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Abstract

Background—Race-ethnic differences exist in the epidemiology of heart failure, with blacks
experiencing higher incidence and worse prognosis. Left ventricular (LV) systolic dysfunction
(LVSD) detected by speckle-tracking global longitudinal strain (GLS) is a predictor of
cardiovascular events including heart failure. It is not known whether race-ethnic differences in
GLS-LVSD exist in subjects without overt LV dysfunction.

Methods—~Participants from a tri-ethnic community-based study underwent two-dimensional
echocardiography with assessment of LV ejection fraction (LVEF) and GLS by speckle-tracking.
Participants with LVEF<50% were excluded. GLS-LVSD was defined as GLS > 95% percentile
in a healthy sample (-14.7%).

Results—Of the 678 study participants (mean age 71+9 years, 61% women), 114 were blacks,
464 Hispanics, and 100 whites. GLS was significantly lower in blacks (—16.5+3.5%) than in
whites (-17.5£3.0%) and Hispanics (—17.3+2.9%) in both univariate (p=0.015) and multivariate
analysis (p=0.011), whereas LVEF was not significantly different between the 3 groups
(64.3+4.6%, 63.4+4.9%, 64.7+4.9% respectively, univariate p=0.064, multivariate p=0.291).
GLS-LVSD was more frequent in blacks (27.2%) than in whites (19.0%) and Hispanics (14.9%,
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p=0.008). In multivariate analysis adjusted for confounders and cardiovascular risk factors, blacks
were significantly more likely to have GLS-LVSD (adjusted odds ratio=2.6, 95% confidence
intervals=1.4-4.7, p=0.002) compared to the other groups.

Conclusions—Among participants from a tri-ethnic community cohort, black race was
associated with greater degree of subclinical LVSD by GLS than other race-ethnic groups. This
difference was independent of confounders and cardiovascular risk factors.

Keywords

Race-ethnicity; left ventricular dysfunction; global longitudinal strain; speckletracking;
echocardiography

INTRODUCTION

Heart failure is a leading cause of morbidity and mortality in the U.S., affects an estimated
5.1 million adult Americans, and is projected to undergo a 25% increase in prevalence by
2030.1 Several studies showed that race-ethnic differences exist in heart failure
epidemiology.2=® Data from population studies have shown that the incidence and
prevalence of heart failure are greater in the black population. Once the diagnosis is made,
heart failure progression is more rapid in black than in white patients, with associated higher
risk of hospitalizations.5-8 This imbalance between races possibly reflects the higher
prevalence in black subjects of cardiovascular risk factors such as hypertension and diabetes
mellitus and their worse profile of cardiovascular health metrics.9-12 Left ventricular
systolic dysfunction (LVSD), a predictor of cardiovascular events and incident heart failure,
has been documented in 2% to 14% of the general population, even without a prior
diagnosis of myocardial infarction or heart failure.13-16 Despite the higher incidence of heart
failure in blacks, it is not clear whether LVSD is more frequent in blacks, especially after
accounting for their worse cardiovascular risk profile.17-19 In previous studies LVSD was
assessed by LV ejection fraction (LVEF); however, LV global longitudinal strain (GLS)
measured by echocardiographic speckle-tracking imaging is emerging as a more sensitive
measure of LV function, able to detect subclinical LVSD in a significant number of subjects
with normal LVEF.20 Furthermore, because GLS is a powerful predictor of cardiovascular
outcome, independent of and additive to LVEF,20-22 jts assessment might be of help in the
early identification of subjects at high risk of future cardiovascular events, especially in
race-ethnic groups that more frequently experience overt heart failure. Accordingly, we
investigated race-ethnic differences in subclinical LVSD measured by echocardiographic
speckle-tracking GLS in a tri-ethnic sample from a community-based cohort study.

METHODS

Study population

The Cardiovascular Abnormalities and Brain Lesion (CABL) study is a community-based
epidemiologic study designed to investigate the cardiovascular predictors of silent brain
disease in the community. CABL based its recruitment on the Northern Manhattan Study
(NOMAS), a population-based prospective study investigating the epidemiology and risk
factors for stroke and cardiovascular disease. The study design and recruitment details of
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NOMAS have been described previously.23 CABL inclusion criteria were: 1) age >50 years;
2) no contraindications to MRI; and 3) no prior stroke. Of the 1,004 participants enrolled
between 2005 and 2010, 276 had no raw digital echocardiographic data or had suboptimal
image quality for speckle-tracking analysis, and were therefore excluded from the present
analysis. Additional exclusions were LVEF<50% and race-ethnicities other than black,
white or Hispanic. Written informed consent was obtained from all study participants. The
study protocol was approved by the Institutional Review Boards of Columbia University
Medical Center and of the University of Miami. This study was supported by grants from
the National Institute of Neurological Disorders and Stroke [grant number R01 NS36286 to
MDT and R37 NS29993 to RLS/MSE]. The authors are solely responsible for the design
and conduct of this study, all study analyses, the drafting and editing of the paper and its
final contents.

Risk factors assessment

Cardiovascular risk factors were ascertained through direct examination and interview by
trained research assistants. Hypertension was defined as systolic blood pressure (SBP) = 140
mmHg or diastolic blood pressure (DBP) = 90 mmHg, or self-reported history of
hypertension or use of anti-hypertensive medication. Diabetes mellitus was defined as
fasting blood glucose =126 mg/dL or self-reported history of diabetes or use of diabetes
medications. Hypercholesterolemia was defined as total serum cholesterol >240 mg/dL, self-
report of hypercholesterolemia or use of lipid-lowering treatment. Cigarette smoking, either
at the time of the interview or in the past, was recorded. Coronary artery disease was defined
as a history of myocardial infarction, coronary artery bypass grafting, or percutaneous
coronary intervention. The race-ethnicity classification was based on self-identification, and
modeled after the U.S. Census. Self-reported race-ethnicity was categorized as non-Hispanic
white (white), non-Hispanic black (black), and Hispanic. Participants of other race-
ethnicities (n=22) were excluded.

Echocardiographic assessment

Two-dimensional echocardiography—Transthoracic echocardiography was
performed using a commercially available system (iE 33, Philips, Andover, MA) by a
trained, registered cardiac sonographer according to a standardized protocol. LV wall
thickness and diameters, and left atrial antero-posterior diameter were measured from a
parasternal long-axis view according to current guidelines.?4 LV end-diastolic diameter
(LVED:I) and left atrial diameter were indexed by body surface area. LVEF was calculated
using the biplane modified Simpson’s rule. LV mass was calculated with a validated
method?® and indexed by body surface area (LV mass index). LV relative wall thickness
was calculated as: 2 x posterior wall thickness/LV enddiastolic diameter. LV diastolic
function was assessed as previously described by trans-mitral Doppler and mitral annulus
tissue Doppler.26 Peak early (E) and late velocity (A) of mitral inflow were measured, and
the E/A ratio was calculated. Peak early diastolic velocity (¢”) of the lateral and septal mitral
annulus were measured and averaged.

Speckle-tracking strain imaging—Speckle-tracking analysis was performed off-line
using commercially available software (QLAB Advanced Quantification Software version
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8.1, Philips) as previously described.?” Briefly, speckle-tracking analysis of LV myocardial
deformation over the longitudinal axis was performed from two-dimensional gray-scale
loops recorded at a frame rate = 45 fps. GLS was calculated averaging the negative peak of
longitudinal strain from 12 ventricular segments from the apical 4-chamber and 2-chamber
views. Abnormal GLS was defined as GLS >-14.7%, corresponding to the value separating
the lowest 5 percent of the distribution in a healthy subgroup from the same cohort.2°

Statistical analysis

RESULTS

Data are presented as mean + standard deviation for continuous variables and as percentage
for categorical variables. One-way ANOVA, and Chi-square tests were used to assess
differences between race-ethnic groups. Linear and logistic models were used to assess
differences in systolic function between groups, and odds ratios (OR) and 95% confidence
intervals (CI) were calculated. Covariates were selected based on their univariate association
with race-ethnicity with p-value <0.1. For all statistical analyses, a two-tailed p<0.05 was
considered significant. Statistical analyses were performed using SAS software version 9.3
(SAS Institute Inc., Cary, NC).

Characteristics of the study population by race-ethnicity

Study sample included 678 participants, of whom 464 were Hispanics (68.4%), 114 blacks
(16.8%), and 100 whites (14.8%). Mean age of the study population was 71+9 years, and
61% were women. Table | shows the demographics and clinical characteristics of the study
population by race-ethnicity. Significant differences between the 3 groups were found for
age, body mass index, sex distribution, level of education, SBP, DBP, prevalence of
hypertension, diabetes, and cigarette smoking (all p<0.05). Echocardiographic parameters of
LV structure and function by race-ethnicity are shown in Table II. Significant differences
between the three groups were found in LVEDI, LV mass index (both p<0.01), and left atrial
size (p<0.05).

We tested GLS differences between men and women in each race-ethnic group. In the
overall population, no significant difference in GLS was present between men and women
(-17.0+2.8% vs. —17.4+3.2%, p=0.09), despite a significantly higher LVEF in women
(65.4+4.6% vs. 62.8+4.9% in men, p<0.001). GLS was not significantly different between
men and women in whites (—17.0+2.7% vs. —18.1+3.3%, p=0.07), blacks (-16.5+3.4% vs.
-16.5+3.5%, p=0.94), and Hispanics (-17.1+£2.7% vs. —17.5+3.0%, p=0.19). Table Il
shows the age- and sex-adjusted correlations between clinical risk factors and GLS in
different race-ethnic groups. GLS was significantly lower in presence of hypertension in
blacks (B=2.3, p=0.010) and in presence of diabetes in Hispanics (B=0.9, p=0.001).

LV systolic function and race-ethnicity

In univariate analysis, GLS was significantly lower in blacks (—16.5+3.5%) than in whites
(- 17.5+3.0%, p<0.05 vs. blacks) and Hispanics (-17.3+2.9%, p<0.01 vs. blacks), whereas
LVEF did not significantly differ between the three groups. After adjusting for relevant
clinical and echocardiographic confounders, GLS remained significantly lower in blacks
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compared to the other two groups (p=0.011 for overall comparison; see Table IV for
pairwise comparisons). In a subanalysis stratified by sex, a significantly lower GLS in
blacks than whites and Hispanics was found among women (p=0.028 for overall
comparison, Table IV), whereas a similar but nonsignificant trend was found among men
(p=0.361, Table IV).

Prevalence of LVSD by GLS (GLS-LVSD) was 14.9% in Hispanics, 19.0% in whites, and
27.2% in blacks (p for trend=0.008; blacks vs. others p=0.003) (Figure). In multivariate
analysis adjusted for age, sex, body mass index, SBP, DBP, hypertension, anti-hypertensive
medication, diabetes, hypercholesterolemia, cigarette smoking, education level, LV mass
index, left atrial size, and E/A, black race remained significantly associated with GLS-
LVSD with an adjusted OR=2.6 (95% Cl=1.4-4.7, p=0.002) compared to the other groups.
The significant association of black race with GLS-LVSD was present in both men (adjusted
OR=3.5, 95% CI1=1.3-9.6, p=0.016) and women (adjusted OR=2.4, 95% CIl=1.1-5.4,
p=0.029).

DISCUSSION

In this study, we assessed subclinical LVSD assessed by speckle-tracking GLS in
participants with normal LVEF from a tri-ethnic community-based cohort. We showed that
GLS, an indicator of systolic myocardial deformation over the longitudinal direction, was
significantly lower in black study participants compared to whites and Hispanics.
Subclinical LVSD detected by GLS was also significantly more frequent in blacks than in
the other groups. The prevalence of cardiovascular risk factors such as hypertension and
diabetes in our population was greater in blacks and Hispanics than in whites, a finding
consistent with previous reports.?12.28.29 |t js known that hypertension and diabetes are
associated with increased LV mass, myocardial fibrosis and endothelial dysfunction, all
factors that might be at least in part responsible for an impairment of LV function by
GLS.30-32 We also found that cardiovascular risk factors showed different strength of
association with GLS in different race-ethnic groups. In particular, hypertension was more
strongly associated with lower GLS in blacks, whereas diabetes was more strongly
associated with lower GLS in Hispanics. However, the significant differences in risk factors
among race-ethnicities did not entirely explain the observed differences in GLS, suggesting
that a genetic influence on LV structure and systolic function and on the cardiac adaptive
mechanisms to hypertension may be at play for individuals of African ancestry.33-36
Furthermore, hypertension duration, severity, and degree of pharmacologic control known
difficulties in the management of hypertension in blacks,3” and may have contributed to our
findings.

Previous studies investigated race-ethnic differences in LV systolic function, with
conflicting results. In the HyperGEN study, black race was not associated with lower LV
function than whites in univariate analysis, but it was in a multivariate model” and in non-
hypertensive subjects.38 In the Multiethnic Study of Atherosclerosis (MESA), African
Americans showed higher prevalence of cardiovascular risk factors, greater LV mass, and
no differences in LVEF compared to other race-ethnicities, but also showed lower segmental
circumferential strain (assessed by magnetic resonance imaging) in some ventricular areas.18
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In another report from the same study, no differences were found in LVEF between blacks,
whites and Hispanics after excluding participants with cardiovascular risk factors.1® Our
study adds new data to the existing literature, documenting race-ethnic differences in
subclinical LVSD using an established, prognostically validated parameter of global LV
function, readily available in most modern echocardiographic systems. Furthermore, among
myocardial deformation parameters, GLS is considered to be affected in the earlier stages of
LV dysfunction, whereas circumferential strain can be expression of more advanced
dysfunction and greater extension of wall damage.3940 Lower GLS is associated with
increased arterial stiffness, subclinical atherosclerosis and small vessel alterations (medial
hyperplasia, perivascular and interstitial fibrosis) that have been described in hypertensive
patients in various vascular territories,*142 and is expression of the contraction of the
longitudinally oriented myofibers that are predominant in the subendocardium, an area
particularly vulnerable to injury because exposed to higher wall stress.3

Because GLS has been demonstrated to predict unfavorable cardiovascular outcomes
including development of HF,20:21.27 gyr study provides a prognostically validated estimate
of cardiovascular risk in different race-ethnic groups, and shows for the first time that
blacks, a racial group particularly susceptible of developing HF and experiencing worse
prognosis, have early evidence of significantly lower GLS and more frequent subclinical
LVSD than other groups.5-8 The use of GLS might therefore have a role in identifying
subjects with LV dysfunction at high cardiovascular risk that are not detected by traditional
methods such as LVEF. Whether treatment options in subjects with lower GLS may
improve subsequent outcome is not known, and studies specifically designed with that
purpose are needed.

Strengths and limitations

Strengths of our study are the large number of subjects from a tri-ethnic community-based
cohort, the use of advanced imaging techniques, and the wide range of cardiovascular risk
profiles present in our study population. However, our study also has limitations. The study
sample included subjects over 50 years old with high prevalence of cardiovascular risk
factors, which might not allow generalization of our findings to populations with different
demographic composition and risk profile. The smaller sample size of the white and black
groups might have prevented the possibility of detecting significant differences between
these groups for some variables. In particular, this may apply to sex-stratified analyses
because of the smaller race-ethnic differences in GLS observed among men than among
women together with the lower number of men than women in our cohort, possibly resulting
in insufficient power to detect a smaller effect size. Finally, although we accounted for
several confounders and performed multivariate analyses adjusting for established
cardiovascular risk factors, we cannot rule out the possibility of unmeasured confounders
playing a role in the observed associations.

CONCLUSIONS

In a tri-ethnic community-based population with normal LVEF, black participants had lower
GLS and higher prevalence of GLS-LVSD than whites and Hispanics, independent of
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nfounders and cardiovascular risk factors. These differences in subclinical LVSD might

portend the higher incidence of heart failure and cardiovascular disease in blacks observed

in
ca

previous studies. Further studies are needed to assess the effect on GLS and
rdiovascular prognosis of a tighter control of risk factors in subjects with subclinical

LVSD.
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Figure. Prevalence of GLS-LVSD by race-ethnicity

GLS-LVSD was more frequent in blacks than whites and Hispanics (overall p=0.008; blacks

vs. other groups p=0.003).
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Clinical and echocardiographic characteristics of the study population by race-ethnicity.

Table |

S WM by
Age, years 75.1£9.9 74.4%£10.3 69.6+8.6 <0.001
Body mass index, kg/m?2 27.7+4.5 26.3+5.1 28.2+4.5 0.001
Women, n (%) 73(64.0)  50(50.0) 299 (64.4)  0.024
High school education, n (%) 88 (77.2) 88 (88.0) 126 (27.2)  <0.001
SBP, mmHg 137.2+16.5 131.8+18.2 135.7+16.1 0.046
DBP, mmHg 79.3%£10.1 76.0£10.5 78.5+8.8 0.022
Hypertension, n (%) 93 (81.3) 65 (65.0) 366 (78.9) 0.005
Anti-hypertensive treatment, n (%) 88 (77.2) 54 (54.0) 334 (72.0) 0.001
Diabetes mellitus, n (%) 29 (25.4) 9 (9.0 154 (33.2)  <0.001
Hypercholesterolemia, n (%) 63 (55.3) 67 (67.0) 312 (67.2) 0.066
History of cigarette smoking, n (%) 67 (58.8) 59 (59.0) 229 (49.4) 0.070
Coronary artery disease, n (%) 9 (7.9 6 (6.0) 25 (5.4) 0.595

SBP: Systolic blood pressure. DBP: Diastolic blood pressure.
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Table Il

Echocardiographic variables of LV structure by race-ethnicity.

Black White Hispanic P value
LV septal thickness, mm 11.6+1.8 11.2+1.6 11.3+1.8 0.163
LVEDi, mm/m2 24.3+2.7 25.1+2.9 25.8+2.9 <0.001
LV posterior wall thickness, mm ~ 11.2+1.6 11.2+1.7 11.0£1.5 0.413
LV mass index, g/m?7 47.0£12.8 46.3x12.1 50.8+13.0 0.001
Relative wall thickness 0.52£0.09 0.50+0.10 0.50+0.08  0.150
Left atrial diameter, cm/m? 21.9432  22.3#33  22.7#3.1 0.040
E/A 0.88+0.34 0.87+0.26 0.82+0.22 0.052
e/, cm/s 7.2£2.0 7.6£1.7 7.3£1.6 0.124

LV: Left ventricular. LVED:: Left ventricular diastolic dimension index.
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LV systolic function by race-ethnicity.

Table IV

Black

White Hispanic

P value

Overall
GLS, % -16.5 (0.3)

LVEF, %  64.0 (0.5)

-17503)7 -175.0f
639 (05  647(0.2)

0.011

0.291

Men
GLS, % -16.3 (0.5)
LVEF,%  62.0 (0.8)

-16.9(0.4) -17.2(0.2)
62.8(0.8)  63.1(0.4)

0.361
0.578

Women

GLS, %  -16.6 (0.4)
LVEF, %  65.2 (0.6)

-180 (057 -176 (021
64.0(0.8) 658 (0.3)

0.028

0.106

Values in table are adjusted means (standard deviation).

Page 14

*
Covariates: Age, sex (only in overall population model), body mass index, high school education, hypertension, anti-hypertensive treatment, SBP,

DBP, diabetes, cigarette smoking, hypercholesterolemia, LV mass index, left atrial size, and E/A.

Tp<0.05 and

*p<0.01 vs. blacks.

GLS: Global longitudinal strain. LVEF: Left ventricular ejection fraction.
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