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OBJECTIVE

To determine whether the effects of intensive (<120 mmHg) compared with stan-
dard (<140 mmHg) systolic blood pressure (SBP) treatment are different among
those with prediabetes versus those with fasting normoglycemia at baseline in the
Systolic Blood Pressure Intervention Trial (SPRINT).

RESEARCH DESIGN AND METHODS

This was a post hoc analysis of SPRINT. SPRINT participants were categorized by
prediabetes status, defined as baseline fasting serum glucose ‡100 mg/dL versus
those with normoglycemia (fasting serum glucose <100 mg/dL). The primary out-
comewas a composite ofmyocardial infarction, acute coronary syndrome not result-
ing in myocardial infarction, stroke, acute decompensated heart failure, or death
from cardiovascular causes. Cox regression was used to calculate hazard ratios for
study outcomeswith intensive comparedwith standard SBP treatment among those
with prediabetes and normoglycemia.

RESULTS

Among 9,361 participants randomized (age 67.9 6 9.4 years; 35.5% female), 3,898
and5,425 hadbaseline prediabetes andnormoglycemia, respectively.After amedian
follow-up of 3.26 years, the hazard ratio for the primary outcome was 0.69 (95%
CI 0.53, 0.89) and 0.83 (95% CI 0.66, 1.03) among those with prediabetes and
normoglycemia, respectively (P value for interaction 0.30). For all-cause mortality,
the hazard ratio with intensive SBP treatment was 0.77 (95% CI 0.55, 1.06) for
prediabetes and 0.71 (95% CI 0.54, 0.94) for normoglycemia (P value for interaction
0.74). Effects of intensive versus standard SBP treatment on prespecified renal out-
comes and serious adverse events were similar for prediabetes and normoglycemia
(all interaction P > 0.05).

CONCLUSIONS

In SPRINT, the beneficial effects of intensive SBP treatment were similar among
those with prediabetes and fasting normoglycemia.
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Prediabetes or diabetes and

Q:1

hyperten-
sion frequently coexist. Patients with es-
tablished diabetes and hypertension
have a fourfold greater risk of cardiovas-
cular disease (CVD) compared with those
with normoglycemia and normotension
(1). Whether prediabetes alone is associ-
ated with increased CVD risk remains
controversial, but in coexistence with hy-
pertension, it is reported to increase CVD
risk by 2.4-fold (2). The optimal systolic
blood pressure (SBP) target for initiation
and treatment with antihypertensive
medications is uncertain, particularly in
those with prediabetes and diabetes.
The discordant results of the recent Sys-
tolic Blood Pressure Intervention Trial
(SPRINT) and the Action to Control Car-
diovascular Risk in Diabetes Blood Pres-
sure (ACCORD BP) trial add to this
uncertainty. SPRINT demonstrated signif-
icant reductions in cardiovascular disease
(CVD) events and all-cause mortality with
more intensive SBP treatment (SBP
target,120mmHg) comparedwith stan-
dard treatment (SBP target,140 mmHg)
among U.S. adults at high CVD risk
but without a diagnosis of diabetes (3).
However, in ACCORD BP, a similar SBP
treatment comparison resulted in a non-
statistically significant 12% lower risk of
CVD events over 5 years of treatment in
older U.S. adults with type 2 diabetes and
at high CVD risk (4).
Prediabetes is the termused to identify

individuals at high risk for the develop-
ment of diabetes whose hemoglobin A1c
or fasting serum glucose (FSG) levels are
higher than normal but do not meet the
criteria for clinical diabetes. Determining
whether the effects of intensive SBP
treatment in SPRINT differ among partici-
pantswithprediabetesandnormoglycemia
at baseline may provide valuable infor-
mation on the SBP treatment target in a
broader population with dysglycemia.

FSG values are available in SPRINT, but
hemoglobin A1c values were not ob-
tained. We, therefore, sought to deter-
mine whether the effect of intensive
SBP treatment compared with standard
SBP treatment is different among partici-
pantswith prediabetes, defined asbaseline
FSG$100 mg/dL, versus normoglycemia,
defined as FSG ,100 mg/dL, at baseline
in SPRINT. Although the current analysis
was not prespecified, the question of the
effect of intensive blood pressure treat-
ment in high-risk patients with prediabe-
tes versus normoglycemia became urgent
given the inconsistent results of the over-
all SPRINT and ACCORD trials. We, there-
fore, hypothesized that the effect of
intensive treatment on the primary
outcome in SPRINT would be similar
among participants with prediabetes or
normoglycemia at baseline.

RESEARCH DESIGN AND METHODS

This was a post hoc analysis of SPRINT. The
rationale, design, and main results of SPRINT
have previously been published (3,5).
The study protocol was approved
by each site’s institutional review board,
and every participant provided written
informed consent. The writing commit-
tee wrote the manuscript and attests to
the completeness and accuracy of the data
and analysis. The manuscript was reviewed
and approved by the SPRINT Steering Com-
mittee and Publications subcommittee. An
independent Data and Safety Monitoring
Board monitored unblinded study data
andprovidedoversight of participant safety.

Eligibility
Briefly, participants were men and
women age 50 years or older, with SBP
130–180 mmHg on no medication or
taking a medication from one antihyper-
tensive medication class, 130–170 mmHg
on medications from up to two classes,

130–160 mmHg on medications from up
to three classes, 130–150mmHg onmed-
ications from up to four classes, and had
one or more high–CVD risk conditions.
High–CVD risk conditions were defined
as a history of clinical or subclinical CVD
other than stroke, estimated glomerular
filtration rate (eGFR) of 20–59 mL/min/
1.73 m2 using the four-variable MDRD
equation (6), 10-year risk for CVD $15%
calculated using the Framingham Risk
Score for general clinical practice (7),
and/or age$75 years.Main exclusion cri-
teria includeddiabetes, a history of stroke,
heart failure, proteinuria $1 g/day, and
an eGFR ,20 mL/min/1.73 m2. Detailed
inclusion and exclusion criteria are listed
in the SPRINT design paper (5).

Randomization and Interventions
Eligible participants were randomly as-
signed to either an SBP target of ,120
mmHg or,140 mmHg. All major classes
of antihypertensive medications were in-
cluded in theSPRINT formulary. Participants
were seen monthly for the first 3 months
and then every 3 months thereafter.

Study Measurements
Each participant’s sociodemographic
characteristics were collected at baseline.
Clinical and laboratory data were col-
lected at baseline and every 3 months
thereafter. At each visit, trained clinical
staff measured blood pressures with an
automated device (Omron-HEM-907 XL)
using standardized procedures (3,5,8).
Blood pressure measurement require-
ments includedmeasuringbloodpressure
early in the visit and not after stressful
exam components such as blood draws,
proper positioning of the participant
in a chair with back support, and proper
cuff size determination. The Manual
of Procedures stated that participants
should be resting, not completing ques-
tionnaires, and not speaking with study
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staff during the 5-min rest period orwhile
blood pressure measurements were be-
ing taken. The Manual of Procedures also
stated that staff should leave the room
during the 5-min rest period and pro-
vided a script that staff could use to ex-
plain that they would be absent during
the 5-min rest period and would then
enter the room and obtain the measure-
ments without speaking to the partici-
pant. FSG was obtained at baseline and
2 and 4 years postrandomization. Samples
were centrifuged and shipped on ice to the
central laboratory. Glucose was measured
in serumusing thehexokinasemethodona
Roche analyzer. Structured interviews
were conducted every 3 months to ascer-
tain self-reported CVD outcomes.

Study Outcomes
The primary outcome was a CVD com-
posite of myocardial infarction, acute
coronary syndrome not resulting in myo-
cardial infarction, stroke, acute decom-
pensated heart failure, or death from
CVD causes. Secondary outcomes in-
cluded the individual components of the
primary outcome, death from any cause,
and the composite of the primary out-
come or death from any cause. An adju-
dication committee blinded to treatment
assignment adjudicated all outcomes
using a prespecified protocol. Renal out-
comes were prespecified and defined dif-
ferently for those with and without
chronic kidney disease (CKD) at baseline
as detailed in the SPRINT protocol (8).
Among participants with CKD at baseline,
the renal outcomewas defined by a com-
posite of a decrease in the eGFR of$50%
or the development of end-stage renal
disease requiring long-term dialysis or
kidney transplantation. Among those
without CKD at baseline, the renal out-
come was defined by a decrease in the
eGFR$30% to,60 mL/min/1.73 m2. In-
cident albuminuria was defined by a dou-
bling of the ratio of urinary albumin (in
milligrams) to creatinine (in grams)
from ,10 at baseline to .10 during
follow-up.
Serious adverse eventswere defined as

those that were fatal or life-threatening,
that resulted in clinically significant or
persistent disability, that required or pro-
longed hospitalization, or that were
judged by the investigator to represent a
clinically significant hazard or harm to the
participant that might require medical or
surgical intervention to prevent one of

the other events listed above. Clinical
and laboratory variables, including serum
electrolytes, were examined for potential
adverse events.

Statistical Analysis
Based on a planned enrollment of 9,250
participants and an event rate in the stan-
dard treatment arm of 2.2% per year for
the primary outcome, SPRINT had 88.7%
power to detect a 20% relative risk reduc-
tion in the primary end point between
intensive and standard SBP treatment
(5). Among those randomized to standard
treatment, there were 2,704 and 1,957
in the normoglycemia and prediabe-
tes groups, respectively. In the intensive
treatment arm, there were 2,721 and
1,941 in the normoglycemia and predia-
betes groups, respectively. The absolute
risk of the primary outcome at 3 years
(approximately the median follow-up in
SPRINT) among thosewith normoglycemia
in the standard arm was 6.3%. Using
these numbers and a two-tailed a of
0.05, our design provided 80% power to
detect a 55% relative change (in either
direction) in the hazard ratio of intensive
treatment comparedwith standard treat-
ment between baseline prediabetes and
normoglycemia groups on the additive
scale. Baseline characteristics were com-
pared across treatment arms stratified by
those with prediabetes, defined as base-
line FSG $100 mg/dL, versus those with
normoglycemia, defined as baseline
FSG ,100 mg/dL using ANOVA for con-
tinuous variables and x2 tests for cate-
gorical variables. Baseline characteristics
were also compared between those with
prediabetes and normoglycemia at base-
line regardless of randomized treatment
assignment.

Participants were censored on the date
of last event ascertainmentprior to21Au-
gust 2015. Using the intention-to-treat
approach for all randomly assigned par-
ticipants with two-sided tests at the 5%
level of significance, we used Cox propor-
tional hazards regression with stratifica-
tion according to clinic and prediabetes
versus normoglycemia status at baseline
to calculate hazard ratios for the primary
outcome associated with intensive SBP
treatment versus standard SBP treatment
(referent) among those with prediabetes
or normoglycemia at baseline. We tested
the proportional hazards assumption by
modeling the product of SBP treatment
arm and the log of follow-up time as an

interaction term; no violations were ob-
served. To assess for effect modification of
treatment arm among SPRINT participants
with prediabetes and normoglycemia, we
included the product term (SBP treatment
arm 3 prediabetes or normoglycemia)
in the Cox proportional hazards regres-
sion in the full sample using a likelihood
ratio test. This was repeated for all sec-
ondary outcomes separately. Measures
of interaction for the primary outcome
are presented on both the additive and
multiplicative scales (9).

It is known that there is a positive and
graded association between increasing FSG
as a continuous variable, beginning as low
as 85 mg/dL, and impaired glucose toler-
ance and clinical diabetes (10–12). We,
therefore, performed secondary analyses
to assess for a graded interaction be-
tween baseline FSG and the effect of in-
tensive treatment on the primary and
secondary CVD outcomes (10–12). First,
we compared hazard ratios of intensive
versus standard SBP treatment within
quartiles of baseline FSG levels. Second,
we examined and graphed the interaction
between the effect of intensive treat-
ment on the primary outcome and base-
line FSG, modeled as a continuous
variable with restricted cubic splines us-
ing the mfpi command in Stata (13,14).
Several sensitivity analyses were con-
ducted. First, because some people with
prediabetes may revert to a fasting
normoglycemia over time, we repeated
all analyses restricting the prediabetes
group (FSG $100 mg/dL) to only SPRINT
participants with elevated FSG at both
baseline and the 2-year SPRINT study
visit. Second, we repeated all analyses re-
stricted to thosewhose blood samplewas
recordedas fasting at the timeof theblood
draw by study staff (n = 580 excluded). In
order to comply with the strict definition
of prediabetes (FSG 100–125 mg/dL), we
also repeated analyses excluding SPRINT
participants who had a baseline FSG$126
mg/dL, the cutoff for a diagnosis of dia-
betes, at baseline (n = 295).

All analyseswere performed using SAS,
version 9.4 (SAS Institute Inc., Cary, NC),
and Stata, version 14.2 (StataCorp, Col-
lege Station, TX).

RESULTS

Study Participants
A total of 3,898 participants (41.6%) had
prediabetes (FSG$100mg/dL) and 5,425
(58.0%) had normoglycemia (FSG ,100
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mg/dL) at baseline (Supplementary Fig.
1). The distribution of baseline FSG is shown
in Fig. 1. FSG in the two treatment arms
over the course of the trial among those
with prediabetes and normoglycemia
is shown in Supplementary Fig. 2 and
Supplementary Tables 1 and 2. The base-
line characteristics of the SPRINT study
population by treatment arm within pre-
diabetes and normoglycemia strata are
shown in Table 1. Table 1 also shows base-
line characteristics between prediabetes
and normoglycemia regardless of treat-
ment assignments. Overall, the mean 6
SD age was 67.96 9.4 years, 35.5% were
female, and the mean Framingham Risk
score was 24.8%. There were no signifi-
cant differences in baseline characteris-
tics between treatment arms within the
prediabetes or within the normoglycemia
strata. The median follow-up was 3.26
years (interquartile range 2.79–3.79).

Achieved SBP
The mean SBP achieved at 1 year for inten-
sive and standard arms was 120.7 mmHg

and 136.2 mmHg, respectively, in those
with prediabetes and 121.8 mmHg and
136.2 mmHg, respectively, in those with
normoglycemia (Supplementary Fig. 3).
The mean DSBP achieved between treat-
ment arms among thosewith prediabetes
and normoglycemia was 15.5 mmHg and
14.4mmHg, respectively. Throughout the
3.26 years of follow-up, themeannumber
of antihypertensivemedications in the in-
tensive and standard arms was 1.9 and
2.8 in the prediabetes strata and 1.8 and
2.6 in the normoglycemia strata.

Clinical Outcomes
A total of 245 (101 in the intensive arm
and 144 in the standard arm) and 316
(142 in the intensive arm and 174 in the
standard arm) primary outcome events
were observed among those with pre-
diabetes and normoglycemia, respec-
tively (Table 2). The hazard ratio for the
primary outcome was 0.69 (95% CI 0.53,
0.89) and 0.83 (95% CI 0.66, 1.03) among
those with prediabetes and normoglyce-
mia, respectively (interactionP 0.30) (Fig. 2

and Supplementary Table 3). For all-
causemortality, the hazard ratio for those
with prediabetes andnormoglycemiawas
0.77 (95% CI 0.55, 1.06) and 0.71 (95% CI
0.54, 0.94; interaction P 0.74), respec-
tively. The effects of intensive versus
standard SBP treatment were similar
among those with prediabetes and
normoglycemia across the components
of the primary outcome and the other pre-
specified secondary outcomes (Table 2)
(all interaction P. 0.10).

Among participants with or without CKD
at baseline, the treatment effects of inten-
sive treatmenton renaloutcomeswerecon-
sistent among participants with prediabetes
and normoglycemia (all P values for inter-
action .0.30) (Table 2). The numbers of
events in the CKD subgroup were small,
particularly for the primary composite re-
nal outcome of$50% reduction in eGFR
or end-stage renal disease.

Serious Adverse Events
Among those with prediabetes and
normoglycemia, serious adverse events

Figure 1—Histogram of baseline FSG among those with normoglycemia (A) and prediabetes (B).
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Table 1—Baseline characteristics of SPRINT participants overall and by treatment arm stratified among those with normoglycemia
and prediabetes at baseline and by normoglycemia and prediabetes status overall

Characteristic

Baseline FSG

Baseline FSG

Pa

Normoglycemia:,100 mg/dL Prediabetes: $100 mg/dL

Intensive
treatment

Standard
treatment

Intensive
treatment

Standard
treatment

Normoglycemia:
,100 mg/dL

Prediabetes:
$100 mg/dL

n 2,721 2,704 1,941 1,957 5,425 3,898

Age, years 68.1 6 9.6 68.1 6 9.7 67.6 6 9.1 67.7 6 9.2 68.1 6 9.6 67.6 6 9.2 0.02

Female sex 1,111 (40.8) 1,044 (38.6) 559 (28.8) 593 (30.3) 2,155 (39.7) 1,152 (29.6) ,0.001

Race or ethnic group
Non-Hispanic black 863 (31.7) 901 (33.3) 508 (26.2) 513 (26.2) 1,764 (32.5) 1,021 (26.2) ,0.001
Hispanic 286 (10.5) 279 (10.3) 214 (11) 199 (10.2) 565 (10.4) 413 (10.6) 0.78
Non-Hispanic white 1,520 (55.9) 1,478 (54.7) 1,173 (60.4) 1,215 (62.1) 2,998 (55.3) 2,388 (61.3) ,0.001
Other 52 (1.9) 46 (1.7) 46 (2.4) 30 (1.5) 98 (1.8) 76 (1.9) 0.61

Criterion for high CVD risk
Age$75 years 806 (29.6) 791 (29.3) 508 (26.2) 520 (26.6) 1,597 (29.4) 1,028 (26.4) ,0.01
CKD 805 (29.6) 771 (28.5) 525 (27) 544 (27.8) 1,576 (29.1) 1,069 (27.4) 0.09
CVD 521 (19.1) 525 (19.4) 418 (21.5) 405 (20.7) 1,046 (19.3) 823 (21.1) 0.03
Clinical 375 (13.8) 379 (14) 324 (16.7) 312 (15.9) 855 (15.8) 700 (18) ,0.01
Subclinical 275 (10.1) 287 (10.6) 212 (10.9) 187 (9.6) 293 (5.4) 197 (5.1) 0.46
FRS$15% 2,022 (74.3) 1,992 (73.7) 1,534 (79) 1,555 (79.5) 4,014 (74.1) 3,089 (79.3) ,0.001

SBP, mmHg 140.3 6 15.9 140.1 6 15.5 138.8 6 15.6 139.1 6 15.2 140.2 6 15.7 138.9 6 15.4 ,0.001

Diastolic blood pressure, mmHg 78.6 6 11.9 78.4 6 11.9 77.7 6 11.9 77.6 6 12.1 78.5 6 11.9 77.7 6 12 ,0.01

Serum creatinine, mg/dL 1.1 6 0.4 1.1 6 0.4 1.1 6 0.3 1.1 6 0.3 1.1 6 0.4 1.1 6 0.3 0.14

eGFR, mL/min/1.73 m2 71.1 6 20.9 71.4 6 20.9 72.7 6 20.3 72.1 6 20.1 71.3 6 20.9 72.4 6 20.2 ,0.01

Urine albumin-to-creatinine ratio, mg/g 48.1 6 204.6 40.4 6 137.4 38.6 6 134.1 42.0 6 172.1 44.2 6 174.6 40.3 6 154.4 0.27

FSG, mg/dL 90.5 6 6.5 90.7 6 6.4 110.5 6 12.6 110 6 12.4 90.6 6 6.5 110.2 6 12.5 ,0.001

Fasting total cholesterol, mg/dL 192.4 6 42.3 190.5 6 40.7 187.1 6 39.9 189.4 6 41.3 191.5 6 41.5 188.3 6 40.6 ,0.001

Fasting HDL cholesterol, mg/dL 55.1 6 15 54.6 6 15.1 49.9 6 12.7 50.4 6 13.5 54.8 6 15.1 50.1 6 13.1 ,0.001

Smoking status
Never smoked 1,238 (45.5) 1,221 (45.2) 808 (41.6) 844 (43.1) 2,459 (45.3) 1,652 (42.4) ,0.01
Former smoker 1,072 (39.4) 1,106 (40.9) 901 (46.4) 884 (45.2) 2,178 (40.1) 1,785 (45.8) ,0.001
Current smoker 407 (15) 373 (13.8) 231 (11.9) 227 (11.6) 780 (14.4) 458 (11.7) ,0.001
Missing data 4 (0.1) 4 (0.1) 1 (0.1) 2 (0.1) 8 (0.1) 3 (0.1) 0.33

BMI, kg/m2 29.1 6 5.8 29.1 6 5.7 30.9 6 5.7 30.8 6 5.6 29.1 6 5.7 30.9 6 5.6 ,0.001

Metabolic syndrome 507 (18.6) 528 (19.5) 1,263 (65.1) 1,283 (65.6) 1,035 (19.2) 2,546 (65.5) ,0.001

Statin use, n (%) 1,084 (39.8) 1,129 (41.8) 894 (46.1) 939 (48) 2,213 (41.1) 1,833 (47.3) ,0.001

Aspirin use, n (%) 1,359 (49.9) 1,323 (48.9) 1,045 (53.8) 1,020 (52.1) 2,682 (49.6) 2,065 (53) ,0.01

FRS, % 24.3 6 12.6 24.1 6 12.2 25.7 6 12.6 25.8 6 12.8 24.2 6 12.4 25.7 6 12.7 ,0.001

Antihypertensive medication classes
Diuretics 1,113 (40.9) 1,176 (43.5) 926 (47.7) 967 (49.4) 2,289 (42.2) 1,893 (48.6) ,0.0001
Calcium channel blockers 920 (33.8) 945 (35.0) 682 (35.1) 705 (36.0) 1,865 (34.4) 1,387 (35.6) 0.23
ACE inhibitors 1,045 (38.4) 948 (35.1) 713 (36.7) 738 (37.7) 1,993 (36.7) 1,451 (37.2) 0.63
Angiotensin II receptor blockers 564 (20.7) 586 (21.7) 426 (22.0) 399 (20.4) 1,150 (21.2) 825 (21.2) 0.97
b-Blockers 935 (34.4) 894 (33.1) 763 (39.3) 696 (35.6) 1,829 (33.7) 1,459 (37.4) 0.0002
a-1 blockers 106 (3.9) 105 (3.9) 109 (5.6) 102 (5.2) 211 (3.9) 211 (5.4) 0.0005
Direct vasodilators 46 (1.7) 43 (1.6) 29 (1.5) 23 (1.2) 89 (1.6) 52 (1.3) 0.23
Central a-2 agonists or other

centrally acting drugs 59 (2.2) 50 (1.8) 49 (2.5) 38 (1.9) 109 (2.0) 87 (2.2) 0.46

Number of antihypertensive agents
Mean + SD 1.8 6 1.0 1.8 6 1.0 1.9 6 1. 1.9 6 1.1 1.8 6 1.0 1.9 6 1.0 ,0.0001
0 260 (9.6) 276 (10.2) 171 (8.8) 173 (8.8) 344 (8.8) 536 (9.9) ,0.0001
1 857 (31.5) 848 (31.4) 503 (25.9) 531 (27.1) 1,034 (26.5) 1,705 (31.4)
2 954 (35.1) 932 (34.5) 703 (36.2) 689 (35.2) 1,392 (35.7) 1,886 (34.7)
3 524 (19.3) 508 (18.8) 431 (22.2) 451 (23.0) 882 (22.6) 1,032 (19.0)
4 126 (4.6) 140 (5.2) 133 (6.8) 113 (5.8) 246 (6.3) 266 (4.9)

Data are means6 SD or n (%) unless otherwise indicated. Race and ethnic group were self-reported. There were no significant differences (P , 0.05)
between the two treatment arms in those with baseline FSG,100 mg/dL or$100 mg/dL. FRS, Framingham Risk Score. aP value is for the comparison
of normoglycemia vs. prediabetes groups regardless of treatment arm.
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occurred in 733 (37.5%) and 1,000
(37.0%) in the standard arm and
737 (38.0%) and 1,052 (38.7%) in the in-
tensive arm, respectively (Supplementary
Table 4). Hazard ratios for all serious ad-
verse events combined and individual se-
rious adverse events of interest were
similar between those with prediabetes
and normoglycemia (all P values for inter-
action.0.05).
Results from sensitivity analyses exclud-

ing participants with FSG $100 mg/dL
who reverted to ,100 mg/dL at the
2-year SPRINT study visit were qualita-
tively similar (Supplementary Table 5).
Resultswerenearly identicalwhen the co-
hort was restricted to the participants
whom the study staff noted to be fasting
for the blood draw at the baseline visit
(Supplementary Table 6) and, in a sepa-
rate sensitivity analysis, when the cohort
was restricted to those who had an FSG
100 to,126 mg/dL instead of FSG$100
mg/dL at baseline (Supplementary Table
7). The quartile analysis investigating
a graded interaction between the ef-
fect of intensive treatment and FSG
revealed that there were no significant
interactions for theprimary outcome, com-
ponents of the primary outcomes, and all
secondary outcomes, as all P values for

interaction were $0.10 (Supplementary
Table 8). The interaction between inten-
sive treatment and baseline FSG, mod-
eled as a continuous variable, showed
only minor variation in the effect of inten-
sive treatment on the primary outcome
and all-cause mortality across ranges of
FSG (Supplementary Fig. 4). Assessment
of interaction at FSG values $150 mg/dL
is limited given the small sample size
(n = 51).

CONCLUSIONS

The current SPRINT analysis demon-
strates that the beneficial effects of inten-
sive SBP treatment on CVD events and
all-cause mortality extend to patients
with prediabetes and are similar among
those with prediabetes and fasting
normoglycemia. Notably, the effect size
of intensive SBP treatment in those
with prediabetes was similar to the ef-
fect in the overall SPRINT population
(i.e., an ;25% relative risk reduction).
Moreover, the current analysis indicates
that the effect of intensive SBP treatment
was consistent across a range of FSG lev-
els (i.e., in quartiles and in the spline anal-
ysis), and no significant interaction trend
was detected. The effects of intensive SBP
treatment on renal and safety outcomes

were also not statistically different be-
tween those with prediabetes and those
with fasting normoglycemia. In totality,
the current analysis suggests that the
benefits of intensive SBP treatment in
high–CVD risk U.S. adults are similar in
patients with prediabetes and fasting
normoglycemia with no attenuation of
effect at higher FSG levels.

Given the apparent discordant results
between SPRINT and ACCORD BP, there is
some uncertainty as to whether the ben-
efits of intensive SBP lowering extend to
those with diabetes. Since the design of
SPRINT excluded people with establish-
ed diabetes, it is difficult to generalize
SPRINT results to these patients. The cur-
rent analysis, however, suggests that an
inherent difference in the cardiovascu-
lar benefits of intensive SBP treatment
across levels of FSG is unlikely and that
benefits of intensive SBP treatment ex-
tend at least to those with prediabetes, a
condition with increased risk for diabetes
and cardiovascular events. In theACCORD
BP trial, with SBP targets identical to
those in SPRINT, an intensive SBP target
goal (SBP ,120 mmHg) compared with
a standard SBP target goal (SBP ,
140mmHg) did not result in a statistically
significant lower risk of CVD events in

Table 2—Incidence rates and hazard ratios for the primary and secondary outcomes by treatment arm among those with
normoglycemia and prediabetes at baseline

Baseline FSG

P for
interaction

,100 mg/dL $100 mg/dL

Intensive
treatment

Standard
treatment

Hazard ratio
(95% CI)

Intensive
treatment

Standard
treatment

Hazard ratio
(95% CI)

n 2,721 2,704 1,941 1,957

Primary outcome 142 (1.7) 174 (2.1) 0.83 (0.66, 1.03) 101 (1.6) 144 (2.3) 0.69 (0.53, 0.89) 0.30

Secondary outcomes
Myocardial infarction 57 (0.7) 72 (0.8) 0.80 (0.57, 1.14) 40 (0.6) 44 (0.7) 0.95 (0.61, 1.45) 0.56
Acute coronary syndrome 23 (0.3) 17 (0.2) 1.32 (0.7, 2.47) 17 (0.3) 23 (0.4) 0.76 (0.4, 1.44) 0.23
Stroke 36 (0.4) 32 (0.4) 1.19 (0.73, 1.91) 26 (0.4) 38 (0.6) 0.72 (0.44, 1.2) 0.16
Heart failure 37 (0.4) 52 (0.6) 0.72 (0.47, 1.1) 25 (0.4) 48 (0.8) 0.47 (0.29, 0.76) 0.19
Death from CVD causes 21 (0.2) 37 (0.4) 0.62 (0.36, 1.06) 16 (0.3) 27 (0.4) 0.56 (0.3, 1.04) 0.81
Death from any cause 89 (1.0) 125 (1.4) 0.71 (0.54, 0.94) 65 (1) 84 (1.3) 0.77 (0.55, 1.06) 0.74
Primary outcome or death 197 (2.3) 240 (2.9) 0.82 (0.68, 0.99) 134 (2.2) 182 (3) 0.73 (0.58, 0.91) 0.42

Participants with CKD at baseline
Composite renal outcome 8 (0.3) 10 (0.4) 0.75 (0.29, 1.93) 6 (0.4) 5 (0.3) 1.38 (0.38, 4.96) 0.46
Long-term dialysis 5 (0.2) 7 (0.3) 0.75 (0.24, 2.38) 1 (0.1) 3 (0.2) 0.27 (0.03, 2.61) 0.43
Incident albuminuria 34 (3.4) 33 (3.9) 0.82 (0.49, 1.37) 15 (2.5) 26 (3.9) 0.51 (0.24, 1.08) 0.32

Participants without CKD at baseline
$30% reduction in eGFR to,60 mL/min/1.73 m2 73 (1.2) 23 (0.4) 3.13 (1.95, 5.01) 54 (1.2) 14 (0.3) 4.15 (2.25, 7.67) 0.47
Incident albuminuria 62 (1.9) 74 (2.3) 0.78 (0.55, 1.1) 47 (2) 59 (2.5) 0.84 (0.56, 1.25) 0.78

Numbers are counts and annual rates unless otherwise indicated. The primary outcomewas the first occurrence of myocardial infarction, acute coronary
syndrome, stroke, heart failure, or death from cardiovascular causes. The composite renal outcome for participants with CKD at baseline was the first
occurrence of a reduction in the eGFR of$50%, long-term dialysis, or kidney transplantation. Reductions in the eGFR were confirmed by a second
laboratory test at least 90 days later. Incident albuminuriawas defined by a doubling of the ratio of urinary albumin (inmilligrams) to creatinine (in grams)
from,10 at baseline to.10 during follow-up. No long-term dialysis or kidney transplantationwas reported among participants without CKD at baseline.
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those with diabetes (4). However, in con-
trast to SPRINT’s design, ACCORD BP
used a complex, double, 2 3 2 factorial
design to simultaneously study the effects
of blood pressure, lipid, and glycemic
control interventions. ACCORD BP was
also underpowered to detect a significant
cardiovascular protective effect of inten-
sive SBP lowering. It should further be
noted that, among ACCORD BP partici-
pants in the standard glycemia arm,
intensive SBP treatment significantly re-
duced CVD events compared with stan-
dard SBP treatment, with a reduction
(26%, P = 0.049) similar to that observed
in SPRINT (15). In addition, intensive SBP
lowering resulted in a statistically signifi-
cant (41%) reduction in stroke in ACCORD
BP in contrast to SPRINT, which demon-
strated a significant reduction in new
heart failure events but not stroke events
(4). This may be due to differences in the
inclusion/exclusion criteria of the trials.
For example, people with prior stroke

were excluded from SPRINT but not in
ACCORD BP. In addition, the stroke differ-
ence in ACCORD BP did not emerge until
after 3 years of follow-up, while SPRINT
was stopped after 3.26 years of follow-up.
A beneficial effect on CVD events or mor-
tality of intensive SBP treatment in those
with diabetes cannot be ruled out (16).

Findings from several recent meta-
analyses of blood pressure–lowering tri-
als suggest that CVD risk reductions with
more intensive SBP treatment indeed ex-
tend to those with diabetes (16–19). One
meta-analysis of 19 trials (N = 44,989)
comparing intensive with standard blood
pressure treatment found that intensive
treatment to a lower SBP goal incremen-
tally lowered CVD risk, especially among
high–CVD risk patients with diabetes (18).
In anothermeta-analysis of blood pressure–
lowering trials (n = 613,815), each
10 mmHg lower SBP reduced the risk
of CVD events by 12% among those
with diabetes (17). The CVD or all-cause

mortality risk reductions persist ,130
mmHg. A recent network meta-analysis
of 42 blood pressure–lowering trials (30
of which included patients with type 2
diabetes) including 144,220 patients
found significantly lowers risks of CVD
events among participants who achieved
SBP 120–124 mmHg compared with
all other achieved SBP groups includ-
ing 130–134, 140–144, 150–154, or
160 mmHg or higher (19). In contrast, an-
other meta-analysis of blood pressure tri-
als (n = 73,738) found that effects of
treatment were attenuated in people
with diabetes when SBP was lowered
to,130 mmHg (20). The current analysis
adds to this body of literature by demon-
strating that intensive SBP treatment re-
duces CVD events and all-cause mortality
in those with prediabetes, and the bene-
ficial effects of intensive treatment did
not appear to be attenuated by higher
FSG levels. Considering that there are an
estimated 82 million U.S. adults with

Figure 2—Cumulative incidence of the primary outcome (A) and all-cause mortality (B) by treatment arm stratified by those with normoglycemia and
prediabetes at baseline.
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prediabetes and another 23 million U.S.
adults with clinical diabetes (21) and that
;25% of the U.S. adult population with
diabetes, or 5.5 million U.S. adults, cur-
rently meet the other SPRINT eligibility
criteria aside from diabetes (22), the pub-
lic health implications of the findings of
the current study are substantial.
The effects of intensive SBP treatment

on renal and safety outcomes were also
similar in those with prediabetes and
normoglycemia. This included incident al-
buminuria and a$30% reduction in eGFR
among participants without CKD at base-
line and a $50% reduction in patients
with eGFR. No patient progressed to
long-term hemodialysis or kidney trans-
plantation among patients with CKD at
baseline.
A key strength of the current study

flows from the rigorously conducted ran-
domized controlled study design with ad-
judicated outcomes in a large, racially
diverse population of SPRINT, thus allow-
ing for large subgroups of those with
prediabetes and those with fasting
normoglycemia at baseline. In addition,
theprotocolwas successfully implemented,
and a large DSBP was achieved between
treatment arms for the duration of the
trial. Adherence to the methods used in
SPRINT, including blood pressure mea-
surement, will help realize potential ben-
efits of SPRINT-based intensive treatment
in clinical practice (23).
Because SPRINT did not obtain hemo-

globin A1c at baseline, our definition of
prediabetes and normoglycemia is based
on a single FSG measurement, which is
more subject to day-to-day variability.
However, in sensitivity analysis, with re-
striction to thosewhose prediabetes status
was unchanged from baseline to year 2,
the results were nearly identical. There
is also the potential for misclassification
of glycemia status owing to inadequate
fasting, but sensitivity analyses restricting
evaluation to blood samples that were
recorded to be fasting yielded nearly
identical results. As with even the largest
clinical trials, power for interaction and
subgroup analyses is small. Therefore,
the limited power of our subgroup analy-
sis prevents us from definitely ruling out
that the treatment effects cannot differ
substantially.
In conclusion, among U.S. adults at

high CVD risk but without clinical diabe-
tes, the beneficial effects of intensive SBP
treatment to ,120 mmHg compared

with standard SBP treatment to ,140
mmHg on the reduction of CVD events
and all-cause mortality were similar
among those with prediabetes and fast-
ing normoglycemia.
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