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Abstract

Limited information is available regarding the relationship between ambulatory blood
pressure monitoring (ABPM) and cardiac geometry in hypertensive children. ABPM
and 2D-echocardiography were retrospectively reviewed in children and adolescents
<21 years old with primary hypertension. A total of 119 participants (median age 15.0
[IQR 12, 16] years) with hypertension were included. Left ventricular hypertrophy
was diagnosed in 39.5% of participants. Normal geometry was found in 47.1%, con-
centric remodeling (CR) in 13.4%, concentric hypertrophy (CH) in 15.1%, and eccen-
tric hypertrophy (EH) in 24.4% of children. After adjustment for age, sex, and body
mass index z-score, awake systolic blood pressure (BP) index (BPi) (OR 1.07, 95% ClI:
1.001-1.14, P = 0.045), awake diastolic BPi (OR 1.04, 95% CI: 1.00-1.09, P = 0.048),
awake systolic BP load (OR 1.02, 95% Cl: 1.000-1.04, P = 0.047), and sleep systolic
BP load (OR 1.02, 95% Cl: 1.001-1.04, P = 0.03) were directly associated with CH. No

ABPM parameters were significant predictors of EH. In conclusion, ABPM parame-

1 | INTRODUCTION

Left ventricular hypertrophy (LVH) is the most commonly encoun-
tered end organ effect of hypertension among children and adoles-
cents.> Hemodynamic overload in hypertension leads to remodeling
of the left ventricle (LV) and altered cardiac geometry. Based upon LV
mass (LVM) and relative wall thickness (RWT), which is the ratio of LV
wall thickness to internal cavity diameter, there are four geometric
patterns of LV remodeling. Cardiac geometry is categorized as normal,
concentric remodeling (CR), concentric hypertrophy (CH), and eccen-
tric hypertrophy (EH).2 CH is characterized by increased LVM and LV
wall thickness resulting from increased hemodynamic LV filling pres-
sures while increased preload volume leads to dilation of the ventricle
and an EH pattern. CH and EH have been shown to be independent
predictors of cardiovascular disease and mortality in adults®® and are
present in 11%-30% of children with hypertension.“”8

Ambulatory blood pressure monitoring (ABPM) has been demon-
strated to be associated with LVM and RWT in adults.”?? Studies

have found that ABPM values are more accurate and strongly

ters were found to be independent predictors of cardiac geometry, specifically CH.

correlated with LVH when compared to clinic blood pressure.t!
Evidence suggests that blood pressure parameters measured from
24-hour ABPM may serve as predictors of specific cardiac geome-
tries.’®*> One pediatric study demonstrated differences in ABPM
parameters by cardiac geometrylé; however, limited epidemiological
evidence is available regarding the determinants of LV geometry in
the pediatric population. The main objective of the current study was
to examine the association of ABPM metrics to specific patterns of

LV geometry in children and adolescents with primary hypertension.

2 | MATERIALS AND METHODS

2.1 | Study population

Children and adolescents <21 years who were evaluated for hyper-
tension from 2013-2018 in the pediatric nephrology clinic at a sin-
gle tertiary center were examined in this retrospective chart review.
Data were retrieved from ABPM and 2D-echocardiograms that were

performed as part of the patients' standard clinical evaluation for
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elevated blood pressure. Participants with a confirmed diagnosis
of primary hypertension whose diagnostic ABPM and echocardio-
gram were completed within a 3-month period were included in this
study. Participants whose echocardiograms were completed outside
of the institution were not included since LV measurements were
not available. Participants with secondary hypertension or a known
history of hypertension treated with anti-hypertensive medication
were excluded from the study. Among the 634 children with ABPM
that were screened, 119 participants met the inclusion criteria and
were included in the study. This study protocol was approved by the
Institutional Review Board of Northwell Health.

2.2 | Ambulatory blood pressure monitoring

Ambulatory blood pressure monitoring was conducted over a 24-
hour time period using the Spacelabs Model 90201-1Q (Spacelabs
Medical). The device automatically obtained blood pressure meas-
urements in the non-dominant arm at 20-minute intervals while
awake and at 30-minute intervals while sleeping. Average values
were calculated for the 24-hour time period, awake period, and sleep
period. Systolic (SBP) and diastolic (DBP) mean blood pressure, blood
pressure load, and ambulatory blood pressure index (BPi) were com-
puted for all time periods. Ambulatory BPi was calculated for each
participant by dividing the blood pressure by the appropriate sex and
height-specific 95th percentile. Nocturnal non-dipping was defined
as <10% percentage decline in SBP and DBP levels between awake
and sleep time periods. Blood pressure loads were determined by
calculating the percentage of readings that exceeded the sex and
height-specific 95th percentile. ABPM readings were interpreted by
the primary investigator, and participants were diagnosed as hyper-
tensive from their ABPM data using the classification criteria from

the American Heart Association.*>%’

2.3 | Cardiac geometry

In accordance with the American Society of Echocardiography
pediatric guidelines,*® two-dimensional guided M-mode echocar-
diograms were obtained from all hypertensive children. A pediatric
cardiology ultrasound technician performed the echocardiograms
and one of our 11 pediatric cardiologists analyzed the study. Intra-
class correlation coefficients for readings in our echo lab range from
0.90 to 0.96.*

Participants were assigned a diagnosis of LVH using the LVMI
>95th percentile presented in the reference data from Khoury et
al?® LVMI was calculated for each echocardiogram using the M-
mode measurements of interventricular septum (IVS), LV internal
diameter (LVID), and LV posterior wall (LVPW). The Devereux for-
mula for LV mass was used (LV mass = 0.8(1.04[(IVS + LVID + LVPQ
)3-LVID3] + 0.6))*! and indexed to height2'7.22 RWT was calculated
to assess LV geometry using the formula: (IVS + LVPW)/LVID. RWT
was considered abnormal if it was >0.42.2 LV geometry was defined
as follows: normal when RWT <0.42 and no LVH present, CR when
RWT >0.42 and no LVH present, CH when RWT >0.42 and LVH
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present, and EH when RWT <0.42 and LVH present. Participants
were categorized into these four groups based upon LVMI and
RWT.26.23

2.4 | Demographic and clinical variables

Medical records were abstracted for demographic information,
height, weight, and medical history. BMI z-scores and percentiles
were calculated from CDC reference values.?* BMI =95th percen-
tile was categorized as obese. Clinic blood pressure was measured
using an aneroid sphygmomanometer on the same day as the ABPM
study. Systolic and diastolic blood pressures were transformed to

BP z-scores.?®

2.5 | Statistical analyses

Descriptive statistics were used to characterize outcome meas-
urements in participants. Differences in demographic and ABPM
measures between children with LVH and no LVH were compared
using Student's t test and chi-square test. Comparisons among car-
diac geometry groups were made using one-way ANOVA and chi-
square with post hoc analysis using Tukey tests and Bonferroni tests.
Multiple logistic regression models were used to test the associa-
tions of ABPM variables with cardiac geometry (CH and EH) after
adjusting for sex, age, and BMI z-score. Using a two-tailed tests of
hypotheses, a P-value < 0.05 was the criterion for statistical signifi-
cance. Statistical analyses were performed using the SPSS 25.0 (IBM
Inc) statistical package.

3 | RESULTS

Among the 119 children included in the study, the mean age was
14.0 £ 3.3 years (median 15.0 [IQR 12, 16] years), 84 (70.6%)
were male, 35 (29.4%) were Black, and 33 (27.7%) were obese.
The mean LVMI for the patient population was 38.9 + 11.5 g/m?”’
(range 11-77 g/m?7). LVH was present in 39.5% (N = 47) of children.
Comparisons of children with LVH to those without LVH are pre-
sented in Table 1. Age and BMI z-score were greater in children with
LVH compared to those without LVH (P < 0.05). All other demo-
graphic, clinical, and ABPM parameters were not significantly differ-
ent between those with and without LVH (all P > 0.05).

The distribution of cardiac geometry was as follows: normal car-
diac geometry was diagnosed in 47.1%, CR in 13.4%, CH in 15.1%,
and EH in 24.4% of participants. Demographics and ABPM mea-
sures by cardiac geometry are summarized in Table 2. LVMI was
significantly different across the four cardiac geometry categories
(P < 0.0001). In post hoc analysis, those with CH had significantly
greater LVMI compared with EH, CR and normal geometry groups
(P < 0.05). The EH group had significantly greater LVMI than the CR
and normal groups (P < 0.05). BMI z-score and obesity were also sig-
nificantly different among groups; the EH group had greater BMI
z-scores than the other groups, and CH had a greater proportion
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TABLE 1 Comparison of children with

:\./I%:)ean £SDorN Overall No LVH LVH p-value and without left ventricular hypertrophy
N =119 56 (47.1) 18 (15) 16 (13.4)
Age (y) 14+ 3.3 134 +3.4 15+2.9 0.01
Male 84 (70.6) 48 (66.7) 36 (76.6) 0.25
Black race 35(29.4) 20 (27.8) 15(31.9) 0.63
BMI z-score 1.24+1.0 097+1.1 1.64+091 0.001
Obese 33(28.2) 13 (18.6) 20 (42.6) 0.02
LVMI (g/m?7) 38.9+11.5 31.9+6.6 49.6 £8.9 <0.0001
Clinic SBPi 1.05+0.27 1.08 £0.27 1.03+£0.27 0.3
Clinic DBPi 0.86 +£0.25 0.85+0.25 0.87+0.25 0.72
Awake SBPi 0.97 +£0.09 0.96 £0.09 0.98 £ 0.09 0.25
Awake DBPi 0.93+0.14 0.92 +£0.15 0.95+0.13 0.24
Sleep SBPi 1.02 £0.14 1.03+0.16 1.03+0.11 0.93
Sleep DBPi 1.01.+£0.17 1.0+0.17 1.03£0.19 0.32
Awake SBP load 47.3+32.4 37.7 £ 34.5 48 +28.1 0.09
(%)
Awake DBP load 31.4+£299 28.1 +30.2 36.5+29 0.13
(%)
Sleep SBP load (%) 48.9 £ 33.4 441 +33 56.3+32.9 0.05
Sleep DBP load (%)  39.9+34 36+32.6 457 +35.5 0.13
Systolic non-dipper 50 (42.4) 28 (38.9) 22 (47.8) 0.34
Diastolic 58 (49.2) 32 (44.4) 26 (56.5) 0.2
non-dipper

Abbreviations: BMI, body mass index; CH, concentric hypertrophy; CR, concentric remodeling;
DBP, diastolic blood pressure; DBPI, diastolic blood pressure index; EH, eccentric hypertrophy;
LVMI, left ventricular mass index; RAAS, renin aldosterone angiotensin system; SBP, systolic blood

pressure; SBPi, systolic blood pressure index.

of obesity compared to the other groups (P < 0.05). There were no
significant differences in ABPM parameters by cardiac geometry in
bivariate analysis.

The results of multiple logistic regression analysis adjusted for
age, sex, and BMI z-score are reported in Table 3. Clinic SBPi and
DBPi were not associated with CH or EH. Awake systolic blood pres-
sure (BP) index (BPi) (OR 1.07, 95% CI: 1.001-1.14, P = 0.045), awake
diastolic BPi (OR 1.04, 95% Cl: 1.00-1.09, P = 0.048), awake systolic
BP load (OR 1.02, 95% Cl: 1.000-1.04, P = 0.047), and sleep systolic
BP load (OR 1.02, 95% Cl: 1.001-1.04, P = 0.03) were directly asso-
ciated with CH. No ABPM parameters were significant predictors
of EH.

4 | DISCUSSION

Left ventricular hypertrophy is highly prevalent in children diag-
nosed with hypertension.! Cardiac remodeling associated with LVH
occurs as a result of adaptation to the hemodynamic overload from
hypertension.?’ The superiority of ABPM in predicting LV changes
has been proven in earlier findings.”'2 Previous epidemiologic stud-
ies have demonstrated the relationship between ABPM and cardiac

geometry in adults“**'%; however, our study differs by exploring

whether ABPM determinants are associated with specific cardiac
geometries in children.

Our results indicated that awake SBPi and DBPi were signifi-
cantly associated with CH. Additionally, awake and sleep SBP load
were found to be significant predictors of CH. No ABPM parameters
demonstrated to be predictive of EH.

Similar to our findings, past adult studies have established a re-
lationship between ABPM parameters and CH. A study of 165 hy-
pertensive adults demonstrated that subjects with CH had higher
systolic blood pressures.25 Another adult study conducted by

126 observed both high daytime systolic and diastolic

Devereux et a
ambulatory pressures in patients with CH. To our knowledge, the
finding that awake SBPi and DBPi are predictors of CH has not been
previously reported in the pediatric population. Earlier adult stud-
ies have also established a relationship between SBP load and CH.
Cunha and colleagues reported that SBP load was greater in CH
compared to patients with CR or normal geometry.'* Tsioufis et al*®
had also observed higher ambulatory SBP load related to CH in a
study which investigated 335 hypertensive adults.

Ambulatory blood pressure monitoring parameters were not
found to be independent predictors of EH in this present study. Our
results are corroborated by work from Matteucci and colleagues,

in which the presence of a significant relationship between ABPM
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TABLE 2 Demographic and ambulatory

+
blood pressure measures in children with Mean £ SD or
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R R N (%) Normal CR CH EH P-value
hypertension by cardiac geometry

N =119 56 (47.1) 16 (13.4) 18 (15.1) 29 (24.4)

Age (y) 13.2+3.7 144 +2.6 15.7+1.8 14.5+3.3 0.03

Male 35 (62.5) 13 (81.3) 13(72.2) 23(79.3) 0.29

Black race 13 (23.2) 7 (43.8) 8(44.4) 7 (24.1) 0.17

BMI z-score 1.03+1.1 0.79 £0.99 14+11 1.77 £0.76 0.004

Obese 10 (18.5) 3(18.8) 8(44.4) 12 (41.4) 0.04

LVMI (g/m?7) 30.6 +6.1 364+6.6 55.9 +9.7 457 £ 5. <0.0001

Clinic SBPi 1.02+0.27 1.04 £0.29 1.07 £0.3 1.08 £ 0.25 0.76

Clinic DBPi 0.85 +0.27 0.85 +0.27 0.87 £0.23 0.87 +0.23 0.99

Awake SBPi 0.97 £0.08 0.96 +0.12 1.0+0.11 0.97 £ 0.06 0.28

Awake DBPi 0.92+0.14 0.93+0.17 0.99 £0.14 0.92+0.11 0.25

Sleep SBPi 1.03+£0.17 1.01+0.13 1.06 +0.11 1.0+0.11 0.66

Sleep DBPi 1.0+£0.16 1.0+£0.2 1.06 +0.23 1.01+£0.16 0.65

Awake SBP 36.5+33.5 41.8 +38.4 58.3 +£30.1 41.5+25.3 0.1
load (%)

Awake DBP 27.3+29.3 30.8+34.1 439 +32.1 32+26.9 0.24
load (%)

Sleep SBP load  44.3+32.6 43.4+35.4 65.4 +29.3 50.6 + 34.2 0.11
(%)

Sleep DBP 36.+32.4 35.8+34.4 48.6 + 38.3 44 + 34.2 0.47
load (%)

Systolic 21(37.5) 7 (43.8) 9 (52.9) 13 (44.8) 0.7
non-dipper

Diastolic 26 (46.4) 6(37.5) 9(52.9) 17 (58.6) 0.54
non-dipper

Abbreviations: BMI, body mass index; CH, concentric hypertrophy; CR, concentric remodeling;
DBP, diastolic blood pressure; DBPI, diastolic blood pressure index; EH, eccentric hypertrophy;
LVMI, left ventricular mass index; RAAS, renin aldosterone angiotensin system; SBP, systolic blood
pressure; SBPi, systolic blood pressure index.

parameters and EH in adults with hypertension was not detected.?’
They reasoned that the presence of subjects with either obesity or
low normal blood pressure may have contributed to the masking of
any possible relationships.?” Moreover, hypertension may not be
solely responsible for the development of LVH.?® Rather, LVH may
be a complex condition that is caused by a variety of risk factors,

2931 3nd metabolic syndrome.32’33 In contrast to

including genetics
our results, a study of adults with hypertension by Ganau et al®® re-
ported that DBP was associated with EH. The participants with EH in
Ganau's study displayed higher stroke volumes and larger spherical
left ventricular cavities.?> Mechanistically, this supports the theory
that increased intravascular volume causes strain in diastolic func-
tion, forming eccentric hypertrophy.1

Interestingly, although we found relationships between ABPM
and cardiac geometry on multivariate analysis, we did not find
differences in individual ABPM parameters among the cardiac
geometry groups on bivariate analysis. This may have been due
to the high proportion of obese children in the cohort. Contrary
to our results, a previous pediatric study, using older criteria for
LVH,% found significant differences in various 24-hour ABPM

parameters among EH and CH groups. Mean 24-hour SBP was
greater in EH compared to the normal geometry group, and mean
24 hours DBP and diastolic BP load were greater in EH compared
to CH and normal geometry groups. This study did not examine
daytime or night-time ABPM parameters, nor did it examine ABPM
in multivariate analysis.

The main limitation of this analysis is the single-center, retro-
spective nature of the study. The small sample size may introduce
selection bias therefore, an increase in the sample size would allow
for better generalization and accuracy of results. Additionally, the
only normative values that are available for interpretation of ABPM
are based on a non-obese, Caucasian European cohort, which is not
representative of the United States population of children and ad-
olescents and not representative of the population in this study.?”
Furthermore, LV geometry is categorized based on ratios of indi-
vidual measurements that are keen to measurement error. Thus,
miscategorization can happen if an error occurs. Despite the inher-
ent limitations present in this study, we believe that the observa-
tions of the study are significant and can be generalizable to other

populations.
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Cardiac geometry

TABLE 3 Multiple regression models of
blood pressure measures to predict

CH EH cardiac geometry

OR (95% CI)? P-value OR (95% CI)? P-value
Clinic SBPi 1.37 (0.16-11.6) 0.77 1.69 (0.23-12.5) 0.61
Clinic DBPi 1.02 (0.12-9.1) 0.99 1.41(0.17-11.6) 0.75
Awake SBPi 1.07 (1.001-1.14) 0.045 1.01(0.96-1.07) 0.61
Awake DBPi 1.04 (1.00-1.09) 0.048 1.01 (0.98-1.05) 0.59
Sleep SBPi 1.02 (0.99-1.06) 0.18 0.98 (0.95-1.02) 0.36
Sleep DBPi 1.02 (0.98-1.05) 0.35 1.008 (0.98-1.04) 0.57
Awake SBP load 1.02 (1.000-1.04) 0.047 1.002 (0.99-1.02) 0.84
Awake DBP load 1.01 (0.99-1.03) 0.11 1.004 (0.99-1.02) 0.65
Sleep SBP load 1.02 (1.001-1.04) 0.03 1.006 (0.99-1.02) 0.44
Sleep DBP load 1.007 (0.99-1.02) 0.37 1.01 (0.98-1.03) 0.11
Systolic non-dipper 1.78 (0.6- 5.2) 0.3 1.4 (0.56-3.6) 0.47
Diastolic non-dipper 1.3 (0.44-3.8) 0.64 1.9 (0.71-4.9) 0.21

Abbreviations: ABPM, ambulatory blood pressure monitor; CH, concentric hypertrophy; DBP,
diastolic blood pressure; DBPI, diastolic blood pressure index; EH, eccentric hypertrophy; OR, odds

ratio; SBP, systolic blood pressure; SBPi, systolic blood pressure index.

Models adjusted for age, sex, and body mass index z-score. BP indices multiplied by 100.

5 | CONCLUSION

This study retrospectively investigated whether various param-
eters measured by ABPM can serve as predictors of cardiac geom-
etry. We found that awake SBPi and awake DBPi were significantly
associated with CH. Additionally, awake SBP load and sleep SBP
load were found to be significant predictors of CH. No ABPM pa-
rameters were predictive of EH. Given the increasing prevalence
of LVH in the pediatric population,®* it is important to effectively
identify abnormal LV geometry. Prevention and treatment of ab-
normal cardiac geometry via blood pressure control are potential
modifiable factors that may lead to a decrease in the development
of cardiovascular disease among patients with hypertension.35
Future studies should aim to further investigate the relationship
between ABPM metrics and cardiac geometry.
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