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Abstract

Intensive blood pressure control decreases the rate of cardiovascular events by >25% compared to 

standard blood pressure control. We sought to determine if the decrease in cardiovascular events 

seen with intensive blood pressure control is associated with an increased rate of other causes of 

hospitalization. This is a post-hoc analysis of SPRINT (Systolic Blood Pressure Intervention Trial) 

in 9361 adult participants with hypertension and elevated cardiovascular risk. Participants were 

randomly assignment to an intensive or standard systolic blood pressure goal (<120mmHg or 

<140mmHg, respectively). The primary outcome was hospitalization rates per 100 person-years 

for hospitalizations not associated with SPRINT primary events. After excluding hospitalizations 

linked to SPRINT primary events, there were 4,678 participants with a rate of 19.70 

hospitalizations per 100 person-years, compared to 4,683 participants with a rate of 19.65 

(p=0.37). Equivalence testing shows that these hospitalization rates were statistically equivalent at 

the p=0.05 level. Of those with hospitalizations, more than one hospitalization was seen in 38.8% 

of intensive arm participants and 41.9% of standard arm participants (p=0.08). The mean 

cumulative count of non-primary event hospitalizations was comparable between the two arms. 

The most common causes of hospitalization were cardiovascular (23.6%) followed by injuries, 

including bone and joint therapeutic procedures (15.7%), infections (12.0%), and nervous systems 

disorders (10.7%). No categories of hospitalization were statistically more common in the 

intensive arm compared to the standard arm. Thus, the decrease in cardiovascular events seen with 

intensive blood pressure control is not associated with an increased rate of other causes of 

hospitalization.
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Introduction

The National Institutes of Health sponsored SPRINT was a randomized multicenter trial of 

blood pressure control conducted in patients at increased risk of cardiovascular events (1). 

The primary outcome in SPRINT was a composite outcome of myocardial infarction, acute 

coronary syndrome not resulting in myocardial infarction, stroke, acute decompensated heart 

failure, or death from cardiovascular causes.

Participants who were randomized to a systolic blood pressure goal of ≤120 mm Hg 

(intensive arm), compared to participants randomized to a systolic blood pressure goal of 

≤140 mm Hg (standard arm), had a significant decrease in the primary composite outcome 

(1.65% per year vs. 2.19% per year; hazard ratio with intensive treatment, 0.75; 95% 

confidence interval [CI], 0.64 to 0.89; P<0.001) and in all-cause mortality (hazard ratio, 

0.73; 95% CI, 0.60 to 0.90; P = 0.003). Although the numbers of serious adverse events 

were similar in the two randomized arms, some adverse events of interest occurred at a 

higher rate in intensive arm participants compared to standard arm participants, including 

hypotension, syncope, electrolyte abnormalities, and acute kidney injury (2–4).

We hypothesized that, after excluding those hospitalizations linked to the primary outcomes, 

that there would be no difference in the hospitalization rates between the intensive and 

standard arms of the trial; that is, that there was no evidence of significant harms from the 

intensive blood pressure intervention as ascertained by examining hospitalization rates.

Methods

Anonymized data and materials have been made publicly available at the National Heart, 

Lung and Blood Institute Biologic Specimen and Data Repository Information Coordinating 

Center and can be accessed at https://biolincc.nhlbi.nih.gov/studies/sprint/. SPRINT was 

designed to test the hypothesis that aggressive control of systolic blood pressure in 

hypertensive participants with an increased risk of cardiovascular events would result in a 

lower rate of cardiovascular morbidity and mortality. Participants eligible for enrollment into 

SPRINT were assessed in 102 clinical sites in both the mainland United States and Puerto 

Rico between November 2010 and March 2013. The study was approved by the local IRB at 

each clinical site and informed consent was obtained from all participants. In this 

randomized multi-center unblinded clinical trial, participants were randomly assigned to a 

systolic blood pressure goal of either ≤ 140 mm Hg or ≤ 120 mm Hg. Randomization was 

stratified by clinical site and utilized an internet-based web browser randomization 

procedure. Individuals with diabetes mellitus, prior history of stroke, advanced chronic 

kidney disease (eGFR <25 ml/min/1.73 m2), significant proteinuria (urine albumin excretion 

≥ 600 mg/day or urine protein excretion ≥1000 mg/day), or polycystic kidney disease were 

excluded from enrollment. Details regarding the study design and primary results of 

SPRINT have been previously published (1, 5). Dose adjustment was based on a mean of 

three blood-pressure measurements at an office visit while the patient was seated and after 5 

minutes of quiet rest as per American Heart Association guidelines; the measurements were 

made with the use of an automated measurement system (Model 907, Omron Healthcare). 

The primary outcome specified in SPRINT was a composite of cardiovascular death or first 
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occurrence of myocardial infarction, stroke, heart failure, or non-MI acute coronary 

syndrome. There were several cardiovascular and renal secondary outcomes, with the latter 

dependent on the presence or absence of chronic kidney disease at baseline. A structured 

interview was used in both groups every three months to obtain self-reported clinical 

cardiovascular and end-stage kidney disease outcomes. On August 20, 2015, the intervention 

was stopped early on advice from the Data and Safety Monitoring Board due to benefit in 

the intensive arm on the primary outcome as determined by the use of the Lan-DeMets 

method with an O’Brien-Fleming type spending function.

Baseline participant characteristics were obtained from self-report, laboratory data, and 

available medical records. Baseline blood and urine samples were analyzed at a central 

laboratory and were collected as fasting specimens. Baseline eGFR in ml/min/1.73 m2 was 

calculated using the serum creatinine concentration obtained at the baseline visit and the 

four-variable Modification of Diet in Renal Disease (MDRD) equation. Chronic kidney 

disease was defined as an eGFR less than 60 ml/min/1.73 m2.

Although cardiovascular and renal outcomes were only assessed at scheduled quarterly 

study visits, ascertainment of hospitalizations could be reported to study staff spontaneously 

by participants through telephone calls or emails between study visits or during either drug 

titration visits or prn visits. Information on hospitalizations was obtained by participant self-

report as well as from available medical records. The cause of hospitalization was classified 

using the MedDRA system. Up to three MedDRA codes were used to classify each 

hospitalization. The cause of each hospitalization was converted from the MedDRA codes to 

ICD-10 codes by one individual (MVR). Those hospitalizations that were linked to a 

primary SPRINT outcome were subsequently excluded from this analysis. Thus, the primary 

outcome of this study reflects the hospitalization rate after accounting for the beneficial 

effects of the SPRINT intervention and can be used to determine if the intervention resulted 

in an increased rate of other causes of hospitalization.

Statistical analysis

For the main SPRINT trial, an enrollment target of 9250 participants would provide an 

estimated 88.7% power to detect a 20% effect on the primary outcome. For this post-hoc 

analysis, secondary event hospitalization rates for each participant were expressed as 

hospitalizations per 100 patient years. Patient years were determined from the date of 

randomization to the date of the first event of participant death, withdrawal from the study, 

loss to follow-up or August 20, 2015.

To compare differences in demographics and clinical characteristics, Wilcoxon rank sum 

tests and chi square tests of independence for contingency tables were computed. To test for 

differences in secondary event hospitalization rates between the standard and intensive arms 

of the SPRINT trial, a generalize linear model was computed using the Tweedie distribution 

for the natural logarithm (plus 1) of the hospitalization rate. The Tweedie distribution is 

applied to data with zero inflation (i.e., large number of observations at zero). A formal test 

of treatment arm and patient characteristics were computed. A sensitivity analysis applying 

the gamma distribution were also computed resulting in comparable inference. Secondary 

event hospitalization rates of the two arms were tested for equivalence using Wilcoxon rank 
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sum test and the two one-sided test procedure of equivalence testing (6). To estimate the 

burden of recurrent events in the presence of competing risks (i.e., death, primary events), 

the mean cumulative count (MCC) for secondary event hospitalizations was estimated (and 

confidence intervals) for the standard and intervention arms (7). This approach estimates the 

average number of secondary event hospitalizations per participant over time per arm.

Role of the funding source

The steering committee designed SPRINT, gathered the data (in collaboration with 

investigators at the clinics and other study units), and approved the decision to submit the 

manuscript for publication. The writing committee wrote the manuscript and vouches for the 

completeness and accuracy of the data and analysis. The Southeast Clinic Coordinating 

Center statisticians were responsible for analyzing these data. Scientists at the National 

Institutes of Health participated in the design of the study and, as a group, had one vote on 

the steering committee.

Results

Hospitalization rate comparable between intensive and standard arms of SPRINT

The CONSORT diagram is shown in Figure 1. Hospitalization status was ascertained in 

4678 individuals in the intensive arm and 4683 individuals in the standard arm of the trial 

(Table 1). Those hospitalizations that were linked to a primary SPRINT outcome were 

excluded from this analysis, in order to determine the effect of the SPRINT intervention on 

other hospitalizations. These “non-SPRINT primary outcome hospitalizations” provide 

insight into other potential non-cardiovascular risks and/or benefits of the intensive blood 

pressure intervention.

After excluding SPRINT primary outcome hospitalizations, there was no difference in the 

hospitalization rates between the two treatment arms (Table 2). Specifically, there were 2907 

hospitalizations in the intensive arm and 2887 in the standard arm, for a hospitalization rate 

of 19.70 versus 19.65 hospitalizations per 100 patient years, respectively (p=0.37). A 

multivariable model that adjusted for age, gender, ethnicity, previous CKD, previous CVD, 

and systolic blood pressure also showed no evidence of a difference in secondary event 

hospitalization rates (p=0.27). In addition, there was no evidence of a statistical interaction 

between arm of the SPRINT trial and these covariates (Table 2; p>0.05). Finally, of those 

with hospitalizations, more than one hospitalization was seen in 38.8% of intensive arm 

participants and 41.9% of standard arm participants (p=0.08).

A secondary analysis was undertaken to determine within what bounds the non-SPRINT 

primary event hospitalization rates for the intensive and standard arms were equivalent, 

excluding those linked to primary cardiovascular outcomes. Using the two one-sided 

hypothesis approach and the Wilcoxon rank sum test (P<0.05 criteria), the overall 

hospitalization rates of the two arms are considered to be statistically equivalent within 3.64 

hospitalizations per 100 person years (1.74% of the range defined by the 1st percentile and 

99th percentile). The actual difference in hospitalization rates of 0.05 hospitalizations per 

100 patient years between the two arms of the trial was well within these bounds.
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The secondary event hospitalization mean cumulative counts, a method designed for 

recurrent events while accounting for competing risks (i.e., death and SPRINT primary 

events), increased linearly over the first three years. Over the entire range of the number of 

days in the study, the intensive and standard exhibited a comparable rate of increase (Figure 

2).

Excluding those hospitalizations linked to the SPRINT primary cardiovascular events, the 

most common cause of hospitalizations was cardiovascular (ICD-10 codes I00 - I99; 

23.6%), followed by injuries (S00 – T88; 15.7%), infectious diseases (A00 – B99; 12.0%), 

diseases of the nervous system (G00 – G99; 10.7%), and diseases of the digestive system 

(K00 – K95; 10.6%) (Table 3). After adjustment for multiple comparisons by the Bonferroni 

correction (p=0.0028), none of the ICD-10 categories were more common in either the 

intensive or randomized arms of the trial. It should be noted that many of the cardiovascular 

causes of hospitalization captured in this analysis that were not adjudicated were secondary 

to chest pain that did not result in either a cardiovascular procedure or development of a 

myocardial infarction (data not shown). In addition, most of the injuries were bone and joint 

therapeutic procedures (data not shown).

Discussion

The results from SPRINT demonstrated a significant decrease in cardiovascular events and 

all-cause mortality with intensive blood pressure control in non-diabetic hypertensive 

individuals at increased risk of cardiovascular disease (1, 5). These benefits are 

counterbalanced by an increased risk of certain pre-specified adverse events, including 

hypotension, syncope, electrolyte abnormalities, and acute kidney injury (2, 4).

This analysis was designed to test for any additional benefits or risks from the intensive 

blood pressure intervention after accounting for the cardiovascular benefits of intensive 

blood pressure control that were identified in SPRINT. The results of these analyses are 

reassuring, as after accounting for the benefits seen for the primary cardiovascular outcome, 

there was no significant difference in the overall rate of hospitalizations between the two 

intervention groups. In fact, the two arms show equivalence in SPRINT secondary-event 

hospitalization rates. In addition, there was no significant difference in the pre-specified 

categories of hospitalizations, as defined by ICD-10 codes. Thus, the decrease in 

cardiovascular events seen with intensive blood pressure control is not associated with an 

increased rate of other causes of hospitalization. We believe these findings are, in part, 

related to the careful measurement of blood pressure in the SPRINT trial, using American 

Heart Association guidelines. (8–9) This method of blood pressure measurement was 

implemented in order to ensure that the blood pressure measure obtained was not falsely 

elevated, leading to the increased risk of overtreatment of hypertension. (10) This method of 

careful blood pressure measurement is reflected in the observation that the incidence of 

orthostatic hypotension was similar in both arms of the trial (about 5 – 6 %) and the lack of 

association of orthostatic hypotension with a number of adverse events, including syncope, 

electrolyte abnormalities, injurious falls, and acute renal failure. (11) These results further 

supports the paradigm that intensive blood pressure intervention is clinically important and 

cost effective (8) (9) (10, 11). Our findings thus add to the growing evidence from other 
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trials and meta-analyses that support the rationale for the intensive control of blood pressure 

in patients at high risk for cardiovascular disease. (12–14)

Strengths of the present study include the design where hospitalizations were ascertained in 

a standard format at each routine 3-month visit. In addition, the cause of hospitalization was 

captured in a standard format using MedDRA coding and the analyses explicitly accounted 

for recurrent events and competing risks. Study limitations include the lack of data on length 

of stay and costs of hospitalizations.

Supplementary Material

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

After accounting for the cardiovascular benefits of the SPRINT intensive blood pressure 

arm, there was no difference in hospitalization rates and specific causes of 

hospitalizations. Thus, hospitalization rates were not adversely impacted by intensive 

control of blood pressure.
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Novelty and Significance

What is New?

• Intensive control of hypertension does not result in an increased risk of non-

cardiovascular hospitalizations.

What is Relevant?

• Hypertension is a major contributor for increased risk of cardiovascular 

morbidity and mortality

• SPRINT was one of the largest studies of intensive blood pressure control 

(systolic blood pressure of <120 mm Hg compared to systolic blood pressure 

of <140 mm Hg)

• All-cause hospitalizations were obtained in all participants in this study

Summary

• Intensive blood pressure control does not lead to adverse events that result in 

an increased rate of non-cardiovascular hospitalizations.

• No categories of hospitalization were statistically more common in the 

intensive arm compared to the standard arm.
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Figure 1 - 
CONSORT diagram. Abbreviation: BP = blood pressure

Rocco et al. Page 10

Hypertension. Author manuscript; available in PMC 2021 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2 - 
Estimated mean count of hospitalizations using the mean cumulative count method. Using 

the method of mean cumulative count (ref), the estimated mean number of hospitalizations 

on the y-axis, with days in study on the x-axis is displayed. The mean count and 95% 

confidence interval appears in red for the intensive arm, and in blue for the standard arm. 

This method takes into account the competing risks of death, primary events, and prior 

hospitalizations.
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Table 1 -

Baseline characteristics of SPRINT participants by randomization arm

Characteristic Intensive (N=4678) Standard (N=4683) P-value
†

Inclusion criteria – no. (%)

 Age ≥75 years 1317 (28.2) 1319 (28.2) 0.99

 Chronic kidney disease† 1329 (28.4) 1316 (28.1) 0.74

 Cardiovascular disease 940 (20.1) 937 (20.0) 0.92

  Clinical 779 (16.7) 783 (16.7) 0.93

  Subclinical 247 (5.3) 246 (5.3) 0.95

 Framingham 10-year cardiovascular disease risk score ≥15% 3556 (76.0) 3547 (75.7) 0.76

Female – no. (%) 1684 (36.0) 1648 (35.2) 0.41

Age – years 67.9±9.4 67.9±9.5 0.82

Age among those ≥75 years – years 79.8±3.9 79.9±4.1 0.72

Race/ethnicity‡ – no. (%)

 African American 1379 (29.5) 1423 (30.4)

0.33
 Hispanic 503 (10.8) 481 (10.3)

 European American 2698 (57.7) 2701 (57.7)

 Other 98 (2.1) 78 (1.7)

African American‡ – no. (%) 1454 (31.1) 1493 (31.9) 0.40

Baseline blood pressure – mm Hg

 Systolic 139.7±15.8 139.7±15.4 0.96

 Diastolic 78.2±11.9 78.0±12.0 0.45

Systolic blood pressure tertiles – no. (%)

 Systolic blood pressure ≤ 132 mm Hg 1583 (33.8) 1553 (33.2)

0.95 132 mm Hg < Systolic blood pressure < 145 mm Hg 1489 (31.8) 1549 (33.1)

 Systolic blood pressure ≥ 145 mm Hg 1606 (34.3) 1581 (33.8)

Serum creatinine – mg/dL 1.07±0.34 1.08±0.34 0.22

Estimated glomerular filtration rate – ml/min/1.73m2

 Overall 71.8±20.7 71.7±20.5 0.88

 Estimated glomerular filtration rate ≥ 60 ml/min/1.73m2 81.3±15.5 81.1±15.5 0.50

 Estimated glomerular filtration rate < 60 ml/min/1.73m2 47.8±9.5 47.9±9.5 0.88

Urine albumin/creatinine – mg/g 44.1±178.7 41.1±152.9 0.43

Total cholesterol – mg/dL 190.2±41.4 190.0±40.9 0.98

Fasting high density lipoprotein cholesterol – mg/dL 52.9±14.3 52.8±14.6 0.44

Fasting total triglycerides – mg/dL 124.8±85.8 127.1±95.0 0.52

Fasting plasma glucose – mg/dL 98.8±13.7 98.8±13.4 0.74

Statin use – no. (%) 1978/4646 (42.6) 2076/4640 (44.7) 0.04

Aspirin use – no. (%) 2406/4662 (51.6) 2350/4666 (50.4) 0.23

Smoking – no. (%)
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Characteristic Intensive (N=4678) Standard (N=4683) P-value
†

 Never smoker 2051 (43.8) 2072 (44.2)

0.51
 Former smoker 1977 (42.3) 1996 (42.6)

 Current smoker 639 (13.7) 601 (12.8)

 Missing 11 (0.2) 14 (0.3)

Framingham 10-year cardiovascular disease risk score – % 24.8±12.6 24.8±12.5 0.82

Body mass index – kg/m2 29.9±5.8 29.8±5.7 0.61

Antihypertension agents – count 1.8±1.0 1.8±1.0 0.54

Not using antihypertension agents – n (%) 432 (9.2) 450 (9.6) 0.54

†
P-values were computed using Wilcoxon rank sum test and chi square tests for contingency tables. The Mantel-Haenszel chi square test for 

ordered alternatives was used for systolic blood pressure tertiles.

‡
Race/ethnic was self-reported. African American race includes Hispanic ethnicity reporting African ancestry, African American, and African 

American as part of a multiracial identification.
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