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Abstract

BACKGROUND—In a previously reported randomized trial of standard and intensive systolic
blood-pressure control, data on some outcome events had yet to be adjudicated and post-trial
follow-up data had not yet been collected.

METHODS—We randomly assigned 9361 participants who were at increased risk for
cardiovascular disease but did not have diabetes or previous stroke to adhere to an intensive
treatment target (systolic blood pressure, <120 mm Hg) or a standard treatment target (systolic
blood pressure, <140 mm Hg). The primary outcome was a composite of myocardial infarction,
other acute coronary syndromes, stroke, acute decompensated heart failure, or death from
cardiovascular causes. Additional primary outcome events occurring through the end of the
intervention period (August 20, 2015) were adjudicated after data lock for the primary analysis.
We also analyzed post-trial observational follow-up data through July 29, 2016.

RESULTS—At a median of 3.33 years of follow-up, the rate of the primary outcome and
all-cause mortality during the trial were significantly lower in the intensive-treatment group

than in the standard-treatment group (rate of the primary outcome, 1.77% per year vs. 2.40%

per year; hazard ratio, 0.73; 95% confidence interval [Cl], 0.63 to 0.86; all-cause mortality,
1.06% per year vs. 1.41% per year; hazard ratio, 0.75; 95% CI, 0.61 to 0.92). Serious adverse
events of hypotension, electrolyte abnormalities, acute kidney injury or failure, and syncope were
significantly more frequent in the intensive-treatment group. When trial and post-trial follow-up
data were combined (3.88 years in total), similar patterns were found for treatment benefit and
adverse events; however, rates of heart failure no longer differed between the groups.

CONCLUSIONS—Among patients who were at increased cardiovascular risk, targeting a
systolic blood pressure of less than 120 mm Hg resulted in lower rates of major adverse
cardiovascular events and lower all-cause mortality than targeting a systolic blood pressure of less
than 140 mm Hg, both during receipt of the randomly assigned therapy and after the trial. Rates
of some adverse events were higher in the intensive-treatment group. (Funded by the National
Institutes of Health; SPRINT Clinical Trials.gov number, NCT01206062.)

The Systolic Blood Pressure Intervention Trial (SPRINT) was designed to determine
whether a systolic blood-pressure target of less than 120 mm Hg (intensive treatment) would
be associated with a lower rate of clinical events than a systolic blood-pressure target of

less than 140 mm Hg (standard treatment). We previously reported primary results of the
trial through August 20, 2015, when the sponsor halted the intervention because of benefit
in the intensive-treatment group. The report included data available in October 2015. We
continued to adjudicate potential trial events and collected data during an observational
postintervention period. We report here an updated analysis of all events occurring through
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August 20, 2015, as well as an analysis of data through July 29, 2016, including data from
post-trial close-out visits.

METHODS
TRIAL DESIGN AND OVERSIGHT

We previously reported the trial rationale and design,? and the protocol is available with

the full text of this article at NEJM.org.3 The methods are those reported in 2015 with the
addition of post-trial follow-up. The steering committee (see Section 1 in the Supplementary
Appendix, available at NEJM.org) designed the trial, gathered data with the collaborating
investigators, decided to submit the manuscript for publication, and vouches for the fidelity
of the trial to the protocol. The trial was approved by the institutional review board at each
participating site. The coordinating center analyzed the data, and the writing committee
interpreted the analyses, wrote the manuscript, and vouches for the completeness and
accuracy of the data. All aspects of manuscript writing and revision were performed by

the writing committee. In accordance with the policy of the National Institutes of Health (the
sponsor), data are shared through the National Heart, Lung, and Blood Institute repository
(https://biolincc.nhlbi.nih.gov/home/).

TRIAL POPULATION

We enrolled participants who were 50 years of age or older and had a systolic blood pressure
of 130 to 180 mm Hg with or without antihypertensive drug treatment (Section 2 of the
Supplementary Appendix) along with at least one additional indicator of cardiovascular

risk: clinical or subclinical cardiovascular disease, chronic kidney disease (defined as an
estimated glomerular filtration rate [eGFR] of 20 to 59 ml per minute per 1.73 m? of
body-surface area), a 15% or greater 10-year risk of cardiovascular disease as determined

on the basis of the Framingham cardiovascular risk score, or an age of 75 years or older.

We excluded persons with diabetes mellitus, previous stroke, or dementia. All participants
provided written informed consent. We enrolled participants from November 2010 through
March 2013 at 102 clinical sites.

RANDOMIZATION, INTERVENTIONS, AND FOLLOW-UP

Participants were randomly assigned in a 1:1 ratio to a systolic blood-pressure goal below
120 mm Hg (intensive treatment) or below 140 mm Hg (standard treatment). During the
trial, blood-pressure medications were adjusted on the basis of treatment group—specific
algorithms (Figs. S1 and S2 and Table S1 in the Supplementary Appendix).2

Clinical and laboratory data were obtained at quarterly follow-up visits. At each visit,
trained staff measured blood pressure with an automated device (HEM-907XL, Omron
Healthcare) while participants were seated,2* in accordance with a prespecified research
protocol. Identical structured interviews were used quarterly in both groups to obtain data on
participant-reported clinical cardiovascular and end-stage renal disease outcomes.!:2

Data on serious adverse events were collected at all trial visits. Hypotension, syncope,
bradycardia, electrolyte abnormalities, and injurious falls were reported as adverse events
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if the participant underwent evaluation in the emergency department. Acute Kidney injury
and acute renal failure were monitored and recorded if the event was noted on admission or
occurred during a hospitalization and was reported in the hospital discharge summary as a
primary or main secondary diagnosis. Periodic National Death Index searches were used to
ascertain vital status.

POSTINTERVENTION PERIOD

An observational postintervention period began after August 20, 2015, when participants’
blood-pressure control and medication management were returned to their usual health care
providers. Trial investigators were instructed to change participants’ trial medications only
if warranted for safety. Participants and their health care providers were free to change or
continue blood-pressure medications or treatment goals.

Quarterly visits and safety visits (if needed) continued until the close-out visit period began.
Each participant had one close-out visit during the period from December 1, 2015, through
July 29, 2016. The close-out visit included ascertainment of clinical outcomes and collection
of blood-pressure measurements, data on medication use, and other data. Before and by the
end of the close-out period, sites were required to search available sources for participants
who had been lost to follow-up, withdrawn, or missed their last visit. A final National Death
Index search was completed in December 2016.

TRIAL OUTCOMES

The primary outcome was a composite of myocardial infarction, acute coronary syndrome
not resulting in myocardial infarction, stroke, acute decompensated heart failure, or death
from cardiovascular causes (Section 3 of the Supplementary Appendix).}2 Secondary
outcomes included individual components of the primary outcome, all-cause mortality, and
a composite of the primary outcome plus all-cause mortality. We also included post hoc
analyses of the primary outcome with nonfatal heart failure excluded. In participants who
had chronic kidney disease at baseline (eGFR 20 to 59 ml per minute per 1.73 m2), the
main composite renal outcome was end-stage renal disease or a 50% or greater decline

in eGFR from baseline.1:2 In participants who did not have chronic kidney disease at
baseline, the renal outcome was defined as a 30% or greater decline in eGFR to a value
less than 60 ml per 1.73 m2. The same ascertainment and adjudication protocols were
used during the intervention period and during the postintervention (observational) period.
Outcome-adjudication committee members were unaware of treatment assignments.

STATISTICAL ANALYSIS

The published primary results of the trial> were based on all events that had occurred
through August 20, 2015, and had been ascertained and adjudicated at the time of
publication (median follow-up, 3.26 years). We compared these results with updated results
reflecting complete outcome adjudication of all events that had occurred through August
20, 2015 (median follow-up, 3.33 years). We also examined outcomes from randomization
through July 29, 2016, including data from close-out visits (median follow-up, 3.88 years).
These updated analyses followed the same analysis plan that had been used previously,!
but with complete ascertainment and adjudication of events. In addition, errors in the
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Framingham cardiovascular risk score® and safety coding and algorithmic errors were
corrected and data on safety and clinical events were updated.®

For the primary analysis, we used Cox proportional-hazards regression with two-sided

tests at the 5% level of significance. Follow-up time was censored at the date of last
ascertainment for most participants. For participants who had not had an event by August
20, 2015, but had an event after that date, we censored follow-up time at August 20,

2015, for updated trial analyses. Clinical site was used as a stratification factor for efficacy
analyses but not for safety analyses because of the small numbers of serious adverse events.
Tests of secondary outcomes were conducted with models similar to those used in the
primary analysis. Nominal P values without adjustment for multiple comparisons were
prespecified to show a pattern of effects closely related to the primary outcome; inferences
drawn may not be reproducible since they were not adjusted for multiplicity. For tests of
interactions between treatment and prespecified subgroups, we used likelihood-ratio tests
with Hommel adjustment for multiplicity.” Hazard ratios before and after August 20, 2015,
were compared in a time-varying—covariate model with the use of an indicator of whether
each event occurred on or before that date or after that date. We compared all primary
outcome events (first and recurrent events) between the groups with Andersen-Gill models®
using data through July 29, 2016, and site stratification. We used multiple imputation in
sensitivity analyses to assess the influence of missing data (Section 4 of the Supplementary
Appendix). Early termination of the trial intervention had not been anticipated; therefore,
analyses that include data after August 20, 2015, were not prespecified.

PARTICIPANTS AND BLOOD PRESSURE

From November 2010 through March 2013, a total of 9361 participants underwent
randomization (Fig. S3). At baseline, participants had a mean age of 67.9 years, 28.2%
were at least 75 years of age, 28.3% had chronic kidney disease, and 20.0% had previous
cardiovascular disease (Table S2). Thiazide diuretics were being used at the time of
screening by 38.2% of participants who had been assigned to intensive treatment and by
40.0% of those who had been assigned to standard treatment and were being used after
randomization by 56.2% and 43.3%, respectively.

Differences in systolic blood pressure between the groups developed rapidly and were
sustained during the intervention period (Fig. S4). The mean systolic blood pressure at the
last intervention-period visit was 120.0 mm Hg in the intensive-treatment group and 133.9
mm Hg in the standard-treatment group. In the comparison of the postintervention close-out
visit with the final intervention-period visit, the mean systolic blood pressure was 6.9 mm
Hg higher in the intensive-treatment group and 2.6 mm Hg higher in the standard-treatment
group at the close-out visit than at the last intervention-period visit (Fig. S5).

CLINICAL OUTCOMES: INTERVENTION PERIOD

Numbers of outcome events during the intervention period that were included in the
previous analysis, along with additional numbers of events in the current analysis, are
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shown in Table S3. The rate of the primary outcome was 1.77% per year in the intensive-
treatment group and 2.40% per year in the standard-treatment group (hazard ratio, 0.73;
95% confidence interval [CI], 0.63 to 0.86; P<0.001) (Fig. 1 and Table 1), similar to the
previously published findings (1.65% per year and 2.19% per year, respectively; hazard
ratio, 0.75; 95% ClI, 0.64 to 0.89; P<0.001).1 Results were similar for the post hoc analysis
of the primary outcome in which nonfatal heart failure was excluded (hazard ratio, 0.75;
95% Cl, 0.63 to 0.89; P = 0.001). All-cause mortality was 1.06% per year in the intensive-
treatment group and 1.41% per year in the standard-treatment group (hazard ratio, 0.75; 95%
Cl, 0.61 t0 0.92; P = 0.006) (Fig. S6), similar to the previously published findings (1.03%
per year and 1.40% per year, respectively; hazard ratio, 0.73; 95% ClI, 0.60 to 0.90; P =
0.003). Rates of myocardial infarction, heart failure, and death from cardiovascular causes
were significantly lower in the intensive-treatment group than in the standard-treatment
group. There was no evidence of heterogeneity of the treatment effect across prespecified
subgroups for the primary outcome or for all-cause mortality (Figs. 2 and S7).

Among the participants who had chronic kidney disease at baseline, there was no significant
between-group difference in the renal composite outcome of a 50% or more reduction in
eGFR, dialysis, or kidney transplantation; however, there were few events (Table 1). Among
the participants who did not have chronic kidney disease at baseline, a 30% reduction in
eGFR to less than 60 ml per minute per 1.73 m2 was significantly more common in the
intensive-treatment group than in the standard-treatment group (hazard ratio, 3.67; 95% Cl,
2.62 t0 5.26; P<0.001).

CLINICAL OUTCOMES: OBSERVATIONAL POSTINTERVENTION PERIOD

After the intervention period, 108 primary outcome events and 110 deaths occurred (Table
2). Outcomes during the intervention and postintervention periods were compared with
the use of a time-varying—covariate model including an interaction term (Table S4). There
was no evidence of a differential effect of treatment group on the primary outcome (P =
0.44) or on all-cause mortality (P = 0.16) between the intervention and postintervention
periods. For the outcome of acute decompensated heart failure, the lower event rate in

the intensive-treatment group than in the standard-treatment group during the intervention
period (hazard ratio, 0.68; 95% CI, 0.50 to 0.92) was followed by a higher event rate in
the intensive-treatment group during the postintervention period (hazard ratio, 1.63; 95%
Cl, 1.02 to 2.57; P = 0.001 for interaction). Rates of the composite renal outcome among
participants without chronic kidney disease at baseline also differed according to period;
during the postintervention period, between-group differences were attenuated and were
not significant (hazard ratio, 1.37 [95% ClI, 0.62 to 2.79] vs. 3.71 [95% Cl, 2.68 to 5.22]
during the intervention period; P = 0.004 for interaction). There were no other significant
differences between the intervention and postintervention periods.

We examined whether changes in blood-pressure medication in the postintervention period
could explain the higher rate of heart-failure events during this period. We found that
diuretics, angiotensin-converting—enzyme (ACE) inhibitors, and hydralazine were more
frequently discontinued during the postintervention period in the intensive-treatment group
and were more often added during the postintervention period in the standard-treatment

N Engl J Med. Author manuscript; available in PMC 2023 February 08.
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group (test for trend, P<0.001 for diuretics, P<0.001 for ACE inhibitors, and P = 0.005 for
hydralazine) (Tables S5 and S7). However, most participants with heart failure outcomes that
occurred after August 20, 2015, in both the intensive-treatment group and in the standard-
treatment group had no medication changes recorded at their first postintervention-period
visit (Tables S6 and S7).

When intervention and postintervention results were combined, the primary outcome and
death rates remained significantly lower in the intensive-treatment group than in the
standard-treatment group (hazard ratio for the primary outcome, 0.76; 95% CI, 0.65 to
0.88; P<0.001; hazard ratio for death, 0.79; 95% CI, 0.66 to 0.94; P = 0.009) (Table

S8). Rates of myocardial infarction remained significantly lower in the intensive-treatment
group than in the standard-treatment group (hazard ratio, 0.71; 95% CI, 0.56 to 0.90; P

= 0.005), as did rates of death from cardiovascular causes (hazard ratio, 0.65; 95% ClI,
0.46 to 0.90; P = 0.01), whereas rates of heart-failure events did not differ significantly
between the groups. Multiple-imputation analyses of the primary outcome to account for
missing data showed similar results (Table S9). Finally, the Andersen-Gill recurrent-events
model showed significantly fewer first and reoccurring primary outcome events in the
intensive-treatment group than in the standard-treatment group (435 events and 552 events,
respectively; hazard ratio, 0.78; 95% CI, 0.69 to 0.89; P<0.001) (Fig. S8).

SERIOUS ADVERSE EVENTS

In the intervention period, rates of serious adverse events overall did not differ significantly
between the groups (Table 3). However, hypotension, electrolyte abnormalities, and acute
kidney injury or renal failure occurred more often in the intensive-treatment group than in
the standard-treatment group. Syncope was more common in the intensive-treatment group
when serious adverse events and emergency department events were combined. Similar
patterns were found when intervention and postintervention data were combined (Table
S10).

DISCUSSION

The updated findings from the intervention period in our trial confirm the significant
benefits of intensive blood-pressure control for the primary composite outcome, the
components of the primary outcome (myocardial infarction, heart failure, and death from
cardiovascular causes), a post hoc composite outcome that excluded heart failure, and all-
cause mortality. Some have suggested that the benefit with respect to the rate of heart-failure
events was due to differential fluid shifts resulting from more frequent use of chlorthalidone
in the intensive-treatment group.® However, the difference in primary-outcome event

rates was still significant when heart-failure events were excluded. Furthermore, we

used rigorous, objective, validated criterial for confirmation of acute decompensated

heart failure, which was adjudicated by a committee that was unaware of the treatment
assignments. We have reported elsewhere that detailed analyses did not show evidence that
differential use of diuretics contributed to these findings.11

As in the initial trial report,! no difference was found in the incidence of the composite renal
outcome — a decrease in eGFR of 50% or more or end-stage renal disease — between the

N Engl J Med. Author manuscript; available in PMC 2023 February 08.
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two treatment groups among the participants who had chronic kidney disease at baseline.
However, among participants who did not have kidney disease, a 30% decrease in eGFR to
less than 60 ml per minute per 1.73 m2 remained more common in the intensive-treatment
group than in the standard-treatment group. In addition, higher rates of serious adverse
events related to acute kidney injury persisted in the intensive-treatment group.

As reported previously, most of the acute adverse events affecting the kidney were solitary,
were mild (as determined on the basis of the modified Kidney Disease: Improving Global
Outcomes [KDIGO] criteria), and were followed by nearly complete recovery of kidney
function within 1 year.12 The decrease in eGFR occurred early among the patients without
chronic kidney disease in the intensive-treatment group, and after 18 months the difference
between treatment groups stabilized, a finding consistent with a hemodynamic reduction
in glomerular pressure.13 Similar effects have been noted in other trials.14-17 Analyses

of urine markers of tubule function in trial participants who had chronic kidney disease

at baseline lend support for this hemodynamic-effect hypothesis.18 Longer-term effects
are being examined in a separate SPRINT trial (Alzheimer’s, Seniors, and Kidney Study
[SPRINT ASK]).19

Rates of serious adverse events due to hypotension or electrolyte abnormalities remained
higher in the intensive-treatment group. Syncope was more common in the intensive-
treatment group when serious adverse events and adverse events leading to emergency
department visits were combined. We previously found that hypotension and syncope
adverse events were more common among participants with chronic kidney disease, frailty,
or older age; there was no age-by-treatment interaction for these events.®

During the postintervention period, blood pressure was managed by each participant’s usual
health care provider. Systolic blood-pressure differences between the groups narrowed.
During this period, the event rate for acute decompensated heart failure was significantly
higher in the intensive-treatment group than in the standard-treatment group. Potential
explanations include a lower intensity of blood-pressure treatment in the intensive-treatment
group and random variation due to few cases having occurred during the postintervention
period. We did observe decreases in the use of some blood pressure—lowering medications
in the intensive-treatment group and increases in the use of such medications in the standard-
treatment group in a minority of participants. Thus, although modest changes in therapeutic
intensity may affect some benefits of intensive treatment, this speculation is based on few
events in the postintervention period.

When data from the intervention and postintervention periods were combined, the benefits
of intensive treatment with respect to the primary outcome and all-cause mortality remained
highly significant and similar in magnitude to effects seen during the trial. Finally, an
Andersen—Gill model showed significantly fewer primary outcome events in the intensive-
treatment group than in the standard-treatment group when both incident and recurrent
events that occurred through July 29, 2016, were considered.

In this final report of the main outcomes of the SPRINT trial, involving patients at increased
risk for cardiovascular events, intensive treatment to lower blood pressure was associated
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with lower rates of fatal and nonfatal cardiovascular events and death from any cause than
standard treatment. However, some adverse events occurred more frequently with the lower
blood-pressure target. During a post-trial observational period, the achieved blood-pressure
differential between the treatment groups was attenuated, and more frequent heart failure
was noted in the intensive-treatment group.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Cumulative Hazard Ratios for the Primary Outcome during the Intervention Period

(through August 20, 2015).

The inset shows the same data on an enlarged y axis.
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Figure 2. Subgroup Analysis of Hazard Ratiosfor the Primary Outcome during the I ntervention

Period (through August 20, 2015).

The box sizes are proportional to the precision of the estimates, with larger boxes indicating
a greater degree of precision. The subgroup of participants with no previous chronic kidney

disease includes some participants with unknown status with respect to chronic kidney

disease at baseline. Black race includes Hispanic Black and Black as part of a multiracial
identification. P values were adjusted for multiple subgroups tested.
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