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BACKGROUND

Hypertension is the most powerful risk factor for stroke. The aim of this
study was to characterize baseline blood pressure in participants in the
Secondary Prevention of Small Subcortical Strokes trial.

METHODS

For this cross-sectional analysis, participants were categorized by base-
line systolic blood pressure (SBP) < 120, 120-139, 140-159, 160-179,
and = 180mm Hg and compared on demographic and clinical charac-
teristics. Predictors of SBP < 140 mm Hg were examined.

RESULTS

Mean SBP was 143+ 19 mm Hg while receiving an average of 1.7 anti-
hypertensive medications; SBP > 140mm Hg for 53% and > 160 mm
Hg for 18% of the 3,020 participants. Higher SBP was associated with
a history of hypertension and hypertension for longer duration (both
P < 0.0001). Higher SBPs were associated with more extensive white
matter disease on magnetic resonance imaging (P < 0.0001). There
were significant differences in entry-level SBP when participants were

Hypertension is the single most powerful and prevalent risk
factor for stroke, particularly for stroke associated with cere-
bral small vessel disease. Although a reliable body of evidence
has shown that blood pressure (BP) lowering is effective for
secondary stroke prevention,!”’ there is a paucity of rand-
omized data addressing the optimal level to which BP should
be reduced to prevent recurrence. Furthermore, optimal target

categorized by race and region (both P < 0.0001). Black participants
were more likely to have SBP = 140 mm Hg. Multivariable logistic regres-
sion showed an independent effect for region with those from Canada
more likely (odds ratio = 1.7; 95% confidence interval, 1.29, 2.32) to
have SBP < 140 mm Hg compared with participants from United States.

CONCLUSIONS

In this cohort with symptomatic lacunar stroke, more than half had
uncontrolled hypertension at approximately 2.5 months after stroke.
Regional, racial, and clinical differences should be considered to
improve control and prevent recurrent stroke.
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levels of BP for secondary prevention may not be identical for
all etiologies of ischemic stroke.®® Although evidence is lack-
ing from randomized controlled trials about the ideal target of
systolic blood pressure (SBP) to delay or prevent stroke recur-
rence and delay cognitive decline, guidelines advocate SBP
should be aimed at or below 140 mm Hg in high risk individu-
als, which would include those with a history of stroke.!%-!2
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Blood Pressure After Recent Stroke

The Secondary Prevention of Small Subcortical Strokes
(SPS3) study'® was conducted to address the question of
optimal BP targets for secondary stroke prevention and pre-
vention of cognitive decline. The cross-sectional analyses
presented here were undertaken to characterize BP control
in participants in the SPS3 trial by BP levels at trial entry,
prior to randomization, and to examine for ethnic and
regional BP differences.

METHODS

The design of the SPS3 study has been published else-
where.!314 Briefly, the study is an international multisite trial
that was conducted in 81 sites in the United States, Latin
America (Mexico, Ecuador, Peru, Chile, and Argentina),
Canada, and Spain between May 2003 and April 2012.
Participants (n = 3,020) who were aged > 30 years with a
recent lacunar stroke (< 6 months) and radiological confir-
mation were randomized in a 2 x2 factorial design to one
of two levels of SBP control and to one of two regimens of
antiplatelet therapy. Both normotensive and hypertensive
patients were eligible. The primary outcome was time to first
recurrent stroke, and secondary outcomes were cognitive
decline and major vascular events. The institutional review
boards or ethics committees of all participating centers
approved the SPS3 study, and all patients provided written
informed consent.

Patients underwent 2 study visits prior to randomization
for collection of all baseline data and determination of eli-
gibility. Baseline data included BP measurement, the results
of the neuroimaging and laboratory blood tests, cognitive
and functional assessments, and medical history, including
current medications. The first visit was completed at least 1
week after the qualifying stroke and after discharge from the
hospital. The second visit was completed at least 1 week fol-
lowing the first visit to allow for separation in time of the
BP measurements. Blood pressure was measured following a
standardized protocol at the 2 prerandomization visits, dur-
ing which patients continued on their usual BP-lowering
medications. Adjustments were allowed during screening
and before randomization. All sites were provided with an
automated electronic device (Colin 8800C) for BP measure-
ment.'> At the initial visit, BP was measured in both arms.
The right arm was used for BP measurement at all subse-
quent visits unless the SBP was at least 10 mm Hg higher in
the left arm. In this case, the left arm was used for subse-
quent measurements. Blood pressure was measured 3 times
in the seated position at each of the 2 prerandomization vis-
its, and the average of these 6 measurements was defined as
the baseline BP and forms the basis for the cross-sectional
analyses presented here.

Statistical analyses

Baseline SBP was categorized according to the Seventh
Report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure
guidelines!! to include the following categories: normal
(< 120), prehypertension (120-139), stage 1 hypertension

(140-159), and stage 2 (160-179; > 180). Note that the BP
measurements presented here reflect community manage-
ment of BP after stroke at 81 clinical centers prior to study
entry and management. There was no washout period, and
the majority of patients were receiving treatment for hyper-
tension at the time of their baseline BP measurements.

Baseline characteristics are presented as frequencies (per-
centages) and means + SDs for categorical and quantitative
measures, respectively. Mantel-Haenszel y* tests were used
to investigate linear trends across the SBP categories for cat-
egorical characteristics. General linear models with linear
contrasts were used to investigate linear trends across the
SBP categories for quantitative characteristics. Linear con-
trasts provide a formal mechanism for testing for a trend
across the 5 ordinal SBP categories. Variables used to charac-
terize BP at study entry, including SBP categories, mean BP,
and duration of hypertension, were then examined by race/
ethnicity and by geographic region. The y* tests of general
association, analysis of variance, and Kruskal-Wallis tests
were used, as appropriate, for categorical and quantitative
variables, respectively. All tests of significance were 2-sided
and unadjusted P values are presented. Because of multiple
comparisons, an alpha level of < 0.01 was selected to indicate
statistical significance.

Categorization of the 81 sites into regions was done a pri-
ori and based on similarities and differences in geography,
culture, and healthcare systems. The 4 regions are the United
States, Latin America, Spain, and Canada. To examine the
independent effect of geographic region on hypertensive
status, baseline SBP was categorized as SBP < 140 vs. SBP
> 140mm Hg. All baseline variables were entered simulta-
neously as covariates in a multivariable logistic regression
model. These covariates include baseline demographics
identified as being significantly associated with linear trends
in the baseline SBP and also variables thought to be clini-
cally relevant, thus requiring consideration in the model.
Where multiple measurements were highly correlated with
one another (e.g., diabetes, glucose, and glycosylated hemo-
globin), only 1 of the related variables was included in the
regression model. For brevity, only regional effects and the
statistically significant covariates are presented. Odds ratios
and 95% confidence intervals are presented. SAS version
9.2 (SAS Institute Inc, Cary, NC) was used for all statistical
analyses.

RESULTS

More than half of the cohort (n = 3,020) had a baseline
SBP > 140 mm Hg at approximately 2.5 months after their
qualifying stroke (Table 1). Almost one-fifth (18%) had
baseline SBP values consistent with stage 2 (= 160 mm Hg)
hypertension despite treatment (95% treated). Subjects with
higher SBP entered the study earlier than those in lower
SBP categories (P < 0.01). The mean + SD systolic and dias-
tolic BPs for the overall cohort were 143+19mm Hg and
78 £11, respectively, ranging from a low of 113+6mm Hg
systolic and 65 +7 mm Hg diastolic to a high of 192+ 12mm
Hg systolic and 96 + 12mm Hg diastolic. Wider pulse pres-
sure, history of hypertension, and a longer duration of
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diagnosed hypertension were associated with higher SBP
(all P < 0.0001). Those in the SBP > 180 group had a mean
hypertension duration of 13+ 11 years, and > 90% reported
a history of hypertension.

Medical and social history was not significantly different
across SBP categories, and 15% of the cohort had a
symptomatic lacunar stroke or transient ischemic attack
prior to the qualifying stroke. Higher creatinine and lower
estimated glomerular filtration rate were associated with
higher SBP (both P < 0.0001). Those in the highest SBP
categories were least likely to report taking lipid-lowering
medications at study entry (P < 0.01) and also exhibited
the highest total cholesterol and low-density lipoprotein
cholesterol (both P < 0.0001).

Multiple subcortical infarcts and moderate to severe white
matter disease by magnetic resonance (MRI)!® were associ-
ated with higher levels of SBP (both P < 0.0001). Functional
status was not associated with levels of SBP (measured by the
Barthel Index,'” the modified Rankin scale,!® and baseline
cognitive status'). The percentage reporting depression
ranged from 19% in those with SBP < 140 mm Hg to 30% in
the group with the highest baseline SBP (P = 0.049).

Overall, participants were taking an average of 1.7+1.2
antihypertensive medications at baseline, from a low of
1.4+1.2 in the < 120 SBP group to a high of 2.3+ 1.2 in the

> 180 SBP group. A small percentage of participants (15%
overall) reported taking no antihypertensive medications at
study entry, and the percentage decreased significantly with
higher SBP (P < 0.0001). Figure 1 shows the distribution of
antihypertensive medications at study entry by SBP levels.
With higher SBP levels there were significantly increased
proportions of patients taking antihypertensive medications
in every class (all P < 0.001). Regardless of SBP category,
more than half of the participants reported taking angioten-
sin converting enzyme (ACE) inhibitors at study entry, and
an even higher percentage of patients were taking either an
ACE inhibitor or an angiotensin receptor blocker. The per-
centage of patients taking diuretics ranged from a low of 28%
in the lowest SBP group to 50% for those in the > 180 SBP
group. In those patients taking more than 1 agent, the most
common combination of antihypertensive agents was a diu-
retic and ACE inhibitor. This ranged from 38% to 46% across
the SBP groups.

To further characterize this multiracial/multiethnic
international cohort, we examined entry-level BP by race/
ethnicity and by geographic region. There were clear dif-
ferences in entry-level BP and history of hypertension by
race/ethnicity (Table 2; both P < 0.0001). Black participants
were more likely to report a history of hypertension prior to
their qualifying stroke, to enter the trial with uncontrolled

Class of BP Lowering Medications By Baseline SBP
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Angiotensin-Receptor Blocker
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p/ Q
VQ, &Q, 2,
% <)

Distribution of antihypertensive medications by systolic blood pressure (SBP) group. P for trend: all P < 0.001.
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Table 2. Baseline blood pressure by race/ethnicity

Non-Hispanic Hispanic (n = 916)

Overall White NA Non-NA Non-Hispanic

Blood Pressure Characteristics (n = 3,020) (n=1,538) (n =222) (n = 694) Black (n = 492) P value
Baseline SBP, n (%) < 0.0001

<120 230 (7.6) 127 (8.3) 8 (3.6) 63 (9.1) 27 (5.5)

120-139 1191 (39.4) 651 (42.3) 95 (42.8) 250 (36.0) 165 (33.5)

140-159 1,049 (34.7) 529 (34.4) 77 (34.7) 237 (34.2) 182 (37.0)

160-179 431 (14.3) 196 (12.7) 33 (14.9) 105 (15.1) 88 (17.9)

> 180 119 (3.9) 35 (2.3) 9 (4.1) 39 (5.6) 30 (6.1)
Mean SBP + SD 143.0+£18.8 141.0£17.2 1445+£17.2 144.3+£20.8 146.7£19.9 < 0.0001
Mean DBP £ SD 78.3£10.6 77.1£9.9 78.5+£9.2 78.6£11.5 81.7£11.6 < 0.0001
History of hypertension, n (%) 2,264 (75.0) 1,074 (69.8) 170 (76.6) 530 (76.4) 428 (87.0) < 0.0001
Mean duration of hypertension + SD 9.6+9.6 9.4+9.7 9.2+9.5 9.2+9.4 10.6+£9.7 0.24
Mean number of antihypertensive 1.7£1.2 1.6£1.2 1.7£1.2 1.4+0.9 21+1.2 < 0.0001

medications + SD

There were 74 participants who reported their race as American Indian/Alaskan Native, Asian/Pacific Islander, or “other. Because of the small
numbers, and heterogeneity, this group is not included.
Abbreviations: DBP, diastolic blood pressure; NA, North America; SBP, systolic blood pressure.

60

56.2 54.9

50 1 46.2
__40 37.8
(=4
e
o
&30
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o
o

20
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0 T :

United States ~ Latin America Spain Canada

Figure 2. Percentage of all patients entered in the trial by region with baseline systolic blood pressure > 140 mm Hg.

hypertension (SBP > 140 mm Hg), and to be taking more
antihypertensive medications. There were regional differ-

DISCUSSION
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ences in percentages of patients with SBP > 140 mm Hg at
baseline (Figure 2) and in history and duration of hyper-
tension, as well as mean number of antihypertensive medi-
cations at study entry (Table 3; all P < 0.001). To further
examine this specific effect of geographic region, we under-
took a multivariable logistic regression. Using the United
States as a reference, participants from Canada were 1.73
times (95% confidence interval, 1.29, 2.32) more likely to
enter the trial with SBP < 140 mm Hg compared with those
from the United States, adjusted for history and duration of
hypertension as well as number of medications and poten-
tially confounding medical and demographic variables
(Table 4).

Hypertension is quantitatively the most important risk
factor for stroke, and achieving BP control is an essential
therapeutic intervention to prevent recurrence. Although
there were no BP criteria for trial entry, the cohort was
dominated by those with hypertension. Approximately 75%
reported a history of hypertension prior to their qualifying
stroke, similar to the Prevention Regimen for Effectively
Avoiding Second Strokes trial.?! In contrast to that trial where
41% of patients were classified as hypertensive (median of
15 days after their index stroke),”* SBP was > 140 mm Hg in
> 50% of this group at approximately 2.5 months after the
qualifying stroke despite the majority (85%) of patients taking
antihypertensive medications. This finding is consistent with

American Journal of Hypertension 26(9) September2013 1119
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Table 3. Baseline blood pressure by geographic region of participation

Overall United States Canada Latin America Spain

Blood Pressure Characteristics (n =3,020) (n=1,677) (n =283) (n = 694) (n = 366) P value
Baseline SBP, n (%) < 0.0001

<120 230 (7.6) 96 (5.7) 35 (12.4) 63 (9.1) 36 (9.8)

120-139 1,191 (39.4) 639 (38.1) 141 (49.8) 250 (36.0) 161 (44.0)

140-159 1,049 (34.7) 615 (36.7) 72 (25.4) 236 (34.0) 126 (34.4)

160-179 431 (14.3) 253 (15.1) 32 (11.3) 106 (15.3) 40 (10.9)

2180 119 (3.9) 74 (4.4) 3(1.1) 39 (5.6) 3(0.82)
Mean SBP + SD 143.0£18.8 144.2+£18.5 137.4£17.0 144.3+£20.8 139.3£15.9 < 0.0001
Mean DBP + SD 78.3+10.6 78.7£10.6 75.7£10.0 78.6+11.5 78.0+£9.3 < 0.0001
History of hypertension, n (%) 2,264 (75.0) 1,335 (79.6) 185 (65.4) 530 (76.4) 214 (58.5) < 0.0001
Mean duration of hypertension + SD 9.6+9.6 10.2+£10.0 79+8.4 9.2+9.5 7.7+8.0 < 0.001
Mean number of antihypertensive 1.7£1.2 1.9+1.3 1.6+£1.2 1.3+0.9 1.3+1.0 < 0.0001

medications + SD

Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure.

Table 4. Independent predictors of systolic blood pressure < 140
at study entry

Significant Independent Adjusted Odds Ratio

universally accessible, publicly funded healthcare system
compared with the more limited insurance system existing
in the United States.” The differences between Canada and
the United States are in contrast to a previous study that used

Predictors i EEE ) data from population-based surveys and showed higher con-
Region2 trol rates in the United States compared with Canada (50%
United States Ref vs. 43%).%0 It is possible that participating sites from Canada
were more homogenous (regional stroke centers) compared

Canada 1.73 (1.29-2.32)

Latin America 1.05 (0.75-1.46)
Spain 1.12 (0.85-1.48)
History of hypertension 1.92 (1.54-2.39)
0.99 (0.98-1.00)

0.87 (0.80-0.94)

Years of hypertension

(
(
(
(
(
(

Number of antihypertensive
medications at baseline

aAdjusted for all significant associations as seen above and race/
ethnicity, time since stroke, age, gender, history of hyperlipidemia,
diabetes, ischemic heart disease, and stroke/transient ischemic
attack prior to qualifying stroke, current smoking, alcohol, creatinine,
estimated glomerular filtration rate, and weight.

other publications reporting uncontrolled hypertension
after stroke.?*?* This may reflect the ongoing uncertainty
about when and how aggressively BP treatment should begin
after acute stroke, with limited data to guide practice.?>?
The American Stroke Association guidelines support BP-
lowering therapy as soon as 24 hours after acute ischemic
stroke?”?¢ but do not define a timeline for achieving the goal.

There were significant differences in BP at baseline by
region of participation. The percentage of patients with SBP
> 140mm Hg was higher in participants from the United
States (56%) and Latin America (55%) in contrast to 46% in
those from Spain and 38% in those from Canada. Baseline BP
was measured according to a standardized protocol, so these
differences cannot be attributed to differing measurement
techniques across regions. The higher baseline control rates
seen in Canada, and perhaps Spain, may reflect the Canadian
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to the heterogeneity of sites seen in the United States, rep-
resented by both academic and private stroke centers. The
similar baseline control rates in the United States and Latin
America were unexpected, given the assumptions about
the differences in healthcare access and treatment practices
between Latin America and the United States. Interestingly,
the mean number of antihypertensive medications was sig-
nificantly different between the United States (1.9+1.3) and
Latin America (1.3+0.9). Given the similar BP control, this
could reflect differences in adherence to the antihypertensive
regimen, although we do not have a measure of adherence
at baseline to investigate this. Sites from the United States
included the highest percentage of blacks who may have
more difficult to control hypertension.?!-33

These data highlight the challenges of managing hyper-
tension in patients with established cerebrovascular dis-
ease.’* The majority of patients had a history of hypertension
(average duration of 10 years), were on at least 1 antihy-
pertensive medication at study entry, and had an increas-
ing average number of medications with higher entry SBP.
Lifestyle factors including current smoking, alcohol use, and
body mass index did not differ by SBP group and thus do not
account for the difference in control at baseline. Comorbid
risk factors were prevalent with decreasing kidney func-
tion; increasing hyperlipidemia was noted with higher lev-
els of SBP. Information about the duration of uncontrolled
hypertension prior to study entry is unavailable; however,
effects on the kidneys and brain, as measured by laboratory
values and MRI scans, suggest it was long-standing. These
findings are consistent with adverse effects of uncontrolled
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hypertension on end organs but might also reflect resistance
to control conferred by end organ damage. The lower sta-
tin use in the highest SBP group, despite higher lipid values,
could be viewed as a surrogate marker for less aggressive
care. Examination of the follow-up data will provide infor-
mation on whether the SPS3 BP protocol that included
frequent follow-up, the provision of antihypertensive medi-
cations, and a focus on adherence to the treatment plan was
able to achieve BP control in this challenging group.

Our data confirm results from several large studies of
patients with hypertension that have reported the asso-
ciation between duration of diagnosed hypertension and
poor control of BP.*>%* Interestingly, the proportion of
patients reporting prior symptomatic subcortical stroke/
transient ischemic attack did not differ by baseline SBP.
There were, however, differences in the MRI findings, with
those in the highest SBP groups significantly more likely
to show multiple infarcts on MRI and more severe white
matter disease. Based on the disease burden noted in these
patients, they would be expected to have a higher risk for
recurrence of stroke and a higher risk for cardiovascular
events overall. Subanalysis of the SPS3 data will need to
be done to assess risk in relation to baseline BP levels and
other risk factors.

The majority of patients (67%) were taking either an ACE
inhibitor or an angiotensin receptor blocker at entry to the
study. Although studies have provided conflicting evidence
about whether ACE inhibitors and angiotensin receptor
blockers reduce vascular events by mechanisms independ-
ent of BP lowering,>37-8 the high percentage of patients tak-
ing these medications at baseline, higher than any other class
of antihypertensives, suggests that many clinicians believe in
their beneficial effects beyond BP lowering. The increased
use with higher SBP may also be due to the need for multiple
classes of medications in these groups. Thiazide-type diu-
retics are recommended as initial therapy for most patients
with hypertension,'' but only about one-third of patients
were taking diuretics at entry to trial. However, the most
common combination of agents in those patients taking
more than 1 antihypertensive medication was a diuretic and
an ACE inhibitor; this practice is consistent with the second-
ary prevention of stroke guidelines.?®

Although the results presented here represent community
management of SBP after stroke and before entry into the trial
at these 81 sites, the sample may not be fully representative
of the general postlacunar stroke population as these were
research trial volunteers who had to have MRI confirmation of
lacunar stroke. While this may impact on the generalizability
of the results, the 3,020 participants were recruited from clini-
cal centers that were diverse in terms of urban/rural, teaching/
private status, size, and country. The time between stroke and
study entry was variable and, as was seen here, was associated
with entry-level SBP, suggesting that there may have been less
opportunity to manage SBP for those entered closer to their
stroke. It is also possible that those with highest SBPs were
enrolled sooner so that intensive management with the SPS3
protocol and formulary could be initiated.

In conclusion, 2.5 months after lacunar stroke,
more than half of the patients had SBP exceeding the

guideline-recommended upper limit, and this was par-
ticularly true for black participants. In the adjusted logistic
regression model, geographic region was an independent
predictor of lower entry SBP. These findings shed light on the
factors associated with suboptimal control of BP in patients
with recent lacunar stroke at risk for recurrence and high-
light the effect of ethnic, regional, and clinical factors. Once
available, data from the SPS3 study will help determine if
management of BP in the setting of a protocol that focused
on SBP control and with access to free medications could
help minimize the disparities we observed at baseline, in par-
ticular in the patients with difficult-to-control hypertension.
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