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Abstract

In a subgroup of 337 participants (mean age 64±9 years; 45% women) from the Systolic Blood 

Pressure Intervention Trial (SPRINT), where participants were randomly assigned to intensive 

treatment (target systolic blood pressure (SBP)<120 mmHg) versus standard treatment (<140 

mmHg), we examined the effect of intensive BP lowering on indexes of aortic stiffness. Carotid-

femoral pulse-wave velocity (cfPWV), a validated global measure of aortic stiffness, was 

measured by echo-guided Doppler at baseline and 18-month follow-up visit. Aortic elastance, 

distensibility, and compliance were measured by cardiac magnetic resonance imaging. During 

follow-up, the intensive treatment produced a mean between-group reduction in SBP of 12.7 

mmHg (95% confidence interval (CI):11.1–14.3 mm Hg). During follow-up, intensive treatment 

significantly attenuated the increase in cfPWV compared to standard treatment [adjusted follow-up 

least square mean (LSM) =9.0 m/sec (95% CI: 8.7–9.3) versus 10.0 m/sec (9.6–10.3); p<0.001], 

an effect that persisted even after adjusting for mean arterial pressure. Intensive treatment also 

decreased the aortic elastance index [LSM=1.38 mm Hg/mL/m2 (95% CI: 1.34–1.41) vs 1.48 mm 

Hg/mL/m2 (95% CI: 1.44–1.51), p=0.002] compared to standard treatment. No significant 

between-group differences were observed for aortic distensibility and compliance. We conclude 

that intensive treatment significantly attenuated increases in cfPWV and aortic elastance index. 

Attenuation of increases in aortic stiffness may be one of the mechanisms contributing to the 

benefit of intensive BP treatment observed in SPRINT.
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Introduction

Aging is associated with reduced effectiveness of the aortic volume reservoir that dampens 

cardiac pulsation. Loss of elasticity causes increased systolic blood pressure (SBP), reduced 

diastolic flow and diastolic blood pressure (DBP), and widening of pulse pressure (PP), the 

cardinal clinical sign of increased aortic stiffness. Increased SBP greatly exacerbates the 

aging-related increase in aortic stiffness,1 resulting in increased left ventricle (LV) afterload 

and adverse ventricular-vascular coupling, LV hypertrophy, and impaired coronary artery 

perfusion.2 Increased aortic stiffness is common in systolic hypertension and may contribute 

to the development of heart failure (HF), chronic kidney disease (CKD), and cerebrovascular 

disease, and is an independent predictor of cardiovascular (CV) morbidity and mortality in 

hypertensive patients.3–6

Carotid-femoral arterial pulse-wave velocity (cfPWV) is a validated, reproducible, 

noninvasive global measure of aortic stiffness and is a strong, independent predictor of CV 

events and all-cause mortality.7,8 Assessment of cfPWV has recently been added as a class 

IIA recommendation to the European Society of Hypertension (ESH) and the European 

Society of Cardiology (ESC) guidelines for the management of hypertension, which 

recommend screening for large artery stiffening in asymptomatic hypertensive patients in 

order to detect asymptomatic organ damage as an intermediate stage in the continuum of 

vascular disease.9 We and others have shown that cardiovascular magnetic resonance 

imaging (CMRI) local measures of aortic stiffness are reproducible, correlate with adverse 

outcomes, and are responsive to treatment.4,5,10 For example, decreased aortic distensibility 

as assessed by CMRI predicted all-cause mortality and incident CV disease (CVD) in the 

Multi-Ethnic Study of Atherosclerosis (MESA).11

The Systolic Blood Pressure Intervention Trial (SPRINT) showed that intensive BP control 

to a target SBP<120 mmHg compared to a standard target of SBP< 140 mmHg reduced the 

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

decompensated HF by 36%.12,13 While these results have led to revisions of the American 

Heart Association / American College of Cardiology hypertension management guidelines,
14 the mechanistic link between the intensive SBP reduction, vascular function, and 

reduction in CVD events are not well understood.

We recently showed that intensive treatment did not significantly improve LV hypertrophy, 

LV function, or myocardial fibrosis compared to standard treatment.15 This suggests that 

mediators other than these LV measures may contribute to the improvements in CVD events 

associated with intensive treatment. A recent secondary analysis of SPRINT showed that the 

intensive treatment was associated with improvements in estimated aortic stiffness at 12 

months of follow-up and improved risk prediction for incident CVD events and mortality.16 

However, that study only examined the effect of intensive BP treatment on aortic stiffness 

through statistical predictions of PWV calculated as a function of age and BP, a method 

known to have significant limitations.17 Besides, that analysis was post hoc with inherent 

limitations.
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SPRINT–HEART is distinct from and significantly extends that prior work. It was a pre-

planned, prospective, combined CMRI and echo-Doppler ancillary study to SPRINT 

designed to assess the effect of intensive BP reduction on robust, well-established measures 

of vascular function and to overcome the limitations of the prior studies. We measured PWV 

directly and multiple other independent arterial function measures and did so in a different 

cohort of the SPRINT population.

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.12,13,18 SPRINT-HEART was a 337 participant ancillary study within 

the main SPRINT trial.15 All methods and inclusion and exclusion criteria were identical to 

SPRINT, except that participants with contraindications to CMRI were excluded.12,18 

Participants were recruited from four clinics, and the CMRI exams were performed at Wake 

Forest School of Medicine.15 The study was approved by the Institutional Review Board, 

and written informed consent was obtained.

Examinations were performed in the morning after an overnight fast and before taking study 

medication. CMRI and Doppler-echo ultrasound examinations were performed within 7–10 

days of the randomization visit and again at the 18-month follow-up visit. Since titration of 

BP medications was generally complete within 3–6 months of randomization, this strategy 

allowed an intervention exposure of at least 12–15 months prior to the follow-up CMRI and 

Doppler-echo exams.

CMRI local aortic stiffness measures

CMRI scans were performed as previously described 4,5,10 on a 1.5 Tesla Avanto scanner 

(Siemens Medical Solutions, Erlangen, Germany) with a phased array chest coil. For 

assessing aortic distensibility, a series of sagittal and axial images of the aorta were obtained 

in standard and oblique planes. The purpose of obtaining these planes was to ensure a 

circular aortic lumen throughout the cardiac cycle to minimize partial volume effects during 

image acquisition. Cardiac cycle-dependent changes in the aortic lumen were assessed 

according to previously published techniques with interleaved, velocity-encoded, phase-

contrast (PC), gradient-echo images acquired perpendicular to the course of the proximal 

ascending thoracic aorta approximately 4 cm above the aortic valve.4,5 We utilized 8 mm 

thick slices with 256×256 matrices, a field of view of 28–32 cm (yielding voxel sizes of 

0.94×0.94×8 mm), a flip angle of 40 degrees, a repetition time of 11 msec, and an echo-time 

of 3.5 msec. A non-ferromagnetic brachial BP cuff was applied to record BP during the PC-

CMR image acquisition, and systolic and diastolic BP were measured in triplicate and then 

averaged. 4,5,10 Using custom software, the cross-sectional area of the vessel lumen was 

planimetered during end-systole and end-diastole.
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As previously described, aortic distensibility by CMRI was calculated by the following 

formula.4,5,10 Aortic distensibility=Area of aorta at end-systole(mm2) - area aorta at end-

diastole(mm2) / brachial PP(mmHg) × area aorta at end-diastole(mm2) (Figure 1). Brachial 

PP was measured noninvasively with a non-ferromagnetic arm BP and recorded at the time 

of the phase-contrast acquisition.4,5,10 Aortic compliance can be defined as the change in 

arterial blood volume within an aortic segment caused by a given change in arterial BP. 

Practically, the arterial blood volume was defined as the aortic cross‐sectional area 

multiplied by the slice thickness. As the slice thickness was constant for a patient 

examination, we consider only the aortic cross‐sectional area. We define compliance as the 

change in the cross‐sectional area during a cardiac cycle corresponding to a given change in 

arterial BP.4,5,19 Aortic elastance index was measured as the ratio of end-systolic pressure to 

LV stroke volume index (mmHg/mL/m2), in which end-systolic pressure was estimated by 

multiplying the brachial arterial systolic BP by 0.85. This metric to assess end-systolic 

pressure has been shown to correlate well with that obtained invasively (r=0.98, p<0.0001).
20,21 Aortic stiffness was also assessed as the ratio of brachial artery PP (PP; measured by a 

CMR-compatible sphygmomanometer) relative to the LV stroke volume indexed to body 

surface area (SVi).20,21 PP/SV has been shown to correlate well with other measures of 

arterial stiffness (r=0.98, p<0.001).22

Global aortic stiffness measure: Carotid Femoral Pulse wave velocity

As previously described, cfPWV was measured by a two-dimensional echo-guided Doppler.
23 Standard longitudinal B-mode images of the left common carotid artery were recorded 

with the subject in the supine position using a commercially available ultrasound instrument 

(Sequoia, Accuson, Inc) fitted with a high-frequency (10-MHz) linear probe and using 

vascular software and optimized settings. The wave Doppler flow was identified 

simultaneously with ECG. The process was repeated on the left femoral artery in the groin. 

The measurement of cfPWV is made by dividing the distance (from the carotid point to the 

femoral point) by the so-called transit time (the time of travel of the foot of the wave over 

the distance). The foot of the wave is defined at the end of the diastole when the steep rise of 

the waveform begins. To find the transit time, the time from the R wave of the QRS to the 

foot of the waveform was measured using digital calipers. PWV was defined as the distance 

between the carotid and femoral arteries divided by the transit time calculated by Doppler 

(Figure 1).22 Arm-cuff BPs were recorded in triplicate and averaged. The cfPWV and MRI 

measures were done on the same day among most of the participants.

Statistical Methods

SPRINT-HEART was designed to detect hypothesized effects of intensive BP control on CV 

structure and function, the details of which have been previously described.15 Linear mixed 

models with participant-specific and clinic site-specific random effects were used to 

compare longitudinal trajectories for systolic BP between the treatment groups. Change in 

measures of aortic stiffness and other outcome measures were compared between the 

treatment groups using linear models, including adjustments for the baseline value of each 

measure, age, and sex. Prespecified subgroups for the overall trial included age (<75 versus. 

≥75 years), sex, race/ethnicity (Black versus. non-Black), baseline systolic BP tertiles (≤132, 
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>132 to <145, and ≥145 mmHg), history of CVD, CKD, and orthostatic hypotension at 

baseline. Interactions between treatment effects and subgroups were assessed with a 

likelihood ratio test. To account for multiple comparisons, we utilized the step-down 

procedure of Holm.24

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

techniques. We used Cox proportional hazards regression to evaluate the association 

between the change in the cfPWV measure between baseline and the follow-up visit and 

incident CVD events. For analyses of CVD events, we excluded participants who 

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

analyses were performed using SAS v9.4 (Cary, NC) and The R Statistical Computing 

Environment.

Results

Participant characteristics

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

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

treatment and standard treatment, respectively (Figure 2). The 2D Doppler-echo exam was 

performed on 266 SPRINT participants at baseline; non-completion of the Doppler-echo 

exam was due primarily to staffing limitations. There were no significant baseline 

differences in characteristics between the treatment groups (Table 1).15 There were modest 

differences in some characteristics compared to the rest of the SPRINT cohort 

(Supplemental Table S1).15

Achieved BP

Figure 3 displays SBP by treatment group through the 18-month follow-up study visit. The 

least-square mean (LSM) SBPs during follow-up were 123.2 mmHg and 135.8 mmHg in the 

intensive treatment and standard treatment groups. The between-group difference in SBP 

was 12.7 mmHg (95% confidence interval (CI):11.1–14.3 mm Hg). Most (11.4 mmHg, 

90%) of this between-group difference was achieved by the 3 months of follow-up visit, 

thereby allowing >15 months exposure to observe changes in the aortic stiffness measures. 

We also compared the SBP and DBP at the time of baseline and 18-month follow-up 

Doppler and CMRI exams. As shown previously,15, this did not significantly change the 

separation in BP between the 2 groups.

Aortic stiffness measures

Intensive treatment attenuated the increase in cfPWV observed with standard treatment 

[adjusted follow-up LSM, 9.0 m/sec, 95%(CI), 8.7 to 9.3 versus 10.0 m/sec, 95% CI, 9.6 to 

10.3, for intensive and standard treatment respectively p<0.001] (Table 2). This effect on 

cfPWV was generally unchanged upon adjusting for mean arterial pressure, [adjusted 

follow-up LSM = 8.95 (95%CI: 8.62–9.28) versus 9.90 (95% CI: 9.54–10.26) for intensive 

and standard treatment respectively, p=0.003]. The aortic elastance index was significantly 

decreased with intensive treatment (adjusted follow-up LSM = 1.38 mm Hg/mL/m2 (95% 

CI: 1.34–1.41) versus 1.48 (95% CI: 1.44 to 1.51), p=0.002). There were no significant 
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between-group differences for the aortic stiffness index, stroke volume, or the other aortic 

stiffness measures we examined.

Effects of the intensive BP reduction on aortic stiffness measures among the prespecified 
subgroups

The effects of the intensive treatment on cfPWV were generally consistent across 

prespecified subgroups, recognizing such analyses are typically underpowered. The lone 

exception was a more considerable difference in cfPWV between intensive and standard 

treatment in participants with a prior history of CVD (Table 3, interaction p = 0.03). There 

was no other strong evidence of heterogeneity for the other measures of aortic stiffness 

across the prespecified subgroups. (Supplemental Tables S2–S5).

Cardiovascular Events

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

CVD events, the results in SPRINT-HEART were consistent with the overall trial.13 

Compared with 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). Adjusting 

for baseline cfPWV, larger decreases in cfPWV were associated with decreased risk of a 

CVD event subsequent to the 18-month study visit (HR per 1 SD decrease=0.46; 95% CI: 

0.27 to 0.79, p=0.005), although this analysis is only based on 10 CVD events (follow up 

cfPWV data were available in only 211 participants).

Discussion

In SPRINT-HEART, a prospective, ancillary study to SPRINT, combined CMRI, and 

Doppler-echo imaging was performed to examine the effects of intensive treatment (target 

SBP<120 mm Hg) compared with standard treatment (target SBP<140 mmHg) on measures 

of aortic stiffness. Intensive BP treatment significantly attenuated increases in cfPWV and 

aortic elastance index. There were no significant between-group differences in other 

measures of aortic stiffness. Although based on a modest number of events, larger increases 

in cfPWV at 18 months of follow-up were strongly and significantly associated with 

increased risk of subsequent CVD events. These data suggest the possibility that improved 

aortic stiffness may have contributed, in part, to the CV benefit observed in SPRINT from 

intensive treatment.

Studies utilizing noninvasive methodologies to measure cfPWV have identified the 

importance of this measure of arterial stiffness as a CV risk factor–often independent of BP.
25,26 However, there have been surprisingly few reports from randomized trials that have 

examined the effect of intensive BP treatment on PWV. In contrast to the present study, prior 

trials examined BP levels much higher than those tested in SPRINT, primarily compared 

different antihypertensive drug classes (no control group), and were unable to examine 

relationships of PWV with events.27–29 However, the mechanistic links between BP 

lowering, cfPWV attenuation, and improved CV outcomes are not well understood, 

particularly at lower BP ranges as tested in SPRINT.
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To our knowledge, SPRINT-HEART is the first study to evaluate the effect of intensive 

treatment of SBP on global cfPWV and other local CMRI measures of aortic stiffness in a 

randomized trial. Our results are consistent with a previous SPRINT analysis, which showed 

that intensive treatment was associated with improvements in ePWV at 12 months of follow-

up. In our data, we found a modest correlation between cfPWV and ePWV (Spearman’s 

rank correlation = 0.37). This modest correlation likely explains why the analysis of ePWV 

indicated decreases in PWV on average with intensive treatment, with generally stable levels 

in participants randomized to standard treatment.16 In contrast, our results suggest that 

intensive treatment attenuates age and hypertension-related increases in cfPWV associated 

with higher BP targets over time.

The present study significantly expands upon prior reports in multiple ways. It is unique that 

it is the only study that has examined the relationship between change in both global cfPWV 

and local other CMRI measures as assessed by validated methods within the context of a 

randomized trial focused on intensive BP (<120/80 mmHg) reduction. SPRINT recruited a 

high vascular risk population with hypertension and existing CVD, CKD, or an elevated 

estimated CVD risk based on age and other risk factors. Besides, SPRINT had a large 

proportion of older participants (28% ≥75 years) who have previously been under-

represented in most hypertension trials. In a subset of SPRINT participants, baseline cfPWV 

assessed by the SphygmoCor® CPV device was significantly higher than in prior studies of 

normotensive persons, further supporting the high-risk nature of the SPRINT population.30 

The present study also found that intensive BP reduction had a favorable effect on the aortic 

elastance index. This highlights the effect of the increased pulsatile load caused by aging or 

hypertension on the pressure-volume loop and further supports the importance of intensive 

BP reduction among older adults.31 Taken together, our results show that in this hypertensive 

population with high CVD risk, intensive BP treatment attenuates age and hypertension-

related increases in cfPWV associated with higher BP targets over time.

Vascular stiffening develops from a complex interaction between dynamic changes involving 

structural and cellular elements of the vessel wall.3,8 BP plays a significant role in 

determining vessel wall structure, with remodeling compensating for wall stress changes. 

Arterial stiffening is not merely an adaptive response of blood vessels to distending 

pressures; instead, when accelerated, arterial stiffening is an underlying pathophysiological 

cause of the increase in pressure.1,3,8 In addition, oxidative stress, and inflammation 

aggravate both micro-and macrovascular function, including rarefaction/remodeling and 

endothelial dysfunction, thus further worsening hypertension, vascular remodeling arterial 

stiffness.32–34 Noninvasive measurement of cfPWV may assess the overall effects of these 

complex, dynamic processes on arterial stiffness, changes with effective treatment, and 

relation to clinical events. Attenuation of cfPWV may reflect the reduction of arterial wall 

damage and decreased transmission of pulsatile forces towards the microvasculature, thereby 

protecting capillaries of high flow and low resistance organs brain and kidneys.8

Despite significant attenuation of the increase in cfPWV with intensive BP reduction, there 

were no significant between-group differences in other measures of aortic stiffness such as 

aortic distensibility or compliance. This may be because these measures differ 

fundamentally in several ways. PWV is a global measure of overall aortic stiffness measured 
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between the carotid and femoral arteries and excludes the ascending aorta where aortic 

distensibility and compliance, which are more local measures, were measured.8 In addition, 

aortic distensibility and compliance are dependent upon intra-arterial pressure (central aortic 

pressure) and lumen cross-sectional area (or diameter), in contrast to cPWV, which depends 

on the speed at which the arterial pulse propagates. In addition, distensibility depends on 

local BP, which may differ substantially from brachial cuff values due to pulse amplification 

as it travels from the heart to the periphery.8 Combined hypertension and aging can induce 

structural changes in the arterial wall as evidenced by an early decline in proximal aortic 

elasticity, increased smooth muscle stiffness, replacement fibrosis, and calcium deposition, 

which indeed affect the intrinsic properties of the vessel wall; however, these changes are 

expressed heterogeneously throughout the arterial system, and this may affect local stiffness 

measures differently than global measures.8,34,35

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

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

modern imaging techniques, and centralized, blinded image analyses. To our knowledge, this 

is the largest study using combined CMRI and Doppler-echo to assess multiple measures of 

arterial stiffness embedded in a large hypertension clinical trial of intensive SBP reduction 

and with strong benefit on clinical events. Our study has potential limitations. Due to 

practical and ethical limitations, we used well-validated, reproducible measures of aortic 

stiffness rather than invasive measures from catheterization. To estimate aortic PP for 

calculating aortic distensibility, we used a noninvasive brachial cuff PP measurement instead 

of a direct assessment of the aortic PP via a catheter. While practical for serial measurements 

in older adults,36 this methodology does not consider amplification of PP that may occur 

from the aorta to the brachial artery. For this reason, our calculation of aortic distensibility 

should be considered an approximation. Till now, all the available noninvasive methods and 

devices suffer the calibration error in the estimation of central aortic PP. Future studies that 

measure distensibility could incorporate new noninvasive techniques that more accurately 

assess aortic PP. Finally, most, if not all, of the arterial stiffness indices displayed some 

degree of BP dependency on various forms of presser tasks. Thus, in human studies, one 

cannot be certain about the relative contributions of BP reduction alone versus concomitant 

beneficial changes in arterial wall biology; however, that does not change the fact that 

stiffness improved.

Perspectives

Intensive treatment significantly attenuated increases in cfPWV and aortic elastance index, 

suggesting that improvements in aortic stiffness may be one of the mechanisms contributing 

to the CV benefits of intensive BP treatment observed in SPRINT. In patients with high 

vascular risk treated with an intensive BP reduction strategy, attenuation of increases in 

cfPW might represent a novel marker for mitigating adverse vascular remodeling, 

hypertensive end-organ damage, and risk of CVD events.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Novelty and Significance

What Is New?

• To our knowledge, SPRINT (Systolic Blood Pressure Intervention Trial)-

HEART is the first prospective evaluation of the effect of intensive blood 

pressure control (systolic blood pressure <120 mm Hg) on global carotid 

femoral pulse wave velocity (cfPWV) and other local cardiovascular magnetic 

resonance imaging measures of aortic stiffness in a randomized trial.

• Intensive BP treatment significantly attenuated increases in cfPWV and aortic 

elastance index.

• Although based on a modest number of events, larger increases in cfPWV at 

18 months of follow-up were strongly and significantly associated with 

increased risk of subsequent cardiovascular disease events.

What Is Relevant?

• In patients with high vascular risk treated with an intensive blood pressure 

reduction strategy, attenuation of increases in cfPW might represent a novel 

marker for mitigating adverse vascular remodeling, hypertensive end-organ 

damage, and risk of cardiovascular disease events.

Summary

• Intensive treatment significantly attenuated increases in cfPWV and aortic 

elastance index, suggesting that improvements in aortic stiffness may be one 

of the mechanisms contributing to the CV benefits of intensive BP treatment 

observed in SPRINT.
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Figure 1. 
A explains pulse wave velocity. B shows the aortic distensibility C. Phase-contrast gradient-

echo cardiography images of the ascending thoracic aorta from a participant with healthy 

controls, healthy aging and patients with stiff aorta. The blackened silhouettes on the images 

of the aorta represent the difference in aortic area between end and end systole. Cardiac 

cycle-dependent change in aortic area decreased with advancing age and, importantly, were 

most reduced in older participants with stiff aorta (Part of the image reproduced with 

permission from reference 4 )

PWV=pulse wave velocity, D=distance, DT=time
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Figure 2. 
CONSORT diagram of SPRINT HEART

SPRINT=Systolic Blood Pressure Intervention Trial, SBP= systolic blood pressure, CMRI= 

cardiovascular magnetic resonance imaging; CVD=cardiovascular disease
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Figure 3. 
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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Table 1.

Baseline characteristics of SPRINT- HEART participants by treatment group

Characteristics Intensive Treatment Standard Treatment

N=170 N=167

Age (Years), mean±SD 64.1±8.3 64.5±9.4

 75 years or older, No. (%) 20(11.8) 27(16.2)

Female sex, No. (%) 82(48.2) 68(40.7)

Race / Ethnicity, No. (%)

 White 98(57.6) 85(50.9)

 Black 67(39.4) 78(46.7)

 Hispanic 3(1.8) 2(1.2)

 Other 2(1.2) 2(1.2)

Smoking status, No. (%)

 Current smoker 31(18.2) 34(20.4)

 Former smoker 59(34.7) 61(36.5)

 Never smoker 80(47.1) 72(43.1)

Body Mass Index (kg/m2), mean±SD 30.5±5.9 30.7±6.1

Systolic Blood Pressure (mmHg), mean±SD 140.8±16.5 141.5±17.0

Diastolic Blood Pressure (mmHg), mean±SD 81.3±12.6 80.5±13.4

Systolic Blood Pressure, No. (%)*

 ≤132 mm Hg 59(34.7) 47(28.1)

 133 to <145 mm Hg 47(27.6) 59(35.3)

 ≥145 mm Hg 64(37.6) 61(36.5)

History of CVD, No. (%) 22(12.9) 25(15.0)

10-year Framingham CVD risk≥15%, No. (%) 118(69.4) 116(69.5)

No. of antihypertensive agents, mean±SD 1.7±1.1 1.6±1.2

Not using antihypertensive agents, No. (%) 25(14.7) 36(21.6)

Use of statins, No. (%) 59(34.7) 44(26.3)

Use of aspirin, No. (%) 84(49.4) 66(39.5)

Serum creatinine (mg/dl), median (IQR) 1.0 [0.8 to 1.2] 1.0 [0.8 to 1.2]

eGFR (ml/min/1.73 m2), mean±SD 75.5±19.6 75.6±19.1

 eGFR<60 ml/min/1.73 m2, No. (%) 35(20.6) 35(21.0)

Urine albumin to creatinine ratio (mg/g), median (IQR) 8.1[4.9 to 14.8] 7.8 [5.3 to 15.8]

Glucose (mg/dl), mean±SD 98.7±11.4 100.0±12.6

Triglycerides (mg/dl), median (IQR) 109.0 [81.0 to 147.8] 104.0 [73.0 to 150.5]

Total cholesterol (mg/dl), mean±SD 192.4±40.0 200.0±42.4

HDL cholesterol (mg/dl), mean±SD 51.9±14.6 51.9±14.0

Pulse Wave Velocity(m/sec) 9.04±0.17 9.26±0.16

Aortic Elastance Index(mm Hg/mL/m2) 1.45±0.02 1.47±0.03
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Characteristics Intensive Treatment Standard Treatment

N=170 N=167

Aortic Distensibility(10−3 / mm Hg) 1.39±0.07 1.24±0.05

Aortic Compliance(mm/mmHg) 1.25±0.06 1.09±0.04

Aortic Area Change(mm2) 61.6±2.42 55.6±2.07

Pulse Pressure/Stroke Volume(mmHg/mL) 0.72±0.02 0.72±0.02

CVD indicates cardiovascular disease, eGFR estimated glomerular filtration rate, HDL high-density lipoprotein, IQR Interquartile Range, SD 
Standard Deviation.

*
Categories reflect tertiles of systolic blood pressure in the overall trial population at baseline.
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