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Abstract

Background: A “malignant” subphenotype of left ventricular hypertrophy (LVH) has been 

described, in which minimal elevations in cardiac biomarkers identify individuals with LVH at 

high risk for developing heart failure (HF). We tested the hypothesis that a higher prevalence of 

malignant LVH among blacks may contribute to racial disparities in HF risk.

Methods: Participants (n=15, 710) without prevalent cardiovascular disease were pooled from 

three population-based cohort studies, the Atherosclerosis Risk in Communities Study (ARIC), the 

Dallas Heart Study (DHS), and the Multi-Ethnic Study of Atherosclerosis (MESA). Participants 

were classified into three groups: those without ECG-LVH, those with ECG-LVH and normal 

biomarkers (hs-cTnT < 6 ng/L and NT-proBNP < 100 pg/mL), and those with ECG-LVH and 

abnormal levels of either biomarker (malignant LVH). The outcome was incident HF.

Results: Over the 10 year follow up period, HF occurred in 512 (3.3%) participants, with rates 

5.2% among black men, 3.8% in white men, 3.2% in black women, and 2.2% in white women. 

The prevalence of malignant LVH was 3-fold higher among black men and women vs white men 
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and women. Compared with participants without LVH, the adjusted hazard ratio for HF was 2.8 

(95% CI 2.1 to 3.5) in those with malignant LVH and 0.9 (95% CI 0.6 to 1.5) in those with LVH 

and normal biomarkers, with similar findings in each race/sex subgroup. Mediation analyses 

indicated that 33% of excess hazard for HF among black men and 11% of the excess hazard 

among black women was explained by the higher prevalence of malignant LVH in blacks. Of 

black men who developed HF, 30.8% had malignant LVH at baseline, with a corresponding 

population attributable fraction (PAF) of 0.21. The proportion of HF cases occurring among those 

with malignant LVH, and the corresponding PAF, were intermediate and similar among black 

women and white men and lowest among white women.

Conclusions: A higher prevalence of malignant LVH may in part explain the higher risk of heart 

failure among blacks vs whites. Strategies to prevent development or attenuate risk associated with 

malignant LVH should be investigated as a strategy to lower heart failure risk and mitigate racial 

disparities.
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Introduction

Left ventricular hypertrophy (LVH), which can be detected by cardiac imaging studies or 

electrocardiography (ECG), is an important pre-clinical abnormality that is associated with 

higher risk of developing HF and cardiovascular (CV) death. 1, 2 LVH is more common in 

blacks than other race/ethnic groups, 3 and associates strongly with the degree of African 

ancestry. 4 The natural history of LVH is heterogeneous with possible outcomes that include 

regression, stability, or progression to clinical heart failure. 5 Chronic cardiomyocyte injury 

and tissue fibrosis, 6 in addition to increased diastolic wall stress and neurohormonal 

activation,7 are hypothesized to play a role in the transition from asymptomatic LVH to HF.

A “malignant” subphenotype of LVH has recently been described, in which minimal 

elevations in biomarkers of cardiac injury or neurohormonal activation identified individuals 

with LVH who were at particularly high risk for progression to HF and CV death. 8-10 This 

malignant LVH subphenotype was associated with a very high absolute risk for progression 

to HF in black individuals enrolled in the Jackson Heart Study. 11 However, these prior 

studies were limited by insufficient numbers of clinical events to determine whether 

differences in the prevalence of malignant LVH contribute to higher risk for HF in black vs 

white individuals. Using pooled data from three biracial cohort studies, including two that 

were the basis of prior reports,8, 9 we tested the hypothesis that malignant LVH may 

contribute to racial disparities in HF risk.

Methods

The data, analytic methods, and study materials will not be made available to other 

researchers for purposes of reproducing the results or replicating the procedure.
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Study Population:

Participants were pooled from 3 population-based cohort studies, the Atherosclerosis Risk in 

Communities (ARIC) Study, the Dallas Heart Study (DHS) and the Multi-Ethnic Study of 

Atherosclerosis (MESA). ARIC is a prospective epidemiologic study that enrolled 15,792 

adults aged 45-64 years from four US communities, including Forsyth County, North 

Carolina, Jackson, Mississippi, Minneapolis, Minnesota, and Washington County, Maryland. 
12, 13 The DHS is a probability-based population cohort study of adults residing in Dallas 

County. The study included 3,557 subjects that completed a detailed in-home survey, 

laboratory testing, and imaging studies. 14 MESA is a population-based study that enrolled 

6,815 adults aged 45-84 years, from 6 US communities, which included Baltimore, 

Maryland, Chicago, Illinois, Forsyth County, North Carolina, Los Angeles County, 

California, New York, New York, and St. Paul, Minnesota. 15

Each of the three cohorts is racially diverse, with approximately equal proportions of men 

and women. Detailed methods of each cohort’s study design, recruitment strategy, and visit 

protocols have been described previously. 12-15 For the present study, we excluded 

participants with prevalent cardiovascular disease (coronary artery disease, heart failure, 

and/or cerebrovascular disease), estimated glomerular filtration rate (eGFR) < 15 ml/min/

1.73m2, end-stage renal disease requiring dialysis, or race/ethnicity other than White or 

Black, yielding a final sample size of 15,710 in the pooled cohort (Supplementary Figure 1). 

Each study was approved by the Institutional Review Board (IRB) of the study coordinating 

center, and all participants provided written informed consent.

Clinical Covariates:

In all three study cohorts, the baseline examinations ascertained cardiovascular conditions 

and measured risk factors in all participants. Anthropometric parameters (including height 

and weight) as well as blood pressure were measured using standard protocols. Fasting 

blood samples were drawn, and measurements including lipids and serum creatinine levels 

were analyzed using standard techniques. Detailed methods regarding baseline assessments, 

clinical examinations, and blood analyses have been described previously for all three 

cohorts. 12, 14, 15 For the present study, the initial examination was used as the baseline for 

both DHS and MESA. The first ARIC exam occurred from 1987-1989, however, the second 

ARIC visit (1990-1992) was used as the baseline for the present study, as this was the first 

visit with available biomarker and LVH data.

Biomarker, ECG and Imaging Measurements:

High sensitivity cardiac troponin-T (hs-cTnT) levels and N-terminal pro-brain natriuretic 

peptide (NT-proBNP) were measured in ARIC and DHS using the Elecsys 2010 platform 

and in MESA with the Cobas e601 platform (Roche Diagnostics, Indianapolis, IN) as 

described previously. 16-20 Standard twelve-lead ECGs were performed in all three cohorts 

using a Marquette MAC-PC instrument (Marquette Electronics, Milwaukee, Wisconsin). 
4, 12, 14, 15 Cardiac magnetic resonance imaging (MRI) studies were performed in DHS and 

MESA using 1.5-T MRI systems. Detailed methods outlining MRI measurements and 

interpretation have been described previously for both DHS 3 and MESA 21, 22. Participants 

with left ventricular hypertrophy (LVH) by MRI were further classified using the 4-tiered 
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classification proposed by Khouri et al.23: indeterminate, dilated, thick, and both thick and 

dilated LVH.

Primary Exposures:

For the purposes of our study, an abnormal high-sensitivity cardiac troponin-T (hs-cTnT) 

was defined as hs-cTnT ≥ 6 ng/L. This threshold was selected apriori for the present study 

since this represents the limit of quantitation for this assay in clinical practice in the United 

States. An abnormal NT-proBNP level was prespecified as ≥ 100 pg/mL.

For our primary analyses, LVH was defined by 12-lead ECG, using the Sokolow-Lyon 

criteria, defined as the sum of the S-wave amplitude in lead V1 plus the maximum R-wave 

amplitude in V5 or V6 ≥ 3.5 mV (35 mm) or aVL R-wave amplitude ≥ 1.1 mV (11 mm). 24 

Repolarization abnormalities (ECG-LVH with ST and T wave abnormalities) were 

adjudicated based on Novacode 6.1.1 in MESA but were not available in DHS or ARIC. In 

secondary analyses, LVH was defined by imaging measurements, using MRI definitions for 

DHS and MESA. Cardiac imaging studies were not available in visit 2 of ARIC. LVH was 

prespecified as LV mass/body surface area (BSA) ≥ 89 g/m2 in women and ≥112 g/m2 in 

men in DHS 3, and as LV mass/BSA ≥ 84.6 g/m2 in women and ≥ 106.2 g/m2 in men in 

MESA. 16

Participants were classified into prespecified phenotype exposure groups based on the 

presence or absence of ECG-LVH and evidence of abnormal levels of cardiac biomarkers. 

The reference group for all analyses was the group without ECG-LVH (ECG LVH−). 

Participants with ECG-LVH (ECG LVH+) were categorized further as ECG LVH+ 

biomarker– if both hs-cTnT and NT-proBNP were normal, or ECG LVH+ biomarker+ 

(malignant LVH) if either hs-cTnT or NT-proBNP was abnormal. In a secondary analysis, 

we further stratified participants without ECG-LVH into those with and without abnormal 

biomarkers.

Heart Failure Outcomes:

The primary outcome for this study was incident heart failure (HF). The HF definitions and 

adjudication procedures have been described previously for each individual study. 15, 17, 18 

Briefly, in ARIC, continuous, retrospective surveillance of hospital discharges for HF were 

conducted for all residents from the four US communities included in the study. A 

hospitalization was considered eligible for confirmation as a HF event based on its 

International Classification of Disease, 9th Revision, Clinical Modification (ICD-9-CM) 

code. 17, 20 In the DHS, incident HF hospitalization was determined through a detailed 

annual health survey regarding interval CV events, and/or via quarterly tracking for hospital 

admissions using the Dallas-Fort Worth Hospital Council Data Initiative database. 18 In 

MESA, classification of HF events occurred from collection of death certificates, medical 

records from hospitalizations and outpatient visits, autopsy reports, and interviews with or 

questionnaires administered to participants, relatives, or physicians. 15 For our pooled 

analysis, we have included all HF events from the baseline visit through 10 years of follow 

up for each individual study cohort. DHS and ARIC included only hospitalized HF events 

while MESA included both hospitalizations and outpatient diagnoses of HF.
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Statistical Analysis:

Participant characteristics and demographics across the 3 cohorts were compared for 

descriptive purposes. Primary participant level data for demographic information, risk 

factors, biomarkers, LVH, imaging data, and CV outcomes were pooled across the 3 cohorts. 

The cumulative incidence of heart failure among black and white men and women was 

estimated using cause-specific hazard functions that account for the competing risk of death.

The prevalence of malignant LVH was compared across race and sex groups using the Chi 

squared test. To assess the independent association of black race with malignant LVH, 

logistic regression analyses were performed separately in men and women, adjusting for age, 

systolic blood pressure, antihypertensive therapy, current smoking, diabetes, total and HDL 

cholesterol, and eGFR. Unadjusted proportions of heart failure in the three phenotype 

groups (ECG LVH−, ECG LVH+ biomarker- and malignant LVH) were estimated using 

cause-specific hazard functions and compared with the Log Rank test. Cox proportional 

hazard models were used to estimate the hazard of HF events in the ECG LVH+ biomarker- 

and malignant LVH groups, with ECG LVH− as referent. All models met assumptions for 

proportional hazards. Models included the same covariates as the logistic regression models 

described above. Cox models accounted for the competing risk of all-cause mortality, as 

well as different baseline hazards for each study via stratification, and robust standard errors 

were used to account for patients clustered within studies. In exploratory analyses, the dose 

effect of the number of abnormal biomarkers was evaluated by analyzing separately 

participants with LVH and elevations in one or both of the two biomarkers (hs-cTnT and 

NT-proBNP).

A series of analyses were performed to assess the influence of malignant LVH on racial 

differences in HF risk. Multiplicative interactions of malignant LVH with race and sex were 

evaluated. Analyses assessing the association of phenotype exposure groups with HF were 

stratified by race and sex. Next, the potential mediating effect of malignant LVH on racial 

differences in HF was assessed by constructing Cox proportional hazards models, stratified 

by sex. The first model included a term for race and the second included terms for race and 

malignant LVH. The change in hazard ratio after accounting for malignant LVH provides an 

assessment of the potential contribution of malignant LVH to racial differences in HF. 19, 25 

To more formally assess causal mediation, we applied Accelerated Failure Time Outcome 

Regression, using a Weibull model and mediator logistic regression, which models 

controlled direct effects, natural direct effects, and natural indirect effects.26, 27

Sensitivity analyses were performed replacing ECG-LVH with MRI-defined LVH in DHS 

and MESA. We also performed subgroup analyses based on body mass index (BMI) 

categories (<25, 25-<30 and ≥ 30 kg/m2). All statistical analyses were performed using SAS 

(SAS Institute Inc., Cary, NC) software version 9.4.

Results

A total of 9,363 participants from the ARIC study, 2,008 participants from DHS, and 4,339 

participants from the MESA study met inclusion and exclusion criteria, resulting in 15,710 

total participants in the pooled cohort (Supplementary Figure 1). Baseline characteristics in 
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the three cohorts and the pooled cohort are presented in Supplementary Table 1. The median 

age of the pooled cohort was 57 years, with 56% female, 32% black, and 36% with 

hypertension. Participant characteristics stratified by sex and race are presented in 

Supplementary Table 2. Black men and women had higher rates of diabetes and 

hypertension, and higher blood pressure and BMI compared with white men and women.

ECG-LVH was present in 1,421 (9%) of participants in the pooled cohort, while 4,292 

(27%) had an hs-cTnT concentration ≥ 6 ng/L (hs-cTnT+), and 3,314 (21%) had an NT-

proBNP concentration ≥ 100 pg/mL (NT-proBNP+). Among those with LVH, 47% had no 

biomarker elevation, 37% had only one elevated biomarker, and 15% had both biomarkers 

elevated.

Participants with malignant LVH were older, more likely to be male, with more diabetes, 

hypertension and higher systolic blood pressure in comparison with participants without 

LVH as well as those with LVH but without abnormal cardiac biomarkers (Table 1). 

Sokolow-Lyon ECG voltage, and cMRI defined LV mass and LV mass indexed to body 

surface area (BSA) were similar between participants with malignant LVH compared with 

those with LVH and negative biomarkers, but cMRI-defined LV wall thickness and LV end-

diastolic volume were slightly higher. Moreover, pathological remodeling patterns, including 

dilated and thick and dilated hypertrophy categories, were significantly more common 

among participants with malignant LVH than those with LVH and normal biomarkers (Table 

1). In a secondary analysis limited to MESA, ECG repolarization abnormalities consistent 

with strain pattern were more common among participants with malignant LVH vs those 

with LVH and negative biomarkers (p=0.03), but only 8.7% of those with malignant LVH 

had repolarization abnormalities (Table 1). The prevalence of malignant LVH increased 

across higher BMI categories, due to increasing prevalence of abnormal hs-cTnT, with 

minimal difference in the prevalence of abnormal NT-proBNP (Supplementary Table 3).

The prevalence of malignant LVH was 3-fold higher among black men and women vs white 

men and women, respectively (p < 0.0001 for each, Table 2 and Figure 1). Notably, the 

malignant LVH phenotype was observed more frequently among black women than white 

men (6.3% vs 4.1%, p<0.0001). In multivariable logistic regression analyses, the odds of 

malignant LVH remained significantly higher in black men (adjusted OR 2.84, 95% CI 2.26, 

3.56) and black women (adjusted OR 2.46, 95% CI 1.88, 3.23) vs white men and women. 

Older age, higher average systolic blood pressure and use of antihypertensive medications 

were also significantly associated with higher odds of malignant LVH in men and women 

(Supplementary Table 4).

LVH with normal levels of biomarkers was also > 3-fold more common among black men 

and women than white men and women, respectively (p < 0.0001 for each, Table 2). Thus, 

the higher prevalence of malignant LVH among blacks is due to higher rates of overall LVH 

and not from a higher proportion of individuals with LVH who have abnormal biomarkers. 

Over the 10 year follow up period, HF occurred in 512 (3.3%) participants. Among those 

who developed HF, 56% were men and 39% were black. Kaplan Meier estimated rates of 

heart failure were highest among black men, intermediate (and similar) among white men 

and black women, and lowest among white women (Figure 2). Of the participants with 
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malignant LVH, 13.6% developed HF, compared with 2.7% in the subgroup with LVH and 

normal biomarkers during the 10 year follow-up period (Figure 3). Compared with 

participants without LVH, the unadjusted hazard ratio (HR) for development of HF was 5.1 

(95% CI 4.1 to 6.3) among participants with malignant LVH and 1.0 (95% CI 0.6 to 1.6) for 

those with LVH and negative biomarkers. After multivariable adjustment, the HR for HF 

was 2.8 (95% CI 2.1 to 3.5) in those with malignant LVH and 0.9 (95% CI 0.6 to 1.5) in 

those with LVH and normal biomarkers (Figure 4). No interaction of malignant LVH with 

BMI category was detected (Supplementary Table 5).

In a secondary analysis, participants without ECG-LVH were further stratified based on 

biomarkers status; the group with normal biomarkers and no ECG-LVH was the referent 

group. HF risk was significantly increased among individuals with abnormal biomarkers and 

no ECG-LVH and highest among those with abnormal biomarkers and ECG-LVH. In 

contrast, participants with ECG-LVH and normal biomarkers had similar HF risk vs those 

with no ECG-LVH and normal biomarkers (Supplementary Table 6).

In analyses evaluating abnormal hs-cTnT and NT-proBNP individually, the adjusted hazards 

for HF were significantly higher in the groups with ECG-LVH and abnormal hs-cTnT, and 

ECG-LVH and abnormal NT-proBNP, but were not increased in patients with ECG-LVH and 

normal biomarker levels (Supplementary Table 7). Graded associations with HF were seen 

among those with ECG-LVH based on the number of elevated biomarkers. The unadjusted 

HR was 10.3 (95% CI 7.6 to 13.8) for those with abnormal levels of both hs-cTnT and NT-

proBNP, 3.1 (95% CI 2.3 to 4.3) for those with one abnormal biomarker and 1.0 (95% CI 0.6 

to 1.6) for those that were LVH+ biomarker – (Supplementary Figure 2). After multivariable 

adjustment, the HR for those with both abnormal biomarkers was 4.2 (95% CI 2.9 to 5.9), 

2.0 (95% CI 1.4 to 2.7) for those with one abnormal biomarker, and 0.9 (95% CI 0.6 to 1.5) 

for those that were LVH+ biomarker – (Supplementary Figure 2). In subgroup analyses, 

malignant LVH was more common across higher BMI categories.

A quantitative interaction was observed by race (p interaction = 0.012) but not sex (p 

interaction = 0.70) such that the hazard for HF associated with malignant LVH was modestly 

lower among black vs white participants (Figure 4). In analyses stratified by race/sex 

subgroups, malignant LVH was associated with significantly higher risk for HF in each 

race/sex subgroup in unadjusted (Supplementary Figure 3) and adjusted (Figure 4) analyses, 

whereas LVH without biomarker elevation was not associated with increased risk in any 

race/sex subgroup.

Among men, the unadjusted HR for HF associated with black race was 1.54 (95% CI 

1.20-1.97), and after adjusting for the prevalence of malignant LVH was 1.20, (95% CI 

0.93-1.56). Similarly, among women, the unadjusted HR associated with black race was 1.62 

(95% CI 1.23-2.13) and after adjusting for malignant LVH was 1.40 (95% CI 1.05-1.86). In 

causal mediation analysis survival free from heart failure was 13% lower in black men and 

15% lower in black woman, with malignant LVH mediating 33% of the association of race 

with heart failure in men (p=0.02) and 11% of the effect in women (p=0.003). No mediation 

was seen for benign LVH (p=0.53 in men and p=0.42 in women). Although only 4.8% of the 

study population manifested the malignant LVH phenotype, these participants accounted for 
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20% of all HF events, vs only 3.5% of HF events occurring among the 4.2% of the study 

population who were LVH+ biomarker-. Of black male participants that developed HF, 

30.8% had the malignant LVH phenotype, with a corresponding population attributable 

fraction (PAF) of 0.21 (95% CI 0.11 to 0.30). The proportion of HF cases occurring among 

those with malignant LVH, and the corresponding PAF, were intermediate and similar 

among black women and white men, and lowest among white women (Table 3).

Sensitivity analyses replacing ECG-LVH with imaging-LVH, using cardiac MRI in the DHS 

and MESA cohorts, displayed consistent findings, with higher rates of malignant LVH 

among black vs white participants and a more than three-fold higher unadjusted risk of HF 

observed among those with MRI-LVH biomarker+ compared with those with MRI-LVH 

biomarker– (Supplementary Table 8 and Supplementary Figure 4).

Discussion

In this large pooled biracial cohort of adults free from cardiovascular disease at baseline, we 

observed substantial heterogeneity in heart failure risk between black and white adults with 

LVH. Participants with LVH and evidence of subclinical myocardial injury or 

neurohormonal activation demonstrated by abnormal hs-cTnT and/or NT-proBNP levels had 

a significantly elevated risk for the development of clinical heart failure, consistent with 

other previously published studies. 8-11 In contrast, individuals with ECG-LVH with normal 

cardiac biomarkers display a clinical trajectory that is much more benign with regards to HF 

incidence. These participants were found to have a similarly low HF risk as individuals 

without ECG-LVH, including those with normal biomarkers and no ECG-LVH.

ECG voltage and MRI-determined LV mass were not significantly different between 

individuals with benign and malignant LVH, and only modest differences were seen in other 

measures of LV size. However, MRI remodeling patterns most strongly associated with 

increased risk for heart failure, 28 including dilated hypertrophy and thick and dilated 

hypertrophy, were more common among participants with malignant LVH. These findings 

support the hypothesis that it is pathological remodeling associated with LVH, in particular 

LV dilation, and not increased LV mass per se, that is most strongly associated with HF risk, 

and that abnormal biomarkers characterize such pathological remodeling. It is reasonable to 

conclude based on these findings that ECG-LVH with abnormal hs-cTnT and/or NT-proBNP 

represents a malignant LVH subphenotype, while LVH in the absence of subclinical 

myocardial injury appears to be relatively benign. The latter point is particularly relevant as 

almost half of ECG-LVH can be sub classified as benign.

Strengths of our study include the large sample size with sufficient numbers of black 

participants to evaluate racial differences in phenotype prevalence and outcomes, as well as 

the comprehensive phenotyping performed in the participants. In addition, our findings using 

ECG-LVH were confirmed in sensitivity analyses with MRI-LVH. Finally, associations with 

heart failure risk were similar across BMI categories.

Previously published data has indicated that the malignant LVH subphenotype is associated 

with a very high absolute risk for progression to HF in black individuals. 11 However, prior 
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research in this area has been limited by insufficient numbers of clinical events to determine 

whether differences in the prevalence of malignant LVH contribute to higher risk for HF in 

black vs white individuals. A major contribution of this pooled cohort study is the 

demonstration of important racial differences in the prevalence of the malignant LVH 

phenotype, which may play a role in racial disparities in HF incidence. Incident HF was 

notably higher among black vs white participants in our study; black men had the highest 

incidence and, strikingly, black women had a similar incidence of HF as white men. The 

population risk attributable to malignant LVH was higher in black men and women than 

white men and women, due to a markedly higher prevalence of malignant LVH, rather than 

from a higher risk of incident HF associated with malignant LVH. Indeed, we found a 

slightly lower hazard associated with malignant LVH in blacks versus whites. Mediation 

analyses suggest that a modest but significant proportion of the excess risk for heart failure 

among black men and women may be explained by the higher prevalence of malignant LVH 

in blacks. Taken together, these findings suggest that malignant LVH may contribute to 

racial disparities in HF risk among black individuals in the general population.

In our study, racial differences in malignant LVH reflected higher rates of ECG-LVH among 

blacks, with a similar proportion of benign vs malignant LVH in whites and blacks. Previous 

studies have demonstrated higher rates of LVH among blacks than whites, with larger racial 

differences observed for ECG vs imaging-defined LVH 3, 29, findings also seen in the 

present study. Moreover, community-based data from the Atherosclerosis Risk in 

Communities (ARIC) study reported that pathological hypertrophy and remodeling in 

response to arterial elastance was augmented in black individuals, suggesting a greater 

sensitivity to afterload stress. 30 In our study, participants with malignant LVH had more 

diabetes and hypertension and worse BP control than those without LVH or LVH and normal 

biomarkers, adverse risk factor profiles also observed to be more common among black vs 

white participants. Greater sensitivity to stimuli for hypertrophy, combined with a higher 

prevalence and worse control of risk factors such as hypertension and obesity, 3 likely 

contribute to racial differences in the prevalence of LVH overall, as well as the malignant 

LVH subphenotype. Importantly, as we only assessed risk factors at the time of presentation, 

our adjusted analyses likely underestimate the contribution of poor blood pressure control to 

racial differences in malignant LVH.

Abnormal hs-cTnT and NT-proBNP have been associated with myocardial fibrosis in 

MESA, predominantly in a non-ischemic pattern. 31, 32 Moreover, nonischemic patterns of 

myocardial fibrosis detected by MRI have been associated with increased heart failure risk 

in the community. 33 Additional study is needed to determine whether the burden and 

distribution of nonischemic myocardial fibrosis differ between individuals with benign and 

malignant LVH, and whether fibrosis may be a mechanism contributing to the increased risk 

of heart failure among these high-risk individuals.

In a recent analysis from the Dallas Heart Study, 4 in which self-reported race/ethnicity and 

the proportion of African ancestry were modeled together, African ancestry, but not self-

reported race, was associated with ECG voltage, LVH, and concentric remodeling, findings 

that suggest genetic contributions to racial differences in LVH. Relatively little is known 

regarding which specific genetic traits may contribute to excess LVH in blacks. Genetic 
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variants in APOL1 that are over-represented among individuals of African descent associate 

with excess nephropathy in blacks, but not with LVH. 34 In contrast, genetic variation in the 

natriuretic peptide system may play a role. Previous studies have noted that after accounting 

for known determinants of NP levels, black individuals have lower NT-proBNP levels than 

whites, and genetic admixture studies indicate that this correlates with the degree of African 

ancestry. 35-37 Variants in Corin, the enzyme that converts pro-BNP to the active BNP 

hormone, associate with hypertension and LVH in blacks. 38, 39 These findings raise the 

possibility that a “natriuretic peptide handicap” may contribute to excess LVH and possibly 

malignant LVH in blacks. 40 Such a finding may be clinically relevant, given the emergence 

of neprilysin inhibitors as safe, effective and clinically available therapies that raise BNP and 

improve HF outcomes

In addition to genetic factors, it is likely that environmental, psychosocial, and behavioral 

factors play important roles in the observed racial differences in the prevalence of malignant 

LVH. In previous studies, perceptions of neighborhood cohesion, physical environment, and 

violence have been shown to associate with obesity in black individuals. 41 In addition, it has 

also been shown that lower neighborhood socioeconomic level is associated with weight 

gain, incident hypertension, and LVH. 42-45 Future studies should evaluate whether 

psychosocial stress and neighborhood environmental factors potentially contribute to race/

ethnic differences in malignant LVH prevalence through unhealthy behaviors and poor risk 

factor control.

Limitations

Minor differences in the HF definition were present across studies, with DHS and ARIC 

including only hospitalized HF and MESA also including outpatient diagnoses. ECG 

repolarization abnormalities were not considered in the definition of malignant LVH as they 

were only adjudicated and available in MESA. However, the low prevalence of ECG-LVH 

with repolarization abnormalities overall (<1% of MESA participants), and among those 

with malignant LVH (<9% of participants), argues that there is likely minimal impact from 

not including repolarization abnormalities in our definition of malignant LVH. Risk factors 

were assessed and adjusted for only at the time of presentation. Thus, it is not possible to 

determine the influence of cumulative differences in risk factor burden and control over the 

lifespan on the observed racial differences in prevalence of malignant LVH.

Clinical Implications

Our findings may have important future implications regarding assessment of heart failure 

risk among individuals with LVH , especially among blacks who are at highest risk of all 

race/ethnic groups. When LVH is detected by ECG or cardiac imaging, measuring hs-cTnT 

and NT-proBNP levels, may help to distinguish those in whom risk for HF is favorable from 

those at much higher risk, in whom targeted preventive interventions, including aggressive 

risk factor control, may be warranted. Specifically, application of more aggressive blood 

pressure targets should be considered in individuals with malignant LVH, given the 

association of malignant LVH with prior hypertension and subsequent HF, and the strong 

benefit seen in SPRINT on incident HF. 46 Moreover, given emerging data suggesting that 

sodium-glucose cotransporter-2 (SGLT2) inhibitors may favorably effect LVH and incident 
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HF among individuals without prior CVD, it is plausible that these agents would reduce HF 

risk among individuals with malignant LVH. 47, 48 Finally, secondary testing with hs-cTnT 

and NT-proBNP may be useful when ECG-LVH is detected among athletes, particularly 

black athletes, to help determine if LVH is pathological or physiological. These hypotheses 

warrant additional study before clinical implementation.

Conclusions

Among a diverse group of individuals without underlying cardiovascular disease, the 

combination of LVH and subclinical myocardial injury or neurohormonal stress identifies a 

malignant subclinical HF phenotype with a significantly increased absolute risk of HF. 

Individuals with LVH and normal hs-cTnT and NT-proBNP levels exhibit a much lower HF 

risk, thus displaying a more benign clinical course. A 3-fold higher prevalence of the 

malignant LVH subphenotype is seen in black individuals, a finding that may account for 

some of the disparity in heart failure incidence observed among blacks. The underlying 

mechanisms that contribute to the development of malignant LVH as well as the transitions 

to clinical HF are not currently well understood. Additional study is needed to determine 

whether targeted screening to identify malignant LVH among asymptomatic but at-risk black 

adults, followed by aggressive risk factor modification, may benefit individuals found to 

have this malignant subphenotype, and reduce racial disparities in HF.
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Clinical Perspective

What is new?

• Using pooled data from 3 large multi-ethnic cohorts, we characterize a 

“malignant” subphenotype of left ventricular hypertrophy (LVH), defined by 

ECG-LVH with abnormal levels of hs-cTnT or NT-proBNP, that is associated 

with increased risk of heart failure. In contrast, the prognosis for individuals 

with ECG-LVH and normal biomarker levels appears benign.

• Malignant LVH is 3 times more common in black vs white individuals, a 

disparity that may account for some of the excess risk for heart failure seen 

among blacks.

What are the clinical implications?

• When LVH is detected by ECG or cardiac imaging, measuring hs-cTnT and 

NT-proBNP levels may help to distinguish those in whom risk for heart 

failure is favorable from those at much higher risk.

• Additional research is needed to identify strategies to prevent the transition to 

malignant LVH, and to reduce cardiac injury and neurohormonal activation 

when malignant LVH is present.
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Figure 1. 
Prevalence of the malignant left ventricular hypertrophy (LVH) phenotype (evidence of 

LVH, with either high-sensitivity cardiac troponin-T (hs-cTnT) ≥ 6 and N-terminal pro-brain 

natriuretic peptide (NT-proBNP) ≥ 100) among men and women stratified by race/ethnicity.
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Figure 2. 
Unadjusted Kaplan-Meier curves for incident heart failure (HF) stratified by race/ethnicity.
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Figure 3. 
Unadjusted Kaplan-Meier curves for incident heart failure (HF) in the overall pooled cohort.
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Figure 4. 
Adjusted associations between LVH and chronic myocardial injury-based categories and risk 

of heart failure stratified by gender and race/ethnicity. N/A: Insufficient number of events.
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Table 1.

Baseline characteristics of the pooled cohort (MESA, ARIC, DHS) with no history of cardiovascular disease, 

stratified by presence of left ventricular hypertrophy (LVH) and abnormal biomarkers (High-sensitivity cardiac 

troponin-T (hs-cTnT) ≥ 6 and N-terminal pro-brain natriuretic peptide (NT-proBNP) ≥ 100).

Characteristics LVH (−)
(N = 14289)

LVH (+)
Biomarker (−)

(N = 664)

LVH (+)
Biomarker (+)

(Malignant LVH)
(N = 757)

Age – years 56.6 (51, 63) 54.3 (50, 60)* 60.6 (54, 66)*☨

Men – n (%) 6111 (42.8) 325 (49)* 447 (59.1)*☨

Race/Ethnicity

 Black – n (%) 4127 (28.9) 434 (65.4)* 436 (57.6)*☨

Hypertension – n (%) 4826 (33.9) 344 (52)* 530 (70.1)*☨

Systolic Blood Pressure (mm Hg) 121.7 (109, 132) 128.9 (116, 139.8)* 139 (122, 153)*☨

Diastolic Blood Pressure (mm Hg) 72.4 (65.7, 79) 77.4 (71, 83.3)* 78.4 (70.7, 86)*

Anti-hypertensive therapy prescribed – n (%) 4103 (28.7) 248 (37.4)* 427 (56.4)*☨

Diabetes – n (%) 1304 (9.1) 76 (11.5)* 123 (16.3)*☨

Current Smoker – n (%) 2733 (19.1) 124 (18.7) 123 (16.3)*

Estimated GFR (ml/min/1.73 m2) 70.4 (56.8, 80) 77.9 (62.5, 90.9)* 72.2 (57.3, 81.3)☨

Total Cholesterol (mg/dL) 201.6 (176, 225) 200.6 (172, 224) 200.9 (174, 226)

HDL Cholesterol (mg/dL) 50.9 (40, 60) 50.7 (40, 58) 49.8 (39, 59)

Statin therapy prescribed – n (%) 1194 (8.4) 45 (6.8) 78 (10.3)☨

Body Mass Index (BMI) (kg/m2) 28.3 (24.4, 31.1) 29.4 (25.4, 32.4)* 29.4 (25.7, 32.4)*

Waist-hip ratio 0.92 (0.86, 0.98) 0.93 (0.88, 0.98)* 0.94 (0.9, 0.99)*☨

LV mass (gm) 141.5 (111.6, 163.9) 163.1 (126.1, 192.7)* 168.9 (129.7, 196.9)*

LV mass/BSA (g/m2) 74.3 (61.7, 83.5) 83.6 (67.6, 95.7)* 86.3 (68.7, 98.2)*

LV wall thickness (mm) 10 (8.8, 11) 10.8 (9.3, 12)* 11.1 (9.6, 12.3)*☨

LV end-diastolic volume (mL) 101.2 (85.7, 115.9) 113.7 (94.6, 129.3)* 125.6 (97.5, 148.5)*

LV ejection fraction (%) 65.7 (61.5, 70.1) 65.4 (60.9, 70.4) 62.3 (57.8, 68.5)*☨

Sokolow Lyon ECG Voltage (mV) ± 20.5 (16.2, 24.8) 30.3 (23.1, 37.8)* 31 (22.2, 37.9)*

ECG LVH with repolarization abnormality ⊥ 11 (0.3) 5 (3.1)* 23 (8.7)*☨

LV hypertrophy subtypes±

 Indeterminate – n (%) 96 (2.1) 11 (4.7)* 17 (6.9)*☨

 Dilated – n (%) 179 (4) 19 (8.1)* 54 (21.8)*☨

 Thick walled – n (%) 109 (2.4) 22 (9.4)* 23 (9.3)*☨

 Both Thick and Dilated – n (%) 6 (0.1) 0 8 (3.2)*☨

High-sensitivity C-reactive protein (hsCRP) (mg/L) 4.1 (0.98, 4.6) 4.7 (1.1, 5.6)* 4.5 (1.1, 5.4)*

*
p < 0.05 versus no LVH group
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☨
p < 0.05 versus LVH+, biomarker- group

⊥
Data available from MESA only (total N = 4338)

±
Data available from DHS and MESA only (total N = 4960)
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Table 2.

Prevalence of left ventricular hypertrophy (LVH) and elevated biomarkers (High-sensitivity cardiac troponin-T 

(hs-cTnT) ≥ 6 and N-terminal pro-brain natriuretic peptide (NT-proBNP) ≥ 100), among men and women in 

the pooled cohort stratified by race/ethnicity.

Men Women

Black
(N = 2007)

White
(N = 4876)

P value Black
(N = 2990)

White
(N = 5837)

P value

LVH(+)
Biomarker (+)
(Malignant LVH)
n (%)

247 (12.3) 200 (4.1) <0.0001 189 (6.3) 121 (2.1) <0.0001

LVH (+)
Biomarker (−)
n (%)

185 (9.2) 140 (2.9) <0.0001 249 (8.3) 90 (1.5) <0.0001

LVH (−)
n (%) 1575 (78.5) 4536 (93) <0.0001 2552 (85.4) 5626 (96.4) <0.0001
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Table 3.
Contribution of the malignant LVH phenotype to HF burden:

Heart failure (HF) cases (%) in individuals with the malignant left ventricular hypertrophy (LVH) phenotype, 

with Population Attributable Fraction (PAF) stratified by race/ethnicity.

HF Cases (%) with Malignant
LVH PAF, (95% CI)

Black Men 30.8% 0.21 (0.11, 0.3)

White Men 19.6% 0.16 (0.1, 0.22)

Black Women 20.8% 0.16 (0.07, 0.24)

White Women 10.9% 0.09 (0.03, 0.14)
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