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Abstract

Background We sought to determine whether intensive systolic BP (SBP) lowering was harmful in Systolic Blood
Pressure Intervention Trial (SPRINT) participants with CKD (eGFR<60 ml/min per 1.73 m?) and lower baseline
diastolic BP (DBP).

Methods We related baseline DBP with the SPRINT primary composite end point (myocardial infarction, acute
coronary syndrome, stroke, acute decompensated heart failure, or cardiovascular death) and all-cause death. We
examined the effect of intensive SBP lowering on these outcomes across the range of baseline DBPs using Cox
regression with treatment by baseline DBP interaction terms.

Results Among 2646 SPRINT participants with CKD, lower baseline DBP was associated with a higher
adjusted hazard of the primary composite end point and all-cause death. For example, participants with
baseline DBP of 61 mm Hg (mean baseline DBP in the lowest tertile) experienced a 37% (95% CI, 7% to
75%) higher hazard of the primary outcome relative to participants with baseline DBP of 75 mm Hg (mean
baseline DBP for overall). The benefit of intensive SBP lowering was consistent across a range of baseline
DBPs on rates of the primary composite end point (linear interaction P value =0.56) and all-cause death
(linear interaction P value =0.20).

Conclusions Among SPRINT participants with baseline CKD, lower DBP was associated with higher rates of the
primary composite end point and all-cause death. However, DBP did not seem to modify the benefit of intensive
SBP lowering on the primary composite end point or all-cause death. Our results suggest that lower DBP should
not necessarily impede more intensive SBP lowering in patients with mild to moderate CKD.
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Introduction A recent analysis of data from the Systolic Blood

Coronary perfusion primarily occurs during diastole,
and intensive systolic BP (SBP) lowering often leads
to diastolic BP (DBP) lowering. In observational on-
treatment analyses, lower DBP is associated with an
increased risk of cardiovascular disease events and
death in patients at higher risk for cardiovascular
events (1-4). Concern related to DBP lowering may
be of particular relevance among patients with CKD
given the higher prevalence of elevated SBP and lower
DBP in that population due in part to known associ-
ations of CKD with premature vascular aging and
vascular stiffness (5,6).
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Pressure Intervention Trial (SPRINT) demonstrated
a U-curve relationship between baseline DBP and
the primary outcome and all-cause death, in which
participants with the lowest baseline DBP had the
higher risk of adverse clinical events (7). However,
comparison of randomized groups demonstrated that
intensive SBP treatment reduced the risk of the pri-
mary outcome and all-cause death at every level of
baseline DBP, including among participants with the
lowest levels of baseline DBP. We sought to determine
whether the effects of intensive SBP lowering in participants
with CKD differed by baseline DBP and specifically,
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Table 1. Baseline characteristics by tertile of baseline diastolic BP among the Systolic Blood Pressure Intervention Trial participants
with baseline CKD (N=2646)

Lowest tertile <69 mm Hg,  Middle tertile =69-79 mm Hg,  Highest tertile =80 mm Hg,

Baseline Characteristic

N=823 N=893 N=930

Diastolic BP, mm Hg 61+6 74+3 88+7
Age, yr 76.1+8.0 72.4+8.4 67.7+9.2
Women, % 42.0 40.8 374
Black race, % 19.9 21.7 30.8
Cardiovascular disease, % 30.7 26.5 16.6
Framingham 10-yr 63.5 64.6 65.4

cardiovascular disease risk

score =15%, %
Never smoked, % 44.2 454 47.1
Antihypertensive agents, no. 2.3+0.9 2.1+1.0 1.9+1.0

per patient
Systolic BP, mm Hg 133+16 137+14 147+15
Pulse pressure, mm Hg 71*x16 63+13 59+14
Body mass index, kg/m* 28.5+5.6 29.3%5.6 30.4+5.9
eGFR, ml/min per 1.73 m? 47+10 48+9 49+9
CKD stage 3b or hlgher 39.2 32.8 29.5

(eGFR<45 ml/min per
1.73 m?), %

Urine albumin-creatinine ratio,
mg/g

13.3 (6.8-38.8) 11.6 (5.8-36.4) 15.1 (6.7-52.8)

Results are presented as percentage for binary variables and as mean = SDs for continuous variables other than albumin-creatinine
ratio, which is presented as median (interquartile range). For comparison of differences between the tertiles for numeric variables by
using one-way ANOVA and categorical variables by using chi-squared tests, all P values were < 0.001, except for women (P=0.12),

Framingham 10-year cardiovascular disease risk score =15% (P=0.72), and never smoked (P=0.48).

whether intensive SBP lowering was harmful in participants
with CKD and lower baseline DBP.

Materials and Methods

The SPRINT was a multicenter, randomized outcome trial
sponsored by the National Institutes of Health comparing
the effects of intensive versus standard SBP lowering on
cardiovascular and other outcomes, including all-cause
death, kidney disease, dementia, and cognitive impairment
(8-10).
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Study Participants

Briefly, between November 2010 and March 2013, partic-
ipants 50 years of age or older with treated or untreated SBP
of 130-180 mm Hg and at least one of the following indicators
of increased cardiovascular risk were enrolled: evidence of
clinical or subclinical cardiovascular disease, CKD defined as
an eGFR of 20 to <60 ml/min per 1.73 m? using the four-
variable Modification of Diet in Renal Disease equation, a 10-
year Framingham risk score for cardiovascular events =15%,
or age 75 years old or older. Persons with a history of stroke,
diabetes mellitus, polycystic kidney disease, dementia, heart
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Figure 1. | Achieved mean SBP was similar across tertiles of baseline DBP, while achieved mean DBP was lower among participants in the
lowest tertile of baseline DBP comred with the highest tertile. Follow-up minimum, median, 25th and 75th percentiles and maximum of
patients’ mean follow-up systolic BP (SBP; A) and diastoic BP (DBP; B) by randized SBP intervention and tertile of baseline DBP. Note that 75 of
2646 subjects (2.8%; 47 in the standard group and 28 in the intensive group) had missing BP measurements after month 2 and were excluded.
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Figure 2. | The incidence rate per 100 person-years of the primary outcome and all-cause death was highest in the lowest DBP tertiles in the
Systolic Blood Pressure Intervention Trial participants with baseline CKD randomized to the intensive and standard treatment groups. (A)

Primary composite end point. (B) All-cause death.

failure, nonadherence to medication, eGFR<20 ml/min per
1.73 m?, or =1 g of proteinuria per day (or the equivalent)
were not eligible for participation. Participants enrolled were
randomized to an intensive office SBP target of <120 mm Hg
or a standard office SBP target of <140 mm Hg. This analysis
includes the 2646 participants with baseline CKD defined as
eGFR<60 ml/min per 1.73 m2.

All participants provided written informed consent for
participation in the trial. The study was adherent to the
Declaration of Helsinki. The trial was approved by an in-
stitutional review board at each site, and it was registered in
ClinicalTrials.gov (NCT01206062).

BP Measurement

BP was estimated as the mean of three readings obtained
at I-minute intervals using standardized measurement tech-
niques. Each BP reading was obtained using an automated
machine (Model 907; Omron Healthcare) after the patient
had been seated quietly for 5 minutes during a study office
visit. During a 5-minute rest period prior to the BP measure-
ments and during the measurements, study participants
were either alone or with a member of the study team.
Similar achieved BP levels and cardiovascular risk reduction
were observed regardless of whether BP was measured with
or without a staff member present (11).

Covariates

Trained study personnel ascertained information about
participant baseline sociodemographic data, comorbid con-
ditions, and antihypertensive medications during the
screening or randomization visit. Fasting blood and urine
samples were also collected. All assays were performed in
a single central laboratory. Serum creatinine and urine
creatinine were measured using an enzymatic procedure
(Roche, Indianapolis, IN). Urine albumin was measured
using a nephelometric method (Siemens, Tarrytown, NY).

Outcomes
The primary composite end point in SPRINT and in this
analysis was the first occurrence of a myocardial infarction,

acute coronary syndrome not resulting in myocardial in-
farction, stroke, acute decompensated heart failure, or a car-
diovascular death. We also examined all-cause death. The
primary composite end point and death from any cause
were adjudicated by a committee blinded to the treatment
group assignments.

Adverse events were monitored throughout the trial (9).
In this analysis, we examined any serious adverse event and
serious adverse events associated with hypotension, syn-
cope, electrolyte abnormalities, and AKI or acute kidney
failure.

Statistical Analyses

We computed the mean follow-up BP for each study
participant by averaging the SBP or DBP measurements
from month 3 to the last available reading. We used box-
plots to display the mean follow-up SBP and DBP within the
intensive and standard groups by tertile of baseline DBP. A
total of 75 participants (2.8%; 28 in the intensive group and
47 in the standard group) had missing BP measurements
after month 2 and were not included in this descriptive
portion of the analysis.

Our analysis is on the basis of information provided in
the SPRINT public access Biological Specimen and Data
Repository Information Coordinating Center database. It
includes events that occurred on or before the trial was
stopped on August 20, 2015 and were recognized with the
use of a data freeze date of October 14, 2015.

Associations of Baseline DBP with Outcomes. We cal-
culated the incidence per 100 person-years of the primary
composite end point, all-cause death, and adverse events by
tertile of baseline DBP for descriptive purposes. We related
baseline DBP to these outcomes by fitting separate Cox
regression models with baseline DBP as a cubic spline with
knot points at the 25th, 50th, and 75th percentiles, with
adjustment for the randomized SBP intervention, age, sex,
and race as covariates. In sensitivity analyses, we repeated
the above models with additional covariate adjustment for
history of cardiovascular disease, Framingham 10-year
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Figure 3. | In cubic spline regression models, baseline DBP had a curvilinear association with the primary composite end point and all-cause
death, but intensive SBP lowering did not increase the risk of these end points in participants with lower baseline DBP. (A and C) Cubic spline
regression models showing hazard ratios with pointwise 95% confidence intervals (95% Cls) for the association of baseline DBPas a continuous
variable with the primary composite end point (A) and all-cause death (C) in the Systolic Blood Pressure Intervention Trial participants with
baseline CKD. Models include the randomized SBP intervention, age, sex, and race. (B and D) Cubic spline regression models showing hazard
ratios with pointwise 95% Cls for the effect of the randomized SBP intervention across a range of baseline DBP on the primary composite end
point (B) and all-cause death (D) in the Systolic Blood Pressure Intervention Trial participants with baseline CKD. Models are unadjusted.
Likelihood ratio tests for the linear interaction item of the baseline DBP and the SBP intervention were nonsignificant (primary composite end

point interaction P=0.56; all-cause death interaction P=0.20).

cardiovascular disease risk score =15%, smoking history,
and baseline eGFR.

Effect Modification by Baseline DBP of Intensive SBP
Lowering on Outcomes. We examined the effects of inten-
sive SBP lowering on the primary composite end point and
all-cause death across the range of baseline DBP in separate
Cox regression models modeling baseline DBP as natural
cubic spline terms with knot points at the 25th, 50th, and
75th percentiles. We included the cubic spline terms both
as main effects and in multiplicative interactions with the
randomized intensive SBP treatment group to display the
results graphically. The linear interaction between baseline
DBP and the randomized SBP intervention was tested by
using a likelihood ratio test. To assist with the interpretation
and graphic representation of our results, we conducted
a companion analysis that evaluated the effect of the ran-
domized SBP intervention on the primary outcome and all-
cause death by tertile of baseline DBP. We compared the
hazard ratios among the DBP tertiles to calculate a P value
for interaction by using a likelihood ratio test. In sensitivity

analyses, we included adjustments for age, sex, race, history
of cardiovascular disease, Framingham 10-year cardiovas-
cular disease risk score =15%, smoking history, and base-
line eGFR in the models.

We performed all analyses using STATA version MP 14.0
or SAS version 9.4, and we used two-sided «=0.05 for
hypothesis testing without adjustment for multiple compar-
isons. We compared numeric baseline characteristics be-
tween baseline DBP tertiles using one-way ANOVA and
categorical variables using chi-squared tests.

Results

Among the 2646 SPRINT participants with baseline CKD,
mean baseline DBP overall was 7512 mm Hg, and mean
baseline DBPs in the lowest, middle, and highest tertiles
were 61+6, 74%3, and 88=7 mm Hg, respectively. Partic-
ipants in the lowest tertile of baseline DBP were generally
older, less often of black race, had a higher pulse pressure,
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Figure 4. | The effect of intensive SBP lowering on outcomes by tertile of baseline DBP, hazard ratios for the SBP intervention for the primary
composite end point and all-cause death were similar. Forest plots showing hazard ratios (HRs) and 95% Cls for the effect of the randomized
SBP intervention on the primary composite end point (A) and all-cause death (B) for the entire CKD cohort and by baseline DBP tertile.
Likelihood ratio tests comparing HR for the SBP intervention among baseline DBP tertiles were nonsignificant (primary composite end point
interaction P=0.85; all-cause death interaction P=0.75). Models are unadjusted.

had a higher prevalence of cardiovascular disease, and had
a lower mean eGFR (Table 1).

The achieved mean follow-up SBP was similar in the
lowest and highest tertiles of baseline DBP in the intensive
SBP intervention (123+10 versus 123+9 mm Hg, P=0.17)
and standard SBP intervention (136*8 versus 1367 mm
Hg, P=0.85) (Figure 1A) groups. In contrast, the achieved
mean follow-up DBP was significantly lower among par-
ticipants in the lowest tertile compared with the highest
tertile of DBP within the intensive SBP intervention (mean
DBP of 59+7 versus 72+7 mm Hg, P<0.001) and standard
SBP intervention (mean DBP of 65+8 versus 808 mm Hg,
P<0.001) (Figure 1B) groups.

Associations of Baseline DBP with the Primary Composite
End Point and All-Cause Death

There were 234 primary outcome events during 8211
person-years of follow-up. The incidence rate of the primary
outcome was highest in the lowest DBP tertiles (Figure 2A).
In cubic spline regression models with adjustments for the
randomized SBP intervention, age, sex, and race, baseline
DBP had a curvilinear association with the primary com-
posite end point, wherein lower baseline DBP was associ-
ated with higher adjusted hazard of the primary composite
end point (Figure 3A). For example, baseline DBP of 61 mm
Hg, which was the mean baseline DBP in the lowest baseline
DBP tertile, was associated with a 37% (95% confidence
interval, 7% to 75%) higher hazard of the primary composite
end point compared with baseline DBP of 75 mm Hg (mean
baseline DBP for the overall cohort).

There were 165 deaths during 8576 person-years of follow-
up. The incidence rate was higher for all-cause death in the
lowest DBP tertiles (Figure 2B), and we saw a similar curvi-
linear association of DBP with all-cause death in cubic spline
models (Figure 3C).

Results were not materially changed in sensitivity anal-
yses that additionally adjusted for history of cardiovascular
disease, Framingham 10-year cardiovascular disease risk
score =15%, smoking history, and baseline eGFR (Supple-
mental Figure 1, A and C).

Effect Modification by Baseline DBP of Intensive SBP
Lowering on the Primary Composite End Point and All-Cause
Death

Compared with standard SBP lowering, intensive SBP
lowering had a lower hazard of the primary composite end
point, which did not reach statistical significance in this
CKD cohort (hazard ratio, 0.84; 95% confidence interval,
0.65 to 1.09). When we used cubic spline regression models
to examine a range of baseline DBPs, we found no evidence
that intensive SBP lowering increased the risk of the primary
composite end point in participants with lower baseline
DBP (Figure 3B) (linear interaction P value =0.56). In com-
panion analyses where we analyzed the effect of inten-
sive SBP lowering on outcomes by tertile of baseline DBP,
hazard ratios for the SBP intervention for the primary com-
posite end point were similar (Figure 4A) (interaction P
value =0.85).

Compared with standard SBP lowering, intensive SBP
lowering had a lower hazard for all-cause death (hazard
ratio, 0.72; 95% confidence interval, 0.53 to 0.99). Again,
there was no evidence that intensive SBP lowering increased
mortality in participants with lower baseline DBP in cubic
spline regression models (Figure 3D) (linear interaction P
value =0.20) or in analyses stratified by baseline DBP tertiles
(Figure 4B) (interaction P value =0.75).

Results were not materially changed in sensitivity anal-
yses that adjusted for age, sex, race, history of cardiovas-
cular disease, Framingham 10-year cardiovascular disease
risk score =15%, smoking history, and baseline eGFR (Sup-
plemental Figures 1, B and D and 2).
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Adverse Event Type

Table 2. Incidence rates (per 100 person-years [N of event per follow-up year]) for intensive and standard treatment groups, hazard
ratios, and 95% confidence intervals for the effect of the intensive versus standard systolic BP intervention on serious adverse events in
the Systolic Blood Pressure Intervention Trial participants with CKD by tertile of baseline diastolic BP

Lowest tertile <69 mm Hg  Middle tertile =69-79 mm Hg  Highest tertile =80 mm Hg

Any serious adverse event®
Incidence rate
Intensive
Standard
HR (95% CI) intensive versus
standard
Hypotension
Incidence rate
Intensive
Standard
HR (95% CI) intensive versus
standard
Syncope
Incidence rate
Intensive
Standard
HR (95% CI) intensive versus
standard
Electrolyte abnormality
Incidence rate
Intensive
Standard
HR (95% CI) intensive versus
standard
AKI or acute kidney failure
Incidence rate

24.3 (223/919)
26.4 (233/883)
0.93 (0.78 to 1.12)

1.0 (13/1263)
0.9 (11/1238)
1.14 (0.51 to 2.55)

1.3 (16/1264)
0.9 (11/1244)
1.38 (0.64 to 3.00)

1.8 (22/1245)
1.4 (17/1228)
1.37 (0.73 to 2.60)

21.6 (218/1010)
18.5 (206/1111)
1.11 (0.92 to 1.35)

1.3 (18/1338)
0.8 (12/1423)
1.55 (0.75 to 3.23)

1.1 (15/1349)
0.8 (12/1426)
1.28 (0.60 to 2.74)

2.0 (27/1324)
0.8 (12/1425)
2.33 (1.18 to 4.61)

3.1 (41/1302)
1.6 (23/1418)
1.81 (1.08 to 3.01)

15.0 (187/1246)
18.1 (202/1118)
0.84 (0.69 to 1.03)

1.1 (17/1525)
0.8 (11/1424)
1.37 (0.64 to 3.00)

0.7 (10/1538)
0.5 (7/1431)
1.25 (0.46 to 3.37)

0.9 (14/1532)
1.1 (16/1408)
0.73 (0.36 to 1.51)

1.8 (27/1515)
1.9 (27/1394)
1.00 (0.58 to 1.72)

Intensive 3.7 (45/1220)
Standard 2.4 (29/1227)
HR (95% CI) intensive versus 1.53 (0.95 to 2.44)

standard

HR, hazard ratio; 95% CI, 95% confidence interval.

were nonsignificant.

*Models adjusted for age, sex, race, cardiovascular disease, Framingham 10-year cardiovascular disease risk score =15%, smoking
history, and baseline eGFR. Likelihood ratio tests comparing HRs for the systolic BP intervention among baseline diastolic BP tertiles

Adverse Events

The incidence of any serious adverse event was higher in
the lowest tertiles of baseline DBP in both the intensive and
standard SBP lowering arms (Table 2). The effect of inten-
sive versus standard SBP lowering on adverse events did
not differ by tertiles of baseline DBP.

Discussion

On-treatment observational studies have shown associa-
tions among lower DBP and higher rates of adverse cardiac
ischemic events, particularly in populations with estab-
lished coronary artery disease (1-4,12). For example, a sec-
ondary observational reanalysis of 22,576 patients with
hypertension and coronary artery disease enrolled in the
International Verapamil-Trandolapril study showed that
patients with an achieved mean DBP of <60 mm Hg had
a higher incidence of cardiovascular events and death com-
pared with their counterparts who had a higher mean
achieved DBP (12). An observational reanalysis of the Treat-
ing to New Targets trial in which patients with clinically
evident coronary artery disease were treated with higher or
lower doses of atorvastatin again showed that an achieved
DBP <80 mm Hg was associated with higher rates of fatal
and nonfatal cardiovascular events (2).

Given the associations among lower DBP and cardio-
vascular events in these observational studies, concerns
about DBP lowering could be even more pronounced
in patients with CKD. Interventions aimed at lowering
SBP will generally reduce DBP as well and could theoret-
ically lead to underperfusion and ischemia of vital organs.
Patients with CKD also have a high prevalence of hyper-
tension and left ventricular hypertrophy, which impair cor-
onary blood flow autoregulation, wherein more intensive
BP lowering could lead to more marked declines in coronary
perfusion pressures (13).

In this study of SPRINT participants with CKD, we found
that an observational analysis yielded the expected asso-
ciation between lower baseline DBP and higher rates of
the primary outcome and all-cause mortality. However, in
randomized comparisons of the two treatment groups,
we found no indication that the beneficial effect of the
intensive SBP intervention in SPRINT participants with
CKD on the primary composite end point and all-cause
death differed by baseline level of DBP. Therefore, although
lower baseline DBP may serve as a marker of poor vascular
health and/or other conditions that signal higher risk of
cardiovascular and other adverse events, more intensive BP
treatment in participants with lower DBP and CKD still
proved beneficial.
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Our analysis has several strengths, including the inclusion
of patients with CKD in the SPRINT as a prespecified sub-
group and the randomized allocation to an intensive or
standard SBP treatment target. Observational analyses that
rely on examination of achieved DBP can lead to different
inferences due at least in part to confounding of achieved BP
by differences in disease severity and adherence (14). How-
ever, our analysis also has some limitations. First, although
the SPRINT represents the largest BP intervention trial in
CKD to date, it was not designed to detect interaction by
baseline DBP in the CKD subgroup, and thus, we may have
lacked the power to detect a statistically significant inter-
action. Second, although our cohort was diverse in terms of
age, sex, race, and inclusion of patients with baseline heart
disease, the study excluded patients with diabetes mellitus
or history of stroke, which may limit the generalizability of
our findings to those important patient populations. In
addition, the SPRINT enrolled relatively few patients with
stage 3b or higher CKD and excluded patients with >1 g of
proteinuria per day. Because the efficacy and safety of in-
tensive BP lowering may differ in patients with more ad-
vanced (stage 4/5) CKD, future BP intervention studies
dedicated to enrolling this patient population specifically
are needed.

In summary, patients with mild to moderate CKD are at
high risk for cardiovascular events and death. In SPRINT
participants with CKD at baseline, lower DBP was associ-
ated with higher rates of the primary composite end point
and all-cause death as well as higher rates of serious adverse
events, including hypotension, syncope, electrolyte abnor-
malities, and AKI, in an observational on-treatment analy-
sis. However, in randomized comparisons, lower baseline
levels of DBP did not modify the beneficial effect of the
intensive SBP intervention on the primary outcome and all-
cause death. Our results suggest that lower DBP should not
necessarily be a barrier to more intensive SBP lowering in
patients with mild to moderate CKD. Careful treatment and
follow-up are essential in all patients with CKD, especially
patients with more advanced disease.
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Supplemental Figure 1. Cubic spline regression models showing
hazard ratios with pointwise 95% confidence intervals for the
association of baseline diastolic BP as a continuous variable with
the primary composite end point and all-cause death and for the
effect of the randomized systolic BP intervention across a range of
baseline diastolic BPs on the primary composite end point and all-
cause death in the Systolic Blood Pressure Intervention Trial par-
ticipants with baseline CKD.

Supplemental Figure 2. Forest plots showing hazard ratios and
95% confidence intervals for the effect of the randomized systolic BP
intervention on the primary composite end point and all-cause
death for the entire CKD cohort and by baseline diastolic BP tertile.
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