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Abstract

Background—In individuals with a low diastolic blood pressure (DBP), potential benefits or
risks of intensive systolic blood pressure (SBP) lowering are unclear.

Methods—The Systolic Blood Pressure Intervention Trial was a randomized, controlled trial that
compared the effects of intensive (target <120 mm Hg) versus standard (target <140 mm Hg) SBP
control in 9361 older adults with high blood pressure at increased risk of cardiovascular disease
(CVD). The primary outcome was a composite of CVD events. All-cause death and incident CKD
were secondary outcomes. This post-hoc analysis examined whether the effects of the SBP
intervention differed by baseline DBP.

Results—Mean baseline SBP and DBP were 139.7 = 15.6 and 78.1 + 11.9 mm Hg, respectively.
Irrespective of the randomized treatment, baseline DBP had a U-shaped association with the
hazard of the primary CVD outcome. However, the effects of the intensive SBP intervention on the
primary outcome was not influenced by baseline DBP level (p for interaction 0.83). The primary
outcome hazard ratio for intensive versus standard treatment was 0.78 (95% CI1 0.57 to 1.07) in the
lowest DBP quintile (mean baseline DBP 61 £ 5 mm Hg) and 0.74 (95% CI 0.61 to 0.90) in the
upper four DBP quintiles (mean baseline DBP 82 + 9 mm Hg), with an interaction p-value = 0.78.
Results were similar for all-cause death and kidney events.

Conclusions—Low baseline DBP was associated with increased risk of CVD events, but there
was no evidence that the benefit of the intensive SBP lowering differed by baseline DBP.

Clinical Trial Registration—URL: https://clinicaltrials.gov Unique Identifier: NCT01206062
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Elevated blood pressure (BP) is an important risk factor for cardiovascular disease

(CVD)L 2, end-stage kidney disease (ESKD)3 4 and all-cause mortality2: ®. Beginning in the
1960s, randomized controlled trials demonstrated the value of treating high diastolic BP
(DBP) and subsequently high systolic BP (SBP)8: 7. Recently, the Systolic Blood Pressure
Intervention Trial (SPRINT) demonstrated that intensive SBP lowering (SBP target <120
versus <140 mm Hg) improved CVD outcomes and all-cause mortality in adults at high risk
for CVD events8, even in those > 75 years.?

Despite the documented value of traditional treatment in adults with a high DBPS, intensive
therapy to low levels of DBP is controversial. Nearly 30 years ago, a J-shaped relationship
was observed between on-treatment DBP and death from myocardial infarction, with the
risk being lowest in those with an achieved DBP between 85-90 mm Hg and higher at
achieved DBP levels on either side of this rangel0: 11,

We examined the hypothesis that low baseline DBP adversely modifies the effect of
intensive SBP lowering on CVD, kidney disease and all-cause mortality in SPRINTS. In
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addition, we examined whether baseline pulse pressure (PP) or mean arterial pressure
(MAP) modified the effects of the SPRINT intervention.

Limited SPRINT data are available through NHLBI at https://biolincc.nhlbi.nih.gov/studies/
sprint_pop for reproducing/ replicating the results of this analysis. Statistical methods
section and supplemental material provide details of analytical procedures.SPRINT was a
randomized, controlled, open-label trial that compared the effects of intensive (SBP target <
120 mm Hg) versus standard (SBP target < 140 mm Hg) BP control in 9361 participants
from the US and Puerto Rico®. Details of the SPRINT protocol have been published!?: 13,
Institutional review boards at each of the participating study sites approved the protocol and
all participants provided informed consent.

Study population

Participants had to be = 50 years with an SBP 130 to 180 mm Hg and an increased risk of
CVD (defined as having at least one of the following: clinical or subclinical CVD other than
stroke; 10-year risk of CVD >15%, based on the Framingham global risk indicator}4; age
>75 years; or estimated glomerular filtration rate (eGFR) 20 to < 60 ml/min/1.73 m2). Major
exclusion criteria included diabetes, prior stroke, advanced CKD (eGFR <20 ml/min/
1.73m2), proteinuria >1 g/d, polycystic kidney disease, congestive heart failure, dementia or
residence in a nursing home.

Intervention, follow-up and measurements

Participants were randomly assigned to intensive or standard SBP control, stratified by
clinical site. Details of the SPRINT intervention algorithm and medication formulary are
provided elsewherel? 13 Participants were seen monthly for 3 months and quarterly
thereafter for standardized study visits by trained study staff following protocol
requirements. An automated measurement system (Model 907XL, Omron Healthcare) was
used to record BP at the clinic visit after the participant had been seated for 5 minutes of
quiet rest. The mean of three BP readings, each one minute apart, was used to estimate BP.

Medications were adjusted to target a SBP <120 mm Hg in the intensive-treatment group
and a SBP of 135 to 139 mm Hg in the standard treatment group. Blood specimens were
obtained at each visit for the first three months and quarterly thereafter for measurement of
serum creatinine. The four-variable MDRD equation was used to estimate GFR1%. Event
ascertainment and safety assessments were performed per protocol. 12 13

SPRINT outcomes

The primary outcome was a composite of non-fatal myocardial infarction, acute coronary
syndrome not resulting in myocardial infarction, stroke, acute decompensated heart failure,
or death from CVD. Death from any cause was a predefined secondary outcome in SPRINT.
All outcome events were adjudicated by a committee blinded to treatment assignment. In the
current analysis, we also explored a composite CVD outcome that excluded stroke.
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The main secondary kidney outcome was a composite of = 50% decrease in eGFR or
development of ESRD in participants with baseline CKD (eGFR <60ml/min/1.73m2). A
secondary kidney outcome was incident CKD defined as >30% decrease in eGFR (with a
value <60 ml/min/1.73m2, confirmed at the next available SPRINT blood draw) in
participants without CKD at baseline. In addition, we monitored for serious adverse events
as reported earlier8. A decision to discontinue the SPRINT BP intervention was made on
August 20, 2015 after interim analyses showed the primary outcome had exceeded preset
monitoring boundaries on two consecutive occasions.8 Our analysis is based on information
provided in the SPRINT public access BioLINCC databasel®. It includes events that
occurred on or before the trial was stopped on August 20, 2015 and were recognized using a
data freeze date of October 14, 2015,

methods

We performed all analyses in STATA version MP 14.0 or SAS version 9.4, and used a 2-
sided a=0.05 for hypothesis testing, without adjustment for multiple comparisons. We
compared baseline characteristics between DBP quintiles using 1-way analysis of variance
(ANQOWVA) for numeric variables (following log transformation for the albumin to creatinine
ratio) and used chi-square tests for categorical variables.

We computed the mean follow-up DBP for each patient by averaging their BP measurements
from month 3 to the last reading. We used boxplots to display the patients’ mean follow-up
DBP values by quintile of baseline DBP within the intensive and standard groups, and
applied 2-sample tests to compare mean follow-up DBP between the lowest and highest
quintile of baseline DBP.

We analyzed the association of baseline DBP with the primary and secondary outcomes by
fitting a Cox regression model with the randomized SBP intervention and cubic spline terms
in baseline DBP as predictor variables, with covariable adjustment for age, sex and race. We
then performed three types of analyses based on Cox proportional hazards regression to
investigate whether the effects of intensive SBP intervention on the primary and secondary
outcomes differed depending on baseline level of DBP. The primary analysis of the
interaction between the intensive SBP intervention and baseline DBP, which was specified
prior to initiation of these post-hoc analyses, compared the hazard ratio for the effect of
intensive SBP intervention on the primary CVD composite outcome between the lowest
baseline DBP quintile and the upper four quintiles. Second, we investigated the possibility of
a more general interaction by fitting a Cox regression for the primary outcome with main
effects for the SBP intervention and cubic spline terms for baseline DBP, plus multiplicative
interactions between the SBP intervention and the cubic spline terms. In the absence of
evidence of a nonlinear interaction (indicated by an interaction p > 0.10), we refit the Cox
regression using a linear interaction between the SBP intervention and baseline DPB. Third,
we provided hazard ratios with 95% confidence intervals to compare the intensive vs. usual
SBP goals within each baseline DPB quintile. These hazard ratios are presented to provide a
comprehensive presentation of the results; however, it is important to note much or all of the
reported variation in hazard ratios between the quintile subgroups is due to chance, and that
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in the absence of a statistically significant interactions the best estimate of the effect of the
intervention is given by the study-wide effect estimate, including all patients.

We performed similar analyses of the interaction between the SBP intervention and baseline

DBP for the secondary outcomes, except that we categorized baseline DBP by a median split
rather than quintiles for the kidney composite outcome due to the small number of events for
this outcome.

We repeated each of these three analyses to evaluate interactions of the BP intervention with
baseline MAP and baseline PP. We also provided hazard ratios from Cox regressions
comparing the intensive vs. usual SBP interventions by baseline DBP quintile for the safety
outcomes: all serious adverse events, hypotension, syncope, electrolyte abnormality and
acute kidney injury or acute kidney failure.

In participants with and without baseline clinical/subclinical cardiovascular disease, we
performed additional sensitivity analyses in separate Cox Models to evaluate the linear
interaction of the SPRINT intervention with baseline DBP.

Additional details of the Cox regression models are provided in supplemental material.

Mean age of the study population (N = 9361) was 67.9 + 9.4 years, with 35.6 % being
women and 31.5 % Black. Means (+ SD) baseline SBP and DBP were 139.7 + 15.6 and 78.1
+ 11.9 mm Hg, respectively. Baseline demographic, clinical and laboratory characteristics of
the study population by DBP quintile are summarized in Table 1. In general, participants
with lower DBP tended to be older, have a higher baseline prevalence of CVD and CKD, be
on more antihypertensive medications, have a lower baseline SBP and MAP and a higher PP,
and have a lower estimated GFR.

Boxplots displaying the medians, 25t and 75™ percentiles of mean follow-up SBP, DBP, PP
and MAP levels by baseline DBP quintile for participants in the intensive and standard arms
are presented in Figure 1. Because the intervention targeted SBP, irrespective of baseline
DBP, the distribution of achieved mean follow-up SBP in the intensive arm was similar
across baseline quintiles of DBP (Figure 1, panel A). Similar findings for achieved SBP
across baseline quintiles of DBP were noted in the standard arm (Figure 1, panel A).
However, the achieved mean follow-up DBP was significantly lower among participants in
the lowest compared to the highest quintile of baseline DBP within both the intensive (59.5
+6.9 versus74.9 £ 7.0 mm Hg, p <0.001) and standard groups (65.0 + 7.6 versus83.3 £ 6.5
mm Hg, p <0.001) (Figure 1, panel B). Within each baseline quintile of DBP, achieved DBP
was lower in the intensive compared to the standard group (Figure 1, panel B). Achieved
MAP mirrored the pattern noted for achieved DBP (Figure 1, panel C). Achieved PP was the
highest in the lowest baseline DBP quintile in both the intensive and standard groups (Figure
1 panel D).

In the entire cohort, there were 562 primary outcome events over 29,278 person-years of
follow-up, and 365 all-cause deaths over 30,158 person-years of follow-up. In the subgroup
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with CKD at baseline, there were 29 kidney composite outcomes over 8,490 person-years of
follow-up. In the subgroup of participants without CKD at baseline, there were 164 incident
CKD events over 21,155 person-years of follow-up.

Adjusted for age, sex, race and the intervention arm, there was a U shaped association of
baseline DBP with the primary outcome, all-cause deaths and incident CKD in cubic spline
regression analyses (Supplemental Figure S1).

Interactions of baseline DBP and SBP intervention for pre-specified

outcomes

In our primary assessment of the interaction between the intensive SBP intervention
treatment effect and baseline DBP (Table 2), the hazard ratio for the primary outcome was
0.78 (95% CI 0.57 to 1.07) within the lowest DBP quintile and 0.74 (95% CI 0.61 to 0.90)
within the upper four DBP quintiles (interaction p-value = 0.78). Similarly, there was no
evidence of an interaction between intensive SBP intervention and baseline DBP for all-
cause death, composite kidney outcome or incident CKD events (Table 2).

Incidence of primary outcome events, all-cause deaths and incident CKD (in participants
without CKD at baseline) by quintile of baseline DBP is presented in Figure 2. Within each
baseline DBP quintile, participants randomized to the intensive arm had a lower incidence of
the primary outcome and all-cause death and a higher incidence of CKD. There was no
suggestion of heterogeneity of the hazard ratios for intensive versus standard SBP treatment
effect across DBP quintiles for the three outcomes studied (Figure 3). The p-values for
interaction between treatment effect and baseline quintile of DBP were 0.92, 0.57, and 0.91
for the primary CV outcome, all-cause mortality, and incident CKD in the subgroup without
CKD at baseline, respectively.

Following adjustment for baseline DBP, intensive versus standard SBP treatment had a lower
hazard ratio for the primary CVVD outcome, and all-cause death but a higher hazard for
incident CKD (Table 3). Following adjustment for the intervention, participants with a
baseline DBP of 61 mm Hg (mean DBP in the lowest baseline DBP quintile) had a higher
hazard of the primary outcome, all-cause death and incident CKD compared to those with a
baseline DBP of 78 mm Hg (mean baseline DBP of the entire cohort), (Table 3). There was
no evidence of a nonlinear treatment by baseline DBP interaction for any of the outcomes,
and the p-values for the linear treatment by baseline DBP interaction did not approach
statistical significance for the primary outcome (p = 0.85), all-cause death (p = 0.37),
composite kidney outcome (p = 0.57) or incident CKD events (p = 0.94) (Table 3). Similarly,
within the subgroups with or without CVD at baseline, there was no evidence of interaction
between the intervention and baseline DBP (Supplemental Tables S1 and S2).

Interactions of baseline DBP and SBP intervention for primary CVD

endpoint excluding stroke

There were 467 non-stroke CVVD outcome events over 29,434 person-years of follow-up.
There was a U-shaped relation between DBP and the non-stroke CVD outcome
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(Supplemental Figure 2, panel A). As for the primary CVD outcome, there was no
suggestion of heterogeneity of the hazard ratios for intensive versus standard SBP treatment
effect across DBP quintiles when considering the non-stroke CVD outcome (Supplemental
Figure 2, panel B). There was no evidence of an interaction between baseline DBP and the
SBP lowering intervention.

Interactions of baseline DBP and SBP intervention for safety outcomes

Incidence of safety outcomes (any serious adverse event, and serious adverse events
associated with hypotension, syncope, electrolyte abnormality, acute kidney injury or acute
kidney failure) are summarized in Table 4. Those in the lowest quintile of baseline DBP had
the highest incidence of these serious adverse events but there was no evidence for
heterogeneity of the effects of the intervention by baseline quintile of DBP.

Interactions of baseline MAP or PP and SBP intervention for pre-specified

outcomes and safety outcomes

With one exception (acute kidney injury by baseline PP), the results were similar for
baseline quintiles of MAP (Supplemental Figure S3 and Supplemental Table S3) and PP
(Supplemental Figure S4 and Supplemental Table S4). In other words, intention-to-treat
analyses yielded almost no evidence for heterogeneity in the effect of SBP lowering by
baseline DBP, MAP, or PP.

Discussion

The results of the current study indicate that low baseline DBP was associated with
increased risk of primary CVD outcome but an intervention that actively lowered SBP
consistently reduced the risk of the primary CVD outcome across baseline quintiles of DBP.

At some level of low BP, perfusion of organs must become inadequate. Based on the on-
treatment reports1’=23, one might expect persons with a lower DBP to be at greater risk for
adverse outcomes during intensive BP lowering. Because most ventricular myocardial
perfusion occurs during diastole, a lower DBP could potentially lead to myocardial hypo-
perfusion and associated damage, especially in persons with left ventricular hypertrophy
(which increases oxygen demand) or coronary artery disease (in which oxygen supply is
already compromised). In the Atherosclerosis Risk In Communities (ARIC) cohort, lower
DBP was associated with higher serum concentrations of cardiac troponin T, a marker of
myocardial injury24,

Almost all SPRINT participants were being treated for hypertension at baseline. Consistent
with previous on-treatment reports, our study identified a U-shaped relationship between
baseline DBP and the SPRINT primary CVD composite outcome.

Use of an intention-to-treat analysis provides a better way to determine whether the
beneficial effects of intensive BP control are modified by level of baseline DBP because it
takes advantage of the randomized design. In SPRINT, intensive SBP lowering that also
lowered DBP was beneficial rather than hazardous even for those within the lowest quintile
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of baseline DBP (<68 mm Hg), where the average achieved DBP during follow-up in the
intensive arm was <60 mm Hg. Our findings suggest that the association of a higher CVD
event rate with lower levels of DBP is more likely to be a result of the clinical characteristics
associated with a lower DBP, such as age and co-morbidities, than a response to lowering of
DBP per se.

Our findings are consistent with experience in the Hypertension Optimal Treatment (HOT)
trial?® in which 6264 patients were randomly allocated to a target DBP < 90 mm Hg, 6264 to
< 85 mm Hg, and 6262 to < 80 mm Hg and DBP was reduced by 20.3 mm Hg, 22.3 mm Hg,
and 24.3 mm Hg, respectively. An intention-to-treat analysis identified no differences in
CVD events, CVD mortality or all-cause mortality between the three groups but a J-shaped
relationship was noted between achieved DBP and CVD. In the African American Study of
Kidney Disease and Hypertension (AASK) trial, participants with CKD were randomly
assigned to a mean arterial BP (MAP) target of 102-107 mmHg or <92 mmHg?25. While the
intention-to-treat analyses by randomized groups did not show an effect of intensive BP
lowering, the achieved BP analyses suggested that lower achieved MAP was associated with
better kidney outcomes. Thus, analyses based on achieved BP can lead to markedly different
inferences than intention-to-treat analyses, due in part to confounding as well as reverse
causality.

Tissue perfusion depends upon MAP. As interventions that target lower SBP also reduce
DBP, they will also decrease the MAP and hence, tissue perfusion. In theory, this might be
particularly important in those with wider PP (with already lower DBP and the drop in SBP
might have an even greater effect on MAP). However, we also did not find evidence of
heterogeneity of the effects of intensive SBP lowering by baseline MAP and PP quintiles.

A strength of the current analysis was our ability to examine the role of baseline DBP on
treatment effect using a randomized comparison. Other strengths included availability of a
relatively large sample size, and a diverse population with relatively low pre-treatment levels
of DBP and a high risk for CVD. In addition, SPRINT was a rigorously conducted trial with
careful measurement of blood pressure and outcomes data. Weaknesses include the post-hoc
nature of the analyses and lack of intermediate biomarkers of tissue damage, such as cardiac
troponin. As with any subgroup analyses of randomized controlled trial data, power might
be limited to definitively exclude potential harm of intensive SBP lowering on CVD
outcomes in the lowest DBP quintile. As the 95% CI in the lowest DBP quintile for the
primary CVD outcome ranges from 0.57 to 1.07, the potential effects of the intervention
ranges from 43% reduction in primary CVD outcome up to a small 7% increase in risk of
primary CVD outcome in this quintile.

In conclusion, intensive SBP lowering in SPRINT participants led to substantial reductions
in DBP and MAP. Although participants with lower DBP at baseline experienced higher
rates of major cardiovascular events, SBP lowering appears beneficial across the spectrum of
baseline DBP, even among those in the lowest quintile of DBP at baseline. Low levels of
DBP, at least within the ranges examined here, should not be an impediment to intensive
treatment of hypertension.
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Clinical Perspective
What is new?

. There were U-shaped relationships of baseline DBP with the primary CVD
outcome and all-cause death in SPRINT.

. However, the beneficial effects of intensive SBP lowering (intensive SBP goal
<120 mm Hg versus standard SBP goal <140 mm Hg) on the primary CVD
outcome and all-cause death were not modified by baseline level of DBP.

. Increased risk of kidney events and serious adverse effects of the intervention
were consistent across baseline DBP quintiles.

. Therefore, there was no evidence that the benefit of the intensive SBP
lowering differed by baseline DBP level.

What are the clinical implications?

. Some cohort observational studies and non-randomized secondary analyses of
achieved blood pressures suggested a J-curve relationship of DBP with
cardiovascular events.

. Results of current analyses of SPRINT data suggest that underlying processes
(such as increased arterial stiffness) that lead to a decline in DBP rather than
the level of DBP per se might be the reason for the observed associations of
worse outcomes with lower DBP.

. Low levels of DBP within the ranges examined here in SPRINT should not be
an impediment to intensive treatment of hypertension, at least in those without
diabetes mellitus or stroke.
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Figure 1.
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The boxplots display the median, 25t and 75™ percentiles of the patients’ mean follow-up
values for systolic blood pressure (panel A), diastolic blood pressure (panel B), mean arterial
pressure (panel C) and pulse pressure (panel D), by randomized SBP intervention and
quintile of baseline DBP (N=9119). 242 of 9361 subjects (2.6%) (140 in the standard group
and 102 in the intensive group) had missing blood pressure measurements after month 2 and

are not included.
SBP = systolic blood pressure; DBP = diastolic blood pressure.
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Figure 2.

Shown are incidence rates and pointwise 95% Cls for the primary CVD outcome (panel A),
all-cause death (panel B) and incident CKD (panel C) in the standard and intensive SBP
groups by quintile of baseline DBP. The 95% Cls were calculated for incidence rates using
the quadratic approximation to the Poisson log likelihood for the log-rate parameter. Lines
are drawn between the incidence rates quintiles for the different quintiles for visual clarity,
and do not represent fitted regression curves. The analysis of incident CKD patients was
performed for patients with baseline eGFR > 60 ml/min/1.73m2. There were too few events
to provide a meaningful similar analysis for the composite kidney outcome.

SBP = systolic blood pressure; DBP = diastolic blood pressure; CVD = cardiovascular
disease; CKD = chronic kidney disease; eGFR = estimated glomerular filtration rate; HR =
hazard ratio; CI = confidence interval.
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Figure 3.

Shown are forest plots with hazard ratios for the effect of intensive vs. standard SBP
intervention by quintile of baseline DBP for the primary CVD outcome (panel A), all-cause
death (panel B) and incident CKD (panel C). In joint Cox regression models with separate
baseline hazards for each baseline DBP quintile, likelihood ratio tests comparing the hazard
ratios for the intensive vs. standard SBP interventions between the 5 baseline DBP quintiles
were non-significant (primary CVD outcome interaction p = 0.92; all-cause death interaction
p = 0.57; incident CKD interaction p = 0.91; composite kidney outcome interaction p =
0.71). Due to a small number of events, the interaction test for composite kidney outcome
compared hazard ratios below and above the median baseline DBP instead of by baseline
DBP quintile, and the HRs are not displayed in the figure. The analyses of incident CKD
patients and the composite kidney outcome were performed for patients with baseline eGFR
> 60 ml/min/1.73m? and baseline eGFR < 60 ml/min/1.73m2, respectively.

SBP = systolic blood pressure; DBP = diastolic blood pressure; CVD = cardiovascular
disease; CKD = chronic kidney disease; eGFR = estimated glomerular filtration rate. HR =
hazard ratio; Cl = confidence interval
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Effects of intensive SBP control on the primary and secondary outcomes in the lowest DBP quintile compared
to the upper four quintiles of baseline DBP, based on intention-to-treat analysis.

Intensive vs standard in
lowest DBP quintileHR
(95%Cl)

Intensive vs standard in upper
4 DBP quintilesHR (95%Cl)

. *
Interaction p value

6677)

Primary CVD outcome (N = 9361) 0.78 (0.57, 1.07) 0.74 (0.61, 0.90) 0.78
All-cause death (N = 9361) 0.88 (0.60, 1.29) 0.68 (0.53, 0.87) 0.29
Composite kidney outcome in CKD subgroup 1.17 (0.36, 3.84) 0.79 (0.31, 2.00) 0.61
(N =2646)

Incident CKD in non-CKD subgroup (N = 3.16 (1.42, 7.00) 3.58 (2.37,5.41) 0.79

*

Hazard ratios comparing the intensive vs. standard SBP interventions are presented for patients in the lowest baseline DBP quintile subgroup (left)
and for patients in the upper 4 baseline DBP quintiles (right). Interaction p-values evaluate if the hazard ratios differed between the two baseline
DBP subgroups, and were computed using likelihood ratio tests for the interaction between the randomized SBP intervention and baseline DBP
subgroup in Cox regressions with separate baseline hazards for the two baseline DBP subgroups.

DBP = diastolic blood pressure; SBP = systolic blood pressure; HR = hazard ratio; Cl =confidence interval; CVD = cardiovascular disease; CKD =

chronic kidney disease.
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