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Abstract

This study assessed the temporal relationship of elevated blood pressure (BP) with left ventricular
hypertrophy (LVVH) and geometric changes in a longitudinal cohort of adults. Left ventricular mass
index (LVMI), relative wall thickness (RWT) and BP were measured at two time points 4.1-14.9
years apart between 2000 and 2016 among 984 adults (677 Whites and 307 Blacks, 41.1%

males, age range=24.2-56.7 years) in the Bogalusa Heart Study cohort. Cross-lagged path analysis
models were used to examine the temporal relationship of BP with LVMI and RWT in subjects
who did not take antihypertensive medications (n=693). The cross-lagged path coefficients did not
differ significantly between race and sex groups. In the combined sample, the path coefficients
from baseline systolic BP to follow-up LVMI/RWT were significantly greater than the path
coefficients from baseline LVMI/RWT to follow-up systolic BP (0.111 vs —0.005 for LVMI,
p=0.010 for difference; 0.146 vs 0.004 for RWT, p=0.002 for difference). Hypertensive subjects

at baseline had a significantly higher incidence rate of concentric LVH at follow-up compared

to normotensive subjects (19.4% vs 9.7%, p<0.001 for difference), but incident eccentric LVH
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did not show such a difference between hypertensive and normotensive subjects (5.4% vs 4.4%,
p=0.503 for difference). Diastolic BP showed similar results to those of systolic BP. In conclusion,
the findings on these one-directional paths provide strong and fresh evidence that elevated BP
precedes the development of LVH, especially concentric LVH, during the young-to-midlife adult
age period.
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INTRODUCTION

Left ventricular hypertrophy (LVH) manifested as an enlarged chamber and thickened
walls is an independent predictor of adverse cardiovascular events such as heart failure,
ischemic heart disease and sudden cardiac arrest (1,2). Among cardiovascular risk factors,
hypertension is considered as the most harmful determinant for the development of LVH in
the general population (3-6), especially concentric LVH (5-7). There are also longitudinal
epidemiologic studies showing that baseline LVH leads to subsequent incident hypertension
(8-10).

The strong association between elevated blood pressure (BP) levels and LVH suggests
that this relationship is likely bidirectional based on cardiac and vascular hemodynamic
mechanisms. The concept that elevated BP increases left ventricular mass (LVM) leading
to LVH and left ventricular geometric changes has been well established (3-7). Elevated
BP levels play a key role in this process through chronic hemodynamic burden and
central pressure overload (11). On the other hand, cardiac mechanics, including increased
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cardiac output and central blood volume, accelerates the rate of progression in systolic BP
levels (12-14). These bi-directional relations may perpetuate a vicious cycle of accelerated
hypertension by LVH and in turn further increases in LVM. The interaction between
hypertension and LVH suggests that elevated BP and increased LVM influence each other
in a bidirectional manner during human development and aging process (15). To date,

this temporal relationship is inadequately understood. In particular, it is largely unknown
whether the answer to this “chicken-egg” question is different by age periods of early life,
young- and mid-adulthood, and older age during the development of hypertension and LVH.

In the present study we aimed to examine the temporal relationship of elevated BP with LVH
and geometric changes during the age period from young adulthood to midlife. This aim was
achieved by leveraging a longitudinal cohort of adults in the Bogalusa Heart Study.

METHODS

The data that support the findings of this study are available from the corresponding author
upon reasonable request. Part of the Bogalusa Heart Study data are publicly available at
https://biolincc.nhlbi.nih.gov/studies/bhs.

Study Cohort

The Bogalusa Heart Study is a series of long-term epidemiologic studies in a semi-rural
biracial (65% white and 35% black) community in Bogalusa, Louisiana. It focuses on the
early natural history of cardiovascular disease and risk factors from childhood (16). In

the community of Bogalusa, 984 adults (677 Whites and 307 Blacks, 41.1% males, age
range=24.2-56.7 years) were examined twice 4.1-14.9 years apart for LVM, relative wall
thickness (RWT) and cardiovascular risk factors in the 2000-2004 baseline and 2008-2016
follow-up surveys.

All subjects in this study gave informed consent for each survey. Study protocols were
approved by the Institutional Review Board of the Tulane University Health Sciences Center.

General Examinations

Standardized protocols were used by trained staff members in all surveys (16). Height and
weight were measured in duplicate, and the mean values were used for analysis. Body mass
index (BMI) was calculated as weight in kilograms divided by height in meters squared.
Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were obtained on right
arm in a relaxed sitting position after a rest of 5 minutes by 2 trained observers (3 times
each) between 8:00 AM and 10:00 AM. The mean values of the 6 readings were used

for analysis. BP was measured using mercury sphygmomanometers, and the first and fifth
Korotkoff phases were used to determine SBP and DBP, respectively, in the two baseline
surveys and the 2008-2010 follow-up survey. Omron HEM-907XL oscillometric BP monitor
(Omron Healthcare, Japan) was used to measure BP in the last 2013-16 follow-up survey.
The accuracy of this electronic BP device has been extensively assessed in many studies
(17,18). In this study cohort, the difference in BP readings by Omron HEM-907XL
(n=505) and mercury BP device (n=479) in the follow-up surveys was not significant for
SBP (p=0.738) and DBP (p=0.280), with adjustment for age, race, sex, BMI, heart rate,
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smoking and alcohol drinking; the difference in the annual rate of change in BP was not
significant either for SBP (p=0.817) and DBP (p=0.302). Hypertension was defined as SBP/
DBP>=130/80 mmHg or use of anti-hypertensive medications.

Echocardiographic Measurements

Left ventricular (LV) dimensions were assessed by 2-dimensional guided M-mode
echocardiography with 2.25- and 3.5-MHz transducers according to American Society

of Echocardiography recommendations (19). Parasternal long- and short-axis views were
collected for measuring LV end-diastolic and end-systolic measurements in duplicate, and
the means were calculated. LVM was calculated from a necropsy-validated formula on the
basis of a thick-wall prolate ellipsoidal geometry (20). To take body size into account, LVM
was indexed for body height (m%7) as LVM index (LVMI). RWT was calculated as septal
wall thickness plus posterior wall thickness divided by LV end-diastolic diameter (21).

The presence of LVH was defined by LVMI >46.7 g/m27 in women and >49.2 g/m27 in
men; LV geometry was considered concentric when RWT>0.42 (22). Four patterns of LV
geometry were defined: 1) normal LV geometry (normal RWT with no LVH), 2) concentric
remodeling (CR, increased RWT but no LVH), 3) eccentric hypertrophy (EH, normal RWT
with LVH), and 4) concentric hypertrophy (CH, increased RWT with LVH) (21-24).

Statistical Analysis

RESULTS

The longitudinal changes in BP and LVM measured at multiple time points can be modeled
using a cross-lagged panel design. The cross-lagged panel analysis is a form of path analysis
that simultaneously examines reciprocal, longitudinal relationships among inter-correlated
variables (25-27). A simplified, conceptual version of the model used in the current
analysis is presented in figures and tables below. The path with p; describes the effect

of baseline LVMI/RWT on subsequent BP, and the path with p, describes the effect of
baseline BP on subsequent LVMI/RWT. Prior to cross-lagged path analysis, the baseline
and follow-up values of BP, LVMI and RWT were adjusted for age, BMI, heart rate,
smoking and alcohol drinking by regression residual analyses and then standardized with
Z-transformation (mean=0, SD=1) by race and sex groups. Pearson correlation coefficients
of the Z-transformed quantitative variables of BP, LVMI and RWT at baseline and follow-up
were calculated, adjusted for follow-up years. The cross-lagged path coefficients (p; and

p2) Were estimated simultaneously based on the correlation matrix using the maximum
likelihood method by the program LISREL version 8.52 (28). The validity of model fitting
was indicated by root mean square residual (RMR) and comparative fit index (CFI). A
significant path coefficient (py or py) suggests their respective directionality of the pathways.
We also performed stratified analyses by race, sex and follow-up duration groups. The
difference between subgroups in p1 and p, derived from the standardized variables (Z-
scores) was tested using Fisher’s Z-test as described in our previous study (29).

Table 1 summarizes descriptive data of study variables at baseline and follow-up by race
and sex. The mean levels of continuous variables were compared between subgroups,
adjusting for age (except age itself). Most variables at baseline and follow-up differed
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significantly between sexes; BP and hypertension showed significant race differences; BMI
had significant race differences (Blacks>Whites) in females.

In Table 2, LVM had significant sex difference in both races, and LVMI had significant sex
difference only in Whites at baseline and follow-up. Significant race differences in females
were noted for LVM, LVMI, RWT and prevalence of LVH at baseline, and greater race
differences were noted for both sexes in these variables at follow-up. Prevalence of CH

at baseline and follow-up differed significantly between races in both males and females.
Among 881 participants who did not have LVH at baseline, incidence rates at follow-up
were 12.9% in Whites and 29.9% in Blacks (p<0.001 for difference) for LVH, 4.2% in
Whites and 6.1% in Blacks (p=0.218 for difference) for EH, and 8.7% in Whites and 23.8%
in Blacks (p<0.001 for difference) for CH.

Figure 1 provides detailed parameter information on the cross-lagged path analysis model
of SBP with LVMI and RWT in subjects who did not take anti-hypertensive medications,
adjusting for age, race, sex, smoking, alcohol drinking, BMI, heart rate and follow-up years.
The path coefficients from baseline SBP to follow-up LVMI and RWT were significant,
but the path coefficients from baseline LVMI and RWT to follow-up SBP were not. The
tracking correlations of SBP from baseline to follow-up were higher than the tracking
correlations of LVMI and RWT and the synchronous correlations of SBP with LVMI and
RWT at baseline. A good model fit to the observed data was indicated by CFI=0.93/0.97
and RMR=0.03/0.02 for LVMI/RWT according to the criteria CF1>0.90 and RMR<0.05.
As presented in Supplement Table S1 and S2, differences in path coefficients of SBP with
LVMI and RWT between subgroups were not significant. Path coefficients of DBP with
LVMI and RWT were similar to those of SBP (Figure S1).

In Figure 2, covariates-adjusted means of follow-up LVMI (panel A) and RWT (panel B)
showed significant increasing trends across quartiles of baseline SBP in subjects who did
not take anti-hypertensive medications at baseline. In contrast, follow-up SBP levels did not
show significant trends across quartiles of baseline L\VMI (panel C) and RTW (panel D)

in subjects who did not take anti-hypertensive medications at follow-up. In Figure S2, the
relationships of LVMI, RWT with DBP in their respective baseline and follow-up values
were similar to those with SBP.

Figure 3 shows associations of baseline hypertension with incidence rates of L\VH and
remodeling patterns at follow-up. Baseline hypertension was significantly associated with
incident LVH. Notably, baseline hypertension was significantly associated with incident
CH but not with incident EH at follow-up. In contrast, among subjects who did not have
baseline hypertension, L\VH vs normal LVMI at baseline was associated with incident
hypertension at follow-up (67.6% vs 46.0%, p=0.014 for difference); CH vs normal L\VMI at
baseline was associated with incident hypertension at follow-up (87.5% vs 46.7%, p=0.022
for difference). It is worth mentioning that the sample size of LVH groups was small

with baseline hypertension excluded. There were 23 incident hypertensive cases among 34
participants who had LVH at baseline (23/34=67.6%) and 7 incident hypertensive cases
among 8 participants who had CH at baseline (7/8=87.5%).
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DISCUSSION

In the current study, we examined the temporal relationship of BP with L\VMI and LV
geometric changes in the community-based longitudinal cohort of adults from the Bogalusa
Heart Study. The central findings are that high baseline BP precedes alterations in follow-up
LVMI and that elevated baseline BP was associated with concentric LVH, but not with
eccentric LVH, at follow-up. These unidirectional temporal relations were noted consistently
in Black-White race and sex subgroups.

LVH represents the most frequent hypertension-mediated organ damage in hypertensive
patients (30). BP elevation is generally thought to be the most important risk factor resulting
in increased LVM and leading to LVVH in the general and hypertensive populations (3-6).
Studies have shown that childhood BP and lifetime cumulative burden of increased BP

are predictors of LVM measures in later life (4-6). In contrast, another line of evidence
from longitudinal studies has been accumulated that an increase in LVM, assessed by
echocardiography, can promote, or predict the subsequent development of hypertension (8-
10). An important question raised from existing data is whether changes in mechanical
properties of increased BP precede an increase in LVM or vice versa. Further, it is largely
unknown whether the causal relationship varies by different age periods. The temporal
sequence between hypertension and subclinical cardiac organ damage is the central subject
of a continuous debate (15).

The hypertension-LVH relationship is likely bidirectional based on hemodynamic
mechanisms and previous findings (3—15,31). However, the data from this longitudinal
study do not support the notion that increased LVM/RWT predicts elevated BP using the
continuous study variables in the cross-lagged path analysis model. It should be noted that
hypertension was defined using cut-offs of 140/90 mmHg in the previous studies (8-10)

and 130/80 mmHg in the current study. The different definitions of hypertension might
result in discrepancies in the findings; another possible explanation is that the current study
cohort followed from young adulthood to midlife was younger than previous cohorts (8-10).
Therefore, the data on the one-way direction from BP to LVMI/RWT do not preclude

the possibility that the path direction and effect size may vary by developmental periods
such as early childhood and late adulthood. In fact, we also found in this study significant
associations between baseline LVH/CH with incident hypertension, but the numbers at
baseline (n=34 for L\VH and n=8 for CH) were very small and did not allow us to use 140/90
mmHg to define incident hypertension.

Echocardiography allows identification of different forms of LV geometric remodeling,
including eccentric or concentric hypertrophy and disproportionate septal thickness.
Although the significance of the different forms is not yet entirely defined, CH, the
predominant form in middle-aged and elderly patients with hypertension (7), is considered
to carry the highest risk for cardiovascular events (2,32). Previous studies (2,3,7), including
ours (5,6,24,33), indicated that elevation in BP and hypertension were more strongly
associated with CH. On the other hand, in a large-scale four-year follow-up cohort of

the Framingham Heart Study and the Framingham Offspring Study of 1121 men (mean
age, 44.4 years) and 1559 women (mean age, 45.6 years), baseline echocardiographic
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LVM (p=0.01) and RWT (p=0.02) were associated with progression from normotension to
hypertension (8). But the results from the Multi-Ethnic Study of Atherosclerosis suggest that
LV concentric geometry does not contribute to hypertension onset in an LVM-independent
manner (9). In our study, we found that baseline BP was significantly associated with
follow-up RWT in the cross-lagged analysis, but not the other way around. Despite the
strong evidence in the one-way path from BP to RWT analyzed as continuous variables, we
also found in subgroups with a small number of participants that baseline CH was associated
with incident hypertension at follow-up as dichotomous variables (7 incident hypertension
cases among 8 subjects with baseline CH). Further large studies with robust inference
analyses are warranted to determine the directionality between LV geometric remodeling
patterns and the development of hypertension.

Blacks outpace other ethnic groups in the United States in terms of prevalence, early

onset, and severity of hypertension (34). Blacks had significantly higher values of LVM
than Whites in the Multi-ethnic Study of Atherosclerosis cohort (9). In the present study
cohort of young and middle-aged adults, Blacks versus Whites showed higher levels of

BP, LVMI and RWT, and higher prevalence and incidence rates of LVH and CH. With
respect to association parameters, the data are inconsistent in previous studies. In our early
cross-sectional analysis in the Bogalusa Heart Study cohort, the odds ratios of hypertension
for CH were significantly greater in Blacks (6.21) than in Whites (2.14) (24). The Multi-
Ethnic Study of Atherosclerosis longitudinal cohort showed that the relative risks of the
highest quartile versus the lowest quartile of baseline LVM for incident hypertension did not
differ significantly between Blacks (1.79) and Whites (1.64) (9). Despite the marked Black-
White differences in levels and association strength regarding these variables, the temporal
parameters, the cross-lagged path coefficients (p1 and p»), did not differ significantly
between Blacks and Whites in this study as shown in Tables S1 and S2. The consistency

in the temporal sequence between BP and LVMI/RWT across the races further supports the
unidirectional relationship from elevated BP to the development of LVH. More cause-effect
inference studies are needed to understand the temporal directionality between BP and
LVH/CH in race groups.

This community-based longitudinal cohort provides a unique opportunity to examine the
temporal relationship between intercorrelated variables. It also has certain limitations. First,
exclusion of hypertensives on pharmacologic treatment may result in a loss of information
because these individuals represent a subgroup who, without treatment, would be expected
to have the highest BP levels and thus may lead to an underestimation of the BP-to-
LVMI/RWT relationship. Second, the relatively small sample size, especially in Blacks,

had a limited power to detect weak-to-moderate associations in subgroups and did not allow
us to conduct a comparison analysis of the directionality using the old and new definitions
for hypertension. Third, the findings from in this study in young and middle-aged adults in a
Black-White population may not be generalized to other age and race groups.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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NOVELTY AND SIGNIFICANCE

What Is New?

We found one-directional temporal sequence from blood pressure to left
ventricular mass index and relative wall thickness.

Hypertensive subjects at baseline had a significantly higher incidence rate
of concentric hypertrophy at follow-up compared to normotensive subjects,
but incident eccentric hypertrophy did not show such a difference between
hypertensive and normotensive subjects.

What Is Relevant?

Summary

These findings underscore a one-way path from blood pressure elevation

to cardiac hypertrophy and geometric remodeling, and provide new insights
regarding the pathogenesis of hypertension-mediated cardiac organ damage
and the potential for its reversal by interventions targeting at BP to reduce
cardiovascular risk.

Elevated baseline blood pressure levels preceded subsequent increased left
ventricular mass index and relative wall thickness in adults. The results
suggest that hemodynamic properties are responsible for the development
of cardiac enlargement, particularly concentric hypertrophy, during the age
period from young adulthood to midlife.
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PERSPECTIVES

The current study demonstrates that elevated baseline BP levels preceded subsequent
increased LVMI and RWT in adults. The results suggest that hemodynamic properties
are responsible for the development of cardiac enlargement, particularly CH, during the
age period from young adulthood to midlife. Further research is needed to demonstrate
the age-related directionality between increased BP and subclinical cardiac damages.
The findings of the current study underscore a one-way path from BP elevation to
cardiac hypertrophy and geometric remodeling and provide new insights regarding the
pathogenesis of hypertension-mediated cardiac organ damage and the potential for its
reversal by interventions targeting at BP to reduce cardiovascular risk.

Hypertension. Author manuscript; available in PMC 2022 November 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Yun et al. Page 13

Baseline S Follow-up SBP
SBP r,=0.437 1. § (R2=0233 i)

N

0,=-0.005 (LVMI—SBP)

(R2=0.233 §)
T 0,=0.004 (RWT—SBP)

r,=0.197t (SBP-LVMI)
r,=0.087* (SBP-RWT)

l

p,= 0.111t (SBP—LVMI)'
p,= 0.1461 (SBP—RWT)'
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Figure 1.

Cross-lagged path analysis models of systolic blood pressure (SBP) with left ventricular
mass index (LVMI) and relative wall thickness (RWT) in subjects who did not take anti-
hypertensive medications

p1, p2 = cross-lagged path coefficients; ry = synchronous correlations; ry, r3 = tracking
correlations; R? = variance explained; comparative fit index (CF1)=0.93/0.97 for LVMI/
RWT; Root mean square residual (RMR)=0.03/0.02 for LVMI/RWT

Models with adjustment for age, race, sex, smoking, alcohol drinking, BMI, heart rate and
follow-up years

Coefficients different from 0: * p<0.05, t p<0.01

1, LVMI was included in the model; §, RWT was included in the model.

Il, P for difference between p; and py: p=0.005 for LVMI, p<0.001 for RWT
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Figure 2.
Covariates-adjusted left ventricular mass index (LVMI), relative wall thickness (RWT) and

systolic blood pressure (SBP) at follow-up by quartiles of their cross-matched baseline
values in subjects who did not take anti-hypertensive medications at baseline or follow-up
Covariates included age, race, sex, BMI, heart rate, smoking, alcohol drinking and follow-up
years.
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Figure 3.

Incidence rates of L\VH and geometric remodeling patterns at follow-up by baseline
hypertension status

LVH=left ventricular hypertrophy; CR=concentric remodeling; EH=eccentric hypertrophy;
CH=concentric hypertrophy
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Table 1.

Descriptive data of the longitudinal cohort by race and sex

White Black P for Race Difference
Variable
Male (N=285) Female (N=392) Male (N=119) Female (N=188) Male Female
Baseline
Age (year) 36.2 (4.8) 35.4 (4.6)* 36.7 (4.6) 352 (5.0)" 0.285 0.603
Smokers, n (%) 78 (27.4) 97 (24.7) 51 (42.9) 62 (33.0) 0.002 0.038
Drinkers, n (%) 95 (33.3) 69 (17.6)* 75 (63.0) 44 (23.4) <0.001 0.099
BMI (kg/m?) 28.6 (5.3) 27.6 (6.7) 28.8(7.0) 31.7(85)° 0.804 <0.001
Heart rate (beat/min) 67.6 (8.2) 70.9 (9.1) * 70.2 (9.7) 71.2 (10.1) 0.007 0.702
SBP (mmHg) 7 114 (9) 108 (9) ¥ 120 (14) 114 (12) " <0001  <0.001
DBP (mmHg) 7 78(7) 2m* 79 (10) 76(9)" <0001  <0.001
Hypertension, n (%) # 135 (47.4) 94 (24.0)* 76 (63.9) 78 (41.5)* 0.003 <0.001
Follow-up
Age (year) 46.7 (5.3) 46.2 (5.3) 46.5 (5.4) 457 (5.6) 0.622 0.391
Smokers, n (%) 66 (23.2) 99 (25.3) 50 (42.0) 48 (255)" <0.001  0.943
Drinkers, n (%) 115 (40.4) 120 (30.6)* 55 (46.2) 42 (22.3)* 0.276 0.038
BMI (kg/m?) 30.3(5.7) 29.7(7.2) 30.4 (7.6) 33.8(8.6) * 0.963 <0.001
Heart rate (beat/min)  68.7 (10.0) 724 (95)* 72.0 (10.1) 72.3(10.5) 0.003 0.959
SBP (mmHg) 7 121 (12) 115 (13)* 127 (16) 119 (17)* <0001  <0.001
DBP (mmHg) © 81(8) 76 (9) 83 (10) 7911~ 0.001 <0.001
Hypertension, n (%) # 198 (69.5) 188 (48.0)* 96 (80.7) 135 (71.8) 0.021 <0.001

Data are presented in means (SD) or n (%).

Sex difference within racial groups:

*
p<0.05

BMI=body mass index; SBP=systolic blood pressure; DBP=diastolic blood pressure

f, BP in participants who did not take anti-hypertensive medications

’t, Hypertension was defined as SBP/DBP>=130/80 mmHg or taking anti-hypertensive medications.

Hypertension. Author manuscript; available in PMC 2022 November 01.

Page 16



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Yun et al.

Left ventricular measures of the longitudinal cohort by race and sex

Table 2.

White Black P for Race Difference
Variable
Male (N=285) Female (N=392) Male (N=119) Female (N=188) Male Female
Baseline
Age (year) 36.2 (4.8) 35.4 (4.6)* 36.7 (4.6) 352 (50" 0.285 0.603
LVM (g) 157 (44) 113 (36) ¥ 156 (51) 120 (41)* 0. 695 <0.001
LVMI (g/m27)  33.0(9.0) 29.9(9.0)" 33.8(10.9) 323(10.2) 0.260 <0.001
RWT (cm) 0.33(0.07) 0.31 (0.06) 0.34 (0.07) 0.34 (0.08) 0.040 0.001
LVH, n (%) 27 (9.5) 30 (7.7) 15 (12.6) 31 (16.5) 0.347 0.001
CR, n (%) 26 (9.1) 20(5.1)* 11 (9.2) 16 (8.5) 0.969 0.111
EH, n (%) 23(8.1) 22 (5.6) 8(6.7) 19 (10.1) 0.643 0.048
CH, n (%) 4(1.4) 8(2.0) 7(5.9) 12 (6.4) 0.012 0.007
Follow-up
Age (year) 46.7 (5.3) 46.2 (5.3) 46.5 (5.4) 45.7 (5.6) 0.622 0.391
LVM (g) 184 (49) 138 (50)* 205 (76) 144 (42)* 0.001 <0.001
LVMI (g/m?7)  38.9(9.8) 36.8 (14.1)* 44.6 (16.4) 38.5 (10.4) <0001  <0.001
RWT (cm) 0.41 (0.07) 0.41 (0.08) 0.43 (0.07) 0.41 (0.08) 0.008 0.004
LVH, n (%) 51 (17.9) 57 (14.5) 41 (34.5) 64 (34.0) <0.001  <0.001
CR, n (%) 86 (30.2) 101 (25.8) 35 (29.4) 41 (21.8) 0.879 0.300
EH, n (%) 19 (6.7) 17 (4.3) 8(6.7) 16 (8.5) 0.984 0.042
CH, n (%) 32 (11.2) 40 (10.2) 33(27.7) 48 (25.5) <0.001  <0.001

Data are presented in means (SD) or n (%).

Sex difference within racial groups:

*
p<0.05

LVM(l)=left ventricular mass (index); RWT=relative wall thickness; LVH= left ventricular hypertrophy; CR=concentric remodeling;
CH=concentric hypertrophy; EH=eccentric hypertrophy
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