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Abstract

Objective: To evaluate the association of systolic blood pressure percentile, race, and body mass
index with left ventricular hypertrophy on electrocardiogram and echocardiogram to define
populations at risk. Study design: This is a retrospective cross-sectional study design utilising
a data analytics tool (Tableau) combining electrocardiogram and echocardiogram databases
from 2003 to 2020. Customized queries identified patients aged 2–18 years who had an outpa-
tient electrocardiogram and echocardiogram on the same date with available systolic blood
pressure and body measurements. Cases with CHD, cardiomyopathy, or arrhythmia diagnoses
were excluded. Echocardiograms with left ventricle mass (indexed to height2.7) were included.
The main outcome was left ventricular hypertrophy on echocardiogram defined as Left ven-
tricle mass index greater than the 95th percentile for age. Results: In a cohort of 13,539 patients,
6.7% of studies had left ventricular hypertrophy on echocardiogram. Systolic blood pressure
percentile >90% has a sensitivity of 35% and specificity of 82% for left ventricular hypertrophy
on echocardiogram. Left ventricular hypertrophy on electrocardiogram was a poor predictor of
left ventricular hypertrophy on echocardiogram (9% sensitivity and 92% specificity). African
American race (OR 1.31, 95% CI= 1.10, 1.56, p= 0.002), systolic blood pressure percentile
>95% (OR= 1.60, 95% CI= 1.34, 1.93, p< 0.001), and higher body mass index (OR= 7.22,
95%CI= 6.23, 8.36, p < 0.001) were independently associated with left ventricular hypertrophy
on echocardiogram. Conclusions: African American race, obesity, and hypertension on outpa-
tient blood pressure measurements are independent risk factors for left ventricular hypertrophy
in children. Electrocardiogram has little utility in the screening for left ventricular hypertrophy.

Childhood hypertension and obesity have been shown to be risk factors for cardiovascular
events in adulthood including coronary artery disease, premature heart failure, and stroke.
The Bogalusa Heart Study showed that the majority of pathologic changes resulting in adult
cardiovascular disease begin in early childhood.1 In adults, left ventricular hypertrophy, a patho-
logic increase in left ventricular mass in response to hypertension, is independently associated
with cardiovascular events. Importantly, adequate treatment of blood pressure and obesity can
result in reversibility of end organ damage and normalisation of cardiovascular risk.2

Obesity and increased bodymass have previously been shown to be independently associated
with left ventricular hypertrophy. Race and ethnicity are also risk factors; African American and
Hispanic children have an increased prevalence of left ventricular hypertrophy.3,4 African
Americans continue to have higher death rates from cardiovascular disease than non-
Hispanic Whites.5 Hypertension with target organ damage and heart failure are prevalent in
this population. There are limited data on the relative effects of hypertension and obesity in
African American children, with one study suggesting the prevalence of left ventricular hyper-
trophy being highest among African American adolescents with both hypertension and obesity.6

Pre-hypertension and hypertension have been independently associated with pathologic left
ventricular hypertrophy.7 Other authors concluded that the incidence of left ventricular hyper-
trophy correlated only with body mass index score and was not related to the presence or
severity of hypertension.8 In contrast, Urbina et. al found that elevated blood pressure was inde-
pendently correlated with left ventricular hypertrophy and suggested the pre-hypertensive range
was an appropriate cut-off to predict cardiac target organ damage.9 Furthermore, findings of left
ventricular hypertrophy on electrocardiogram remain a common reason for referral to paedi-
atric cardiology clinic despite studies showing that it is a poor diagnostic tool compared to echo-
cardiography, when used alone, to detect left ventricular hypertrophy.10

Prior studies evaluating left ventricular hypertrophy in paediatrics have been limited by sam-
ple size and cumbersome manual methods. To access and incorporate a large amount of data
from two separate databases, we used a novel data analytics technology that combines patient
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specific data across multiple diagnostic modalities. This tool allows
for a rapid and efficient way to perform a complex analysis. To fur-
ther define the population most at risk in paediatrics, we evaluated
the association of systolic blood pressure percentile, obesity, and
race with left ventricular hypertrophy in children and utility of
electrocardiogram in assessing left ventricular hypertrophy.
Using data analytics, we analysed patients with left ventricular
hypertrophy on electrocardiogram and echocardiogram.

Materials and methods

This is a retrospective cross-sectional study design based on his-
torical data from patients referred to the Cardiology
Department at Children’s National Hospital from May 2003 to
January 2020. The study was approval by the Children’s
National Hospital Institutional Review Board. All electrocardio-
grams and echocardiograms were identified by study date and inte-
grated by patient medical record number into a Structured Query
Language (SQL) server database. SQL Server 2012 is a relational
database management system that can store, maintain, and query
databases of any size that are coded with the SQL, a commonly
used coding language within electronic medical record systems.
Any SQL database incorporated into SQL server can then be joined
with others to form one large database that can include multiple
modalities and vendors. A novel SQL-based data analytics client
was developed to simultaneously access, across all electronic car-
diology diagnostic databases, and mine data. Defined patient spe-
cific data were taken from the electrocardiogram (MUSE, General
Electric, Milwaukee, WI) and echocardiogram (Intellispace
Cardiovascular (ISCV), Philips, Best, Holland) databases from
May 2003 to January 2020. Specifically, patient demographics,
including age and gender, were extracted from the echocardiogram
database and patient race was extracted from the electrocardio-
gram database and incorporated into the analytics client. The
technician performing the electrocardiogram enters the patient’s
race into the electrocardiogram database, which is taken from
the electronic medical record. This novel analytics tool enabled
us to mine, within minutes, two separate large databases and create
a unified database for further analysis.10

Patients aged 2–18 years with an electrocardiogram and
echocardiogram on the same date were included. Race was classi-
fied as Caucasian, African American, and other. Starting with the
echocardiogram database, echocardiograms were filtered by
international classification of diseases(ICD) codes. ICD-9 and
ICD-10 codes for common reasons for cardiology referral includ-
ing murmur (ICD-9 758.2, ICD-10 R01.1), chest pain (ICD-9
786.50, ICD-10 R07.9), dizziness (ICD-9 780.4, ICD-10 R42),
syncope (ICD9- 780.2, ICD-10 R55), palpitations (ICD-9 785.1,
ICD-10 R00.2), abnormal electrocardiogram (ICD-9 794.31,
ICD-10 R94.31), hypertension (ICD-9 401.9, 404.9, 402, ICD-10
I10, I13.10, I11.0), elevated blood pressure (ICD-9 796.2, ICD-
10 R03.0), cardiomegaly (ICD-9 429.3, ICD-10 I51.7) end-stage
renal disease (ICD-9 585.6, ICD-10 N18.6), and obesity (ICD-9
278, ICD-10 E66.9) were included. Additional inclusion criteria
were available race, gender, systolic and diastolic blood pressure,
height, and echocardiogrammeasurements for Left ventricle mass.
The studies were filtered to include only outpatient transthoracic
echocardiograms based on location codes. CHD diagnoses and
cardiomyopathies were excluded. Within the electrocardiogram
database, electrocardiograms with finding codes of normal electro-
cardiogram, normal sinus rhythm, left ventricular hypertrophy,

biventricular hypertrophy, and possible left ventricular hypertro-
phy were included. Arrhythmia diagnoses were excluded. Data
quality checks were completed excluding unrealistic outliers that
did not make sense clinically or missing data.

Left ventricular hypertrophy was defined using echocardiog-
raphy-derived Left ventricle mass indexed by height2.7 by age. For
patients greater than 9 years of age, left ventricular hypertrophy
was defined in females as >40 g/m2.7 and males with >45 g/m2.7.
For patients less than 9 years of age, reference curves established
by Khouri et al were used, defining left ventricular hypertrophy as
the Left ventricle mass indexed by height2.7 greater than the 95th
percentile for age.11 Left ventricular hypertrophy on electrocar-
diogram was defined by the listed diagnosis of electrocardiogram
if it contained any of the following diagnostic phrases: left ven-
tricular hypertrophy, biventricular hypertrophy, borderline left
ventricular hypertrophy, borderline criteria for left ventricular
hypertrophy, moderate voltage criteria for left ventricular hyper-
trophy, minimal voltage criteria for left ventricular hypertrophy,
and possible left ventricular hypertrophy. For analysis, the last
five codes were grouped as “possible LVH”. A normal electrocar-
diogram was defined by the listed diagnosis on the electrocardio-
gram if it contained the diagnostic phrases of normal sinus
rhythm without other diagnoses or normal electrocardiogram.
Blood pressure measurements included in the analysis were taken
from the echocardiogram database. These were automated blood
pressure measurements obtained by the nursing staff in the com-
bined cardiology and nephrology clinic at the time of the
echocardiogram. Classification of systolic and diastolic blood
pressure percentiles for each patient was done using the clinical
practice guidelines as defined by the American Academy of
Pediatrics.12

Groups were dichotomised by the presence of left ventricular
hypertrophy on echocardiogram and calculated using chi-
squared tests for categorical variables including gender and race
and ANOVA for continuous variables including age, height, body
mass index percentile, systolic blood pressure percentile, and dia-
stolic blood pressure percentiles. Sensitivity and specificity of left
ventricular hypertrophy on electrocardiogram for left ventricular
hypertrophy on echocardiogram were calculated with diagnoses
of possible left ventricular hypertrophy and normal being defined
as a normal electrocardiogram, and left ventricular hypertrophy
and biventricular hypertrophy defined as left ventricular hyper-
trophy on electrocardiogram. The analysis was repeated with the
diagnoses of possible left ventricular hypertrophy, left ventricular
hypertrophy, and biventricular hypertrophy defined as left
ventricular hypertrophy on electrocardiogram. The electrocar-
diogram database has searchable diagnostic fields, and the diag-
nostic codes included are all final electrocardiogram readings
done by a paediatric cardiologist. Using left ventricular hypertro-
phy as the dependent variable and systolic blood pressure percen-
tile as the primary independent variable, sensitivity and
specificity were calculated for each systolic blood pressure per-
centile cut-off. Receiver operating characteristic curves were cal-
culated using cut-offs of 50th, 90th, 95th, and 99th systolic blood
pressure percentiles. Odds ratios were calculated using multivari-
able linear regression with variables including age (categorized by
1-year range), race, gender, body mass index percentile (catego-
rized by not obese and obese), systolic blood pressure percentile
(categorized by <95th and ≥95th), and diastolic blood pressure
percentile (categorized by <95th and ≥95th). Significance level
was set as less than or equal to 0.05.
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Results

There were 128,268 echocardiograms and 414,896 electrocar-
diograms in the database. Of these, 13,539 studies were analysed
on 13,539 patients that met the inclusion criteria of having both
studies done on the same day in the outpatient setting without
any other exclusion criteria. Table 1 shows the population sepa-
rated by no left ventricular hypertrophy and left ventricular hyper-
trophy on echocardiogram. There were 911 studies out of 13,539
studies with left ventricular hypertrophy on echocardiogram
(6.7%). The age of the group with left ventricular hypertrophy
on echocardiogram had a mean age of 11.0 years, slightly older
than the group with no left ventricular hypertrophy on
echocardiogram of 10.6 (p= 0.019). The groups had similar pro-
portions of each sex, with left ventricular hypertrophy on
echocardiogram comprised of 44% females and 56% males
(p= 1.00). There was no significant difference in the heights of
the groups with left ventricular hypertrophy on echocardiogram
and no left ventricular hypertrophy on echocardiogram (p= 0.117).
The left ventricular hypertrophy on echocardiogram group had a
significantly higher mean body mass index percentile of 83rd per-
centile (p< 0.001), higher mean systolic blood pressure percentile
of 85th percentile (p< 0.001), and highermean diastolic blood pres-
sure of 75th percentile (p< 0.001). Figure 1 shows a box plot of Left
ventricle mass index by systolic blood pressure percentile. Higher
systolic blood pressure percentile correlate with increased Left ven-
triclemass index (p< 0.001). Prevalence of left ventricular hypertro-
phy increased across systolic blood pressure percentile groups.

Figure 2 shows the prevalence of left ventricular hypertrophy by
African American race, obesity, and systolic blood pressure, with
the highest prevalence of left ventricular hypertrophy in African
American, obese, and hypertensive patients. African American
race (OR 1.31, 95% CI= 1.10, 1.56, p= 0.002), systolic blood pres-
sure percentile >95% (OR= 1.61, 95% CI= 1.34, 1.93, p< 0.001),
and higher body mass index (OR = 7.22, 95% CI= 6.23, 8.36,
p< 0.001) were independently associated with left ventricular
hypertrophy on echocardiogram. These factors were significant
in all age groups. The odds ratio for diastolic blood pressure per-
centile association with left ventricular hypertrophy on
echocardiogram was not significant.

Figure 3 shows the receiver operating characteristic curve for
systolic blood pressure percentile and left ventricular hypertrophy
on echocardiogram. In our cohort, systolic blood pressure percen-
tile had poor sensitivity for left ventricular hypertrophy on
echocardiogram, with a systolic blood pressure percentile>90 hav-
ing a sensitivity of 36% and specificity of 82%, and systolic blood
pressure percentile >95 having a sensitivity of 26% and specificity
of 89%. In African American patients, systolic blood pressure per-
centile >95 had a sensitivity of 30% and specificity of 87% for left
ventricular hypertrophy on echocardiogram. In obese patients, sys-
tolic blood pressure percentile >95 had a sensitivity of 32%
and specificity of 77% for left ventricular hypertrophy on
echocardiogram. In African American and obese patients, systolic
blood pressure percentile >95 had a sensitivity of 36% and speci-
ficity of 74% for left ventricular hypertrophy on echocardiogram.
In the Caucasian, non-obese population, the sensitivity of systolic
blood pressure percentile >95 was lowest at 10% with a specificity
of 92% for left ventricular hypertrophy on echocardiogram.
Similarly, in the whole cohort, diastolic blood pressure percentile
had a poor sensitivity for left ventricular hypertrophy on

Table 1. Cohort separated by the presence of LVH on echocardiogram

Overall No LVH on echo LVH on echo p-Value

n 13,539 12,628 911

Age, mean (SD) 10.6 (4.7) 10.6 (4.6) 11.0 (5.1) 0.019

Female, n (%) 5996 (44.3) 5593 (44.3) 403 (44.2) 0.997

Male, n (%) 7543 (55.7) 7035 (55.7) 508 (55.8)

Race: African American, n (%) 4516 (33.4) 4150 (32.9) 366 (40.2) <0.001

Race: Caucasian, n (%) 4989 (36.8) 4731 (37.5) 258 (28.3)

Race: Other, n (%) 4034 (29.8) 3747 (29.7) 287 (31.5)

Height (cm), mean (SD) 141.6 (27.8) 141.7 (27.5) 140.0 (31.2) 0.117

Weight (kg), mean (SD) 45.6 (26.2) 44.3 (24.2) 62.7 (41.7) <0.001

BMI, mean (SD) 20.7 (6.3) 20.2 (5.5) 27.9 (11.0) <0.001

BMI Percentile, mean (SD) 58.9 (30.9) 57.1 (30.6) 83.5 (22.9) <0.001

SBP Percentile, mean (SD) 78.3 (20.1) 77.8 (20.2) 85.0 (17.8) <0.001

DBP Percentile, mean (SD) 73.3 (20.6) 73.1 (20.6) 75.6 (20.7) <0.001

Figure 1. Boxplot of LV mass index by systolic blood pressure percentile.
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echocardiogram, with a diastolic blood pressure percentile >90
having a sensitivity of 17% and specificity of 91%. In African
Americans, diastolic blood pressure percentile >90 had a sensitiv-
ity of 19 and 90% specificity. In obese patients, diastolic blood pres-
sure >90th percentile had a sensitivity of 19% and specificity of
88%. In African American, obese patients, diastolic blood pressure
>90th percentile had a sensitivity of 20% and specificity of 89%. In

Caucasian, non-obese patients, diastolic blood pressure>90th per-
centile had a sensitivity of 11% and specificity of 91%.

Left ventricular hypertrophy on electrocardiogram was a poor
predictor of left ventricular hypertrophy on echocardiogram, with
a 9% sensitivity and 92% specificity when defining possible left
ventricular hypertrophy diagnostic codes on electrocardiogram
as normal. When analysing possible left ventricular hypertrophy

Figure 2. Prevalence of left ventricular hypertrophy by African American race, obesity, and systolic blood pressure percentile.

Figure 3. ROC curve of left ventricular hyper-
trophy versus systolic BP percentile.

858 M. L. Udine et al.

https://doi.org/10.1017/S1047951121004960 Published online by Cambridge University Press

https://doi.org/10.1017/S1047951121004960


diagnostic codes on electrocardiogram as pathologic, the sensitiv-
ity improved to 21% with a decrease in specificity to 79%. When
looking at the performance of electrocardiogram for left ventricu-
lar hypertrophy in the setting of hypertension, obesity, or African
American race, there was still a low sensitivity in our cohort.
For AfricanAmerican race, left ventricular hypertrophy on electro-
cardiogram had a 14% sensitivity and 86% specificity for left ven-
tricular hypertrophy on echocardiogram. In the hypertensive
population defined as systolic blood pressure >95th percentile,
the sensitivity of left ventricular hypertrophy on electrocardiogram
was 13% and specificity was 91% for left ventricular hypertrophy
on echocardiogram. In our obese population, left ventricular
hypertrophy on electrocardiogram had a sensitivity of 8% and
specificity of 92%. Combining risk factors did not improve the sen-
sitivity of electrocardiogram for left ventricular hypertrophy on
echocardiogram. In African American, obese, and hypertensive
patients, electrocardiogram had a sensitivity of 15% and specificity
of 86% for left ventricular hypertrophy on echocardiogram. For
non-obese Caucasian patients, electrocardiogram had a 4% sensi-
tivity and 96% specificity for left ventricular hypertrophy on
echocardiogram.

Discussion

This study is the largest known cohort in paediatrics assessing risk
factors for left ventricular hypertrophy on echocardiogram using a
novel form of data analytics. This tool can help change the way
large-scale data collection is employed in the future, allowing a
rapid and efficient analysis less prone to the error of traditional
data collection. The cohort adds to prior literature by including
a larger sample size, wide age range, both normotensive and hyper-
tensive patients, and a diverse population. Our study confirms the
findings of previous studies that African American race and obesity
are significant risk factors for the development of left ventricular
hypertrophy in children.3,4 In contrast to the study by
Ramaswamy et al8 but consistent with the study by Urbina
et al,9 we found that hypertension on routine clinic blood pressure
measurements was associated with left ventricular hypertrophy on
echocardiogram, independent of the effect of body mass index.

Despite being independently associated with left ventricular
hypertrophy in multivariable modelling, systolic blood pressure
percentiles >90 and >95 had a poor sensitivity for left ventricular
hypertrophy on echocardiogram in this population. Widespread
ambulatory blood pressure measurement in the general popula-
tion, without consideration of their pre-test probability of left ven-
tricular hypertrophy, is a poor screening test to detect left
ventricular hypertrophy. The sensitivity of systolic blood pressure
for left ventricular hypertrophy on echocardiogram was not
improved within African American, obese, or Caucasian patients.

In our cohort, electrocardiogram was a poor predictor of left
ventricular hypertrophy on echocardiogram, consistent with prior
studies showing that electrocardiogram has minimal utility in the
outpatient assessment of hypertension and left ventricular hyper-
trophy.10 Electrocardiogram screening is an ineffective tool to
decide which patients need to be referred for echocardiographic
evaluation of left ventricular hypertrophy. Voltages can be influ-
enced by age, gender, and race and are based on historical studies.
When accounting for physiologic variables including body mass
index, systolic blood pressure percentile, and African American
race in our cohort, the performance of electrocardiogram as a
screening test did not improve significantly to predict left ventricu-
lar hypertrophy on echocardiogram.

Limitations to this study include its retrospective nature of data
collection at a single centre. The cohort included many reasons for
cardiology referral, resulting in a likely lower pre-test probability
for elevated Left ventricle mass index, affecting the predictive val-
ues of our model. Although systolic blood pressure percentile cor-
related independently with Left ventricle mass, the data have clear
limitations and should be interpreted with caution. A one-time
retrospective clinic blood pressure, in comparison with other stud-
ies, is not as accurate as prospective measurements of blood pres-
sure. Furthermore, the clinical definition of Left ventricle mass
indexing for body size in paediatrics is one that has been subject
to debate for years. We defined left ventricular hypertrophy
indexed by height instead of body surface area, to not filter out
the known clinically important effects of obesity. However,
Foster et al found that left ventricular hypertrophy indexed by body
surface area likely correlates more with lean body mass.13 Left ven-
tricle mass indexed by height seems to be the most widely used
measure of defining left ventricular hypertrophy by paediatric sub-
specialists in prior studies. This study did not explore the social
determinants of health that could explain the differences in Left
ventricle mass by race.

Further prospective studies with longitudinal follow-up are
necessary to study the clinical outcomes of children with left ven-
tricular hypertrophy, hypertension, and obesity to define the pop-
ulations at highest risk and eventually evaluate interventions in
these groups to prevent pre-mature cardiovascular events in young
adulthood. Prospective blood pressure measurements in future
studies may help to confirm its independent association with
elevated Left ventricle mass index, separate from obesity.
Additionally, determining the contribution of social determinants
of health in the development of risk factors for left ventricular
hypertrophy are critical for preventing heart disease in children
and young adults.
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