
ICC Percent diff ICC Percent diff
M-mode
EDD  0.960 2.75 £2.60 0.940 348 + 3.39 0.43
SWT 0.859 10.03 £ 8.60 0.735 12.54 + 8.67 0.35
PWT  0.837 9.93 + 8.88 0.888 8.41 +£4.93 0.49
LVM 0944 10.75 £7.18 0.978 7.79 + 4.93 0.12
2DE
EDV 0904 1474 £9.69 0.973 6.84 + 493 <0.01
LVM 0957 1091 £9.38 0.955 9.17 £ 7.87 0.51

P values for all ICC were <0.001. P values in the table are com-
parison between percentage differences

2DE two-dimensional echocardiography; EDD left ventricular end-
diastolic diameter; EDV left ventricular endocardial end-diastolic
volume; ICC intraclass correlations; LVM left ventricular mass; PWT
end-diastolic posterior wall thickness; SWT end-diastolic septal wall
thickness

Table 4 Comparison of echocardiographic variables between the
obese and control groups

Obese (N = 109) Control (N = 109) P value

M-Mode

EDD (cm) 4.68 + 0.72 4.46 £+ 0.56

EDD Z-score —0.75 + 0.92 —0.17 £ 0.97 <0.001

SWT (cm) 0.87 £ 0.19 0.74 £ 0.13

SWT Z-score —0.65 + 0.70 —0.88 + 0.55 0.008

PWT (cm) 0.85 £ 0.18 0.71 £ 0.13

PWT Z-score —0.46 + 0.78 —0.80 + 0.68 <0.001

LVM (g) 143.79 £+ 65.71 103.14 £+ 37.38

LVMI (g¢/m*”)  45.11 + 11.37 32.01 + 6.32 <0.001
LVM Z-score

Height 0.89 £+ 1.21 —0.73 + 1.06 <0.001

BSA —1.1 £ 0.97 —0.85 + 0.79 0.060

LBM —-043 £+ 1.11% —0.88 +£0.99 A 0.004
2DE

EDV (cm?) 11837 £ 47.19  100.66 & 33.76

EDV Z-score —1.38 &£ 1.02 —0.43 + 1.01 <0.001

LVM (g) 122.58 + 52.86 93.97 + 34.37

Statistically significant values are given in bold (p < 0.05)

2DE two-dimensional echocardiography; BSA body surface area EDD
left ventricular end-diastolic diameter; EDV left ventricular endo-
cardial end-diastolic volume; LBM lean body mass; LVM left ven-
tricular mass; LVMI left ventricular mass index; PWT end-diastolic
posterior wall thickness; SWT end-diastolic septal wall thickness

*N=79AN=103
There was a significant correlation between BMI Z-score

and sys BP Z-score with LVMI and LVM Z-scores by
height in obese group. The correlations were also
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significant for BMI Z-score with LVMI and LVM Z-score
for height in control group.

Prevalence of LVH

The prevalence of LVH based on the LVMI and LVM
Z-scores for the obese and control groups is given in
Table 7. Based on LVMI and LVM Z-score by height, the
prevalence of LVH in obese was significantly higher than
control group. The prevalence of LVH by different meth-
ods in obese group was significantly different (range
1-64 %, P < 0.001).

Discussion

Despite the strong correlation between M-mode and 2-DE
methods for calculating LVM in normal children, LVM
derived from the prolate ellipsoid M-mode method is
higher than LVM derived from the area-length 2DE
method in children. Other studies have reported similar
findings along with the fact that both methods overestimate
LVM values calculated from three-dimensional echocar-
diography in normal children, but these have not been
investigated in obese children [28, 29]. There is greater
discordance between M-mode and 2DE LVM in obese
children, suggesting diminished accuracy or increased
variability in obese patients. The higher interobserver
variability of EDV measurements suggests diminished
accuracy of the 2DE method in obese patients, although the
variability was similar for 2DE LVM in both groups.
Another study demonstrated better agreement with three-
dimensional echocardiography and MRI for 2DE mea-
surements compared to M-mode measurements, but inter-
observer variability for 2DE was higher than for M-mode
and three-dimensional echocardiography [56].

Table 5 Agreement between LVM Z-scores

ICC
Obese Control
M-mode
LVM Z-score for height versus LBM 0.549* 0.887A
LVM Z-score for BSA versus LBM 0.738" 0.904A
LVM Z-score for height versus BSA 0.245° 0.817¢

BSA body surface area, ICC intraclass correlation coefficient, LBM
lean body mass, LVM left ventricular mass. P values for all ICC were
<0.001

T N=T79AN=103
b N =108
N =109
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Table 6 Correlation of LVM
Z-scores and BMI Z-score and Obese Control
Sys BP Z-score BMI Z-score Sys BP Z-score BMI Z-score Sys BP Z-score
r P r P r P r P
LVMI 0.48 <0.01 0.22 0.01 0.42 <0.01 0.01 0.48
LVM Z-scores
Height 0.31 <0.01 0.17 0.04 0.44 <0.01 0.03 0.37
BSA 0.04 0.71 0.07 0.22 0.03 0.38 0.00 0.50
LBM 0.11 0.32 0.03 0.41 0.16 0.05 —0.06 0.26

Statistically significant values are given in bold (p < 0.05)

BMI body mass index, BSA body surface area, LBM lean body mass, LVM left ventricular mass, LVMI left
ventricular mass index, Sys BP systolic blood pressure

Table 7 Prevalence of LVH by LVMI and Z-scores based on height,
BSA, and LBM

Obese (%) Control (%) P value
M-mode
LVMI 70/109(64) 11/109(10) <0.001
Height 31/108 (29) 0/109 (0) <0.001
BSA 0/109 (0) 0/109 (0) 1
LBM 1/79 (1) 17103 (1) 1

Echocardiographic measurements must be adjusted for
body size in order to allow for comparisons among children
with and without heart disease. Traditional approaches to
normalization are based on ratiometric relationships (the
cardiovascular parameter is divided by some measure of
body size). In contrast, allometric normalization allows for
a nonlinear relationship between the measurement and the
body size parameter by using a body size variable raised to
a scalar exponent, an approach which has become
increasingly popular because it avoids assumptions about
variance [57]. Recommended normalization methods have
involved BSA, height, height to the power of 1.7 and 2.7,
and LBM (fat-free) [37, 39]. The contribution of adipose
tissue to BSA is significant, especially in obese children for
whom normalization of the sizes and function of cardio-
vascular structures is important [39]. Alternatively, LVM,
like cardiac output, is determined primarily by the demands
of metabolically active tissue. Although height correlates
very well with LBM, the correlation is not perfect, espe-
cially in obese children.

Currently available definitions for LVH include LVMI
>95th %o and LVM Z-scores >2 (LVM > 97.5th %o). In
an effort to replicate common practice using the two dif-
ferent approaches, all comparisons in this study utilized
these definitions. Several studies involving children with
kidney disease have shown that different normalization
methods affect the estimated prevalence of LVH, varying
by as much as 37 % (18 vs. 55 %) depending on the

methodology used [58, 59]. In these studies, LVM was
determined using the M-mode method only. The variability
is even more accentuated when both M-mode and 2DE
measurements are included. Our data, along with previ-
ously published reports [28, 29, 60], demonstrate a sig-
nificant difference between LVM measured by 2DE and
M-mode.

The marked discrepancy in the prevalence of LVH in
obese children using the different methods (1-64 %) seen
in our study has been seen previously in adults with
hypertension and obesity [35]. In obese children, LVM
normalized to BSA probably underestimates the prevalence
of LVH, but it is also likely that normalizing to height
overestimates the prevalence of LVH in this population. In
fact, this study along with other previously published
studies demonstrates that LVM values normalized to BSA
were lower in normotensive obese subjects compared to
non-overweight subjects, while the LVM values normal-
ized to height were not significantly different [61]. This
may be attributed to the finding that overweight subjects
tend to have a higher absolute LVM, and the effect of body
fat on LVM is thought to be less than the effect of fat-free
mass. We found a better correlation between BSA- and
LBM-based normalization compared to height-based nor-
malization. In a recent study among overweight children
using LBM as the gold standard for normalization, Foster
et al. [4]1] found that BSA underestimates and height
overestimates the prevalence of LVH. Also their study
demonstrates better agreement between BSA- and LBM-
based normalization. Of note, the median BMI Z-score of
overweight children in the Foster study was 1.4, which is
lower than mean Z-score of 2.4 in our cohort. This may
explain the higher discrepancy in the prevalence of LVH.
The BSA- and LBM-based Z-scores were not available in
22 and 28 % of our obese population, respectively. This
practical problem is very important as there will not be any
normal child with the BSA and LBM of the severely obese
child who may be at highest risk of cardiovascular
involvement. We found a correlation between height-based
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normalization and BMI and blood pressure in our popula-
tion which implies that height may improve identification
of abnormality in obese children. This is in concordance
with previous studies done in the context of adult obesity
whose proposed height is the best body size measure to be
used in adult obesity [62—64].

One problem with normalized LVM values is the per-
sistent dependence of the adjusted value on the parameter
used to adjust the measurement, a phenomenon known as
heteroscedasticity. This has been seen when LVM is
adjusted for height to the power of 2.7 [53]. In our study,
there is a persistent relationship between LVMI (adjusted
for height) and height for the control group, but this
heteroscedasticity is not seen in the obese group. The use
of Z-scores is particularly useful, as it does not rely on a
single mathematical relationship between LVM and height
across the full range of pediatric body sizes. Although the
use of Z-scores may be more appropriate, to replicate
common practice, LVMI also was used to assess the effect
of normalization to height. In our study, there is no per-
sistent relationship between LVM Z-scores and BSA in
both groups implying that Z-scores may avoid the
heteroscedasticity problem.

Limitations

Several methodologies are available to assess LV geo-
metric patterns using relative wall thickness or 2DE LVM-
to-volume ratio, but this study was not powered to compare
different geometric categories. LVM Z-scores were avail-
able only for patients with BSA <2.27 m? limiting the
sample size for our LVM Z-score comparison. In addition,
the study focused strictly on obese patients and did not
include mildly obese and overweight patients in the anal-
yses, so the conclusions do not apply to the latter two
groups. In addition, the control group was composed of
patients seen in the outpatient clinic and may not fully
represent a true normal population. Blood work to evaluate
systemic inflammation or insulin resistance was not rou-
tinely performed in our obese population. In this retro-
spective study, each blood pressure measurement is
obtained once for each patient by an oscillometric device,
and we are not able to confirm the diagnosis of
hypertension.

The prevalence of LVH in normal children using the
M-mode measurements in our study is 9-10 %. Although a
study using similar methodology in normal African-
American adolescents reveals a prevalence of 12 %, this
number is higher than the 2.3 % prevalence of LVH that
one would expect in a normal population, which represents
the prevalence corresponding to a Z-score >2. The high
incidence of LVH in our normal population is likely related

@ Springer

to several factors, including inconsistencies in published
normal data, unknown confounding factors influencing
LVM and the limitations of calculating or estimating LVM
by echocardiography.

Conclusion

This study found that LVM values vary based on the
method for performing the measurements and the formula
for calculating the value. The methods used to determine
and normalize LVM were found to have a significant effect
on the prevalence of LVH in obese children. Using
M-mode-based calculations and subsequent normalization
based on height, the prevalence of LVH was 64 % in the
obese patients in our study cohort, whereas 2DE-based
calculations and normalization based on BSA resulted in
no obese patients with LVH. Relationship between obesity
and blood pressure with LVM normalized to height in
obese group implies that using normalization to height may
maximize population-attributable risk, which is the most
important measure of incident disease for programs
focused on prevention of obesity-related problems.
Improving our understanding of how obesity affects the
architecture of cardiac structures and function may help to
improve identification of children at risk for obesity-related
heart disease.
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