
Intensive Versus Standard Blood Pressure Lowering
and Days Free of Cardiovascular Events and Serious
Adverse Events: a Post Hoc Analysis of Systolic Blood
Pressure Intervention Trial
Dae Hyun Kim, MD, MPH, ScD1 , Curtis Tatsuoka, PhD2,3, Zhengyi Chen, PhD2,3,
Jackson T. Wright Jr, MD, PhD4, Michelle C. Odden, PhD5, Srinivasan Beddhu, MD6,
Brandon K. Bellows, PharmD, MS7, Adam Bress, PharmD, MS8, Thaddeus Carson, MD9,
William C. Cushman, MD10, Karen C. Johnson, MD, MPH10, Donald E. Morisky, ScD11,
Henry Punzi, MD12, Leonardo Tamariz, MD13, Song Yang, PhD14, and Lee-JenWei, PhD15

1Hinda and Arthur Marcus Institute for Aging Research, Hebrew SeniorLife, 1200 Centre Street, Boston, MA, USA; 2Department of Population and
Quantitative Health Sciences, CaseWestern Reserve University, Cleveland, OH, USA; 3Department of Neurology, CaseWestern Reserve University,
Cleveland, OH, USA; 4Department of Medicine, University Hospitals Cleveland Medical Center, Case Western Reserve University, Cleveland, OH,
USA; 5Department of Epidemiology and Population Health, Stanford University, Stanford, CA, USA; 6Department of Medicine, University of Utah
School of Medicine, Salt Lake City, UT, USA; 7Department of Medicine, Columbia University, New York, NY, USA; 8Department of Population Health
Sciences, University of Utah School of Medicine, Salt LakeCity, UT, USA; 9Department of Medicine, Medical College of Georgia, Augusta, GA, USA;
10Department of PreventiveMedicine, The University of Tennessee Health Science Center, Memphis, TN, USA; 11Department of Community Health
Sciences, UCLA Fielding School of Public Health, Los Angeles, CA, USA; 12Punzi Medical Center, Carrollton, TX, USA; 13Division of Population Health
andComputationalMedicine,Miller School ofMedicine, University ofMiami,Miami, FL, USA; 14Office of Biostatistics Research, National Heart, Lung,
and Blood Institute, Bethesda, MD, USA; 15Department of Biostatistics, Harvard T. H. Chan School of Public Health, Boston, MA, USA.

BACKGROUND: Communication of the benefits and
harms of blood pressure lowering strategy is crucial for
shared decision-making.
OBJECTIVES: To quantify the effect of intensive versus
standard systolic blood pressure lowering in terms of the
number of event-free days
DESIGN: Post hoc analysis of the Systolic Blood Pressure
Intervention Trial
PARTICIPANTS: A total of 9361 adults 50 years or older
without diabetes or stroke who had a systolic blood pres-
sure of 130–180 mmHg and elevated cardiovascular risk
INTERVENTIONS: Intensive (systolic blood pressure goal
<120 mmHg) versus standard blood pressure lowering
(<140 mmHg)
MAIN MEASURES: Days free of major adverse cardiovas-
cular events (MACE), serious adverse events (SAE), and
monitored adverse events (hypotension, syncope, brady-
cardia, electrolyte abnormalities, injurious falls, or acute
kidney injury) over a median follow-up of 3.33 years
KEYRESULTS: The intensive treatment groupgained14.7
more MACE-free days over 4 years (difference, 14.7 [95%
confidence interval: 5.1, 24.4] days) than the standard
treatment group. The benefit of the intensive treatment
varied by cognitive function (normal: difference, 40.7
[13.0, 68.4] days; moderate-to-severe impairment: differ-
ence, −15.0 [−56.5, 26.4] days; p-for-interaction=0.009)
and self-rated health (excellent: difference, −22.7 [−51.5,
6.1] days; poor: difference, 156.1 [31.1, 281.2] days; p-for-
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INTRODUCTION

The final report of Systolic Blood Pressure Intervention Trial
(SPRINT) showed that an intensive systolic blood pressure
lowering decreased the rate of major adverse cardiovascular
events (MACE) and all-cause mortality compared with a
standard treatment by 27% over a median follow-up of 3.33
years in non-diabetic patients at elevated risk for cardiovascu-
lar disease (CVD).1 Conventional effect measures that are

Received August 26, 2021
Accepted July 27, 2022
Published online August 9, 2022

3797

(difference, −14.8 [−35.3, 5.7] days). However, the intensive
treatment group had 28.5 fewer monitored adverse event–
free days than the standard treatment group (difference,
−28.5 [−40.3, −16.7] days), with significant variations by
frailty status (non-frail: difference, 38.8 [8.4, 69.2] days;
frail: difference, −15.5 [−46.6, 15.7] days) and self-rated
health (excellent: difference, −12.9 [−45.5, 19.7] days; poor:
difference, 180.6 [72.9, 288.4] days; p-for-interaction
<0.001).
CONCLUSIONS: Over 4 years, intensive systolic blood
pressure lowering provides, on average, 14.7 more
MACE-free days than standard treatment, without any
difference in SAE-free days. Whether this time-based ef-
fect summary improves shared decision-making remains
to be elucidated.

interaction=0.001). The mean overall SAE-free days were
not significantly different between the treatments
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familiar to trialists and researchers, such as hazard ratios (HR)
and the number needed to treat (NNT), may not be intuitive to
clinicians and patients.2, 3 Relative measures tend to exagger-
ate the effect size,4 thereby influencing treatment decisions.2

Recently, restricted mean survival time (RMST) was pro-
posed as an alternative effect measure for clinical studies.5–12

The RMST is an average event-free time up to a pre-specified
time point and, heuristically, it is the area under the Kaplan-
Meier survival curve up to that point. Although RMST shares
the same limitations as HR and NNT that it provides popula-
tion average treatment effect for the study duration, it is an
absolutemeasure, thus contains more information than relative
measures like HR. It also gives an intuitive way to communi-
cate treatment effect as a gain or loss in event-free time.13–16

While there is no definitive evidence on how an RMST-based
summary influences treatment decisions compared to the con-
ventional effect measures, a recent survey suggests that RMST
information might reduce decisional conflict and influence
treatment choice in older adults with limited life
expectancies.17

The RMST analysis has been applied to publicly available
SPRINT data to quantify the benefits and harms of intensive
blood pressure lowering.18, 19 The current analysis expands
the previous reports by applying RMST methods to the final
SPRINT data and identifying baseline prognostic factors that
moderate the effect of the intensive treatment to find sub-
groups that were more likely to benefit and least likely to harm
from the intensive treatment.

METHODS

Study Design, Population, and Interventions

The design, conduct, and main results of SPRINT have been
reported previously (ClinicalTrials.gov Registration:
NCT01206062).1, 20–22 The SPRINT protocol was approved
by the institutional review board at each participating site and
all participants provided written informed consent. This post
hoc analysis was approved by Advarra/Hebrew SeniorLife
institutional review board. Briefly, participants were 9361
adults 50 years or older who had a systolic blood pressure of
130 to 180 mmHg and elevated cardiovascular risk, defined as
one or more of the following risk factors: history of clinical or
subclinical CVD other than stroke, estimated glomerular fil-
tration rate of 20–59 mL/min/1.73 m2 using the 4-variable
Modification of Diet in Renal Disease equation,23 10-year
CVD risk ≥ 15% calculated using the FraminghamRisk Score,
or age ≥ 75 years. Individuals with diabetes or prior stroke
were excluded. Eligible participants were randomized to an
intensive systolic blood pressure lowering treatment (goal
<120 mmHg) or standard treatment (goal <140 mmHg) (see
CONSORT diagram in Supplementary Figure 1). After a
recommendation by the trial’s Data and Safety Monitoring
Board, the SPRINT intervention was stopped on August 20,
2015, by the trial sponsor (National Heart, Lung, and Blood

Institute), based on significantly reduced rates of CVD events
and death in the intensive treatment group after a median
follow-up of 3.33 years.

Measurements

Demographic characteristics, medical history, and laboratory
tests were collected at baseline. Chronic kidney disease (CKD)
was defined as estimated glomerular filtration rate <60 mL/
min/1.73 m2. A comorbidity burden was measured as a count
of 30 medical and 6 mental conditions.24 Montreal Cognitive
Assessment (MoCA) (range: 0–30 points; higher scores indi-
cate better cognitive function) was performed. Participants
were classified into normal, mild impairment, or
moderate-to-severe impairment according to the race/
ethnicity and educational level (Supplementary Table 1).25

A 36-item deficit-accumulation frailty index (range: 0–1;
higher scores indicate greater frailty) was calculated as a
proportion of abnormalities from baseline assessment of
health status, comorbidities, physical function, cognitive
function, and laboratory tests.26 Participants were classified
into non-frail (frailty index ≤ 0.10), pre-frail (>0.10 to ≤
0.21), or frail (>0.21) as previously defined.22 Self-reported
general health was collected as excellent, very good, good,
fair, and poor.

Efficacy and Safety Outcomes

The efficacy outcome was a composite MACE that consisted
of myocardial infarction, acute coronary syndrome, stroke,
acute decompensated heart failure, or cardiovascular death.
These events were adjudicated by a committee blinded to
treatment assignment. The safety outcome was composite
serious adverse events (SAE), which were defined as events
that were fatal or life-threatening, resulted in clinically
significant or persistent disability, required a prolonged
hospitalization, or were judged by the investigators as
clinically significant harms that might require medical or
surgical intervention. We also assessed monitored adverse
events of interest (hypotension, syncope, bradycardia,
electrolyte abnormalities, injurious falls, or acute kidney
injury). Definitions of individual events are provided in
Supplementary Table 2.

Statistical Analysis

The analysis was conducted according to the intention-to-treat
principle. We estimated 4-year RMST difference (days) and
95% confidence interval (CI) between the intensive and stan-
dard treatments for the composite MACE, composite SAE,
and monitored adverse events that occurred up to August 20,
2015. Because these events were likely to have different
severities, we interpreted with a caveat that a difference in
MACE-free days might not be clinically comparable to the
same difference in SAE-free or monitored adverse event–free
days. To identify baseline characteristics that were associated
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with a greater RMST difference (i.e., greater benefit or safety
of the intensive treatment over the standard treatment), we
examined treatment interaction by pre-specified subgroups
defined by age (≥ 75 years versus <75 years), sex, race
(Black versus non-Black), history of CVD, and CKD. We
also considered treatment interactions by frailty status, cog-
nitive function, and self-rated general health, which were
not pre-specified subgroups in SPRINT. For each of these
groupings and for each outcome, we first used RMST re-
gression to model RMST as a function of treatment group,
the given pre-specified and exploratory baseline character-
istics, and the corresponding 2-way interactions. Based on
these results, only the interaction terms that were statisti-
cally significant at a 5% level were retained for the respec-
tive multivariable regression model. The variables that were
retained in the final model for MACE are treatment, age,
gender, race, CVD history, CKD, frailty status, cognitive
function, self-rated general health, interaction between
treatment and cognitive function, and interaction between
treatment and self-rated general health. The variables that
were retained in the final model for SAE are treatment, age,
gender, race, CVD history, CKD, frailty status, cognitive
function, and self-rated general health. No interaction terms
were included, as none was statistically significant in 2-way
analyses with treatment. The model for monitored adverse
events included the same main effect terms, as well as
interaction between treatment and frailty and between treat-
ment and self-rated general health. As a comparison to
RMST analysis, we also fit Cox proportional hazards re-
gression to analyze the composite MACE, composite SAE,

and monitored adverse events. Analyses were performed
using SAS software (version 9.4; SAS Institute Inc.) and a
2-sided p value <0.05 was considered statistically
significant.

RESULTS

Characteristics of Study Population

The study population included individuals with a mean (stan-
dard deviation [SD]) age of 67.9 (9.4) years, 35.6% women,
and 68.5% non-Black race (Table 1). Clinical CVD was
prevalent in 20.1% and CKD in 28.3%. Most participants
reported excellent (8.0%), very good (34.6%), or good
(42.7%) general health, while 14.3% reported fair or poor
health. The mean (SD) frailty index was 0.18 (0.08), with
30.5%with a frailty index >0.21. The mean (SD)MoCA score
was 22.8 (4.3) points and 10.0% showed moderate-to-severe
cognitive impairment.

RMST Analysis Versus Cox Proportional Hazards
Regression Analysis

Over 4 years, the intensive treatment group had, on average,
14.7 (95% CI: 5.1, 24.4) additional MACE-free days than the
standard treatment group (Fig. 1A). The HR (95% CI) was
0.74 (0.63, 0.87), which indicates a 26% reduction in the
hazard rate of MACE with the intensive treatment. The
SAE-free days did not differ significantly between the
treatment groups (−14.8 [95% CI: −35.3, 5.7] days

Table 1 Characteristics of Study Participants

Characteristics Total population
(n=9361)

Intensive treatment
(n=4678)

Standard treatment
(n=4683)

Age, years, mean ± SD 67.9 ± 9.4 67.9 ± 9.4 67.9 ± 9.5
Age ≥ 75 years, n (%) 2636 (28.2) 1317 (28.1) 1319 (28.2)

Female, n (%) 3332 (35.6) 1684 (36.0) 1648 (35.2)
Non-Black, n (%) 6414 (68.5) 3224 (68.9) 3190 (68.1)
History of clinical CVD, n (%) 1877 (20.1) 940 (20.1) 937 (20.0)
Estimated GFR <60 mL/min/1.73 m2, n (%) 2645 (28.3) 1329 (28.4) 1316 (28.1)
Comorbidity index (range: 0–26 points), mean ± SD 4.7 ± 2.8 4.7 ± 2.8 4.7 ± 2.8
Frailty index, mean ± SD 0.18 ± 0.08 0.18 ± 0.08 0.17 ± 0.08
Non-frail (frailty index ≤ 0.10), n (%) 1685 (18.0) 853 (18.2) 832 (17.8)
Pre-frail (frailty index 0.10–0.21), n (%) 4768 (50.9) 2348 (50.2) 2420 (51.7)
Frail (frailty index, >0.21), n (%) 2854 (30.5) 1448 (30.9) 1406 (30.0)
Missing, n (%) 54 (0.6) 29 (0.6) 25 (0.5)

MoCA (range: 0–30 points),a mean ± SD 22.8 ± 4.3 22.8 ± 4.4 22.8 ± 4.3
Normal, n (%) 4297 (45.9) 2169 (47.1) 2128 (46.2)
Mild impairment, n (%) 3974 (42.5) 1955 (42.4) 2019 (43.9)
Moderate-to-severe impairment, n (%) 940 (10.0) 484 (10.5) 456 (9.9)
Missing, n (%) 150 (1.6) 70 (1.5) 80 (1.7)

Self-rated general health
Excellent, n (%) 746 (8.0) 371 (8.0) 375 (8.0)
Very good, n (%) 3242 (34.6) 1610 (34.6) 1632 (35.0)
Good, n (%) 3998 (42.7) 1999 (42.9) 1999 (42.9)
Fair, n (%) 1232 (13.2) 630 (13.5) 602 (12.9)
Poor, n (%) 100 (1.1) 46 (1.0) 54 (1.2)
Missing, n (%) 43 (0.5) 22 (0.5) 21 (0.4)

Abbreviations: CVD cardiovascular disease, GFR glomerular filtration rate, MoCA Montreal Cognitive Assessment, SD standard deviation
aMoCA category was created using education and race/ethnicity-specific cut-points
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without SAE) (Fig. 1B). The corresponding HR (95% CI)
for SAE was 1.03 (0.97, 1.11). However, those treated
with the intensive strategy for 4 years had, on average,
28.5 (95% CI: 16.7, 40.3) more days with the monitored
adverse events than those treated with the standard strat-
egy (Fig. 1C). The HR (95% CI) for the monitored ad-
verse events was 1.32 (1.16, 1.51), indicating a 32%
increase with the intensive treatment.

Baseline Characteristics Associated with
Cardiovascular Event–Free Time

The difference in the 4-year mean MACE-free time between
the treatment groups varied by baseline cognitive function
(normal: 19.9 [95% CI, 7.3, 32.6] days; mild impairment:
21.8 [6.2, 37.4] days; moderate-to-severe impairment: −38.8
[−74.5, −3.2] days; p-for-interaction=0.007) and by self-
reported general health (excellent: −5.7 [−34.2, 22.8] days;
very good: 10.3 [−4.8, 25.3] days; good: 31.8 [16.5, 47.0]
days; fair: −27.6 [−57.7, 2.5] days; poor: 165.3 [38.9, 291.7]
days; p-for-interaction <0.001) (Supplementary Table 3).
There was little variation by age, sex, race, clinical CVD,
CKD, or frailty status. The HRs for the intensive versus
standard treatments were generally consistent with RMST
results, except that the benefit of the intensive treatment atten-
uated with increasing frailty on the HR scale (HR [95% CI]:
for non-frail, 0.37 [0.19, 0.72]; pre-frail, 0.66 [0.52, 0.85]; and
frail, 0.87 [0.70, 1.08]; p-for-interaction=0.010), whereas
RMST difference did not vary significantly by frailty status
(non-frail: 20.4 [7.3, 33.6]; pre-frail: 15.5 [3.2, 27.9]; frail:
11.4 [−10.9, 33.7]; p-for-interaction=0.76).
Amultivariable regression confirmed that RMST difference

between the treatment groups varies by cognitive function and
self-reported general health (Table 2). The intensive treatment
provides greater MACE-free days for those with normal or

mild cognitive impairment than those with moderate-to-severe
impairment and for those who rated their health status poor
than those who rated their health otherwise.

Baseline Characteristics Associated with
Adverse Event–Free Time

There was no statistically significant variation in the difference
in the 4-year mean SAE-free time or HRs by baseline charac-
teristics (Supplementary Table 4). None of the interaction
terms was statistically significant in a multivariable regression.
However, the 4-year mean monitored adverse event–free time
varied significantly by frailty status (non-frail: −5.4 [95% CI,
−23.5, 12.7] days; pre-frail: −19.6 [−35.2, −3.9] days; frail:
−56.7 [−82.3, −31.1] days; p-for-interaction=0.006) and by
self-reported general health (excellent: 3.0 [−28.4, 34.3] days;
very good: −15.8 [−34.3, 2.8] days; good: −49.1 [−67.6,
−30.6] days; fair: −28.1 [−66.5, 10.4] days; poor: 143.4
[40.5, 246.3] days; p-for-interaction <0.001) (Supplementary
Table 5). There was little variation by age, sex, race, clinical
CVD, CKD, or cognitive function. The HRs for the intensive
versus standard treatments showed a statistically significant
interaction by self-rated general health (HR [95% CI] for
excellent: 0.83 [0.47, 1.45]; very good: 1.26 [0.99, 1.59];
good: 1.63 [1.33, 2.01]; fair: 1.13 [0.84, 1.52]; poor: 0.20
[0.05, 0.91]; p-for-interaction=0.007), but not by frailty status
(non-frail: 1.18 [0.74, 1.88]; pre-frail: 1.25 [1.03, 1.52]; frail:
1.42 [1.17, 1.73]; p-for-interaction=0.59).
Frailty and self-reported general health had statistically

significant interactions with the treatment in a multivariable
model (Table 3). The intensive treatment seemed to provide
greater monitored adverse event–free days than the standard
treatment for non-frail participants than frail participants and
for those with poor self-rated health than those who rated their
health otherwise.

Figure 1 Restricted mean survival time (RMST) difference and cox proportional hazards regression for intensive versus standard blood
pressure lowering treatment. Abbreviations: CI, confidence interval; HR, hazard ratio; MACE, major adverse cardiovascular events; SAE,

serious adverse events.
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DISCUSSION

In this post hoc analysis of SPRINT, we found that an inten-
sive systolic blood pressure lowering adds an average of 14.7
days free ofMACE compared with a standard treatment over 4
years. The mean SAE-free time was similar between the
treatment groups, but the mean monitored event–free time
was 28.5 days shorter in the intensive treatment group. Be-
cause the monitored adverse events are not comparable in
severity with MACE and often reversible,27 these results do
not undermine the benefit of the intensive treatment. More-
over, the intensive treatment seems to be more beneficial (i.e.,
more MACE-free days) among participants with no or mild
cognitive impairment and among those with poor self-rated
health.
For older adults, the 2017 American College of Cardiology/

American Heart Association blood pressure guideline recom-
mends shared decision-making.28 The guideline mainly dis-
cusses the effects of intensive blood pressure lowering in
terms of relative risk reduction.28 A ratio measure can exag-
gerate the treatment effect when the absolute risk is low.2 It
does not effectively quantify the magnitude of the benefits and
harms that can be achieved in a specific time window, which
may be relevant to older adults who need to consider treatment
burden and their remaining life expectancy.29 The NNT at a
specific point in time is often used, but it ignores cumulative

incidence profiles up to that time point. This measure may be
difficult for lay persons to understand.2

Our analysis illustrates that RMST provides a time-based
summary of treatment effect that complements (rather than
replaces) the conventional effect measures. However, there are
important caveats in interpreting our RMST results. The
RMST difference is affected by the event rates of the popula-
tion, the treatment effect, and the choice of time window. The
RMST analysis shares the same limitations as HR and NNT
that it is a valid measure of treatment effect for the study
duration. Because it represents group averages, it does not tell
us about the heterogeneity of treatment effect among individ-
uals with different characteristics or with variable adherence.
The 14.7-day gain in MACE-free days over 4 years in our
study may seem modest. Nonetheless, this magnitude of ben-
efit is consistent with well-accepted interventions over a sim-
ilar time frame in patients with elevated CVD risk, such as
empagliflozin (17 days),10 liraglutide (19 days),10 pravastatin
(19 days),12 and sacubitril/valsartan (24 days).15 Our results
should not undermine potential long-term benefit (a modeling
study suggests that up to 3 years of life can be gained30) or
prevention of cognitive impairment and dementia.31

Moreover, there is no definitive evidence that an RMST-
based summary improves treatment decision-making. In an
online panel survey of 200 older adults with hypertension,

Table 2 Difference in Major Adverse Cardiovascular Event–Free Time by Selected Baseline Characteristicsa

Characteristics 4-year restricted mean survival time, days (95% CI) p value for interaction

Intensive treatment Standard treatment Difference

Cognitive function 0.009
Normal 1405.6 (1387.8, 1423.3) 1364.9 (1340.8, 1389.0) 40.7 (13.0, 68.4)
Mild impairment 1404.8 (1386.6, 1423.0) 1361.2 (1335.3, 1387.2) 43.6 (13.6, 73.5)
Moderate-to-severe impairment 1374.5 (1343.5, 1405.4) 1389.5 (1360.1, 1418.9) −15.0 (−56.5, 26.4)

Self-rated general health 0.001
Excellent 1389.8 (1365.6, 1414.0) 1412.4 (1391.6, 1433.2) −22.7 (−51.5, 6.1)
Very good 1394.0 (1379.4, 1408.7) 1397.4 (1383.6, 1411.1) −3.3 (−21.0, 14.4)
Good 1398.0 (1383.8, 1412.2) 1380.5 (1366.1, 1395.0) 17.5 (−0.3, 35.3)
Fair 1370.1 (1344.2, 1395.9) 1402.3 (1380.7, 1423.8) −32.2 (−63.6, −0.8)
Poor 1422.9 (1356.9, 1488.8) 1266.7 (1158.9, 1374.6) 156.1 (31.1, 281.2)

aThe 4-year restricted mean survival time was estimated from a multivariable regression model that included the treatment, age, sex, Black race, history
of clinical cardiovascular disease, chronic kidney disease, frailty status, cognitive function, self-rated general health, and the interactions between
treatment and self-rated general health and between treatment and cognitive function

Table 3 Difference in Monitored Adverse Event–Free Time by Selected Baseline Characteristicsa

Characteristics 4-year restricted mean survival time, days (95% CI) p value for interaction

Intensive treatment Standard treatment Difference

Frailty status 0.006
Non-frail (frailty index ≤ 0.10) 1403.3 (1379.8, 1426.8) 1364.5 (1337.5, 1391.5) 38.8 (8.4, 69.2)
Pre-frail (frailty index 0.10–0.21) 1376.9 (1356.9, 1396.8) 1344.3 (1320.1, 1368.6) 32.6 (4.6, 60.5)
Frail (frailty index >0.21) 1312.6 (1292.1, 1333.1) 1328.1 (1303.3, 1352.8) −15.5 (−46.6, 15.7)

Self-rated general health <0.001
Excellent 1370.1 (1345.3, 1395.0) 1383.0 (1357.8, 1408.3) −12.9 (−45.5, 19.7)
Very good 1349.4 (1331.8, 1366.9) 1374.4 (1358.5, 1390.2) −25.0 (−44.4, −5.6)
Good 1331.1 (1313.1, 1349.1) 1377.0 (1362.1, 1391.9) −45.8 (−64.5, −27.2)
Fair 1322.0 (1290.6, 1353.5) 1325.8 (1296.9, 1354.7) −3.8 (−43.4, 35.9)
Poor 1448.6 (1398.0, 1499.1) 1267.9 (1171.8, 1364.1) 180.6 (72.9, 288.4)

aThe 4-year restricted mean survival time was estimated from a multivariable regression model that included the treatment, age, sex, race, history of
clinical cardiovascular disease, chronic kidney disease, frailty status, cognitive function, self-rated general health, and the interactions between
treatment and self-rated general health and between treatment and frailty status
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there was no overall difference in decisional conflict scale and
the choice of the blood pressure lowering strategy between the
groups presented with RMST-based versus conventional ef-
fect summary information.17 However, among those with
limited life expectancy, the RMST group tended to report
lower decisional conflict (conventional versus RMST-based:
31.6 versus 26.1 in a 100-point scale [high scores indicate high
conflict]) and lower preference for the intensive treatment
(conventional versus RMST-based: 20% versus 5%). Al-
though these differences were not statistically significant,
RMST informationmight influence treatment choice in certain
groups of older adults. This warrants further investigation.
Our study expands previous RMST analysis of SPRINT

data18, 19 by analyzing the final adjudicated event data1 and
identifying subgroups defined by cognitive function, self-rated
general health, and frailty that were more likely to benefit or to
be harmed from the intensive strategy. The lack of benefit of
an intensive treatment for individuals with cognitive impair-
ment has been reported in a recent analysis restricted to the
SPRINT participants 80 years or older32 and a post hoc
analysis of the Action to Control Cardiovascular Risk in
Diabetes Blood Pressure trial.33 We found that the intensive
treatment made little difference in MACE-free, SAE-free, and
monitored event–free days for individuals who rated their
health excellent, whereas the intensive treatment resulted in
an immediate and larger gain in MACE-free and monitored
event–free days for those with poor self-rated general health.
Given the subjective nature of self-rated general health, lack of
a clear pattern in the effect estimates with self-rated health, and
a small number of participants with poor self-rated health
(n=100), the reasons for and clinical importance of the ob-
served variation in treatment effect remain unclear. A previous
analysis of SPRINT showed that the occurrence ofMACE and
SAE is highly correlated.34We speculate that the benefit of the
intensive treatment might take longer to emerge in those with
excellent health than in those with poor health and at high risk
for MACE and SAE. A longer follow-up study may be needed
to examine the effect of the intensive treatment in people in
excellent health. Our subgroup findings on self-rated health
should be confirmed in future research.
Another noteworthy finding is that the effect of the inten-

sive treatment on MACE-free days seems consistent across
frailty status. Post hoc analyses of the SPRINT participants 75
years or older22 and the Hypertension in the Very Elderly
Trial35 have shown similar HRs across frailty status. Although
the intensive strategy was associated with more days with the
monitored adverse events than standard strategy for those with
frailty, these events are known side effects of blood pressure
lowering that can bemanaged with medication adjustment or a
brief hospitalization. It is reassuring that the mean SAE-free
days were similar between the treatment strategies across
frailty status. In addition, considering that the SPRINT partic-
ipants were ambulatory community-dwelling older adults,
frail participants were probably at the milder end of the frailty
spectrum.36 Therefore, the results may not generalize to older

adults who are non-ambulatory or residing in a nursing
facility.
Our results should be interpreted within the limitations of a

post hoc analysis. First, although the baseline characteristics
selected for the interaction analysis were pre-specified in
SPRINT, we considered additional variables, such as frailty
status, cognitive function, and self-reported general health,
which were not pre-specified. Second, the time window for
RMST estimation should be pre-specified at the design stage
such that a clinically meaningful treatment effect can be ob-
served. We chose 4 years based on a post hoc examination of
event times (few events beyond 4 years) and the largest
follow-up time in the dataset. A simulation study showed that
an empirical choice of the time window like our approach can
provide valid inference.37 Last, while MACE, SAE, and mon-
itored adverse events are undesirable events of clinical inter-
est, days gained or lost due to different events are not compa-
rable. These trade-offs should be interpreted with consider-
ation of patients’ perceptions and preferences about different
events.

CONCLUSIONS

In middle-aged and older adults with hypertension and elevat-
ed CVD risk, the beneficial effect of the intensive blood
pressure lowering over the standard treatment can be translat-
ed to an average gain of 14.7 days free of MACE over 4 years.
Although the overall SAE-free days were similar between the
treatment groups, the intensive strategy was associated with
28.5 additional days lost due to monitored adverse events.
Whether an RMST-based summary can improve shared
decision-making about blood pressure–lowering treatments
remains to be elucidated.
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