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SYSTEMATIC REVIEW AND META-ANALYSIS

Is Blood Pressure Lowering in the Very
Elderly With Previous Stroke Associated
With a Higher Risk of Adverse Events?

Damien Tharmaratnam, MD;* Christopher C. Karayiannis “*/, MD, PhD;* Taya A. Collyer "=, PhD;

Hisatomi Arima "=, MD, PhD; Leslie A. McClure, PhD; John Chalmers =/, MD, PhD; Craig S. Anderson "=, MD, PhD;
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Thanh G. Phan "=, MD, PhD; Wei C. Wang “*/, PhD; Velandai Srikanth, MD, PhD; the Blood Pressure in the Very
Elderly with Previous Stroke (BP-VEPS) Investigators;’

BACKGROUND: We investigated whether blood pressure lowering for secondary prevention is associated with a reduction in
recurrent stroke risk and/or a higher risk of adverse events in very elderly compared with younger trial participants.

METHODS AND RESULTS: This is a random effects meta-analysis of randomized controlled trials of blood pressure lowering for
secondary stroke prevention to evaluate age-stratified (<80, >80 years) risk of adverse events. Ovid-MEDLINE was searched
for trials between 1970 and 2020. Summary-level data were acquired including outcomes of stroke, cardiovascular events,
mortality, and adverse events. Seven trials were included comprising 38 596 participants, of whom 2336 (6.1%) were aged
>80 years. There was an overall reduction in stroke risk in the intervention group compared with controls (risk ratio [RR], 0.90
[95% ClI, 0.80, 0.98], I°’=49%), and the magnitude of risk reduction did not differ by age subgroup (<80, >80 years). There
was no increase in the risk of hypotensive symptoms in the intervention group for patients aged <80 years (RR, 1.19 [95% Cl,
0.99], 1.44, ’=0%), but there was an increased risk in those >80 years (RR, 2.17 [95% Cl, 1.22], 3.86, 1°>=0%). No increase was
observed in the risk of falls, syncope, study withdrawal, or falls in either age subgroup.

CONCLUSIONS: Very elderly people in secondary prevention trials of blood pressure lowering have an increased risk of hypoten-
sive symptoms, but with no statistical increase in the risk of falls, syncope, or mortality. However, evidence is lacking for frail
elderly with multiple comorbidities who may be more vulnerable to adverse effects of blood pressure lowering.
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factor for stroke, and its treatment is effective for
stroke prevention.! Physicians are often reluctant
to aggressively lower blood pressure (BP) in the elderly
for fear of adverse effects such as falls and synco-
pe.?~* This concern is also reflected in guidelines such
as the 2017 American Heart Association guidelines,

Hypertension is the most important modifiable risk

which recommend a cautious approach to BP con-
trol in frail very elderly adults.® The European Society
of Hypertension and European Society of Cardiology
2018 guidelines recommend individualized targets for
such people, based on the individual’s functional sta-
tus rather than age alone.® Similarly, the 2019 NICE
(National Institute of Health and Care Excellence)
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CLINICAL PERSPECTIVE
What Is New?

e |n this meta-analysis of trials, there was an in-
creased risk of hypotensive symptoms in people
aged >80 years receiving blood pressure lower-
ing therapy for secondary stroke prevention.

e There was no observed increase in the risk of
falls, syncope, or mortality, but methodological
variation and sample sizes prevented definitive
conclusions for these outcomes.

What Are the Clinical Implications?

e A modest degree of blood pressure lowering
may not increase the risk of falls, syncope, or
mortality in relatively robust elderly people.

e FEvidence is still lacking for frail elderly who may
be more vulnerable to adverse effects of blood
pressure lowering.

guidelines recommend targeting BP <150/90 mm Hg
in those age >80 years, and individualized decision
making for those with frailty or multimorbidity.” Indeed,
observational evidence has demonstrated that older
people in general may be at higher risk of adverse
outcomes related to BP lowering,®° including falls™
and mortality.? This may be because of age-related
physiological changes such as arterial stiffening and
reduced baroreceptor reflexes, which are not present
in younger people.”?

Elderly persons with previous stroke who are likely
to have poor vascular health, additional comorbidities,
or frailty,'”® might be particularly vulnerable to adverse
effects from BP lowering. Recent results from SPRINT
(Systolic Blood Pressure Intervention Trial) in primary
prevention indicate that aggressive BP lowering may be
safe in the elderly; however, those with previous stroke
were excluded.'* Some trials of secondary stroke pre-
vention included subgroup analyses of efficacy and
safety of BP lowering in older participants defined with
a cutoff of 65 years, and hence their findings may not
be generalizable to very elderly.’®'® Furthermore, in
other subgroup analyses, BP relevant adverse events
such as falls were not measured."" In 1 trial, inten-
sive BP lowering (target systolic BP <130 mm Hg com-
pared with 130-149 mm Hg) was associated with a
higher risk of unsteadiness on standing, but not with
other adverse events.'® Therefore, there is uncertainty
regarding the safety and efficacy for BP reduction for
secondary stroke prevention in the very elderly.

We aimed to conduct an aggregate data meta-
analysis of randomized controlled trials to determine
whether BP lowering for secondary stroke prevention
in the very elderly (=80 years) results in a lower stroke
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risk and/or a higher risk of adverse events than for
those younger than 80 years. This age cutoff was cho-
sen because the prevalence of frailty increases mark-
edly after 80 years of age.'”® We hypothesized that, in
those undergoing BP lowering for secondary stroke
prevention, age (<80, >80 years) will modify the effect
of BP lowering on the risk of further stroke and a range
of adverse events relevant to BP reduction.

METHODS

Data supporting the findings of this study are avail-
able from the corresponding author upon reasonable
request. This systematic review and meta-analysis of
subgroups was planned and conducted in accord-
ance with the PRISMA (Preferred Reporting ltems
for Systematic Reviews and Meta-Analyses) guide-
lines'® and the recommendations of the Cochrane
Collaboration.

Study Selection: Inclusion Criteria
Randomized controlled trials of BP lowering that en-
rolled people with prior cerebrovascular disease were
eligible for inclusion. To be considered as trials of BP
lowering, they had to examine an intervention that was
one of: antihypertensive agent (single or multiple) com-
pared with either placebo or an alternative regimen.
For trials in which not all participants had pre-existing
cerebrovascular disease, only the subgroup of patients
with known cerebrovascular disease was included in
the meta-analysis.

Exclusion Criteria

Studies were excluded if the achieved BP in the inter-
vention group was not lower than in the control group
or if they did not include participants >80 years.

Search Strategy

We developed a search strategy using MEDLINE
(January 1970-September 2020). We utilized the fol-
lowing terms: (exp Stroke or stroke*.tw) AND (Blood
pressure/ or exp Hypertension/ or (blood pressure or
hypertension).tw) AND (exp aged/ or “aged, 80 and
over”/ or elderly.tw), limited to randomized controlled
trials as per the Cochrane Handbook.

Outcomes

The primary outcomes were the following: fatal and
nonfatal stroke, hypotensive symptoms, falls, syncope,
and serious adverse events. Secondary outcomes in-
cluded the following: electrolyte abnormalities, acute
kidney injury, study withdrawal, hospitalization for heart
failure, fatal and nonfatal myocardial infarction, and all-
cause death. The definitions of outcomes sometimes
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differed between studies and these are listed in full in
Table S1.

If the outcomes of interest were not reported in the
published data, study investigators were contacted
to provide summary data relevant to the aims. Three
attempts were made to establish contact and obtain
data, and those who confirmed availability of data were
sent a standardized template to provide meta-data.

Statistical Analysis
Published and unpublished summary data provided
by study authors were pooled and the findings of indi-
vidual studies were integrated via meta-analysis, using
the DerSimonian and Laird procedure. Random effects
models were fit to allow for heterogeneity in underly-
ing risk between trials. Meta-analyses were performed
using Revman software (Version 5). Heterogeneity was
further evaluated using the I? statistic. Pooled risk ra-
tios were generated with 95% Cls and a=0.05 was
used to define statistical significance. To assess risk of
bias, participating study characteristics (including date
conducted, sample size, mean follow-up duration, and
primary outcome) were compared with nonparticipat-
ing studies. We also investigated risk of publication
bias via a funnel plot. Risk of bias because of missing
outcome data was assessed as low risk because in all
cases, where outcomes were collected within a trial,
data were provided for all randomized participants.
The second and third authors independently com-
pleted the Revised Cochrane risk-of-bias tool for ran-
domized trials (RoB 2) template for each included
trial.?® Meta-regression was performed to explore the
possibility that the extent of BP lowering within trials,
as well as within age groups, was associated with the
risk of stroke and/or relevant BP-related adverse ef-
fects. The results of these meta-regressions were used
to guide analyses of interactions between age groups
(<80, >80 years) and extent of BP lowering as required.
Meta-regression was performed using the metareg
procedure in Stata (version 16.0, StataCorp, College
Station, TX). We performed a leave-one-out sensitivity
analysis by repeating analysis for the stroke/nonfatal
stroke outcome, each time leaving out 1 of the 4 larg-
est included studies (for this outcome), to determine
the extent to which results depend on the inclusion of
these large studies.

RESULTS

The search yielded 3533 results, including 2914 non-
duplicate citations to be screened using the inclu-
sion and exclusion criteria. Of these, 2892 articles
were excluded, leaving 22 articles for full text review
from which 5 articles were subsequently excluded.
Reasons for exclusion at this stage were if studies
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did not include participants >80 years or those with
previous stroke. Of the 17 trial authors who were ap-
proached for data, 7 responded and were able to pro-
vide data. Of the 7 trials, 4 were conducted only in
people with prior cerebrovascular disease: Dutch-TIA
(Dutch Transient Ischaemic Attack trial),>’ PROGRESS
(Perindopril Progress Against Recurrent Stroke trial),??
PROFESS (Prevention Regimen for Effectively avoid-
ing Secondary Stroke trial),?®> and SPS3 (Secondary
Prevention of Small Subcortical Strokes trial).?* The
remaining 3 trials did not exclusively comprise par-
ticipants with known cerebrovascular disease but had
subgroup data available for people with cerebrovascu-
lar disease: ONTARGET (ONgoing Telmisartan Alone
and in combination with Ramipril Global Endpoint
Trial),?® TRANSCEND (Telmisartan Randomized
Assessment Study of ACE Intolerant Subjects with
Cardiovascular Disease trial),?® and ADVANCE (Action
in Diabetes and Vascular Disease: Preterax and
Diamicron MR Controlled Evaluation trial)?” (Figure S1).
Comparison between the participating trials and the
trials for which we received no response (nonpartici-
pating) are shown in Table.'”?8-36 Some of the trials had
not collected data pertaining to all the outcomes of in-
terest. Table S1 shows available data for the outcomes
of interest, and outcomes not measured. The defini-
tion of the outcomes varied between trials; outcome
definitions and trial characteristics can also be found
in Table S1.

Our analysis using the Revised Cochrane risk-
of-bias tool for randomized trials (RoB 2) indicated
that there was a low risk of bias across these trials.
However, SPS3 was open-label because of the use of
BP targets and was the only trial that was not double
blinded.

Sample Characteristics

We received sample characteristic data in age sub-
groups (<80 years, >80 years) from all 7 trial inves-
tigators (Tables S2 and S3). Summary data were
made available on a total of 38 596 participants,
of whom 2336 were aged >80 years. The mean
achieved BP difference between intervention and
control groups across all trials was 5.6 mm Hg sys-
tolic and 2.8 mm Hg diastolic (BP data at the end
of follow-up was not available for DUTCH-TIA). The
extent of BP reduction across trials ranged from 2.4
to 12 mm Hg systolic and 0.8 to 5 mm Hg dias-
tolic. The lowest degree of BP lowering was seen
in ADVANCE (2.4 mm Hg systolic and 0.8 mm Hg
diastolic at study follow-up) and the highest was in
PROGRESS (9 mm Hg systolic and 4 mm Hg di-
astolic at study follow-up, Tables S4 and S5). The
mean average duration of follow-up was 3.8 years
(range, 2.5-4.7 years) across the trials. These data,
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in addition to hazard ratios for each study and the
type of intervention, are shown in Table.

Fatal and Nonfatal Stroke

For the whole sample (including participants of all
ages) there was a statistically significant risk reduction
for fatal and nonfatal stroke in the intervention group
compared with controls (risk ratio [RR], 0.90 [95%
Cl, 0.80, 0.98], I°=49%). In the age-based subgroup
analysis (Figure 1),%" there was a statistically significant
11% risk reduction for stroke in the intervention group
compared with controls among those aged <80 years
(RR, 0.89 [95% CI, 0.80, 0.98], °’=41%), and a 9% re-
duction for the intervention group among those aged
>80 years, which did not reach statistical significance
(RR, 0.91 [95% ClI, 0.73, 1.14], ’=0%).

Hypotensive Symptoms

For the whole sample, there was a 27% increased risk
of hypotensive symptoms in the intervention group
(RR, 1.27 [95% ClI, 1.07, 1.52], 1’=0%). For the age-
based subgroup analysis, there was no increase in this
risk among those aged <80 years (RR, 1.19 [95% ClI,
0.99, 1.44], 1°=0%), but a more than 2-fold increase in
risk in the intervention group (RR, 2.17 [95% CI, 1.22,
3.86], 1°’=0%) among those aged >80 years (Figure 2).

Blood Pressure Lowering in the Very Elderly

Falls, Serious Adverse Events, and Study
Withdrawal

There was no increase in the risk of falls (RR, 0.93
[95% Cl, 0.74, 1.16], 1°=16%) (Figure 3), serious adverse
events (RR, 1.03 [95% Cl, 0.96, 1.10], I°’=72%), or study
withdrawal (RR, 1.03 [95% ClI, 0.94, 1.13], 1°=75%), in
the intervention group in the whole sample, with similar
findings in both age subgroups.

Syncope

There was a 29% increased risk of syncope in the in-
tervention group in the whole sample that was statisti-
cally significant (RR, 1.29 [95% ClI, 1.02, 1.63], [’=0%)
(Figure 4). There was a 29% higher risk of syncope in
those <80 years (RR, 1.29 [95% ClI, 1.00, 1.65]), but no
significant effect of the intervention in those >80 years
(RR, 117 [95% ClI, 0.49, 2.81]).

Electrolyte Abnormalities, Renal
Impairment

There was a 78% increased risk of electrolyte abnor-
malities (RR, 1.78 [95% ClI, 1.00, 3.17], I°=0%) in the
whole sample, but no difference in renal impairment
(RR, 1.04 [95% ClI, 0.72, 1.49], °>=60%) in the interven-
tion group compared with controls. However, only 2 tri-
als provided data for these outcomes. No differences

<80 Intervention Control

Events Total Events Total Risk ratio, 95%CI

Risk Ratio
M-H, Random, 95% CI

Study

DUTCHTIA™ 48 702 57 707 0.85(0.59,1.23)

0.74 {0.64, 0.85)
1.05{0.71, 1.54)
0.99(0.72,1.35)

0.94 (0.86, 1.03)
0.96 (0.80, 1.15)

PROGRESS”” 288 2935 391 2935
TRANSCEND? 48 599 47 615
ADVANCE” 65 488 69 512

PROFESS” 800 9447 853 9471
ONTARGET* 156 1665 328 3370

Sps3 117 1389 142 1425  0.85(0.67,1.07)
Total 1522 17225 1887 19035 0.89 (0.80, 0.98)
280 Intervention Control

Study Events Total Events Total Risk ratio, 95%CI
DUTCHTIA" 4 30 5 34 0.91(0.27, 3.07)

PROGRESS™ 19 16 29 119 0.67(0.40, 1.13)

TRANSCEND™ 4 43 7 39 0.45 (0.14, 1.44)

ADVANCE? 2 14 0 8 3.0(0.16, 55.72)

PROFESS” 80 699 81 715 1.01(0.76, 1.35)

ONTARGET® 12 114 16 193 1.27(0.62, 2.59)

Sps3™ 8 112 10 94 0.67{0.28, 1.63)

Total 129 1134 148 1202 0.91(0.73,1.14)

R =41%p = 0.02

i = 0% p = 0.40 q

i
I

0.1

Figure 1. Comparison of intervention and control for stroke outcome in age subgroups.

M-H indicates Mantel-Haenszel.
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Risk Ratio
<80 Intervention Control M-H, Random, 95% CI
Study Events Total Events Total Risk ratio, 95%CI
PROGRESS ™ 61 2935 58 2935  1.05(0.74, 1.50) -
TRANSCEND 4 599 4 615  1.03(0.26, 4.09) M| B
ONTARGET”* 42 1665 59 3370  1.44(0.97,2.13) .
ADVANCE” 4 488 0 512 9.44(0.51,174.91) . »
PROFESS® 82 9447 75 9471  1.10(0.80, 1.50)
sps3 24 1389 17 1425  1.45(0.78, 2.68) %
Total 217 16523 213 18328 1.19(0.99, 1.44) 12=0%p =0.07
280 Intervention Control
Study Events Total Events Total Risk ratio, 95%CI
PROGRESS ™~ 6 16 3 119 2.05(0.53,8.01) —
ONTARGET* 8 114 6 193 2.26(0.80, 6.34) e e
PROFESS ™ 16 699 6 715 2.73(1.07,6.93) e
ADVANCE” 1 14 0 8 1.80 (0.08, 39.64) .
TRANSCEND** 0 49 1 39 0.27 (0.01, 6.37) -
spsa 2 112 1 94 1.68 (0.15, 18.22) -
Total 3 1106 17 1168 2.17(1.22,3.86) ?=0%p =0.009 R
L il
0.1 1 10

Figure 2. Comparison of intervention and control for hypotensive symptoms outcome in age subgroups.

M-H indicates Mantel-Haenszel.

were observed in the risk of these outcomes in either
age subgroup.

All-Cause Death, Hospitalization for Heart
Failure, Fatal and Nonfatal Myocardial
Infarction

There was no increase in the risk of all-cause death
(RR, 1.03 [95% ClI, 0.96, 1.09], I°=0%), hospitalization
for heart failure (RR, 0.97 [95% Cl, 0.85, 1.11], ’=0%), or
fatal and nonfatal myocardial infarction (RR, 0.93 [95%
Cl, 0.79, 1.10], °>=43%) in the intervention group in the
whole sample. No differences were observed between
intervention and control groups in the age subgroups.

Outcomes

For the outcomes above for which forest plots are not
included in this article, respective forest plots can be
found in Figures S2 through S19. Funnel plot for as-
sessing publication bias for the outcome of fatal and
nonfatal stroke is additionally displayed in Figure 5.

Meta-Regression of Extent of BP
Lowering, Age, and Relevant Outcomes

In analysis of study-level data reported for all ages,
every mm Hg of BP lowering in a trial was associated
with, on average, a statistically significant 4% reduction

J Am Heart Assoc. 2021;10:e022240. DOI: 10.1161/JAHA.121.022240

in the risk of fatal and nonfatal stroke in the intervention
arm of that trial, compared with control (3=0.96 [95%
Cl, 0.94, 0.99]). This holds for the data reported for
the younger subgroup (3=0.97 [95% ClI, 0.93, 0.99]),
but the estimated reduction for the older subgroup of
~7% was not statistically significant (3=0.93 [95% ClI,
0.84, 1.04]). Overall, at the study level, additional units
of BP lowering were not associated with a statistically
significant change in the risk of hypotensive symptoms
(B=0.97 [95% ClI, 0.91, 1.03]), and this result was con-
sistent across younger (f=0.98 [95% Cl, 0.91, 1.08])
and older subgroups (3=0.96 [95% Cl, 0.78, 1.18)).
Compared with those aged >80 years, being aged
<80 was not associated with a greater reduction in risk
of fatal and nonfatal stroke (3=0.99 [95% ClI, 0.7, 1.38]).
Being aged <80 years was associated with, on average,
a 47% reduction in risk (3=0.53 [95% CI, 0.26, 1.09))
of hypotensive symptoms. To better understand this
finding, we evaluated the presence of an interaction be-
tween extent of BP lowering and age (<80 years com-
pared with >80 years) for the outcome of hypotensive
symptoms, but did not detect a statistically significant
interaction (3 for interaction, 1.02 [95% Cl, 0.85, 1.23)).

Sensitivity Analysis
The sensitivity analysis for the stroke/nonfatal stroke
outcome showed that omitting 1 of the 4 larger studies
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<80 Intervention Control

Study Events Total Events Total Riskratio, 95%Cl
PROGRESS™ 38 2935 39 2935  0.97(0.63,1.52)
PROFESS” 64 9447 84 9471  0.76 (0.55, 1.06)
TRANSCEND®® 11 599 9 615 1.25(0.52, 3.01)
ONTARGET” 31 1665 S8 3370  1.08(0.70, 1.67)
SPS3 3 1389 0 1425  7.18(0.37,138.9)
Total 147 16035 190 17816 0.93(0.74, 1.16)
280 Intervention Control

Study Events Total Events Total Risk ratio, 95%CI
PROGRESS” 8 116 S 119 1.64 (0.55,4.87)
PROFESS” 19 699 27 715 0.72 (0.40, 1.28)
ONTARGET* 6 114 13 193 0.78(0.31,2)
TRANSCEND? 7 49 8 39 0.7 (0.28, 1.75)
sps3* 0 112 0 9 N/A

Total 40 1090 53 1160  0.81{0.54,1.22)

Risk Ratio
M-H, Random, 95% CI
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Figure 3. Comparison of intervention and control for falls outcome in age subgroups.

M-H indicates Mantel-Haenszel.

for this outcome (PROFESS, PROGRESS, ONTARGET,
SPS3) resulted in RR estimates between 0.87 (95% Cl,
0.76, 0.98) and 0.94 (95% CI, 0.88, 1.01) compared
with 0.89 (95% CI, 0.80, 0.98) with all studies included
(Figures S20 through S23).

DISCUSSION

In this aggregate data meta-analysis, we confirmed
that BP reduction for secondary stroke prevention
was associated with a reduction in stroke risk in peo-
ple <80 years of age. In the very elderly (>80 years),
the magnitude of risk reduction was similar but did not
reach statistical significance. Those >80 years also ex-
perienced greater risk of hypotensive symptoms but
without demonstrable increase in risk of falls or syn-
cope. Observed risk of other BP-related adverse out-
comes was not increased in the whole sample, or in
either age subgroup.

The relatively small magnitude of BP lowering (=11%)
across the included trials (mean systolic BP reductionin
intervention compared with control group=5.6 mm Hg)
may explain the magnitude of observed risk reduction
in stroke. Notably, PROGRESS had the greatest de-
gree of BP lowering across the trials and also had the
greatest reduction in stroke risk, compared with others
(PROFESS, ONTARGET) reporting only modest BP
reduction. The recently published primary prevention
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SPRINT trial confirmed that the extent of BP lowering
is important in stroke risk reduction,™ a conclusion also
supported by our meta-regression. However, it should
be noted that the statistical importance of our meta-
regression is limited given the small number of trials.
There was also substantial heterogeneity (1°=49%) in
the whole group analysis for the stroke outcome, com-
pared with other outcomes. This may be because of
the heterogeneity in the extent of BP lowering between
trials as described above. However, our results were
robust to sensitivity analysis, indicating that a single
trial did not overly influence point estimates.

In our study, hypotensive symptoms were increased
2-fold in the intervention arm in those aged >80 years.
Although meta-regression did not suggest that age in-
teracts with the extent of BP lowering to modify risk of
hypotensive symptoms, this analysis was limited by the
small number of included studies, and thus is not de-
finitive. Moreover, we found no increased risk of study
withdrawal or serious adverse events related to BP
lowering in the older subgroup. In a subgroup analysis
of the SPS3 study, there was a higher rate of unsteadi-
ness when standing in the older subgroup (=75 years)
undergoing BP lowering, but the risk of other adverse
events such as fall with injury and orthostatic syncope
was not increased.'® In the SPRINT trial, intensive BP
lowering did not result in an increased rate of seri-
ous adverse events, injurious falls, or hypotension in
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<80 Intervention Control
Study Events Total Events Total Risk ratio,

95%CI
TRANSCEND™ 4 599 4 615 1.03 (0.26, 4.09)
PROFESS” 63 9447 52 9471  1.21(0.84,1.75)
ONTARGET>® 43 1665 67 3370 1.30(0.89, 1.90)
SP§32¢ 12 1389 6 1425  2.05(0.77,5.45)
Total 122 13100 129 14881
280 Intervention Control
Study Events Total Events Total Risk ratio,

95%CI

PROFESS” 8 699 4 715 2.05 (0.62, 6.76)
TRANSCEND™ 3 49 0 39 5.6 (0.3, 105.28)
ONTARGET* § 114 12 193 0.71(0.26, 1.95)
SPs3* 0 112 1 94 0.28 (0.01, 6.80)
Total 16 974 17 1041 1.17(0.49, 2.81)

Risk Ratio
M-H, Random, 95% CI

1.29(1.00,1.65) P =0%p =0.05
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Figure 4. Comparison of intervention and control for syncope outcome in age subgroups.

M-H indicates Mantel-Haenszel.
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Figure 5. Funnel plot of comparison, fatal and nonfatal
stroke.
RR indicates risk ratio.

people aged >75 years.'*3" Although these results did
not differ when adjusted for frailty scoring, the overall
degree of frailty in this group was low,® raising ques-
tions regarding the generalizability of these results to
very elderly people with previous stroke who may have
greater degrees of frailty.

A previous meta-analysis of trials of BP lowering for
primary prevention showed that while BP lowering was
associated with a reduction in cardiovascular events
(stroke, coronary heart disease, heart failure, and car-
diovascular death), a greater degree of BP reduction
was associated with greater odds of discontinua-
tion.%? The odds of discontinuation were greater when
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achieved systolic BP was <130 mm Hg.®° The fact that
the mean extent of BP reduction in our study was small
may explain why we did not observe an elevated risk
of withdrawal in the intervention group in our analysis.

Although these studies collectively provide some
evidence to suggest that modest BP lowering in the
very elderly with previous stroke may be safe, it must
be noted that participants in these clinical trials were
generally healthier and more able than frail older peo-
ple with issues of chronic multimorbidity and polyphar-
macy who are more commonly encountered in clinical
practice.*® Furthermore, in our study, the number of
falls and syncope were low in the elderly subgroup,
likely because of the comparatively smaller size of
this subgroup and limited power to examine these
outcomes. Further randomized controlled trials that
examine BP reduction in such frail older adults are re-
quired to resolve this uncertainty.

Strengths and Limitations

A strength of this study is that it comprises a pooled
sample of very elderly participants with previous stroke
from double-blind randomized controlled trials, with the
advantage of minimizing confounding bias. However,
there are some limitations. Firstly, as discussed, these
studies were not designed to specifically investigate
the effect of advanced age on the treatment effect or
side effect profile of BP reduction for secondary stroke
prevention. Secondly, the overall pooled sample in the
very elderly subgroup was comparatively small, limiting
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our ability to detect differences in the outcomes of in-
terest. Additionally, the adverse events related to BP
reduction such as syncope, hypotensive symptoms,
falls, and electrolyte abnormalities were not necessarily
strictly defined or consistent between trials, and many
were defined by physician opinion, perhaps resulting in
unmeasured bias because of variation in clinical prac-
tice. Furthermore, although achieved BP was lower in
the active group compared with the control group in
all trials, some trials were designed to examine effects
of particular agents or combination of agents on car-
diovascular risk, rather than examining the effects of
BP lowering. Although the funnel plot of included tri-
als was suggestive of low publication bias, only 7/17
(41%) of eligible trials could be included, and as such
selection bias cannot be excluded. Included trials also
differed from those not included in some ways such as
mean age and extent of BP reduction. Such trials were
typically older, with authors unable to be contacted
(or, when contacted unable to retrieve data). Inclusion
of these trials may have allowed us to form stronger
conclusions.

Finally, we used a cutoff age of 80 years as a proxy
for frailty and multimorbidity. However, there may be
substantial differences in the degree of frailty between
individuals of the same age. Although the studies in
our meta-analysis collectively provide some evidence
to suggest that modest BP lowering in the very elderly
with previous stroke may be safe, it must be noted that
participants in these trials, by virtue of exclusion cri-
teria, would have been generally healthier and more
able than frail older people with issues of chronic mul-
timorbidity and polypharmacy.®" Further randomized
controlled trials that examine BP reduction in such frail
older adults may be required to resolve this uncertainty.

CONCLUSIONS

In conclusion, very elderly people receiving BP low-
ering therapy in trials of secondary stroke prevention
have an increased risk of hypotensive symptoms.
There is insufficient power from this aggregate data
meta-analysis to definitively conclude benefit in this
elderly age group from BP lowering for secondary
stroke prevention, or risk of major adverse events such
as falls, syncope, or death. Evidence is lacking specifi-
cally for frail older people with multiple comorbidities
that may render them more vulnerable to the effects of
BP lowering.

APPENDIX

BP-VEPS (Blood Pressurein the Very Elderly with Previous
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Christopher C. Karayiannis, Taya A. Collyer, Hisatomi

J Am Heart Assoc. 2021;10:e022240. DOI: 10.1161/JAHA.121.022240

Blood Pressure Lowering in the Very Elderly

Arima, Leslie A. McClure, John Chalmers, Craig S.
Anderson, Oscar R. Benavente, Carole L. White, Ale
Algra, Chris Moran, Thanh G. Phan, Wei C. Wang, and
Velandai Srikanth.

Acknowledgments
The authors acknowledge Boehringher Ingelheim for providing unpublished
data from the TRANSCEND, ON-TARGET, and PROFESS trials.

Sources of Funding

This work was supported by the NHMRC (National Health and Medical
Research Council) Practitioner Fellowship APP1137837.

ARTICLE INFORMATION
Received August 3, 2021; accepted November 15, 2021.

Affiliations

Department of Medicine, Peninsula Health, Melbourne, Australia (D.T., C.C.K.,
C.M., W.CW,, V.S); ; Peninsula Clinical School, Central Clinical School,
Faculty of Medicine, Nursing and Health Sciences, Monash University,
Melbourne, Australia (D.T., C.C.K., TA.C., CM., W.C.W., V.S)); ; Stroke Unit,
Department of Neurosciences, Monash Health, Melbourne, Australia (T.G.P.,
V.S); ; Stroke and Ageing Research Group, Medicine, School of Clinical
Sciences, Monash Medical Centre, Monash University, Melbourne, Australia
(DT, C.CK, T.G.P, V.S.); ; Faculty of Medicine, The George Institute for
Global Health, University of New South Wales, Camperdown, New South
Wales, Australia (H.A., J.C., C.S.A); ; Department of Preventive Medicine
and Public Health, Faculty of Medicine, Fukuoka University, Fukuoka, Japan
(H.A.); ; Department of Epidemiology and Biostatistics, Dornsife School
of Public Health, Drexel University, Philadelphia, PA (L.A.M.); ; Division of
Neurology, Department of Medicine, Brain Research Center, University of
British Columbia, Vancouver, British Columbia, Canada (O.R.B.); ; School
of Nursing, University of Texas Health Science Center at San Antonio, TX
(C.L.W.); ; Department of Neurology and Neurosurgery, UMC Utrecht Brain
Center, and Julius Center for Health Sciences and Primary Care, University
Medical Center Utrecht and Utrecht University, Utrecht, The Netherlands
(A.A.); ; Department of Aged Care, The Alfred, Melbourne, Australia (C.M.);
and Geriatric Medicine Unit, Peninsula Health, Melbourne, Australia (C.M.,
V.S.).

Disclosures
None.

Supplementary Material
Tables S1-S5
Figures S1-S23

REFERENCES

1. Lawes CM, Bennett DA, Feigin VL, Rodgers A. Blood pressure and
stroke: an overview of published reviews. Stroke. 2004;35:1024. doi:
10.1161/01.STR.0000126208.14181.DD

2. Chowdhury EK, Owen A, Krum H, Wing LM, Ryan P, Nelson MR, Reid
CM; Second Australian National Blood Pressure Study Management C.
Barriers to achieving blood pressure treatment targets in elderly hyper-
tensive individuals. J Hum Hypertens. 2013;27:545-551. doi: 10.1038/
jhh.2013.11

3. Hanlon JT, Schmader KE, Ruby CM, Weinberger M. Suboptimal
prescribing in older inpatients and outpatients. J Am Geriatr Soc.
2001;49:200-209. doi: 10.1046/.15632-5415.2001.49042.x

4. Borzecki AM, Glickman ME, Kader B, Berlowitz DR. The effect of age on
hypertension control and management. Am J Hypertens. 2006;19:520—
527. doi: 10.1016/j.amjhyper.2005.10.022

5. Reboussin DM, Allen NB, Griswold ME, Guallar E, Hong Y, Lackland DT,
Miller EP 1ll, Polonsky T, Thompson-Paul AM, Vupputuri S. Systematic
review for the 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/
ASPC/NMA/PCNA guideline for the prevention, detection, evaluation,
and management of high blood pressure in adults: a report of the
American College of Cardiology/American Heart Association Task Force


https://doi.org/10.1161/01.STR.0000126208.14181.DD
https://doi.org/10.1038/jhh.2013.11
https://doi.org/10.1038/jhh.2013.11
https://doi.org/10.1046/j.1532-5415.2001.49042.x
https://doi.org/10.1016/j.amjhyper.2005.10.022

Tharmaratnam et al

20.

21.

22.

J Am Heart Assoc. 2021;10:e022240. DOI: 10.1161/JAHA.121.022240

on Clinical Practice Guidelines. Hypertension. 2018;71:e116—e135. doi:
10.1161/HYP.0000000000000067

Mancia G, Fagard R, Narkiewicz K, Redon J, Zanchetti A, Bohm M,
Christiaens T, Cifkova R, De Backer G, Dominiczak A, et al. 2013 ESH/
ESC guidelines for the management of arterial hypertension: the Task
Force for the management of arterial hypertension of the European
Society of Hypertension (ESH) and of the European Society of
Cardiology (ESC). Eur Heart J. 2013;34:2159-2219. doi: 10.1093/eurhe
artj/eht151

National Institute of Health and Care Excellence (NICE). Hypertension in
adults: diagnosis and management. Available at: https://www.nice.org.
uk/guidance/ng136. Accessed June 2, 2020.

Kim J, Gall SL, Nelson MR, Sharman JE, Thrift AG. Lower systolic blood
pressure is associated with poorer survival in long-term survivors of
stroke. J Hypertens. 2014;32:904-911. doi: 10.1097/HJH.0000000000
000098

Lin MP, Ovbiagele B, Markovic D, Towfighi A. Systolic blood pressure
and mortality after stroke: too low, no go? Stroke. 2015;46:1307-1313.
doi: 10.1161/STROKEAHA.115.008821

Lloyd-Jones DM, Evans JC, Levy D. Hypertension in adults across the
age spectrum: current outcomes and control in the community. JAMA.
2005;294:466-472. doi: 10.1001/jama.294.4.466

Klein D, Nagel G, Kleiner A, Ulimer H, Rehberger B, Concin H, Rapp
K. Blood pressure and falls in community-dwelling people aged 60
years and older in the VHM&PP cohort. BMC Geriatr. 2013;13:50. doi:
10.1186/1471-2318-13-50

Bromfield SG, Bowling CB, Tanner RM, Peralta CA, Odden MC, Oparil
S, Muntner P. Trends in hypertension prevalence, awareness, treat-
ment, and control among US adults 80 years and older, 1988-2010.
J Clin Hypertens (Greenwich). 2014;16:270-276. doi: 10.1111/jch.12281
Afilalo J, Karunananthan S, Eisenberg MJ, Alexander KP, Bergman H.
Role of frailty in patients with cardiovascular disease. Am J Cardiol.
2009;103:1616-1621. doi: 10.1016/j.amjcard.2009.01.375

Williamson JD, Supiano MA, Applegate WB, Berlowitz DR, Campbell
RC, Chertow GM, Fine LJ, Haley WE, Hawfield AT, Ix JH, et al. Intensive
vs standard blood pressure control and cardiovascular disease out-
comes in adults aged >75 years: a randomized clinical trial. JAMA.
2016;315:2673-2682. doi: 10.1001/jama.2016.7050

Rodgers A, Chapman N, Woodward M, Liu LS, Colman S, Lee A,
Chalmers J, MacMahon S; Perindopril Protection against Recurrent
Stroke Study Collaborative G. Perindopril-based blood pressure
lowering in individuals with cerebrovascular disease: consistency of
benefits by age, sex and region. J Hypertens. 2004;22:653-659. doi:
10.1097/00004872-200403000-00030

White CL, Szychowski JM, Pergola PE, Field TS, Talbert R, Lau H, Peri
K, Benavente OR; Secondary Prevention of Small Subcortical Strokes
Study I. Can blood pressure be lowered safely in older adults with la-
cunar stroke? The secondary prevention of small subcortical strokes
study experience. J Am Geriatr Soc. 2015;63:722-729. doi: 10.1111/
jgs.13349

Beckett NS, Peters R, Fletcher AE, Staessen JA, Liu L, Dumitrascu D,
Stoyanovsky V, Antikainen RL, Nikitin Y, Anderson C, et al. Treatment
of hypertension in patients 80 years of age or older. N Engl J Med.
2008;358:1887-1898. doi: 10.1056/NEJM0a0801369

Collard RM, Boter H, Schoevers RA, Oude Voshaar RC. Prevalence of
frailty in community-dwelling older persons: a systematic review. J Am
Geriatr Soc. 2012;60:1487-1492. doi: 10.1111/j.15632-5415.2012.04054.x
Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M,
Shekelle P, Stewart LA; Group P-P. Preferred reporting items for sys-
tematic review and meta-analysis protocols (PRISMA-P) 2015 state-
ment. Syst Rev. 2015;4:1. doi: 10.1186/2046-4053-4-1

Sterne JAC, Savovi¢ J, Page MJ, Elbers RG, Blencowe NS, Boutron
|, Cates CJ, Cheng H-Y, Corbett MS, Eldridge SM, et al. RoB 2: a
revised tool for assessing risk of bias in randomised trials. BMJ.
2019;366:14898. doi: 10.1136/bm].14898

The Dutch TIA Trial Study Group. Trial of secondary prevention with
atenolol after transient ischemic attack or nondisabling ischemic stroke.
Stroke. 1993;24:543-548.

PROGRESS Collaborative Group. Randomised trial of a perindopril-
based blood-pressure lowering regiment among 6105 individ-
uals with previous stroke or transient ischaemic attack. Lancet.
2001;358:1033-1041.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Blood Pressure Lowering in the Very Elderly

Yusuf S, Diener H-C, Sacco RL, Cotton D, Ounpuu S, Lawton WA,
Palesch Y, Martin RH, Albers GW, Bath P, et al. Telmisartan to pre-
vent recurrent stroke and cardiovascular events. N Engl J Med.
2008;359:1225-1237. doi: 10.1056/NEJM0a0804593

The SPS3 Study Group. Blood-pressure targets in patients with recent
lacunar stroke: the SPS3 randomised trial. Lancet. 2013;382:506-506.
doi: 10.1016/S0140-6736(13)60852-1

Yusuf S, Teo KK, Pogue J, Dyal L, Copland I, Schumacher H, Dagenais
G, Sleight P, Anderson C. Telmisartan, ramipril, or both in patients at
high risk for vascular events. N Engl J Med. 2008;358:1547-1559. doi:
10.1056/NEJM0a0801317

Telmisartan Randomised Assessment Study in ACE Intolerant Subjects
with Cardiovascular Disease Investigators. Effects of the angiotensin-
receptor blocker telmisartan on cardiovascular events in high-risk
patients intolerant to angiotensin-converting enzyme inhibitors: a ran-
domised controlled trial. Lancet. 2008;372:1174-1183. doi: 10.1016/
S0140-6736(08)61242-8

Patel A; ADVANCE Collaborative Group. Effects of a fixed combination
of perindopril and indapamide on macrovascular and microvascular
outcomes in patients with type 2 diabetes mellitus (the ADVANCE trial):
a randomised controlled trial. Lancet. 2007;370:829-840. doi: 10.1016/
S0140-6736(07)61303-8

Hypertension-Stroke Cooperative Study Group. Effect of antinyperten-
sive treatment on stroke recurrence. JAMA. 1974,229:409-418.

Dahlof B, Lindholm LH, Hansson L, Schersten B, Ekbom T, Wester
PO. Morbidity and mortality in the Swedish Trial in Old Patients with
Hypertension (STOP-Hypertension). Lancet. 1991;338:1281-1285. doi:
10.1016/0140-6736(91)92589-T

SHEP Cooperative Research Group. Prevention of stroke by antinyper-
tensive drug treatment in older persons with isolated systolic hyperten-
sion. Final results of the systolic hypertension in the elderly program
(SHEP). JAMA. 1991;265:3255-3264.

Liu L, Wang Z, Gong L, Zhang Y, Thijs L, Staessen JA, Wang J.
Blood pressure reduction for the secondary prevention of stroke: a
Chinese trial and a systematic review of the literature. Hypertens Res.
2009;32:1032-1040. doi: 10.1038/hr.2009.139

Eriksson S, Olofsson BO, Wester PO. Atenolol in secondary prevention
after stroke. Cerebrovasc Dis. 1995;5:21-25. doi: 10.1159/000107813
Bosch J, Yusuf S, Pogue J, Sleight P, Lonn E, Rangoonwala B, Davies
R, Ostergren J, Probstfield J. Use of ramipril in preventing stroke:
double blind randomised trial. BMJ. 2002;324:699-702. doi: 10.1136/
bmj.324.7339.699

Lithell H, Hansson L, Skoog |, Elmfeldt D, Hofman A, Olofsson B,
Trenkwalder P, Zanchetti A; Group SS. The Study on Cognition and
Prognosis in the Elderly (SCOPE): principal results of a randomized
double-blind intervention trial. J Hypertens. 2003;21:875-886. doi:
10.1097/00004872-200305000-00011

Jatos Study Group. Principal results of the Japanese trial to assess op-
timal systolic blood pressure in elderly hypertensive patients (JATOS).
Hypertens Res. 2008;31:2115-2127. doi: 10.1291/hypres.31.2115
Ogihara T, Saruta T, Rakugi H, Matsuoka H, Shimamoto K, Shimada K,
Imai 'Y, Kikuchi K, Ito S, Eto T, et al. Target blood pressure for treatment
of isolated systolic hypertension in the elderly: valsartan in elderly iso-
lated systolic hypertension study. Hypertension. 2010;56:196-202. doi:
10.1161/HYPERTENSIONAHA.109.146035

Karayiannis C, Phan TG, Srikanth V. Intensive vs standard blood pres-
sure control for older adults. JAMA. 2016;316:1920-1921. doi: 10.1001/
jama.2016.14912

Russo G, Liguoril, Aran L, Bulli G, Curcio F, Galizia G, Gargiulo G, Testa
G, Ungar A, Cacciatore F, et al. Impact of sprint results on hypertension
guidelines: implications for “frail” elderly patients. J Hum Hypertens.
2018;32:633-638. doi: 10.1038/s41371-018-0086-6

Thomopoulos C, Parati G, Zanchetti A. Effects of blood pressure low-
ering treatment in hypertension: 8. Outcome reductions vs. discontinu-
ations because of adverse drug events—meta-analyses of randomized
trials. J Hypertens. 2016;34:1451-1463. doi: 10.1097/HJH.0000000000
000972

Van Spall HG, Toren A, Kiss A, Fowler RA. Eligibility criteria of random-
ized controlled trials published in high-impact general medical jour-
nals: a systematic sampling review. JAMA. 2007;297:1233-1240. doi:
10.1001/jama.297.11.1233

10


https://doi.org/10.1161/HYP.0000000000000067
https://doi.org/10.1093/eurheartj/eht151
https://doi.org/10.1093/eurheartj/eht151
https://www.nice.org.uk/guidance/ng136
https://www.nice.org.uk/guidance/ng136
https://doi.org/10.1097/HJH.0000000000000098
https://doi.org/10.1097/HJH.0000000000000098
https://doi.org/10.1161/STROKEAHA.115.008821
https://doi.org/10.1001/jama.294.4.466
https://doi.org/10.1186/1471-2318-13-50
https://doi.org/10.1111/jch.12281
https://doi.org/10.1016/j.amjcard.2009.01.375
https://doi.org/10.1001/jama.2016.7050
https://doi.org/10.1097/00004872-200403000-00030
https://doi.org/10.1111/jgs.13349
https://doi.org/10.1111/jgs.13349
https://doi.org/10.1056/NEJMoa0801369
https://doi.org/10.1111/j.1532-5415.2012.04054.x
https://doi.org/10.1186/2046-4053-4-1
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1056/NEJMoa0804593
https://doi.org/10.1016/S0140-6736(13)60852-1
https://doi.org/10.1056/NEJMoa0801317
https://doi.org/10.1016/S0140-6736(08)61242-8
https://doi.org/10.1016/S0140-6736(08)61242-8
https://doi.org/10.1016/S0140-6736(07)61303-8
https://doi.org/10.1016/S0140-6736(07)61303-8
https://doi.org/10.1016/0140-6736(91)92589-T
https://doi.org/10.1038/hr.2009.139
https://doi.org/10.1159/000107813
https://doi.org/10.1136/bmj.324.7339.699
https://doi.org/10.1136/bmj.324.7339.699
https://doi.org/10.1097/00004872-200305000-00011
https://doi.org/10.1291/hypres.31.2115
https://doi.org/10.1161/HYPERTENSIONAHA.109.146035
https://doi.org/10.1001/jama.2016.14912
https://doi.org/10.1001/jama.2016.14912
https://doi.org/10.1038/s41371-018-0086-6
https://doi.org/10.1097/HJH.0000000000000972
https://doi.org/10.1097/HJH.0000000000000972
https://doi.org/10.1001/jama.297.11.1233

SUPPLEMENTAL MATERIAL



Table S1. Availability of Data and Definitions of Outcomes.

serious Adverse [Hypotensive Syncope  |[Falls Electrolyte Renal Study Fatal/Nen-fatal |Heart failure Fatal/Non-fatal M|
Events Symptoms (Abnormalities  |[Impairment |Withdrawal [Stroke
Dutch TIA |n/a n/a nfa n/a n/a n/a n/a Fatal: Death nfa Fatal: Death + non-
from stroke. fatal definition;
Non-fatal stroke: =20f: chest
relevant clinical [discomfort, cardiac
features + lenzyme levels more
imaging changes than twice the
+/- increase upper limit of
handicap of =1 normal, or the
grade on MRS [development of Q.
hwaves
PROGRESS |n/2 Dizziness or nfa Mo formal  JAny abnormality |New or INo formal  |Fatal or disabling|Hospitalization  |Non-fatal or fatal
hypotension definition  [of Sodium and/ |worsening  |definition stroke for heart failure  |MI
lor Potassium nephropathy
ADVANCE |n/a Dizziness or nfa n/a nfa MNew or No formal  |Non-fatal stroke |Hospitalization  |Non-fatal MI, death
hypotension fworsening  |definition for heart failure |due to Coronary
nephropathy disease
PROFESS Results in death, [No formal No Mo formal  |n/a n/a n/a Fatal or non- New or Fatal or non-fatal
life threatening, |definition; similar|definition |definition; fatal stroke; worsening heart |MI need supporting
persistent or to ONTARGET  |provided |dictionary ischemic or failure Electrocardiogram/
significant definition definition hemarrhagic or lenzymes
disability, suggested uncertain cause.
requires [Transient
hospitalisation ischemic attack
data collected
separately
ONTARGET |See PROFESS Dizziness, No Mo formal  |n/a nfa n/a Fatal or non- Hospitalization  [Fatal or non-fatal
definition exertional and  [predefined [definition; fatal stroke with [for heart failure  |MI, need
postural definition |dictionary supporting CT supporting
dizziness, definition scan Electrocardiogram/
hypotension, suggested lenzymes
orthostatic
hypotension,
presyncope
ITRANSCEND|See PROFESS No formal No Dictionary [n/fa n/a n/a Fatal or non- Hospitalization  |Fatal or non-fatal
definition definition; similarjdefinition |definition fatal stroke with [for heart failure  |MI; need
to ONTARGET provided |suggested supporting CT supporting
definition scan Electrocardiogram/
lenzymes
SPS3 Includes: Complication of [Only Fall with Any abnormality |n/a Unable to  |Fatal or non- Heart failure as  |Fatal or non-fatal
unsteadiness,  |hypotension recorded  |injury in sodium, locate fatal ischemic  |determined by  [MI defined by
blurred vision, |requiring medicallevents of |secondary to|potassium or patient, stroke or SPS3 investigator |standard criteria
dizziness, light- [evaluation/ orthostatic fhypotension fcalcium, patient hemorrhage. consisting of
headedness, therapy. Also syncope magnesium and withdrew, |Needs to be lelectrocardiogram
palpitations includes mental phosphate physician confirmed with land cardiac
status changes request for  |CT or MRI Brain lenzymes
withdrawal [scan +
examination

n/a: not available, MI: myocardial infarction, TIA: transient ischaemic attack, ECG: electrocardiogram, CT: computed-tomography, MRI:

magnetic resonance imaging, MRS: modified Rankin scale




Table S2. Sample Characteristics of Younger Subgroup (<80 years).

ifference between [iffarence bawween
alst baseline and Jpaseline and
heetvears) , mean M1 fkg/m*2],  ireumference adified Rankin Heawy alcohol use, byslipiaemia, oranary Artery chieved BP (SBF  fichieved B8 (D89
B0 ample size i) jso) Jmean (50 ), mezn (50)  core, mean (50)  Female se n (%) bmoker, n (%) csmoker, n [%) buperension ni%) Ibiabetes, ni %) %) isease, n (%) spirin, nl %) Barn,_n (%) lopidogrel, n (36 fnmeg), 50 mig], S0
Dutch TiA oz 37 (8.7) £ 2 /s 32 {33 B37 (48) a h/a 01 (28.6) B4 [4.8) & (26) Ju1 i5.8) o2 _(100) a a2 p/a 35
ontrol a7 35 (5.6) a B s Eﬁjm 346 (48.8) a /s E‘g 7 5.2) E[z B) J41 (5.8) ppo? j100) a a bz b'a
PROGRESS —— o6 (3.8) B 3 75 (298] 3020.5) 115 [38) (7.8) 1449 {49.4) [RERD) 3 1 (6.8) 1757 5a.8) P (s 3 4.2 (70.1) 3
ontrol 35 32 (8.9) P58 (3.8) 2 2 74 (29.8) 10 (20.8) 11007 (37.4) E (8.5) [1501 $61.1) Em.aw 2 0116.8) 713 (58.4) [7.6) 2 hos (27) 2
RANSCEND a9 B58 (67) P77 (4.8) pi.4 (12.6) /s P77 (46.2) E? [8.5) 19 (36.6) 10 (1.7) 05 84.3) [169 [28.2) a 28 (38.1) 97 86.3) pa7 (37.9) 9 (6.5) fa (15.6) p7 (96
ontrol 15 6.6 (6.9) 277 (4.8) B4 (12.8) h/a P84 (46.2) 8 (9.4) P10 (34.1) Eu &) 18 84.2) 184 [29.9) a 40 (39) h‘_ﬁ? 6) P29 (37.2) E[I B) B.1(16.1) EA (8.4)
hOVANCE ntervention 58 59 (63) R76 .7 B7.1 (12.3) 2 ko3 (41.6) 0 (8.2) 26 (25.8) 4 (29) 90 (79.9) ka8 (100) hsz 32.2) Eam.s; 94 (60.2) 17 (24) 2 7 (33.6) ks
ontrol 12 56 (6.2) p7.3 4.1 6.2 (12.4) 2 194 (37.9) 9 (13.5) 28 (25) i5_(3.1) has @3} 2 (100) 160 i31.3) 4012.5) 25 (63.5) 3 (24) 2 7(22.5) 2
ROFESS s 49 (7.5) 6.9 {5) 2 1.7 (1.1) 288 (34.8) 2107 [22.3) 401 (36) 68 (3.9) pozs (4.4) pri1 (28.7) a s 705 (49.8) 421 (46.8) JLa36 (15.2) fe.5 (16.3) s (99)
ontrol baz1 48 (7.5) E‘B {5.1) 5 1.7 (1.2) 334 35.2) P11 [223) B381 (35.7) 17 (4.4) 027 (74.2) R747 (29) a /s k717 (a9 8) {a8.1) haag (18 1) j4 (15.9) 23 (8.7
[ONTARGET 665 6.7 (6.7) R7.7 (4.9) B4.4 (13.5) 3 b23 @14 16 (13] 58 [45.5] (3.2) 340 {80.5) 56 (33.4) 2 | ZXNCAN] 121 [67.3) 86 (47.2) 95 [11.7) 4(16.2) b9 (97)
ontrol 0 2 [6.5) R7.8 (4.9) .7 (13.4) 2 1082 (2.4) 58 (13.6) 486 [44,1) (3.2 2 1(39.2) 41 (66.5) §14 147.9) Ly (15 o (8.7)
Ps3 E:sg Es (8.4) P91 (6.1) 8.9 (13.7) 1.3 (0.84) 21 (37.5) o (21.9) 62 (40.5) 186 (13 4) [1036 (74 6) 1(37.5) £5 [49.3) 136 (9.8) 81 56.2) 159 (69) 15 [15.5) 5.8 (21.5) s (11.6)
F ontrol luzs 20 (8.7) 28.4 (7.6) E.Q (13.8) 1.3 (0.8) ji79 (33.6) Bo7 121.5) E (38.5) B2 (12.8) hos3 j7as) 36 (37.6) E; 8) 66 (11.6) Etsan 3 (69) B (25) ts (20.8) gt (11.7)

SBP: systolic blood pressure, DBP: diastolic blood pressure, BMI: body mass index, cm: centimetres, n/a: not available, SD: Standard deviation




Table S3. Sample Characteristics of Older Subgroup (>80 years).

pifference batween [Difference between
fpaseline and |paseline and
lge (years) . [BMI (kgfm*2), mean [Waist rcumference Modfied Rankin Hezvy alcohol use, n [piabetes, ol [Dysiipizemiz foranary Artery fpchieved 87 (s8p  fachieved BP (DBP
80 ample size {n] ean (D) kSO jem), mean (SO core mean (D) WFemale sex n (%) Emoker, n (%) csmoker, 1 (%) Koo iypertension, _ni%) kg i %) ase 0 (%) Jaspiin,_nf %) tatin_n (%) [lopidogrel, n (%) mHg), SO mbig), SO
Dutch TIA po 2.6 (2.2) s 3 3 B (60) 6 (20) £ /s 23.3) (67) (0] 33) 0 (100} TS WES 3 la
ontrol Ba 30027 hfs 2 s 7 (50) [ (11.8) s /s P {20.6) [ (8.8) (0) hiza) EL‘:I /s bz /s Inia
PROGHESS i 16 g p4) PrOGT A 2 7 (40.5) [2.6) 1 (44) I ) 1 52.6) o (7.8) /s 4012) [zaa (286) iz hos n 3
ontrol hao 23023 a3 @) bva b ls5 (16.2) 4 (3.4) ke 387 2 j10.1) 3 (44.5) 10 (84) s 10 (84) 6 (63.9) 7 (5.9) hia 6.1 26.1) a
RANSCEND i g EJ (3.2) 1) 2{13.2) 3 51 (63.3) R 3.1) 16 (32.7) (2 9 _(79.6) 3(26.5) ] 0 {40.8) 5 (71.4) 122 (48.9) (6.1) 3 (1a.7) 5.8 (8.4)
ontrol E 4 (27 0 (4.4) b1.4 (12.1) 3 21 (53.8) [ (2.6) 14 (35.9) a7 B2 &2.1) [20.5) /s Euis} L1 (538) bz (30.8) b (15.4) 3 (13.5) 5(9)
b DVANCE s B15 (1.6) besas b75 (8.4) s 5 (35.7) () b (64.3) i (7.1) i3 92 9) 4 (100) b zra) b (28 6) 0 (71.4) b (71.4) m his o 259 i
onirol 820 1018 45 (62) 2 (12.5) 0) b (a75) ©) 5) (100)  rs) s 50 [62.5) b s) 2 8017.7) A
ROFESS i | 6 (2.6) 7 (4.5) bo/a g (1.3) (27 (46.8) 5 (6.4) 6 (43.8] 17 (2.4) lsa g9.2) hog a3 e bys 64 (52.1) 3 (46.2)  hsipan s (13.3) k7 (10.2)
ontrol 715 2.9 (2.9) 4 (4.3) b/a 18 (1.3) 54 (49.5) E (6.3) 69 (37.6) p6(2.2) 10 (71.3) f153 [21.4)  fa b/a EZ {53.4) izs  (18) k.2 (16.7) [2.5 (10.4)
IO NTARGET [ 2.2 (2.6) 7 (3.8) 3o (11.5) s ﬁ (38.6) 6 (5.3) 0 (43.9) [ (0.8) ps_83.3) 281) s J7 (41.2) 73 (64) E 0 (8.8) [aizoz) pe (11)
ontrol I iCE] 2.6 (2.5) .2 (4) 23 (13.6) b 0 (41.5) 7 (3.6) B (49.7) (1.6} 155 ®0.3) fa1 212} /s P8 (40.4) 11 [57.5) |75 (38.9) 3 (17.1) o6 (18) 5.9 (10.1)
P53 i iz 3.5(2.7) 2.0 (5.9) Es’ (12.6) 13 (082) 4 (39.3) b (%5) 7 (22) 10_(8.9) 1 81.3) 128.6) 1 (45.5) a1 6 (50) [ra (70.5) 0.2 23.1) 9.2 (11.6)
r ontrol ba 9 (3.2) E,] 4.2) Ezs (10.5) 16 (091) h] (53.2) 1 (1.1) [44 (46.8) (8.5) P4 (78.7) [17 {18.1} E (42 &) P4 E?!;A; O (63 8) 4 (14.9) ts(zi.s] 5.2 (11.3)

SBP: systolic blood pressure, DBP: diastolic blood pressure, BMI: body mass index, cm: centimetres, n/a: not available, SD: standard deviation



Table S4. Study Characteristics.

Intervention Control Extent of BP Inclusion Criteria |Exclusion Criteria |Primary Outcome |Secondary Mean
Lowering Outcomes Follow up
(years)
Dutch TIA lAtenolol 50mg Placebo n/a TIA or minor Cerebral ischemia |Death from all All cause death, [2.7
Stroke (MRS 3 or |due to causes vascular causes, [death from
less) in last 3 other than nonfatal stroke or [vascular causes
imonths arterial nonfatal +/- non fatal
thrombosis or myocardial stroke
embolism, infarction
including AF,
cardiac valve
disease, recent
myocardial
infarction and
disorders of blood
coagulation
PROGRESS Perindopril 4mg  |Placebo 9.0/4.0mmHg History of stroke |Other indication |Recurrent Stroke |Fatal or disabling |3.9
+/-Indapamide (ischemic of for ACEI (eg: HF), |rates stroke with
hemorrhagic) or |Cl to ACEI, disability, major
TIAinthe last5 |Intolerance to vascular events
years, no BP ACE| during open (stroke, MI, death
criteria; those label run-in phase due to any
with uncontrolled \vascular cause),
BP advised to get all cause mortality|
on non-ACEl
prior, clinically
stable for 2 weeks
after most recent
vascular event
IADVANCE Perindopril/ Placebo 2.4/0.8mmHg Age=55, T2DM Definite Combined macro/ [Mortality, major |5.0
indapamide systolic Diagnosed at indication for, or |micro-vascular coronary events,
age>30, history of |[Cl to any of the  |events, Major all coronary
imajor study treatment, |macrovascular events, Non fatal
macrovascular or |definite indication|events (nonfatal [stroke, fatal
microvascular for long term MI, nonfatal stroke, total
disease or 21 insulin therapy at [stroke), major cerebrovascular
other risk factor |time of study microvascular events, HF,
for vascular entry events, new or peripheral
disease worsening vascular events,
nephropathy All cardiovascular
events,
neuropathy,
hospitalization

n/a: not available, TIA: transient ischaemic attack, AF: atrial fibrillation, MI: myocardial infarction, ACEIl: angiotensin-converting enzyme
inhibitor, ICH: intracranial hemorrhage, BP: blood pressure, HTN: hypertension, HF: heart failure, Cl: contraindication, T2DM: type 2 diabetes
mellitus, rx: treatment, CV: cardiovascular



Table S5. Study Characteristics.

Intervention Control |extent of BP Inclusion Criteria |Exclusion Criteria |Primary Outcome lSecondary Mean
Lowering Outcomes Follow up
(years)
PROFESS Telmisartan 80mg |Placebo 3.8mmHg systolic |Age250, Ischemic |Hemorrhagic First recurrence of |[Composite of 2.5
stroke in prior stroke stroke stroke, M| or
90-120 days death from
vascular causes,
Myocardial
infarction,
cardiovascular
mortality, All cause|
mortality, New or
lworsening heart
failure, Premature
discontinuation
ONTARGET Telmisartan 80mg [Telmisartan 80mg [2.4/1.4mmHg (Agez55 + any of:  |Intolerance to ACE |Death from CV Stroke, MI, death [4.7
+ ramipril 10mg  |or ramipril 10mg Coronary artery inhibitors, heart  |causes, Ml, stroke, [from CV causes,
disease, PVD, failure, constrictive|or hospitalization |death fro any
Cerebrovascular  |pericarditis, liver  |for HF cause, angina, TIA,
disease or High di left ventricular
risk diabetes uncontrolled hypertrophy,
mellitus hypertension on microvascular DM
therapy of complications,
>160/100 mmHg new cancers
Multiple - see
study manuscript
TRANSCEND Telmisartan 80mg |Placebo 2.4mmHg systolic |Hx of intolerance |ACE inhibitor Composite of: CV  |New diagnosis 4.7
to ACEI, age255, [intolerance, death, MI, stroke [heart failure,
CAD, PVD, symptomatic heart|or hospitalization |nephropathy, new
cerebrovascular  [failure, for heart failure, |diagnosis DM,
disease or DM uncontrolled HTN |discontinuation, |atrial fibrillation
with end organ on treatment.. hypotensive
damage Multiple; see study|symptoms
manuscript
SPS3 <130mmHg target [130-149mmHg 11.0mmHg systolic|z30 years, normo- |Disabling stroke  |Stroke; all stroke  JAMI, admission for|3.5
group. group and or hyper-tensive, [(MRS 4 or higher), [(ischemic, a major vascular
Antihypertensives; [<130mmHg group) stroke within 180 |previous ICH from |hemorrhagic) event, death
thiazides, ACEI/ days non-traumatic
ARB, CCB, beta causes, cortical
blockers, Other ischemic stroke

Cl: contraindication, MI: myocardial infarction, ACEIl: angiotensin-converting enzyme inhibitor, ARB: angiotensin-receptor blocker, PVD:
peripheral vascular disease, CV: cardiovascular, HF: heart failure, TIA: transient ischaemic attack, DM: diabetes mellitus, CAD: coronary artery
disease, HTN: hypertension, AMI: acute myocardial infarction



Figure S1. Search Results.

3533 Citations

2914 Non duplicate
citations

22 Articles for full
text review

2892 Excluded after
title/abstract screen

5 Articles excluded

after full text review

17 Trials contacted }7

10 Trials did not
respond

7 Trials provided
data




Figure S2. Stroke — Whole Sample Analysis.

Intervention Control Risk Ratio
Study Events Total  Events Total Risk ratio, 95%CI M-H, Random, 95% Cl
ADVANCE 67 502 69 520 1.01(0.74,1.38) = 3
DUTCHTIA 45 732 40 741 1.14(075,1.72) ——
ONTARGET 168 1779 344 3563  0.98(0.82,1.17) -+
PROFESS 880 10146 934 10186  0.95(0.87,1.03)
PROGRESS 307 3051 420 3054  0.73(0.64,0.84) -
sps3 125 1501 152 1519  0.83(0.66,1.04) -
TRANSCEND 52 648 54 654 0.97(0.81,1.01) ! o
Total 1644 18359 2013 20237  0.90(0.81,1.01) 12=54%, p=0.07 +

L

0.01 0.1 1 10 100
Favours [Intervention] Favours [control)

ClI: confidence interval, M-H: Mantel-Haenszel



Figure S3. Hypotensive Symptoms - Whole Sample Analysis.

Intervention Control RlSk R‘“o
Study Events Total  Events Total Risk ratio, 95%Cl M-H, Random, 95% Cl
PROGRESS 67 3051 61 3054 1.10(0.78, 1.55) .
ADVANCE 5 502 0 520 11.39 (0.63, 205.52) v
PROFESS 98 10146 81 10186 1.21(0.91, 1.63) -
ONTARGET 50 1779 65 3563 1.54 (1.07,2.22) RS
TRANSCEND 4 648 5 654 0.81(0.22,2.99)
SPs3 26 1501 18 1519 1.46 (0.80, 2.65) ——
Total 250 17627 230 19496 1.27(1.07,1.52) 1220%, p=0.008 4

' 1 i
001 01 1 10 100

ClI: confidence interval, M-H: Mantel-Haenszel



Figure S4. Falls — Whole Sample Analysis.

Intervention Control Risk Ratio
Study Events Total Events Total Risk ratio, 95%CI M- H, Randomr 95%Cl
PROGRESS 46 3051 44 3054 1.05 (0.69, 1.58) g
TRANSCEND 18 648 17 654 1.07 (0.56, 2.05) =
PROFESS 83 10146 111 10186 0.75 (0.57, 1.00) H
ONTARGET 37 1779 71 3563 1.04 (0.70, 1.55) -
SPS3 3 1501 0 1519 7.08 (0.37, 137.02) +
Total 187 17125 243 18976 0.93 (0.74, 1.16) Q
12=16%, p=0.50
' l
L) 1
0.01 0.1 10 100

ClI: confidence interval, M-H: Mantel-Haenszel




Figure S5: Serious Adverse Events — Whole Sample Analysis

Intervention Control
Study Events Total Events Total
ONTARGET 1226 1779 2444 3563
PROFESS 2472 10146 2374 10186
TRANSCEND 417 648 428 654
SPS3 63 1501 35 1519
Total 4178 14074 5281 15922

Risk ratio, 95%ClI
1.00 (0.97, 1.04)
1.05 (1.00, 1.10)
0.98 (0.91, 1.07)
1.82(1.21,2.74)

1.03 (0.96, 1.10)

Risk Ratio
M-H, Random, 95% CI

12=72%, p=0.42

! 1
T

0.01 0.1

—

10

100

ClI: confidence interval, M-H: Mantel-Haenszel




Figure S6: Serious Adverse Events In Age Subgroups

<80 Intervention Control
Risk Ratio
Study Events Total Events Total Risk ratio, 95%Cl M- |"|, Random. 95% CI
1
TRANSCEND 379 599 396 615 0.98 (0.90, 1.07)
ONTARGET 1121 1665 2290 3370 0.99 (0.95, 1.03)
PROFESS 2225 9447 2134 9471 1.05 (0.99, 1.10)
SPS3 55 1389 32 1425 1.76 (1.15, 2.71) [2=71%, p=0.55 —_—
Total 3780 13100 4852 14881 1.02 (0.95, 1.09)
[} + 1 {
0.01 0.1 10 100
280 Intervention Control
Study Events Total Events Total Risk ratio, 95%CI
PROFESS 249 699 240 715 1.06 (0.92, 1.22) T
ONTARGET 105 114 154 193 1,15 (1,06, 1.26)
TRANSCEND 38 49 32 39 0.95(0.77,1.17) -
SPS3 8 112 3 94 2.24(0.61,820) I=36%, p=0.14 —_
Total 400 974 429 1041 1.09 (0.97, 1.21) )

ClI: confidence interval, M-H: Mantel-Haenszel



Figure S7: Study Withdrawal — Whole Sample Analysis

Intervention
Study Events Total
PROGRESS 714 3051
TRANSCEND 888 2306
ONTARGET 882 1779
ADVANCE 115 502
SPS3 245 1501
Total 2844 9139

Control
Events Total
636 3054
922 2318
1593 3563
111 520
287 1519
3549 10974

Risk ratio, 95%CI
1.12(1.02,1.23)

0.97 (0.90, 1.04)
1.11(1.04, 1.18)
1.07 (0.85, 1.35)
0.86 (0.74, 1.01)

1.03 (0.94, 1.13)

Risk Ratio
M-H, Random, 95% CI

12=75%, p=0.53

——

001 0.1 10

100

ClI: confidence interval, M-H

: Mantel-Haenszel




Figure S8: Study Withdrawal In Age Subgroups

<80

Study

PROGRESS
ADVANCE
ONTARGET
TRANSCEND
SPS3

Total

280

Study
PROGRESS
ONTARGET
ADVANCE
TRANSCEND
SPS3

Total

Intervention

Events Total

659 2935
111 488
803 1665
233 599
231 1389
2037 7076
Intervention

Events Total

55 116
79 114
4 14
22 49
14 112
174 405

Control

Events Total

583 2935
111 512
1468 3370
242 615
270 1425
2674 8857
Control

Events Total

53 119
125 193
0 8
25 39
17 94
220 453

Risk ratio, 95%CI

1.13 (1.02, 1.25)
1.05 (0.83, 1.32)
1.11(1.04, 1.18)
0.99 (0.86, 1.14)
0.88 (0.75, 1.03)
1.04 (0.96, 1.14)

Risk ratio, 95%CI

1.06 (0.81, 1.40)
1.07 (0.91, 1.26)
5.40 (0.33, 89.02)
0.70 (0.47, 1.03)
0.69 (0.36, 1.33)
0.95 (0.77,1.18)

M-H, Random, 95% ClI

-
-4
12=58%, p=0.31 )
0.01 0.1 10 100
-
v |
S
12=41%, p=0.67 .

ClI: confidence interval, M-H

: Mantel-Haenszel




Figure S9: Syncope — Whole Sample Analysis

Study
PROFESS
ONTARGET
TRANSCEND

SPS3

Total

Intervention
Events Total
71 10146
48 1779
7 648
12 1501
138 14074

Control
Events Total
56 10186
79 3563
4 654
7 1519
146 15922

Risk ratio, 95%CI|
1.27 (0.90, 1.80)
1.22(0.85,1.73)
1.77 (0.52, 6.00)

1.73 (0.68, 4.39)

1.29 (1.02, 1.63)

Risk Ratio
M-H, Random, 95% CI

12=0%, p=0.04

0.01

0.1

100

ClI: confidence interval, M-H: Mantel-Haenszel




Figure S10: Electrolyte Abnormalities — Whole Sample Analysis

Intervention
Study Events Total
PROGRESS 24 3051
SPS3 8 1501
Total 32 4552

Control

Events Total

14
4

18

3054
1519

4573

Risk Ratio
Risk ratio, 95%Cl M-H, Random, 95% CI
1.72(0.89, 3.31) _._
2.02 (0.61, 6.71) ! =i
1.78 (1.00, 3.17) B peii ‘
001 0.1 1 10 100

ClI: confidence interval, M-H: Mantel-Haenszel




Figure S11: Electrolyte Abnormalities In Age Subgroups

<80

Study

PROGRESS

SPS3
Total

280

Study
PROGRESS

SPS3

Total

Intervention

Events Total

20 2935

6 1389

26 4324
Intervention

Events Total

4 116
2 112
6 228

Control
Events Total
13 2935
4 1425
17 4360

Control

Events Total

1 119
0 94
1 213

Risk ratio, 95%ClI

1.54 (0.77, 3.09)
1.54 (0.44, 5.44)
1.54 (0.84, 2.83)

Risk ratio, 95%CI

4.10(0.47,
36.17)
4.20(0.20,
86.49)
4.14(0.71,
24.20)

Risk Ratio
M-H, Random, 95% CI

P=0%, p=0.17
t 4 4
0.01 0.1 i 10 100
=0%, p=0.12 i

ClI: confidence interval, M-H: Mantel-Haenszel




Figure S12: Renal Impairment — Whole Sample

Intervention
Study Events Total
PROGRESS 30 3051
ADVANCE 19 502
TRANSCEND 51 2306
ONTARGET 41 1779
Total 141 7638

Control

Events Total

32 3054
27 520
29 2318
91 3561
179 9453

Risk ratio, 95%CI

0.94 (0.57, 1.54)
0.73 (0.41, 1.29)

1.77 (1.12, 2.78)
0.90 (0.63, 1.30)

1.04 (0.72, 1.49)

M-H, Random, 95% CI

Risk Ratio

12=60%, p=0.85

i 1

1.

T

001 0.1

10

100

ClI: confidence interval, M-H:

Mantel-Haenszel




Figure S13: Renal Impairment In Age Subgroups

<80

Study

PROGRESS
ADVANCE

TRANSCEND
Total

280

Study

PROGRESS
TRANSCEND
ADVANCE
Total

Intervention

Events Total

27 2935
19 488
51 2219
97 5642
Intervention

Events Total

3 116
0 87
0 14
3 217

Control

Events Total

31 2935
27 512
28 2223
86 5670
Control

Events Total

1 119
1 95
0 8

2 222

Risk ratio, 95%CI

0.87 (0.52, 1.46)
0.74 (0.42, 1.31)
1.82 (1.16, 2.88)
1.07 (0.61, 1.89)

Risk ratio, 95%CI

3.08 (0.32, 29.16)
0.36 (0.02, 8.81)
Not estimable
1.44 (0.19, 10.70)

Risk Ratio
M-H, Random, 95% CI

—'—
12=73%, p=0.80
' ! : i
0.01 0.1 1 10 100
12=13%, p=0.72

ClI: confidence interval, M-H: Mantel-Haenszel




Figure S14: All Cause Death — Whole Sample

Study

Dutch TIA 1991
Progress 2001
Advance 2008
OnTarget 2008
Profess 2008
Transcend 2008
SPS3 2013

Total

Intervention

Events
0

306
74
275
755
89
106

1605

Total Events

732 0
3051 319
502 70
1779 518
10146 740
648 87
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Figure S15: All Cause Death In Age Subgroups
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Figure S16: Hospitalisation For Heart Failure — Whole Sample Analysis
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Figure S17: Hospitalisation For Heart Failure In Age Subgroups
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Figure $18: Fatal And Non-Fatal Ml — Whole Sample Analysis
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Figure $19: Fatal And Non-Fatal Ml In Age Subgroups
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Figure S20: Fatal and Non-Fatal Stroke Without PROFESS Study
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Figure S21: Fatal and Non-Fatal Stroke Without OnTARGET Study
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Figure S22: Fatal and Non-Fatal Stroke Without PROGRESS Study
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Figure S23: Fatal and Non-Fatal Stroke Without SPS3 Study
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