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Abstract
Background—Racial/ethnic differences in the incidence and severity of heart failure (HF) are
not well understood, but may be related to pre-existing variations in myocardial function.

Objective—To examine racial/ethnic differences in regional myocardial function among
asymptomatic individuals free of known cardiovascular disease.

Design, setting and patients—The Multi-Ethnic Study of Atherosclerosis is a prospective,
observational study of individuals without baseline cardiovascular disease, representing four major
racial/ethnic groups. A total of 1099 study participants underwent cardiac MRI with tissue
tagging; for each study, peak systolic strain (Ecc) and strain rate (SRs) were determined in four
left ventricular (LV) regions.

Main outcome measures—Multiple linear regression was used to analyse the relationship
between race/ethnicity and regional strain (Ecc and SRs) while adjusting for cardiovascular risk
factors.

Results—Compared with other racial/ethnic groups, Chinese-Americans had the greatest
magnitude of Ecc in a majority of LV regions (–19.60±3.78, p<0.05); Chinese-Americans also had
the greatest absolute values for SRs in all regions, reflecting higher rate of systolic contraction (–
2.01±0.76, p<0.05). Conversely, African-Americans had the lowest Ecc values (–17.50±4.00,
p<0.05) in the majority of wall regions while Hispanics demonstrated the lowest rate of
contractility in all wall regions (–1.44±0.50, p≤0.001) in comparison with the other racial/ethnic
groups. These race-based differences remained significant in the majority of LV wall regions after
adjusting for multiple variables, including hypertension and LV mass.
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Conclusions—Important race-based differences in regional LV systolic function in a large
cohort of asymptomatic individuals have been demonstrated. Further research is needed to
investigate the possible mechanisms related to the race/ethnicity-based variations found in this
study.

INTRODUCTION
Heart failure (HF) continues to be a common cause of major morbidity and mortality world
wide. Notably, the incidence and severity of HF appear to differ across racial/ethnic groups
for reasons that remain unclear.1–3 For example, hospitalisations and deaths related to HF
are substantially more common among African-Americans than individuals of other racial/
ethnic groups.2–5 Also, in the United States, African-Americans have a higher prevalence of
HF than people of other race/ethnic groups.6 7 More recently, in a 20-year prospective study
of young to middle-age adults, incident HF before 50 years of age was 20 times greater
among African-Americans than among white subjects.8 These findings correlate well with
similar observations from the Multi-Ethnic Study of Atherosclerosis (MESA), where
incident HF was also greater among African-Americans than among Caucasians and
Hispanics, with Chinese-Americans having the lowest incidence rates.9 These observed
differences may be related to racial/ethnic variation in the prevalence of risk factors,
subclinical diseases associated with HF, disparities in treatment and access to care and/or
potential genetic heterogeneity that may influence neurohormonal sensitivity, response to
HF treatments and other factors associated with clinical HF.

Studies to date of race/ethnicity-based variation in the development of HF have been limited
to selected referral samples and by the availability of methods for assessing incipient
myocardial dysfunction in vulnerable populations. Cardiovascular MRI offers the ability to
assess regional as well as global left ventricular (LV) function in fine detail and can detect
even subtle functional abnormalities in asymptomatic individuals using tissue tagging with
strain analyses. In particular, circumferential LV strain and strain rate assessments by
cardiac MRI have been associated with ventricular chamber performance, distribution of
coronary blood flow and regional vulnerability to ischaemia and infarction. Whereas systolic
strain is an absolute measure of myocardial tissue deformation in systole, strain rate reflects
the timing of this tissue deformation and, hence, is a marker of the rate of contractility. The
degree to which LV strain or strain rate, representing different aspects of contractile
function, may vary by race/ethnicity in the population at large is unknown. Therefore, we
used cardiac MRI and strain analyses to investigate possible racial/ethnic differences in
subclinical regional myocardial function in a large multi-ethnic cohort of ambulatory
individuals without known cardiovascular disease.

PATIENTS AND METHODS
Study population

The design and population characteristics of MESA have been described previously.10 11

Briefly, MESA is a prospective, population-based observational cohort study of 6814 men
and women representing four racial/ethnic groups (Caucasian, African-American, Hispanic
and Chinese-American), aged 45–84 years and free of clinical cardiovascular disease at
enrolment. As part of the baseline examination, between 2001 and 2002, a total of 5004
(73%) participants received comprehensive cardiac MRI studies at the six field centres
(Wake Forest University, North Caroline, USA; Columbia University, New York, USA;
Johns Hopkins University, Maryland, USA; University of Minnesota, Minnesota, USA;
Northwestern University, Illinois, USA and University of California at Los Angeles,
California, USA). Of the 5004 individuals who underwent a cardiac MRI examination, 1522
participants with available clinical covariate data agreed to a slightly longer examination to
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accommodate MRI tagging analyses. Of these participants, deformation data could not be
analysed owing to data acquisition failure in 289 participants (19%) and acquired data were
not of sufficient quality for strain and strain rate determination in 134 participants (9%). The
remaining 1099 participants with complete circumferential strain and strain rate
measurements were included in this analysis. The institutional review boards of all MESA
field centres approved the study protocol.

MRI protocol
Images were obtained with 1.5 T MR scanners (SIGNA (LX and CVI), GE Medical
Systems, Wankesha, Wisconsin, USA; and Siemens Medical Solutions (Vision and Sonata),
Erlangen, Germany) using ECG-triggered segmented k-space fast gradient-echo (SPGR or
FLASH) pulse sequence during breath holds, as previously described.12 Dedicated phase
array coils were used for signal acquisition. Following the standard imaging protocol, three
tagged short-axis slices were acquired at the LV base, mid-ventricle and apex. Parallel
striped tags were prescribed in two orthogonal orientations (0°,90°) using identical pulse
sequences with additional spatial modulation of magnetisation (SPAMM).13 The parameters
for tagged MRI images were as follows: field of view 40 cm; slice thickness 8–10 mm;
repetition time 3.5–7.2 ms; echo time 2.0–4.2 ms; flip angle 12°; matrix size 256×96–140;
4–9 phase encoding views per segment; temporal resolution 20–41 ms and tag spacing 7 mm
(figure 1). There were no significant differences in the pulse sequences or temporal
resolution of image acquisition between racial/ethnic groups.

MRI data analysis
Analysis of all cardiac MRI data was performed by trained personnel at the core MRI
Reading Centre. For each cardiac MRI study, LV mass, LV end-diastolic volume (LVEDV)
and ejection fraction (EF) were determined using commercially available software (MASS,
version 4.2 Medis, The Netherlands).12 Specialised strain analyses were performed by
trained investigators (N=3, including VF and BR) who were blinded to participant clinical
information and to the results of cine and other portions of the standard cardiac MRI
examination. Short-axis tagged slices were analysed by the HARP method (Harmonic Phase,
Diagnosoft, Palo-Alto, California, USA) to assess strain14 and directly measured strain
values were used to derive strain rate.14 Strain and strain rate provide complementary
information regarding segmental myocardial function.15 Regional systolic circumferential
strains (Ecc) were determined in four LV segments (anterior, lateral, inferior and septal)
across three LV levels (basal, mid and apical) and strain rates were derived by integrating
strain measurements over time for each LV segment:

Peak systolic strain rate (SRs) was obtained from each segment. By convention, Ecc and
SRs are negative and increased negativity denotes enhanced function. Inter- and
intraobserver agreement for myocardial MR-tagged image analyses using the HARP
technique has been shown previously.16 Since assessments of circumferential strain at the
mid-wall level (compared with basal and apical levels) are considered the most
representative and reproducible of short-axis strain measures, we considered mid-wall strain
and SR in all primary analyses.

Statistical analysis
To compare demographic and clinical characteristics across racial/ethnic groups, we used χ2

and analysis of variance with Tukey and Bonferroni tests for categorical and continuous
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variables, respectively. We used linear regression to evaluate the relation of racial/ethnic
groups to regional Ecc and SRs across the different LV regions, while adjusting for
traditional and non-traditional cardiovascular risk factors. A separate model was fit for each
segment: model 1 adjusted for age, gender, body mass index, systolic and diastolic blood
pressure, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol and
smoking status; model 2 further adjusted for LV mass, LVEDV (a surrogate measure of
preload), heart rate, glucose, C-reactive protein and drugs to control hypertension (including
β blockers, ACE inhibitors and ARBs) diabetes, and dyslipidaemia; and, model 3 further
adjusted for education level and income bracket.17–20 All analyses were conducted using
STATA 8.0 and R software.

RESULTS
Table 1 shows the characteristics of the study sample. African-Americans had the highest
LV mass compared with other racial/ethnic groups even when indexed to body surface area.
Conversely, Chinese-Americans had by far the lowest LVEDV, as well as the highest EF.
For regional systolic function, African-Americans presented the lowest mean Ecc (p<0.05, –
17.50±4.00, mean±SD across all LV regions) when compared with Caucasian, African-
Americans and Hispanics. However, when considering the rate of contraction indexed by
systolic strain rate, Hispanics had the lowest values (p<0.01, –1.44±0.50, mean±SD) when
compared with participants of other radical/ethnic groups.

Racial/ethnic variation in circumferential strain
The peak systolic strain, represented by Ecc (%) measured at the LV mid-level, for the total
sample was determined by region (mean±SD): anterior –18.3±4.1; lateral –20.5±3.9; inferior
–13.8±4.5 and septal –16.1±3.9. Chinese-Americans demonstrated the greatest
circumferential shortening (ie, most negative absolute values of Ecc relative to other groups)
in all myocardial regions except in the septum. Race-based differences in systolic
myocardial function were most marked in the lateral wall, where mean Ecc for Chinese-
Americans (–21.8±3.6) was significantly greater (absolute strain values) than seen in
Caucasians (–20.4±4.0, p<0.05), African-Americans (–20.0±4.2, p=0.0001) and Hispanics
(–20.54±3.6, p=0.009). Peak systolic strain was also most favourable in Chinese-Americans
for the anterior and inferior walls, but only significantly so in comparison with African-
Americans (p<0.05).

Accordingly, African-Americans demonstrated the least favourable peak systolic strain, with
the lowest systolic shortening values in all myocardial regions except the septum (table 2).
These race-based differences in mechanical behaviour were most evident in the anterior and
inferior walls, where mean absolute values for Ecc in African-Americans were lowest
(anterior –17.50±4.0; inferior –12.40±4.7) in comparison with those in Caucasians (anterior
–18.50±4.1, p=0.01; inferior –14.1±4.7, p<0.0001), Chinese-Americans (anterior –
19.60±3.8, p=0.0001; inferior –15.02±3.7, p<0.0001) and Hispanics (anterior –18.52±4.0,
p=0.009; inferior –14.3±3.8, p<0.0001). Most of these differences remained significant even
after adjustment for multiple variables including blood pressure, hypertension status and LV
mass.

When analysing other slices, similar patterns of regional function were found, with Chinese-
Americans presenting greater absolute values in all regions, except in the septum (basal
level), where the differences remained significant in most of the adjusted models when
compared with African-Americans (p<0.05). At the apical level, Chinese-Americans
presented greater Ecc, which was significantly different in the inferior and septal walls
(p<0.05, unadjusted model) in comparison with African-Americans. These differences
remained significant in most of the adjusted models for the inferior region (p<0.05).
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Racial/ethnic variation in systolic strain rate
Peak systolic strain rate, represented as SRs (s–1), for the total population was estimated at
the level of the mid-wall in each LV wall region: anterior –1.6±0.6; lateral –1.7±0.7; inferior
–1.5±0.7; and, septal –1.4±0.6. Compared with all other racial/ethnic groups, Chinese-
Americans had the greatest rate of contractile function in all myocardial regions; these
absolute differences were highly significant (p≤0.001) in the anterior, lateral and posterior
walls, with a non-significant trend only in the septum when Chinese-Americans were
compared with Caucasians (p=0.09). Regional systolic function remained significantly
greater in Chinese-Americans than in all other racial/ethnic groups and particularly in the
anterior and lateral walls before and after adjustment for multiple variables (table 2, figure
2).

Conversely, Hispanics had the lowest rate of contractile function of all racial/ethnic groups
and particularly in the anterior and inferior walls. In fact, Hispanics had a significantly lower
rate of contractility than Chinese-Americans in all myocardial wall regions after full
multivariable adjustment (table 2, figure 2). Even when compared with other racial/ethnic
groups, regional myocardial rate of contractility was the most diminished among Hispanics
as denoted by the lowest SRs in all wall regions (figure 2).

In analyses stratified by sex or age group (<65 vs ≥65 years), results remained similar in all
the main multivariable adjusted models (data not shown). In the total sample, results also
remained similar when the main analyses were repeated with additional adjustment for
stroke volume indexed to body surface area (data not shown). When the analyses were
performed at the basal LV level, similar results were again found, with Chinese-Americans
presenting significantly greater absolute values of strain rate, principally when compared
with Hispanics, in most of the regions and statistical models analysed (p<0.01). At the apical
level, Chinese-Americans also presented greater values, especially when compared with
Hispanics, in all regions and for all adjusted statistical models (p<0.01).

DISCUSSION
Compared with conventional measures of gross systolic LV function, such as LVEF, strain-
based analyses provide region-specific as well as more sensitive information about
myocardial performance.21 22 Using strain-based analyses, this study is the first to provide
evidence of significant race/ethnicity-based variations in regional LV performance in a large
and asymptomatic multi-ethnic population. Compared with other racial/ethnic groups,
Chinese-Americans demonstrated the fastest rate of myocardial contraction and the largest
magnitude of regional LV function as measured by cardiac MRI tagging and strain analysis
across most myocardial wall regions. Conversely, African-Americans showed the least
magnitude of contraction in almost all regions. With respect to myocardial rate of contractile
function, Hispanics exhibited the lowest systolic strain rate in all LV regions. These results
suggest that subtle differences in myocardial function exist across racial/ethnic groups, even
after accounting for variation in the burden of traditional and non-traditional risk factors.

Racial/ethnic variation in early asymptomatic myocardial dysfunction
Previous studies have described race-based variation in LV geometry, with African-
Americans having markedly greater LV mass and wall thickness than white subjects,23 24

even after adjusting for age and hypertension.25 26 In our asymptomatic study sample, we
observed similar variations in LV mass across four racial/ethnic groups that additionally
included Hispanic and Chinese-Americans. Hypertrophic remodeling has been associated
with poorer systolic and diastolic myocardial function in previous MESA studies.19 27 In
this study, important race-based subclinical differences were found in both regional and
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global systolic function even after controlling for LV mass and hypertension. Chinese-
Americans had the most favourable, and African-Americans and Hispanics the least
favourable, patterns of myocardial function. Notably, racial/ethnic differences were more
prominent with respect to the LV rate of contractile function versus absolute magnitude of
LV tissue deformation, suggesting that subtle alterations in strain rate versus strain may be
particularly relevant for characterising subclinical racial/ethnic variations in LV function.
Such subtle alterations in LV function may be among the earliest signs of myocardial
pathology that both precede and accompany changes in LV structure along the pathway of
progression towards overt HF.19 21

Racial/ethnic myocardial predisposition and clinical implications
Multiple studies have shown that among patients at risk for clinical HF, African-Americans
and Hispanics have greater morbidity and mortality than other racial-ethnic groups,
particularly Asian-Americans.2 4 5 28 Such racial/ethnic variations have not been fully
explained by differences in the prevalence of risk factors for HF or even disparities in
treatment and access to care,2 29 30 prompting speculation about the role of possible inherent
and/or other biological mechanisms. Our study provides evidence that early differences in
subclinical regional myocardial function do exist among certain racial/ethnic groups. The
degree to which these early functional differences contribute to variation in clinical
outcomes is unclear. However, although regional circumferential shortening has not been
related to incident HF, more global measures of circumferential strain have been shown to
predict future development of HF.31 In addition, the pattern of our findings, showing
African-Americans and Hispanics having less magnitude and rate of regional myocardial
contractility than Chinese-Americans and Caucasians, is consistent with race/ethnicity-based
variation in incident HF reported in the same MESA population9 and in other prospective
cohort studies.8

Observed race/ethnicity-based differences in regional myocardial function may be a marker
of exposure to a variety of genetic and environmental factors that have yet to be identified. It
has been suggested that more rapid progression towards advanced disease in African-
Americans and Hispanics may be driven by a higher prevalence of risk factors for HF,
particularly hypertension.1 8 32 The racial/ethnic differences in myocardial dysfunction in
this study were significant even after adjusting for multiple traditional and non-traditional
cardiovascular risk factors, including factors such as hypertension and LV mass as well as
socioeconomic variables. However, such factors may predispose African-American and
Hispanic individuals to subtle subclinical differences in myocardial dysfunction that may
combine with other risk-related and socioeconomic mechanisms to account for the stark
differences in HF-related morbidity and mortality seen among different racial/ethnic groups.

Limitations
Several limitations of this study merit consideration. The selection and enrolment of our
study sample was not completely random and, consequently, the prevalence of risk factors
approximates to, but does not exactly reflect, that of the larger MESA study cohort. In
addition, selection and enrolment of the larger MESA study may not exactly reflect that of
the general population. Although our analyses included socioeconomic factors such as
income and education, these variables may not absolutely reflect access and adherence to
appropriate care for treatment of HF risk factors. Observed absolute differences between
racial/ethnic groups with respect to strain and strain rate were small compared with relative
differences, which were of the order of >10%. Strain and strain rate are novel markers of
subclinical myocardial function, and clinically important differences in these measures have
yet to be defined. Therefore, even small absolute differences may represent biologically
important racial/ethnic variation among individuals without known cardiovascular disease.
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Since our analyses are cross-sectional, future studies are needed to investigate the
longitudinal relation of regional strain-related abnormalities with the incidence of clinical
HF.

Notably, we did not find racial/ethnic differences in regional function as represented by peak
systolic strain (Ecc) in the septal wall. Possibly, the interventricular septum wall contributes
less to absolute circumferential strain than the LV free wall because it may be subject to a
complicated set of stresses, or tractions, both from the right and left ventricles. Although the
septum may alter its position in response to interventricular pressure differences,33
segment-length strain in the septum has been shown to depend on stress distribution across
the right and left ventricular free walls.34 Interestingly, these limitations may not apply in
the same way to the rate of myocardial contraction in the septum. Indeed, this study did
detect significant racial/ethnic differences in systolic strain rate (SRs) in the septal wall that
were more congruent with SRs differences in the LV free wall.

Importantly, myocardial strain is influenced by variations in loading conditions, which can
manifest as alterations in wall stress. Although our analyses included adjustment for
LVEDV, a surrogate for preload, we were unable to adjust specifically for wall stress since
blood pressure measurements at the time of cardiac MRI were unavailable. However, since
the vast majority of participants in the community-based MESA cohort are
haemodynamically stable at the time of their examinations, variation in wall stress in our
study sample is likely to be small. Several complementary strain and tagging-related
measures of LV function, such as radial and longitudinal strain and apical-to-basal torsion,
could add valuable information to our analysis of circumferential strain. Unfortunately, these
additional parameters of myocardial function were unavailable in our study sample,
primarily due to logistical factors limiting their measurement in a large population-based
cohort such as MESA.

CONCLUSION
Our findings demonstrate race/ethnicity-based differences in regional myocardial function in
the largest asymptomatic population studied to date with MRI tagging. We observed that
Chinese-Americans have greater systolic strain and strain rate than Caucasians, Hispanics
and African-Americans, across the majority of LV wall regions, even after adjusting for
multiple cardiovascular risk factors and socioeconomic variables. Further research is needed
to investigate the possible mechanisms related to the race/ethnicity-based variations found in
this study.
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Figure 1.
The HARP method of analysing short-axis tagged cardiac MRI images acquired from a
Multi- Ethnic Study of Atherosclerosis (MESA) participant is shown. In the left panel, grid
lines denote the application of non-invasive, superimposed tissue markers across a short-axis
view of the left ventricular (LV) mid-wall at end-systole. Over the course of the cardiac
cycle, deformation of these gridlines is analysed and these data are used to calculate the
strain values in real time. In the right panel, strain curves are displayed showing systolic
strain in each of the major LV segments during the end-systolic phase.
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Figure 2.
Peak systolic strain rate (SR) values across racial/ethnic groups and myocardial regions
(mid-level) are shown. Each bar represents mean (± standard error).
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Table 1

Demographic and clinical characteristics of the 1099 study participants

Characteristics Caucasians (n = 364) Chinese-Americans (n
= 101)

African-Americans (n
= 308)

Hispanics (n = 326)

Age (years)** 67.0±9.4 70.1±7.6 64.6±10.1 65.8±9.8

Male (%) 53.3 55.4 51.6 56.1

Education level (%)**

    Grade 8 1.38 19.80 4.29 30.37

    Grades 9–11 3.03 12.87 8.91 10.43

    Completed high school/GED 18.73 8.91 19.14 24.54

    Some college 25.34 21.78 34.98 23.93

    Bachelor's degree 20.94 24.75 14.19 4.91

    Graduate or professional school 30.58 11.88 18.48 5.83

Income bracket (%)**

    <$12 000 4.80 29.00 11.30 21.67

    $12 000–24 999 14.97 39.00 19.18 26.32

    $25 000–34 999 9.60 9.00 13.70 17.65

    $35 000–49 999 16.67 6.00 20.21 16.10

    $50 000–99 999 29.94 11.00 28.08 15.17

    ≥$100 000 24.01 6.00 7.53 3.10

Body mass index (kg/m2)** 27.5±4.5 23.3±3.29 28.8±4.9 28.6±4.1

Body surface area (m2)** 1.89±0.21 1.64±0.16 1.91±0.21 1.80±0.18

Systolic blood pressure (mm Hg)** 124.2±19.7 129.4±21.5 130.1±21.0 131±20.8

Diastolic blood pressure (mm Hg)** 69.8±9.9 71.4±10.8 74.3±10.4 72.4±10.0

Hypertension (n, %)** 136 (37.4) 46 (45.5) 165 (53.6) 132 (40.5)

Current cigarette smoking (n, %)** 32 (8.8) 6 (5.9) 54 (17.8) 38 (11.7)

Diabetes (n, %)* 40 (11.0) 23 (22.8) 64 (20.8) 65 (19.9)

Total cholesterol (mg/dl)* 197.6±35.1 189.1±32.4 189.8±36.2 195.4±33.6

LDL cholesterol (mg/dl) 118.9±29.1 112.2±29.8 116.4±31.6 118.7±30.3

HDL cholesterol (mg/dl) 52.1±14.8 50.7±11.2 53.3±16.3 47.5±13.8

Triglycerides (mg/dl)** 132.7±85.9 135.57±76.1 100.8±53.9 147.3±77.0

C-reactive protein (mg/dl)* 2.9±3.6 1.5±2.0 3.6 ± 4.3 3.7±6.0

Taking drugs for hypertension (n, %)** 117 (32.1) 36 (35.6) 149 (48.4) 104 (31.9)

Taking drugs for dyslipidaemia (n, %)* 83 (22.8) 29 (28.7) 52 (16.9) 52 (16)

Taking drugs for diabetes (n, %)* 24 (6.6) 17 (16.8) 39 (12.7) 43 (13.2)

LV mass (g)** 145.8±40.8 122.8±33.7 156.0±42.2 146.1±35.7

LV mass indexed to BSA (g/m2) 76.8±16.9 74.3±16.4 81.2±18.6 80.7±15.0

LVEDV (ml) 125.0±33.5 107.1±24.4 127.2±33.5 124.3±29.4

LVEDV indexed to BSA (ml/m2) 66.3±14.9 65.0±12.5 66.5±15.0 68.6±13.0
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Characteristics Caucasians (n = 364) Chinese-Americans (n
= 101)

African-Americans (n
= 308)

Hispanics (n = 326)

Stroke volume (ml)** 85.3±22.3 76.7±17.2 85.4±20.5 84.2±17.9

Stroke volume indexed to BSA (ml/m2)* 45.2±10.4 46.8±9.7 44.5±9.0 46.6±8.3

Ejection fraction (%)** 68.5±6.9 71.9±6.7 67.7±8.4 68.7±7.5

Peak systolic strain (%)** –18.49±4.12 –19.60±3.78 –17.50±4.00 –18.53±3.98

Systolic strain rate (s–1)** –1.63±0.63 –2.01±0.76 –1.67±0.75 –1.44±0.50

Values are presented as mean±SD or frequencies (n, %).

BSA, body surface index; GED, General Education Diploma; HDL, high-density cholesterol; LDL, low-density cholesterol; LV, left ventricular;
LVEDV, left ventricular end-diastolic volume.

*
p<0.05

**
p<0.01 for race/ethnic differences.
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Table 2

Relation of racial/ethnic group to systolic strain and strain rate across LV wall regions

Caucasians African-Americans Hispanics

Systolic strain, Ecc (%)

Model 1

    Anterior 0.82±0.48 1.40±0.50* 0.62±0.48

    Lateral 1.53±0.47* 1.85±0.49** 1.43±0.47*

    Inferior 0.62±0.52 2.04±0.55** 0.20±0.53

    Septal –0.40±0.45 –0.27±0.47 –0.35±0.46

Model 2

    Anterior 0.97±0.50 1.63±0.53* 0.43±0.50

    Lateral 1.66±0.50** 1.88±0.53** 1.50±0.50*

    Inferior 0.65±0.56 2.02±0.60** 0.20±0.57

    Septal –0.44±0.47 –0.39±0.50 –0.42±0.47

Model 3

    Anterior 1.14±0.53* 1.67±0.55* 0.55±0.52

    Lateral 1.50±0.53* 1.84±0.54** 1.54±0.52*

    Inferior 0.58±0.59 2.11±0.61** 0.36±0.58

    Septal –0.35±0.49 –0.34±0.50 –0.24±0.48

Systolic strain rates, SRs (s–1)

Model 1

    Anterior 0.43±0.07** 0.44±0.08** 0.63±0.07**

    Lateral 0.47±0.08** 0.52±0.09** 0.63±0.08**

    Inferior 0.33±0.08** 0.37±0.09** 0.56±0.09**

    Septal 0.21±0.08* 0.30±0.08** 0.44±0.08**

Model 2

    Anterior 0.33±0.08** 0.28±0.08** 0.53±0.08**

    Lateral 0.36±0.09** 0.39±0.09** 0.54±0.09**

    Inferior 0.25±0.09* 0.27±0.10* 0.47±0.09**

    Septal 0.09±0.08 0.16±0.09 0.35±0.08**

Model 3

    Anterior 0.33±0.08** 0.27±0.08** 0.53±0.08**

    Lateral 0.31±0.09** 0.36±0.09** 0.54±0.09**

    Inferior 0.20±0.10* 0.24±0.10* 0.46±0.10**

    Septal 0.07±0.09 0.13±0.09 0.30±0.08**

Regression coefficients (±SE) for strain and strain rate are in relation to the Chinese-Americans as the referent group.

Model 1 is adjusted for sex, age, body mass index, systolic and diastolic BP, LDL cholesterol, HDL cholesterol and smoking status.

Model 2 is further adjusted for LV mass, LVEDV, heart rate, glucose, C-reactive protein, diabetes and drugs to control dyslipidaemia, diabetes and
hypertension.
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Model 3 is further adjusted for education level and income bracket.

BP, blood pressure; HDL, high-density cholesterol; LDL, low-density cholesterol; LV, left ventricular; LVEDV, left ventricular end-diastolic
volume.

*
p<0.05

**
p≤0.001.
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