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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 cardiovas-
cular 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 com-
posite 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 [CI], 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 abnor-
malities, acute kidney injury or failure, and syncope were significantly more fre-
quent 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 be-
tween 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 ClinicalTrials 
.gov number, NCT01206062.)
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The Systolic Blood Pressure Inter-
vention Trial (SPRINT) was designed to 
determine whether a systolic blood-pres-

sure 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 treat-
ment). We previously reported primary results of 
the trial through August 20, 2015,1 when the 
sponsor halted the intervention because of bene-
fit in the intensive-treatment group. The report 
included data available in October 2015. We con-
tinued to adjudicate potential trial events and 
collected data during an observational postinter-
vention period. We report here an updated analy-
sis of all events occurring through August 20, 
2015, as well as an analysis of data through 
July 29, 2016, including data from post-trial close-
out visits.

Me thods

Trial Design and Oversight

We previously reported the trial rationale and 
design,2 and the protocol is available with the full 
text of this article at NEJM.org.3 The methods 
are those reported in 20151 with the addition of 
post-trial follow-up. The steering committee (see 
Section 1 in the Supplementary Appendix, avail-
able 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 proto-
col. The trial was approved by the institutional 
review board at each participating site. The coor-
dinating center analyzed the data, and the writ-
ing committee interpreted the analyses, wrote the 
manuscript, and vouches for the completeness 
and accuracy of the data. All aspects of manu-
script 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 antihyper-
tensive drug treatment (Section 2 of the Supple-
mentary Appendix) along with at least one ad-
ditional indicator of cardiovascular risk: clinical 

or subclinical cardiovascular disease, chronic kid-
ney disease (defined as an estimated glomerular 
filtration rate [eGFR] of 20 to 59 ml per minute 
per 1.73 m2 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 par-
ticipants 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 (stan-
dard treatment). During the trial, blood-pressure 
medications were adjusted on the basis of treat-
ment 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 auto-
mated device (HEM-907XL, Omron Healthcare) 
while participants were seated,2,4 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 dis-
ease outcomes.1,2

Data on serious adverse events were collected 
at all trial visits. Hypotension, syncope, brady-
cardia, electrolyte abnormalities, and injurious 
falls were reported as adverse events if the par-
ticipant 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 sec-
ondary 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 provid-
ers. 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 con-
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tinue 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 ascertain-
ment 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 myo-
cardial infarction, acute coronary syndrome not 
resulting in myocardial infarction, stroke, acute 
decompensated heart failure, or death from car-
diovascular causes (Section 3 of the Supplemen-
tary Appendix).1,2 Secondary outcomes included 
individual components of the primary outcome, 
all-cause mortality, and a composite of the pri-
mary outcome plus all-cause mortality. We also 
included post hoc analyses of the primary out-
come 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 de-
cline in eGFR from baseline.1,2 In participants 
who did not have chronic kidney disease at base-
line, 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 inter-
vention period and during the postintervention 
(observational) period. Outcome-adjudication 
committee members were unaware of treatment 
assignments.

Statistical Analysis

The published primary results of the trial1 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 previous-
ly,1 but with complete ascertainment and adjudica-
tion of events. In addition, errors in the Framing-
ham cardiovascular risk score5 and safety coding 
and algorithmic errors were corrected and data 
on safety and clinical events were updated.6

For the primary analysis, we used Cox pro-
portional-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 con-
ducted with models similar to those used in the 
primary analysis. Nominal P values without ad-
justment for multiple comparisons were prespeci-
fied 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.7 Hazard ratios before and after 
August 20, 2015, were compared in a time-
varying–covariate model with the use of an indi-
cator of whether each event occurred on or be-
fore that date or after that date. We compared all 
primary outcome events (first and recurrent 
events) between the groups with Andersen–Gill 
models8 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 inter-
vention had not been anticipated; therefore, 
analyses that include data after August 20, 2015, 
were not prespecified.

R esult s

Participants and Blood Pressure

From November 2010 through March 2013, a 
total of 9361 participants underwent randomiza-
tion (Fig. S3). At baseline, participants had a 
mean age of 67.9 years, 28.2% were at least 75 
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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 stan-
dard-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 interven-
tion period that were included in the previous 
analysis, along with additional numbers of events 
in the current analysis, are 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 (haz-

ard 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% CI, 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% CI, 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% CI, 0.61 to 0.92; 
P = 0.006) (Fig. S6), similar to the previously pub-
lished findings (1.03% per year and 1.40% per 
year, respectively; hazard ratio, 0.73; 95% CI, 
0.60 to 0.90; P = 0.003). Rates of myocardial in-
farction, heart failure, and death from cardio-
vascular causes were significantly lower in the 
intensive-treatment group than in the standard-
treatment group. There was no evidence of hetero-
geneity of the treatment effect across prespeci-
fied subgroups for the primary outcome or for 
all-cause mortality (Figs. 2 and S7).

Among the participants who had chronic kid-
ney 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 partici-
pants 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 signifi-
cantly more common in the intensive-treatment 
group than in the standard-treatment group (haz-
ard ratio, 3.67; 95% CI, 2.62 to 5.26; P<0.001).

Clinical Outcomes: Observational 
Postintervention Period

After the intervention period, 108 primary out-
come events and 110 deaths occurred (Table 2). 
Outcomes during the intervention and postinter-
vention periods were compared with the use of 
a time-varying–covariate model including an in-
teraction 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 mor-
tality (P = 0.16) between the intervention and post
intervention 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) 

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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was followed by a higher event rate in the inten-
sive-treatment group during the postinterven-
tion period (hazard ratio, 1.63; 95% CI, 1.02 to 
2.57; P = 0.001 for interaction). Rates of the com-
posite renal outcome among participants with-
out chronic kidney disease at baseline also differed 
according to period; during the postintervention 

period, between-group differences were attenu-
ated and were not significant (hazard ratio, 1.37 
[95% CI, 0.62 to 2.79] vs. 3.71 [95% CI, 2.68 to 
5.22] during the intervention period; P = 0.004 
for interaction). There were no other significant 
differences between the intervention and post
intervention periods.

Table 1. Outcomes during the Intervention Period (through August 20, 2015).*

Outcome Intensive Treatment Standard Treatment Hazard Ratio (95% CI) P Value†

no. of 
participants % per year

no. of 
participants % per year

All participants (N = 4678) (N = 4683)

Primary outcome‡ 264 1.77 354 2.40 0.73 (0.63–0.86) <0.001

Primary outcome without nonfatal heart 
failure

222 1.48 293 1.97 0.75 (0.63–0.89) 0.001

Secondary outcomes‡

Myocardial infarction 102 0.68 140 0.93 0.72 (0.56–0.93) 0.01

Acute coronary syndrome 42 0.28 41 0.27 1.02 (0.66–1.57) 0.93

Stroke 69 0.45 78 0.52 0.89 (0.64–1.23) 0.48

Heart failure 68 0.45 105 0.70 0.63 (0.46–0.86) 0.003

Nonfatal heart failure 66 0.43 101 0.67 0.64 (0.47–0.87) 0.004

Death from cardiovascular causes 41 0.27 71 0.47 0.58 (0.39–0.84) 0.004

Death from any cause 163 1.06 215 1.41 0.75 (0.61–0.92) 0.006

Primary outcome or death from any 
cause

370 2.47 474 3.20 0.77 (0.67–0.88) <0.001

Participants with CKD at baseline (N = 1330) (N = 1316)

Composite renal outcome§ 17 0.39 16 0.37 1.03 (0.52–2.06) 0.93

≥50% Reduction in eGFR¶ 12 0.28 12 0.28 0.98 (0.43–2.22) 0.97

Long-term dialysis 7 0.16 10 0.23 0.66 (0.24–1.72) 0.39

Kidney transplantation 0 0 — —

Incident albuminuria‖ 64 3.93 85 5.61 0.71 (0.50–1.00) 0.05

Participants without CKD at baseline (N = 3332) (N = 3345)

≥30% Reduction in eGFR¶ 148 1.39 41 0.38 3.67 (2.62–5.26) <0.001

Long-term dialysis 0 0 — —

Kidney transplantation 0 0 — —

Incident albuminuria‖ 142 2.54 184 3.25 0.77 (0.62–0.96) 0.02

*	�Additional events not previously reported1 are included. CI denotes confidence interval, CKD chronic kidney disease, and eGFR estimated 
glomerular filtration rate.

†	�P values for between-group differences are shown; inferences drawn from these tests may not be reproducible, since none of the P values or 
95% confidence intervals were adjusted for multiplicity.

‡	�The primary outcome was the first occurrence of myocardial infarction, acute coronary syndrome not resulting in infarction, stroke, acute 
decompensated heart failure, or death from cardiovascular causes. Components of the primary outcome are shown with fatal and nonfatal 
cases included, except where noted for nonfatal heart failure.

§	� The composite renal outcome for participants with CKD at baseline was the first occurrence of a reduction in eGFR of 50% or more, long-
term dialysis, or kidney transplantation.

¶	�Reductions in eGFR were confirmed by a second laboratory test at least 90 days later.
‖	�Incident albuminuria was defined by a doubling of the ratio of urinary albumin (in milligrams) to creatinine (in grams) from less than 10 at 

baseline to greater than 10 during follow-up. The numbers of participants represent those without albuminuria at baseline.
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We examined whether changes in blood-
pressure medication in the postintervention peri-
od could explain the higher rate of heart-failure 
events during this period. We found that diuret-
ics, angiotensin-converting–enzyme (ACE) inhibi-
tors, and hydralazine were more frequently dis-
continued during the postintervention period in 
the intensive-treatment group and were more 
often added during the postintervention period 
in the standard-treatment group (test for trend, 
P<0.001 for diuretics, P<0.001 for ACE inhibi-
tors, and P = 0.005 for hydralazine) (Tables S5 and 
S7). However, most participants with heart fail-
ure 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 re-
sults 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% CI, 0.46 to 0.90; P = 0.01), whereas rates of 
heart-failure events did not differ significantly 
between the groups. Multiple-imputation analy-
ses of the primary outcome to account for miss-
ing data showed similar results (Table S9). Fi-
nally, 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 ad-
verse events overall did not differ significantly 
between the groups (Table 3). However, hypoten-
sion, electrolyte abnormalities, and acute kidney 
injury or renal failure occurred more often in the 
intensive-treatment group than in the standard-

Figure 2. Subgroup Analysis of Hazard Ratios for the Primary Outcome during the Intervention 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 multi­
ple subgroups tested.
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treatment group. Syncope was more common in 
the intensive-treatment group when serious ad-
verse events and emergency department events 
were combined. Similar patterns were found when 
intervention and postintervention data were com-
bined (Table S10).

Discussion

The updated findings from the intervention pe-
riod in our trial confirm the significant benefits 

of intensive blood-pressure control for the pri-
mary composite outcome, the components of 
the primary outcome (myocardial infarction, 
heart failure, and death from cardiovascular 
causes), a post hoc composite outcome that ex-
cluded heart failure, and all-cause mortality. 
Some have suggested that the benefit with re-
spect 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.9 However, the difference in 

Table 2. Outcomes during the Observational Postintervention Period (through July 29, 2016).*

Outcome Intensive Treatment Standard Treatment Hazard Ratio (95% CI) P Value†

no. of 
participants

% per  
year

no. of 
participants

% per  
year

All participants (N = 4515) (N = 4468)

Primary outcome‡ 51 2.35 57 2.70 0.87 (0.59–1.27) 0.46

Primary outcome without nonfatal heart failure 36 1.64 49 2.29 0.72 (0.46–1.10) 0.13

Secondary outcomes‡

Myocardial infarction 13 0.58 21 0.96 0.61 (0.30–1.22) 0.16

Acute coronary syndrome 3 0.13 6 0.27 0.51 (0.11–1.94) 0.33

Stroke 10 0.44 18 0.81 0.51 (0.23–1.10) 0.09

Heart failure 32 1.42 13 0.59 2.34 (1.25–4.64) 0.007

Nonfatal heart failure 32 1.42 13 0.59 2.34 (1.25–4.64) 0.007

Death from cardiovascular causes 15 0.66 16 0.71 0.95 (0.46–1.94) 0.89

Death from any cause 53 2.31 57 2.51 0.90 (0.61–1.31) 0.57

Primary outcome or death from any cause 85 3.90 89 4.20 0.91 (0.68–1.23) 0.55

Participants with CKD at baseline (N = 1148) (N = 1125)

Composite renal outcome§ 1 0.16 3 0.50 0.31 (0.02–2.42) 0.27

≥50% Reduction in eGFR¶ 1 0.16 1 0.17 0.79 (0.03–20.00) 0.87

Long-term dialysis 1 0.16 2 0.33 0.33 (0.03–5.82) 0.62

Kidney transplantation 0 1 0.17 0.00 0.23

Incident albuminuria‖ 5 2.30 9 4.71 0.55 (0.16–1.67) 0.29

Participants without CKD at baseline (N = 2887) (N = 2967)

≥30% Reduction in eGFR¶ 10 0.64 7 0.43 1.49 (0.57–4.10) 0.42

Long-term dialysis 0 0 — —

Kidney transplantation 0 0 — —

Incident albuminuria‖ 8 0.99 14 1.76 0.55 (0.22–1.30) 0.18

*	�Included in the table are data from participants who were not known to be dead at the end of the trial intervention period.
†	�P values for between-group differences are shown; inferences drawn from these tests may not be reproducible, since none of the P values or 

95% confidence intervals were adjusted for multiplicity.
‡	�The primary outcome was the first occurrence of myocardial infarction, acute coronary syndrome not resulting in infarction, stroke, acute 

decompensated heart failure, or death from cardiovascular causes. Components of the primary outcome are shown with fatal and nonfatal 
cases included, except where noted for nonfatal heart failure.

§	� The composite renal outcome for participants with CKD at baseline was the first occurrence of a reduction in eGFR of 50% or more, long-
term dialysis, or kidney transplantation.

¶	�Reductions in eGFR were confirmed by a second laboratory test at least 90 days later.
‖	�Incident albuminuria was defined as a doubling of the ratio of urinary albumin (in milligrams) to creatinine (in grams) from less than 10 at 

baseline to greater than 10 during follow-up. The denominators for the number of participants represent those without albuminuria at baseline.
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primary-outcome event rates was still significant 
when heart-failure events were excluded. Fur-
thermore, we used rigorous, objective, validated 
criteria10 for confirmation of acute decompen-
sated 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 dif-
ferential use of diuretics contributed to these 
findings.11

As in the initial trial report,1 no difference 
was found in the incidence of the composite re-

Table 3. Adverse Events during the Clinical Trial Intervention Period (through August 20, 2015).

Event*
Intensive Treatment 

(N = 4678)
Standard Treatment 

(N = 4683)
Hazard Ratio 

(95% CI) P Value†

no. of  
participants (%)

% per  
year

no. of  
participants (%)

% per  
year

Serious adverse event‡ 1799 (38.5) 14.8 1742 (37.2) 14.2 1.04 (0.97–1.11) 0.23

Conditions of interest

Serious adverse event

Hypotension 99 (2.1) 0.7 58 (1.2) 0.4 1.71 (1.24–2.38) 0.001

Syncope 97 (2.1) 0.6 73 (1.6) 0.5 1.33 (0.98–1.81) 0.07

Bradycardia 78 (1.7) 0.5 68 (1.5) 0.5 1.15 (0.83–1.59) 0.41

Electrolyte abnormality 138 (2.9) 0.9 104 (2.2) 0.7 1.33 (1.03–1.72) 0.03

Injurious fall§ 102 (2.2) 0.7 101 (2.2) 0.7 1.01 (0.76–1.33) 0.97

Acute kidney injury or acute renal 
failure¶

193 (4.1) 1.3 115 (2.5) 0.8 1.69 (1.34–2.13) <0.001

Emergency department visit or serious 
adverse event

Hypotension 144 (3.1) 1.0 79 (1.7) 0.5 1.83 (1.40–2.42) <0.001

Syncope 148 (3.2) 1.0 100 (2.1) 0.7 1.48 (1.15–1.92) 0.002

Bradycardia 94 (2.0) 0.6 76 (1.6) 0.5 1.24 (0.91–1.68) 0.17

Electrolyte abnormality 170 (3.6) 1.1 127 (2.7) 0.9 1.34 (1.07–1.69) 0.01

Injurious fall§ 335 (7.2) 2.3 317 (6.8) 2.2 1.06 (0.91–1.23) 0.49

Acute kidney injury or acute renal 
failure¶

201 (4.3) 1.3 120 (2.6) 0.8 1.69 (1.35–2.12) <0.001

Monitored clinical events: adverse laboratory 
measures‖

Serum sodium <130 mmol/liter 189 (4.0) 1.3 103 (2.2) 0.7 1.85 (1.46–2.36) <0.001

Serum sodium >150 mmol/liter 6 (0.1) 0.04 0 0 — 0.004

Serum potassium <3.0 mmol/liter 117 (2.5) 0.8 75 (1.6) 0.5 1.56 (1.17–2.10) 0.002

Serum potassium >5.5 mmol/liter 184 (3.9) 1.2 173 (3.7) 1.2 1.06 (0.86–1.31) 0.56

*	�Duplicate events of the same type (i.e., in the same row) in a given participant were counted only once, but the same participant could be 
included in more than one row for the same event.

†	�Inferences drawn from these tests may not be reproducible, since none of the P values or 95% confidence intervals were adjusted for multi­
plicity.

‡	�A serious adverse event was defined as an event that was fatal or life-threatening, that resulted in significant or persistent disability, that led 
to or prolonged a hospitalization, or that was an important medical event that the investigator judged to be a substantial hazard or harm to 
the participant that may have led to medical or surgical intervention to prevent one of the other events listed above.

§	� Injurious fall was defined as a fall that resulted in evaluation in an emergency department or that resulted in hospitalization.
¶	�Acute kidney injury or acute renal failure was coded if the diagnosis was listed in the hospital discharge summary and was thought to be one of 

the top three reasons for admission or continued hospitalization. Although acute kidney injury was not reportable as a condition of interest 
if it resulted only in evaluation in an emergency department, it was noted in a few cases (8 in the intensive-treatment group and 5 in the 
standard-treatment group) in which the participant presented to an emergency department for one of the other conditions of interest.

‖	�Adverse laboratory measures were detected on routine or unscheduled tests; routine laboratory tests were performed at 1 month, then quar­
terly during the first year, then every 6 months.
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nal outcome — a decrease in eGFR of 50% or 
more or end-stage renal disease — between the 
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 addi-
tion, higher rates of serious adverse events related 
to acute kidney injury persisted in the intensive-
treatment group.

As reported previously, most of the acute ad-
verse events affecting the kidney were solitary, 
were mild (as determined on the basis of the 
modified Kidney Disease: Improving Global Out-
comes [KDIGO] criteria), and were followed by 
nearly complete recovery of kidney function with-
in 1 year.12 The decrease in eGFR occurred early 
among the patients without chronic kidney dis-
ease in the intensive-treatment group, and after 
18 months the difference between treatment 
groups stabilized, a finding consistent with a 
hemodynamic reduction in glomerular pres-
sure.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 hypo-
tension 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 hypo-
tension and syncope adverse events were more 
common among participants with chronic kid-
ney disease, frailty, or older age; there was no 
age-by-treatment interaction for these events.6

During the postintervention period, blood 
pressure was managed by each participant’s usual 
health care provider. Systolic blood-pressure dif-
ferences between the groups narrowed. During 
this period, the event rate for acute decompen-
sated 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 varia-
tion due to few cases having occurred during the 
postintervention period. We did observe decreas-
es 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 postinter
vention periods were combined, the benefits of 
intensive treatment with respect to the primary 
outcome and all-cause mortality remained high-
ly significant and similar in magnitude to ef-
fects 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 with 
lower rates of fatal and nonfatal cardiovascular 
events and death from any cause than standard 
treatment. However, some adverse events oc-
curred 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.
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