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Abstract

African Americans (AAs) have an increased risk for hypertension-related cardiovascular outcomes
compared with Whites, which may be related to abnormal left ventricular (LV) structure. We
examined the association of prevalent hypertension with concentric remodeling (CR: normal LV
mass index [LVMI] and increased relative wall thickness: RWT), eccentric hypertrophy (EH:
increased LVMI and normal RWT), and concentric hypertrophy (CH: increased LVMI and
increased RWT) within the Jackson Heart Study. Among 4,721 participants (mean = SD age
55.7+12.7 years), 2,841 (60.2%) had prevalent hypertension, defined as mean clinic BP
>140/90mmHg or antihypertensive medication use. Prevalent hypertension was associated with a
statistically significantly increased odds for having CR (odds ratio [OR] 1.78 95% confidence
interval Cl: 1.42-2.24), EH (OR 1.68 95%Cl: 1.15-2.44), and CH (OR 3.86 95%Cl: 2.28-6.54)
after multivariable adjustment. In conclusion, in a population-based sample of AAs, hypertension
was associated with an increased odds for having abnormal LV structure, particularly CH.
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INTRODUCTION

African Americans have a higher risk of hypertension and cardiovascular end-organ damage
compared to Whites[1-4]. Hypertension is associated with alterations in cardiac structure,
including an increase in left ventricular (LV) mass (LVM),[5] left ventricular hypertrophy
(LVH), and relative wall thickness (RWT), the latter being a measure of LV geometry.[5]
Based on categorization by L\VVM index (LVMI: increased LVMI or normal LVMI) and also
geometry (increased RWT or normal RWT), individuals can also be categorized into having
one of four LV structural patterns: normal pattern (normal LVMI and normal RWT),
concentric remodeling (normal LVMI and increased RWT), eccentric hypertrophy (increased
LVMI and normal RWT), and concentric hypertrophy (increased LVMI and increased
RWT).[6, 7] Each of the three abnormal LV patterns is associated with an increased risk for
cardiovascular disease (CVD) events.[8-11] Recently, a classification system has been
proposed that further subdivides individuals with eccentric hypertrophy and concentric
hypertrophy into four categories based on LV chamber size: eccentric non-dilated and
dilated hypertrophy, and concentric non-dilated and dilated hypertrophy.[11-14] Studies
have demonstrated that individuals with non-dilated LV hypertrophy, particularly those with
eccentric non-dilated hypertrophy, do not have an increased CVD risk.[13, 15, 16]

Scarce data are available from epidemiology studies on the prevalence of abnormal LV
structural patterns among African Americans.[17-19] The association between prevalent
hypertension and each of the abnormal LV structural patterns among African Americans is
also understudied.[8, 20] Further, little is known about the factors associated with each
abnormal LV structural pattern among African Americans with prevalent hypertension.
Understanding the factors associated with abnormal LV structural patterns among African
Americans with hypertension may help identify potential targets for risk factor modification
among this group.

In the current study, we determined the prevalence of concentric remodeling, eccentric
hypertrophy, and concentric hypertrophy among participants in the Jackson Heart Study
(JHS), a large population-based cohort study comprised exclusively of African Americans.
Further, we examined the association of prevalent hypertension with each abnormal LV
pattern and assessed factors associated with each abnormal pattern among participants with
prevalent hypertension. We also secondarily examined non-dilated and dilated subtypes of
eccentric hypertrophy and concentric hypertrophy.

MATERIALS AND METHODS

Sample Population

The JHS is a population-based cohort study of 5,301 African-American adults. Details of the
study design, recruitment, and data collection have been previously described.[21-26]
Briefly, African-American participants were recruited from urban and rural areas of the three
counties (Hinds, Madison, and Rankin) that make up the Jackson, MS Metropolitan
Statistical Area. Recruitment was restricted to non-institutionalized adult African Americans
aged 21-84 years old.[27] There were 5,301 participants who underwent a baseline
examination (Exam 1) that consisted of interviewer and self-administered questionnaires,
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clinic blood pressure (CBP) measurements, blood and urine collection, a pill bottle review
and 2D echocardiography. Detailed description of data and specimen collection, and
specimen processing during Exam 1 can be found in the online supplement (Supplemental
Methods).

Participants (n=318) with incomplete CBP or antihypertensive medication data (i.e., missing
information on self-reported antihypertensive medication use or pill bottle review) or
incomplete data on LVM and/or RWT from echocardiography (n=262) were excluded,
leaving a final sample size of 4,721 participants at Exam 1 for the current analyses. The JHS
was approved by the institutional review boards of the participating institutions: the
University of Mississippi Medical Center, Jackson State University, and Tougaloo College.
All participants provided informed consent. The current analysis was approved by the
institutional review boards at the University of Alabama at Birmingham and Columbia
University.

Clinic Blood Pressure, Antihypertensive Medication, and Prevalent Hypertension

CBP measurements were taken using a Hawksley random zero sphygmomanometer
(Hawksley and Sons Ltd.) and an appropriately sized blood pressure cuff determined by
measuring the upper-arm circumference. After a five-minute silent rest, while participants
were seated with their back and arm supported, 2 BP measurements (1 minute apart) in the
right arm were taken. [27] CBP was defined as the average of the 2 recorded measurements.
[27] Antihypertensive medication use was determined by self-report. Participants were also
asked to bring any medications taken within 2 weeks prior to the baseline examination to the
clinic visit. Pill bottle review and medication coding was performed by a pharmacist using
the Medispan dictionary and classified into categories according to the Therapeutic
Classification System.[25] For the current analysis, antihypertensive medication use (yes/no)
was defined as self-reporting antihypertensive medication use and having at least one class
of antihypertensive medication identified during the pill bottle review. Prevalent
hypertension was defined as a mean clinic systolic blood pressure (SBP) = 140 mmHg,
mean clinic diastolic blood pressure (DBP) = 90 mmHg or antihypertensive medication use.

Echocardiography

Certified technicians performed 2D transthoracic echocardiograms (Sonos-4500, Philips
Medical Systems) using standardized protocols.[21] Echocardiograms were reviewed for
clinical interpretation and analytical measurements by experienced cardiologists on
networked image workstations (Vericis, Camtronics Medical Systems).[21] LV dimensions
including LV internal diameter at end diastole (LVEDD, millimeters), interventricular septal
thickness in diastole (I'VSD, millimeters), and posterior wall thickness in diastole (PWTD,
millimeters), were assessed according to the 2D method based on American Society of
Echocardiography (ASE) recommendations.[28]

Calculation of Echocardiographic Derived Variables

LVM, LVMI, LVH, and RWT were derived according to ASE recommendations.[28] LVM
was calculated using the ASE formula: 0.8 X (1.04 X ((IVSD + LVEDD + PWTD)?3 -
(LVEDD)3)) + 0.6. LVMI was calculated as LVM/body surface area. LVH was defined as
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increased LVMI (= 96 g/m? in females; > 116 g/m? in males).[28] Normal LVMI was
defined as < 96 g/m? in females and <116 g/m? in males. RWT was calculated using the
ASE formula: RWT = 2 x posterior wall thickness in diastole/left ventricular internal
dimension in diastole).[28] Increased RWT was defined as RWT > 0.42 and normal RWT
was defined as RWT < 0.42.[28] A dilated LV chamber was defined as increased LVEDD (=
5.3 cm in females; = 5.9 cm in males); and a non-dilated LV chamber was defined as normal
LVEDD (< 5.3 cm in females; < 5.9 cm in males).[28] LV structural patterns (Supplemental
Figure 1) were defined as: normal (normal L\VVMI and normal RWT); concentric remodeling
(normal LVMI and increased RWT); eccentric hypertrophy (LVVH and normal RWT); and
concentric hypertrophy (LVH and increased RWT).[6, 28] In secondary analyses,
participants with L\VVH were subdivided into four groups based on LV chamber size:
eccentric non-dilated hypertrophy, eccentric dilated hypertrophy, concentric non-dilated
hypertrophy and concentric dilated hypertrophy. Eccentric non-dilated hypertrophy was
defined as LVH, normal RWT, and normal LVEDD, and eccentric dilated hypertrophy was
defined as LVH, normal RWT, and increased LVEDD. Concentric non-dilated hypertrophy
was defined as LVH, increased RWT, and normal LVEDD, and concentric dilated
hypertrophy was defined as LVH, increased RWT, and increased LVEDD.

Clinical Covariates

Trained interviewers administered standard questionnaires to assess demographic
characteristics (age, sex, education, marital status), medical history, medication use, and
selected health behaviors (alcohol consumption, current smoking, and physical activity).[21,
25] Height and weight were measured and body mass index (BMI) was calculated as weight
in kilograms divided by height in meters squared (kg/m?). Fasting blood samples and urinary
samples were also collected following standardized procedures.[21] Plasma glucose, serum
creatinine, hemoglobin Alc, and a lipid profile (including total cholesterol, low density
lipoprotein [LDL] cholesterol, and high density lipoprotein [HDL] cholesterol) were
quantified using standardized methods.[21] Estimated glomerular filtration rate (eGFR) was
calculated via the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI)
equation.[29] Reduced eGFR was defined as <60 ml/min/1.73 mZ2.

Statistical Analyses

Baseline characteristics of participants were calculated for participants with normal pattern,
eccentric remodeling, eccentric hypertrophy, and concentric hypertrophy, and secondarily,
eccentric non-dilated hypertrophy, eccentric dilated hypertrophy, concentric non-dilated
hypertrophy and concentric dilated hypertrophy. These analyses were performed for the
overall analytical sample (n=4,721) and among participants with prevalent hypertension
(n=2,841). Further, the prevalence of each LV structural pattern was also determined overall,
and stratified by prevalent hypertension status. Using normal LV pattern as the reference
group, multinomial logistic regression was used to calculate the odds ratios (OR) and 95%
confidence intervals (95% CI) for the association of prevalent hypertension with concentric
remodeling, eccentric hypertrophy, and concentric hypertrophy. Three models including an
unadjusted model were calculated. Multivariable adjusted model 1 included adjustment for
age, sex, and BMI. Model 2 included the variables in model 1 plus diabetes, education level,
alcohol consumption, smoking status, physical activity, and reduced eGFR (< 60 ml/min/
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1.73m2). The analytic sample was further restricted to participants with prevalent
hypertension to identify correlates of each abnormal LV pattern. Factors that were
investigated included the variables in Model 2 plus hemoglobin Alc, total, LDL, and HDL
cholesterol, SBP, DBP, and number of classes of antihypertensive medication being taken.
Multinomial logistic regression was also used to assess the associations of each exposure
variable with the odds of concentric remodeling, eccentric hypertrophy, and concentric
hypertrophy compared with normal pattern. All of the variables from Model 2 were included
simultaneously in the regression model. In secondary analyses, we repeated the
aforementioned analyses for eccentric non-dilated hypertrophy, eccentric dilated
hypertrophy, concentric non-dilated hypertrophy, and concentric dilated hypertrophy.
Sensitivity analyses were performed indexing LVM to height?7 instead of body surface area.
LVH was defined as LVMI > 45 g/m?27 in females and = 49 g/m%7 in males.[7, 30] A p-
value <0.05 was considered to be statistically significant. Analyses were conducted using
SAS version 9.4 (SAS Institute, Cary, NC).

RESULTS

Baseline characteristics

Table 1 shows the characteristics of the 4,721 participants overall, and by LV structural
pattern (normal pattern, concentric remodeling, eccentric hypertrophy, and concentric
hypertrophy). Among these participants, 64.1% was female, mean + SD age was 55.7 + 12.7
years and mean BMI was 31.8 + 7.2 kg/mZ2. Also, 60.2% (n=2,841) had prevalent
hypertension and 2,299 (48.7%) were taking antihypertensive medication. Diuretics and
calcium channel blockers were the most commonly prescribed class of antihypertensive
medication. Supplemental Table 1 shows the characteristics of the participants with
prevalent hypertension overall, and by LV structural pattern (normal pattern, concentric
remodeling, eccentric hypertrophy, and concentric hypertrophy). The characteristics of the
participants with eccentric non-dilated hypertrophy, eccentric dilated hypertrophy,
concentric non-dilated hypertrophy, and concentric dilated hypertrophy among the overall
sample and those with prevalent hypertension are shown in Supplemental Tables 2 and 3,
respectively.

The Prevalence of LV Structural Patterns

Among the overall sample, 8.2% of participants had LVH and 15.7% had increased RWT.
The prevalence of concentric remodeling, eccentric hypertrophy, and concentric hypertrophy
was 11.8%, 4.3%, and 3.9%, respectively; 80.0% had a normal pattern. The prevalence of
eccentric non-dilated hypertrophy, eccentric dilated hypertrophy, concentric non-dilated
hypertrophy, and concentric dilated hypertrophy was 2.0%, 2.3%, 3.4%, and 0.5%,
respectively. Among participants with eccentric hypertrophy, 46.1% and 53.9% had
eccentric non-dilated hypertrophy and eccentric dilated hypertrophy, respectively. Among
participants with concentric hypertrophy, 88.1% and 11.9% had concentric non-dilated
hypertrophy and concentric dilated hypertrophy, respectively.
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Association of prevalent hypertension with each abnormal LV pattern

Concentric remodeling was the most common abnormal LV pattern among participants with
versus without prevalent hypertension (Figure 1). In an unadjusted model (Table 2),
prevalent hypertension was associated with increased odds of having concentric remodeling,
eccentric hypertrophy, and concentric hypertrophy. These associations remained present
after adjustment for age, sex, and BMI (Model 1) and further adjusting for diabetes,
education level, alcohol consumption, smoking status, physical activity, and reduced eGFR
(Model 2).

Supplemental Figure 2 shows the prevalence of eccentric non-dilated hypertrophy, eccentric
dilated hypertrophy, concentric non-dilated hypertrophy, and concentric dilated hypertrophy
among participants with versus without prevalent hypertension. In unadjusted and adjusted
models, prevalent hypertension was associated with increased odds of having eccentric non-
dilated hypertrophy, concentric non-dilated hypertrophy, and concentric dilated hypertrophy
(Supplemental Table 4).

Correlates of each abnormal LV pattern among participants with prevalent hypertension

After full multivariable adjustment and among participants with prevalent hypertension,
older age was associated with increased odds of concentric remodeling, eccentric
hypertrophy, and concentric hypertrophy (Table 3). Also, male sex was associated with
increased odds of having concentric remodeling, but a lower odds of having eccentric
hypertrophy. Current smoking was associated with lower odds of having concentric
remodeling but higher odds of having eccentric hypertrophy and concentric hypertrophy.
Higher clinic SBP was associated with higher odds of having concentric remodeling,
eccentric hypertrophy, and concentric hypertrophy. Taking one class and = 4 classes of
antihypertensive medication was associated with higher odds of having concentric
remodeling and eccentric hypertrophy, respectively. Supplemental Table 5 shows the
correlates of eccentric non-dilated hypertrophy, eccentric dilated hypertrophy, concentric
non-dilated hypertrophy, and concentric dilated hypertrophy among participants with
prevalent hypertension.

Sensitivity analysis after indexing LVM to height?7 instead of body surface area

Prevalent hypertension was associated with concentric remodeling, eccentric hypertrophy,
and concentric hypertrophy (Supplemental Table 6), and eccentric non-dilated hypertrophy,
eccentric dilated hypertrophy, concentric non-dilated hypertrophy, and concentric dilated
hypertrophy (Supplemental Table 7) when indexing LVM to height?-7 instead of body
surface area. The correlates of concentric remodeling, eccentric hypertrophy, and concentric
hypertrophy among participants with prevalent hypertension in a fully adjusted model are
shown in Supplemental Table 8. The results are similar to the analyses for which L\VM was
indexed to body surface area with a few notable exceptions including BMI, alcohol use,
reduced eGFR, and number of antihypertensive classes. Higher BMI was associated with an
increased odds of having eccentric hypertrophy and concentric hypertrophy. Further,
moderate and heavy alcohol consumption was also associated with increased odds of
concentric remodeling, whereas reduced eGFR was associated with having an increased
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odds of eccentric hypertrophy. Taking = 4 classes of antihypertensive medication was
associated with a higher odds of having eccentric hypertrophy and concentric hypertrophy.

DISCUSSION

An abnormal LV pattern (concentric remodeling, eccentric hypertrophy, and concentric
hypertrophy) was present in 20% of African Americans in the JHS cohort. Concentric
remodeling was the most common abnormal LV pattern followed by eccentric hypertrophy
and concentric hypertrophy. Further, after multivariable adjustment, prevalent hypertension
was associated with an approximately two-fold greater odds for having concentric
remodeling and eccentric hypertrophy and an approximately four-fold greater odds for
having concentric hypertrophy.

The current findings that among JHS participants, concentric remodeling was the most
common abnormal LV structural pattern, is consistent with the findings of Nkomo et al.[18]
and Fox et al.[17] who both examined the prevalence of LV structural patterns in a smaller
number of African American participants (1,543 and 1,849 participants, respectively) within
the Atherosclerosis Risk in Communities (ARIC) study. In both studies, concentric
hypertrophy was the second most common abnormal LV pattern. Scarce data exist on the
associations between prevalent hypertension and abnormal LV structural patterns in African
Americans. Among 1,849 African Americans in the ARIC study, the prevalence of
hypertension was higher in individuals who had concentric remodeling, concentric
hypertrophy, or eccentric hypertrophy compared to those with a normal pattern.[17]
However, this previous study did not report whether prevalent hypertension was associated
with an abnormal LV pattern after adjusting for potential confounders. In the current study,
prevalent hypertension was associated with a higher odds of having all three abnormal LV
patterns after multivariable adjustment with the strongest association observed with
concentric hypertrophy.

It has been proposed that LVH is a compensatory mechanism that reduces wall stress and
maintains LV systolic function in response to increased BP and afterload. However, once
increased BP and afterload have exceeded the heart’s compensatory mechanism, the LV
chamber eventually dilates, leading to a reduced ejection fraction and systolic heart failure.
[31] A recently proposed classification subdivides eccentric hypertrophy and concentric
hypertrophy into four new categories based on the presence or absence of LV chamber
dilation; eccentric non-dilated hypertrophy, eccentric dilated hypertrophy, concentric non-
dilated hypertrophy, and concentric dilated hypertrophy.[11-14] Few prior studies have
examined these LVH patterns in African Americans.[13, 16] In the current study, in a fully
adjusted model, prevalent hypertension was associated with a higher odds of eccentric non-
dilated hypertrophy, eccentric dilated hypertrophy, concentric non-dilated hypertrophy, and
concentric dilated hypertrophy with the strongest association being observed for concentric
dilated hypertrophy. In a substudy of the Dallas Heart Study, which included approximately
48% African Americans, participants with eccentric dilated hypertrophy, concentric non-
dilated hypertrophy, and concentric dilated hypertrophy had an increased risk of CVD
events, compared to participants without LVH.[16] In contrast, participants with eccentric
non-dilated hypertrophy had no increased CVD risk. Similar findings were found in a
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Losartan Intervention for Endpoint Reduction (LIFE) substudy, which included participants
with hypertension of whom approximately 14% were African American.[13] Therefore,
African Americans with eccentric non-dilated hypertrophy, which comprised 46.1% of those
with eccentric hypertrophy in the current study, may not have an increased CVD risk.

The current study also provides a better understanding of the clinical factors associated with
abnormal LV patterns among African American adults with prevalent hypertension. In the
current analysis, older age was associated with concentric remodeling, eccentric
hypertrophy, and concentric hypertrophy among participants with prevalent hypertension, a
finding consistent with prior studies.[32] Current smoking status was associated with
increased odds for eccentric hypertrophy and concentric hypertrophy among African
Americans with prevalent hypertension. These results extend the findings of Gidding et al.
[20] who reported an association between smoking and increased LVM and increased RWT
among African American and White participants in the Coronary Artery Risk Development
in Young Adults (CARDIA) study. In the current analysis, higher SBP was also associated
with concentric remodeling, eccentric hypertrophy, and concentric hypertrophy. In contrast,
higher BMI was not associated with any of the three abnormal LV patterns. This latter
finding may be explained by the high prevalence of obesity in JHS, and that defining LVH
using LVM indexed to body surface area may obscure an association between BMI and
LVH.[7, 33] In the current study, higher BMI was associated with a higher odds of eccentric
and concentric hypertrophy when LVH was defined using LVM indexed to height?7,
Although a prior study by Fox et al.[19] demonstrated that impaired fasting blood glucose
was associated with a higher prevalence of concentric remodeling (p=0.05) among 1,512
African American women in the JHS cohort, the current study did not find an association
between diabetes and elevated hemoglobin Alc levels with any of the three abnormal LV
structural patterns. Methodological differences between the study by Fox et al.[19] and the
current study include the overall sample size (2,399 men and women vs. 4,721 men and
women, respectively) and the prevalence of diabetes (12.6% vs. 22.4%, respectively).
Further, sex-stratified analyses were utilized in the study by Fox et al.[19] Therefore, by
studying all three abnormal LV structural patterns, the current study extends the analyses of
Fox, which examined the association between fasting blood glucose categories and
concentric remodeling.[19]

There are several strengths and limitations of our study. First we used data from a large
population-based cohort of African Americans. This study also had missing
echocardiographic data in only a small number of JHS participants. Although duration of
hypertension has been shown to influence LV structural patterns,[34, 35] we were unable to
examine the association between hypertension duration and abnormal LV patterns within the
JHS. Lastly, since the JHS only included echocardiographic assessment at baseline exam, we
could not examine the change in abnormal LV patterns or the determinants of each abnormal
LV pattern over time.

In conclusion, approximately 1 out of 5 African Americans in the current study had an
abnormal LV pattern. Prevalent hypertension was associated with an increased odds of
having concentric remodeling, eccentric hypertrophy (both non-dilated and dilated eccentric
hypertrophy), and concentric hypertrophy (both non-dilated and dilated concentric
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hypertrophy). The odds were highest for concentric hypertrophy, particularly concentric
dilated hypertrophy. Our results also indicate that smoking is a risk factor for eccentric and
concentric hypertrophy whereas older age and higher SBP are risk factors associated with
concentric remodeling, eccentric hypertrophy, and concentric hypertrophy among African
Americans with prevalent hypertension. Additional studies are needed to examine which
abnormal LV structural pattern explains the increased CVD risk associated with
hypertension in African Americans. Future studies should also examine whether smoking
cessation and blood pressure control reduce the risk of having alterations in cardiac structure
among African Americans with prevalent hypertension.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS

. In the Jackson Heart Study, 20% of African Americans have abnormal
LV structural patterns.

. Concentric remodeling is the most common abnormal LV structural
pattern.
. Among participants with LVVH, concentric non-dilated hypertrophy is

the most common abnormal LV structural pattern.

. Prevalent hypertension is strongly associated with concentric
hypertrophy, especially concentric dilated hypertrophy.
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Figure 1.

Prevalence of Normal Pattern, Concentric Remodeling, Eccentric Hypertrophy, and
Concentric Hypertrophy Stratified by Prevalent Hypertension Status
Abbreviations: LV=Left ventricular
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Association of Prevalent Hypertension with Concentric Remodeling, Eccentric Hypertrophy, and Concentric
Hypertrophy versus Normal Pattern

Normal Pattern
Concentric Remodeling

Eccentric Hypertrophy

Concentric Hypertrophy

Odds Ratio (95% Confidence Interval)
Crude Model 1 Model 2
1 (Referent) 1 (Referent) 1 (Referent)
2.32(1.90-2.83) 1.72(1.39-213) 1.78(1.42-2.24)
250(1.80-3.47) 1.58(1.12-2.23) 1.68 (1.15- 2.44)
5.86(3.74-9.19) 3.54(2.23-562) 3.86 (2.28 - 6.54)

Model 1- adjusted for age, sex, body mass index.

Model 2- adjusted for age, sex, body mass index, diabetes, education less than high school, alcohol consumption (none: 0 drinks/week; moderate
consumption: 1-14 and 1-7 alcoholic drinks/week for men and women; heavy consumption: >14 and >7 alcoholic drinks/week for men and

women), current smoking status, physical activity, and estimated glomerular filtration rate <60 ml/min/1.73 m

LVH: left ventricular hypertrophy, LVMI: left ventricular mass index, RWT: relative wall thickness

LVH is defined as increased LVMI = 96 g/m2 in females and = 116 g/m2 in males. Normal LVMI is defined as < 96 g/m2 in females and < 116
g/m2 in males. Increased RWT is defined as RWT > 0.42.

Normal RWT is defined as RWT < 0.42.

Normal pattern is defined as: normal LVMI and normal RWT.

Concentric remodeling is defined as: normal LVMI and increased RWT.

Eccentric hypertrophy is defined as: LVH and normal RWT.

Concentric hypertrophy is defined as: LVH and increased RWT.
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