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BACKGROUND: Data are limited regarding the relationship between the life-course burden of risk factors and adult cardiac func-
tion. This study sought to examine the impact of long-term burden of body mass index (BMI) and blood pressure (BP) levels
on changes in adult left ventricular (LV) structure and function in a community-based cohort.

METHODS AND RESULTS: The longitudinal study cohort consisted of 1108 adult patients (726 White; 41.9% men; mean age,
48.2 years in the last survey) who had been examined 4 to 16 times for BMI and BP and echocardiographic LV structure and
function in adulthood, with a mean follow-up period of 38.8 years. The area under the curve was used as a measure of long-
term burden of BMI and BP. Adult LV mass index was significantly associated with childhood and adulthood BMI and systolic
BP (SBP), and their area under the curve values (3=0.07-0.37; P<0.05 for all). Adult LV ejection fraction was negatively associ-
ated with childhood BMI (3=-0.08), adult BMI (3=-0.07) and BMI area under the curve (3=-0.07) (P<0.05 for all); the effects of
SBP measures were not significant. Adult E/A ratio was negatively associated with adulthood SBP (3=-0.13; P<0.01) and total
area under the curve of SBP (3=-0.13; P<0.01). E/e’ ratio was positively associated with BMI and SBP measures. The effects
of diastolic BP measures were substantially similar to those of SBP measures. Participants with LV hypertrophy, eccentric
hypertrophy, and concentric hypertrophy had significantly lower LV ejection fraction and higher E/e’ ratio.

CONCLUSIONS: These observations provide strong evidence that early-life adiposity and BP levels and their life-course cumula-
tive burdens are associated with subclinical changes in adult LV structure and function in the general population.
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as enlarged chamber and thickened walls, often

accompanied by abnormal cardiac function, is
an independent predictor of adverse cardiovascular
events such as heart failure, ischemic heart disease,
and sudden cardiac arrest.! It has been demon-
strated that traditional cardiovascular risk factors are
closely related to the development of LVH. Among
them, obesity and hypertension are considered the

Left ventricular (LV) hypertrophy (LVH) manifested

most harmful determinants of LVH in the general pop-
ulation.*® Substantial evidence from epidemiologic
studies suggests the adverse effects of obesity on
cardiac structure and function.”® During this process,
hypertension plays a key role through chronic hemody-
namic burden and central pressure overload.® Despite
preponderant evidence for the association of obesity
and hypertension with LVH, the impact of increased
body mass index (BMI) and elevated blood pressure
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CLINICAL PERSPECTIVE
What Is New?

e This study provides new findings and insights
into the research area of the early origins of
subclinical changes in cardiac structure and
function.

What Are the Clinical Implications?

e These observations have implications for devel-
oping novel prevention and intervention strat-
egies for controlling body weight and blood
pressure levels beginning in childhood to re-
duce the risk of cardiovascular disease in later
life.

Nonstandard Abbreviations and Acronyms

ARIC Atherosclerosis Risk in Communities
Study

ASE American Society of
Echocardiography

AUC area under the curve

BHS Bogalusa Heart Study

BMI body mass index

BP blood pressure

CARDIA Coronary Artery Risk Development in

Young Adults
CH concentric hypertrophy

CHS Cardiovascular Health Study

DBP diastolic blood pressure

E/A ratio early to late peak diastolic mitral flow
velocity ratio

E/e’ ratio ratio of early peak diastolic mitral
velocity/peak early diastolic mitral
annular velocity

EH eccentric hypertrophy

FHS Framingham Heart Study

LV left ventricular

LVEF left ventricular ejection fraction

LVH left ventricular hypertrophy

LVM left ventricular mass

LVMI left ventricular mass index

RWT relative wall thickness

SBP systolic blood pressure

(BP) in early life and their long-term cumulative burden
on cardiac function is unclear.

It is well known that cardiovascular disease begins
in early life.”®"" Many previous studies have shown that
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early-life cardiovascular risk factors are associated
with LVH and LV geometric patterns.’>'> The BHS
(Bogalusa Heart Study) has previously shown that BMI
and BP measured from childhood are predictors for the
development of LVH.82=5 Data are, however, limited
on their long-lasting influence on subclinical changes
in cardiac systolic and diastolic function.®” The present
study was designed to examine the impact of BMI and
BP measured in early life and their life-course burden
since childhood on alterations in adult LV structure and
function utilizing a longitudinal cohort from the BHS.

METHODS

The data that support the findings of the present study
are available from the corresponding authors on rea-
sonable request.

Study Cohort

The BHS, a series of long-term epidemiologic stud-
ies in a semirural biracial (65% White and 35% Black)
community in Bogalusa, Louisiana, was founded by Dr
Gerald Berenson in 1973. This study focuses on the
early natural history and risk factors of cardiovascular
disease from childhood.'® Nine cross-sectional surveys
of children aged 4 to 19 years and 12 cross-sectional
surveys of adults aged 20 to 57 years who had been
previously examined as children were conducted be-
tween 1973 and 2016. These repeated cross-sectional
surveys have resulted in serial observations from child-
hood to adulthood. The present longitudinal study co-
hort consisted of 1108 adult patients (726 Whites and
382 Blacks; 41.9% men; mean age, 48.2 years in the
last survey). These participants were examined 4 to 16
times for BMI and BP (at least 2 times in childhood and
at least 2 times in adulthood) from 1973 to 2016, and
echocardiographic measurements of LV structure and
function were performed in the last adult survey during
2013 to 2016. The mean follow-up period of BMI and
BP was 38.8 years from the first childhood to the last
adult survey.

All adult patients gave informed consent for each
survey. For those younger than 18 years, consent of a
parent/guardian was obtained. 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 since 1973.'"® Height and
weight were measured in duplicate, and the mean
values were used for analysis. BMI was calculated
as weight in kilograms divided by height in meters
squared. Systolic BP (SBP) and diastolic BP (DBP)
were obtained using a mercury sphygmomanometer
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on the right arm of patients sitting in a relaxed posi-
tion by 2 trained observers (3 times each) between
8 am and 10 am. The mean values of the 6 readings
were used for analysis of BP. For patients with hy-
pertension (=388) who were under antihypertensive
treatment and had SBP/DBP <140/90 mm Hg, forced
values (140/90 mm Hg) were assigned for measured
SBP/DBP.

Echocardiographic LV Structure and
Function Measurements
LV structure and function were assessed by 2-dimen-
sional guided M-mode, Doppler and tissue Doppler
echocardiography measurements with 2.25- and
3.5-MHz transducers according to American Society
of Echocardiography (ASE) recommendations."”
Parasternal long- and short-axis views were collected
for measuring LV end-diastolic and end-systolic meas-
urements in duplicate, and the mean was calculated.
LV mass (LVM) was calculated from a necropsy-val-
idated formula on the basis of a thick-wall prolate el-
lipsoidal geometry.”® To take body size into account,
LVM was indexed for body height (m?7) as LVM index
(LVMI). LV relative wall thickness (RWT) was calculated
as septal wall thickness plus posterior wall thickness
divided by LV end-diastolic diameter.'® The presence
of LVH was defined by LVMI >46.7 g/m?” in women
and >49.2 g/m?7 in men; LV geometry was considered
concentric when RWT was >0.42.%° Four patterns of
LV geometry were defined: (1) normal LV geometry
(normal RWT with no LVH), (2) concentric remodeling
(increased RWT but no LVH), (3) eccentric hypertrophy
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(EH; normal RWT with LVH), and (4) concentric hyper-
trophy (CH; increased RWT with LVH).'®-22

LV systolic function was evaluated by LV ejection
fraction (LVEF), which was calculated using the modi-
fied Simpson rule from LV end-diastolic volume and LV
end-systolic volume obtained from the apical 4-cham-
ber view based on ASE recommendations.?® LV dia-
stolic function was evaluated using E/A and E/e’ ratios,
which were measured by pulsed-wave Doppler and
pulsed-wave tissue Doppler imaging. Peak velocities
of the early phase (E) and late phase (A) at the level of
mitral valve leaflet tips were assessed by pulsed-wave
Doppler and the E/A ratio was calculated. Using tissue
Doppler imaging, early peak diastolic mitral annular ve-
locity (") was measured from the average of the sep-
tal and lateral tissue velocities in the apical 4-chamber
view. The E/e’ ratio was calculated as an index of LV
filling pressures.?*

Statistical Analysis

Long-term burden and trends of BMI and BP were
measured as the area under the curve (AUC), which
was calculated using statistical models we previously
described.?" In short, growth curves of BMI and BP
measured multiple times from childhood to adulthood
were constructed using a random-effects model by
SAS proc MIXED (SAS Institute Inc.). Quadratic curves
were fitted for BMI and cubic curves for SBP and DBP
in race-sex groups. As shown in Figure 1, using a
White man as an example, the AUCs were calculated
as the integral of the curve parameters during the fol-
low-up period for each participant. Since participants
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Figure 1. lllustration of the area under the curve (AUC) of body mass index (BMI) and

systolic blood pressure (SBP) using a White male as an example.
a=incremental AUC; b=baseline AUC; a+b=total AUC
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had different lengths of follow-up, the AUC values were
divided by the number of follow-up years. The AUC
measures have advantages over other conventional
longitudinal analysis models in that they measure both
long-term burden and trends. Total AUC can be con-
sidered a measure of a long-term cumulative burden
of BMI and BP.

Multivariable linear regression analyses were per-
formed to examine the associations of LVMI, LVEF, E/A
ratio, and E/e’ ratio with BMI and BP measures, ad-
justed for age, race, sex, heart rate, smoking, and al-
cohol drinking. In the association analyses, childhood
values (first measurement), adulthood values (last
measurement), and total AUC values were analyzed in
separate regression models. Before regression analy-
ses, childhood and adulthood values, as well as total
AUC values of BMI and BP, were adjusted for corre-
sponding age (or average age) by regression residual
analyses and then standardized with Z transformation
(mean, 0; SD, 1) by race-sex groups to avoid collin-
earity of childhood and adulthood ages in the same
model. For LV geometry analyses, LVH, concentric re-
modeling, EH, and CH were separately analyzed using
normal LVM as a control group. Differences in the re-
gression coefficients between races were tested for
significance in interaction regression models by includ-
ing the race-predictor interaction terms in the model.

RESULTS

Table 1 summarizes the characteristics of study vari-
ables in childhood, adulthood, and long-term meas-
ures of BMI and BP by race and sex. There were no
significant differences in childhood BMI, SBP, and
DBP between race and sex groups, except for DBP
between White and Black males. Adult BMI showed
significant race differences in women and sex dif-
ferences in Blacks; Black women had the highest
prevalence of obesity among the 4 groups. Adult
SBP and DBP showed significant race differences in
both men and women and sex differences in Whites.
Race differences in total AUC of BMI, SBP and DBP
were significant except for males. Adult LV structure
measures, including LVM, LVMI, and RWT, had sig-
nificant race (Black>White) and sex (men>women)
differences. Males had significantly lower values
of LVEF than females in Blacks and Whites; Black
males had lower values of LVEF than White males.
There were significant race and sex differences in
E/e’ ratio.

Table 2 presents linear regression analyses of adult
LVMI, LVEF, E/A ratio, and E/e’ ratio on BMI and SBP
measures, adjusting for age, race, sex, heart rate,
smoking, and alcohol drinking. Adult LVMI was signifi-
cantly associated with BMI and SBP measures, with
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BMI showing bigger effect size than SBP in all 3 mod-
els. Childhood BMI, adulthood BMI, and AUC of BMI
were significantly and negatively associated with LVEF,
but SBP measures were not. Adulthood SBP and AUC
of SBP were significantly and negatively associated
with E/A ratio, but BMI measures were not. All BMI and
SBP measures were significantly and positively asso-
ciated with E/e’ ratio. Race differences in standardized
regression coefficients of BMI and SBP on LV struc-
tural and functional measures were tested for signifi-
cance, adjusting for covariates (Table S1). The effect of
BMI did not differ significantly in all 12 models between
Blacks and Whites. The race differences in the effect of
SBP were significant in 6 of the 12 models. The effects
of DBP measures were substantially similar to those of
SBP measures (Table S2).

Figure 2 shows prevalence of LVH and remodeling
patterns by race and sex. Blacks versus Whites had a
significantly higher prevalence of LVH (32.5% versus
10.7%, respectively; P<0.001), concentric remodeling
(27.5% versus 22.9%, respectively; P<0.001), EH (56.8%
versus 3.9%, respectively; P=0.002), and CH (26.7%
versus 6.9%, respectively; P<0.001). Males had sig-
nificantly higher prevalence of concentric remodeling
(31.2% versus 19.6%; P<0.001) than females.

Table 3 presents covariate-adjusted mean values
of LV function measures by LVH and remodeling pat-
terns. Compared with normal LVM, participants with
LVH, EH, and CH had significantly lower LVEF and
higher E/e’ ratio. E/A ratio did not differ significantly be-
tween LVH groups.

DISCUSSION

It is incontestable that obesity and hypertension are
the most important risk factors related to LVH.*®
Previous studies have shown that higher levels of child-
hood BMI and BP significantly predict adult LVH.?8-30
The BHS has reported that long-term cumulative
burden of excessive adiposity and elevated BP from
childhood was significantly associated with LVH and
LV geometric remodeling patterns.'>='5 However, the
impact of obesity measures and BP in early life and
their long-term cumulative burden on adult cardiac
function has not been examined in previous studies.
In addition, the changes in cardiac function measures
in relation to LV geometry remodeling patterns have
not been reported. Based on the longitudinal database
we previously reported,?'2-' we took advantage of the
most recent adult survey in 2013 to 2016 of the BHS to
examine adult cardiac structure and function changes
in relation to longitudinal BMI and BP in the current
study. We found that the influence of BMI and BP
levels on subclinical changes in midlife adult cardiac
structure and function began in early life. Childhood
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Table 1. Characteristics of Study Participants by Race and Sex
White Black P for Race Difference
Characteristic Male (n=319) Female (n=407) Male (n=145) Female (n=237) Male Female Total
Childhood (first examination)
Age, y 9.8 (3.5) 9.4 (3.3) 9.2(3.2) 91 (3.2) 0.101 0.219 9.4 (3.3)
BMI, kg/m? 17.5 (3.4) 17.6 (3.5) 17.2 (3.1) 17.4 (3.7) 0.706 0.859 17.5 (3.5)
SBP, mm Hg 100.2 (9.4) 99.0 (10.0) 99.7 (9.8) 98.1 (10.8) 0.734 0.604 99.2 (9.9)
DBP, mm Hg 60.4 (8.4) 60.9 (8.6) 62.0 (7.8) 60.8 (9.0) 0.003 0.565 60.9 (8.6)
Adulthood (last examination)
Age,y 49.0 (4.9) 48.0 (5.2 47.6 (5.8) 47.6 (5.4) 0.005 0.343 48.2 (5.3)
BMI, kg/m? 30.6 (6.1) 30.3(7.5) 31.0(8.6) 34.7 (8.8)* 0.799 <0.001 31.4 (7.8)
Obesity, No. (%) 150 (47.0) 182 (44.7) 66 (45.5) 170 (71.7)* 0.763 <0.001 568 (51.3)
SBP, mm Hg 131.3 (15.5) 125.0 (17.6)* 136.7 (15.7) 136.0 (19.4) <0.001 <0.001 130.7 (17.8)
DBP, mm Hg 83.9 (11.7) 80.5 (12.6)* 87.5 (12.5) 87.7 (12.7) <0.001 <0.001 60.9 (8.6)
AUC measures
Average age, y 25.0 (5.5) 24.8 (5.9) 23.4 (5.6) 237 (5.2) 0.004 0.014 24.4 (5.4)
Total AUC of BMI 26.2 (4.6) 25.6 (5.8) 26.3 (5.8) 28.1 (6.7)" 0.720 <0.001 26.4 (5.7)
Total AUC of SBP 116.3 (7.7) 110.3 (7.9) 120.9 (9.3) 116.4 (9.5)* <0.001 <0.001 114.7 (9.2)
Total AUC of DBP 75.0 (5.9) 721 (5.5) 76.8 (7.3) 75.5 (6.5) <0.001 <0.001 74.3 (6.3)
Adulthood (last examination)
Smokers, No. (%) 90 (28.2) 105 (25.8) 71 (49.0) 58 (24.5)* <0.001 0.709 32.4 (29.2)
Drinkers, No. (%) 158 (49.5) 147 (36.1)" 48 (33.1) 46 (19.4)" 0.001 <0.001 399 (36.0)
HR, beats per min 69.3 (11.3) 73.4 (10.7)* 71.4 (11.3) 72.3 (12.2) 0.061 0.185 71.7 (11.4)
LVM, g 172.1 (46.6) 132.7 (45.1) 212.3 (73.6) 158.6 (43.6)" <0.001 <0.001 160.0 (56.2)
LVMI, g/m27 36.7 (9.8) 36.0 (12.9) 46.0 (15.3) 42.5 (11.4)* <0.001 <0.001 38.9 (12.7)
RWT, cm 0.42 (0.07) 0.40 (0.07)* 0.46 (0.09) 0.44 (0.09)* <0.001 <0.001 0.421 (0.08)
LVEF, % 0.64 (0.04) 0.65 (0.04)* 0.61 (0.07) 0.64 (0.05)* <0.001 0.355 0.64 (0.05)
E/A ratio 1.18 (0.32) 1.18 (0.34) 1.15 (0.36) 1.13 (0.36) 0.110 0.054 1.17 (0.34)
E/e’ ratio 6.38 (1.64) 6.62 (1.73)" 6.67 (2.16) 7.55 (2.31)* 0.029 <0.001 6.76 (1.95)

Data are expressed as mean (SD) unless otherwise indicated. AUC indicates area under the curve; DBP, diastolic blood pressure; E/A ratio, early to
late peak diastolic mitral flow velocity ratio; E/e” ratio, ratio of early peak diastolic mitral velocity/peak early diastolic mitral annular velocity; HR, heart
rate; LVM, left ventricular mass; LVMI, left ventricular mass index; LVEF, left ventricular ejection fraction; RWT, relative wall thickness; and SBP, systolic
blood pressure.

Sex difference within racial groups: *P<0.05.

Obesity was defined as body mass index (BMI) >30 kg/m?.

BMI, adult BMI, and the long-term cumulative burden
were more closely related to LVH compared with re-
spective BP measures. More importantly, BMI meas-
ures but not BP were inversely associated with adult
cardiac systolic function measured as LVEF. Both BMI
and BP measures were significantly and positively as-
sociated with diastolic function measured as E/e’ ratio.
Participants with LVH, EH, and CH had significantly
lower LVEF and higher E/e’ ratio compared with the
normal LVM group. These observations provide strong
evidence for the early-life origin of the impact of higher
levels of BMI and BP on subclinical alterations in LV
structure and function.

The harmful effect of obesity on LV contractility
was previously reported. In the Olmsted County Heart
Function Study, Ammar et al®' found that BMI was
associated with LV diastolic dysfunction measured
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as E/A ratio and deceleration time, but the correlation
between BMI and LVEF was not significant in adults
aged 45 to 96 years. Prospective longitudinal data
from the CARDIA (Coronary Artery Risk Development
in Young Adults) study’” demonstrated that greater BMI
was associated with higher cardiac structural indices,
lower longitudinal myocardial deformation, lower E/A
ratio, and higher E/e’ ratio, but was not significantly
associated with LVEF in young adulthood and middle
age. Participants in the present study cohort were rel-
atively younger, and childhood BMI, adulthood BMI,
and long-term BMI were found to be inversely and
significantly correlated with LVEF. The inconsistent
associations in this study and previous studies sug-
gest that the relationship between obesity and sub-
clinical changes in LV systolic function might vary by
age periods.
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Table 2. Standardized Regression Coefficients of BMI and SBP on LV Structure and Function Measures, Adjusting for Age,

Race, Sex, Heart Rate, Smoking, and Alcohol Drinking

Dependent Variable
LVMI LVEF E/A Ratio E/e’ Ratio

Independent Variable B (SE) P Value B (SE) P Value B (SE) P Value B (SE) P Value
Model 1

Childhood BMI* 0.25 (0.03) <0.001 ~0.08 (0.03) 0.017 0.01 (0.03) 0.857 0.10 (0.03) 0.002

Childhood SBP* 0.07 (0.03) 0.028 0.02 (0.03) 0.564 —-0.04 (0.03) 0.217 0.12 (0.03) <0.001
Model 2

Adulthood BMI* 0.37 (0.03) <0.001 -0.07 (0.09) 0.023 -0.05 (0.03) 0.063 0.19 (0.09) <0.001

Adulthood SBPT 0.21 (0.03) <0.001 0.01 (0.03) 0.701 -0.13 (0.03) <0.001 0.26 (0.03) <0.001
Model 3

Total AUC of BMI# 0.36 (0.03) <0.001 ~0.07 (0.03) 0.044 0.002 (0.03) 0.954 0.16 (0.03) <0.001

Total AUC of SBP* 0.19 (0.03) <0.001 —-0.05 (0.03) 0.089 -0.13 (0.03) <0.001 0.19 (0.03) <0.001

AUC indicates area under the curve; 3, standardized regression coefficient; BMI, body mass index; E/A ratio, early to late peak diastolic mitral flow velocity
ratio; E/e’ ratio, ratio of early peak diastolic mitral velocity/peak early diastolic mitral annular velocity; LV, left ventricular; LVEF, left ventricular ejection fraction;
LVMI, left ventricular mass index; SBP, systolic blood pressure; and SE, standard error.

*Adjusted for childhood age and then Z-transformed (mean, 0; SD, 1).
fZ-transformed (mean, 0; SD, 1).
*Adjusted for average age and then Z-transformed (mean, 0; SD, 1).

Clinical and epidemiological studies have docu-
mented the role of hypertension in the development
of LVH through chronic hemodynamic overload and
increased central pressure.>®% The current study
found that childhood BP, adulthood BP, and the life-
long burden of BP levels all significantly predicted mid-
life LVH and LV geometric patterns, with adjustment for

BMI. In addition, these BP measures were all signifi-
cantly and positively associated with cardiac diastolic
function measured as E/e ratio, but not with systolic
function measured as LVEF. These observations are
consistent with other large population studies.3>33
Elevated BP levels were not correlated with LVEF in
the CARDIA study.®? In the FHS (Framingham Heart
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Figure 2. Prevalence of left ventricular hypertrophy (LVH) and geometric remodeling

patterns by race and sex.

*P<0.001 for group difference. CH indicates concentric hypertrophy; CR, concentric remodeling;

and EH, eccentric hypertrophy.
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Table 3. Covariate-Adjusted LV Function Measures by LVH
and Remodeling Patterns

LV Functional Measures
LVEF E/A Ratio E/e’ Ratio
LVH (n=202) 0.623 1.195 7.680
Normal LVM (n=635) 0.641 1.167 6.493
P value <0.001 0.199 <0.001
CR (n=271) 0.643 1158 6.557
Normal LVM (n=635) 0.641 1189 6.383
P value 0.548 0174 0.133
EH (n=50) 0.604 1.232 7.885
Normal LVM (n=635) 0.642 1.208 6.369
P value <0.001 0.616 <0.001
CH (n=152) 0.628 1144 7.499
Normal LVM (n=635) 0.642 1196 6.477
P value 0.005 0.118 <0.001

CH indicates concentric hypertrophy; CR, concentric remodeling; EH,
eccentric hypertrophy; E/Aratio, early to late peak diastolic mitral flow velocity
ratio; E/e’ ratio, ratio of early peak diastolic mitral velocity/peak early diastolic
mitral annular velocity; LV, left ventricular; LVH, left ventricular hypertrophy;
LVEF, left ventricular ejection fraction; and LVM, left ventricular mass.

Covariates included age, race, sex, heart rate, smoking, alcohol drinking,
body mass index, and systolic blood pressure.

Study), Kaess et al®*® found that BP was related to di-
astolic function measured as E/e but not to systolic
function measured as LV fractional shortening. These
findings indicate that the influence of hypertension on
diastolic function occurs earlier than its influence on
systolic function in the general population.

E/e ratio and E/A ratio are the most commonly used
indices of cardiac diastolic function. The relationship
between a higher E/e ratio and severity of diastolic dys-
function is linear. However, E/A ratio declines in the early
stages of impaired diastolic function and then goes up
during the development of heart failure.®*3% We found
that LVH, EH, and CH groups had significantly lower
LVEF and higher E/e’ ratio compared with the normal
LVM group. CHS (Cardiovascular Health Study)® re-
ported that increased LVM was a risk factor for the
development of a depressed LVEF. Fox et al®® found
that EH was related to systolic dysfunction, and CH was
related to diastolic dysfunction in the Jackson cohort
of ARIC (Atherosclerosis Risk in Communities Study).
Compared with the normal LVM group, the EH group
showed greater differences in LVEF and E/e’ ratio than
the CH group in the present study cohort. It appears
that EH is more important for reduced cardiac function.
Further studies are needed to confirm the findings in
this regard.

This community-based longitudinal cohort provides
a unique opportunity to examine the impact of obesity
and elevated BP from childhood on adult LV structure
and function. There were a few limitations in this study.
First, patients with hypertension taking pharmacological
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treatment represent a subgroup that would be expected
to have the highest BP levels without treatment; the
forced values of 140/90 mm Hg assigned to the mea-
sured SBF/DBP for these patients with hypertension
would result in some bias in the association analyses.
In particular, this adjustment method of BP would am-
plify the bias by comparing the effect of BMI with BP.
Second, LVH and LV function can be reversed by long-
term antihypertensive treatment. However, this effect
cannot be assessed without the progression data of LV
measurements in this study. Third, Bogalusa is a semiru-
ral biracial (65% White and 35% Black) community.
Adult obesity (51.3%) is more prevalent in Bogalusa than
in other areas. Generalizing the findings of the current
study to other populations should be done cautiously.

CONCLUSIONS

We demonstrated that the impact of increased lev-
els of BMI and BP and their life-long burden meas-
ures on cardiac structure and function began in early
life, and BMI measures were more closely related to
LVH compared with BP measures. Furthermore, BMI
measures were inversely associated with adult car-
diac systolic function measured as LVEF, whereas BP
measures were more strongly associated with dias-
tolic function measured as E/e’ ratio compared with
BMI. Participants with LVH, EH, and CH have worse
systolic and diastolic function than the normal LVM
group. These observations provide strong evidence
for the long-lasting influence of adiposity and BP levels
on subclinical changes in cardiac structure and func-
tion in asymptomatic adults in the general population.
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Table S1. Standardized regression coefficients of BMI and SBP on LV structure and function
measures by race (whites/blacks), adjusting for age, sex, heart rate, smoking and alcohol

drinking.
Dependent Variable
Independent . -
) LVMI LVEF E/A ratio E/e’ ratio
Variable
White/Black P* White/Black P* White/Black P* White/Black P*
Model 1

Childhood BMI" 0.24/0.30, 0.088

Childhood SBP” 0.06/0.09, 0.467
Model 2
Adulthood BMIT  0.39/0.42, 0.234
Adulthood SBPT  0.16/0.28, 0.002
Model 3

Total AUC of BMI®  0.36/0.39, 0.656

Total AUCof SBP*  0.15/0.26, 0.028

-0.09/-0.07, 0.822

0.04/0.002, 0.627

-0.09/-0.09, 0.667

0.07/-0.07, 0.003

-0.08/-0.05, 0.694

-0.002/-0.12, 0.015

0.02/0.002, 0.805

-0.09/0.04, 0.026

-0.09/0.01, 0.100

-0.13/-0.13, 0.928

-0.03/0.05, 0.219

-0.14/-0.11, 0.605

0.11/0.11, 0.499

0.11/0.15, 0.201

0.22/0.15, 0.526

0.21/0.31, 0.011

0.19/0.15, 0.965

0.16/0.24, 0.056

* P-values for race difference

LVMI= left ventricular mass index; LVEF=left ventricular ejection fraction; E/A ratio=early to late
peak diastolic mitral flow velocity ratio; E/e’ ratio=ratio of early peak diastolic mitral velocity/peak
early diastolic mitral annular velocity; BMI=body mass index; SBP=systolic blood pressure;

AUC=area under the curve

* adjusted for childhood age and then Z-transformed (mean=0, SD=1)

T, Z-transformed (mean=0, SD=1)

1, adjusted for average age and then Z-transformed (mean=0, SD=1)



Table S2. Standardized regression coefficients of BMI and DBP on LV structure and function,

adjusting for age, race, sex, smoking and alcohol drinking.

Dependent Variable

Independent - -
] LVMI LVEF E/A ratio E/e’ ratio
Variable
B (SE) p B (SE) p B (SE) p B (SE) p

Model 1

Childhood BMI" 0.27(0.03) <0.001 -0.07(0.03) 0.017 0.02(0.03) 0.471 0.12(0.03) <0.001

Childhood DBP” 0.03(0.03) 0.257 0.01(0.03) 0.636 -0.10(0.03) <0.001 0.09(0.03) 0.003
Model 2

Adulthood BMI T 0.38(0.03) <0.001 -0.07(0.03) 0.022 -0.02(0.03) 0.399 0.19(0.03) <0.001

Adulthood DBP ' 0.16(0.03) <0.001 0.02(0.03) 0.622 -0.19(0.03) <0.001 0.19(0.03) <0.001
Model 3

Total AUC of BMI*  0.38(0.03) <0.001 -0.06(0.03) 0.069 0.02(0.03) 0.506 0.17(0.03) <0.001

Total AUC of DBP

0.15(0.03) <0.001 -0.08(0.03) 0.011 -0.19(0.03) <0.001 0.17(0.03) <0.001

LVMI= left ventricular mass index; LVEF=left ventricular ejection fraction; E/A ratio=early to late
peak diastolic mitral flow velocity ratio; E/e’ ratio=ratio of early peak diastolic mitral velocity/peak
early diastolic mitral annular velocity; BMI=body mass index; DBP=diastolic blood pressure;

AUC=area under the curve; B=standardized regression coefficient; SE=standard error

* adjusted for childhood age and then Z-transformed (mean=0, SD=1)

T, Z-transformed (mean=0, SD=1)

1, adjusted for average age and then Z-transformed (mean=0, SD=1)



