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OBJECTIVES: To examine the association between blood
pressure (BP) levels and long-term stroke outcomes in eld-
erly stroke survivors.

DESIGN: Observational study.

SETTING: The Cardiovascular Health Study (CHS) of
5,888 community-dwelling adults.

PARTICIPANTS: Two hundred fifty-four adults aged 65
and older (mean age 78.6) who sustained a nonfatal first
ischemic stroke.

MEASUREMENTS: BP levels assessed at prestroke and
poststroke CHS visits were examined as predictors of stroke
recurrence, coronary heart disease (CHD), combined vas-
cular events (CVEs), and mortality.

RESULTS: Higher poststroke BP level, assessed 261.6 days
(mean) after stroke, was associated with higher risk of
stroke recurrence over 5.4 years (mean) of follow-up. The
multivariate-adjusted hazard ratio for stroke recurrence
was 1.42 (95% confidence interval (CI) 5 1.03–1.99) per
standard deviation (SD) of systolic BP (P 5.04) and 1.39
(95% CI 5 1.01–1.91) per SD of diastolic BP (P 5.04).
Mortality was significantly greater in patients with low or
high poststroke BP than in those with intermediate BP.
Poststroke BP was not associated with risk of CHD or CVE,
although further analyses suggested that high systolic BP
predicted CHD and CVE in younger but not older subjects.
Prestroke BP did not predict poststroke outcomes.

CONCLUSION: In this observational study of adults aged
65 and older assessed approximately 8 months after stroke,

low BP was associated with favorable risk of recurrent
stroke, although high and low poststroke BP levels were
associated with greater mortality. Long-term antihyperten-
sive trials in older stroke survivors would increase knowl-
edge about the benefits of lowering BP in this population.
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In the U.S. population, more than 6% of individuals aged
65 to 74 and more than 11% of those aged 75 and older

have a history of stroke.1 The optimal approach to man-
aging high blood pressure (BP) levels in older people during
long-term follow-up after stroke is unclear. Randomized
placebo-controlled trials support the use of antihyperten-
sive drug therapy in patients with prior stroke or transient
ischemic attack (TIA).2–8 In the Perindopril Protection
Against Recurrent Stroke Study (PROGRESS), antihyper-
tensive therapy that included a low-dose diuretic reduced
risk of stroke recurrence and major vascular events in 6,105
patients with a history of stroke or TIA.8 As in most such
trials of lowering BP in stroke survivors,7 patients studied in
PROGRESS were relatively young, with mean age of 64.
Thus, uncertainty remains regarding the potential risks and
benefits of lowering BP levels in older adults who have had a
prior stroke. In the acute phase of stroke9 and during the
initial months of recovery,10 patients with intermediate BP
levels appear to have the most favorable prognosis, whereas
those with low or high BP levels have greater risk of stroke
recurrence and poor outcomes. These observations have led
many clinicians to exercise caution when lowering BP in
elderly individuals with prior cerebrovascular events, which
may explain in part why high BP is common in this pop-
ulation.11

An analysis of BP level and outcomes was conducted
during 5-year follow-up of adults aged 65 and older en-
rolled in the Cardiovascular Health Study (CHS) cohort
who sustained an incident ischemic stroke and survived
until their next study visit.
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METHODS

Study Population and Setting

CHS is a prospective, population-based cohort study of
stroke and other cardiovascular disease (CVD) in adults
aged 65 and older living in four U.S. communities.12 The
present analyses include the original cohort of 5,201 par-
ticipants recruited in 1989/90 and 687 additional partici-
pants recruited in 1992/93 to enhance the racial/ethnic
diversity of the cohort. Individuals from Medicare eligibil-
ity lists and other adults living in their household were in-
vited to participate in CHS.12

Study Visits

CHS participants completed standardized clinical exami-
nations and questionnaires at study baseline and at nine
annual follow-up visits.12 Medical history, behaviors, and
demographic factors were assessed. Research staff who re-
ceived central BP measurement training measured repeat
right-arm seated BP levels annually, except at the sixth CHS
visit, using standardized procedures.

Events Collection

All deaths and incident CVD events during follow-up were
identified through semiannual participant contacts, notifi-
cation of events by participants, and periodic searches of
national administrative databases including the Medicare
Utilization database and National Death Index. Medical
records for all deaths, strokes, congestive heart failure
(CHF), myocardial infarctions (MIs), and other CVD events
were centrally reviewed and classified.13,14

Inception Cohort of Ischemic Stroke Patients

For the analyses presented in this report, an inception co-
hort of CHS participants who sustained a first ischemic
stroke between study baseline and 1999 was identified
(Figure 1). It was required that subjects have had at least
one CHS study visit with BP measurements completed after
their stroke. Subjects were excluded if they experienced
death, recurrence, or MI before completion of poststroke
visits. Because the focus was on incident strokes, subjects
with a history of stroke at CHS study baseline and those
with strokes that were not confirmed after review, hem-
orrhagic strokes, and TIAs were excluded.

Definition of CVD Risk Factors

Clinical risk factors were defined according to data collect-
ed at the most recent CHS visit before the incident stroke
(prestroke visits) and at the next CHS visit after stroke
(poststroke visits). Hypertension was defined as physician
diagnosis (treated or untreated), systolic BP (SBP) of
140 mmHg or greater, or diastolic BP (DBP) of 90 mmHg
or greater. BP level was not assessed at the sixth CHS visit.
Therefore, subjects whose poststroke visit was CHS visit six
were excluded, and earlier visits were used to define pre-
stroke BP levels for subjects with incident stroke between
CHS visits six and seven. Prior coronary heart disease
(CHD) was defined as history of MI, angina pectoris, or
coronary revascularization. Diabetes mellitus was defined
as fasting glucose of 7 mmol/L or greater or physician di-
agnosis. Functional impairment was quantified as self-re-

ported number of difficulties with activities of daily living
(ADLs) and instrumental activities of daily living (IADLs);
scores ranged from 0 to 6, with higher levels indicating a
greater degree of impairment.

Analyses of BP and Events after Ischemic Stroke

Whether prestroke BP levels, poststroke BP levels, and
change in BP levels (poststroke BP–prestroke BP) predicted
subsequent events was examined. Events that were exam-
ined were recurrent strokes (ischemic or hemorrhagic);
CHD events (MI or fatal CHD); CVD mortality (due to
stroke, CHD, or other vascular causes); non-CVD mortal-
ity; all-cause mortality; and combined vascular events
(CVEs), including CHD, recurrent stroke, and CVD mor-
tality.

Cox proportional hazards models were used to esti-
mate the hazard ratios (HRs) and 95% confidence intervals
(CIs) associated with BP variables modeled as categorical
and continuous variables. Category cutpoints were 130,
150, and 160 mmHg for SBP, and 65, 75, and 85 mmHg for
DBP. For continuous analyses, linear variables were defined
in units of standard deviations (SDs), with SD of 24.4 for
prestroke SBP, 11.7 for prestroke DBP, 23.3 for poststroke
SBP, and 11.8 for poststroke DBP. HRs associated with a
9-mmHg change in SBP and a 4-mmHg change in DBP,
which were the BP reductions produced by antihypertensive
drug therapy in the PROGRESS trial,8 were also computed.
To evaluate U- or J-shaped associations, the significance of
quadratic terms when added to models containing linear
terms for BP level was examined. Models were adjusted for
age, sex, stroke subtype, race, prior CHD, hypertension,
antihypertensive medications (beta-blockers, angiotensin-
converting enzyme (ACE) inhibitors, calcium channel
blockers, diuretics, and others), total cholesterol, smoking,
diabetes mellitus, study clinic, and year of stroke. In anal-
yses of BP change, the means of prestroke and poststroke BP
levels were also included as adjustment variables. To ex-
amine whether associations between BP and each outcome
differed by age, sex, and hypertension status, stratified
analyses were conducted, and interaction terms between
SBP, DBP, age, sex, and hypertension status were screened
to identify significant effect modification at P�.01. To as-
sess the association between BP level and frailty, Spearman
rank correlations between BP level and number of difficul-
ties with ADLs and IADLs were computed.

RESULTS

Subject Characteristics

Of the 5,888 men and women participating in CHS, 559
had an incident ischemic stroke while under observation.
Of those with incident ischemic stroke, 254 subjects who
completed a poststroke visit with valid BP measurements
before recurrence or MI were included in analyses (Figure
1). Poststroke visits were completed a mean of 261.6 days
(75th percentile, 298 days; 90th percentile, 405 days) after
the occurrence of stroke. Subjects who did not complete
poststroke visits had similar BP levels as subjects who com-
pleted poststroke visits but were significantly older
(Po.01), less likely to have diabetes mellitus (Po.01),
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and more likely to have unknown etiology of ischemic
stroke (Po .01).11

Among ischemic stroke subjects who were included in
the analyses, mean age was 78.6 (Table 1). One hundred
ninety-seven (77.6%) of the 254 stroke subjects were hos-
pitalized for their incident stroke. Two hundred three sub-
jects were hypertensive at the most-recent visit before
stroke, 75% of whom were drug-treated, and 51 were non-
hypertensive. The most commonly used antihypertensive
medications were thiazide diuretics (used by 33% of hyper-
tensives), ACE inhibitors (21%), beta-blockers (25%), and
calcium channel blockers (31%). Five percent of subjects
were using lipid-lowering therapy, and 35% were taking
aspirin at the time of stroke. During 5.4 years (mean) of
follow-up, 51 subjects had a recurrent stroke (including 37
ischemic strokes, 10 hemorrhagic strokes, and 4 indeter-
minate strokes), 53 had a CHD event, and 145 died (in-
cluding 54 CVD deaths and 91 non-CVD deaths).

BP Levels and Recurrent Stroke

Prestroke BP level was not associated with risk of recurrent
stroke, whereas higher poststroke BP level was associated
with higher risk of recurrent stroke (Figure 2 and Tables 2
and 3). In multivariate analyses adjusted for age, sex, etio-
logic subtype of initial ischemic stroke, race, prior CHD,
hypertension, antihypertensive medications, total cholesterol,
smoking, diabetes mellitus, study clinic, and year, the HR for
recurrent stroke was 1.42 per SD of poststroke SBP (95%

CI 5 1.03–1.99, linear P 5.04) and 1.39 per SD of poststroke
DBP (95% CI 5 1.01–1.91, linear P 5.04). These HRs
translated into a 13% relative risk reduction for a 9-mmHg
decrease in SBP and an 11% relative risk reduction for
a 4-mmHg decrease in DBP. Across categories of SBP level, a
monotonic relationship was observed between higher SBP and
higher risk of recurrent stroke. The association between DBP
level and risk of recurrent stroke suggested a possible thresh-
old effect, with similar risk in categories 1 (o65 mmHg) and
2 (65–74 mmHg) and a gradient of increasing risk across
the upper two categories (75–84 mmHg and �85 mmHg).

BP Levels and Other Vascular Events

Risk of CHD events was not associated with prestroke or
poststroke BP levels. Higher poststroke SBP level tended to

CHS participants 
n = 5,888

Incident ischemic stroke 
n = 559 Excluded Subjects

Stroke occurred after 1999 
(end of CHS visits) 

n = 104

Died before poststroke CHS 
visit was completed 

n = 105

Alive but no poststroke CHS 
visit completed 

n = 26

Poststroke CHS visit 
completed but no blood pressure 

n = 49* 

Recurrent stroke or myocardial 
poststroke visit 

n = 21
Subjects included in 

analysis 
N = 254

Figure 1. Identification of Cardiovascular Health Study (CHS)
participants with incident ischemic stroke. �For 44 of 49 sub-
jects, the reason for missing poststroke blood pressure (BP)
measurements was because BP was not measured at CHS Visit 6.

Table 1. Characteristics of 254 Subjects Aged 65 and Old-
er with Incident Ischemic Stroke

Characteristic Value

Lacunar stroke, % 15
Cardioembolic stroke, % 25
Large-artery/atherosclerotic
stroke, %

4

Other etiologic subtype, % 56
Age, mean � SD 78.6 � 6.0
Female, % 56
Male, % 44
Prior coronary heart disease, % 43
Diabetes mellitus, % 29
Current smoking, % 9
Cholesterol, mmol/L, mean � SD

Total 5.7 � 1.3
Low-density lipoprotein 3.5 � 1.0
High-density lipoprotein 1.3 � 0.4

Hypertension, % 80
BP, mmHg, mean � SD

Prestroke
Systolic 142.8 � 24.2
Diastolic 71.4 � 11.7

Poststroke
Systolic 138.8 � 23.2
Diastolic 70.3 � 11.8

Change (poststroke–prestroke)
Systolic � 4.0 � 24.5
Diastolic � 1.2 � 12.1

Days from prestroke visit to stroke,
mean � SD

228.6 � 220.8

Days from stroke to poststroke BP
levels, mean � SD

261.6 � 277.4

Follow-up, years, mean � SD 5.4 � 2.8
Events, n, incidence/1,000 person-years
(95% confidence interval)

Recurrent stroke 51, 40.8 (31.0–53.7)
Coronary heart disease 53, 41.0 (31.3–53.7)
Combined vascular events 100, 66.2 (54.4–80.5)
All-cause mortality 145, 106.7 (90.7–125.5)
CVD mortality 54, 39.7 (30.4–51.9)
Non-CVD mortality 91, 67.0 (54.5–82.2)

SD 5 standard deviation; BP 5 blood pressure; CVD 5 cardiovascular disease.
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be associated with higher risk of CVE, but this finding did
not reach statistical significance (linear P 5.12) (Table 2).

BP Levels and Mortality

Prestroke BP level was not a risk factor for mortality after
stroke. Poststroke SBP level had a reverse J-shaped associ-
ation (quadratic plus linear Po.001) with all-cause mor-
tality (Table 2). Greater all-cause mortality was observed in
subjects in the lowest SBP category (o130 mmHg). DBP
levels had a U-shaped association (quadratic plus linear
Po.01) with all-cause mortality (Table 3). The lowest
overall mortality was observed in subjects in the second
category of DBP (75–84 mmHg), and greater mortality was
observed in those in the lowest (o65 mmHg) and highest
(�85 mmHg) DBP categories. In analyses of cause-
specific mortality, significant associations were observed
between BP level and non-CVD mortality but not CVD
mortality, although the number of CVD deaths was small
(n 5 54).

Changes in BP Levels After Stroke

Between the prestroke and poststroke visits, SBP decreased
by an average of 4 mmHg and DBP by an average of
1 mmHg. One-quarter of subjects had SBP decreases of
17 mmHg or more, and one-quarter had DBP decreases
of 9 mmHg or more. Subjects with the largest BP decreases
had significantly higher prestroke BP levels (Po.001), but
the magnitude and direction of BP changes were not asso-
ciated with the presence of other vascular risk factors.

Changes in BP Levels and Outcomes

In multivariate-adjusted analyses, subjects whose SBP level
decreased between the prestroke and poststroke visits tend-
ed to have lower risk of recurrent stroke than subjects
whose SBP increased (P 5.07). Compared with subjects
who had SBP decreases of 17 mmHg or more after stroke,
the adjusted HR was 1.26 (95% CI 5 0.50–3.17) for those
with SBP changes of � 17 to � 4 mmHg, 1.77 (95%
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Figure 2. Survival curves for recurrent stroke, by poststroke
systolic blood pressure (SBP) and diastolic blood pressure (DBP)
level. Category cutpoints for SBP are 130 mmHg, 150 mmHg,
and 160 mmHg. Category cutpoints for DBP are 65 mmHg,
75 mmHg, and 85 mmHg.

Table 2. Poststroke Systolic Blood Pressure (SBP) Level and Risk of Subsequent Events in Adults Aged 65 and Older with
Ischemic Stroke

Event

SBP, mmHg

130–149 150–159 �160
(n 5 89) (n 5 26) (n 5 44) P-valuew

Adjusted Hazard Ratio� (95% Confidence Interval) Linear Quadratic

Recurrent stroke 1.23 (0.49–3.10) 1.51 (0.62–3.68) 1.86 (0.76–4.59) .04 .10
CHD 1.17 (0.57–2.38) 1.43 (0.71–2.88) 1.22 (0.58–2.57) .44 .57
Combined vascular events 1.22 (0.66–2.26) 1.35 (0.73–2.51) 1.27 (0.67–2.42) .12 .11
Mortality
All-cause 0.67 (0.40–1.09) 0.67 (0.41–1.10) 0.74 (0.45–1.21) .91 o.001

CVD 1.22 (0.52–2.85) 1.31 (0.56–3.03) 1.11 (0.47–2.66) .87 .99
Non-CVD 0.43 (0.23–0.82) 0.46 (0.25–0.87) 0.55 (0.29–1.01) .92 o.001

SBPo130 (n 5 95) was the reference category.
�Adjusted for age, sex, stroke subtype, race, prior coronary heart disease (CHD), hypertension, antihypertensive medications, total cholesterol, smoking, diabetes
mellitus, clinic, and year.
wP-values were computed based on linear term for blood pressure level or omnibus test for linear and quadratic terms entered simultaneously into model. Models in
which linear term is nonsignificant but test of quadratic plus linear terms is significant suggest a nonlinear relationship.
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CI 5 0.73–4.30) for those with SBP changes of �4 to
113 mmHg, and 1.81 (95% CI 5 0.74–4.42) for those with
SBP increases of 13 mmHg or more. Although change in
DBP level after stroke was not significantly associated with
stroke recurrence (P 5.26), there was a nonsignificant trend
suggesting that the lowest recurrence risk occurred in sub-
jects in the lowest quartile of DBP change (decrease of
�9 mmHg). There was no association between change in
BP level and risk of CHD, CVE, or mortality.

Age Subgroups

Age had a significant interaction with poststroke SBP in
realtion to the outcomes of recurrent stroke (P for interac-
tion o .001) and combined vascular events (P for interac-
tion o .01) (Figure 3). For these outcomes, the interactions
suggested the presence of an association between higher
SBP and greater risk in younger subjects but a weakening of
this relationship with advancing age. A similar pattern of
results was seen for coronary events, with the P-value for
interaction indicating borderline statistical significance
(P 5.06). For mortality, a significant (P 5.01) interaction
between age and poststroke SBP was also found. In older
subjects, there was a more-pronounced reverse J shape to
the association between SBP and mortality (greater mor-
tality in lowest category). In contrast to the results for SBP,
associations with poststroke DBP did not differ by age for
any outcome. Thus, higher DBP predicted higher risk of
stroke recurrence in younger and older members of the
study population.

Sex Subgroups

No interactions between BP and sex were significant at the
prespecified P�.01 level. For analyses of mortality, the P for
interaction with sex was .03 for DBP and SBP. There tended
to be a U-shaped association between BP and mortality in
women (greater mortality in lowest and highest categories),

whereas results in men tended to have a reverse J shape
(greater mortality in lowest category).

Hypertensive and Nonhypertensive Subgroups

No interactions between hypertension and BP levels were
statistically significant. For analyses of poststroke DBP and
recurrent stroke, the HR per SD was 1.56 in nonhyperten-
sive subjects and 1.37 in hypertensive subjects. For post-
stroke SBP and recurrence, a HR per SD of 1.42 was
observed in both hypertensive and nonhypertensive sub-
group. The small number of events in nonhypertensive sub-
jects (9 recurrent strokes, 15 coronary events, and 34 deaths
in 51 subjects) limited the ability to assess interactions be-
tween BP level and hypertension.

BP Levels and Functional Limitation

Lower poststroke DBP levels tended to be associated with
worse functional status after stroke. The mean number of
difficulties with ADLs was 1.5 in the lowest DBP category
(o65 mmHg), 1.1 in the middle two DBP categories, and
0.8 in the highest DBP category (�85 mmHg). Analyses of
IADLs also suggested a higher number of functional lim-
itations in subjects in the lowest DBP category (2.0) than in
those in the upper three categories (1.4). These associations
between low DBP level and greater functional limitation
were of borderline statistical significance (P 5.07–.08). The
associations between DBP and mortality were unchanged
after further adjustment of models for ADLs and IADLs.
Subjects with high and low poststroke DBP tended to have
greater prevalence of CHF (DBP Category 1, 25%; Cate-
gory 2, 14%; Category 3, 19%; Category 4, 23%; not sig-
nificant according to chi-square test). No evidence was
found for associations between SBP and functional limita-
tion or prevalent CHF.

Table 3. Poststroke Diastolic Blood Pressure (DBP) Level and Risk of Subsequent Events in Adults Aged 65 and Older with
Ischemic Stroke

Event

DBP, mmHg

65–74 75–84 �85
(n 5 83) (n 5 65) (n 5 26) P-valuew

Adjusted Hazard Ratio� (95% Confidence Interval) Linear Quadratic

Recurrent stroke 0.91 (0.34–2.44) 1.22 (0.53–2.84) 1.75 (0.72–4.27) .04 .03
CHD 0.75 (0.37–1.50) 1.09 (0.59–2.02) 0.80 (0.38–1.68) .88 .94
Combined vascular events 0.93 (0.49–1.73) 1.14 (0.64–2.01) 1.18 (0.63–2.20) .22 .03
Mortality
All-cause 0.76 (0.46–1.23) 0.69 (0.43–1.10) 1.20 (0.72–2.01) .30 o.01

CVD 0.62 (0.27–1.42) 0.62 (0.29–1.22) 0.66 (0.27–1.61) .56 .35
Non-CVD 0.76 (0.41–1.42) 0.74 (0.41–1.35) 1.54 (0.81–2.91) .10 o.01

Note: DBPo65 (n 5 80) was the reference category.
�Adjusted for age, sex, stroke subtype, race, prior coronary heart disease (CHD), hypertension, antihypertensive medications, total cholesterol, smoking, diabetes
mellitus, clinic, and year.
wP-values were computed based on linear term for blood pressure level or omnibus test for linear and quadratic terms entered simultaneously into model. Models in
which linear term is nonsignificant but test of quadratic plus linear terms is significant suggest a nonlinear relationship.
CVD 5 cardiovascular disease.
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DISCUSSION

In this observational study of older adults (mean age 78.6)
with incident ischemic stroke, subjects with the highest BP
levels, measured approximately 8 months after stroke, had
the highest risk of stroke recurrence during 5-year follow-up.
It was also found that patients who had decreases in SBP
between prestroke and poststroke visits tended to have lower
risk of recurrence than those with increases. Poststroke BP
levels were not associated with risk of CHD or CVE, although
further analyses suggested that high SBP predicted CHD and
CVE in younger but not older subjects. Paradoxically, greater
mortality was observed in subjects at the low and high ends of
the spectrum of poststroke SBP and DBP levels.

Adults aged 70 and older have not been well represented
in prior clinical trials of antihypertensive therapy in stroke
survivors, and in all major trials, the average age of partic-
ipants has been younger than 70.2–8 In the PROGRESS trial,
active antihypertensive treatment reduced SBP level by
9 mmHg and DBP level by 4 mmHg and produced a 28%

relative risk reduction in stroke recurrence.8 This is consist-
ent with a recent metaanalysis estimate that, in patients with
prior stroke, BP-lowering therapy significantly lowers risk of
recurrent stroke by 24% (95% CI 5 8–37% relative risk re-
duction compared with placebo).7 The current study con-
firmed that high poststroke BP is a risk factor for recurrent
stroke in an elderly stroke survivor population with mean
age near 80. Evidence was found of interaction between SBP
and age, such that elevated SBP had a stronger association
with recurrence risk in younger members of the study pop-
ulation, although the relationship between DBP levels and
recurrence was similar regardless of age. Based on the find-
ings from this observational cohort study, it was estimated
that a 9-mmHg decrease in SBP would produce
a 13% relative risk reduction in stroke recurrence and a
4-mmHg decrease in DBP would produce an 11% relative
risk reduction in stroke recurrence. These projected risk re-
ductions are substantially lower than the actual risk reduc-
tions associated with similar BP decrements in PROGRESS
and other antihypertensive treatment trials.2–8 Thus, these
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Figure 3. Poststroke systolic blood pressure (SBP) level and outcomes for older adults with ischemic stroke: interaction with age.
Associations between poststroke SBP level and outcomes for subgroups defined by age were derived using interaction terms between
age and SBP in multivariate Cox proportional hazards models. Age and SBP were parameterized as linear predictor variables, except
for mortality, which had a nonlinear relationship with SBP. (For mortality, SBP was parameterized using linear-plus-quadratic terms.)
The figures describe the association between SBP level and outcomes at two representative levels of age: 70 and 80. The mean SBP level
serves as the reference group. Hazard ratios (HRs) are indicated for SBP levels ranging from 1.5 standard deviations (SDs) below the
mean to 1.5 SDs above the mean. SD 5 23.3 for poststroke SBP. P for interaction between SBP and age o.001 for recurrent stroke; .06
for coronary events; o.01 for combined vascular events; and .01 for all-cause mortality. In contrast to results for SBP, no significant
interaction was detected between age and poststroke diastolic blood pressure (DBP) for any outcome. Thus, the relationships between
DBP and outcomes described in Table 3 did not vary significantly between age groups.
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data raise questions about whether the expected magnitude
of benefit associated with BP lowering may differ in elderly
stroke survivors and in younger populations. It is also pos-
sible that the specific types of antihypertensive medications
used may have accounted for this discrepancy. In PRO-
GRESS, the combination of a low-dose diuretic (indap-
amide) and perindopril was associated with significant
benefit, but perindopril alone was not.8 In the current study,
33% of hypertensive patients were receiving low-dose diu-
retics, and 21% were receiving ACE inhibitors.

This study showed that subjects with low and high BP
levels measured at poststroke visits had greater mortality
than those with intermediate BP levels. Mortality was
relatively high in subjects with poststroke BP levels below
130 mmHg SBP and below 75 mmHg DBP. Therefore, the
results suggest that elderly stroke survivors with low BP may
have less risk of stroke recurrence but greater risk of death
over long-term follow-up. Further analyses suggested that an
excess in non-CVD mortality rather than CVD mortality
may have explained this; small numbers of events limited
statistical power for these subgroup analyses. The data sug-
gested that low DBP level was associated with functional
limitations and CHF. This may in part account for the greater
mortality in subjects with low BP. Adjustment for these var-
iables did not eliminate the association between low BP and
mortality. In previous clinical trials, antihypertensive therapy
in stroke survivors tended to reduce vascular mortality, al-
though wide confidence intervals the aggregate results char-
acterized, which did not reach statistical significance.7

However, elderly subjects who are frail and have serious
systemic illness are likely to be excluded from clinical trials.

Prior clinical trials suggest that antihypertensive ther-
apy significantly reduces CHD events by 21% (95%
CI 5 2–37% relative risk reduction) in stroke survivors.7

It was not found that high BP levels predicted greater risk of
CHD after stroke in this cohort of adults aged 65 and older,
but further analyses suggested that higher SBP level tended
to predict greater risk of CHD in younger study subjects.
The lack of a strong and consistent association between
high BP and coronary events is notable, because during
long-term follow-up in this population, incident CHD
events were nearly as common as recurrent strokes.11 In
contrast to these results in older stroke survivors, prior
analyses have found that high SBP and DBP predicted risk
of incident MI in CHS subjects without a prior history of
vascular events.15 Thus, the high prevalence of vascular
disease may have explained the lack of association between
BP and CHD in this poststroke population. Alternatively,
the data did not indicate the ‘‘J-curve’’ phenomenon of
higher coronary risk at low levels of BP. This has partic-
ularly been shown for DBP16 and may reflect reduced ep-
icardial perfusion at low DBP.

BP level measured before stroke did not predict long-
term stroke outcomes. The analyses presented here were
limited to CHS subjects with stroke who had poststroke BP
levels available, although the results are consistent with
previous analyses conducted in all CHS stroke patients
(who were included regardless of availability of follow-up
BPs), which suggested that prestroke BP levels or preexist-
ing hypertension were unassociated or only weakly associ-
ated with case fatality14 and with long-term mortality,
recurrence, or CHD events.11

The observational design of this study limits the ability
to draw definitive conclusions about the relationship be-
tween BP levels and outcomes in elderly stroke survivors.
Other, unmeasured patient characteristics that were asso-
ciated with high or low BP levels and prognosis may explain
the findings. It was not possible to determine whether an-
tihypertensive medications, stroke, or other comorbidities
induced changes in BP level after stroke. Only information
in available medical records was used when reviewing
events, and as a result, information on diagnostic evalu-
ation for stroke may have been incomplete. Lowering of BP
may harm patients with severe bilateral large-artery ste-
noses.17 Standardized assessments of carotid artery stenosis
were obtained in CHS, but there were too few subjects with
severe stenoses to permit valid analyses in the present in-
vestigation (at baseline, � 2% had 475% carotid steno-
sis).18 Similarly, because of inadequate sample size, this
study was unable to assess the importance of BP level
in etiological subtypes of ischemic stroke.

The population was limited to ischemic stroke patients
from a volunteer population (the CHS) who were alive and
healthy enough to complete study visits approximately
8 months after their stroke. The results of this study may
only be generalized to similar patient populations assessed
at a comparable point in time after their stroke. The exclu-
sion of stroke patients who died, had recurrence or MI be-
fore poststroke visits, or were too ill to participate is a
limitation of the study. Alternatively, because all subjects
completed CHS study visits before and after stroke, this
presented an opportunity to examine prestroke BP, post-
stroke BP, and BP change in relation to stroke prognosis.
The design of the CHS study also offered other strengths,
including a geographically diverse sample, standardized BP
measurements, and examination of several outcomes, in-
cluding stroke, CHD, CVD mortality, and non-CVD mor-
tality over long-term follow-up. These data captured BP
levels during long-term follow-up after stroke, and the re-
lationship between BP and outcomes may differ in the acute
setting. In the acute phase of stroke, current recommenda-
tions advise against the use of antihypertensive therapy
unless BP levels rise above SBP 220 mmHg or DBP
120 mmHg.19

In conclusion, in this study of stroke patients with mean
age of 78.6 assessed approximately 8 months after stroke,
higher BP levels were associated with higher recurrent
stroke risk over long-term follow-up. High (�85 mmHg
DBP) and low (o130 mmHg SBP or o65 mmHg DBP) BP
levels were associated with higher mortality. Overall, BP
levels were not associated with other types of vascular
events, although analyses of age-by-BP interactions sug-
gested that high SBP predicted greater risk of CHD and
CVE in younger members of the population. When con-
sidered in combination with the available clinical trial ev-
idence, the data support normalizing high BP in elderly
patients with prior stroke, although the finding of higher
mortality in patients at low BP levels raises questions about
whether aggressive BP lowering is appropriate in elderly
patients who have survived an ischemic stroke. Long-term
clinical trials of antihypertensive therapy in this population
would help to fill a major gap in the knowledge about the
net risks and benefits of lowering BP in older stroke
survivors.
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