
Intensive Blood Pressure Lowering in Patients with Malignant 
Left Ventricular Hypertrophy

Simon B. Ascher, MD, MPH1,2, James A. de Lemos, MD3, MinJae Lee, PhD4, Elaine Wu, 
MPH3, Elsayed Z. Soliman, MD, MSc, MS5, Ian J. Neeland, MD6, Dalane Kitzman, MD7, 
Christie M. Ballantyne, MD8, Vijay Nambi, MD, PhD8,9, Anthony A. Killeen, MB, BCh, MSc, 
PhD10, Joachim H. Ix, MD, MAS11,12, Michael G. Shlipak, MD, MPH1, Jarett D. Berry, MD, 
MS3

1Kidney Health Research Collaborative, Department of Medicine, San Francisco Veterans Affairs 
Health Care System and University of California San Francisco, San Francisco, CA

2Division of Hospital Medicine, University of California Davis, Sacramento, CA

3Divison of Cardiology, Department of Internal Medicine, University of Texas Southwestern 
Medical Center, Dallas, TX

4Division of Biostatistics, Department of Population and Data Sciences, University of Texas 
Southwestern Medical Center, Dallas, TX

5Epidemiological Cardiology Research Center, Department of Epidemiology and Prevention, 
Division of Public Health Sciences and Department of Medicine, Section on Cardiology, Wake 
Forest School of Medicine, Winston-Salem, NC

6University Hospitals Harrington Heart and Vascular Institute and Case Western Reserve 
University School of Medicine, Cleveland, OH

7Sections of Cardiology and Gerontology, Wake Forest School of Medicine, Winston-Salem, NC

8Department of Medicine and Center for Cardiometabolic Disease Prevention, Baylor College of 
Medicine, Houston, TX

9Department of Medicine, Michael E. DeBakey Veterans Affairs Medical Center, Houston, TX

10Department of Laboratory Medicine and Pathology, University of Minnesota, Minneapolis, MN

11Nephrology Section, Veterans Affairs San Diego Healthcare System, San Diego, CA

12Division of Nephrology-Hypertension, University of California San Diego, San Diego, CA

Abstract

Address for correspondence: Simon B. Ascher, MD, MPH, Division of Hospital Medicine, Department of Medicine, University 
of California Davis, 2315 Stockton Blvd., Suite 2P101, Sacramento, CA, 95817, Phone: 916-734-7506, Fax: 916-734-4810, 
sbascher@ucdavis.edu. 

Tweet: Study in #SPRINT suggests intensive #bloodpressure therapy prevents malignant LVH as well as #HF and death when 
malignant LVH is present.

HHS Public Access
Author manuscript
J Am Coll Cardiol. Author manuscript; available in PMC 2023 October 18.

Published in final edited form as:
J Am Coll Cardiol. 2022 October 18; 80(16): 1516–1525. doi:10.1016/j.jacc.2022.08.735.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Background: Left ventricular hypertrophy (LVH) combined with elevations in cardiac 

biomarkers reflecting myocardial injury and neurohormonal stress (malignant LVH) is associated 

with a high risk for heart failure and death.

Objectives: The aim of this study was to determine the impact of intensive systolic blood 

pressure (SBP) control on the prevention of malignant LVH and its consequences.

Methods: 8,820 participants in the Systolic Blood Pressure Intervention Trial (SPRINT) were 

classified into groups based on the presence or absence of LVH assessed by 12-lead ECG, 

and elevations in biomarker levels (high-sensitivity cardiac troponin T ≥14 ng/L or N-terminal 

pro-B-type natriuretic peptide ≥125 pg/mL) at baseline. The effects of intensive versus standard 

SBP lowering on rates of acute decompensated heart failure (ADHF) events and death and on the 

incidence and regression of malignant LVH were determined.

Results: Randomization to intensive SBP lowering led to similar relative reductions in ADHF 

events and death across the combined LVH/biomarker groups (P for interaction =0.68). The 

absolute risk reduction over four years in ADHF events and death was 4.4% (95% CI: −5.2%, 

13.9%) among participants with baseline malignant LVH (n=449) and 1.2% (95% CI: 0.0%, 

2.5%) for those without LVH and non-elevated biomarkers (n=4361). Intensive SBP lowering also 

reduced the incidence of malignant LVH over two years (2.5% vs. 1.1%, odds ratio: 0.44, 95% CI: 

0.30, 0.63).

Conclusions: Intensive SBP lowering prevented malignant LVH and may provide substantial 

absolute risk reduction in the composite of ADHF events and death among SPRINT participants 

with baseline malignant LVH.

Condensed abstract

Left ventricular hypertrophy (LVH) combined with elevations in cardiac biomarkers reflecting 

myocardial injury and neurohormonal stress (malignant LVH) is associated with a high risk 

for heart failure and death, but the impact of intensive systolic blood pressure (SBP) control 

on the prevention of malignant LVH and its consequences is unknown. In the Systolic Blood 

Pressure Intervention Trial (SPRINT), randomization to intensive SBP lowering versus standard 

SBP lowering reduced the incidence of malignant LVH and possibly led to large absolute risk 

reduction in the composite of acute decompensated heart failure events and death among SPRINT 

participants with baseline malignant LVH.
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Introduction

Pathological left ventricular hypertrophy (LVH), which can be detected by 12-lead ECG or 

cardiac imaging, most often occurs in response to hypertension and has strong associations 

with incident heart failure (HF) and death.1,2 Individuals who progress from asymptomatic 

LVH to HF are hypothesized to have maladaptive cardiac remodeling resulting from 

chronic myocardial cell injury, inflammation, and fibrosis, accompanied by neurohormonal 

activation due to increased diastolic wall stress.3–5 Recent observational data demonstrate 
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that LVH subphenotypes exist with markedly different risks for HF and death. LVH 

accompanied by biomarker evidence of chronic myocardial injury, as measured by high 

sensitivity cardiac troponin T (hs-cTnT) or I (hs-cTnI), and neurohormonal activation, as 

measured by N-terminal pro-B-type natriuretic peptide (NT-proBNP), identifies a subgroup 

known as malignant LVH that is at particularly high risk for HF and death.6–9

Among individuals with hypertension and at high cardiovascular disease (CVD) risk, 

the Systolic Blood Pressure Intervention Trial (SPRINT) demonstrated that targeting a 

systolic blood pressure (SBP) <120 mm Hg compared with <140 mm Hg led to significant 

reductions in acute decompensated heart failure (ADHF) events and death.10 SPRINT and 

other randomized clinical trials have also shown that intensive SBP lowering leads to the 

prevention and regression of LVH.11–13 However, it is unknown whether intensive SBP 

lowering can prevent or reverse malignant LVH, or impact the risk of ADHF events and 

death when malignant LVH is present.

Our objectives were to evaluate in SPRINT whether intensive versus standard SBP lowering 

would (1) prevent the development of malignant LVH and (2) reduce ADHF events and 

death among individuals with malignant LVH present at baseline.

Methods

Study design

The design and protocol of SPRINT have been reported previously.10,14 In brief, SPRINT 

was an NIH-funded open-label clinical trial that randomized participants with hypertension 

to an “intensive” SBP target (<120 mm Hg) versus a “standard” SBP target (<140 mm 

Hg). Inclusion criteria were age ≥50 years; systolic BP 130-180 mm Hg; and high CVD 

risk (defined as prior clinical or subclinical CVD other than stroke, chronic kidney disease 

[eGFR 20-59 ml/min/1.73m2], age ≥75 years, or 10-year CVD risk >15% based on the 

Framingham risk score). Key exclusion criteria included diabetes mellitus, prior stroke or 

transient ischemic attack, eGFR <20 ml/min/1.73m2, symptomatic heart failure, or a left 

ventricular ejection fraction <35%. A total of 9,361 participants were enrolled between 

November 2010 and March 2013 across 102 sites in the United States and Puerto Rico. The 

SPRINT study was approved by the Institutional Review Board at each participating study 

site, and all participants provided written informed consent.

This ancillary study included 8,820 (94.2%) SPRINT participants with a baseline standard 

12-lead electrocardiogram (ECG) and baseline measures of hs-cTnT and NT-proBNP, and 

was approved by the Institutional Review Board at the University of Texas Southwestern 

Medical Center. In analyses of incidence and regression of malignant LVH, we excluded 

those without at least one follow-up ECG (n=1,059). The data that support the findings 

of this study are available from the National Heart, Lung, and Blood Institute (NHLBI) 

Biologic Specimen and Data Repositories and the corresponding author upon request.

ECG and cardiac biomarker measurements

LVH was determined using standard 12-lead ECGs obtained at baseline, year 2, year 4, and 

close-out visits. Digital ECG data were recorded using a GE MAC 1200 electrocardiograph 

Ascher et al. Page 3

J Am Coll Cardiol. Author manuscript; available in PMC 2023 October 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(GE, Milwaukee, Wisconsin) at 10 mm/mV calibration and a speed of 25 mm/s. ECG 

reading was performed centrally at the Epidemiological Cardiology Research Center 

(EPICARE), Wake Forest School of Medicine, Winston Salem, North Carolina. All ECG 

tracings were initially inspected visually for technical errors and inadequate quality before 

being automatically processed using GE 12-SL Marquette version 2001 (GE, Milwaukee, 

Wisconsin).

Cardiac biomarkers were measured from blood samples obtained at the time of study 

entry and year 2 of the trial follow-up period. All blood samples were stored at −80°C 

until hs-cTnT and NT-proBNP measurements were performed at the SPRINT Central 

Laboratory (University of Minnesota, Minneapolis, MN). Both hs-cTnT and NT-proBNP 

were measured from freshly thawed serum samples using an electrochemiluminescence 

immunoassay on the Roche Cobas 6000 platform (Roche Diagnostics, Indianapolis, IN) as 

previously described.15 The hs-cTnT assay (5th Generation) has an imprecision of 3.4% 

at 28.3 ng/L and 2.3% at 2076 ng/L, with a lower limit of quantitation of 6 ng/L. The 

NT-proBNP assay has an imprecision of 2.9% at 140.3 pg/mL and 2.7% at 4563 pg/mL, 

with a lower limit of detection of 5 pg/mL.

Combined LVH and cardiac biomarker groups

Consistent with previous studies in SPRINT, LVH was defined using Cornell voltage criteria 

(RaVL amplitude + SV3 amplitude) with sex-specific thresholds of ≥2,200 microvolt (μV) 

in women and ≥2,800 μV in men, and elevated cardiac biomarkers was defined as hs-cTnT 

≥14 ng/L and/or NT-proBNP ≥125 pg/mL.13,15,16 Participants were categorized into four 

groups: 1) no LVH with non-elevated cardiac biomarkers (LVH− biomarker−); 2) no LVH 

with elevated cardiac biomarkers (LVH− biomarker+); 3) LVH with non-elevated cardiac 

biomarkers (LVH+ biomarker−); and 4) LVH with elevated cardiac biomarkers (LVH+ 

biomarker+), which we defined as malignant LVH.6–8 In sensitivity analyses, we also 

defined LVH using Cornell voltage product ([RaVL amplitude + SV3 amplitude]*QRS 

duration) and Sokolow-Lyon (SV1 amplitude + RV5/V6 amplitude) LVH criteria.17,18

Outcomes

The primary outcome of this analysis was the composite of incident HF events and all-cause 

mortality. We selected this outcome because elevated cardiac biomarkers and LVH are 

most strongly associated with these endpoints.15 Additionally, the effect of intensive SBP 

lowering on the primary CVD composite outcome in SPRINT was primarily driven by 

reductions in these endpoints.10 The definition, ascertainment, and formal adjudication 

of these events have been previously described in detail.10,14,19 Incident ADHF events 

were defined as hospitalization or emergency department visit requiring treatment with 

infusion therapy (diuretic or inotropic agents) for a clinical syndrome that presented 

with multiple signs and symptoms consistent with ADHF. Chronic stable HF during a 

hospitalization, reduced left ventricular ejection fraction in the absence of symptoms, right-

sided HF, volume overload due to inadequate dialysis, and new outpatient HF were not 

considered incident ADHF endpoints in SPRINT.19 We also evaluated all-cause mortality as 

a secondary clinical outcome. Secondary subclinical outcomes included: 1) incidence and 
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regression of malignant LVH, 2) incidence and regression of LVH, and 3) annual change in 

Cornell voltage index.

Malignant LVH incidence and regression were restricted to the first two years of the trial 

follow-up period, when both cardiac biomarker and ECG measurements were available. 

Incident malignant LVH occurred when individuals without baseline malignant LVH 

subsequently met Cornell voltage criteria on ECG and had elevated cardiac biomarkers 

at year 2 of follow-up. Malignant LVH regression occurred when individuals with baseline 

malignant LVH no longer met either LVH or cardiac biomarker criteria for malignant LVH 

at year 2 of follow-up.

LVH incidence and regression were assessed during the total trial follow-up period. Incident 

LVH occurred when individuals without baseline LVH met Cornell voltage criteria for LVH 

on a follow-up ECG, and LVH regression occurred when individuals with baseline LVH no 

longer met Cornell voltage criteria for LVH on a follow-up ECG. In addition to binary LVH 

outcomes, we evaluated annual change in the Cornell voltage index as a continuous variable, 

defined as the annualized difference between the Cornell voltage index on the last available 

ECG and the baseline ECG.

Statistical analyses

Baseline characteristics were compared across LVH/biomarker categories using ANOVA or 

Kruskal-Wallis test for continuous variables, and Chi-square test for categorical variables. 

We replaced undetectable hs-cTnT levels (21% <6 ng/L) and NT-proBNP levels (3.4% <5 

pg/mL) as the lower limit of detection divided by two.

We evaluated associations of LVH/biomarker categories with risk of the clinical outcomes in 

the entire SPRINT cohort using multivariable Cox proportional hazards models. There was 

no evidence that the proportional hazards assumptions were violated. Models were adjusted 

for demographics (age, sex, race, site), treatment assignment, and clinical characteristics 

(body mass index [BMI], smoking status, prevalent CVD, SBP, estimated glomerular 

filtration rate [eGFR], and low density lipoprotein [LDL] cholesterol).

Event rates were then compared between the intensive SBP and standard SBP arms among 

participants in each LVH/biomarker category. Heterogeneity of treatment effect across LVH/

biomarker categories was tested using a likelihood ratio test for multiplicative interaction 

terms (treatment assignment by LVH/biomarker category) in models that included main 

effects. Absolute risk differences over 4 years between randomized treatment groups and 

corresponding 95% CIs were estimated for each endpoint using the method described by 

Altman and Andersen.20

Logistic regression models were used to evaluate the effect of intensive versus standard SBP 

lowering on incident malignant LVH and malignant LVH regression, and on incident LVH 

and LVH regression stratified by baseline elevated versus non-elevated cardiac biomarkers. 

Linear regression models were used to evaluate the treatment effect on annual changes in 

Cornell voltage index, and were stratified by combined LVH/biomarker category.
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In sensitivity analyses, we used Cornell voltage product and Sokolow-Lyon criteria instead 

of Cornell voltage index to define LVH to confirm our findings were insensitive to LVH 

criteria.

Underlying assumptions including linearity were assessed while building multivariable 

models for each outcome of interest. All analyses were conducted using SAS software, 

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

Results

Study population and baseline characteristics

Among the 9,361 SPRINT participants, 8,820 (94.2%) had both hs-cTnT (median [IQR] 9.4 

[6.4, 14.1] ng/L] and NT-proBNP (median [IQR] 86 [37, 197] pg/mL) measured at baseline. 

In the cardiac biomarker study sample, 4,361 (49.4%) had no LVH and non-elevated cardiac 

biomarkers at baseline (LVH− biomarker−), 3,761 (42.6%) had no LVH and elevated 

cardiac biomarkers (LVH− biomarker+), 249 (2.8%) had LVH with non-elevated cardiac 

biomarkers (LVH+ biomarker−), and 449 (5.1%) were categorized as malignant LVH 

(LVH+ biomarker+). LVH− biomarker− participants had median hs-cTnT and NT-proBNP 

levels of 7.3 ng/L and 44 pg/mL, respectively, and a median Cornell voltage of 1422 μV. 

The malignant LVH group had median hs-cTnT and NT-proBNP levels of 15.3 ng/L and 308 

pg/mL, respectively, and a median Cornell voltage of 2883 μV. Older age, African American 

race, female sex, and a higher burden of comorbidities were also associated with baseline 

malignant LVH (Table 1).

Effects of intensive versus standard SBP lowering on ADHF events and all-cause mortality

The proportion of participants who experienced the composite of ADHF events and 

all-cause mortality varied across LVH/biomarker categories, occurring in 13.6% of 

participants with baseline malignant LVH, compared with 8.2% of participants who 

were LVH− biomarker+, 5.6% who were LVH+ biomarker−, and 1.9% who were LVH− 

biomarker−. These findings persisted in multivariable-adjusted analyses, with malignant 

LVH participants having a 4-fold higher risk of the composite of incident ADHF events 

and all-cause mortality compared with LVH− biomarker− participants (adjusted hazard ratio 

[HR] 3.88, 95% confidence interval [CI]: 2.44, 6.18). Furthermore, LVH− biomarker+ and 

LVH+ biomarker− participants had a 2-fold higher risk of incident ADHF events and all-

cause mortality compared with LVH− biomarker− participants (Figure 1). Similar patterns of 

results were noted for all-cause mortality (Figure 1).

Randomization to intensive versus standard SBP lowering was associated with a similar 

relative risk reduction for the composite of incident ADHF events and all-cause mortality 

across all four LVH/biomarker categories (P for interaction = 0.68; Table 2). Relative effects 

in each LVH/biomarker group appeared similar among Black and White participants (data 

not shown). However, because of the much higher event rate in the malignant LVH group, 

the 4-year ARR was 4.4% (95% CI: −5.2%, 13.9%) compared with the 2.5% (95% CI: 

−0.3%, 5.3%) in the LVH− biomarker+ group, 2.0% (95% CI: −6.6%, 10.7%) in the LVH+ 

biomarker− group, and 1.2% (95% CI: 0.0%, 2.5%) in the LVH− biomarker− group, with 
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corresponding NNTs of 23, 41, 50, and 82, respectively. A similar pattern of results was 

noted for all-cause mortality (Table 2).

Effects of intensive versus standard SBP lowering on LVH outcomes

Among 7,431 participants without malignant LVH at baseline and with one or more 

follow-up ECG and cardiac biomarker measurement, 133 (1.8%) developed malignant LVH. 

Compared with standard SBP lowering, intensive SBP lowering led to a significant reduction 

in the incidence of malignant LVH (2.5% vs. 1.1%, odds ratio [OR]: 0.44, 95% CI: 0.30, 

0.63, Figure 2). Among the 375 participants with malignant LVH at baseline who had one 

or more follow-up ECG and cardiac biomarker measurement, 216 (57.6%) experienced 

malignant LVH regression. Randomization to intensive versus standard BP lowering was 

associated with numerically greater malignant LVH regression (61.8% vs. 53.4%, OR 1.41, 

95% CI: 0.94, 2.13).

Among 7,215 participants without LVH at baseline and with one or more follow-up ECGs, 

310 (4.3%) developed LVH. Randomization to intensive versus standard SBP lowering 

reduced the risk of incident LVH similarly among biomarker− (OR: 0.51, 95% CI: 

0.37, 0.69) and biomarker+ participants (OR 0.61, 95% CI: 0.43, 0.88; P for interaction 

=0.43, Figure 2). Among 591 participants with LVH at baseline, 366 (61.9%) experienced 

LVH regression. Randomization to intensive versus standard SBP lowering led to more 

LVH regression and was similar among biomarker− (OR 2.29, 95% CI: 1.29, 4.06) and 

biomarker+ participants (OR 1.71, 95% CI: 1.12, 2.59, P for interaction = 0.42).

Compared with standard SBP lowering, intensive SBP lowering led to a greater reduction 

in Cornell voltage index during the follow-up period across all LVH/biomarker categories 

(Supplementary Table S1). The effect of intensive SBP lowering on reduction in Cornell 

voltage index was stronger among LVH− biomarker+ participants compared with LVH− 

biomarker− participants (P for interaction =0.02).

In sensitivity analyses using Cornell voltage product and Sokolow-Lyon LVH criteria, the 

effects of intensive SBP lowering on clinical and LVH outcomes were overall similar to 

using Cornell voltage index in main analyses (Supplementary Tables S2–S4).

Discussion

In this ancillary analysis of SPRINT, participants with malignant LVH had markedly higher 

rates of ADHF events and all-cause death than those without LVH or biomarker elevation, 

as well as higher risk than those with either LVH or biomarker elevation. Intensive SBP 

lowering led to similar relative risk reductions in ADHF events and all-cause death across 

LVH/biomarker groups, and was compatible with large absolute risk reductions among those 

with baseline malignant LVH due to the high risk in this subgroup, although the finding did 

not reach statistical significance. We also observed that randomization to intensive versus 

standard SBP lowering reduced the incidence of malignant LVH. Taken together, these data 

highlight the importance of intensive SBP lowering in modifying the natural history of 

malignant LVH by preventing its development, and when present, decreasing the risk of 

ADHF events and death (Central Illustration).
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To our knowledge, no therapies have been established for the specific prevention or 

treatment of malignant LVH. Thus, our findings have important clinical implications. First, 

our novel findings that intensive SBP lowering prevents malignant LVH, prevents LVH 

similarly among individuals with both elevated and non-elevated cardiac biomarkers, and 

leads to greater voltage reductions among individuals with elevated cardiac biomarkers 

expand upon prior work that has demonstrated achieving lower BP targets improves LVH 

outcomes.11–13 These results suggest that routine measurement of hs-cTnT and NT-proBNP 

levels among hypertensive individuals may be helpful for identifying persons for whom 

intensive BP control can delay the onset of structural heart disease. Second, these data 

provide direct trial evidence that the substantial risk associated with malignant LVH may 

be modifiable, suggesting that both individuals with LVH and malignant LVH appear 

to derive cardiovascular benefits from achieving lower BP targets.13,21 Previous work in 

SPRINT observed that ECG-LVH did not explain most of the reduction in the primary 

CVD composite from intensive SBP lowering, but the impact of BP lowering on LVH may 

mediate effects on specific CVD outcomes, such as heart failure (HF) and death.13

Although routine cardiac imaging or ECG to screen for LVH is not currently recommended, 

our findings support the concept that a multimodality screening approach among select 

individuals with hypertension could distinguish those with elevated yet modifiable 

cardiovascular risk.15,22 Universal ECG screening for LVH is not recommended owing 

to a lack of data on the value of ECG in assessing CVD risk to inform hypertension 

treatment decisions.23 However, we and others have shown that LVH is a heterogeneous 

phenotype with marked variation in natural history depending on the presence or absence 

of elevated cardiac biomarkers. Our findings suggest that ECG surveillance augmented by 

cardiac biomarkers to detect malignant LVH could be considered as an efficient strategy to 

identify those who may derive substantial absolute HF and mortality benefits from intensive 

SBP lowering.

Our finding that SPRINT participants with LVH and minimal elevations in cardiac 

biomarkers had a nearly 4-fold increased risk of ADHF events and all-cause death compared 

with LVH− biomarker− participants is consistent with previous observational studies.6–9 

LVH is common in the setting of hypertension, and numerous studies have established that 

both ECG-derived and imaging-derived measures of LVH are strong risk factors for HF 

and mortality.1,2 While the natural history of LVH varies considerably between individuals, 

pathologic cardiac remodeling is thought to be the key driver of LVH progression to 

HF. Cardiac biomarkers may reflect several mechanisms underlying this maladaptive 

process, including chronic myocardial cell injury, neurohormonal activation, and myocardial 

fibrosis.3–5,24,25

Study limitations

Our study has several limitations. First, the relatively small proportion of SPRINT 

participants with baseline malignant LVH limited our ability to detect modest intensive 

SBP lowering effect sizes, and to evaluate effect modification by race and sex subgroups.26 

Second, LVH was defined using ECG, which may have been less accurate than 

echocardiography or cardiac magnetic resonance imaging (MRI). However, ECGs are 
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widely available, utilized in most patients with hypertension, and LVH by ECG is associated 

with CVD and mortality.27,28 Moreover, prior studies have shown similar risk of malignant 

LVH when defined using ECG and cardiac MRI.6 LVH misclassification would have been 

non-differential across randomized treatment groups and likely biased results to the null. 

Third, we used Cornell voltage to define LVH by ECG instead of other LVH criteria. 

We chose Cornell voltage because it is one of the most commonly used LVH criteria, 

and previous work in SPRINT demonstrated that the effect of intensive SBP lowering on 

LVH incidence and regression was similar using Cornell voltage or other LVH criteria.13 

We also observed similar results in sensitivity analyses using two other commonly used 

LVH criteria (Sokolow-Lyon and Cornell voltage product). Finally, our findings may not be 

generalizable to individuals with malignant LVH who did not meet eligibility criteria for 

SPRINT, including those with diabetes, prior stroke, or at younger ages.

Despite these limitations, this analysis is the first report from a well-designed, large clinical 

trial describing the impact of intensive SBP lowering on outcomes in malignant LVH. As an 

ancillary study of SPRINT, this analysis benefited from inclusion of over 8,000 participants 

with baseline ECG data and hs-cTnT and NT-proBNP measurements; the use of randomized 

data to minimized the impact of confounding; protocol driven data collection including 

ECGs that were centrally read; and rigorously adjudicated HF and death outcomes.

Conclusions

This study reinforces the hypothesis that elevated cardiac biomarkers in the presence of LVH 

identifies a subclinical, malignant LVH phenotype, and presents the best available evidence 

to date that intensive SBP lowering not only prevents malignant LVH, but may also provide 

large absolute risk reductions for ADHF events and death when malignant LVH is present. 

These findings support intensive SBP lowering as an effective treatment for patients with 

malignant LVH, and additionally provide preliminary support that intensive SBP lowering 

may prevent the development of malignant LVH.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Perspectives

Competency in Patient Care and Procedural Skills:

Compared with lowering systolic blood pressure (SBP) below 140 mmHg, more intensive 

lowering to <120 mmHg) reduces progression to malignant left ventricular hypertrophy 

(LVH), and the development of heart failure or death in those with malignant LVH.

Translational Outlook:

Larger trials with longer follow-up of individuals with malignant LVH could provide 

better estimates of the benefit of intensive SBP lowering.
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Figure 1. Associations between LVH/biomarker categories and incident ADHF events and 
mortality.
Hazard ratios with 95% confidence intervals obtained from multivariable Cox proportional 

hazards models that included demographics (age, sex, race, site), treatment assignment, 

and clinical characteristics (body mass index, smoking status, prevalent CVD, systolic 

blood pressure, estimated glomerular filtration rate, and low density lipoprotein cholesterol). 

Combined LVH and biomarker categories include: 1) no LVH and non-elevated cardiac 

biomarkers (LVH− biomarker−), 2) no LVH and elevated cardiac biomarkers (LVH− 

biomarker+), 3) LVH and non-elevated cardiac biomarkers (LVH+ biomarker−), and 4) 

LVH and elevated cardiac biomarkers (LVH+ biomarker+). Elevated cardiac biomarkers 

defined as hs-cTnT ≥ 14 ng/L or NT-proBNP ≥ 125 pg/mL. Abbreviations: ADHF, acute 

decompensated heart failure; CVD, cardiovascular disease; HR, hazard ratio; hs-cTnT, high-

sensitivity cardiac troponin T; LVH, left ventricular hypertrophy; NT-proBNP, N-terminal 

pro-B-type natriuretic peptide; SPRINT, Systolic Blood Pressure Intervention Trial.
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Figure 2. Intensive SBP lowering effects on incident LVH and malignant LVH.
Odds ratios with 95% confidence intervals obtained from logistic regression models. Panel 

A displays proportion without LVH at baseline who developed LVH during follow-up 

stratified by randomized treatment assignment and baseline cardiac biomarker levels. 

Biomarker+ indicates hs-cTnT ≥14 ng/L or NT-proBNP ≥125 pg/mL. Panel B displays 

proportion without malignant LVH at baseline who developed malignant LVH during 

follow-up stratified by randomized treatment assignment. Abbreviations: hs-cTnT, high-

sensitivity cardiac troponin T; LVH, left ventricular hypertrophy; NT-proBNP, N-terminal 

pro-B-type natriuretic peptide; OR, odds ratio; SBP, systolic blood pressure; SPRINT, 

Systolic Blood Pressure Intervention Trial.
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Central Illustration: Intensive SBP lowering and the natural history of malignant LVH.
Randomization to intensive SBP lowering (SBP <120 mm Hg) versus standard SBP 

lowering (SBP <140 mm Hg) not only prevents the development of malignant LVH (LVH 

with hs-cTnT ≥14 ng/L or NT-proBNP ≥125 pg/mL), but may also lead to substantial 

absolute risk reductions in the composite of ADHF events and all-cause mortality when 

malignant LVH is present. Abbreviations: ADHF, acute decompensated heart failure; hs-

cTnT, high-sensitivity cardiac troponin T; LVH, left ventricular hypertrophy; NT-proBNP, 

N-terminal pro-B-type natriuretic peptide; SBP, systolic blood pressure; SPRINT, Systolic 

Blood Pressure Intervention Trial.
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