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Abstract

In observational studies, left ventricular mass (LVM) and structure are strong predictors of 

mortality and cardiovascular (CV) events. However, the effect of hypertension treatment on LVM 

reduction and its relation to subsequent outcomes is unclear, particularly at lower blood pressure 

(BP) targets. In an ancillary study of SPRINT (Systolic BP Intervention Trial), where participants 

were randomly assigned to intensive BP control (target systolic BP target<120 mmHg) versus 

standard BP control (<140 mmHg), cardiac magnetic resonance imaging (CMRI) was performed 

at baseline and 18-month follow-up to measure: LVM, volumes, ejection fraction, and native T1 

mapping for myocardial fibrosis. At baseline, 337 participants were examined (age: 64±9 years, 

45% women); 300 completed the 18-month exam (153 intensive control, 147 standard control). In 

the intensive versus standard BP control group at 18-months, there was no difference in change in 

LVM (mean±SE = −2.7±0.5g versus −2.3±0.7g; p=0.368), ejection fraction, or native T1 (p=0.79), 

but there was a larger decrease in LVM/end-diastolic volume ratio (−0.04±0.01 versus −0.01±0.01; 

p=0.002) a measure of concentric LV remodeling. There were fewer CV events in the intensive 

control group, but no significant association between the reduced events and change in LVM 

or any other CMRI measure. In SPRINT-HEART, contrary to our hypothesis, there were no 

significant between-group differences in LVM, function, or myocardial T1 at 18-month follow-up. 

These results suggests that mediators other than these LV measures contribute to the improved CV 

outcomes with intensive BP control.

Graphical Abstract:
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Introduction

Left ventricular hypertrophy (LVH), abnormally increased LV mass (LVM), occurs 

commonly in hypertension, and in observational studies is an independent predictor 

of cardiovascular (CV) disease (CVD) events and mortality.1–3 However, relatively few 

randomized trials, have examined the effect of blood pressure (BP) lowering on LVM, and 

whether reducing LVM reduces CVD risk independent of BP changes.4–6 This information 

is needed before LVM can be considered a therapeutic target, independent of BP. Multiple 

lines of evidence suggest that LVM is partly independent of BP.2;7–10 One analysis indicated 

that BP may account for only 25% of the variability of LVM in a population.11 The 

uncertainty regarding the relationships between BP lowering, LVM reduction, and improved 

CVD outcomes is greatest at the lower ranges of target BP where there are almost no data.

In the Systolic BP Intervention Trial (SPRINT), intensive BP control to a target systolic BP 

(SBP) <120 mm Hg compared to standard BP control to a target of SBP < 140 mm of Hg 

reduced the risk of CV morbidity and mortality by 25%, total mortality by 27%,12 and acute 

decompensated heart failure (HF) by 36%.13 Recently, Soliman et al. reported that intensive 

BP control in SPRINT resulted in modest reduction of electrocardiogaphic LVH, however 

this did not explain the reduction in CVD events.14
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In response to this work, Lewis et al recently commented that cardiac magnetic resonance 

imaging(CMRI), which has distinct advantages over ECG and echocardiography, might 

provide much needed mechanistic insight into the relationships between hypertension, LVM, 

and CVD.15 Assessment of LVH in most hypertension trials has relied on either ECG, 

which has lower sensitivity and does not measure actual LVM, or echocardiography, which 

has significant variability and relatively high rates of non-evaluability, resulting in potential 

assessment bias.3;4;16 CMRI has significantly greater accuracy, reproducibility, and rates of 

evaluability for LVM compared to echocardiography.17;18 In studies of LVM regression, 

these features of CMRI allow for sample sizes 90% smaller than for echocardiography.17;18 

CMRI is also able to accurately assess other hypertension-related abnormalities, including 

LV remodeling and diffuse myocardial fibrosis.19

SPRINT-HEART was an ancillary study designed to prospectively examine the relationships 

between intensive BP control and CV structure and function by CMRI. We hypothesized 

that intensive BP control would result in reduced LVM and improved LV remodeling and 

myocardial fibrosis by native T1 mapping, and that improvements in thesemeasures would 

be associated with reduced CV events.

Methods

Study Population and Study measurements.

All data will be publicly available at the National Heart, Lung, and Blood Institute 

Biologic Specimen and Data Repository Information Coordinating Center (BioLINCC, 

https://biolincc.nhlbi.nih.gov/home/). Details of SPRINT’s design and primary outcomes 

have been published previously.12;20 SPRINT-HEART was a 340 participant ancillary 

study within the main SPRINT trial. All methods and inclusion and exclusion criteria 

were identical to SPRINT, except that participants with contraindications to MRI were 

excluded.20 Participants were recruited from four clinics and the CMRI exams were 

performed at Wake Forest School of Medicine. The study was approved by the Institutional 

Review Board and written informed consent was obtained.

The baseline CMRI exam was performed within 7–10 days of the randomization visit. Most 

LVM reduction typically occurs within 12 months of a change in BP.8 Similarly, regression 

of biopsy-proven established fibrosis is found within 12 months of treatment in hypertensive 

heart disease. 21;22 Accordingly, the follow-up CMRI exam was performed at the time of the 

18-month follow-up visit. Since titration of BP medications was generally complete within 

3–6 months of randomization, this strategy allowed a minimum intervention exposure of 

12–15 months prior to the follow-up CMRI exam.

As previously described, a cohort of 60 healthy, age-matched, disease-free subjects 

≥60 years old was recruited from the community and underwent CMRI using identical 

methods to the SPRINT-HEART participants.23 Subjects were excluded if they had any: 

chronic medical illness; chronic medications; current symptoms or complaints; abnormal 

physical examination (including BP≥140/90 mmHg); abnormal results on the screening 

tests (chemistry panel, complete blood count, echocardiogram, ECG and treadmill exercise 

test).23 This cohort served as a normative reference group for comparison to the SPRINT-
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HEART participants. Abnormally increased LVM or LVH was defined as LVM exceeding 

the upper 95th percentile confidence limit of this normative reference group, adjusted for 

age, sex, and body surface area.

CMRI measures

CMR protocol: CMRI scans were performed on a 1.5 Tesla Avanto scanner (Siemens 

Medical Solutions, Erlangen, Germany) with a phased array chest coil. For assessment of 

LVM and volumes, cine short-axis white blood steady-state free precession images were 

acquired encompassing the LV in 8-mm thick planes separated by 2-mm gaps. Imaging 

parameters included a 40-cm field of view, 192×109 matrix, 10-ms repetition time, 1.12-ms 

echo time, 20° flip angle, 930 Hz/pixel bandwidth, and 40-ms temporal resolution. 19;24 

After acquisition, all images were analyzed by individuals who were blinded to treatment 

group assignment and the study hypothesis.

LVM determination: As previously described in our laboratory, the epicardial and 

endocardial borders of each LV slice were contoured using a semi-automatic method 

(QMASS 7.1, Medis, The Netherlands) at end-diastole.24 The difference between the 

epicardial and endocardial areas for all slices were multiplied by the slice thickness 

and section gap, and then multiplied by the specific gravity of myocardium (1.05 g/ml) 

to determine LVM.3;19;24 Papillary muscle mass was excluded from the measurement 

of LVM.19;24;25 Rather than ‘indexing’ to body surface area, LVM (and LV volumes, 

below) were adjusted statistically for age, sex, race, and body surface area to account for 

confounding demographic and anthorpomorphic variables.

LV volumes: As previously described, endocardial borders of each slice were contoured at 

end-diastole and end-systole and volumes were calculated by summation using Simpson’s 

rule.3;19;24 To assess LV remodeling, the LVM/volume ratio was calculated as LVM divided 

by end diastolic volume (EDV). LV stroke volume (SV) was calculated by subtracting 

end systolic volume (ESV) from EDV. Significant mitral regurgitation was excluded. LV 

Ejection Fraction (LVEF) was calculated as the SV divided by EDV.19;24

Myocardial native T1: Myocardial T1 mapping was acquired with a modified Look-

Locker inversion (MOLLI) recovery sequence in a mid-cavity short-axis slice pre-contrast 

(native T1).26;27 The MOLLI imaging acquired 11 images during breaht-hold over 17 

heartbeats with a 360×360 mm field of view collected with a 192×183 matrix, 35° flip angle, 

8 mm slice thickness, 1.1 ms echo time, 2.2 ms repetition time, and an acceleration factor 

of 2.26;27 As previously published, a 3-parameter curve fit with the Levenberg–Marquardt 

algorithm was applied to the modified Look-Locker inversion source images to create a 

T1 map.26 Myocardial endocardial and epicardial borders were drawn manually on each 

cine series and on T1 maps to ensure exclusion of the LV blood pool and epicardial fat. 

Average T1 was calculated from the segmented myocardium; univariate linear modeling was 

performed to determine T1-related heart rate dependency.26

Because a key SPRINT trial inclusion criterion was significant chronic kidney disease 

(CKD), gadolinium contrast was not feasible. This limited our ability to measure 
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extracellular volume fraction (ECV), a noninvasive marker for diffuse fibrosis. However 

it has been shown that non-contrast “native T1” measures have a linear correlation with 

percentage of myocardial fibrosis measured histologically on invasive myocardial biopsy.28 

In addition, native T1 has comparable ability to ECV in the detection and quantification of 

histological collagen volume fraction, with high reproducibility.29 Furthermore, native T1 

shows a stronger relationship with markers of structural and functional LV remodeling.

Statistical Methods

We estimated that a sample size of 340 subjects (170 per treatment group) would provide 

at least 300 evaluable CMRI scans at the 18-month follow-up visit. This assumed 4% loss 

to follow-up and that 92% of participants agreeing to a baseline MRI would agree to the 

follow-up MRI. With this sample size, we estimated that we would have > 80% power to 

detect a between group difference of 2.9 g for the primary outcome of change in LVM, 

assuming a standard deviation of 23.1 g and a correlation of 0.93 between the baseline and 

follow-up assessments. Therefore, we performed CMRs on 340 participants at baseline to 

have at least 300 evaluable participant CMR scan pairs at 18-months follow-up. The sample 

size of 300 evaluable data pairs will allow a correlation between MRI measures of LVM or 

change in LVM of 0.8 with a 95% confidence interval of (0.75, 0.84).

SAS v9.4 (Cary, NC) and The R Statistical Computing Environment were used for all 

analyses. Linear mixed models which included participant-specific and clinic site-specific 

random effects were used to compare longitudinal trajectories for BP between groups. 

Modeling was conducted using SAS proc mixed using minimum variance quadratic 

unbiased estimation. CMRI outcome measures were compared between groups using linear 

models, including adjustments for age, sex, body surface area, and baseline CMRI values. 

Exploratory mediation analyses were conducted using the mediation package for R. This 

involved fitting a linear regression (mediator model) for change in heart rate, and a similar 

linear regression for change in the LVM/LV EDV (outcome model), to estimate whether 

effects of intensive treatment on LVM/LV EDV were mediated via changes in heart rate. 

There was no adjustment of the multiple testing amongst the secondary end points; because 

of the potential for type I error, the findings from these analyses should be considered 

exploratory.

We estimated the incidence of the primary composite CVD outcome using Kaplan-Meier 

techniques, and used Cox proportional hazards regression to evaluate the association 

between the change in the CMRI outcome measures between baseline and the follow-up 

visit and incident CVD events. For analyses of CVD events, we excluded participants that 

experienced a CVD event prior to the 18 month follow-up visit (8 events excluded).

Results

Participant characteristics

A total of 337 SPRINT participants (mean age=64.3±8.9 years (Standard Deviation, SD), 

45% female) completed the baseline exam, with 170 and 167 randomized to intensive 

treatment and standard treatment respectively. There were no significant baseline differences 
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in characteristics between the treatment groups (Table 1). There were modest differences 

in some characteristics compared to the rest of the SPRINT cohort (Supplemental Table 

S1). Demographics of the normative reference group were previously published: mean age 

69.3±7.4 years; 62% female).23

At baseline, the SPRINT-HEART subgroup had reasonably well-controlled BP (mean 

SBP=141.2±16.7 mm Hg). Based on the 95% upper limit (mean+2 SD) from the healthy 

normative control group, 9.1% of men and 13.3% of women in SPRINT-HEART had LVH 

(abnormally increased LVM) by CMRI. By electrocardiograph (Cornell voltage criteria), 

5.7% of SPRINT HEART participants had LVH at baseline.

Achieved BP

Figure 1 displays SBP by treatment group through the 18-month study visit. The least 

square mean SBPs during follow-up were 123.2 mm Hg and 135.8 mm Hg in the intensive 

treatment and standard treatment groups respectively. The between-group difference in 

SBP was 12.7 mm Hg (95% CI:11.1–14.3 mm Hg). Most (11.4 mm Hg, 90%) of this 

between-group difference was achieved by 3 months follow-up, thereby allowing >15 

months exposure to observe changes in the CMRI measures. We also compared the SBP and 

DBP at the time of baseline and 18 month follow-up CMRI scan. As shown in Supplemental 

Table S2, this did not significantly change the separation in BP between the 2 groups.

LV mass

In the intensive treatment group, 153 (90%) participants completed the follow-up CMRI 

exam, and 147 (88.0%) in the standard treatment group (p=0.56). At 18-months follow-up, 

there was a modest decline in LVM that was similar between treatment groups (intensive:

−2.7 ±6.4 g versus standard:−2.3±8.4 g; p=0.368, Table 2, Figure 2). There were no 

significant differences in percentage of participants with >5% (p=0.5) or >10% (p=0.8) 

decline in LVM (Supplemental Table S3). In both treatment groups, participants with higher 

baseline LVM had larger declines in LVM, but there was no indication of heterogeneity in 

the effect of intensive BP control by baseline tertile of LVM (Table 3).

LV volumes

LV EDV increased modestly from baseline to 18 months in the intensive treatment group 

and decreased in the standard treatment group (2.4±11.5 versus −1.6±12.8 ml, p=0.015; 

Table 2). The ratio of LVM/LV EDV declined more in the intensive treatment group 

(−0.04±0.09 versus −0.01±0.09; p=0.002), consistent with less concentric hypertrophic LV 

remodeling. LV SV increased slightly in the intensive treatment group but decreased in the 

standard treatment group (0.9±7.8 versus −1.7±8.4 ml; p=0.021). There were no between-

group differences for change in LV ESV, LVEF, heart rate, or cardiac output. By mediation 

analysis only 4.4% (p=0.45) of the total effect of intensive treatment on change in LVM/LV 

EDV was explained by changes in heart rate.

Myocardial native T1

At 18-month follow-up, there was no between-group difference in change in myocardial 

native T1 values (p=0.78; Table 2).
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CMRI measures by sex

Sex-specific analyses showed similar results as with both sexes combined (Supplemental 

Table S4).

Cardiovascular events

Although the sample size of this ancillary study provides limited power to examine CVD 

events, the results in SPRINT-HEART were consistent with the overall trial.12 Compared 

to standard treatment, intensive treatment had a lower incidence of the primary composite 

CVD endpoint (9 versus 18 events, Hazard Ratio =0.48, 95% CI:0.22–1.06) and all-cause 

mortality (3 versus 8 deaths, Hazard Ratio =0.32, 95% CI:0.08–1.22). There was no 

significant association between change in any CMRI measure and CVD events subsequent to 

the 18-month visit (Table 4).

DISCUSSION

In SPRINT-HEART, a prospective, ancillary study to SPRINT, we utilized CMRI to examine 

the effect of intensive SBP control on LVM, structure, function, and myocardial native T1 

indicative of diffuse fibrosis. Contrary to our hypothesis, there were no significant between-

group differences in LVM, function, or myocardial T1 values at 18-months follow-up. 

There was a modest but significant decrease in the LVM/EDV ratio, indicating improved 

LV concentric remodeling. Consistent with the overall trial, participants randomized to 

intensive treatment in SPRINT-HEART had a considerably lower incidence of CVD events 

and all-cause mortality. Given this disparity between reduction in events that was similar 

to that observed in the overall trial but with no reduction in LVM, it is not surprising that 

we found no significant association between reduced event rates and changes in LVM or 

any other CMRI measure. This observation is in accord with a prior report from the entire 

SPRINT cohort which showed that change in ECG-LVH was not associated with reduction 

in CVD events.14 Taken together, these data suggest that the reduction in CVD morbidity 

and mortality in SPRINT was likely not driven by changes in LVM, structure, function, or 

fibrosis.

There have been surprisingly few reports from randomized trials that have examined the 

effect of BP lowering on LVM and whether reducing LVM reduces risk independent of 

BP changes.4;14;30–35 In contrast to the present study, nearly all previously reported trials 

examined BP levels much higher than SPRINT, did not compare two different treatment 

BP targets, assessed LVH by electrocardiography or echocardiography, and were unable 

to examine relationships of LVM with events.4;14;30–35 For example, a meta-analysis of 

randomized trials showed regression of echocardiographic LVH with BP lowering, however, 

they compared different classes of antihypertensive therapy and not different SBP targets.33 

In addition, BP averaged 165 mm Hg at baseline and decreased by 14 mm of Hg with 

treatment; thus baseline and final BP levels were much higher than in SPRINT.33 Two prior 

randomized trials suggested regression of LVM using CMRI, however comparisions were 

between 2 different agents, the final achieved BP was similar between groups, and the BP 

levels were much higher than in SPRINT.31;32
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Thus, to our knowledge, SPRINT-HEART is the first prospective evaluation of the effect of 

intensive BP control (<140 mm Hg) using CMRI to measure LVM, structure, function, and 

fibrosis in a randomized, controlled trial. The present study is also unique in that it is able to 

relate changes in clinical events with changes in CMRI measures in the lower BP range.

Reports by Soliman et al examined LVH by electrocardiography in two prior trials that 

achieved goal BPs <140mmHg.14;35 In the Action to Control Cardiovascular Risk in 

Diabetes Blood Pressure (ACCORD) trial of patients with hypertension and diabetes 

mellitus, intensive BP lowering (<120 mmHg) was associated with 39% lower risk of 

electrocardiographic LVH compared to standard BP lowering (SBP <140 mmHg).35 In a 

recent report from SPRINT, intensive BP lowering in SPRINT resulted in lower rates of 

developing new electrocardiographic LVH and higher rates of regression of existing LVH.14

SPRINT-HEART significantly expands upon the reports by Soliman et al by evaluating 

the effect of intensive BP reduction to <120 mm Hg on measured LVM (rather than 

electrocardiographic LVH) and also LV structure, function, and fibrosis using modern CMRI 

techniques. Although electrocardiographic LVH has reasonable correlations with LVM 

measured by autopsy, CMRI or echocardiography in cross-sectional studies, ECG LVH 

has fundamentally different determinants than measured LVM (electrical vs anatomical), 

and because of this, changes over time in electrocardiographic LVH and measured LVM 

are less closely related than in cross-sectional correlations.14 Furthermore, changes in 

LVM can result from diverse etiologies, including number of and size of cardiomyocytes, 

edema, fatty infiltration and ischemic cellular changes.15;36 These changes have variable, 

sometimes opposite, effects on the electrical signal.3;36 Electrcardiographic LVH can also 

reflect, instead of increased LVM, increased myocardial tension, or neurohormonal and/or 

biochemical changes in the myocardium.36 These and other reasons led Lewis et al, who 

commented on the above electrocardiography-based LVH report by Soliman et al, to call for 

a study such as SPRINT-HEART to quantitatively assess LVM and fibrosis with intensive 

BP lowering.15

Several factors support the credibility of our finding of no significant reduction in measured 

LVM with intensive BP control. Participants in SPRINT, by design, already had relatively 

well-controlled BP at baseline, and thus likely had lower LVM and less LVH as compared 

to patients in prior hypertension studies where BPs were higher.31;32 Indeed, in SPRINT- 

HEART, only 9% of men and 13% of women had abnormal LVM by CMRI when compared 

to a cohort of healthy, non-hypertensive controls studied in our laboratory using identical 

CMRI methods.23 Our participants also had a low rate of electrocardiographic LVH (6%) at 

baseline, in accord with the low rates in the entire SPRINT cohort.14 Furthermore, the mean 

change in LVM (−0.4 g), and 95% confidence intervals of −2.0 to 1.3 g, generally exclude 

a clinically significant effect on LVM. This lack of LVM reduction occurred despite an 

adequate BP reduction stimulus, since an average of 13 mmHg SBP reduction was achieved 

at 3 months in the intensive treatment group, and despite adequate exposure time since 

CMRI measurements were performed at 18-month follow-up.

Other studies have shown that LVH regression is not uniformly observed with BP reduction. 

In a longitudinal study of anti-hypertensive treatment, among hypertensive patients with 
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LVH at baseline, only 14% had LVH regression at follow-up.37 Furthermore, several patient 

characteristics known to predict lower likelihood of LVM regression, including older age, 

kidney disease, female sex, obesity and metabolic syndrome, were present in a large 

proportion of the SPRINT population.38–40 Indeed, contrary to conventional belief, BP may 

account for only 25% of the variability of LVM in a population.40 This concept is supported 

by the observation that increased LVM can precede development of hypertension,11 perhaps 

via neuro-hormonal activation that can directly promote myocyte hypertrophy and matrix 

deposition independent of BP.41;42

We also did not observe significant changes in LV function or in myocardial native T1 

values, which correlates with diffuse fibrosis, with intensive BP control. While we don’t 

have a normative reference population for myocardial native T1 values, comparison with 

other studies suggests that values in SPRINT-HEART were generally within the normal 

range.26;43 Consistent with this finding, a recent CMRI study in patients with hypertensive 

heart disease found that patients with concentric LV remodeling had normal native T1, 

suggesting that the development of myocardial fibrosis in hypertensive heart disease may 

not be linearly related to BP.44 Also, SPRINT utilized a BP reduction strategy with a 

menu of recommended anti-hypertensive agents, rather than a specific medication, and 

not all antihypertensive agents have anti-fibrotic effects.45 Finally, other reports indicate 

LVH-related fibrosis may not be highly responsive to antihypertensive treatment.22;46

The present study is unique in that it is the only trial that has examined the relationship 

between change in LVM and events with intensive BP reduction. There are only two prior 

reports that have examined relationships between change in LVM and events and these had 

multiple differences in design from SPRINT-HEART, including use of electrocardiography 

and echocardiography to assess LVM, and BP ranges that were much higher than 

SPRINT.4;6 Several factors support the credibility of our finding of a lack of relationship 

between lower CV events and changes in LVM, structure, function, and fibrosis. The LVM 

findings are in accord with electrocardiographic findings which were measured in the entire 

SPRINT cohort, which showed that changes in LVH accounted for only 4% of the reduction 

in CV events.14 Despite having relatively modest levels of LVH at baseline, participants 

had a high rate of CVD events during follow-up. The magnitude of CV event reduction 

during follow-up in the intensive control group in SPRINT was large, about 25% overall, 

leading to early trial termination, and the event reduction in SPRINT-HEART was similar 

or even larger. In contrast, the effect size of intensive BP reduction on LVM was very small 

(−0.4 gm) and was non-significant. Prior studies have also suggested that even when there is 

LVH reduction, CV event risk, particularly for HF, persists.5 Taken together, these findings 

suggest that, in this BP range and this patient population, LVM may not play a major role in 

mediating BP treatment-related reduction in CVD events.

These results, while contrary to our initial hypothesis, are valuable since they suggest 

that mediators other than changes in LVM, structure, function, and fibrosis are primarily 

responsible for the improved outcomes from intensive BP reduction and thereby help direct 

future research directions in this important area. While the present study did not assess other 

potential mechanisms of benefit, other candidates include amelioration of neurohormonal 

activation, especially excess sympathetic activity, which may drive myocardial changes 
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independently of BP, as well as increased arterial stiffness,47 oxidative stress,48 systemic 

inflammation,49 and changes in the microvasculature, including microvascular rarefaction/

remodelling,50 and endothelial dysfunction.51 Identification of novel therapeutic targets 

beyond LVH and fibrosis could have significant impact on future management of 

hypertension.14

Our study has several strengths, including a racially diverse population, large number of 

patients >75 years old, random treatment assignment, adjudication of clinical events, use 

of modern CMRI techniques which are highly accurate and reproducible for assessing 

changes in LVM, structure, function, and myocardial fibrosis,17;18 and centralized, blinded 

image analyses. To our knowledge, this is the largest study using CMRI embedded in a 

hypertension clinical trial, and the only one embedded in a clinical events trial with intensive 

SBP reduction.

Our study also has some limitations. Since SPRINT was a treatment strategy trial based on 

different BP goals, we are unable to separate the impact of lowering BP from the impact 

of individual medications. The SPRINT trial population was restricted to older patients with 

relatively high CVD risk, high rates of CKD, and no diabetes mellitus. Thus, our results may 

not apply to other populations. Previous studies indicate that most LVM reduction occurs 

within 12 months of a change in BP.7 With 18-month follow-up and an average 11.4 mmHg 

SBP between-group difference at 3-months, the intensive control group participants had at 

least 15-months treatment exposure. Still, we cannot exclude that even longer term exposure 

may have resulted in greater change in LVM and other CMRI measures. Because advanced 

kidney disease was an inclusion criterion in SPRINT, we were unable to use gadolinium 

contrast to measure myocardial fibrosis. We also did not assess the impact of BP reduction 

on patterns of LV geometry.

Was the present sample size adequate to address the hypothesis ? To our knowledge, this is 

the largest study using CMRI to assess the relationship between changes in LVM and events, 

and CMRI has much lower variability than echocardiography for assessing changes in 

LVM.17;18 The sample size was based on formal power analyses using data in the literature 

and from our laboratory. Furthermore, the effect size of LVM (−0.4 g; 95% confidence 

intervals −2.0–1.3 g) indicate that even if the sample size were many fold larger, the likely 

LVM reduction would be of minimal clinical relevance. Finally, the disparity between the 

size of the event reduction verus change in LVM was marked.

Conclusions

Randomization to intensive BP control was not associated with a significant difference 

in LVM, structure, function, or diffuse myocardial fibrosis but was associated with 

a modest reversal of LV concentric remodeling. There was no significant relationship 

between changes in any CMRI measure and reduced CV events. These data, combined 

with electrocardiographic data from SPRINT and data from other studies, suggest that 

mechanisms other than reduction in LVM and/or fibrosis may contribute to the effect of 

intensive BP control in reducing CV events. Examining other potential mechanisms may 

help idenitfy novel therapeutic targets.
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Perspectives

Despite high CV risk at baseline, SPRINT-HEART participants had modest levels of LVH 

by both CMRI and electrocardiography. Also, despite having modest levels of LVH, they 

had high rates of CVD events during follow-up. Although intensive BP control resulted in a 

lower event rate, this was not significantly associated with changes in any CMRI measure. 

Therefore, in this BP range and patient population, LVM may not play a major role in 

determining CVD risk or treatment benefit.

Novelty and Significance

What Is New?

• To our knowledge, SPRINT-HEART is the first prospective evaluation of the 

effect of intensive BP control (SBP < 120 mm of Hg) on LVM, structure, and 

fibrosis in a large randomized, controlled trial using CMRI.

• Despite high CVD risk at baseline, SPRINT-HEART participants had modest 

levels of LVH by both CMRI and electrocardiography. Also, despite having 

modest levels of LVH, they had high rates of CVD events during follow-up.

• There were no significant between-group differences in LVM, function, or 

myocardial T1 at 18-month follow-up.

• Although intensive BP control resulted in a lower event rate, this was not 

significantly associated with changes in any CMRI measure.

What Is Relevant?

• These data suggest that mechanisms other than reduction in LVM and/or diffuse 

fibrosis contribute to the effect of intensive BP control in reducing CV events.

• Future mechanistic studies should seek to identify these other mechanisms 

and determine their potential as independent therapeutic targets for improving 

outcomes in hypertension.

Summary

• Randomization to intensive BP control was not associated with a significant 

difference in LVM, structure, function, or diffuses myocardial fibrosis but was 

associated with favorable reversal of LV concentric remodeling

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Systolic Blood Pressure (SBP) for participants in SPRINT-HEART through the-18 month 

follow-up visit. Points denote mean SBP, 95% confidence intervals.
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Figure 2. 
Change in Left Ventricle (LV) Mass versus Change in Blood Pressure by Treatment Group. 

Change in blood pressure defined as the difference between the mean blood pressure 

over the 6, 9, 12, 15, and 18 month study visits and baseline blood pressure. Solid lines 

denote estimated regression fit based on local polynomial regression with point-wise 95% 

confidence intervals (shaded areas). Tick marks on x-axis represent density of changes in 

blood pressure.
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