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Abstract
Background—Racial-ethnic disparities exist in cardiovascular risk factors, morbidity and
mortality. Left ventricular (LV) diastolic dysfunction is a predictor of mortality and of cardiovascular
outcome including incident heart failure. We sought to assess whether race-ethnic differences in
diastolic function exist. Such differences may contribute to the observed disparities in cardiovascular
outcomes.

Methods—Two-dimensional echocardiography was performed in 760 participants (539 Hispanic,
117 non-Hispanic black, 104 non-Hispanic white) from the Cardiac Abnormalities and Brain Lesions
(CABL) study. LV diastolic function was assessed by standard Doppler flow profile and tissue
Doppler imaging (TDI). Early (E) and late (A) trans-mitral diastolic flow, and mitral annulus early
diastolic velocities (E’) were recorded and E/A and E/E’ ratios were calculated.

Results—Blacks and Hispanics had higher body mass index (p=0.04, p<0.01), higher prevalence
of hypertension (both p≤0.05) and diabetes (both p<0.01), and lower level of education (both p<0.01)
compared to whites. In age- and sex-adjusted analyses, Hispanics and blacks showed worse indices
of diastolic function than whites. Hispanics had lower E/A ratio (p=0.01), lower E’ and higher E/
E’ (both p<0.01) than whites, whereas blacks had lower E’ (p<0.05) and a trend toward a higher E/
E’ ratio (p=0.09) compared with whites. These race-ethnic differences in diastolic function were
attenuated in multivariate models adjusted for cardiovascular risk factors.

Conclusions—Differences in LV diastolic function exist between race-ethnic groups. However,
modifiable cardiovascular risk factors and socio-demographic variables, rather than intrinsic race-
ethnic heterogeneity, seem to explain most of the observed differences.
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Introduction
Despite a general improvement in life expectancy and health conditions in the past decades,
strong health disparities by race-ethnicity still exist in the United States.1-3 Several reports
have shown that disparities in the incidence of cardiovascular diseases and outcome are largely
explained by the uneven distribution of cardiovascular risk factors and by socio-economic
variables. The strength of the association between individual cardiovascular risk factors and
the development of cardiovascular disease does not seem to be affected by race-ethnicity per
se.2,4-9

Heart failure is a leading cause of morbidity and mortality in the U.S., and its prevalence is
steadily rising.10 Blacks and Hispanics show higher incidence rates of heart failure compared
with whites.11-14 An impairment of left ventricular (LV) diastolic function with preserved
systolic function is the cause of heart failure in up to 50% of the patients.15,16 Diastolic
dysfunction can be an asymptomatic, early precursor of heart failure,17 has been shown to
have prognostic value in population settings,18-21 and can be easily detected by transthoracic
echocardiography using traditional Doppler flow velocity and tissue Doppler techniques.22,23

Inter-racial differences in LV diastolic function might be related to different risk of developing
heart failure, which in turn could partially explain the differences in cardiovascular burden
observed among different race-ethnic groups. Recent data suggest that, in patients with arterial
hypertension, racial differences in diastolic function exist that may be independent of the
presence of cardiovascular risk factors.24 The aim of the present study was to evaluate possible
differences in diastolic function parameters in a tri-ethnic community cohort, and their
relationship with cardiovascular risk factors and other potentially associated variables.

Methods
Study population

The study cohort was derived from the Northern Manhattan Study (NOMAS), an
epidemiological study evaluating the incidence and risk factors for stroke in the population of
Northern Manhattan. The study design and recruitment details regarding NOMAS have been
described previously.25 From September 2005 through December 2008, NOMAS subjects over
age 50 that voluntarily agreed to undergo a brain MRI study and a more extensive
echocardiographic evaluation including diastolic function assessment were included in the
Cardiac Abnormalities and Brain Lesion (CABL) study. This subset of individuals constitutes
the study population of the present report. Informed consent was obtained from all study
participants. The study was approved by the Institutional Review Board of Columbia
University Medical Center.

Risk Factors Assessment
Hypertension was defined as systolic blood pressure ≥140 mm Hg or diastolic blood pressure
≥90 mm Hg at the time of the visit (mean of two readings), or patient’s self-reported history
of hypertension or of anti-hypertensive medications. Diabetes mellitus was defined as fasting
blood glucose ≥126 mg/dL or patient’s self-reported history of diabetes or of diabetes
medications. Hypercholesterolemia was defined as total serum cholesterol >240 mg/dL, a
patient’s self-report of hypercholesterolemia or of use of lipid-lowering treatment. Coronary
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artery disease was defined as a history of myocardial infarction, coronary artery bypass
grafting, or percutaneous coronary intervention. Race-ethnicity was determined by self-report
using a questionnaire modeled after the U.S. Census Bureau. Individuals were divided into
three groups: non-Hispanic whites (whites), non-Hispanic blacks (blacks), and Hispanics.

Echocardiographic Assessment
Transthoracic echocardiography was performed using a commercially available system (iE 33,
Philips, Andover, MA) by a trained, registered sonographer according to a standardized
protocol. LV end-diastolic diameter (LVDD), inter-ventricular septum thickness and posterior
wall thickness (PWT) were measured from a parasternal long-axis view according to the
recommendations of the American Society of Echocardiography.26 Left ventricular mass,
calculated with the Devereaux formula,27 and left atrial antero-posterior diameter, were
indexed by body surface area (BSA) to account for the effect of body size. Left ventricular
relative wall thickness, an index of LV geometry, was calculated with the following formula:
2×PWT/LVDD.28 LV ejection fraction was calculated using the biplane modified Simpson’s
rule.

Trans-mitral diastolic flow was obtained from an apical 4-chamber view. Color Doppler was
used to visualize the trans-mitral flow; the pulsed Doppler sample volume was placed
perpendicular to the inflow jet, at the level of mitral valve leaflet tips. Doppler baseline and
velocity scale were adjusted to obtain optimal visualization of the inflow spectrum. At least
four cardiac cycles were recorded during patient apnea and the images were stored in digital
format for off-line analysis.

LV myocardial velocities were evaluated by tissue Doppler imaging (TDI) and sampled on the
longitudinal axis from the apical 4-chamber view. Two-dimensionally guided pulsed TDI
sample volume was placed at the level of the lateral and septal mitral valve annulus; Doppler
gain and wall filter were adjusted to reduce artifacts and the velocity scale was set to ±20 cm/
s. Four consecutive beats were recorded during patient apnea and stored in digital format for
off-line analysis.

Peak velocities of the early (E wave) and late (A wave) phase of the mitral inflow pattern from
Doppler recordings were measured and their ratio (E/A) was calculated; peak early diastolic
velocity of the lateral (E’ lat) and the septal (E’sep) mitral annulus by pulsed-TDI were
measured. The ratio between the E and the E’ waves (E/E’sep, E/E’ lat) was calculated as an
index of LV filling pressures.

Statistical Analysis
Data are presented as mean ± standard deviation for continuous variables and as proportions
for categorical variables. Differences between race-ethnic groups were assessed by one-way
analysis of variance (ANOVA) for continuous variables and by chi-square test for proportions.
The Kruskal-Wallis non-parametric test was performed when the dependent variable was not
normally distributed. Analysis of covariance (ANCOVA) was performed separately for each
diastolic function parameter to assess differences between race-ethnic groups after adjustment
for covariates. The effect of demographic and clinical variables on diastolic parameters was
tested in univariate analysis, and the threshold for entry in the multivariate models was set at
a p-value <0.1. Differences among race-ethnic groups were assessed in progressive
multivariate models. Estimated marginal means adjusted for covariates and 95% confidence
intervals (CI) were derived.

For all statistical analyses, a 2-tailed p<0.05 was considered significant. Statistical analyses
were performed using SAS software version 9.1 (SAS Institute Inc., Cary, NC).
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Results
Population characteristics

The characteristics of the study cohort (N=760) are shown in Table I. Mean age was 70.8±9.6
years, and 479 (63.0%) were women. Pair-wise comparisons among the race-ethnic groups are
also shown in Table I. Hispanics were significantly younger than blacks and whites (both
p<0.0001), and whites had significantly lower body mass index than Hispanics and blacks
(p<0.05 and p<0.0001). Among cardiovascular risk factors, hypertension was significantly
more prevalent in blacks than in whites (76.9% vs. 62.5%, p<0.05), and the prevalence of
diabetes was greater in Hispanics (34.5%) and blacks (25.6%) than in whites (7.7%, both
p<0.001). Frequency of high school or higher level of education was significantly lower in
Hispanics and blacks compared to whites (all p<0.0001). LV ejection fraction, LV mass, and
relative wall thickness were not significantly different between the three groups. Differences
in heart rate were found, with Hispanics showing higher heart rate than whites (p<0.01).

Relationship between cardiovascular risk factors and diastolic function parameters
The association between cardiovascular risk factors and parameters of diastolic function is
shown in Table II. Age, gender, diabetes, body mass index, hypertension,
hypercholesterolemia, relative wall thickness, LV ejection fraction and heart rate were
significantly associated with at least one mitral flow parameter of diastolic function (E, E/A).
All the risk factors, except for CAD, were significantly associated with at least one TDI-based
parameter of diastolic function.

Diastolic function parameters and race-ethnicity
A first multivariate model was constructed to test differences in diastolic function parameters
among the three race-ethnic groups after adjustment for age and sex. In this model, significant
differences between race-ethnic groups were observed in the E/A ratio (overall p<0.05), lateral
and septal E’ velocity (overall p<0.05 and <0.01), and septal E/E’ ratio (overall p<0.05). Trans-
mitral E wave did not show significant differences between the groups (p=0.89). Results of
pair-wise comparisons between race-ethnic groups are shown in Table III, model 1. The E/A
ratio was significantly lower in Hispanics compared with whites (p=0.01). Blacks and
Hispanics showed significantly lower E’ velocities than whites (p=0.04 and p=0.001 for E’
sep; p=0.06 and p=0.007 for E’ lat). E/E’ ratio was significantly higher in Hispanics than whites
(p=0.03 for E/E’ lat; p=0.006 for E/E’ sep), and it showed a trend to be higher in blacks than
whites (p=0.09).

In a multivariate model adjusted for demographics, cardiovascular risk factors, and anti-
hypertensive treatment, none of the diastolic function parameters (E wave, E/A ratio, E’ lat,
E’ sep, E/E’ lat and E/E’ sep) showed significant differences between race-ethnic groups
(overall p values: 0.62, 0.32, 0.72, 0.57, 0.54 and 0.26 respectively; Table III, model 2). The
further inclusion into the model of echocardiographic variables of LV structure and function
did not affect the results (Table III, model 3).

Discussion
The present study is the first to investigate differences in diastolic function among race-ethnic
groups in an unselected community-based cohort. We showed that, after adjusting for age and
sex, blacks and Hispanics had worse diastolic function than whites. Hispanics showed lower
trans-mitral E/A ratio, lower E’ velocity and higher E/E’ ratio compared to whites, whereas
blacks showed significantly lower E’ septal velocity, a trend towards higher E/E’ ratio, but no
differences in the E/A ratio compared with whites. In the multivariate analysis, adjusting for
major cardiovascular risk factors and other potential confounders, we no longer found
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significant differences in diastolic function parameters among the three race-ethnic groups,
suggesting that most of the differences observed were due to the significant imbalance in risk
factors, rather than to intrinsic race-ethnic heterogeneity.

These findings must be interpreted in the pathophysiologic paradigm of LV diastolic
dysfunction. With the impairment of LV relaxation, the early component of the mitral inflow
shows a reduction in its peak velocity causing a reduction in the E/A ratio. As the diastolic
dysfunction progresses, the increase in left atrial pressure causes an increase of the E/A ratio
(pseudo-normalization of the mitral inflow; stage II of diastolic dysfunction).22,23 The mitral
annulus early velocity (E’) and the E/E’ ratio are less pre-load dependent than the trans-mitral
flow, allowing the distinction between a normal and a pseudo-normal mitral flow.29,30 In
particular, the differences found in the E/E’ ratio, especially in Hispanics and despite their
younger age, suggest a higher LV stiffness in this group compared with whites.

Diastolic dysfunction is a common finding in hypertensive31 and diabetic patients.32 Both
these conditions are associated to LV hypertrophy and obesity, which in turn are strong
determinants of LV diastolic function.33 In our study cohort, hypertension was more prevalent
in blacks and Hispanics, and diabetes was far more prevalent in Hispanics (35.3%) than in
blacks (22.9%) and whites (7.0%), differences that could reasonably explain the greater
impairment in diastolic function observed in Hispanics and blacks. However, we found no
differences in LV mass and geometry (measured as the relative wall thickness) between the
three groups, implying that the observed differences in diastolic function were possibly
mediated by factors other than the simple increase in LV mass. In fact, diabetes is associated
with changes in myocardial metabolism and structure that contribute to diastolic abnormalities.
In diabetic hearts, glucose metabolism is reduced in favor of energy production from beta-
oxidation of free fatty acids34,35 leading to the accumulation of toxic intermediates that affect
calcium handling, promote apoptosis, and affect myocardial mechanics.36 Hyperglycemia is
also associated with alterations in the renin-angiotensin system, which can cause oxidative
damage, cell apoptosis and increased interstitial fibrosis.37 In addition, an increased resting
tension of the cardiomyocytes as been described as a prominent cause of increased LV stiffness
in diabetes.38

Our findings do not confirm those from the only other study that investigated racial differences
in LV diastolic function. In that report on hypertensive participants from the ASCOT (Anglo-
Scandinavian Cardiac Outcomes Trial) study,24 authors concluded that African-Caribbeans
had worse diastolic function than white Europeans even after adjusting for confounding
covariates, hypothesizing that unknown race-related factors may have played a role in
determining differences in diastolic function. That study, however, was conducted in
hypertensive patients who had been treated for one year with one of two combinations of two
anti-hypertensive drugs. Therefore, the study population may have had more advanced
hypertensive heart disease, and the results cannot therefore be extrapolated to the general
population. Our study was conducted in an unselected sample of the population living in
Northern Manhattan, that might be at a stage in which the early prediction of an increased risk
of future heart failure and cardiovascular events is more relevant.

In a population context and from a preventive standpoint, our study provides valuable insight
into the subject of race/ethnic disparities in cardiovascular diseases. Diastolic dysfunction is
associated with worse cardiovascular outcome and with increased risk of incident heart failure,
17,18,39 and may represent an early asymptomatic marker of target organ damage in the
progression to overt heart failure. The greater impairment of diastolic function that we observed
in blacks and Hispanics might be an early occurrence in a chain of events leading to the greater
cardiovascular burden that characterizes these race-ethnic groups. Recent data from the
VALIDD (Valsartan in Diastolic Dysfunction) study showed that, in hypertensive patients,
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blood pressure control improved diastolic function, regardless of the type of anti-hypertensive
medication used,40 underscoring the role of modifiable risk factors in the pathogenesis of
diastolic dysfunction. Our study supports the concept that an earlier and better control of
traditional risk factors in high risk populations could possibly narrow the gap in cardiovascular
burden between races, by preventing or delaying the transition from asymptomatic
abnormalities to overt disease.

This study has some limitations. Our Doppler flow analysis was limited to the peak flow
velocities; however, the use of tissue Doppler parameters helped to detect abnormalities in LV
diastole even when pseudo-normalized flow pattern was present. The proportion of Hispanics
in our study group was very high, and this may affect the ability to detect significant differences
with the other smaller race-ethnic groups. However, this race-ethnic distribution is
representative of the community living in Northern Manhattan,41 and this offered us the
opportunity of studying different race-ethnic groups living in the same urban environment.
Additionally, the study population was primarily elderly; therefore, our results should not be
directly applied to younger populations with lower cardiovascular risk profiles. Despite study
participants were selected using a generator of random telephone numbers, the voluntary
individual participation may have resulted in a self-selection of the study participants, a
circumstance that is common to studies of this type. Finally, due to the cross-sectional design
of our study, we cannot draw any conclusion about the prognostic value of our findings, and
therefore our study must be seen as hypothesis-generating.

In conclusion, our study shows that, in a community-based tri-ethnic cohort, black and Hispanic
subjects have worse diastolic function parameters compared with whites, an observation that
may portend the well-documented disparities in the future development of heart failure and in
cardiac morbidity and mortality. However, disparities in modifiable cardiovascular risk factors
and socio-demographic variables, rather than intrinsic race-ethnic differences, seem to account
for most of the difference that we observed, suggesting a role for risk factor control in reducing
race-ethnic disparities in diastolic function and their sequelae.
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