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Abstract

The Systolic Blood Pressure Intervention Trial (SPRINT) demonstrated that intensive blood 

pressure (BP) lowering (target<120 mmHg) was more effective in preventing heart failure (HF) 

compared with standard BP goals (target<140 mm Hg). However, intensive BP lowering also 

led to an increase in serious adverse events. We aimed to identify a subset of the clinical trial 

population who might derive the greatest benefit from intensive BP lowering for prevention of HF 

using a previously validated HF risk prediction model. SPRINT participants without prevalent 

cardiovascular disease were stratified into HF risk tertiles based on predicted HF risk. We 

performed Kaplan-Meier Survival analysis and multivariable Cox proportional hazards models 

to test the effect of intensive vs. standard BP lowering on incident HF in each tertile of predicted 

HF risk. A total of 6,911 individuals were included and 77 incident HF events occurred over a 

median follow-up time of 3.3 [IQR 2.9–3.8] years. A reduction in risk of HF was observed among 

those randomized to intensive BP lowering in each risk tertile but was significant only in the 

highest HF risk category (risk tertile 1: HR 0.86 [95% CI 0.29, 2.56]; risk tertile 2: 0.54 [0.23, 

1.30]; risk tertile 3: 0.46 [0.24, 0.88]). Serious adverse events were frequent in all groups. While 

the short follow-up may lead to an underestimation of benefit in the lower predicted risk groups, 

prioritizing intensive BP lowering in those at highest predicted HF risk may help to reduce the 

high burden of HF in the United States.
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INTRODUCTION

Contemporary analyses estimate nearly one in two adults in the United States has 

hypertension, and blood pressure (BP) control for those with hypertension remains 

suboptimal.1 Hypertension, especially uncontrolled hypertension, is a key risk factor for 

the development of heart failure (HF).2–4 While the risk of HF in those with elevated 

BP levels can be reduced through BP lowering, the optimal threshold for intervention 

and the target BP level to achieve has been a long-standing question that has undergone 

intense investigation. The Systolic Blood Pressure Intervention Trial (SPRINT) provided 

robust evidence that intensive BP lowering to a target systolic BP (SBP) of <120 mmHg 

reduces incident HF compared with a target of <140 mmHg.4–7 However, SPRINT also 

demonstrated a high incidence of serious adverse events in the intensive treatment group. As 

the frequency of adverse effects and possibly need for more extensive clinical monitoring 

may limit the adoption of intensive BP lowering, prioritizing those individuals most at risk 

for HF for intensive BP lowering may favorably balance the costs and benefits of intensive 

BP lowering to prevent HF.

Multi-society guidelines for blood pressure and cardiovascular disease prevention, including 

from the American Heart Association (AHA)/American College of Cardiology (ACC), 

currently recommend a lower BP goal (≤130/80 mmHg compared with ≤140/90mmHg) in 

patients with a 10-year atherosclerotic cardiovascular disease (ASCVD) risk ≥10% based 

on, in part, the findings from SPRINT.8, 9 While SPRINT was not powered to examine 

reduction in cardiovascular disease (CVD) subtypes, the greatest relative risk reduction 

among CVD events occurred for HF events (HR 0.62 [0.45, 0.84]).6 However, BP targets 

based on predicted HF risk, which could complement those based on ASCVD risk, are 

not currently available.10 In this post-hoc analysis of SPRINT, we sought to determine 

differences in relative and absolute benefits and risks of intensive compared with standard 

BP lowering after stratifying patients based upon predicted HF risk. We applied a validated 

HF risk prediction tool, the Pooled Cohort Equations to Prevent HF (PCP-HF), to address 

this knowledge gap and inform the potential for risk-based, prevention of HF with intensive 

blood pressure lowering.11

METHODS

Study Design

All data for this analysis were obtained from the publicly available National Heart Lung 

and Blood Institute (NHLBI) BioLINCC data repository and can be accessed at https://

biolincc.nhlbi.nih.gov/home/. This was a post-hoc analysis using data from SPRINT. Details 

of the trial can be found elsewhere but briefly, SPRINT aimed to determine whether 

intensive (SBP target <120 mm Hg) compared with standard (SBP target 135–139 mm 

Hg) BP lowering reduced CVD outcomes, including incident HF, in individuals at elevated 
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CVD risk.12 All participants provided written informed consent before trial randomization, 

and the current analysis was approved by the Northwestern University Institutional Review 

Board.

Study Population

Between November 2010 to March 2013, 9,361 participants were enrolled in SPRINT across 

102 sites in the United States and Puerto Rico. The trial was stopped early in August 2015 

after an interim analysis showed evidence of benefit for those randomized to intensive BP 

lowering. Inclusion criteria are detailed elsewhere but included age ≥50 years, SBP ≥130 

mm Hg, and at least one risk factor for CVD. Risk for CVD was defined as the presence 

of at least one of the following 1) clinical or subclinical CVD, 2) chronic kidney disease 

(estimated glomerular filtration rate [eGFR] by the Modification in Diet in Renal Diseases 

[MDRD] equation 20–59 ml/min/1.73m2), 3) Framingham Risk Score ≥ 15%) or 4) age 

≥75 years. Clinical CVD was defined in SPRINT as myocardial infarction, percutaneous 

coronary intervention, coronary artery bypass graft, abnormal stress testing, peripheral 

arterial disease, known abdominal aortic aneurysm, carotid stenting/endarterectomy or 

coronary, carotid or peripheral artery stenosis >50%). Exclusion criteria included a history 

of stroke, HF or diabetes mellitus.

For this analysis, based on characteristics of the PCP-HF risk prediction tool which was 

derived from individuals aged 30–79 years free of CVD at baseline, we excluded the 

following trial participants: 1) those ≥ 80 years of age, 2) those with clinical CVD (as 

defined by SPRINT) and 3) those with incomplete data to calculate the PCP-HF score 

(described below) (N = 6911; Figure 1)

PCP-HF Risk Prediction Model

The derivation and validation of the PCP-HF risk prediction model has been described 

previously11. Briefly, PCP-HF was derived and internally validated using data from 

5 large US cohort studies (Atherosclerosis Risk in Communities [ARIC], Multiethnic 

Study of Atherosclerosis [MESA], Cardiovascular Health Study [CHS], Framingham Heart 

Study Offspring Cohort [FOF] and Coronary Artery Risk Development in Young Adults 

[CARDIA]) and externally validated in the Prevention of Renal and Vascular End-stage 

Diseases [PREVEND] and the Jackson Heart Study [JHS]). The resultant 10-year HF risk 

prediction tool includes twelve readily available demographic and clinical characteristics11. 

In this analysis, 10-year PCP-HF risk scores were calculated for each individual, after which 

participants were stratified into 1) low, 2) intermediate, or 3) high HF risk categories based 

upon tertiles of predicted HF risk.

Exposures and Outcome

The exposure of interest (independent variable) was assignment to intensive SBP lowering 

versus assignment to standard SBP lowering. The outcome (dependent variable) of interest 

was incident HF (a secondary outcome and component of the primary composite outcome 

in SPRINT). Incident HF was defined by an inpatient or emergency department encounter 

where the participant presented with multiple signs/symptoms of HF and required treatment 

with intravenous diuretics or inotropic agents. In SPRINT, adjudication of HF events was 
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conducted by a blinded committee based on the HF adjudication model developed in the 

ARIC Study.6 The incidence of adverse events (AE) including serious adverse events (SAE) 

as defined by the SPRINT protocol was also examined by HF risk tertile and treatment 

status.6

Statistical Analysis

Univariate statistics (tabulations/frequencies, means/standard deviations [SD]), were used to 

describe the overall study population and tertiles of HF risk. Bivariate analysis of sample 

characteristics across tertiles of risk were conducted using ANOVA for normal continuous 

variables and Chi-squared comparison for categorical variables. Kaplan-Meier curves were 

utilized to show survival from incident HF across the tertiles of HF risk by intensive 

and standard BP treatment groups, and log rank tests assessed the null hypothesis of no 

difference in survival between treatment groups. Additionally, Cox proportional hazard 

models assessed the effect of intensive vs. standard BP lowering on incident HF in each 

baseline HF risk category. The proportional hazards assumption was determined to have 

been met via assessment of Schoenfeld residuals. Finally, the number needed to treat (NNT) 

and number needed to harm (NNH) was calculated as the inverse of the absolute risk 

reduction for intensive vs. standard BP lowering across the three HF risk levels. When 

treatment effects are not statistically significantly different, NNT and NNH confidence 

intervals include negative numbers and, thus, only point estimates are reported.13 All 

analyses were completed in SAS 9.4 (SAS Institute, Cary, North Carolina) and STATA 16.0 

(STATA INC, College Station, TX). A two-tailed p-value <0.05 was considered statistically 

significant.

RESULTS

Table 1 summarizes the characteristics of the overall study population and by risk tertile. 

Individuals were stratified into tertiles of predicted HF risk using the PCP-HF 10-year risk 

prediction tool. Low, intermediate, and high HF risk categories were defined by ten-year HF 

risk scores of 0.6–5.4%, 5.4–9.0%, and 9.0–50.3%, with mean (SD) scores of 3.7% (1.1), 

7.0% (1.0) and 14.0% (4.9) respectively, based on characteristics of this study population. 

Overall, the mean (SD) age of the sample at baseline was 65.7 (8.0) years, nearly two-thirds 

(63%) were male, and 35.4% identified as Black or African American. The mean BMI was 

30.3 (5.8) kg/m2, and 89.6% reported treatment for hypertension at baseline. All examined 

characteristics differed by HR risk tertile; for example, individuals in the high risk tertile 

were older, more likely to be male, be on antihypertensive therapy and be current smokers 

(p<0.001 for all, Table 1).

In this analysis, 3,463 (50.1%) individuals were assigned to intensive BP treatment, and 

baseline characteristics did not significantly differ by treatment group (p>0.05 for all, Table 

S3). Baseline characteristics by race-sex specific groups are described in Table S1, and 

baseline characteristics by risk tertile and treatment group are described in Table S4.

The median follow-up time for this sample was 3.3 (IQR 2.9–3.8) years. Over the course 

of follow-up, 77 individuals developed HF. Over half (55%) of the incident HF cases were 

in the high risk tertile, with the intermediate and low risk tertiles accounting for 29% and 
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17% of cases of incident HF, respectively. Baseline characteristics of those with and without 

incident HF were similar apart from age and diastolic BP—individuals with incident HF 

were significantly older (p<0.001) and had lower DBP measurements (p=0.003) compared 

to individuals without incident HF (Table S2).

Figure 2 details the effects of intensive BP lowering compared with standard BP lowering 

across HF risk categories via Kaplan Meier curves. Across the three levels of risk, intensive 

BP lowering was favored but was only statistically significant for individuals in the high 

HF risk category (log-rank test Chi-sq=5.82, p-value=0.02). Figure 3 displays the hazard 

of heart failure by intensive treatment status for each tertile of HF risk (HR=0.86, 95% CI 

[0.29, 2.56]; 0.54, [0.23, 1.30]; 0.46, [0.24, 0.88], for low, intermediate and high HF risk 

categories respectively).

Table 2 describes SAEs by HF risk tertile and treatment arm. Across HF risk tertiles, SAEs 

affected 25.0% of low risk, 33.9% of intermediate risk, and 39.8% of high risk participants 

and were more common in the intensive treatment compared to standard treatment arms 

for both low HF risk and high HF risk categories (low: 27.2% vs. 22.8%, high: 40.9% vs. 

38.7%). Related SAEs were more frequent among individuals in the intensive vs. standard 

treatment groups across all levels of risk. Additional AEs are available in Table S5.

Table 3 presents the number needed to treat (NNT) to prevent one case of incident HF 

and the number needed to harm (NNH) to cause one incident SAE. For individuals in the 

high risk category, the NNT was estimated to be 76 (95% CI [42, 416]). The NNT for 

the intermediate and low risk categories were 177 and 1185, respectively, although these 

estimates were not statistically significant. For the low HF risk category, the NNH was 

estimated to be 23 (95% CI [13, 109]).

DISCUSSION

In this post-hoc analysis of SPRINT, we found differences in HF prevention with intensive 

BP lowering based upon predicted HF risk grouping, with significant reductions in incident 

HF in the group at highest risk of HF at baseline based upon their PCP-HF score. There 

were also non-significant reductions in HF risk among those assigned to intensive BP 

lowering in the groups at low and intermediate baseline HF risk. We confirmed that SAE 

were common in all participants across HF risk groups in both control and treatment arms 

but were highest in those at highest risk of HF assigned to intensive BP lowering.

While the progression from hypertension to symptomatic HF can take decades, SPRINT 

demonstrated that intensive BP lowering over a relatively short time frame (approximately 

3 years of follow-up) significantly reduced the risk of new onset HF in the overall trial 

population of older adults (aged 50 years and older) at-risk for CVD.6, 10 Our analysis adds 

to these findings by demonstrating that those at highest risk of HF derived the greatest 

benefit from intensive BP lowering, at least in the relatively short follow-up time provided 

by SPRINT. This is especially important given the prognostic implications of HF; incident 

HF was associated with a 27-fold increased risk of cardiovascular mortality after diagnosis 

in SPRINT.10
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Our finding of a stepwise, dose-dependent, higher risk of HF based upon predicted risk 

groups is similar to the findings from Plante et al. which demonstrated a greater number of 

ASCVD events (not including HF) occurred in those with higher predicted ASCVD risk at 

baseline in SPRINT.14 Unlike their analysis which noted a consistent reduction in ASCVD 

events across risk groups, we did not find a significant reduction in HF events in those at 

low or intermediate HF risk. This difference is likely related to limited power with the small 

absolute numbers of HF events over the limited follow-up period, particularly among those 

with lower HF risk, or possibly due to pathophysiologic differences between ASCVD events 

and HF—e.g. a relatively slower progression from hypertension to symptomatic HF.

While current guidelines from the AHA/ACC recommend personalization of BP goals based 

on an individual’s 10-year ASCVD risk, our analysis highlights the substantial benefits of 

intensive BP lowering in individuals with high predicted risk of HF based on the PCP-HF 

model.8, 9 Consideration of the PCP-HF risk model in clinical decision-making tools and 

guidelines may help to identify additional individuals who might have greater benefit to 

emphasize intensive BP lowering. In addition, given the widespread problem of uncontrolled 

hypertension, regular utilization of a HF risk prediction tool in BP management may help 

facilitate conversations between providers and patients around HF prevention and would 

help to identify high-risk individuals who may benefit from additional HF risk stratification 

(e.g., measurement of brain natriuretic peptides, echocardiography) or further, targeted, risk 

factor modification. This is especially relevant given the higher morbidity burden (e.g., 

hospitalization) and poorer health-related quality of life observed in patients with HF, 

relative to ASCVD. As emerging therapies for HF prevention that also lower BP become 

available (e.g., sodium glucose co-transporter 2 inhibitors or finerenone, a nonsteroidal, 

selective mineralocorticoid receptor antagonist), further studies may be needed to identify 

which class of therapy to use in those with highest risk of HF relative to ASCVD as well.

Potential mechanism(s) responsible for the greater reduction in incident HF in those at 

high risk of HF may include higher prevalence of subclinical or Stage B HF at baseline. 

In the Flemish Study on Environment, Genes, and Health Outcomes, participants with a 

higher PCP-HF score had greater degree of subclinical heart maladaptation (e.g, abnormal 

LV longitudinal strain, diastolic dysfunction). However, previous analyses in SPRINT did 

not identify significant differences between indices of cardiac structure and CVD events, but 

may have been under-powered given that HF was not a very common event during follow-

up.15, 16 In addition, the SPRINT-HEART sub-study (N=340) showed minimal differences 

in cardiac structure by cardiac magnetic resonance imaging between the two treatment arms 

in follow-up, indicating that favorable changes to cardiac structure are less likely to underlie 

the differences observed .15, 16 Intensive BP lowering also did not decrease the rates of HF 

precursors such as atrial fibrillation or new/progressive renal dysfunction.6, 17, 18 Potential 

pathways for HF prevention include class effects of particular antihypertensive agents or 

favorable changes in BNP, endothelial function, or systemic inflammation, which may be 

higher in those in higher predicted HF risk categories.19, 20

Although this analysis highlights the benefit associated with intensive BP lowering in 

those at high risk of HF, SAEs were common, particularly among those in the highest 

HF predicted risk tertile. Notably, the high rates of SAEs in this tertile were seen in both 
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treatment arms and the relative increase in SAEs amongst those assigned to the intensive 

treatment arm were higher in those in the low risk compared with high HF risk category. Our 

finding of a stepwise increase in AEs by baseline HF predicted risk is consistent with prior 

analyses in SPRINT which have shown a significant association between baseline CVD 

risk—for example as defined by 10-year ASCVD risk—and SAEs.14, 21 In fact, one analysis 

showed that the number of medications (<5 medications vs. ≥5 medications; not limited 

to antihypertensive medications) a SPRINT participant was prescribed at baseline was 

associated with number of SAEs and that this association was not significantly modified by 

treatment arm assignment.22 Taken together, our findings, as well as those in prior analyses, 

point to baseline risk or comorbidity burden, defined in our analysis by PCP-HF, rather than 

treatment arm assignment, as the larger contributor to reported SAEs. Nonetheless, related 

SAEs were more common in those assigned to the intensive treatment arm and may limit the 

applicability of lower BP targets in clinical practice.

This analysis has important limitations to consider. First, as a non-prespecified, post-hoc 

analysis of SPRINT, characteristics of those included were limited by SPRINT’s enrollment 

criteria, preventing generalizability of our findings to a broader HF prevention population. 

This is particularly true given the categorical exclusion of those with baseline diabetes 

and those <50 years old. While the ACCORD (Action to Control Cardiovascular Risk 

in Diabetes) trial showed no significant difference in CVD outcomes (including HF) 

by intensive compared with standard BP lowering, its complex design may limit its 

application to contemporary HF prevention populations.23, 24 Future studies could consider 

investigating the benefits of intensive BP lowering in patients with diabetes at high HF 

risk. In addition, the exclusion of adults <50 limits these findings applicability to younger 

high-risk adults who may also benefit from intensive BP lowering. Second, we chose to 

categorize individuals by HF predicted risk tertiles in our sample. This limits our ability 

to draw conclusions about what might be the “optimal” risk-level for initiation of intensive 

BP lowering. Additional studies are needed to determine what level of HF risk maximizes 

the benefit of intensive BP lowering while minimizing the associated harms. The lowest 

risk tertile also included individuals that spanned 0.6–5.4% of predicted risk reflecting the 

relatively higher risk nature of the SPRINT population. Third, SPRINT was powered to 

observe differences in a composite CVD outcome but not for HF events. The low number 

of HF events in those with low and intermediate risk of HF limited our ability to detect 

significant differences between treatment arms and so our findings for these groups must 

be interpreted with caution. Further, our results do not detract from the importance of BP 

lowering in low or intermediate risk groups for long-term prevention of CVD but focus 

on prioritizing the relatively short-term benefits in those at highest risk of HF given the 

challenges of implementing intensive BP lowering in the overall population. Fourth, we 

were unable to determine whether there was a significant class effect related to specific 

antihypertensive agents. While this is a limitation of the SPRINT dataset itself it may be 

particularly relevant in HF prevention given the known benefit of specific antihypertensive 

classes (e.g., targeting renin-angiotensin-aldosterone system) for HF prevention.25

In conclusion, this post-hoc analysis of SPRINT demonstrates that participants assigned to 

intensive BP lowering with the highest predicted risk of HF based upon the PCP-HF score 

had a larger reduction in incident HF events and a smaller relative increase in total SAEs 
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compared with those in the lowest HF predicted risk group. While risk prediction tools 

have been used to guide prevention strategies and balance benefits/risk of treatment in of 

atherosclerotic CVD, a similar paradigm has yet to have been adopted for HF prevention. 

HF prevention strategies, including BP lowering, may benefit from personalization to 

individual’s risk to appropriately target treatments and resources.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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NOVELTY AND SIGNIFICANCE

What is New?

• While intensive blood pressure lowering in the Systolic Blood Pressure 

Intervention Trial (SPRINT) led to a reduction in heart failure events, 

challenges persist in optimizing blood pressure control with rates of blood 

pressure control declining in the general population in the United States

• The present study demonstrates that identification of those individuals at 

greatest risk for heart failure can identify those who are most likely to 

benefit from aggressive blood pressure lowering interventions for heart failure 

prevention

What is Relevant?

• Use of a simple and validated clinical risk score, the Pooled Cohort Equation 

to Prevent Heart Failure (PCP-HF), which integrates readily available clinical 

markers, can identify patients at greatest risk of heart failure, even among a 

population of individuals with hypertension

• There was a 54% reduction in heart failure events in individuals in the highest 

predicted heart failure risk group with intensive blood pressure lowering

Summary?

• Among patients with hypertension in SPRINT, targeting intensive blood 

pressure lowering led to greatest reduction in heart failure events among those 

at highest predicted heart failure risk at baseline and supports a risk-based 

paradigm to the primary prevention of heart failure
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PERSPECTIVES

Morbidity and mortality related to heart failure continues to increase in the United States, 

and hypertension, is a leading risk factor for heart failure. While it is well-accepted that 

blood pressure levels have a continuous, dose-dependent impact on heart failure risk 

and intensive blood pressure lowering can prevent heart failure, prevalence of controlled 

blood pressure has declined in the past decade. Once heart failure develops, prognosis 

is poor with a 5-year case fatality rate of 50%. Therefore, primary prevention of heart 

failure is of utmost importance. However, not all individuals with high blood pressure 

are at similar risk for heart failure. A population-level strategy identifying and targeting 

those at greatest risk for heart failure for intensive blood pressure lowering may have the 

greatest benefit. Use of a simple risk score that integrates readily available risk factor 

levels, the Pooled Cohort Equations to Prevent Heart Failure, is also appealing, in that it 

does not require addition of cardiac biomarkers or laboratory tests that are not routinely 

obtained in the general adult primary prevention population. This information on heart 

failure risk can then guide patient-clinician discussions and therapeutic considerations 

for intensive blood pressure lowering. However, primary prevention of heart failure also 

requires careful attention to blood pressure beginning early in life and long-term risk 

of heart failure should be considered in future studies to guide therapeutic decisions for 

younger adults who may have long-term benefit from intensive blood pressure lowering.
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Figure 1. 
Selection of participants from SPRINT included in the current analysis. CVD: 

cardiovascular disease.
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Figure 2. 
Effects of intensive blood pressure lowering on incident heart failure events across the 

spectrum of 10-year predicted heart failure risk (low [0.6–5.4%], intermediate risk [5.4–

9.0%], and high [9.0–50.3%]). Ten-year predicted heart failure risk was calculated using 

sex- and race-specific HF risk prediction equations, which include age, smoking status, body 

mass index, systolic blood pressure, total cholesterol, high density lipoprotein cholesterol, 

glucose, and treatment status for hypertension and diabetes. Intensive blood pressure 

lowering defined as a systolic blood pressure target <120 mmHg and standard blood 

pressure lowering defined as a systolic blood pressure target 135–139 mmHg.
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Figure 3. 
Hazard ratios with 95% confidence intervals for incident heart failure in those assigned 

to intensive compared with standard blood pressure lowering. Low, intermediate and high 

heart failure risk categories based on tertiles of the distribution of HF risk scores according 

to PCP-HF risk scores. Intensive blood pressure lowering defined as a systolic blood 

pressure target <120 mmHg and standard blood pressure lowering defined as a systolic 

blood pressure target 135–139 mmHg. PCP-HF: Pooled Cohort Equations to Prevent HF.
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Table 1.

Participant characteristics by heart failure risk tertiles

Characteristic Overall N=6,911 Low Risk (Range 
0.6–5.4%) N=2,303

Intermediate Risk 
(Range 5.4–9.0%), 

N=2,304

High Risk 
(Range 9.0–50.3%) 

N=2,304
P-Value

Age, years* 65.7 ±8.0 60.2 ±5.7 65.8 ±7.0 71.1 ±7.1 <0.001

Female gender, N (%) 994 (14.4) 1205 (52.3) 901 (39.1) 450 (19.5) <0.001

Black race, N(%) 30.3 ±5.8 986 (42.8) 904 (39.2) 556 (24.1) <0.001

Current smoking, N (%) 139.6 ±15.4 233 (10.1) 325 (14.1) 436 (18.9) <0.001

BMI, kg/m2 79.8 ±11.5 29.4 ±5.6 30.8 ±6.0 30.7 ±5.8 <0.001

Systolic blood pressure, mmHg 6192 (89.6) 136.1 ±14.9 139.9 ±15.1 143 ±15.5 <0.001

Diastolic blood pressure, mmHg 195.2 ±39.9 81.4 ±10.8 80.2 ±11.3 77.9 ±12 <0.001

Hypertension treatment, N (%) 53 ±14.6 1848 (80.2) 2129 (92.4) 2215 (96.1) <0.001

Total cholesterol, mg/dL 98.8 ±13.6 203.2 ±40.4 194.9 ±40.1 187.4 ±37.7 <0.001

HDL cholesterol, mg/dL 65.7 ±8.0 55.6 ±15.4 53.5 ±14.5 50.0 ±13.2 <0.001

Fasting glucose, mg/dL 994 (14.4) 94.9 ±10.8 98.2 ±11.0 103.5 ±16.8 <0.001

*
Age limited to individuals 80 years or less

Values are N (%) or mean ±standard deviation. ANOVA comparison normal continuous variables and Chi-squared comparison for categorical 
variables. BMI: body mass index; HDL: high density lipoprotein.
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Table 2.

Serious adverse events by heart failure risk tertile and SPRINT treatment arm

Characteristic

Low Risk (Range 0.6–5.4%) Intermediate Risk (Range 5.4–
9.0%) High Risk (Range 9.0–50.3%)

Intensive 
N=1,149

Standard 
N=1,154

Intensive 
N=1,180

Standard 
N=1,124

Intensive 
N=1,134

Standard 
N=1,170

Serious adverse 
events 313 (27.2) 263 (22.8) 396 (33.6) 386 (34.3) 464 (40.9) 453 (38.7)

Related serious 
adverse event 29 (2.5) 11 (1.0) 40 (3.4) 26 (2.3) 69 (6.1) 36 (3.1)

Hypotension 16 (1.4) 6 (0.5) 18 (1.5) 15 (1.3) 36 (3.2) 16 (1.4)

Syncope 21 (1.8) 9 (0.8) 16 (1.4) 17 (1.5) 34 (3.0) 20 (1.7)

Bradycardia 8 (0.7) 3 (0.3) 15 (1.3) 8 (0.7) 21 (1.9) 20 (1.7)

Electrolyte 
abnormality 32 (2.8) 17 (1.5) 26 (2.2) 29 (2.6) 30 (2.6) 25 (2.1)

Injurious fall 12 (1.0) 6 (0.5) 20 (1.7) 17 (1.5) 21 (1.9) 21 (1.8)

Acute kidney injury/
acute renal failure 25 (2.2) 15 (1.3) 32 (2.7) 18 (1.6) 55 (4.9) 33 (2.8)

ER Visit or serious adverse event

Hypotension 27 (2.3) 10 (0.9) 28 (2.4) 20 (1.8) 54 (4.8) 23 (2.0)

Syncope 33 (2.9) 14 (1.2) 26 (2.2) 23 (2.0) 46 (4.1) 29 (2.5)

Bradycardia 11 (1.0) 4 (0.3) 16 (1.4) 11 (1.0) 29 (2.6) 21 (1.8)

Electrolyte 
abnormality 41 (3.6) 19 (1.6) 34 (2.9) 36 (3.2) 42 (3.7) 31 (2.6)

Injurious fall 57 (5.0) 35 (3.0) 74 (6.3) 64 (5.7) 79 (7.0) 84 (7.2)

Acute kidney injury 
or renal failure 26 (2.3) 15 (1.3) 33 (2.8) 19 (1.7) 61 (5.4) 33 (2.8)
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Table 3:

Number needed to treat with intensive blood pressure lowering to prevent one incident heart failure event and 

the number needed to harm with intensive blood pressure lowering to cause one incident serious adverse event

Predicted HF Risk Tertile NNT - Heart Failure 95% Confidence Interval NNH - SAE 95% Confidence Interval

Low HF Risk 1185 ----- 23 13, 109

Intermediate HF Risk 177 ----- 128 -----

High HF Risk 76 42, 416 46 -----

NNT=Number Needed to Treat; NNH=Number Needed to Harm; SAE=Serious Adverse Event; HF=Heart Failure.

Confidence intervals of non-significant NNT and NNH values not included.
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