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ABSTRACT
OBJECTIVES The aim of this study was to evaluate racial differences in arterial elastance (Ea), which reﬂects the
arterial afterload faced by the left ventricle, and its associations with cardiac structure and function. The hypothesis
under study was that the left ventricle in blacks displays heightened afterload sensitivity compared with whites.
BACKGROUND Chronic increasing in arterial afterload may be an important trigger for left ventricular (LV) remodeling
and dysfunction that lead to heart failure. Racial differences in the predisposition to heart failure are well described,
but the underlying mechanisms remain unclear.
METHODS In total, 5,727 community-based, older ARIC (Atherosclerosis Risk In Community) study participants
(22% black) who underwent echocardiography between 2011 and 2013 were studied.
RESULTS Blacks were younger (mean age 75  5 years vs. 76  5 years), were more frequently female (66% vs. 57%),
and had higher prevalence rates of obesity (46% vs. 31%), hypertension (94% vs. 80%), and diabetes mellitus
(47% vs. 34%) than whites. Adjusting for these baseline differences, Ea was higher among blacks (1.96  0.01 mm Hg/ml
vs. 1.80  0.01 mm Hg/ml). In blacks, Ea was associated with greater LV remodeling (LV mass index, b ¼ 3.21 
0.55 g/m2, p < 0.001) and higher LV ﬁlling pressures (E/e0 ratio, b ¼ 0.42  0.11, p < 0.001). These relationships were
not observed in whites (LV mass, b ¼ 0.16  0.32 g/m2, p ¼ 0.61, p for interaction <0.001; E/e0 ratio, b ¼ 0.32  0.06,
p < 0.001, p for interaction <0.001).
CONCLUSIONS These community-based data suggest that black Americans display heightened afterload sensitivity as
a stimulus for LV structural and functional remodeling, which may contribute to their greater risk for heart failure compared
with white Americans. (J Am Coll Cardiol HF 2017;5:157–65) © 2017 by the American College of Cardiology Foundation.
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B

ABBREVIATIONS

lack Americans have the highest

15,792 subjects 45 to 64 years of age in 4 communities

incidence of heart failure (HF) among

in the United States (Forsyth County, North Carolina;

racial groups in the United States.

Jackson, Mississippi; Minneapolis, Minnesota; and

Although this has been in part attributed to

Washington County, Maryland) between 1987 and

race-related differences in socioeconomic

1989. After baseline evaluation, the participants un-

status and prevalence of hypertension and

derwent 4 subsequent follow-up visits. At the time of

Ees = end-systolic elastance

diabetes (1–3), reasons for the higher inci-

visit 5, between 2011 and 2013, 10,740 participants

HF = heart failure

dence of HF among blacks are largely unex-

were alive, 6,538 attended, and 6,118 underwent

LA = left atrial

plained. For instance, racial differences in

echocardiography. Population characteristics, sam-

LV = left ventricular

the incidence of HF could result from differ-

pling, design, procedures, and detailed study ratio-

LVEF = left ventricular

ences in the incidence of coronary artery dis-

nale have been previously published (14).

ejection fraction

ease, but blacks still have higher incidence of

Race was self-reported using a questionnaire.

LVOT = left ventricular outﬂow

HF after excluding cases preceded by a

Hypertension was deﬁned as systolic blood pressure

tract

myocardial infarction (1).

(BP)

AND ACRONYMS
BP = blood pressure
BSA = body surface area
Ea = arterial elastance

SV = stroke volume

(average

between

second

and

third

The development of HF has been linked

measures) $140 mm Hg, diastolic BP (average be-

to abnormalities in ventricular-arterial coupling,

tween second and third measures) $90 mm Hg, or

which is represented by the ratio between arterial

use of antihypertensive medication at any of the

and ventricular elastance (4). Arterial elastance (Ea)

ARIC

is a lumped parameter that incorporates mean and

present if a participant self-reported a physician

pulsatile

diagnosis

components

of

the

systemic

vascular

visits.
of

Diabetes

mellitus

diabetes,

was

was

taking

deﬁned

as

medication

properties and reﬂects the total arterial afterload

for diabetes, had a fasting blood glucose level

(5). High arterial afterload may be a trigger for

$126 mg/dl, or had a nonfasting blood glucose

changes in left ventricular (LV) structure and func-

level $200 mg/dl at any of the ARIC visits. Preva-

tion, which are predecessors of clinical HF (6–9).

lent HF at visit 5 was deﬁned as an adjudicated HF

Arterial afterload appears to be higher among blacks

hospitalization since 2005, HF hospitalization with

than whites, as a result of racial differences in

International Classiﬁcation of Diseases-9th Revision,

arterial stiffness and intravascular volume (10–12).

code 428x before 2005, or self-report of HF or

In parallel, LV hypertrophy is more common among

treatment for HF with subsequent conﬁrmation of

blacks with hypertension (13). However, it is un-

self-report by treating physician (15).

certain whether this is out of proportion to arterial
afterload.

From the 6,118 participants, we excluded subjects
with moderate or severe aortic valve disease (ste-

SEE PAGE 166

nosis or insufﬁciency, n ¼ 78), atrial ﬁbrillation at
the time of echocardiography (n ¼ 267), those whose

Therefore, we assessed the racial differences in Ea

race was neither white nor black (n ¼ 6), and those

and its associations with cardiac structure and func-

with missing Ea (n ¼ 40), resulting in 5,727 subjects

tion in a large biracial community-based study of an

for the present analysis. The Institutional Review

older population, among whom these differences are

Board of each center approved the study protocol,

expected to be more noticeable as a consequence of

and all participants provided written informed

the long-term cardiac effects of arterial afterload.

consent.
ECHOCARDIOGRAPHY. All

METHODS

studies were obtained

using a dedicated Philips iE33 ultrasound system
(Philips Medical Systems, Andover, Massachusetts)

STUDY POPULATION. The ARIC (Atherosclerosis Risk

by trained sonographers according to a dedicated

In Communities) study is an ongoing, prospective

echocardiographic protocol (16). All measurements

observational study. The original cohort recruited

were performed according to American Society of
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(20). Using the brachial BP measurement at the time

T A B L E 1 Participant Characteristics According to Race

Blacks
(n ¼ 1,286)

of

Whites
(n ¼ 4,441)

p Value

echocardiographic

pressure

was

examination,

estimated

as

0.9



end-systolic
systolic

BP

(7–9,20,21). We also estimated the steady and pul-

Age, yrs

75.0  4.9

76.1  5.1

<0.001

Women

854 (66)

2,523 (57)

<0.001

Height, cm

165  9

165  10

0.96

vascular resistance index was estimated as mean

Weight, kg

83  18

77  17

<0.001

arterial pressure multiplied by 80 and divided by

Body mass index, kg/m2

30  7

28  5

<0.001

cardiac index and total arterial compliance as the

Body surface area, m2

1.90  0.21 1.84  0.22 <0.001

Hypertension

1,209 (94)

Antihypertensive medication use
Diabetes mellitus

satile components of arterial load (22). Systemic

ratio

between

SV

and

pulse

pressure

(23,24).

3,545 (80)

<0.001

1,117 (87)

3,127 (71)

<0.001

607 (47)

1,521 (34)

<0.001

Current smokers

86 (7)

249 (6)

0.21

CHD

117 (9)

680 (16)

<0.001

Heart failure

73 (6)

160 (4)

<0.001

using the single-beat method (21) using left ventric-

Carotid-femoral pulse-wave velocity was measured
using a ColinVP-1000 plus system (Omron, Komaki,
Japan) (25).
LV end-systolic elastance (Ees) was determined

Systolic BP, mm Hg

135  19

129  17

<0.001

ular ejection fraction (LVEF), brachial BP, SV,

Diastolic BP, mm Hg

70  11

65  10

<0.001

pre-ejection period, and total ejection period. The

Pulse pressure, mm Hg

65  16

64  14

0.07

latter 2 measurements were obtained from pulsed-

Heart rate, beats/min

64  11

62  10

<0.001

wave Doppler of LVOT ﬂow. To correct for the
effects of chronic LV remodeling, we normalized Ees

Values are mean  SD or n (%).

for the ratio of LV mass to volume, as previously

BP ¼ blood pressure; CHD ¼ coronary heart disease.

described (26).
LV SYSTOLIC FUNCTION. LV volumes and the LVEF

Echocardiography guidelines in a dedicated echo-

were assessed using the modiﬁed Simpson rule.

cardiography core laboratory (17). Details about the

Speckle-tracking analysis was performed using Tom-

design and protocol of the ARIC visit 5 echocardio-

Tec Cardiac Performance Analysis package (TomTec,

graphic study, including reproducibility data, have

Unterschleissheim, Germany). Global longitudinal

been previously published (16).

strain was obtained from apical 4- and 2-chamber

LV dimensions and wall thickness were obtained
from the parasternal long-axis view according to the
recommendations of the American Society of Echocardiography (18). LV mass was determined by the
linear method, and all measurements were indexed
to body surface area (BSA) when appropriate. LV
mass was also indexed to height2.7, which may have
some advantages over indexing to BSA in obese
patients (19). LV hypertrophy was deﬁned as LV
mass index (LV mass/BSA) >115 g/m 2 in men and
>95 g/m 2 in women (18). LV outﬂow tract (LVOT)
diameter was obtained from the parasternal longaxis view and stroke volume (SV) was calculated
as the product of LVOT area and the LVOT velocitytime integral.
We assessed LV diastolic function using pulsedwave Doppler of mitral inﬂow (E and A velocities
and E/A ratio) and peak septal and lateral mitral
annular relaxation tissue Doppler velocities (e 0 ). Left
atrial (LA) volume was measured by the method of

views. Peak systolic mitral annular velocity (s0 ) was
also obtained using tissue Doppler imaging.
EUROPEAN ANCESTRY AMONG BLACKS. Proportion

of European ancestry was estimated in black participants using genotyping methods in the ARIC study,
described previously (27). Brieﬂy, genotyping was
performed on stored deoxyribonucleic acid from visit 1
using the Illumina BeadLab platform at the Center for
Inherited Disease Research (Johns Hopkins University,
Baltimore, Maryland) (28). Blind duplicate genotypes
were performed as part of a quality control program
and had a mismatch rate of 0.1%. Samples were eliminated from the analysis because of low call, sex
mismatch,

duplicity,

excess

of

heterozygous

genotypes, or estimated proportion of European
ancestry higher than 0.85. ANCESTRYMAP software
was used to estimate the proportion of European
ancestry for each individual. We classiﬁed black participants as below or above median European ancestry.

disks using apical 4- and 2-chamber views at an end-

STATISTICAL ANALYSIS. We compared clinical dif-

systolic frame preceding mitral valve opening and

ferences between black and white participants using

indexed to BSA (LA volume index).

unpaired Student t tests or chi-square tests, as
appropriate. We compared measures of cardiac

ASSESSMENT

OF

ARTERIAL

VENTRICULAR-ARTERIAL

FUNCTION

COUPLING. Ea

AND

structure

and

function

between

race

groups,

was

adjusting for potential confounders, including age,

calculated as end-systolic pressure divided by SV

sex, body mass index, use of antihypertensive
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T A B L E 2 Differences in Cardiac Function and Structure Between Blacks and Whites Adjusted for Clinical Covariates

Unadjusted
Black
(n ¼ 1,286)

White
(n ¼ 4,441)

EDVI, ml/m2

44.2  0.3

LV mass/BSA, g/m2

78.1  0.6

LV mass/height2.7, g/m2.7
LV mass/EDV, mg/ml

Adjusted*

p Value

Black
(n ¼ 1,257)

White
(n ¼ 4,233)

p Value

43.9  0.2

0.44

45.2  0.3

43.8  0.2

<0.001

79.6  0.3

0.023

77.7  0.5

79.6  0.3

0.003

38.3  0.3

37.8  0.2

0.15

36.9  0.3

38.2  0.1

<0.001

1.82  0.01

1.87  0.01

0.001

1.76  0.01

1.88  0.01

<0.001

12%

10%

0.079

10%

10%

0.88

25.9  0.2

25.4  0.1

0.034

26.1  0.2

25.3  0.1

0.001
<0.001

Cardiac structure

LV hypertrophy
LA volume index, ml/m2
Systolic function

64.7  0.2

65.6  0.1

<0.001

64.5  0.2

65.7  0.1

17.52  0.07

18.14  0.04

<0.001

17.60  0.07

18.11  0.04

<0.001

s0 , cm/s

6.77  0.04

7.03  0.02

<0.001

6.76  0.04

7.05  0.02

<0.001

Stroke volume, ml

65.0  0.4

67.4  0.2

<0.001

64.8  0.4

67.5  0.2

<0.001

Cardiac output, l/min

4.35  0.03

4.36  0.02

4.22  0.03

4.40  0.02

<0.001

E-wave, cm/s

65.5  0.5

66.6  0.3

0.072

64.9  0.5

66.7  0.3

A-wave, cm/s

82.6  0.5

79.8  0.3

<0.001

80.6  0.5

80.3  0.3

208  1

<0.001

200  1

208  1

<0.001

Ejection fraction, %
Peak longitudinal strain

0.67

Diastolic function

199  1

Deceleration time, ms

0.003
0.61
<0.001

E/A ratio

0.82  0.008

0.87  0.004

0.84  0.008

0.87  0.004

0.001

e0 , cm/s

6.17  0.04

6.28  0.02

0.022

6.24  0.04

6.28  0.02

0.44

E/e0 ratio

11.5  0.1

11.3  0.1

0.20

11.27  0.11

11.34  0.06

0.65

Arterial function and ventricular-arterial coupling
1.95  0.01

Ea, mm Hg/ml
SVRI, dyne $ s $ cm5 $ m2

3,378  24

1.81  0.01
3,064  13

<0.001
<0.001

1.96  0.01
3,410  24

1.80  0.01
3,056  13

<0.001
<0.001

TAC, ml/mm Hg

1.05  0.009

1.10  0.005

<0.001

1.04  0.009

1.10  0.005

<0.001

cfPWV, m/s

12.4  0.11

11.6  0.06

<0.001

12.4  0.11

11.6  0.06

<0.001

LV Ees, mm Hg/ml

2.92  0.02

2.83  0.01

0.001

2.93  0.02

2.81  0.01

<0.001

LV Ees/M/V, mm Hg/g

1.70  0.02

1.60  0.01

<0.001

1.75  0.02

1.59  0.01

<0.001

Ea/Ees

0.70  0.005

0.66  0.003

<0.001

0.70  0.005

0.66  0.003

<0.001

Values are mean  SE or %. *Adjusted analysis by age, sex, body mass index, use of antihypertensive medication, diabetes mellitus, heart rate, and prevalent coronary heart
disease or heart failure. LV mass/EDV ratio was added in the model for LV Ees and Ea/Ees ratio comparisons.
BSA ¼ body surface area; cfPWV ¼ carotid-femoral pulse-wave velocity; Ea ¼ arterial elastance; EDV ¼ end-diastolic volume; EDVI ¼ end-diastolic volume index; Ees ¼ endsystolic elastance; Ees/M/V ¼ end-systolic elastance normalized for mass/volume ratio; LA ¼ left atrial; LV ¼ left ventricular; SVRI ¼ systemic vascular resistance index; TAC ¼
total arterial compliance.

medications, diabetes mellitus, heart rate, and his-

tested for effect modiﬁcation by race, using an

tory of coronary heart disease or HF. These cova-

Ea-race interaction term, and for effect modiﬁcation

riates were selected on the basis of a priori

by European ancestry among blacks, using an

knowledge, as they are potential confounders for the

Ea–European ancestry (treated as continuous vari-

associations with cardiac structure and function

able) interaction term. To evaluate if the effect

(29,30). We included antihypertensive medication,

modiﬁcation by European ancestry among blacks

rather than diagnosis of hypertension, to account for

was inﬂuenced by socioeconomic status, we further

the drug effect on measures of Ea. Because LV

adjusted for low annual income at visit 4 (<$50,000)

concentricity inﬂuences Ees, analysis of race differ-

and educational level at visit 1 (low, midlevel, or

ences in Ees and Ea/Ees ratio were further adjusted

high, as described elsewhere) and presented in the

by LV mass/end-diastolic volume. We also per-

Online Appendix (31). Echocardiographic measures

formed a separate analysis excluding body mass in-

of cardiac structure and function for which there was

dex

cardiac

a clear Ea-race interaction (p < 0.001) were subse-

structure that were indexed by BSA or height (Online

quently analyzed for curvilinear associations using

Appendix). We assessed the independent association

adjusted restricted cubic spline models. For all other

between Ea and measures of cardiac structure

analyses, p values <0.05 were considered to indicate

and function with linear regression, adjusting for

statistical signiﬁcance. There were no additional

the same baseline clinical parameters. Then we

adjustments for multiple testing.

from

the

model

for

measures

of
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Finally, we performed 2 separate analysis: inverse

T A B L E 3 Race-Speciﬁc Associations of Arterial Elastance With Cardiac Structure and

probability weighting to correct for the possible

Function, After Adjusting for Confounders

effects of selective attrition (32) and exclusion of
Black

subjects with previous diagnoses of HF. Analyses

(n ¼ 1,257)

were performed using Stata version 14 (Stata Corp.,

White
p Value

(n ¼ 4,233)

RESULTS
STUDY PARTICIPANTS. The 5,727 study participants

were 66 to 90 years of age, 59% were women, and

EDVI

1.56  0.28

<0.001

0.33  0.17

LV mass/BSA

3.21  0.55

<0.001

0.16  0.32

LV mass/height2.7

1.80  0.27

<0.001

LV mass/EDV

0.02  0.01

0.12

LA volume index

0.03  0.22

0.87

0.92  0.13

<0.001

<0.001

0.048

<0.001

0.61

<0.001

0.36  0.15

0.020

<0.001

0.02  0.01

0.007

2.23  0.18

<0.001

1.38  0.10

<0.001

<0.001

0.74  0.07

<0.001

0.59  0.04

<0.001

0.20

0.32  0.03

<0.001

0.23  0.02

<0.001

0.34

Ejection fraction

ticipants were more frequently female and had a

Peak longitudinal strain
s0

higher prevalence of obesity (46% vs. 31%, p < 0.001),

Diastolic function

and diabetes mellitus but a lower prevalence of coronary heart disease. The prevalence of hypertension

E-wave

1.68  0.47

<0.001

4.00  0.30

<0.001

0.003

A-wave

2.41  0.48

<0.001

3.36  0.31

<0.001

0.15

<0.001

4.48  0.77

<0.001

0.58

0.011

0.06

was very high in this older population, particularly

Deceleration time

among blacks, but hypertension was deﬁned using

E/A ratio

very sensitive criteria (see the Methods section). Even

e0

so, blacks were more likely to be using antihyper-

E/e0 ratio

tensive medication at visit 5 than whites. Also, blacks

4.06  1.16
0.01  0.01

0.12

0.01  0.005

0.33  0.04

<0.001

0.22  0.02

<0.001

0.028

0.42  0.11

<0.001

0.32  0.06

<0.001

<0.001

Values are coefﬁcients (b  SE) for each 1-SD increase in arterial elastance adjusted for age, sex, body mass index,
use of antihypertensive medication, diabetes mellitus, heart rate, and prevalent coronary heart disease or heart
failure.

displayed higher systolic BP, diastolic BP, and heart
rate during echocardiography (Table 1). The preva-

Abbreviations as in Table 2.

lence of HF was slightly higher among blacks.
CARDIAC STRUCTURE AND FUNCTION. Compared

with whites, blacks presented slightly larger LV vol-

function signiﬁcantly differed between blacks and

umes and lower LV mass, but a similar prevalence of

whites. Ea was positively associated with LV end-

LV hypertrophy, after adjusting for age, sex, body

diastolic volume and LV mass among blacks but not

mass index, use of antihypertensive medication,

among whites (Table 3). Overall, high Ea was associ-

diabetes mellitus, and presence of coronary heart

ated with lower measures of systolic function,

disease or HF (Table 2). Blacks also exhibited lower

including longitudinal strain, s 0 , and LVEF, and race

measures of LV systolic function, including LVEF,

modiﬁed the association between Ea and LVEF.
Likewise, we found that high Ea was associated

0

longitudinal strain, and s velocity.
0

LV early diastolic relaxation velocity (e ), which is
relatively load independent, and estimated LV ﬁlling
0

pressures (E/e ratio) were similar between racial groups,

with worse LV diastolic function in blacks than in
whites. Although Ea was negatively associated with e 0
in both racial groups, this association was steeper

but peak E-wave velocity, deceleration time, and E/A

among blacks; that is, among subjects with high Ea, e 0

ratio were lower among blacks compared with whites.

was lower in blacks than in whites. Furthermore, high

ARTERIAL

ume index, indicating higher ﬁlling pressures, in

AND VENTRICULAR-ARTERIAL

COUPLING. Ea was higher, indicating higher arterial

Ea was associated with higher E/e 0 ratio and LA volblacks than in whites (Table 3). These ﬁndings were

load, among blacks than among whites (Table 2). Sys-

similar when we analyzed with inverse probabil-

temic vascular resistance index was higher and total

ity weighting (Online Tables 1 and 2) or after

arterial compliance was lower among blacks, sug-

excluding participants with diagnosis of HF (Online

gesting that both steady and pulsatile components of

Tables 3 and 4).

arterial load were implicated in such racial differences.

We also observed nonlinear relationships between

Carotid-femoral pulse-wave velocity was slightly

Ea and cardiac function and structure and how

higher among blacks than whites, indicating elevated

they differed between blacks and whites. In Figure 1,

arterial stiffness. Ventricular stiffness was greater

we see that these relationships clearly diverged

among blacks, as reﬂected by higher LV Ees after tak-

between race groups for measures of Ea above

ing into account LV concentricity (Table 2).

2

ASSOCIATION BETWEEN EA AND CARDIAC STRUCTURE

higher LV mass and volume, higher LA volume, and

AND

higher E/e 0 ratio compared with whites with similar

found

that

the

association

between Ea and measures of cardiac structure and

0.90

Systolic function

22% were black. Compared with whites, black par-

FUNCTION. We

p Value for
Interaction

Cardiac structure

College Station, Texas).

FUNCTION

p Value

mm

Hg/ml:

levels of Ea.

blacks

with

high

Ea

displayed
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F I G U R E 1 Race-Speciﬁc Associations of Arterial Elastance With Measures of Cardiac Structure and Function

Adjusted plot for age, sex, body mass index, use of antihypertensive medication, diabetes mellitus, heart rate, and prevalence of coronary heart disease or heart failure.
Dashed lines ¼ 95% prediction brands. LA ¼ left atrial; LV ¼ left ventricular.

The association between Ea and cardiac structure

attenuated among blacks with above-median Euro-

and function also differed according to genetic

pean ancestry and were more similar to the associa-

ancestry among blacks. Although blacks with below-

tions observed among white participants (Table 4).

median (0.153) European ancestry had direct associ-

These differences persisted after adjusting for annual

ations between Ea and LV mass, LV and LA volumes,

income and educational level (Online Table 5).

and E/e 0 ratio, these associations were signiﬁcantly

DISCUSSION
T A B L E 4 Race-Speciﬁc Associations of Arterial Elastance With Cardiac Structure and

Function in Elderly Accounting for European Ancestry Among Blacks

showed for the ﬁrst time that the association of Ea

Black
Below-Median PEA*
(n ¼ 513)

In this large biracial cohort of older subjects, we
with cardiac structure and function differs between

Above-Median PEA*
(n ¼ 526)

White
(n ¼ 4,213)

p Value
for Interaction

blacks and whites. Not only do blacks display higher
arterial afterload (Ea) compared with whites, they

2.57  0.46†

0.47  0.43

0.33  0.17

<0.001

5.47  0.85†

0.35  0.87

0.16  0.32

<0.001

2.81  0.42†

0.55  0.44

0.36  0.15‡

<0.001

LA volume index

0.83  0.32‡

0.83  0.37‡

0.92  0.13†

<0.001

whites, indicating greater vulnerability to high after-

Ejection fraction

2.14  0.26†

2.18  0.29†

1.38  0.10†

0.001

load (Figure 2). These data may help explain why

0.67  0.17†

0.22  0.18

0.32  0.06†

<0.001

blacks with hypertension are at greater risk for car-

EDVI
LV mass/BSA
LV mass/height

E/e0 ratio

2.7

Values are coefﬁcients (b  SE) for each 1-SD increase in arterial elastance adjusted for age, sex, body mass index,
use of antihypertensive medication, diabetes mellitus, heart rate, and prevalent coronary heart disease or heart
failure. *PEA was 0.11  0.03 and 0.25  0.10 for blacks with below- and above-median PEA, respectively. †p <
0.001; ‡p < 0.05.
PEA ¼ proportion of European ancestry; other abbreviations as in Table 2.

also display more adverse changes in cardiac structure and function as Ea increases compared with

diovascular complications (1,7,33). This in turn suggests that intensive BP reduction, which lowers Ea
and has been proved to reduce cardiovascular events,
may be even more important among blacks to reduce
the burden of cardiovascular disease (34).

Fernandes-Silva et al.

JACC: HEART FAILURE VOL. 5, NO. 3, 2017
MARCH 2017:157–65

Racial Differences in Cardiac Remodeling

Previous studies have suggested that the higher
prevalence of LV hypertrophy among blacks cannot

F I G U R E 2 Race-Speciﬁc Changes in Left Ventricular Structure and Function in

Response of High Arterial Afterload

be attributed exclusively to their higher predisposition to hypertension, in concordance with our ﬁndings (13,35–37). Blacks have higher LV mass than their
white counterparts after adjusting for body size and
the severity and duration of hypertension (13). It has
been postulated that there are racial differences in
cardiac adaptation to increased peripheral resistance
(38). Peripheral resistance and systemic BP are closely
related to LV systolic pressure, which is directly
related to myocardial wall stress, and high peripheral
resistance and arterial stiffness may be a trigger for
LV hypertrophy and dysfunction (22,39,40). Ea is a
composite parameter that better reﬂects the net
impact of the arterial afterload toward the ventricle.
Our results suggest that blacks develop more cardiac
remodeling and dysfunction compared with whites
with similar levels of Ea.
Whether an inherent racial susceptibility or environmental factors are implicated in the higher predisposition of blacks to LV remodeling is uncertain.
Racial differences in health outcomes may be partly
explained by disparities in socioeconomic status. For
instance, low income and low education level have
been associated with higher arterial stiffness and LV
mass and can mediate the race disparities (10,41,42).

LV ¼ left ventricular.

However, racial differences in arterial stiffness are
observed among people free of traditional cardiovascular risk factors and at very young ages, suggesting racial differences on arterial function and

directly affect LV size independently of BP (48,49). It

structure early in life (11,43).

is uncertain, however, whether these factors play a

We found that the association of high Ea with
cardiac

remodeling

and

dysfunction

attenuates

role in the higher predisposition of blacks to LV
hypertrophy.

among blacks with above-median European ancestry,

Our study suggests that blacks have both higher Ea

even after adjusting for socioeconomic status, which

and greater afterload sensitivity for cardiac remod-

suggests a genetic basis to explain these racial dif-

eling and dysfunction compared with whites, which

ferences. Accordingly, the genetic proﬁle rather than

may elucidate part of their higher predisposition to

self-reported race was associated with arterial stiff-

cardiovascular diseases, particularly HF (1). Hence,

ness in MESA (Multi-Ethnic Study of Atherosclerosis)

blacks are more likely not only to develop hyperten-

(44). Blacks are more likely to carry a minor corin

sion, the clinical expression of high Ea, but to expe-

I555(P568) allele, which has been associated with

rience its harmful effects on the heart. Recently, it

enhanced cardiac hypertrophic response to pressure

was shown that treatment targeting a systolic BP

overload (45,46). Even so, we must interpret these

to <120 mm Hg, compared with <140 mm Hg, results

results with caution, because the contribution of ge-

in lower rates of cardiovascular events among pa-

netic ancestry to these phenotypic differences may

tients at high cardiovascular risk (34). Together, these

still reﬂect environmental factors to some extent.

data

imply

that

intensive

BP

lowering

may

Furthermore, the association between Ea and car-

be particularly advantageous among blacks and

diac remodeling can be unrelated to increased after-

increase even further the priority for better control of

load, triggering LV hypertrophy. LV mass may

BP in black Americans, an enormous unmet public

increase prior to the development of overt hyper-

health need.

tension (47), suggesting that the factors that promote

STUDY LIMITATIONS. Our study had some limita-

LV hypertrophy may be unconnected to high BP. For

tions that deserve attention. This was a cross-

instance, either norepinephrine or angiotensin II may

sectional study, which prevents us from establishing

163

164

Fernandes-Silva et al.

JACC: HEART FAILURE VOL. 5, NO. 3, 2017
MARCH 2017:157–65

Racial Differences in Cardiac Remodeling

a temporal sequence of the cardiovascular abnor-

Further studies are needed to evaluate whether

malities.

association

speciﬁc therapies that have an impact on arterial

between Ea and cardiac remodeling can merely reﬂect

afterload can further reduce the cardiovascular risk

the racial disparities in the hypertension course.

among blacks.

Besides, there may be survivor bias in this cross-

ACKNOWLEDGMENTS The authors thank the staff

sectional study, and only approximately 60% of

and participants of the ARIC study for their important

participants who were alive at visit 5 underwent

contributions.

Racial

differences

in

the

echocardiography. We addressed this by performing
inverse probability weighting analysis and found

ADDRESS FOR CORRESPONDENCE: Dr. Scott D. Sol-

consistent results. In addition, although our results

omon, Brigham and Women’s Hospital, Cardiovascu-

may provide mechanistic insights that help explain

lar

why blacks have higher predisposition to HF, we did

Massachusetts 02115. E-mail: ssolomon@rics.bwh.

not explore new mechanisms but the racial differ-

harvard.edu.

Division,

75

Francis

Street,

Boston,

ences in ventricular-arterial coupling. Even though
an increase in Ea should result in an increase in LV
wall stress, we did not directly measure LV wall

PERSPECTIVES

stress. We used noninvasive methods to assess Ea and
Ees, which have greater variability compared with

COMPETENCY IN MEDICAL KNOWLEDGE: Hy-

invasive measurements. Nevertheless, Doppler mea-

pertension leads to changes in cardiac structure and

sures are feasible parameters to evaluate in large

function, which precede the clinical manifestations of

population-based studies and have been previously

cardiovascular diseases, triggered by high arterial

validated against gold-standard invasive methods.

afterload. High arterial afterload appears to cause

Finally, we cannot deﬁnitively exclude that the dif-

more cardiac remodeling among blacks compared

ferences and relationships we observed are not due to

with whites. This helps explain why blacks have higher

other unmeasured confounding variables.

risk for developing cardiovascular diseases than

CONCLUSIONS

whites.

In this large community-based study, we demonstrated that the association of Ea with cardiac structure and function diverges between black and white
Americans. These results suggest that blacks are more
susceptible to changes in cardiac structure and function triggered by increased arterial load, which may

TRANSLATIONAL OUTLOOK: Further studies are
needed to evaluate: 1) which therapies, including
antihypertensive drugs, can better reduce the arterial
afterload; and 2) whether different classes of antihypertensive drugs have differential effects on the
incidence of cardiovascular events according to race.

explain their higher predisposition to develop HF.
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