
Journal of the American Heart Association

J Am Heart Assoc. 2021;10:e022240. DOI: 10.1161/JAHA.121.022240 1

 

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;  
Oscar R. Benavente, MD; Carole L. White , RN, PhD; Ale Algra , MD, PhD; Chris Moran, MD, PhD;  
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% CI, 0.80, 0.98], I2=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% CI, 
0.99], 1.44, I2=0%), but there was an increased risk in those ≥80 years (RR, 2.17 [95% CI, 1.22], 3.86, I2=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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Hypertension is the most important modifiable risk 
factor for stroke, and its treatment is effective for 
stroke prevention.1 Physicians are often reluctant 

to aggressively lower blood pressure (BP) in the elderly 
for fear of adverse effects such as falls and synco-
pe.2– 4 This concern is also reflected in guidelines such 
as the 2017 American Heart Association guidelines, 

which recommend a cautious approach to BP con-
trol in frail very elderly adults.5 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.6 Similarly, the 2019 NICE 
(National Institute of Health and Care Excellence) 

Correspondence to: Christopher C. Karayiannis, MD, PhD, Academic Unit, Monash University, Frankston Hospital, 2 Hastings Road, Frankston 3199, Victoria, 
Australia. E- mail: chris.karayiannis@monash.edu

*D. Tharmaratnam and C. Karayiannis contributed equally.
†A complete list of the BP- VEPS study investigators can be found in the Appendix at the end of the manuscript.

Supplementary Material for this article is available at https://www.ahajo urnals.org/doi/suppl/ 10.1161/JAHA.121.022240

For Sources of Funding and Disclosures, see page 9.

© 2021 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative 
Commons Attribution- NonCommercial- NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use 
is non- commercial and no modifications or adaptations are made. 

JAHA is available at: www.ahajournals.org/journal/jaha

https://orcid.org/0000-0001-8301-7171
mailto:
https://orcid.org/0000-0001-8612-1724
https://orcid.org/0000-0002-2064-2014
https://orcid.org/0000-0002-9931-0580
https://orcid.org/0000-0002-7248-4863
https://orcid.org/0000-0002-3264-7760
https://orcid.org/0000-0003-2858-5808
https://orcid.org/0000-0003-3400-6323
https://orcid.org/0000-0003-4287-1704
mailto:chris.karayiannis@monash.edu
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.121.022240
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha


J Am Heart Assoc. 2021;10:e022240. DOI: 10.1161/JAHA.121.022240 2

Tharmaratnam et al Blood Pressure Lowering in the Very Elderly

guidelines recommend targeting BP <150/90 mm Hg 
in those age >80 years, and individualized decision 
making for those with frailty or multimorbidity.7 Indeed, 
observational evidence has demonstrated that older 
people in general may be at higher risk of adverse 
outcomes related to BP lowering,8– 10 including falls11 
and mortality.9 This may be because of age- related 
physiological changes such as arterial stiffening and 
reduced baroreceptor reflexes, which are not present 
in younger people.12

Elderly persons with previous stroke who are likely 
to have poor vascular health, additional comorbidities, 
or frailty,13 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.14 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.15,16 Furthermore, in 
other subgroup analyses, BP relevant adverse events 
such as falls were not measured.14,17 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.16 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 

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.18 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 Items 
for Systematic Reviews and Meta- Analyses) guide-
lines19 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 

CLINICAL PERSPECTIVE

What Is New?
• In 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.

• 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?
• A modest degree of blood pressure lowering 

may not increase the risk of falls, syncope, or 
mortality in relatively robust elderly people.

• Evidence is still lacking for frail elderly who may 
be more vulnerable to adverse effects of blood 
pressure lowering.
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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 I2 statistic. Pooled risk ra-
tios were generated with 95% CIs and α=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.20 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 

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),21 PROGRESS 
(Perindopril Progress Against Recurrent Stroke trial),22 
PRoFESS (Prevention Regimen for Effectively avoid-
ing Secondary Stroke trial),23 and SPS3 (Secondary 
Prevention of Small Subcortical Strokes trial).24 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),25 TRANSCEND (Telmisartan Randomized 
Assessment Study of ACE Intolerant Subjects with 
Cardiovascular Disease trial),26 and ADVANCE (Action 
in Diabetes and Vascular Disease: Preterax and 
Diamicron MR Controlled Evaluation trial)27 (Figure S1). 
Comparison between the participating trials and the 
trials for which we received no response (nonpartici-
pating) are shown in Table.17,28– 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% 
CI, 0.80, 0.98], I2=49%). In the age- based subgroup 
analysis (Figure 1),21 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], I2=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% CI, 0.73, 1.14], I2=0%).

Hypotensive Symptoms
For the whole sample, there was a 27% increased risk 
of hypotensive symptoms in the intervention group 
(RR, 1.27 [95% CI, 1.07, 1.52], I2=0%). For the age- 
based subgroup analysis, there was no increase in this 
risk among those aged <80 years (RR, 1.19 [95% CI, 
0.99, 1.44], I2=0%), but a more than 2- fold increase in 
risk in the intervention group (RR, 2.17 [95% CI, 1.22, 
3.86], I2=0%) among those aged ≥80 years (Figure 2).

Falls, Serious Adverse Events, and Study 
Withdrawal
There was no increase in the risk of falls (RR, 0.93 
[95% CI, 0.74, 1.16], I2=16%) (Figure 3), serious adverse 
events (RR, 1.03 [95% CI, 0.96, 1.10], I2=72%), or study 
withdrawal (RR, 1.03 [95% CI, 0.94, 1.13], I2=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% CI, 1.02, 1.63], I2=0%) 
(Figure 4). There was a 29% higher risk of syncope in 
those <80 years (RR, 1.29 [95% CI, 1.00, 1.65]), but no 
significant effect of the intervention in those ≥80 years 
(RR, 1.17 [95% CI, 0.49, 2.81]).

Electrolyte Abnormalities, Renal 
Impairment
There was a 78% increased risk of electrolyte abnor-
malities (RR, 1.78 [95% CI, 1.00, 3.17], I2=0%) in the 
whole sample, but no difference in renal impairment 
(RR, 1.04 [95% CI, 0.72, 1.49], I2=60%) in the interven-
tion group compared with controls. However, only 2 tri-
als provided data for these outcomes. No differences 

Figure 1. Comparison of intervention and control for stroke outcome in age subgroups.
M- H indicates Mantel- Haenszel.
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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% CI, 0.96, 1.09], I2=0%), hospitalization 
for heart failure (RR, 0.97 [95% CI, 0.85, 1.11], I2=0%), or 
fatal and nonfatal myocardial infarction (RR, 0.93 [95% 
CI, 0.79, 1.10], I2=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 

in the risk of fatal and nonfatal stroke in the intervention 
arm of that trial, compared with control (β=0.96 [95% 
CI, 0.94, 0.99]). This holds for the data reported for 
the younger subgroup (β=0.97 [95% CI, 0.93, 0.99]), 
but the estimated reduction for the older subgroup of 
≈7% was not statistically significant (β=0.93 [95% CI, 
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 
(β=0.97 [95% CI, 0.91, 1.03]), and this result was con-
sistent across younger (β=0.98 [95% CI, 0.91, 1.06]) 
and older subgroups (β=0.96 [95% CI, 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 (β=0.99 [95% CI, 0.7, 1.38]). 
Being aged <80 years was associated with, on average, 
a 47% reduction in risk (β=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 (β for interaction, 1.02 [95% CI, 0.85, 1.23]).

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

Figure 2. Comparison of intervention and control for hypotensive symptoms outcome in age subgroups.
M- H indicates Mantel- Haenszel.
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for this outcome (PROFESS, PROGRESS, ONTARGET, 
SPS3) resulted in RR estimates between 0.87 (95% CI, 
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 reduction in 
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 

SPRINT trial confirmed that the extent of BP lowering 
is important in stroke risk reduction,14 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 (I2=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.16 In the SPRINT trial, intensive BP 
lowering did not result in an increased rate of seri-
ous adverse events, injurious falls, or hypotension in 

Figure 3. Comparison of intervention and control for falls outcome in age subgroups.
M- H indicates Mantel- Haenszel.
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people aged >75 years.14,37 Although these results did 
not differ when adjusted for frailty scoring, the overall 
degree of frailty in this group was low,38 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.39 The odds of discontinuation were greater when 

achieved systolic BP was <130 mm Hg.39 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.40 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 

Figure 4. Comparison of intervention and control for syncope outcome in age subgroups.
M- H indicates Mantel- Haenszel.

Figure 5. Funnel plot of comparison, fatal and nonfatal 
stroke.
RR indicates risk ratio.
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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.31 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 Pressure in the Very Elderly with Previous 
Stroke) study investigators: Damien Tharmaratnam, 
Christopher C. Karayiannis, Taya A. Collyer, Hisatomi 

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.
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SUPPLEMENTAL MATERIAL



Table S1. Availability of Data and Definitions of Outcomes. 

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). 
 

 
 

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). 
 

 
 

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. 

 

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



Table S5. Study Characteristics.  
 

 
CI: contraindication, MI: myocardial infarction, ACEI: 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. 

 
 

 



Figure S2. Stroke – Whole Sample Analysis. 

 

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

 

 
 
 
 



Figure S3. Hypotensive Symptoms - Whole Sample Analysis. 
 

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

 



Figure S4. Falls – Whole Sample Analysis. 
 

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

 



Figure S5: Serious Adverse Events – Whole Sample Analysis  
 

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

 



Figure S6: Serious Adverse Events In Age Subgroups 
 

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



Figure S7: Study Withdrawal – Whole Sample Analysis 
 

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

 

 
 
 
 
 



Figure S8: Study Withdrawal In Age Subgroups 
 

 
 

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

 

 



Figure S9: Syncope – Whole Sample Analysis  
 

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

 

 

 

 
 



Figure S10: Electrolyte Abnormalities – Whole Sample Analysis  
 

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

 



Figure S11: Electrolyte Abnormalities In Age Subgroups  
 

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

 



Figure S12: Renal Impairment – Whole Sample  
 

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



Figure S13: Renal Impairment In Age Subgroups  
 

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

 



Figure S14: All Cause Death – Whole Sample 
 

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

 

 
 
 
 
 
 
 



Figure S15: All Cause Death In Age Subgroups 
 

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

 



Figure S16: Hospitalisation For Heart Failure – Whole Sample Analysis  
 

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

 

 
 



Figure S17: Hospitalisation For Heart Failure In Age Subgroups  
 

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



Figure S18: Fatal And Non-Fatal MI – Whole Sample Analysis  
 

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

 

 
 



Figure S19: Fatal And Non-Fatal MI In Age Subgroups  
 

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

 
Leave one out analysis 



Figure S20: Fatal and Non-Fatal Stroke Without PROFESS Study 
 

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

 
 



Figure S21: Fatal and Non-Fatal Stroke Without OnTARGET Study 
 

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



Figure S22: Fatal and Non-Fatal Stroke Without PROGRESS Study 
 

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



Figure S23: Fatal and Non-Fatal Stroke Without SPS3 Study 
 

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