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Abstract

OBJECTIVES—To determine safety and tolerability of lowering blood pressure in older adults
with lacunar stroke.

DESIGN—Cohort study.

SETTING—The Secondary Prevention of Small Subcortical Strokes (SPS3) Trial, which
compared the efficacy of two systolic blood pressure (SBP) targets (<130 mmHg and 130-149
mmHg) for secondary stroke prevention.
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PARTICIPANTS—Of 3,020 SPS3 participants, 494 aged 75 and older at baseline were used in
these analyses.

MEASUREMENTS—Rates of side effects related to lowering SBP and clinical outcomes,
including stroke recurrence and vascular death, were examined.

RESULTS—OIder participants achieved SBP levels similar to those of younger participants
(mean SBP of 125 mmHg and 137 mmHg in lower and higher SBP target groups, respectively).
At least once during the approximately 3.5 years of follow-up, 21% reported dizziness, and 15%
reported lightheadedness when standing; the only significant difference between the younger and
older groups was unsteadiness when standing (23% vs 32% respectively, P <.001). There was no
difference according to treatment group. In younger adults, recurrent stroke was less likely in the
lower than the higher SBP group (hazard ratio (HR) = 0.77, 95% confidence interval (CI) = 0.59-
1.01) but not in older participants (HR = 1.01, 95% CI = 0.59- 1.73), although the interaction was
not significant (P = .39). The lower SBP target was associated with a significant reduction in
vascular death in older participants (HR = 0.42, 95% CI = 0.18-0.98), with a significant
interaction between age and SBP group (P =.049).

CONCLUSION—EXxcept for unsteadiness when standing, there was no difference according to
age in individuals with lacunar stroke with respect to side effects potentially related to lowering
blood pressure. Although the lower SBP target was not associated with lower likelihood of
recurrent stroke, these exploratory analyses suggested a possible benefit related to vascular death.

Keywords
blood pressure management; hypertension; ischemic stroke; stroke prevention; lacunar stroke

Hypertension is a powerful independent risk factor for stroke, and reducing blood pressure
(BP) is an effective intervention to prevent stroke.1=> Although they are at greatest risk of
stroke,8 data from several studies suggests that BP is less well controlled in older adults.”2
Under-treatment may be related to concerns about side effects or interactions, both of which
may be more common in older than younger adults.10:11

Several trials have demonstrated that hypertension treatment in older adults can be
undertaken with minimal risk.12-15 Furthermore, the Hypertension in the Very Elderly Trial
(HYVET) showed a 30% reduction in stroke (P = .06) and 21% reduction in mortality (P =.
02) with BP lowering.13 Given that only 7% of participants in HY-VET had a history of
stroke, the safety and effectiveness of BP control in older adults with established cerebral
small vessel disease could not be studied.

Elderly adults are the fastest-growing segment of the population in developed countries and
will contribute significantly to a growing stroke burden. This underscores the need for
evidence-based information on targeted risk factor management for this population. The
Secondary Prevention of Small Subcortical Strokes (SPS3) Trial was undertaken to define
efficacious therapies for prevention of recurrent stroke and cognitive decline in individuals
with symptomatic lacunar (subcortical) stroke.16 There was a nonsignificant reduction in
recurrent stroke associated with SBP lowering (hazard ratio (HR) = 0.81, 95% confidence
interval (CI) = 0.64-1.03) and a nonsignificant interaction with age (<65 vs >65; P = .53).17
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The objectives of the present analyses were to examine the safety and tolerability of
lowering BP in the older subgroup of participants in the SPS3 trial.

Design and Sample

Procedures

SPS3 was a randomized, multicenter clinical trial conducted between March 2003 and April
2011. Details of the study design and execution have been published elsewhere.16-19
Eligible individuals had experienced a symptomatic lacunar stroke within the 6 months
before enrollment, verified using magnetic resonance imaging (MRI). Individuals with prior
cortical stroke, ipsilateral carotid stenosis greater than 50%, or major cardioembolic sources
were excluded. There was no upper age exclusion. Participants were randomized, in a two-
by-two factorial design to an antiplatelet intervention and two targets of SBP control: higher
(130-149 mmHg) and lower (<130 mmHg). Outcomes included recurrent stroke (all
strokes); myocardial infarction; and death, including all death, vascular death, and
nonvascular death. Definitions have been published elsewhere, 16 but vascular death was
defined as death attributable to an ischemic or hemorrhagic stroke or sudden death attributed
to cardiac ischemic or after a well-documented vascular event. All events were subject to
blinded adjudication. The institutional review boards of all participating centers approved
the SPS3 study, and all participants provided written informed consent.

All participants were seen at least monthly for the initial 3 months after randomization and
quarterly thereafter. BP was measured in the sitting and standing positions at each follow-up
visit to assess for postural hypotension (defined as a decrease in BP from sitting to standing
position of systolic >20 mmHg or diastolic >10 mmHg). A standard set of questions was
asked to assess for medication side effects and adverse events and to detect outcome events.

If participants refused or were unable (related to side effects or outcome events) to continue
with their randomly assigned treatments, they were designated as “inactive” for that
treatment. Participants whose SBP could not be lowered to their assigned target or who
experienced intolerable side effects of antihypertensive drugs despite trying multiple agents
were designated as “failure to achieve target.” All participants were followed to a common
end-study date, regardless of active, inactive, or failure to achieve target status and outcome
events.

Data Analyses

For purposes of this exploratory analysis, the older subgroup was defined a priori as
participants aged 75 and older at study entry29 and compared with those younger than 75.
Baseline characteristics and clinical outcomes are presented according to age group.
Frequencies and percentages are presented for categorical measures and means and standard
deviations for quantitative measures. Chi-square tests of general association and
independent-sample t-tests were used as appropriate for categorical and quantitative
variables, respectively. The occurrences of safety outcomes were quantified using odds
ratios and 95% Cls. Time to efficacy outcomes were quantified using HRs and 95% Cls.
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Differences in SBP target efficacy between the younger and elderly groups were evaluated
by testing for significant interactions in Cox proportional hazards models. All tests of
significance were two-sided, and unadjusted P-values are presented. Because of multiple
comparisons, an alpha level of less than .01 was selected to indicate statistical significance
for main effect; a more-liberal significance level of .05 was used to evaluate statistical
significance of interaction terms. SAS version 9.2 (SAS Institute, Inc., Cary, NC) was used
for all statistical analyses.

Of the 3,020 participants, 494 (16%) were aged 75 and older at SPS3 study entry, 288 (58%)
of whom were aged 75 to 79, 153 (31%) aged 80 to 84, and 53 (11%) aged 85 and older.
Older participants were more likely to be hypertensive (P =.004) and less likely to be
current smokers (P < .001) and have diabetes mellitus (P < .001) (Table 1). Older
participants were more likely to have multiple old subcortical infarcts according to MRI
imaging (44.5%) than younger participants (38.7%) (P = .02) and more-severe white matter
hyperintensities (38.4% vs 18.6%, P <.001). Although modified Rankin Scale scores at
study entry were similar between age groups, a significantly smaller proportion of older
adults scored greater than 90 on the Cognitive Abilities Screening Index (CASI) (28.8%)
than of younger individuals (47.6%) (P < .001). There were no differences in baseline
characteristics according to treatment group within either age group (P > .01; data not
shown).

Safety and Tolerability of Lowering SBP

Average follow-up time was 3.5 + 1.9 years for the older group and 3.7 £ 2.1 years for the
younger group (P =.04). Mean baseline SBP and time to achieve target was not significantly
different between age cohorts (Table 2). Average achieved SBP for the older group
(excluding the initial 6 months) was 125 + 16 mmHg for the lower SBP target and 137 + 15
mmHg for the higher SBP target, the same the younger participants achieved.
Approximately 75% of each group were within their assigned SBP target at more than 50%
of their quarterly visits, most participants in both groups self-reported adherence as excellent
or good, and older participants were as likely to be always active in their assigned treatment
arm (73%) as their younger counterparts (76%) (P = .39). Looking separately at the two SBP
targets, older adults assigned to the lower SBP target were less likely to be actively managed
to achieve their assigned target than those in the younger group (71.8% vs 77.4%; P = .04).
The older group was prescribed fewer antihypertensive medications, on average, than the
younger group, although the differences were significant only at the end-study visit (P =.
003). This was true for every class of medication with the exception of angiotensin receptor
blockers (ARBs), with a higher percentage of the older group prescribed ARBs at baseline,
Year 1, and the end-study visit, although differences were not significant (P = .54; Figure
S1).

Percentages of symptoms possibly related to BP lowering were examined according to
treatment group within the two age groups, and the treatment groups were merged and
compared according to age (Table 3). The percentages represent participants who reported

J Am Geriatr Soc. Author manuscript; available in PMC 2015 September 25.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

White et al.

Page 5

the symptoms at least once over the approximately 20 follow-up visits. When examined
according to treatment group, the percentage of participants with postural hypotension
recorded at least once over the course of the study was significantly higher in the higher
SBP target group than in the lower SBP target group for both age cohorts. There were no
other significant differences according to treatment group for either age group. Merging the
treatment groups, older participants were more likely to report symptoms possibly related to
BP lowering, although only unsteadiness when standing was significantly higher (32% vs
23%, respectively; P <.001). There was no difference in the percentage of older and
younger participants with at least one episode of postural hypotension recorded over the
course of the study (both 59%, P =.82). Serious complications of hypotension were defined
as events such as orthostatic syncope or falls associated with hypotension that required
urgent medical evaluation or treatment, were life threatening, or resulted in permanent
health consequences. The number of serious complications of hypotension events was small,
with only seven (1.4%) in the older group and 31 (1.2%) in the younger group. An
examination according to treatment group showed no significant differences in serious
complications of hypotension for the older or younger cohort. Combining the target groups
resulted in a nonsignificantly higher rate of all complications in the older (0.39% per
participant-year) than the younger group (0.32% per participant year) (P = .67).

Safety was further examined in the older participants to see whether adverse events were
more likely in very old participants (Table S1). Although very old participants (=85) had
more episodes of postural hypotension and reported more symptoms related to lowering
blood pressure, except for blurred vision when standing (P = .002), none of the differences
were statistically significant.

Effectiveness of Lowering SBP

Pooling the two SBP treatment groups, older participants were more likely to experience
intracranial hemorrhage (HR = 2.31, 95% CI = 1.10-4.83), disabling or fatal stroke (HR =
1.94,95% CI = 1.19-3.17), and death (HR = 3.38, 95% CI = 2.52-4.54) than younger
participants. There were no differences in recurrent stroke (ischemic and hemorrhagic; HR =
1.29, 95% CI = 0.95- 1.75) or myocardial infarction (HR = 0.92, 95% CI = 0.47-1.80)
between the two age groups.

As seen in Table 4, in younger adults, recurrent stroke was less likely in the lower than the
higher SBP group (hazard ratio (HR) = 0.77, 95% confidence interval (Cl) = 0.59-1.01) but
not in older participants (HR = 1.01, 95% CI = 0.59-1.73), although the interaction was not
significant (P = .39) (Figure 1). The lower SBP target was associated with significantly
fewer disabling and fatal strokes in older participants (HR = 0.40, 95% CI = 0.17-0.96),
which was not present in the younger group (HR = 1.03, 95% CI = 0.63-1.67); the
interaction with age was nonsignificant (P =.19). The lower SBP target was also associated
with significantly fewer vascular deaths in the elderly participants (HR = 0.42, 95% CI =
0.18-0.98) but not the younger group (HR = 1.17, 95% CI = 0.68-2.01) (P =.049). This
difference in vascular death was further examined in Cox models adjusting for sex, race and
ethnicity, diabetes mellitus, hypertension, ischemic heart disease, hyperlipidemia, and
smoking status. In the adjusted model, the interaction between age and SBP target group
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remained statistically significant (P = .03), and a consistent association between lower SBP
target and fewer vascular deaths (HR = 0.39, 95% CI = 0.16-0.92) was observed in older
participants. An examination of the interaction for treatment effect and age group was not
significant for myocardial infarction (P = .75) or all-cause mortality (P = .29).

DISCUSSION

This analysis of older adults (mean age 80) with recent lacunar stroke enrolled in the SPS3
Trial demonstrates that it is possible to lower SBP safely in elderly adults with established
small vessel disease. The majority were already receiving treatment for hypertension at
study entry, but through careful execution of the SPS3 protocol, SBP was reduced to a mean
of 125 mmHg in the lower SBP group and 137 mmHg in the higher SBP group. Regardless
of treatment group, older participants were no more likely than their younger counterparts to
experience serious adverse effects related to BP lowering.

Several recent trials have investigated optimal BP targets in elderly adults and have similarly
shown that SBP can be lowered safely in older adults.22-1> The HYVET Study was able to
lower SBP safely to a mean of 144 mmHg in participants aged 80 and older at study
entry.1321 The Japanese trial to assess optimal SBP in individuals with hypertension aged 65
to 85 (JATOS) reported SBP of 136 mmHg in the strict treatment group and 146 mmHg in
the mild treatment group after 2 years of treatment, with no differences in adverse events
between the two treatment groups.12 Similar SBP values were safely achieved in the
Valsartan in Elderly Isolated Systolic Hypertension (VALISH) study for participants aged
70 to 84, with 137 mmHg in the strict control group and 142 mmHg in the moderate control
group after 3 years of follow-up.14

The mean SBP achieved in the lower group in older participants in SPS3 was lower than
previously reported targets. To guide safe management of SBP into the randomly assigned
higher and lower targets, an algorithm was developed and distributed to the sites.22 Within
the context of a clinical trial, SBP was lowered slowly over time (mean of 6 £ 6 months to
achieve target), and participants were followed at least monthly to ascertain side effects,
assess adherence, and titrate medications until they achieved target SBP and quarterly
thereafter. Almost 75% were within their assigned SBP target for more than 50% of their
study visits, confirming that it is feasible and safe to achieve even lower targets than those
previously used in older adults. Furthermore, the rate of serious complications of
hypotension in SPS3 was not significantly different according to age or treatment group.
Safety was not significantly different among the older subgroups, although the numbers in
these older subgroups were small, and the rate of serious complications was low.

This exploratory analysis found that lowering SBP to a mean of 125 mmHg (lower SBP
target) did not result in fewer recurrent strokes than lowering it to a mean of 137 mmHg
(higher SBP target) in the older participants. Results from previous studies have been
inconsistent in the association between lowering SBP and stroke reduction.12-15 The
HYVET study reported a 30% lower rate of stroke (fatal or nonfatal) and a 21% lower rate
of death from any cause associated with an achieved mean SBP of 144 mmHg than a mean
of approximately 158 mmHg in the placebo group.12 In contrast, the JATOS trial reported
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no differences in a composite outcome (cardiovascular disease and renal failure) and death
between the two SBP groups.12 Similarly, the VALISH study did not find significantly
fewer composite cardiovascular events outcome associated with the strict control (HR =
0.89, 95% CI = 0.60-1.34).14

The recent guidelines recommend lowering SBP to less than 150 mmHg in elderly
adults.2324 |t is not known whether these guidelines should be applied to older adults with
established small vessel disease, such as the population studied in SPS3. The above studies
that contributed to the guideline evidence were different from SPS3 in target population and
features of study design. Only 4% to 7% of participants in the other trials had a history of
stroke, and the percentage with diabetes mellitus ranged from 7% to 13%. In contrast, all
older participants in SPS3 had had at least one lacunar stroke and almost one-third had
diabetes mellitus. The above studies tested specific antihypertensive medications for
lowering BP, whereas the goal of SPS3 was to test two specific targets and not medications.
Although the results of this analysis suggest that there is no benefit in overall stroke
reduction for an achieved average SBP as low as 125 mmHg in people with established
small vessel disease, there was also no harm associated with this target. Furthermore, the
results suggest a possible benefit related to vascular death. An age by treatment group
interaction demonstrated 58% lower mortality from vascular causes in the lower SBP group
for the older cohort (which was significant) and no association in the younger cohort. This
lower vascular mortality in elderly adults is consistent with findings from the HYVET trial,
which demonstrated a lower rate of cardiovascular death in the main trial (HR = 0.77, 95%
Cl =0.60-1.01) in the elderly group assigned to BP lowering than in those receiving
standard care and in the HYVET extension (HR = 0.19, 95% CI = 0.04-0.87).13.21

The exploratory nature of the analyses and the small sample of older participants suggest
that caution should be taken in drawing conclusions related to BP lowering in elderly adults
with lacunar stroke. The lack of interactions between SBP targets and age may suggest
similar effectiveness for the lower SBP target in the older and younger groups but could also
reflect insufficient power to detect interactions. Furthermore, these older stroke survivors
were participants in a clinical trial and, by nature of agreeing to participate, may have been
healthier than the general population of older adults with lacunar stroke. Participants were
carefully selected to ensure that they would be adherent to the study procedures, which
could be taxing, particularly on older participants, but a comparison with elderly adults
(=80) participating in a population-based study of stroke conducted in Dijon, France, with
approximately 25% of stroke classified as lacunar infarcts?® suggests that the older SPS3
subgroup was similar to the general population with lacunar stroke, with a similar
prevalence of hypertension (78% in SPS3, 73% in Dijon cohort) and an even greater
prevalence of diabetes mellitus and hyperlipidemia (27% and 47%, respectively) than in the
Dijon cohort (16% and 27%, respectively).

To summarize, lowering SBP in older adults with lacunar stroke was well tolerated. The
lack of significant differences in subjective side effects potentially related to lowering blood
pressure, except for unsteadiness when standing, between the younger and older adults
suggests that lowering blood pressure to these levels is as safe in elderly as in younger
individuals. Given a clinical indication in which an older adult with lacunar stroke would
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benefit from a lower BP treatment goal, a lower level of SBP could be targeted, with usual
monitoring for orthostatic symptoms.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Cumulative probability estimates of the rate of all recurrent strokes, according to treatment

group and age group. P for interaction = .39. SBP = systolic blood pressure.
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Variable >75,n=494 <75,n=2526 P-Value
Age, mean £ SD 79938 60.1+8.4 <.001
Male, n (%) 268 (54.3) 1,634 (64.7) <.001
Race and ethnicity, n (%)
Non-Hispanic white 288 (58.3) 1,250 (49.5) <.001
Hispanic 163 (33.0) 753 (29.8)
Black 31(6.3) 461 (18.3)
Other or multiple 12 (2.4) 62 (2.5)
Medical history, n (%)
Current smoking 26 (5.3) 591 (23.4) <.001
Hypertension 384 (77.7) 1,804 (71.4) .004
Diabetes mellitus 133 (26.9) 973 (38.5) <.001
Hyperlipidemia 231 (46.8) 1,240 (49.1) .34
Prior subcortical stroke or transient ischemic attack® 70(14.2) 378 (15.0) 65
Ischemic heart disease 51 (10.3) 266 (10.5) .89
Family history of stroke 128 (27.1) 741 (31.1) .08
Selected laboratory values, mean + SD
Estimated glomerular filtration rate 66.0 + 14.7 83.0+18.3 <.001
Random glucose, mg/dL@ 1145+378  1278+575 <001
Glycosylated hemoglobin, %P 73+14 84+23 <.001
Total cholesterol, mg/dL2 1820+£408  189.1+48.2 001
Low-density lipoprotein cholesterol, mg/dL2 106.8+34.7  113.4+40.7 <.001
High-density lipoprotein cholesterol, mg/dL& 49.6+£209  446+178 <.001
Triglycerides, mg/dL@ 1375+767 169.8(1195)  <.001
Magnetic resonance imaging and magnetic resonance angiography findings, n (%)
Multiple subcortical infarcts 218 (44.5) 972 (38.7) .02
White matter hyperintensities
None to mild 131 (27.2) 1,365 (54.7) <.001
Moderate 116 (19.9) 668 (26.8)
Severe 185 (38.4) 464 (18.6)
Intracranial stenosis >50%
Anterior circulation 44 (9.5) 225 (9.5) .99
Posterior circulation 67 (14.4) 245 (10.3) .009
Functional status
Barthel Index, mean + SD¢ 931127 95.9+9.0 <.001
Modified Rankin Scale score 0-1, n (%)9 322(65.2) 1,689 (66.9) 47
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Variable >75,n=494 <75,n=2526 P-Value
Depressed, n (%) 31 (13.1) 267 (22.8) .001
<.001

Cognitive Abilities Screening Instrument score >90, n (%)3€ 139 (28.8) 1,189 (47.6)

aMissing data.

bParticipants with diabetes mellitus only.

CRange 0 to 100, higher scores indicating better functional ability.
dNormal to near-normal recovery.

eRange 0 to 100, higher scores indicating better cognitive function.

SD = standard deviation.
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Table 2
Management of Systolic Blood Pressure (SBP) According to Age
Variable >75,n=494 <75,n=2526 P-Value
Assigned SBP group, n (%)

Lower target (<130 mmHg) 248 (50.2) 1,253 (49.6)

Higher target (130-140 mmHg) 246 (49.8) 1,273 (50.4)

SBP at study entry, mean + SD 1444 +200 142.7+186 .09
SBP at end-study visit, mean + SD 130.3+17.3 131.9+16.9 .07
SBP at quarterly follow-ups, mean + SD2

Lower target (<130 mmHg) 125.2+15.8 1251+144 64

Higher target (130-140 mmHg) 137.1+14.6 137.1+144 .95
Months to achieve SBP target, mean + SD 5.6+6.1 59+73 .39
Quarterly visits within assigned target, %, n (%)

<25 50 (10.4) 226 (9.2) 31

>25-49 74 (15.4) 354 (14.3)

>50-74 168 (34.9) 879 (35.6)

275 190 (39.4) 1,009 (40.9)
Antihypertensive medication adherence excellent or good at >75% of quarterly visits, n (%) 423 (92.4) 2,128 (91.4) .50
Always active in SBP treatment group, n (%) 360 (72.9) 1,913 (75.7) .39
Taking antihypertensive medications at study entry, n (%) 433 (87.7) 2,124 (84.1) .04
Number of antihypertensive medications, mean + SD

Baseline 1.6 (1.1) 1.7(1.2) 19

Year 1 visit 2.0(1.4) 21(1.4) A7

End-study visit 1.9 (1.3) 2.1(15) .003
Years of follow-up, mean + SD 35+19 37+21 .04

aExcluding initial 6 months.

SD = standard deviation.
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