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Abstract

Background: Guidelines recommend lowering systolic blood pressure below 130 mmHg,
irrespective of previous strokes. However, there is a concern that lowering systolic blood pressure
in people with low baseline diastolic blood pressure might increase the risk of stroke.

Methods: We conducted a secondary analysis of the Secondary Prevention of Small Subcortical
Strokes trial that randomly assigned participants with a history of subcortical strokes to an
intensive (<130 mmHg) (N = 1519) or standard (130-149 mmHg) (N = 1501) systolic targets.
We examined the effects of blood pressure intervention on stroke and cardiovascular composite
across the range of baseline diastolic blood pressure in spline regression models and tested for
interaction of baseline diastolic blood pressure with the intervention on outcomes.

Results: Mean baseline systolic and diastolic blood pressures were 143+19 and 78+11 mmHg,
respectively. Within each baseline diastolic blood pressure tertile, the achieved diastolic was
lower in the intensive versus standard arm. There were 275 stroke events over 10889 years of
follow-up. Lower baseline diastolic blood pressure was associated with increased risk of stroke in
an observational spline regression model. Hazard ratios relating blood pressure intervention with
the risk of stroke in the lowest (HR 0.78, 95% CI1 0.52 to 1.16) and the highest (HR 0.80, 95%

Cl 0.53 to 1.21) baseline diastolic tertiles were similar (p = 0.95). Results were similar for the
cardiovascular composite.

Conclusions: Intensive systolic control does not appear to increase the risk of stroke in those

with low baseline diastolic blood pressure and prior stroke.
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Introduction

Methods:

With an annual incidence of nearly ~800,000 per year, stroke is the fourth leading cause

of death and is the major cause of disability in the United States.1=3 It is estimated that

the financial impact of strokes is ~ $34 billion/year in healthcare expenses, medication, and
missed days of work in the USL.

Hypertension is a leading risk factor for stroke* °. The Secondary Prevention of Small
Subcortical Strokes (SPS3) Trial tested in patients with recent lacunar stroke (n = 3020),

a systolic-blood-pressure (SBP) target of < 130 mmHg versus 130 to 149 mmHg on

the incidence of subsequent strokeS; the results were inconclusive with a statistically non-
significant reduction for stroke (hazard ratio 0-81, 95% CI 0-64-1-03, p=0-08). However,
the subsequent, larger Systolic Blood Pressure Intervention Trial (SPRINT) (n = 9,361)
which tested an even lower SBP target of < 120 mmHg versus standard SBP goal of <

140 mmHg demonstrated 25% reduction in cardiovascular composite and 27% reduction in
all-cause mortality’. Hence, the current AHA/ACC guidelines recommend a target SBP of
<130 mmHg in people with high blood pressure including those with previous stroke®.

However, in those with lower baseline diastolic blood pressure (DBP), there are concerns
that lowering SBP can decrease mean arterial pressure (MAP) leading to ischemia with
increased risk of stroke® 19, Indeed, lower DBP has been associated with increased risk of
coronary events®: 11-13 strokel4: 15 and all-cause mortality6: 17 in observational studies.
The fundamental question is whether the associations of low baseline DBP with increased
risk of stroke and other cardiovascular outcomes is causal or whether it represents an
epiphenomenon due to confounding from underlying conditions like increased arterial
stiffness and atherosclerosis. In the current study, we performed a secondary analysis of
SPS-3 data to examine the hypothesis that lowering SBP in those with lower baseline DBP
and previous stroke will lead to increased risk of subsequent stroke and worse cardiovascular
outcomes.

Limited access SPS3 dataset is available from the National Institute of Neurological
Disorders and Strokel8 (https://www.ninds.nih.gov/Current-Research/Research-Funded-
NINDS/Clinical-Research/Archived-Clinical-Research-Datasets). We used this dataset in the
current analysis.

Details of the SPS3 trial have been previously published.8: 1920 |n brief, 3020 participants
with recent, confirmed lacunar stroke in 81 locations throughout North America, Central
America, and Spain were randomly assigned by a two-by-two factorial design to SBP target
of <130 mmHg versus 130 to 149 mmHg, and to antiplatelet therapy of 325mg aspirin plus
75mg of clopidogrel or 325mg aspirin plus placebo per day. Randomization was done using
a computerized schedule, randomized block design, and stratified by clinical center and
baseline hypertension status. Participants underwent written informed consent with approval
by local Institutional Review Boards in accordance with the Declaration of Helsinki.
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SPS3 trial population:

Normotensive or hypertensive participants were recruited from March 2003 to April 2011
if they were at least 30 years old and had a recent MRI-confirmed lacunar stroke in

the previous 180 days. Participants were considered to have baseline hypertension if

they had either SBP >135 mm Hg or DBP >85 mm Hg at two consecutive visits, or a
history of hypertension before the index stroke and taking antihypertensive medications

at the time of the baseline visit. Major exclusion criteria were previous disabling stroke,
intracranial hemorrhage, cortical ischemic stroke, anticipated requirement for long-term use
of anticoagulants or other antiplatelet agents and intolerance or contraindications to aspirin
or clopidogrel.

SPS3 SBP intervention:

Following a standardized study protocol?9, BP was measured by trained staff while
minimizing physical contact with an automated sphygmomanometer (Press-Mate BP-8800C
model, Colin Medical Instruments, San Antonio, TX, USA). The average of 3-readings were
used. Antihypertensive regimen was based on national guidelines and involved step-wise
titration of medications until the SBP targets of <130 mmHg (intensive therapy) or 130-149
mmHg (standard therapy) were achieved. Normotensive participants were only assigned
antihypertensive drugs if they later became hypertensive. Participants were seen monthly
until they reached the assigned SBP goals, and thereafter every three months.

SPS-3 Outcomes:

Participants were followed until April 2012. The primary outcome was time to occurrence of
any strokeS. Ischemic stroke was clinically defined as a focal neurological deficit persisting
for longer than 24 hours, without hemorrhage as confirmed by neuroimaging. Intracerebral,
subdural or epidural, and subarachnoid hemorrhages as defined by neuroimaging were
included as hemorrhagic stroke. We additionally defined a cardiovascular disease (CVVD)
composite outcome as time to the main stroke outcome, hospitalization for myocardial
infarction (defined acute by standard criteria as compatible clinical history with changes on
ECG or in cardiac enzyme concentrations), congestive heart failure, or vascular death. In
sensitivity analyses, we also examined the time to acute myocardial infarction.

Statistical Methods:

We compared numeric baseline characteristics between baseline DBP tertiles <73, 74-82, or
283 mmHg) using 1-way ANOVA and categorical variables using x 2 tests. We calculated
follow-up blood pressures by averaging scheduled visits from month 3 to end of study. Box
plots were used to display mean follow-up SBP, DBP, and MAP by baseline DBP tertiles
and SBP treatment groups.

In an observational Cox regression analyses adjusted for age, gender, race, and BP
intervention arm, we used cubic spline terms for baseline DBP with baseline DBP of 70
mmHg as the reference, for a graphical display of the associations of baseline DBP on
the hazard for the stroke outcome. Next, we used a model with cubic terms for baseline
DBP to display graphical models of the hazard ratio for the intensive vs standard SBP
group across the range of baseline DBP. We further tested for modification of the effects
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of the intervention on stroke by baseline DBP with two different approaches. We tested
for significance of the product term of baseline DBP and the intervention in a Cox
regression model that includes baseline DBP and BP intervention as additional terms. We
also compared the regression coefficients of the effects of the BP intervention on stroke
outcome from separate Cox regression models in the lowest and highest baseline DBP
tertiles. We repeated the above analyses for the CVD composite outcome as well as for
myocardial infarction.

In additional analyses, we repeated the above models replacing baseline DBP with baseline
MAP. In further sensitivity models, we repeated all the above models in the subgroup with
treated baseline hypertension or SBP>135 or DBP>85.

We analyzed all data using STATA version MP 15.1 or SAS version 9.4. We conducted
hypothesis testing using 2-sided a=0.05 without adjustment for multiple comparisons.

We performed analyses of scaled Schoenfeld residuals?! that indicated no evidence of

non-proportional hazards.

In the 3020 SPS3 trial participants who were randomized, those in the lowest DBP tertile
(DBP<73 mmHg) were older, more likely to be male, white, not currently employed, and
to have a history of diabetes, hypertension, statin use and lower baseline LDL-cholesterol
(Table 1).

Achieved blood pressures by baseline DBP tertiles:

Boxplots reflecting the effects of intensive SBP control on post-3 months mean follow-up
values of SBP, DBP and MAP by baseline DBP tertiles are shown in Figure 1. The achieved
mean follow-up SBP was <130mmHg with intensive control irrespective of baseline DBP
(Figure 1, panel A). The achieved DBP and MAP within each baseline DBP tertile in the
intensive group were lower than the standard group (Figure 1, panels B and C). However,
within the intensive arm, the achieved mean follow-up DBP (65 + 7 versus 74 + 7 mmHg, p
< 0.001) and MAP (85 + 7 versus 92 + 8 mmHg, p < 0.001) were much lower in the lowest
baseline DBP tertile compared to the highest DBP tertile.

Associations of baseline DBP and MAP with stroke and the effects of intensive SBP
lowering on stroke across the range of baseline DBP and MAP:

There were 124 stroke events over 5480 years of follow-up in the intensive SBP group

and 151 stroke events over 5410 years of follow-up in the standard SBP group. In an
observational spline regression model, using baseline DBP of 70 mmHg as the reference,
lower baseline DBP was associated with increased risk of stroke (Figure 2, panel A).
Despite this observational association, there was no evidence that intensive SBP lowering
significantly increased the risk of stroke in those with lower baseline DBP in a spline
regression model relating intensive SBP intervention with the risk of stroke across the range
of baseline DBP (Figure 2, panel B).
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In a Cox model, hazard ratios for stroke for the BP intervention and each 10 mmHg higher
baseline DBP were 0.80 (95% CI 0.63 to 1.02) and 0.93 (95% CI 0.83 to 1.05), respectively
(Table 2). Interaction product term of baseline DBP and SBP intervention for the stroke
outcome was non-significant (p = 0.50).

In subgroup analyses by baseline DBP tertiles (Figure 2, panel C), in separate Cox
regression models, hazard ratios for relating intensive SBP intervention with the risk of
stroke in the lowest (HR 0.78, 95% CI 0.52 to 1.16) and the highest (HR 0.80, 95% CI 0.53
to 1.21) DBP tertiles were similar (p = 0.95 for comparison of the regression coefficients).
Similar findings were observed with regards to MAP (Table 2 and Figure 3, panels A-C)
with an Interaction p = 0.34 for the product term of baseline MAP and SBP intervention for
the stroke outcome.

Associations of baseline DBP and MAP with cardiovascular composite outcome and the
effects of intensive SBP lowering on cardiovascular outcome across the range of baseline
DBP and MAP:

There were 172 cardiovascular composite events over 5423 years of follow-up in the
intensive arm and 197 cardiovascular composite events over 5358 years of follow-up in the
standard arm. The corresponding numbers for myocardial infarction events in the intensive
and standard arms were 36 events over 5725 years of follow-up and 39 events over 5667
years of follow-up, respectively. The associations of baseline DBP (Table 2 and Figure S1,
panels A-C) and MAP (Table 2 and Figure S2, panels A-C) with cardiovascular composite
outcome and the effects of the SBP intervention on the cardiovascular composite outcome
across the range of baseline DBP and MAP were similar to those observed with stroke
outcome). The interaction p-values of baseline DBP and MAP with SBP intervention for
cardiovascular composite outcome were 0.87 and 0.75, respectively. There was also no
evidence of interaction between the BP intervention and baseline DBP for myocardial
infarction outcome (Table 2, Figures S3 and S4).

Sensitivity analyses limiting to those with baseline hypertension (N = 2709):

These are presented in Table S1 and Figures S5-10. The results were similar to the main
analyses.

Discussion:

The results of the current study indicate that in observational spline regression analyses,
baseline DBP < 70 mmHg was associated with increased risk of stroke and cardiovascular
events in persons with documented lacunar stroke. In those in the lowest baseline DBP
tertile, intensive SBP lowering further lowered DBP to an achieved mean DBP of 65 + 7
mmHg. However, there was no evidence that intensive control of blood pressure increased
the risk of stroke recurrence or CVD composite in those with a low baseline DBP.

The associations of both low and high DBP with increased risk of myocardial infarction
was described as “J-curve” phenomenon in the 1970°s22 and subsequently noted in several
observational analyses23-28. Such associations of low DBP with increased risk of stroke
have been reported as welll* 15, Biological plausibility of the associations of low DBP
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with increased risk of stroke can be explained by potential decrease in cerebral perfusion.
As MAP is estimated to be the sum of 1/3" of SBP and 2/3™ of DBP, in those with

low DBP, lowering SBP can lead to decrease in MAP resulting in cerebral hypo-perfusion.
This could be particularly relevant in patients with persistent hypertension that damages
the vascular endothelium and thickens the vessel walls leading to predisposition towards
subcortical ischemia?® 30, Thus, based on the concerns about decreasing cerebral perfusion
in those with low DBP, it has been argued that intensive SBP lowering could have adverse
neurological effects0.

Our analyses suggest that intensely controlling SBP to <130 mmHg in persons with
baseline DBP <70 mmHg does not appear to increase the risk for stroke or CVD
composite outcomes. Thus, the observational associations of low baseline DBP with stroke
likely represents confounding due to factors such as increased arterial stiffness due to
atherosclerosis which can result in low baseline DBP as well as increased risk of stroke.

Intensive SBP goal of < 120 mmHg compared to standard SBP goal of < 140 mmHg has
been shown to reduce cardiovascular events and all-cause mortality in persons without
diabetes in SPRINT’. The Action to Control Cardiovascular Risk in Diabetes Blood
Pressure (ACCORD BP) trial tested similar SBP target as in SPRINT in addition to
intensive or standard glycemic control in a 2 X2 factorial design in persons with type

2 diabetes mellitus3L. In the primary analysis that combined the intensive and standard
glycemia arms, ACCORD BP reported a nonsignificant 12% decreased risk of the primary
cardiovascular composite, along with a significant 41% decreased risk of stroke for intensive
versus standard SBP arms. A post-hoc analysis of ACCORD BP noted an interaction
between intensive glycemia and intensive SBP interventions and that intensive SBP control
significantly reduced the risk of primary cardiovascular composite in those on standard
glycemic control32. In the subsequent Strategy of Blood Pressure Intervention in the Elderly
Hypertensive Patients (STEP) trial, intensive SBP treatment target of 110 to <130 mm

Hg compared to standard SBP treatment target of 130 to <150 mm Hg in persons with

and without diabetes, intensive SBP lowering reduced cardiovascular events and incidence
of stroke33. Thus, data from recent large randomized controlled trials support the current
guidelines on SBP goal of < 130 mmHg in persons with and without diabetes.

The results from the current analyses on stroke from the SPS3 trial is consistent with
emerging data from secondary analyses of BP interventional trials34-3¢ as well as Mandelian
randomization studies3’ that support the hypothesis that the associations of lower DBP with
worse outcomes represents confounding and that low baseline DBP did not modify the
beneficial effects of intensive SBP lowering on cardiovascular events and all-cause mortality
in persons without diabetes34 and in those with diabetes on standard glycemic control®5.
Furthermore, In a randomized controlled trial of standard (systolic=130-140 mmHg) (N=56)
or intensive (systolic<125 mmHg) (N=55) SBP lowering, intensive SBP had no significant
effects on white matter integrity in patients with small vessel disease and history of lacunar
stroke suggesting the safety of BP lowering in those with severe small vessel disease of the
brain38. Hence, low baseline DBP should not be an impediment to guidelines® recommended
SBP goal of < 130 mmHg in persons with previous history of stroke.
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While post-hoc analysis is a limitation of the current study, these analyses by examining
whether baseline DBP modified the effects of the SBP intervention, still preserves the
randomized comparisons. Nonetheless, as randomized controlled trials are not powered to
detect interactions of the intervention with baseline factors, the power might be low to
identify such interactions. As a result of low power, for comparison of the effect of the BP
intervention on the risk of stroke in those in the lowest DBP tertile, the point estimate of
the hazard ratio was 0.78 with 95% CI of 0.52 to 1.16. While, spline regression analysis
suggested a possible reduction in stroke risk with the BP intervention in those with baseline
DBP < 70 mmHg, up to a 16% higher risk of stroke with intensive SBP lowering cannot

be excluded in those in the lowest DBP tertile. Furthermore, these results may not be
generalizable to those with elevated SBP but DBP much lower than the range of DBP in the
current study. In addition, these data may not apply to those in the acute or subacute period
of stroke as the SPS3 trial included patients who had a lacunar stroke in the past 180 days.

In summary, while there are observational associations of low baseline DBP with increased
risk of stroke, there was no evidence that low baseline DBP modified the effects of a SBP
intervention on stroke or cardiovascular outcomes.

Perspectives:

Even though, low baseline DBP was associated with higher risk of stroke, this association
is unlikely to be causal as a SBP intervention that further lowered DBP did not appear to
increase the risk of stroke in those with low baseline DBP. Thus, low baseline DBP should
not be a deterring factor for guidelines® recommended SBP goal of < 130 mmHg in those
with previous history of stroke.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Pathophysiologic Novelty and Significance
What is new?

. While there is an observational association of low baseline diastolic blood
pressure with higher risk of stroke, intensive SBP goal of < 130 mmHg
compared to SBP goal of < 140 mmHg did not increase the risk of stroke
in people with low baseline diastolic blood pressure and a history of lacunar
stroke.

What is Relevant?

. It is unlikely that the “J-Curve” phenomenon of the associations of low
baseline diastolic blood pressure with higher risk of stroke is a causal
phenomenon.

What are the Pathophysiological Implications?

. Low baseline diastolic blood pressure should not be an impediment in
lowering systolic blood pressure to guidelines recommended goal of < 130
mmHg in those previous history of stroke.
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Figure 1.
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Box plots of mean follow-up SBP (Panel A), DBP (Panel B), and, MAP(Panel C) by SBP
intervention and baseline DBP tertiles. Shows 15t quartile — 1.5 IQR, 15t quartile, median,
3 quartile and 3 quartile + 1.5 IQR, IQR=3"d quartile - 15t quartile. 71 participants (40
in standard and 31 in intensive BP arm) had missing follow-up blood pressure data after 3
months and were not included.
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Hazard ratio vs DBP 70
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Figure 2.

Observational associations of baseline DBP with stroke (Panel A) and effects of BP
intervention on stroke across the range of baseline DBP (Panel B) and baseline DBP tertiles

(Panel C)
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Figure 3.
Observational associations of baseline MAP with stroke (Panel A) and effects of BP

intervention on stroke across the range of baseline MAP (Panel B) and baseline MAP tertiles
(Panel C)
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Table 1.

Baseline Characteristics$ by diastolic blood pressure tertiles (N=3020)

Characteristic <73 mmHg
N=1,009
Diastolic blood pressure, mmHg 67+5

Diastolic blood pressure (hypertensive subgroup), mmHg 67 +5

Diastolic blood pressure (normotensive subgroup), mmHg 66 +5

Age, years 66 + 11
Male (%) 56
Black(%) 12
Hispanic ethnicity (%) 24
College educated (%) 36
Currently employed (%) 36
Married (%) 63

Ever smoked (%) 59
Diabetes (%) 36
Baseline hypertension *(%) 8
Myocardial infarction (%) 6
Congestive heart failure (%) 1
Coronary artery bypass graft/ stent (%) 5
Chronic obstructive pulmonary disease (%) 4
Peripheral vascular disease 4

Statin use (%) 77
ACE-I or ARB use (%) 65

Body mass index, kg/m? 28.6+5.9
Systolic blood pressure, mmHg 130+ 14

Systolic blood pressure (hypertensive subgroup), mmHg 133+ 14

Systolic blood pressure (normotensive subgroup), mmHg 120+ 7

Mean arterial blood pressure, mmHg 88+7
eGFR, ml/min/1.73 m? 78+ 19
Serum LDL-cholesterol 108 + 37
Serum HDL-cholesterol 45+ 16
Serum triglycerides 157 £ 101

74-82 mmHg

N=1,041
78+3
78+3
77+3
63+ 10
64

14

22

35

49

67

59

66
29.2+6.0
142 + 14
143 +13
125+4
99+5
81+19
114 + 42
46 + 23
171 +£129

>83 mmHg
N=970
0=x7
M+7
84+1
59+ 10
70

21

20

36

56

64

63

28

99

5
1
4
2
3

69

70
29.2+£5.7
158 + 18
158 + 17
127+2
113+9
82+19
118+ 39
45+ 17
169 £ 118

p-value

<0.001
<0.001
<0.001
0.14
0.84
<0.001
0.19
0.065
<0.001
<0.001

0.63
0.95
0.17
0.099
0.60
<0.001
0.062
0.034
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.58
0.027

$Mean + SD for continuous variables and N (%) for categorical variables are presented

*
History of hypertension or antihypertensive use or baseline elevated BP (>135/85)
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Outcome by BP parameter

Diastolic BP
Stroke
CVD composite

Myocardial Infarction

Mean arterial BP
Stroke
CVD composite

Myocardial Infarction

Intensive versus standard

HR (95% CI)

0.80 (0.63, 1.02)
0.86 (0.70, 1.06)
0.93 (0.59, 1.46)

0.81 (0.64, 1.03)
0.87 (0.71, 1.07)
0.93 (0.59, 1.47)

P value

0.074
0.15
0.75

0.084
0.18
0.76

Table 2.

For each 10 mm Hg increase

HR (95% CI)

0.93 (0.83, 1.05)
0.99 (0.89, 1.09)
1.14 (0.93, 1.41)

0.98 (0.89, 1.08)
1.04 (0.95, 1.13)
1.15 (0.96, 1.38)

P value

0.24
0.76
0.21

0.68
0.39
0.12

. *
Interaction term

P value

0.50
0.87
0.31

0.34
0.75
0.20

*
p-value for product term of BP intervention and each 10 mm Hg higher baseline DBP or MAP
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Interactions of baseline diastolic blood pressure and mean arterial pressure with BP intervention on outcomes.
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