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Objectives

The purpose of this study was to examine the prevalence of left ventricular hypertrophy (LVH) and left ventricular (LV)
remodeling patterns within Hispanic subgroups compared with non-Hispanic whites in the MESA (Multi-Ethnic Study of
Atherosclerosis).

Background

Hispanics are the largest and fastest-growing ethnic minority in the U.S., but there are no data on LVH and LV
geometry among Hispanic subgroups.

Methods

Cardiac magnetic resonance imaging was performed in 4,309 men and women age 45 to 84 years without clinical cardiovascular disease. Hispanics were categorized into subgroups based on self-reported ancestry. LVH was
defined as the upper 95th percentile of indexed LV mass in a reference normotensive, nondiabetic, nonobese
population, and LV remodeling according to the presence/absence of LVH and abnormal/normal LV mass to LV
end-diastolic volume ratio.

Results

Among Hispanic participants, 574 were of Mexican origin, 329 were of Caribbean origin, and 161 were of Central/South American origin. On unadjusted analysis, only Caribbean-origin Hispanics (prevalence ratio ⫽ 1.2;
95% confidence interval [CI]: 1.03 to 1.4) had greater prevalence of hypertension than non-Hispanic whites.
Hispanic subgroups were more likely to have LVH than non-Hispanic whites after adjustment for hypertension
and other covariates (Caribbean-origin Hispanics ⫽ odds ratio [OR]: 1.8, 95% CI: 1.1 to 3.0; Mexican-origin Hispanics
⫽ OR: 2.2, 95% CI: 1.4 to 3.3; Central/South Americans ⫽ OR: 1.5, 95% CI: 0.7 to 3.1). All Hispanic subgroups also
had a higher prevalence of concentric and eccentric hypertrophy compared with non-Hispanic whites (p ⬍ 0.001).

Conclusions

Caribbean-origin Hispanics had a higher prevalence of LVH and abnormal LV remodeling compared with nonHispanic whites. A higher prevalence of LVH and abnormal LV remodeling was also observed among Mexicanorigin Hispanics, despite a lower prevalence of hypertension. Differences among Hispanic subgroups regarding
LVH and LV remodeling should be taken into account when evaluating cardiovascular risk in this
population. (J Am Coll Cardiol 2010;55:234–42) © 2010 by the American College of Cardiology Foundation

Hispanics are the largest minority ethnic group in the U.S.,
numbering 46 million people or 16% of the U.S. population
(1,2). Sixty-seven percent of Hispanics in the U.S. are of
Mexican origin, 19% come from the Caribbean (principally
from Puerto Rico, Cuba, and the Dominican Republic), and
14% originate from Central and South America (3,4).

Indirect evidence suggests that the prevalence of hypertension differs among these Hispanic subgroups: the prevalence
of hypertension was lower among Mexican-origin Hispanics
than among non-Hispanic whites and non-Hispanic blacks
in one cohort (5), whereas the prevalence of hypertension
among Caribbean-origin Hispanics was higher and similar to
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that of non-Hispanic whites and blacks, respectively, in another (6,7).
Left ventricular hypertrophy (LVH), as defined by increased left ventricular mass (LVM), is a marker of subclinical cardiovascular disease (CVD) and a powerful, independent predictor of CVD morbidity and mortality among
Hispanics and non-Hispanics (8,9). Abnormal left ventricular (LV) remodeling may also carry an incremental risk
independent of LVH (10). Three abnormal LV remodeling
patterns have been identified: concentric hypertrophy, eccentric hypertrophy, and concentric remodeling (11,12).
Each pattern of LVM distribution appears to carry a
different risk for cardiovascular (CV) events (13).
In addition to the prevalence of hypertension, Hispanic
subgroups also differ with respect to ancestry/race (14),
socioeconomic factors (15), and dietary and lifestyle risk
factors for CVD (2,16), which could influence increased
LVM and LV remodeling differentially among Hispanic
subgroups. The prevalence of LVM and LV remodeling
across Hispanic subgroups remains unknown. We therefore
examined the prevalence of LVH and LV remodeling
patterns on cardiac magnetic resonance imaging (MRI) in
Hispanic subgroups compared with non-Hispanic whites in
the MESA (Multi-Ethnic Study of Atherosclerosis). We
specifically hypothesized that Mexican-origin Hispanics
would have a similar prevalence of increased LVM and
abnormal LV remodeling compared with non-Hispanic
whites; Caribbean-origin Hispanics would have a higher
prevalence; and Central/South Americans would have intermediate values.
Methods
The characteristics of subjects enrolled in MESA have been
described elsewhere (17). Between July 2000 and September
2002, 6,814 men and women age 45 to 84 years were
enrolled from 6 U.S. communities (Baltimore; New York;
Los Angeles; Forsyth County, North Carolina; Chicago;
and St. Paul, Minnesota). Participants were recruited from
4 ethnic groups: non-Hispanic white, non-Hispanic black,
Hispanic, and Chinese. Non-Hispanic white participants
were recruited at all sites, non-Hispanic black participants
were recruited at all sites except St. Paul, and Hispanic
participants were recruited in New York, Los Angeles, and
St. Paul. All participants were free of clinical CVD at
enrollment. Institutional review boards at all study centers
approved the study protocol. Informed consent was obtained from every participant.
Baseline examination. Demographic characteristics, including age, sex, educational attainment, medical history,
medication, alcohol, and tobacco use, were ascertained by
questionnaire. Race and ethnicity were based on responses
to questions modeled on the 2000 U.S. census. All participants who self-identified as Hispanics where categorized as
Hispanic and were asked to further self-identify as Cuban,
Dominican, Mexican, Puerto Rican, or other Hispanic.
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Glucose and total and highAbbreviations
and Acronyms
density lipoprotein cholesterol
levels were measured after a 12-h
BMI ⴝ body mass index
fast. Presence of diabetes melliCI ⴝ confidence interval
tus was based on self-reported
CV ⴝ cardiovascular
physician diagnosis, use of insuCVD ⴝ cardiovascular
lin and/or oral hypoglycemic
disease
agent, or a fasting glucose value
LV ⴝ left ventricular
ⱖ126 mg/dl. Physical activity was
LVH ⴝ left ventricular
self-reported as number of minhypertrophy
utes per week spent in moderate or
LVM ⴝ left ventricular
vigorous activities, which allowed
mass
for determination of metabolic
M-C ⴝ mass-cavity ratio
equivalents/min/week of physical
MRI ⴝ magnetic resonance
activity. Family annual income and
imaging
education were each classified into
OR ⴝ odds ratio
3 groups: ⬍$20,000, $20,000 to
PR ⴝ prevalence ratio
$49,999, and ⬎$50,000 and ⬍high
school, completed high school with
or without some college, and completed college or more, respectively.
Blood pressure and hypertension assessment. Resting
blood pressure was measured using the Dinamap Monitor
PRO 100 (Critikon, Tampa, Florida) automated oscillometric device. Three measurements were obtained at 1-min
intervals with the subject in the seated position with back
and arm supported after 5 min of rest with an appropriatesized cuff, with the cuff at the level of the heart, using a
standardized protocol. The average of the second and third
measurements was recorded as the resting blood pressure.
Hypertension was defined as a systolic blood pressure ⱖ140
mm Hg, a diastolic blood pressure ⱖ90 mm Hg, or
currently taking medications for blood pressure control (18).
Cardiac MRI protocol. The reliability of the MRI readings has been previously reported (19). Myocardial volume
was determined from the difference between epicardial and
endocardial LV volumes calculated by modified Simpson’s
rule. A series of LV end-diastolic short-axis images was
created starting at the mitral annulus and advancing through
the ventricle to apex at 10-mm intervals. Papillary muscles
were excluded from LVM analysis. LVM was calculated
from the product of myocardial volume and specific gravity
(1.05 g/ml) as previously described (20).
Preliminary evaluation showed that MRI-measured
LVM and volume indexed by body-surface area, height2.7,
or height1.9 did not fully remove the correlation of these
measures with weight and/or height. Using an allometric
approach (21,22), regression models for body size were
derived from a reference sample of MESA participants
without hypertension, diabetes mellitus, or obesity as previously described (22), so that the equation would reflect the
normal physiology free from disease or obesity that might
distort the relationship of height and weight and LVM. The
index derived multiplied by 100 is equivalent to the percentage of the value predicted on the basis of height, weight,
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and sex in a normal population. LVM was adjusted for body
size by dividing 100 ⫻ LVM by the predicted LVM based
on height, weight, and sex, as: 100 ⫻ LVM/(a ⫻ height0.54 ⫻
weight0.61), where a ⫽ 6.82 for women and 8.25 for men
with mass in grams, height in meters, and weight in
kilograms. Similarly, the body size-adjusted LV enddiastolic volume was computed as: 100 ⫻ LV ⫻ volume/(b ⫻
height1.25 ⫻ weight0.43), where b ⫽ 10.0 for women and
10.5 for men, and LV end-diastolic volume is in milliliters.
Body surface area was used to index LVM in a confirmatory
analysis. Presence of LVH was defined by a percentpredicted LVM value greater than the 95th upper percentile
estimated (from empirical cumulative distribution) separately for men and women.
LV remodeling analysis was determined by unadjusted
LVM/LV end-diastolic volume ratio (mass to cavity [M-C]
ratio). Geometric classification of LV architecture by echocardiography relies on measurement of relative wall thickness. The M-C ratio is conceptually the MRI equivalent of
relative wall thickness. An abnormal M-C ratio was defined
as an M-C ratio greater than the sex-specific 95th percentile
of control subjects without the conditions described above.
LV remodeling was classified into patterns of eccentricity:

Figure 1
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normal (normal LVM, normal M-C ratio), concentric
remodeling (normal LVM, high M-C ratio), eccentric
hypertrophy (high LVM, normal M-C ratio), and concentric hypertrophy (high LVM, high M-C ratio) as previously
described (12) (Fig. 1).
Statistical analysis. Hispanic subgroups were categorized
based on self-report as Mexican- or Caribbean- (Dominican, Puerto Rican, or Cuban) origin Hispanic. Of the
remainder identifying as “other Hispanic,” 93% were born
in Central or South America and were hence categorized as
of Central/South American origin. Both non-Hispanic
whites and non-Hispanic blacks were used as reference
groups because Hispanics are often a mixture of these 2
racial groups; Asians were excluded from analyses. Distributions of risk factors, mean LVM, prevalence of LVH, and
ventricular remodeling categories were compared using
chi-square for categorical variables and analysis of variance
for continuous variables.
Because prevalence of hypertension was close to 50%,
unadjusted and adjusted prevalence ratios (PRs) and 95%
confidence intervals (CIs) were calculated by relative risk
regression using SAS PROC GENMOD procedure with
log-link and binomial error. Logistic regression analysis was

Diagram of LV Remodeling Patterns Based on LVH and LV M-C Ratio

Four types of left ventricular (LV) remodeling patterns are described based on presence/absence of left ventricular hypertrophy (LVH) and the LV mass/LV end-diastolic
volume (M-C) ratio: normal, with LVH absent and normal M-C ratio; concentric remodeling, with LVH absent and increased M-C ratio; eccentric hypertrophy, with LVH
present and normal M-C ratio; and concentric hypertrophy, with LVH present and increased M-C ratio. Partition value for elevated M-C ratio was 2.0. Figure illustration by
Rob Flewell.
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used to assess the odds ratio (OR) and 95% CI of LVH and
elevated M-C ratio among non-Hispanic whites, nonHispanic blacks, and each Hispanic subgroup. Multivariate
linear regression models were based on LVM percent
predicted as a continuous variable. To assess the relative
contribution of different sets of covariates (potential confounders) on the LVH and M-C ratio differences observed,
we compared estimates across a series of sequential adjustment models: model 1 (adjusted for age and sex); in model
2, socioeconomic factors (insurance, education, income)
were added to model 1; model 3 added metabolic factors
(diabetic status, body mass index [BMI], total and highdensity lipoprotein cholesterol) to model 2; model 4 added
behavioral factors (physical activity, cigarette smoking) to
model 3; and model 5 added systolic blood pressure,
diastolic blood pressure, and use of antihypertensive medications to model 4. The relative proportion of risk explained
by each set of factors was estimated as follows: (ORprior model –
ORsubsequent model)/ORprior model ⫺ 1) ⫻ 100.
Statistical significance was defined as 2-tailed p value ⬍0.05; no
adjustment was made for multiple comparisons given the
descriptive nature of this study, but all major comparisons are
reported (23).
Results
Of 6,814 MESA participants, 1,810 lacked MRI measures,
653 were Asian, and 42 did not provide information on
Hispanic subgroup. Of the remaining 4,309 included participants, 1,064 were Hispanic: 574 (54%) of Mexican, 329
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(31%) of Caribbean, and 161 (15%) of Central/South
American origin. Compared with participants without
MRI, included participants were slightly younger, had lower
average systolic blood pressure and BMI, and were less
likely to have hypertension or diabetes, as previously described (24). These differences were nondifferential across
Hispanic subgroups.
Demographics and cardiac risk factors among Hispanic
subgroups. Age and sex distributions were similar across
non-Hispanic whites, African-Americans, and Hispanic
subgroups; however, educational attainment, income, and
the proportion with private insurance were lower for all
Hispanic subgroups compared with both whites and
African-Americans in this sample (Table 1). Mexicanorigin Hispanics had a higher mean BMI than other
Hispanic subgroups, similar to non-Hispanic blacks, and
the greatest prevalence of diabetes and metabolic syndrome.
Hypertension among Hispanic subgroups. The prevalence of hypertension across Hispanic subgroups is shown in
Table 2 in comparison with whites and non-Hispanic
blacks. Non-Hispanic blacks had the highest prevalence of
hypertension overall (unadjusted PR: 1.6; 95%: CI: 1.5 to
1.7 vs. whites), and Caribbean-origin Hispanics had the
highest prevalence of hypertension among Hispanic subgroups (unadjusted PR: 1.2; 95% CI: 1.03 to 1.4). There
were no significant differences in hypertension prevalence
between Central/South Americans (unadjusted PR: 1.1;
95% CI: 0.9 to 1.4) or Mexican-origin Hispanics (unadjusted PR: 1.0; 95% CI: 0.9 to 1.1) and non-Hispanic

Baseline
by Race-Ethnicity
and Hispanicand
Subgroup
Table 1 Characteristics
Baseline Characteristics
by Race-Ethnicity
Hispanic Subgroup
Non-Hispanic
White
(n ⴝ 1,959)

Non-Hispanic
Black
(n ⴝ 1,286)

Mexican-Origin
Hispanic
(n ⴝ 574)

Caribbean-Origin
Hispanic
(n ⴝ 329)

South or Central
American
(n ⴝ 161)

Age, yrs

62.1 ⫾ 10.1

61.6 ⫾ 9.9

60.7 ⫾ 10.1

59.4 ⫾ 10.2

60.5 ⫾ 10.1

Sex, male/female

47.3/52.7

45.5/54.5

52.3/47.7

49.2/50.8

42.2/57.8

Education
⬍High school

4.1

10.3

43.7

42.3

37.3

High school with or without some college

42.9

54.4

48.6

45.6

47.2

ⱖBachelor’s degree

53.0

35.3

7.7

12.2

15.5

Income
ⱕ20,000

10.1

20.2

35.6

38.5

43.0

$20,000 to $49,999

31.8

40.7

46.2

43.1

41.8

⬎$50,000
Insurance status, % private
Diabetes
Impaired fasting glucose
Metabolic syndrome
Body mass index, kg/m2
Current smoker
High-density lipoprotein cholesterol, mg/dl

58.1

39.1

18.2

18.5

15.2

81.5

75.1

55.8

63.8

50.9

7.3

19.1

22.8

13.7

13.0

23.4

25.7

29.8

30.5

32.3

29.3

32.1

46.9

31.4

35.4

27.3 ⫾ 4.7

29.4 ⫾ 5.2

29.5 ⫾ 4.7

28.3 ⫾ 4.2

28.2 ⫾ 4.4

12.8

19.4

14.1

18.5

13.0

52.5 ⫾ 15.8

53.1 ⫾ 15.6

46.5 ⫾ 12.9

48.4 ⫾ 13.0

50.1 ⫾ 13.5

28. ⫾ 37.4

19.2⫾31.7

31.3 ⫾ 50.9

22.7 ⫾ 35.3

24.7 ⫾ 31.6

72.0

51.0

49.5

49.9

48.1

Systolic blood pressure, mm Hg

122.4 ⫾ 20.3

130.7 ⫾ 21.4

126.4 ⫾ 22.7

125.4 ⫾ 20.4

125.0⫾19.8

Diastolic blood pressure, mm Hg

70.0 ⫾ 10.1

74.7 ⫾ 10.2

70.8 ⫾ 10.4

73.5 ⫾ 9.1

71.5⫾9.8

Exercise, metabolic equivalent/h/week
Current alcohol use

Values are expressed as mean ⫾ SD or %.
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Hypertension
and Left Ventricular
by Race-Ethnicity
and Hispanicand
Subgroups
Table 2
Hypertension
and LeftHypertrophy
Ventricular Hypertrophy
by Race-Ethnicity
Hispanic Subgroups
Non-Hispanic
White
(n ⴝ 1,959)

Non-Hispanic
Black
(n ⴝ 1,286)

Mexican-Origin
Hispanic
(n ⴝ 574)

Caribbean-Origin
Hispanic
(n ⴝ 329)

South or Central
American
(n ⴝ 161)

% with treated hypertension*

32.2

49.1

27.5

38.0

28.0

% with hypertension†

36.4

56.9

36.8

42.6

40.4

143.7 ⫾ 38.3

157.7 ⫾ 41.6

148.9 ⫾ 38.5

146.0 ⫾ 37.1

137.7 ⫾ 37.0

LVM (g)
Indexed LVM (% predicted)

101 ⫾ 17

107 ⫾ 21

106 ⫾ 19

107 ⫾ 18

105 ⫾ 20

Indexed LVM (body surface area, g/m2)

75.8 ⫾ 15.2

81.3 ⫾ 18.0

81.0 ⫾ 16.8

80.4 ⫾ 15.6

77.7 ⫾ 16.5

M-C ratio

1.14 ⫾ 0.24

1.24 ⫾ 0.27

1.18 ⫾ 0.24

1.16 ⫾ 0.25

1.15 ⫾ 0.23

Crude prevalence rates are reported. Values expressed as mean ⫾ SD or %. *Treated hypertension was defined as a history of a physician diagnosis of hypertension and taking antihypertensive medication.
†Hypertension was defined as blood pressure ⱖ140 mm Hg systolic or ⱖ90 mm Hg diastolic, or with treated hypertension.
M-C ⫽ mass-cavity; LVM ⫽ left ventricular mass.

whites. After adjustment for age, sex, education, income,
physical activity, BMI, current alcohol use, smoking, and
diabetes, the prevalence of hypertension remained higher
among non-Hispanic blacks (adjusted PR: 1.05; 95% CI:
1.02 to 1.08) and, of borderline statistical significance,
among Caribbean-origin Hispanics (adjusted PR: 1.05; 95%
CI: 1.0 to 1.10) compared with non-Hispanic whites.
LVH among Hispanic subgroups. Despite the modest or
absent differences in hypertension prevalence between Hispanics and non-Hispanic whites, all Hispanic subgroups
had higher LVH prevalence than non-Hispanic whites
(Table 2, Fig. 2). This result was not sensitive to indexing
methodology (percent predicted or body surface area).
There were weak but significant linear relationships between systolic blood pressure and LVM; Pearson r ⫽ 0.13
to 0.22 among the racial/ethnic subgroups; all p ⬍ 0.01.
Diastolic blood pressure was not correlated with LVM.
In age- and sex-adjusted models, Caribbean-origin Hispanics and Mexican-origin Hispanics had twice the odds of
having LVH as non-Hispanic whites. Sequential adjustment for combined socioeconomic indexes resulted in a 23%
reduction in effect size versus only 10% among Caribbean-

Figure 2

origin Hispanics and 12% among non-Hispanic blacks.
Addition of metabolic covariates including BMI had minimal effects on the ORs for LVH among all Hispanics
subgroups or non-Hispanic blacks. Additional adjustment
for blood pressure reduced the odds of LVH for Caribbeanorigin Hispanics and non-Hispanic blacks by 36% and 20%,
respectively (Table 3). After adjustment for all covariates, all
Hispanic subgroups had a higher percent-predicted LVM
compared with non-Hispanic whites, specifically 5.0 U
larger for Mexican-origin Hispanics, 5.0 U larger for
Caribbean-origin Hispanics, and 3.0 U larger for Central/
South Americans (Fig. 3). A separate analysis substituting
LVM indexed by body surface area in all our regression
models yielded qualitatively similar results.
LV geometry among Hispanic subgroups. Compared
with those with normal LV geometry, those with concentric
hypertrophy were 53% more likely to be hypertensive, with
systolic and diastolic blood pressures 23.8 and 8.3 mm Hg
higher, respectively. All Hispanic subgroups had a higher
prevalence of concentric hypertrophy compared with nonHispanic whites, with Mexican-origin Hispanics having the
highest prevalence, similar to that of non-Hispanic blacks.

Prevalence of LVH and Elevated M-C Ratio by Race-Ethnicity and Hispanic Subgroup

Different indexing methodologies for left ventricular hypertrophy (LVH) are presented, including percent-predicted (MESA [Multi-Ethnic Study of Atherosclerosis]) and
body-surface area (BSA). M-C ratio ⫽ LVM/LV end-diastolic volume; partition value for elevated M-C ratio was 2.0. NH ⫽ non-Hispanic; other abbreviations as in Figure 1.
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and Hispanic
Odds
Ratios Odds
of
Subgroups
Left
Ventricular
After
Sequential
Hypertrophy
Adjustment
by Race-Ethnicity
for by
Covariates
Ratios
of Left
Ventricular
Hypertrophy
Race-Ethnicity
Table 3
and Hispanic Subgroups After Sequential Adjustment for Covariates
Non-Hispanic
White
(n ⴝ 1,959)

Non-Hispanic
Black
(n ⴝ 1,286)

Mexican-Origin
Hispanic
(n ⴝ 574)

Caribbean-Origin
Hispanic
(n ⴝ 329)

South or Central
American
(n ⴝ 161)

Unadjusted

1.0

2.6 (2.0–3.4)

2.2 (1.5–3.1)

1.8 (1.2–2.9)

1.5 (0.8–2.8)

Model 1 (age and sex)

1.0

2.7 (2.0–3.5)

2.3 (1.6–3.2)

2.0 (1.3–3.1)

1.5 (0.8–2.9)

Model 2 (model 1 ⫹ socioeconomic factors)*

1.0

2.5 (2.0–3.5)

2.0 (1.4–3.0)

1.9 (1.2–3.1)

1.2 (0.6–2.5)

Model 3 (model 2 ⫹ metabolic variables)†

1.0

2.5 (1.8–3.3)

2.1 (1.4–3.1)

1.9 (1.2–3.1)

1.2 (0.6–2.6)

Model 4 (model 3 ⫹ behaviors)‡

1.0

2.4 (1.8–3.2)

2.2 (1.5–3.3)

2.0 (1.2–3.2)

1.3 (0.7–2.7)

Model 5 (model 4 ⫹ blood pressure variables)§

1.0

1.9 (1.4–2.6)

2.2 (1.4–3.3)

1.8 (1.1–3.0)

1.5 (0.7–3.1)

*Socioeconomic factors are income, education, and insurance. †Metabolic variables include diabetic status, body mass index, and total and high-density lipoprotein cholesterol. ‡Behaviors included are
cigarette smoking and physical activity. §Blood pressure includes systolic and diastolic blood pressure and use of antihypertensive medications.

Eccentric hypertrophy was most common among nonHispanic blacks and all Hispanic subgroups compared with
non-Hispanic whites. Among Hispanic subgroups, prevalence of concentric remodeling was not increased compared
with non-Hispanic whites (Fig. 4). In contrast, only nonHispanic blacks had a significantly increased risk for elevated M-C ratio compared with non-Hispanic whites. In
sequential covariate adjustments or in the full multivariate
model for LV remodeling, the results did not change
significantly, except among non-Hispanic blacks (Table 4).
A separate analysis substituting LVM indexed by body
surface area in all our regression models yielded qualitatively
similar results.
Discussion

s

We report an increased prevalence of LVH among Hispanic
subgroups compared with non-Hispanic whites. Caribbeanorigin Hispanics had a 2-fold increased odds of LVH
compared with non-Hispanic whites, which was in part due
to an elevated prevalence of hypertension. Mexican-

origin Hispanics had a similar 2-fold increased odds of
LVH compared with non-Hispanic whites, despite no
increase in the prevalence of hypertension. All Hispanic
subgroups had a significantly higher prevalence of concentric and eccentric hypertrophy compared with nonHispanic whites.
Heterogeneity of the Hispanic population/Hispanic subgroups. These data suggest that Hispanics are not monolithic with respect to CV risk, but that different subgroups
originating in different geographic areas of Latin America
manifest significant differences in the distribution of LVH
and the type of ventricular remodeling. This is concordant
with other studies demonstrating that CVD risk factors and
measures of subclinical atherosclerosis differ between Hispanic subgroups (25).
In the U.S. Hispanic population, heart disease and stroke
are the leading cause of mortality (26). LVH has been
recognized as important for CV prognosis (8); however,
Hispanics remain understudied with regard to LVH and
CV risk factors among their respective subgroups. Concerns

8
7
6
5
4
3
2
1
0
-1

non-Hispanic black

Mexican-origin Hispanics

Caribbean-origin Hispanics

South/Central Americans

-2

Figure 3

LVM Difference in Means From Non-Hispanic Whites

Multivariate regression modeling of left ventricular mass (LVM) percent predicted as a continuous variable by race-ethnicity and Hispanic subgroups.
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Percent Breakdown of 4 LV Remodeling Patterns
Across Race-Ethnicity and Hispanic Subgroups

Prevalence of abnormal left ventricular (LV) remodeling patterns is higher
among Hispanic subgroups compared with non-Hispanic (NH) whites (differences were significant at the p ⬍ 0.0001 level). Figure illustration by Rob
Flewell.

about CVD among Hispanics may be muted by a perception that Hispanics are less susceptible to CVD than the
general population. This perception, known as the “His-

panic Paradox,” contends that Hispanics have lower CV
mortality risk than non-Hispanic whites (27), but this
hypothesis may not apply uniformly across subgroups of
Hispanics. The Hispanic Paradox has been contradicted in
recent studies (28). Our findings demonstrate that Hispanics are a CV high-risk group and highlight the fact that
Hispanic subgroup differences need to be appreciated when
considering CV risk.
LV geometry among Hispanic subgroups. Because increased LVM can be physiologic or pathologic, cardiac
dimensions and remodeling must be considered. Concentric
hypertrophy is associated with more adverse patterns of
target organ damage than either eccentric hypertrophy or
concentric remodeling (29,30). Koren et al. (31) reported
that hypertensive patients with concentric LVH had the
highest risk of mortality, followed by those with eccentric
LVH and concentric remodeling. Caribbean- and Mexicanorigin Hispanics in particular had increased prevalence of
concentric hypertrophy compared with non-Hispanic
whites. In contrast, elevated M-C ratio alone was not
significantly different among the Hispanic subgroups relative to non-Hispanic whites.
Differential determinants of LVH among Hispanic subgroups. The increased prevalence of LVH and abnormal
LV remodeling among Mexican-origin Hispanics, despite a
lower prevalence of hypertension, is an interesting and
unexpected finding. This may be related to elevated prevalence rates of obesity, diabetes, and metabolic syndrome
observed in our cohort of Mexican-origin Hispanics. Diabetic patients without overt heart disease have been shown
to have cardiac structural changes similar to those caused by
LVH (32,33). Furthermore, many of those with diabetes or
metabolic syndrome may not be diagnosed with hypertension, even though their systolic blood pressure is above the
goal of 130/80 mm Hg.
It is not surprising that significant differences in LVH
existed despite modest differences in hypertension prevalence because LVH has several determinants besides blood
pressure or established hypertension. Furthermore, changes
in LVM can occur in the setting of changes in adrenergic
state, such as with psychosocial stress, despite overt changes
in blood pressure (34). Adjustment for socioeconomic

Odds
by Race-Ethnicity
Ratios Odds
of Ventricular
and
Hispanic
Subgroup
(Elevated
After Sequential
M-C
RatioAdjustment
>95th
Percentile)
for>95th
Covariates
Ratios
ofRemodeling
Ventricular
Remodeling
(Elevated
M-C Ratio
Percentile)
Table 4
by Race-Ethnicity and Hispanic Subgroup After Sequential Adjustment for Covariates
Non-Hispanic
White
(n ⴝ 1,959)

Non-Hispanic
Black
(n ⴝ 1,286)

Mexican-Origin
Hispanic
(n ⴝ 574)

Caribbean-Origin
Hispanic
(n ⴝ 329)

South or Central
American
(n ⴝ 161)

Unadjusted

1.0

1.9 (1.6–2.3)

1.1 (0.8–1.5)

1.1 (0.8–1.7)

0.9 (0.5–1.6)

Model 1 (age and sex)

1.0

2.1 (1.7–2.6)

1.2 (0.9–1.6)

1.3 (0.9–1.9)

1.0 (0.6–1.8)

Model 2 (model 1 ⫹ socioeconomic factors)*

1.0

1.9 (1.5–2.3)

0.9 (0.7–1.3)

1.0 (0.7–1.6)

0.7 (0.4–1.3)

Model 3 (model 2 ⫹ metabolic variables)†

1.0

1.7 (1.3–2.1)

0.8 (0.5–1.1)

1.0 (0.7–1.5)

0.6 (0.3–1.2)

Model 4 (model 3 ⫹ behaviors)‡

1.0

1.7 (1.3–2.1)

0.8 (0.6–1.1)

1.0 (0.7–1.6)

0.7 (0.4–1.2)

Model 5 (model 4 ⫹ blood pressure variables)§

1.0

1.4 (1.1–1.8)

0.8 (0.6–1.2)

0.9 (0.6–1.4)

0.7 (0.4–1.3)

*Socioeconomic factors are income, education, and insurance. †Metabolic factors are body mass index, diabetic status, and total and high-density lipoprotein cholesterol. ‡Behaviors included are cigarette
smoking and physical activity. §Blood pressure variables include systolic and diastolic blood pressure and use of antihypertensive medications.
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covariates accounted for a fraction of the odds of having
LVH among Mexican-origin Hispanics. Socioeconomic
indexes may be better reflectors of changes in blood pressure
over the life course accounting for unmeasured behavioral
factors as well as levels of psychosocial stress (7).
Although disparities regarding hypertension awareness,
control, and treatment rates among non-Hispanic blacks
and whites may be making steps toward being eliminated
(35), the same may not hold true for Hispanics and their
respective subgroups (5). In our cohort, Mexican-origin
Hispanics had significantly lower levels of hypertension
treatment than non-Hispanic whites and other Hispanic
subgroups. This may be related to issues of access to care,
patient–physician relationships, or medication adherence
and would affect levels of target organ damage in this
Hispanic subgroup, despite lower hypertension prevalence.
The role of acculturation in the development of hypertension and LVH among Hispanics is conflicting and
poorly studied. In some studies, acculturation seemed to be
a strong predictor of hypertension (36), although other
studies of Mexican-origin Hispanics showed that the process of acculturation was not a major predictor (37).
Genetic ancestry as a potential determinant of LVH
among Hispanic subgroups. Latin American populations
originated as a result of the Spanish conquest of the
Americas and subsequent admixture between Native American, European, and West African individuals. Caribbeanorigin Hispanic and Mexican-origin Hispanic populations
are genetically and culturally very different, even if both are
considered to be Hispanic. Genetic admixture studies in
samples of Hispanics in the western and southwestern U.S.
reflect mostly European and Native American admixture
(38). Hispanics in the eastern and northeast U.S. conform
more closely to predominating European and West African
admixture (39). Given a higher proportion of West African
ancestry, Caribbean-origin Hispanics may be more saltsensitive, thus affecting their prevalence of hypertension,
LVH, and abnormal LV remodeling (40). Whether geographic ancestral origins contribute to the differential distribution of disease among Hispanic subgroups remains to
be studied.
Study limitations. Although population-based, MESA is
not a representative sample of the U.S. Hispanic population
due to its design and the exclusion of those with prevalent
CVD. Furthermore, the sample who completed MRI were
healthier than the overall cohort. Hence, our sample represents a lower-risk group compared with the entire community, which is likely to have underestimated the burden of
LVH in the Hispanic population. Blood pressure measurements used in this analysis were recorded at a single office
visit, which may affect the estimate of hypertension prevalence and the ability to adjust for lifetime experience of
hypertension. We indexed LVM using body-surface area as
well as allometric scaling, which is the methodology best
supported by the current literature (21). Both models
yielded qualitatively similar results. We used percent-
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predicted LVM as our measure of heart size to remove the
effect of the normal physiologic relation of body size and
heart size and allow for a more sensitive measure of
differences between the racial/ethnic groups that is independent of their different body size characteristics. However,
LVM differences in our race-ethnic groups may be due in
part to residual confounding by body size. Unmeasured
variables may account for some of the observed differences.
For example, Hispanic subgroup classification may be a
surrogate for other psychosocial factors that may have
contributed to these disparities. Virtually all Caribbeanorigin Hispanics came from the East Coast sites, and a large
proportion Mexican-origin Hispanics came from the West
Coast sites. Whether or not this differential distribution
caused any potential for confounding by site and thus bias in
our analyses is unclear.
Conclusions
To our knowledge, this is the first comparative analysis of
Hispanic subgroups in a single cohort. We demonstrate
differential prevalence of hypertension, LVH, and abnormal
LV remodeling across Hispanic subgroups, which illustrates
the heterogeneity of the Hispanic population. Efforts are
warranted to better recognize, understand, and address
differences among Hispanic ethnic groups to prevent CVD
events in this large subset of the U.S. population.
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