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ABSTRACT

Background

This is an update of a previous review (McGuinness 2006).

Hypertension and cognitive impairment are prevalent in older people. Hypertension is a direct risk factor for vascular dementia (VaD)
and recent studies have suggested hypertension impacts upon prevalence of Alzheimer's disease (AD). Therefore does treatment of
hypertension prevent cognitive decline?

Objectives

To assess the effects of blood pressure lowering treatments for the prevention of dementia and cognitive decline in patients with
hypertension but no history of cerebrovascular disease.

Search methods

The Specialized Register of the Cochrane Dementia and Cognitive Improvement Group, The Cochrane Library, MEDLINE, EMBASE, PsycINFO,
CINAHL, LILACS as well as many trials databases and grey literature sources were searched on 13 February 2008 using the terms: hypertens
$ OR anti-hypertenss.

Selection criteria

Randomized, double-blind, placebo controlled trials in which pharmacological or non-pharmacological interventions to lower blood
pressure were given for at least six months.

Data collection and analysis

Two independent reviewers assessed trial quality and extracted data. The following outcomes were assessed: incidence of dementia,
cognitive change from baseline, blood pressure level, incidence and severity of side effects and quality of life.

Main results

Four trials including 15,936 hypertensive subjects were identified. Average age was 75.4 years. Mean blood pressure at entry across the
studies was 171/86 mmHg. The combined result of the four trials reporting incidence of dementia indicated no significant difference
between treatment and placebo (236/7767 versus 259/7660, Odds Ratio (OR) = 0.89, 95% CI 0.74, 1.07) and there was considerable
heterogeneity between the trials. The combined results from the three trials reporting change in Mini Mental State Examination (MMSE)
did not indicate a benefit from treatment (Weighted Mean Difference (WMD) = 0.42, 95% CI 0.30, 0.53). Both systolic and diastolic blood
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pressure levels were reduced significantly in the three trials assessing this outcome (WMD =-10.22, 95% CI -10.78, -9.66 for systolic blood
pressure, WMD = -4.28, 95% Cl -4.58, -3.98 for diastolic blood pressure).

Three trials reported adverse effects requiring discontinuation of treatment and the combined results indicated no significant difference
(OR =1.01, 95% Cl 0.92, 1.11). When analysed separately, however, more patients on placebo in Syst Eur 1997 were likely to discontinue
treatment due to side effects; the converse was true in SHEP 1991. Quality of life data could not be analysed in the four studies.

Analysis of the included studies in this review was problematic as many of the control subjects received antihypertensive treatment

because their blood pressures exceeded pre-set values. In most cases the study became a comparison between the study drug against a
usual antihypertensive regimen.

Authors' conclusions

Thereis no convincing evidence from the trials identified that blood pressure lowering in late-life prevents the development of dementia or
cognitive impairment in hypertensive patients with no apparent prior cerebrovascular disease. There were significant problems identified
with analysing the data, however, due to the number of patients lost to follow-up and the number of placebo patients who received active
treatment. This introduced bias. More robust results may be obtained by conducting a meta-analysis using individual patient data.

PLAIN LANGUAGE SUMMARY

There is no convincing evidence from randomized controlled trials that blood pressure lowering in late life prevents the
development of cognitive impairment and dementia in patients without apparent prior cerebrovascular disease.

Hypertension and cognitive impairment are prevalent in older people. We found four trials suitable for analysing the effectiveness of blood
pressure lowering for preventing development of cognitive impairment and dementia. However, for several reasons, including the differing
methodologies of the trials, the number of drop-outs from the trials, and active treatment of subjects in the control groups, we were unable
to assess definitively the effectiveness of antihypertensive treatments for preventing cognitive impairment and dementia in people with
no evidence of previous cerebrovascular disease.

Blood pressure lowering in patients without prior cerebrovascular disease for prevention of cognitive impairment and dementia (Review) 2
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BACKGROUND

This is an update of a previous Cochrane review (McGuinness 2006)
which found no convincing evidence that blood pressure lowering
prevents the development of dementia or cognitive impairment
in hypertensive patients with no apparent prior cerebrovascular
disease.

Description of the condition

The relationship between blood pressure, cognition and
dementia is complex and not fully established. Analysis of
the epidemiological data must take account of the following
methodological issues. Firstly, longitudinal studies can suggest
whether a causal relationship exists between blood pressure and
cognition or dementia, whereas cross-sectional studies can not
determine causality. Secondly, the definitions of high or low blood
pressure and cognitive impairment are heterogeneous across the
studies and may limit comparability. The methods used to screen
for and to examine in more detail cognitive impairment are also
heterogeneous. The diagnosis of dementia, and its aetiology, does
follow established, standardised criteria, however. Thirdly, studies
may vary in controlling for the effect of other vascular risk factors
or antihypertensive treatment, for example.

Nevertheless, analysis of the available epidemiological data does
allow some conclusions to be drawn. The reader is referred to
recent authoritative reviews including detailed analysis of the
relevant literature which is beyond the scope of this updated review
(Qui 2005; Kennelly 2009).

Several longitudinal studies have reported a consistent
relationship between elevated blood pressure in mid-life (age 40-64
years) and cognitive impairment in late-life (age >65 years) (Elias
1993; Launer 1995; Kilander 1998; Swan 1998; Kilander 2000; Elias
2004). This effect was more marked if the high blood pressure was
not treated (Elias 1993; Kilander 2000).

Several of the same data sets also indicated a relationship between
mid-life hypertension and the incidence of dementia and AD in
late-life (Launer 2000; Kivipelto 2001; Wu 2003; Whitmer 2005). In
the Honolulu-Asia Aging Study (Launer 2000), this association was
only presentin those participants not treated with antihypertensive
agents. One Japanese study reported a relationship of mid-life high
blood pressure to late-life VaD but not to AD (Yamada 2003).

The available data regarding late-life blood pressure and cognition
ordementia are inconsistent. Some studies showed no relationship
between high blood pressure and cognitive impairment (Hebert
2004; Tervo 2004) or dementia (Yoshitake 1995; Brayne 1998). Other
studies did find a relationship between late-life high blood pressure
and cognitive decline (Elias 1993) or dementia (Skoog 1996). Low
blood pressure in late-life has been more consistently associated
with cognitive impairment and dementia (Guo 1996; Ruitenberg
2001; Morris 2001; Verghese 2003; Qiu 2003; Qiu 2004).

Description of the intervention

Treatment of high blood pressure has been reported in
several observational studies to be protective against cognitive
impairment and dementia (Guo 1999; in't Veld 2001; Qiu 2003a;
Yasar 2005; Khachaturian 2006). Effective agents have included
calcium channel blockers (Yasar 2005) and diuretics (Qiu 2003a;
Khachaturian 2006). Other studies have reported no benefit of

treatment (Morris 2001; Lindsay 2002). These studies did not find a
relationship between high blood pressure and incident dementia.

Evidence of the true effectiveness of treating high blood pressure
on preventing cognitive impairment and dementia is needed from
randomised, controlled clinical trials (RCTs).

Several RCTs which are ineligible for this review have investigated
the effect on cognition of blood pressure lowering therapy. The
reasons for exclusion of these studies from the current meta-
analysis, according to the prespecified criteria in the Methods, may
be found in the Characteristics of excluded studies section. The
Hypertensive Old People in Edinburgh (HOPE) study showed that
treatment of hypertension is not hazardous to cognitive function
in older people with pre-existing cognitive impairment and that
long-term adequate control of blood pressure may even reverse
cognitive impairment associated with pre-existing hypertension
(Starr 1996). The Medical Research Council trial (Prince 1996)
comparing the treatment of moderate hypertension with either
hydrochlorothiazide plus amiloride or atenolol found no effect on
cognition over 54 months (Prince 1996a). A brief trial comparing
the angiotension receptor blocker valsartan and the ACE inhibitor
enalapril showed that valsartan was more effective in lowering
blood pressure and improving memory function (Fogari 2004). In
people with established cerebrovascular disease (and therefore
excluded from the current meta-analysis), treatment with an ACE
inhibitor based regime reduced the risk of dementia with recurrent
stroke, the overall risk of cognitive decline and the risk of cognitive
decline with recurrent stroke but not the overall risk of dementiain
secondary outcomes (PROGRESS 2003).

There is scant evidence in the literature on the effects on cognition
of non-pharmacological interventions which lower blood pressure.
Such interventions might include salt restriction, weight reduction,
exercise, and reduction in alcohol intake.

Recent hypertension treatment trials (ALLHAT 2003; ASCOT 2005;
VALUE 2004) did not report data on cognition or dementia.

How the intervention might work

The pathological processes through which hypertension might
influence cognitive function are numerous. Cerebral ischaemia
caused by atherosclerosis of large and small vessels, vascular
smooth muscle hyperplasia, infarction, and altered cerebral blood
flow are important factors and interact with other factors such
as age, genetic predisposition, and smoking. Changes in cerebral
white matter, or leukoaraiosis, can also occur as a result of
sustained high blood pressure (Starr 1992).

Why it is important to do this review

The aim of this systematic review is to determine the effects of
blood pressure lowering on development of cognitive decline and
dementia in patients with hypertension but no history of stroke or
transient ischaemic attacks (TIAs). The effects of antihypertensive
interventions for people with established cerebrovascular disease
are the subject of a separate Cochrane review (Ratnasabapathy
2003). Given the burden of both hypertension and dementia,
identification of treatments that reduce the rate of cognitive decline
or incidence of dementia would be of considerable clinical, public
health, and societal benefit.

Blood pressure lowering in patients without prior cerebrovascular disease for prevention of cognitive impairment and dementia (Review) 3
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This update is important to ensure that relevant data published
since thefirst review are included in the meta-analysis, allowing the
best possible estimate of the effect of blood pressure lowering on
cognitive decline to be obtained.

OBJECTIVES

Primary objective

In hypertensive patients with no history of cerebrovascular disease,
to assess the effects of blood pressure lowering treatments for the
prevention of:

(a) dementia

(b) cognitive decline.

Secondary objective

To assess whether:

(a) there is an optimal blood pressure level for prevention of
dementia or cognitive decline

(b) there is an optimal antihypertensive agent, or class of
antihypertensive agent, for the prevention of dementia or cognitive
decline

(c) there are different effects of treatment according to
aspects of baseline risk including sex, age, blood pressure level,
pulse pressure, associated cardiovascular disease, smoking and
diabetes.

METHODS

Criteria for considering studies for this review
Types of studies

Randomized, double-blind, placebo-controlled trials in which
pharmacological or non-pharmacological interventions to lower
blood pressure were administered for more than six months. Six
months was chosen as this was felt to be the minimum length
of time required to be on treatment before any benefit could be
attained.

Types of participants

Patients included had a diagnosis of hypertension made according
to the established criteria for the time. Blood pressure readings
were at least 160/90 mmHg for entry into essential hypertension
studies. Systolic blood pressure was 160-219 mmHg and diastolic
blood pressure was <90 mmHg for entry into an isolated systolic
hypertension study. The patients had no clinical history or signs
suggestive of previous cerebrovascular disease. Patients with a
diagnosis of hypertension, who were cognitively impaired, but did
not fulfil the accepted criteria for the classification of dementia,
were included, but examined separately. Studies involving people
with dementia were analysed separately.

Participants were not excluded on the basis of level of blood
pressure, age, or prior use of antihypertensive therapy.

For the diagnosis of dementia, standard criteria based on
American Psychiatric Association DSM (APA 1987), ICD 10 (WHO
1992), NINCDS-ADRDA (National Institute of Neurological and
Communicative Disorders and Stroke - Alzheimer's Disease and
Related Disorders Association) (McKhann 1984), or acceptable
equivalents were used.

Cognitive function was assessed using the MMSE (Mini-Mental
State Examination), GDS (Global Deterioration Scale), CDR (Clinical
Dementia Rating scale) or acceptable alternative.

Types of interventions

Pharmaceutical agents, or classes of therapy, for this review
include:

« ACE inhibitors

« Angiotensin Il receptor antagonists
» Beta adrenergic blockers

« Combined alpha and beta blockers
« Calcium channel blockers

« Diuretics

« Alpha adrenergic blockers

« Central sympatholytics

 Direct vasodilators

« Peripheral adrenergic antagonists
« Sympathomimetics

Alldosages of drugs were considered. Only long term treatment (six
months or longer) were considered.

Non-Pharmacological Interventions include:

« Saltrestriction

« Weight reduction

« Exercise

+ Alcohol restriction
« Smoking cessation

« Any other dietary or lifestyle modification aimed at reducing
blood pressure

Types of outcome measures
Primary outcomes

« Incidence of dementia, diagnosed according to standard
diagnostic criteria or those appropriate at the time

« Cognitive change from baseline

Secondary outcomes

« Blood pressure level
 Incidence and severity of adverse effects
« Quality of life

Search methods for identification of studies

The Specialized Register of the Cochrane Dementia and Cognitive
Improvement Group (CDCIG) was searched on 13 February 2008
for all years up to December 2005. This register contains records
from the following major healthcare databases The Cochrane
Library, MEDLINE, EMBASE, PsycINFO, CINAHL and LILACS, and
many ongoing trial databases and other grey literature sources. The
following search term was used: hypertens$. For this update, CDCIG
was searched on 24 September 2008 for January 2005 to present.

Trials were also identified through a search of the following
databases on 13 February 2008:

CENTRAL: issue 1/2008

Blood pressure lowering in patients without prior cerebrovascular disease for prevention of cognitive impairment and dementia (Review) 4
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#1=(cognit* or memor* or "quality of life") and (hypertens* or
antihypertens* or anti-hypertens* or "blood pressure")
#2=(placebo* or "control group*" or controls) in AB, TI, MeSH
#3=random*

#4=#2 or #3

#5=#1 and #4

#6=((TG=animal) not (TG=human)) and (TG=animal)

#7=#5 not #6

MEDLINE: 1966-2008/06

#1=(cognit* or memor* or "quality of life") and (hypertens* or
antihypertens* or anti-hypertens* or "blood pressure")
#2=(placebo™ or "control group*" or controls) in AB, TI, MeSH
#3=random*

#4=#2 or #3

#5=#1 and #4

#6=((TG=animal) not (TG=human)) and (TG=animal)

#7=#5 not #6

EMBASE: 1980-2008/06

#1=(cognit* or memor* or "quality of life") and (hypertens* or
antihypertens* or anti-hypertens* or "blood pressure")
#2="randomized-controlled-trial"/ all subheadings

#3=random™

#4=(placebo* or "control group*" or controls) in Tl, AB, DER, DRR
#5=#2 or #3 or #4

#6=#1 and #5

#7=animal” in DER

#8=#6 not #7

PsycINFO: 1872-2008/01

#1=(random™ or placebo* or "control group
KC, DE

#2=(cognit* or memor* or "quality of life") and ((hypertens* or
antihypertens* or anti-hypertens* or "blood pressure") in Tl, AB, KC,
DE)

#3=#1 and #2

#4=animal* in PO

#5=#3 not #4

*11

or controls) in Tl, AB,

CINAHL: 1982-2008/02

#1=(cognit* or memor* or "quality of life") and ((hypertens* or
antihypertens® or anti-hypertens* or "blood pressure") in Tl, AB,
DE)

#2=(random* or placebo* or "control group*" or controls) in TI, AB,
DE

#3=#1 and #2

#4=animal* in DE

#5=#3 not #4

On 13 Febraury 2008, the Specialized Register consisted of records
from the following databases:

Healthcare databases:

o The Cochrane Library: (2006, Issue 1);
« MEDLINE (1966 to 2006/07, week 5);
« EMBASE (1980 to 2006/07);

o PsycINFO (1887 to 2006/08, week 1);

o LILACS: Latin American and Caribbean Health Science
Literature (http://bases.bireme.br/cgi-bin/wxislind.exe/iah/
online/?IsisScript=iah/iah.xis&base=LILACS&lang=i&form=F)
(last searched 29 August 2006).

Conference proceedings:

« ISTP (http://portal.isiknowledge.com/portal.cgi) (Index to
Scientific and Technical Proceedings) (to 29 August 2006);

« INSIDE (BL database of Conference Proceedings and Journals)
(to June 2000);.

Theses:

« Index to Theses (formerly ASLIB) (http://www.theses.com/) (UK
and Ireland theses) (1716 to 11 August 2006);

« Australian Digital Theses Program (http://adt.caul.edu.au/): (last
update 24 March 2006);

« Canadian Theses and Dissertations (http://
www.collectionscanada.ca/thesescanada/index-e.html): 1989
to 28 August 2006);

+ DATAD - Database of African Theses and Dissertations (http://
www.aau.org/datad/backgrd.htm);

« Dissertation Abstract Online (USA) (http://wwwlib.umi.com/
dissertations/gateway) (1861 to 28 August 2006).

Ongoing trials:
UK

« National Research Register (http://www.update-software.com/
projects/nrr/) (last searched issue 3/2006);

+ ReFeR (http://www.refer.nhs.uk/ViewWebPage.asp?
Page=Home) (last searched 30 August 2006);

« Current Controlled trials: Meta Register of Controlled trials
(mRCT) (http://www.controlled-trials.com/) (last searched 30
August 2006) :

« ISRCTN Register - trials registered with a unique identifier
« Action medical research

+ Kings College London

+ Laxdale Ltd

+ Medical Research Council (UK)

» NHS Trusts Clinical Trials Register

« National Health Service Research and Development Health
Technology Assessment Programme (HTA)

+ National Health Service Research and Development Programme
'Time-Limited' National Programmes

« National Health Service Research and Development Regional
Programmes

o The Wellcome Trust

o Stroke Trials Registry (http://www.strokecenter.org/trials/
index.aspx) (last searched 31 August 2006);

Netherlands

« Nederlands Trial Register (http://www.trialregister.nl/trialreg/
index.asp) (last searched 31 August 2006);

+ CINAHL (1982 to 2006/06); USA/International
o SIGLE (Grey Literature in Europe) (1980 to 2005/03);
Blood pressure lowering in patients without prior cerebrovascular disease for prevention of cognitive impairment and dementia (Review) 5
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« ClinicalTrials.gov (http://www.ClinicalTrials.gov) (last searched
31 August 2006) (contains all records from http://
clinicalstudies.info.nih.gov/);

« IPFMAClinical trials Register: www.ifpma.org/clinicaltrials.html.
The Ongoing Trials database within this Register
searches  http://www.controlled-trials.com/isrctn,  http://
www.ClinicalTrials.gov and http://www.centerwatch.com/. The
ISRCTN register and Clinicaltrials.gov are searched separately.
Centerwatch is very difficult to search for our purposes and no
update searches have been done since 2003.

« The IFPMA Trial Results databases searches a wide variety of
sources among which are:

« http://www.astrazenecaclinicaltrials.com (Seroquel, statins)
o http://www.centerwatch.com

« http://www.clinicalstudyresults.org

« http://clinicaltrials.gov

o http://www.controlled-trials.com

« http://ctr.gsk.co.uk

o http://www.lillytrials.com (Zyprexa)

o http://www.roche-trials.com (anti-a beta antibody)
« http://www.organon.com

« http://www.novartisclinicaltrials.com (rivastigmine)
o http://www.bayerhealthcare.com

« http://trials.boehringer-ingelheim.com

o http://www.cmrinteract.com

o http://www.esteve.es

o http://www.clinicaltrials.jp

This part of the IPFMA database is searched and was last updated
on 4 September 2006;

o Lundbeck Clinical Trial Registry (http://
www.lundbecktrials.com) (last searched 15 August 2006);
« Forest Clinical trial Registry (http://

www.forestclinicaltrials.com/) (last searched 15 August 2006).

The search strategies used to identify relevant records in MEDLINE,
EMBASE, PsycINFO, CINAHL and LILACS can be found in the Group's
module on The Cochrane Library.

Blood pressure, hypertension, cardiovascular, dementia,
neurology, psychiatry, and geriatric journals and conference
proceedings were hand searched.

We contacted relevant drug companies, colleagues and researchers
to identify further published and unpublished studies.

The reference lists of all trials identified were screened.

Data collection and analysis

IDENTIFICATION OF STUDIES

The search and screening of publications was undertaken by
two authors (BMcG, supported by ST). For this update, the search
and screening of publications was undertaken by two authors (ST,
supported by BMcG). The MeSH terms and search strategy used
were agreed upon and tested by both reviewers. The other authors
(PP and RB) acted as adjudicators and reviewed the process.

Authors independently selected trials for relevance against the
defined inclusion criteria. Those trials that did not fulfil the criteria
were excluded from further analysis. Excluded studies may be
referred to in the discussion section.

QUALITY ASSESSMENT

The methodological quality of the included trials was assessed
with particular emphasis on the concealment of treatment
allocation. Trials were ranked using the Cochrane approach
(Mulrow 1997):

Grade A: Adequate concealment

This is where the report describes allocation of treatment by:

(i) some form of centralized randomized scheme, such as having to
provide details of an enrolled participant to an office, by phone to
receive the treatment group allocation;

(ii) some form of randomization scheme controlled by a pharmacy;

(iii) numbered or coded containers, such as in a pharmaceutical

trial in which capsules from identical-looking numbered bottles are
administered sequentially to enrolled participants;

(iv) an on-site or coded computer system, given that the allocations
were in a locked, unreadable file that could be accessed only after
inputting the characteristics of an enrolled participant; or

(v) if assignment envelopes were used, the report should at least

specify that they were sequentially numbered, sealed, opaque
envelopes;

(vi) other combinations of described elements of the process that
provides assurance of adequate concealment.

Grade B: Uncertain

This is where the report describes allocation of treatment by:
(i) use of a 'list' or 'table' to allocate assignments;

(ii) use of 'envelopes' or 'sealed envelopes';

(iii) stating the study as 'randomized' without further detail.

Grade C: Inadequate concealment

This is where the report describes allocation of treatment by:

(i) alternation;

(ii) reference to case record numbers, dates of birth, day of the
week, or any other approach;

(iii) any allocation procedure that is entirely transparent before
assignment, such as an open list of random numbers or
assignments.

Empirical research has shown that lack of adequate allocation
concealment is associated with bias. Trials with unclear
concealment measures have been shown to vyield more
pronounced estimates of treatment effects than trials that have
taken adequate measures to conceal allocation schedules, but
less pronounced than inadequately concealed trials (Chalmers
1983; Schulz 1995). Thus trials were included if they conformed to
category A and those falling into categories B or C were excluded.

Other aspects of trial quality were not assessed by a scoring system
although details were noted of blinding, whether intention-to-treat
analyses were extractable from the published data, and the number
of patients lost to follow up.

INCLUSION CRITERIA

Identified trials with the above quality assessment were included.
Any disagreement in the independent selection was resolved with
discussion.
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DATA EXTRACTION

Data were extracted from the published reports. The summary
statistics required for each trial and each outcome for continuous
data were the mean change from baseline, the standard error of
the mean change, and the number of patients for each treatment
group at each assessment. Where changes from baseline were not
reported, the mean, standard deviation and the number of patients
for each treatment group at each time point was extracted.

For binary data the numbers in each treatment group and the
numbers experiencing the outcome of interest were sought. The
baseline assessment was defined as the latest available assessment
prior to randomization, but no longer than two months prior.

For each outcome measure, data was sought on every patient
assessed. To allow an intention-to-treat analysis, the data was
sought irrespective of compliance, whether or not the patient
was subsequently deemed ineligible, or otherwise excluded from
treatment or follow-up. If intention-to-treat data were not available
in the publications, "on-treatment" or the data of those who
complete the trial was sought and indicated as such.

DATA ANALYSIS
The analysis would assess the effect of:

« Allblood pressure lowering interventions
« Combined effect of all antihypertensive medications

The outcomes measured in clinical trials of dementia and cognitive
impairment often arise from ordinal rating scales. Where the rating
scalesusedinthetrials had a reasonably large number of categories
(more than 10) the data were treated as continuous outcomes
arising from a normal distribution.

Summary statistics (n, mean and standard deviation (SD)) were
required for each rating scale at each assessment time for each
treatment group in each trial for change from baseline.

When change from baseline results was not reported, the
required summary statistics were calculated from the baseline and
assessment time treatment group means and standard deviations.

The meta-analysis requires the combination of data from the trials
that may not use the same rating scale to assess an outcome.
The measure of the treatment difference for any outcome was the
weighted mean difference where the pooled trials use the same
rating scale or test, and the standardised mean difference, which
is the absolute mean difference divided by the standard deviation,
where they used different rating scales or tests.

For binary outcomes, such as dead or alive, development of
dementia or no dementia, the odds ratio was used to measure
treatment effect. Aweighted estimate of the treatment effect across
trials was calculated. Overall estimates of the treatment difference
were presented. In all cases the overall estimate from a fixed
effects model was presented and a test for heterogeneity using a
standard chi-square statistic was performed. If there was significant
heterogeneity a random effects model was presented.

Sensitivity analyses were undertaken to assess the robustness of
the results to fixed effect versus random effect models and on the
inclusion or exclusion of studies of poor quality. If the treatment
effect in the sensitivity analysis were of the similar magnitude and
precision as that of the main analysis, a definite conclusion about

the treatment effectiveness will be made; otherwise no definite
conclusion will be made on the effectiveness of the treatment.

RESULTS

Description of studies

This update identified one additional randomized, placebo-
controlled trial (HYVET 2008) for inclusion in the review. The total
number of hypertensive subjects included is 15,936. Ages ranged
from 60-89 years, average age was 75.4 years. SCOPE 2003 included
only elderly patients aged 70-89 years. SHEP 1991 and Syst Eur 1997
included patients 60 years and older. HYVET 2008 included only
people aged 80 years or older, with an average age of 83.5 years.

Participants were recruited mainly from industrialised countries:
Europe 63%, North America 27%. 8% of participants were Chinese.
62% of subjects were female. SHEP 1991, the only trial based
wholly in the USA, reported ethnicity: 30% Hispanic, 14% African-
American. Most subjects in HYVET 2008 were recruited from
eastern Europe (56%) and China (40%); only a small proportion of
participants were recruited from western Europe, Australasia and
Tunisia. Ethnicity was not reported. Syst Eur 1997 and SCOPE 2003
did not report ethnicity.

Study populations predominantly consisted of ambulatory
patients recruited from the community or primary care facilities. No
studies included patients with dementia. Patients in Syst Eur 1997
had a median MMSE of 29, those in SCOPE 2003 had MMSE = 24,
and median MMSE was 26 in HYVET 2008. Syst Eur 1997 and SCOPE
2003 reported years of education, with means of 12.3 and 11.7 years
respectively. In HYVET 2008, 27% of subjects had no education, 28%
primary, 29% secondary, 12% higher and 3% further.

Mean blood pressure at entry across studies was 171/86 mmHg.
Syst Eur 1997 and SHEP 1991 included only persons with isolated
systolic hypertension (ISH). Patients in both these studies had
systolic BP 160-219 mmHg and diastolic BP < 90 mmHg. SCOPE
2003 included patients with essential hypertension. In HYVET 2008,
entry blood pressure criteria was sitting systolic 160-199mmHg
with standing systolic 140 mmHg or greater and diastolic less
than 110mmHg. Please refer to the "Participants" heading in the
Characteristics of included studies table for a complete description
of each study's blood pressure inclusion criteria.

All trials instituted a stepped care approach to hypertension
treatment. A variety of drugs were used as first line treatment
in the treatment groups. Syst Eur 1997 started treatment with a
calcium-channel blocker. Patients in SHEP 1991 and HYVET 2008
were started on a thiazide diuretic while those in SCOPE 2003
began treatment with an angiotensin Il type 1 receptor blocker.
Second and third line drugs included diuretics, beta blockers,
centrally acting agents, and ACE inhibitors. Please refer to the
"Interventions" heading in Characteristics of included studies table
for a complete description of each study's drug treatment protocol.

Planned mean length of study follow-up was 5 years in each of the
trials. All trials were multisite.

In SHEP 1991, dementia was diagnosed by an expert and confirmed
by the central coding panel according to the DSM-I1I-R criteria (APA
1987) after referral triggered by score on the short-Comprehensive
Assessment and Referral Evaluation (short-CARE) at follow up. Syst
Eur 1997, SCOPE 2003 and HYVET 2008 administered the MMSE at
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follow up visits. Triggers for (a) further diagnostic evaluation and (b)
the criteria for diagnosis of dementia were:

« Syst Eur 1997 - (a) MMSE<23 or symptoms or signs reported by
subject or carer or found by doctor (b) DSM-III-R, with all cases
validated by a treatment allocation blinded review board

« SCOPE 2003 - (a) significant cognitive decline was a reduction
by 4 or more points in the MMSE in two consecutive visits
in comparison to baseline (b) ICD10 criteria, adjudicated by
Independent Clinical Event Commiittee based on information
supplied by the local investigator

o HYVET 2008 - (a) decline in MMSE to <24 or fall of >3 points in
oneyear (b) DSM-IV (APA 1994), with consensus from a treatment
allocation blinded central committee.

Level of blood pressure change was provided by all trials.

Quality of life (QOL) data was provided by two trials, (SHEP
1991; Syst Eur 1997). Syst Eur 1997 used three QOL assessments:
Sickness Impact Profile, Brief Assessment Index and a checklist of
32 symptoms associated with hypertension and the side effects
of anti-hypertensive treatment, while SHEP 1991 used the short-
CARE, Centre for Epidemiologic Studies-Depression Scale (CES-D),
Activities of Daily Living (ADL) and Social Network Questionnaires.
A SCOPE 2003 substudy (Degl'Innocenti 2004) reported QOL data
using three validated assessments: Psychological General Well-
being index (PGWB), Subjective Symptoms Assessment Profile
(SSA-P), and EuroQoL Health Utility Index (EuroQoL).

Adverse events were recorded by all included studies.

Risk of bias in included studies

Only randomized, double-blind, placebo-controlled trials were
included. All trials were ranked grade A in terms of treatment
allocation using the Cochrane approach (Mulrow 1997). All
subjects, providers of therapy, and outcome assessors were blinded
to therapy.

SCOPE 2003 reported loss to follow-up of < 1%. SHEP 1991 and Syst
Eur 1997 reported loss to follow-up of < 5%.

Aproportion of the subjects assigned to the control group may have
received antihypertensive treatment because their blood pressure
exceeded pre-set 'escape criteria'. Also, a proportion of subjects
assigned to the treatment group may have stopped taking their
medications due to side effects or because they achieved normal
blood pressure off medication. The degree to which subjects cross
over from one group to another reduces the strength of the results
of the study. The percentage of patients assigned to the control
group who were receiving antihypertensive medication by the end
of the trial were: SCOPE 2003 84%, Syst Eur 1997 27%, and SHEP
1991 44%. The percentage of patients assigned to the treatment
group who had ceased taking antihypertensive treatment by the
end of the trial were: SCOPE 2003 0%, Syst Eur 1997 18%, and
SHEP 1991 10%. The percentage of patients taking initially assigned
medication alone were: SCOPE 2003 25%, Syst Eur 1997 30%, and
SHEP 1991 30%.

In this update, risk of bias tables have been completed for all
included studies and may be found in the Characteristics of
included studies section. In HYVET 2008, at the 2 year follow-up,
0.8% of the active treatment group were not taking one of the three
treatment steps specified in the protocol. 0.6% of the control group
were not taking one of the matching placebo steps specified in the
protocol.

Effects of interventions

Analyses were performed on the combined results of all four trials.

+ Incidence of dementia (Analysis 1.1): Incidence of dementia
was a secondary outcome in the included trials (SHEP 1991; Syst
Eur1997; SCOPE 2003; HYVET 2008). The combined results of the
four trials showed no significant difference between treatment
and placebo (OR = 0.89; 95% CI 0.74, 1.07) (Figure 1). Blood
pressure reduction resulted in 11% relative risk reduction of
dementia in patients with no prior cerebrovascular disease but
this effect was not statistically significant (p=0.21) and there was
no noticeable heterogeneity between the trials.

Figure 1. Forest plot of comparison: 1 Incidence of dementia, outcome: 1.1 Number of cases of dementia.

Active treatment Placebo Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fizxed, 95% CI
HYET 2008 126 1687 137 1649  91.6% 0.89 [0.69,1.159]
SCOPE 2003 G2 2477 A7 2460 224% 1.08 [0.75,1.5E]
SHEF 14931 ar 2365 44 2371 1T7.4% 0.84 [054,1.31] — T
Swst Eur 19497 1 1238 21 1180 2.6% 0,459 [0.24,1.03] e —
Total (95% CI) F767 7660 100.0%  0.89[0.74, 1.07] = 3
Total events 236 258

A _ _ . } } f )
Heterogeneity: Chi®= 363, df=3 (P =030} F=17% 0 05 ] :

Test for overall effect: £=1.25 (P =0.21)

Of the individual studies, only Syst Eur 1997 reported significance
with results indicating a benefit. There were 21 cases of incident
dementia in the placebo group and 11 in the active treatment
group. The number of patient years was 2737 and 2885 respectively.
Active treatment reduced the rate of dementia by 50% (95% CI 0,
76) from 7.7 to 3.8 cases per 1000 patient-years (p=0.05). However,

Favours active treat  Favours placeha

when the numbers of subjects in the active treatment (1238) and
control groups (1180) are considered, consistent with analysis of
the other included studies, the benefit with active treatment is no
longer significant (OR 0.49; 95% CI 0.24, 1.03) (Figure 1). In SHEP
1991 from 2365 patients in the active treatment group 1.6% (37)
had a positive diagnosis of dementia and from 2371 patients in
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the control group 1.9% (44) had a positive diagnosis of dementia.
There was no evidence that active treatment reduced the incidence
of dementia (OR 0.84; 95% Cl 0.51, 1.31). In SCOPE 2003 there
was no significant difference in the proportion of patients who
developed dementia; 62 from 2477 patients in the candesartan arm
and 57 from 2460 patients in the control arm (OR 1.08; 95% Cl 0.75,
1.56). In HYVET 2008 no significant difference in the rate of incident
dementia was found, with 126 cases in the treatment group (1687
subjects) and 137 in the control group (1649 subjects) (OR 0.89; 95%
C10.69, 1.15).

A sensitivity analysis was carried out with SCOPE 2003 removed
(due to problems with the placebo group) and there was no
difference in the incidence of dementia outcome.

To control for the possible effect of differential drop-out, an analysis
was carried out to determine the incidence of dementia in the first
year of study treatment (Analysis 1.2). No significant effect was
noted in the combined results of the three trials which reported or
provided this data (SHEP 1991; Syst Eur 1997; HYVET 2008) (Figure
2).

Figure 2. Forest plot of comparison: 1 Incidence of dementia, outcome: 1.2 Number of cases of dementia in year 1 of

follow up.

Active treatment Placebo Odds Ratio Odds Ratio
Studhy or Subgroup Events Total Bvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CIl
HYWET 2008 0 14949 3 1449 47.0% 014001, 267 i
SHEP 1891 2 2364 1 2371 13.2% 201018, 22.14) — T
Syst Eur 1997 3 93 32 39.9% 0.98[0.20, 4.87] j
Total (95% ClI) 47095 4732 100.0%  0.72[0.24, 2.16]
Total events a] T

Heterogeneity: Chi®=2.04, df=2 (P=0.36); F= 2%
Test for overall effect: £=0.59 (P = 0.56)

« Cognitive change from baseline (Analysis 2.1): Syst Eur 1997,
SCOPE 2003 and HYVET 2008 also provided figures for cognitive
change from baseline. The combined results from the three trials
(SCOPE 2003; Syst Eur 1997; HYVET 2008) reporting change in

001 01 10 100
Favours experimental Favours cantrol

MMSE indicate a significant benefit from treatment (WMD = 0.42;
95% Cl 0.30, 0.53) (Figure 3). Of the individual studies, only
HYVET 2008 indicated a benefit of treatment.

Figure 3. Forest plot of comparison: 2 Cognitive change from baseline, outcome: 2.1 Change in MMSE.

Active treatment Placebo Mean Difference Mean Difference
Study or Subgroup  Mean S0 Total Mean SD Total Weight I, Fixed, 95% CI I, Fixed, 95% Cl
HYWET 2008 nr 4 1BBY 11 39 1649 189% 1.80[1.53, 2.07) -
SCOPE 2003 -0.49 407 2477 -064 407 24090 261% 015 [-0.08,0.38]
Syst Eur 19497 nog 176 1238 001 2148 1180 451% 007 [-0.09,0.23]
Total {95% Cly 5402 5238 100.0% D0.42[0.30,0.53] ]

Heterageneity: Chi®=126.25, df= 2 (P = 0.00001}); F=498%
Test far overall effect: £=7.03 (P = 0.00001)

« Change in systolic blood pressure level (Analysis 3.1): The
combined results from the included trials (SCOPE 2003; SHEP
1991; Syst Eur 1997; HYVET 2008) reporting change in systolic
blood pressure indicated a significant benefit of treatment

2 0 1 2
Favours active treat  Fawours placebo

(WMD = -10.22; 95% Cl -10.78, -9.66) in reducing systolic blood
pressure (Figure 4). All included studies indicated a significant
benefit of treatment.

Figure 4. Forest plot of comparison: 3 Blood pressure level, outcome: 3.1 Change in systolic blood pressure level

(mmHg).
Active treatment Placebo Mean Difference Mean Difference

Study or Subgroup  Mean 5D Total Mean S0 Total Weight IV, Fixed, 95% Cl I, Fixed, 95% CI

HWET 2008 -296 153 1687 -146 185 1649 235% -1500[16.15,-13.85) &

SCOPE 2003 -21.F 2238 2468 -18.5 22.38 2455 20.0% -3.20 [F4.45,-1.94] -

SHEP 1991 -264 179 1966 -145 203 1890 21.4% -11.90[13.11,-10.649] =

Syst Eur 1997 -23 16 2398 -13 17 2287 350% -10.00[10.95, -9.04] L

Total {95% CI) 8510 8201 100.0% -10.22[-10.78, -9.66] +

Heterogeneity: Chi®= 194649, df= 3 (F <= 0.00001}); F= 98% -1:E| % 3 % 1:IZ|

Test for owverall effect £= 3580 (P = 0.00001} Favours active treat Favours placeho
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« Change in diastolic blood pressure level (Analysis 3.2):
The combined results from the included trials (SCOPE 2003;
SHEP 1991; Syst Eur 1997; HYVET 2008) reporting change in
diastolic blood pressure level indicated a significant benefit

from treatment (WMD = -4.28; 95% ClI -4.58, -3.98) in reducing
diastolic blood pressure (Figure 5). All included studies indicated
a significant benefit of treatment although Syst Eur 1997
included patients with isolated systolic hypertension only.

Figure 5. Forest plot of comparison: 3 Blood pressure level, outcome: 3.2 Change in diastolic blood pressure level

(mmHg).
Active treatment Placebho Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean S0 Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
HYWET 2008 -131 9.6 1687 -2 105 1649 191% -5080[658,-522 —=
SCOPE 2003 -10.8 1163 2468 -9.2 1163 2455 211% -1.60[-2.25,-0.95] —=—
SHEFP 1991 -7 105 1866  -47 121 1890 17.4% -4.00[4.72-3.28] —
Syst Eur 19497 -7 g 23488 -2 8 2287 425% -5.00[5.46,-4.54] =
Total {95% CI) 8519 8291 100.0% -4.28[-41.58, -3.98] [ ]
Heterogeneity, Chi®=97.05, df = 3 (P = 0.00001); F=87% | ! I |

Testfor overall effect £= 2812 (F = 0.00001)

« Incidence and severity of adverse effects (Analysis 4.1): The
combined results from three trials (SHEP 1991; Syst Eur 1997 and
SCOPE 2003) reporting adverse effects requiring discontinuation
of treatment indicated that there was no significant difference
between the active treatment and placebo groups (OR = 1.01;
95% Cl 0.92, 1.11) (Figure 6). Of the individual studies, Syst Eur
1997 reached significance with patients on active treatment less
likely to discontinue treatment due to side effects (OR = 0.42;

-4 -2 0 2 4
Favours active treat Favours placebo

95% Cl 0.33, 0.54). Conversly, in SHEP 1991 significantly more
patients on active treatment withdrew due to adverse events
(OR =1.49; 95%Cl 1.30, 1.70). No significant difference between
the active treatment and placebo groups in adverse events
requiring discontinuation of treatment was found in SCOPE
2003, possibly because of the large proportion of subjects in
the placebo group commenced on active treatment during the
study.

Figure 6. Forest plot of comparison: 4 Incidence and severity of adverse effects, outcome: 4.1 Adverse effects

requiring discontinuation of treatment.

Active treatment Placebo Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fized, 95% CI M-H, Fized, 95% CI
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Testfor overall effect =029 (P =077}

HYVET 2008 reported fewer 'serious adverse events' in the active
treatment group than in the placebo group (358 vs 448, p=0.001).
Data was not recorded for adverse effects requiring discontinuation
of treatment so HYVET 2008 could not be included in the present
analysis.

« Quality of life: Quality of life data could not be analysed on the
included studies.

« Control Rates: Control rates provide insight regarding baseline
risk of study populations and explain the differences in
outcomes between individual trials. Incidence of dementia
ranged from 1.8% - 8.3% in the control groups. Syst Eur 1997
had a rate of dementia of 1.8% in the control group, SCOPE
2003 had a rate of 2.3%, SHEP 1991 had a rate of 1.9%, and

Favours active treat Favours placebo

not provided in SHEP 1991. The problem with the control group
in this review is that many of the subjects in the control group
received antihypertensive treatment as their blood pressure
exceeded pre-set values. For ethical reasons these patients had
to be treated with an antihypertensive agent and in most cases
the study became a comparison of the study drug against a usual
antihypertensive regimen.

Substudies: Follow-up substudies were carried out on three
trials (SHEP 1991; Syst Eur 1997; SCOPE 2003) addressing
cognitive decline. These substudies were open label follow-up
or retrospective and therefore did not meet inclusion criteria
for the current analysis. The results will be assessed in the
discussion section and in more detail in Appendix 1.

HYVET 2008 had a rate of 8.3%. MMSE score in the controlgroup DISCUSSION

changed by 0.01 (SD 2.15) in Syst Eur 1997, by -0.64 (SD 4.07)

in SCOPE 2003, and by -1.1 (SD 3.9) in HYVET 2008. Data were  The aim of this systematic review was to determine the effects of
blood pressure lowering on development of cognitive decline and
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dementia on patients with hypertension but no history of stroke
or TIAs. There have been numerous RCTs assessing blood pressure
lowering treatment but most did not assess cognitive function.
There have also been numerous cross-sectional, longitudinal,
and observational studies assessing relation of hypertension to
subsequent cognitive decline and dementia. These were not
included in the review as randomized, double-blind, placebo-
controlled studies are considered the gold standard.

A systematic review that included all population based studies
relating to blood pressure and cognitive decline or dementia
concluded that the studies provided substantial evidence of a risk
effect of mid-life high blood pressure on the development of late-
life cognitive decline and dementia, particularly if left untreated
(Qui 2005). There is no strong evidence from the longitudinal
studies, however, to indicate that late-life hypertension is a risk
factor for cognitive decline and dementia. The authors summarized
that the observational studies showed some beneficial effects of
antihypertensive treatment against cognitive declineand dementia
in elderly people but that RCTs were necessary to verify these
effects to take into account different antihypertensive agents and
the extent of blood pressure reduction (Qui 2005).

From the four RCTs identified which met the inclusion criteria, there
is no convincing evidence that blood pressure lowering in late-life
prevents the development of dementia or cognitive impairment
in hypertensive patients without apparent prior cerebrovascular
disease. Syst Eur 1997 reported a benefit from treatment in
prevention of dementia but neither SCOPE 2003, SHEP 1991 nor
HYVET 2008 showed a benefit and, when the trials were entered in
a meta-analysis, no statistically significant effect was seen.

The secondary objectives of the review were difficult to meet.
From the studies identified the optimal blood pressure level
for prevention of dementia or cognitive decline could not be
determined.

Nitrendipine, a calcium channel antagonist, was found to be
effective in reducing incidence of dementia in Syst Eur 1997. The
trialists felt it may have had a neuroprotective effect outside blood
pressure lowering but further studies would be required to confirm
this hypothesis. Without individual patient data (IPD), it is difficult
to assess if there are different effects of treatment according to
aspects of baseline risk such as sex, age, or blood pressure level.

Analysis of this data was problematic due to the number of patients
lost to follow-up, with differential loss between the assigned
groups, and the number of placebo patients who received active
medication as their blood pressure exceeded certain pre-set values,
thus introducing bias. The bias may be reduced by analysing one
year data but true cognitive effects may not be seen over such a
short time period. IPD would be required to be certain of outcomes
in each study and there may be an advantage in extending length
of follow-up to be certain of true incidence of cognitive decline.
More detailed discussion addressing quality of the included studies
is found in Appendix 1 and Characteristics of included studies.

However, examining the literature from cross-sectional,
longitudinal, and observational studies along with the RCTs,
there is moderately strong evidence to support the view that
hypertension in mid-life, especially if not treated effectively,
negatively affects cognition and contributes to the development of
dementia and AD in later life (Qui 2005). It is proposed that high
blood pressure in middle age can cause a long term cumulative

effect, which leads to increased severity of atherosclerosis and
more vascular comorbiditiesin later life. There is less evidence from
these studies that the same negative effect on cognition is present
for hypertension in late-life.

A number of other meta-analyses have been published since
our initial review (Wang 2003; Feigin 2005; Birns 2006). Wang
2003 reported a meta-analysis of placebo-controlled and active
controlled trials of the risks of stroke, stroke recurrence and
dementia with blood pressure lowering therapy in participants
both with and without evidence of prior cerebrovascular disease.
Four trials were included in the prevention of dementia outcome
(SHEP 1991; Syst Eur 1997; PROGRESS 2003; SCOPE 2003). Across
the four trials, the pooled odds ratio was not significantly lower
in the active treatment group (OR 0.89; 95% Cl 0.75, 1.04;
p=0.15). A sensitivity analysis found a significant difference if only
those studies initiating treatment with a dihydropyridine calcium
channel blocker or diuretic were considered (SHEP 1991; Syst
Eur 1997; PROGRESS 2003 combination therapy subgroup) (OR
0.75; 95% CI 0.60, 0.94; p=0.01) whereas those studies initiating
an inhibitor of the renin-angiotensin-aldosterone system (SCOPE
2003; PROGRESS 2003 perindopril only subgroup) did not have
an effect on dementia (OR 1.08; 95%Cl 0.84, 1.38; p=0.54). RCTs
to determine if specific blood pressure lowering treatments have
differing effects on the prevention of dementia were advised (Wang
2003).

Feigin 2005 included data from PROGRESS 2003 as well as SHEP
1991, Syst Eur 1997 and SCOPE 2003 in their aggregated data meta-
analysis of the effects of blood pressure lowering treatment on
dementia and/or cognitive decline in patients with cardiovascular
and/or cerebrovascular disease. In Syst Eur 1997 'cardiovascular
complications' were present in 29.9% of patients at randomisation.
However, only 4.1% and 11.6%, respectively, had a history of stroke
and myocardial infarction. SCOPE 2003 reported that at baseline
4.5% in the candesartan group and 4.6% in the control group
had previous (longer than 6 months) myocardial infarction; the
corresponding figures for previous stroke were 3.9% and 3.9%.
In SHEP 1991, 4.9% of participants in both active treatment and
control groups had history of myocardial infarction. History of
stroke was present in 1.5% of the active treatment group and
1.3% of the control group. Thus, the majority of the participants in
these three trials did not have cardiovascular or cerebrovascular
disease. PROGRESS 2003 was a trial of blood pressure lowering
therapy following stroke. Feigin and colleagues combined data
on significant cognitive decline and dementia from SCOPE 2003.
Counting the majority of this trial's participants twice in their
meta-analysis introduces bias. Feigin et al report a non-significant
reduction in risk of dementia or cognitive decline with blood
pressure lowering treatment (RR 0.80; 95% Cl 0.63, 1.02) (Feigin
2005).

Birns and colleagues included RCTs measuring the effect of blood
pressure reduction on any measure of cognitive performance (Birns
2006). Trials were included in their meta-analysis that compared
different antihypertensive treatments as well as placebo controlled
trials. Additionally, the presence of cerebrovascular disease was
not an exclusion criteria, in contrast to this Cochrane review.
Analysis of incident dementia was not carried out. Outcomes
were reported on measures of: global cognitive function (MMSE);
memory (immediate and delayed logical memory); perceptual
processing and executive function (digit span, trail-making, digit
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symbol substitution; and learning capacity (paired associate
learning). In an analysis including Syst Eur 1997, SCOPE 2003 and
PROGRESS 2003, decrease in the MMSE score was 0.19 (95% C1 0.19,
0.19) points less in the active treatment group. PROGRESS 2003
had a weight of 99.88% in that analysis. SHEP 1991 could not be
included in any analysis, as the authors note resulting in bias. It
was concluded that antihypertensive treatment decreases decline
in global cortical function and memory but may not have a similar
effect on executive function or learning capacity (Birns 2006).

Peters 2008 performed a meta-analysis including their trial
(HYVET 2008) along with three other placebo-controlled trials
of antihypertensive treatment that assessed dementia incidence
(SHEP 1991; Syst Eur 1997; PROGRESS 2003). The pooled relative
risk was of borderline significance (RR 0.87; 95% Cl 0.76,1.00;
p=0.045). The results are similar to those of this updated
Cochrane review (Analysis 1.1). As previously noted, PROGRESS
2003 was excluded from our review as it enrolled subjects with
cerebrovascular disease. PROGRESS 2003 provided the majority
of the weight for the meta-analysis by Peters et al. which used a
random effects model. As no significant heterogeneity was found in
our analysis (Figure 1), a fixed effects model was presented.

HYVET 2008, with 40% Chinese participants, had more non-
Caucasian participation than is reported or may be inferred
from the geographic locations of the other included studies. The
consistent results across the discussed meta-analyses suggests a
common effect across populations.

Based on data provided by authors of included studies (SHEP 1991;
Syst Eur 1997; HYVET 2008), an analysis was performed of incident
dementia in the first year of follow up, assuming lower degree
of differential dropout between the active treatment and control
groups across that time period (Analysis 1.2). No significant effect
of active treatment was found (OR 0.72; 95% Cl 0.24, 2.16; p=0.56)
(Figure 2).

In this update the values for Syst Eur 1997 were amended to
the number of subjects in each group rather than patient-years
of follow up which previously had been used. This kept the
denominator consistent across the included studies. This did not
alter the point estimate of the effect of blood pressure lowering
therapy on incidence of dementia.

Itis also important to note that cardiovascular outcomes were the
primary end-points in all of the included studies in this review.
Dementia and cognitive function were secondary outcomes. The
trials had to be terminated once the benefits for the primary end-
points were shown. It is therefore possible that beneficial effects
on cognition are not observed before the cardiovascular benefits
become apparent. Following patients in placebo-controlled trials
from mid-life would be very informative in terms of cognition but
would not be ethical.

In Syst Eur 1997 it was speculated that dementia prevention
was facilitated by a neuroprotective role of the calcium-channel
blocker, nitrendipine. The meta-analysis by Wang and colleagues
suggests differential effects between dihydropyridine calcium
channel blockers and diuretics on the one hand and inhibitors of
the renin-angiotensin system on the other (Wang 2003). It would be

informative to address this class effect further but again there are
ethical considerations.

AUTHORS' CONCLUSIONS

Implications for practice

The addition of the HYVET 2008 trial to the updated meta-analysis
does not alter the conclusions from the initial review, which remain
that blood pressure lowering in late-life is not indicated with the
aim of prevention of cognitive decline or dementia alone.

The benefits of blood pressure lowering treatments on
cardiovascular and cerebrovascular outcomes are now firmly
established. As further placebo-controlled trials investigating
cognitive outcomes would not be ethical, it is unlikely that
additional trials would be included in future updates of this review.

Treatment of elevated blood pressure in late-life, even into the
ninth decade, is not associated with significant deleterious effects
on cognitive performance.

Implications for research

Recommendations arising from this review are:

1. Further analysis of the studies using IPD, although this would be
time consuming and expensive. This would allow analysis of the
data taking into account differential drop-out and may lead to more
robust results.

2. Further trials on different classes of drugs. In Syst Eur 1997
it was speculated that dementia prevention was facilitated by a
neuroprotective role of the calcium channel blocker, nitrendipine.
The meta-analysis by Wang and colleagues suggests differential
effects between dihydropyridine calcium channel blockers and
diuretics on the one hand and inhibitors of the renin-angiotensin
system on the other (Wang 2003). For ethical reasons further trials
must be head to head, however, as placebo controlled trials could
no longer be justified. Based on the epidemiological data (Qui
2005), trials of blood pressure lowering treatment regimens should
be designed to include subjects with hypertension in middle age
with prolonged follow up and assessment of cognition into older
age which are adequately powered to determine, as a primary
outcome, whether cognitive impairment and dementia can be
prevented.
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HYVET 2008

Methods

Multisite study. Randomization: stratified by age, sex, and centre. Participants randomly allocated
through interactive voice response system setup by coordinating centre. Patients blinded; investiga-
tors blinded; outcome assessors blinded. Planned duration: 5 years. Lost to follow-up: 6 in active treat-
ment; 11 in control group. % not on assigned treatment at 2 years: 0.8% active treatment; 0.6% control

group.

Participants

Geographic region: Europe, China, Australasia, Tunisia. 195 centres in 13 countries. Study setting: com-
munity. n=3845 (60.5% female). Age: =80 years, mean 83.6 years. Ethnicity: not reported; 86 western Eu-
rope, 2144 eastern Europe, 1526 China, 19 Australasia, 70 Tunisia. Mean sitting blood pressure (BP) at
entry: 173.0/90.8mmHg. BP entry criteria: sustained systolic BP 160-199mmHg (1 month apart); stand-
ing systolic BP >140mmHg; sitting diastolic BP 90-109mmHg (protocol amendment 2003 <110mmHg).

Interventions

Minimum 2 month single daily placebo tablet run-in phase with all other antihypertensive treat-

ment stopped. Treatment: step 1 - indapamide SR 1.5mg/day; step 2 - indapamide SR 1.5mg/day and
perindopril 2mg/day; step 3 - indapamide SR 1.5mg/day and perindopril 4mg/day. Control: matching
placebos. Target sitting systolic BP<150mmHg and diastolic<80mmHg (sitting systolic BP 2150mmHg
accepted if standing systolic BP <120mmHg). Average follow-up: median 1.8 years (mean, 2.1; range,
0-6.5). Difference in BP at end of study (treatment - control) systolic/diastolic: -15.0/-6.1 mmHg (sitting).

Outcomes

Analysed in the review: blood pressure level; incidence of dementia; change in cognitive function (mea-
sured by MMSE); incidence of side-effects.

Not analysed in the review. Primary: fatal and non-fatal stroke. Secondary: total mortality; cardiovas-
cular mortality; cardiac mortality; stroke mortality; skeletal fracture rate. Other outcomes: incidence of
retinal lesions; overt heart failure; renal failure; dissecting aortic aneurysm; acute myocardial infarction
(M1).

Cognitive function outcomes not specified in original trial protocol.

Notes

Exclusion criteria: known accelerated hypertension; overt clinical congestive heart failure, requiring
treatment with diuretic or ACE inhibitor; renal failure (serum creatinine >150umol/l); documented cere-
bral or subarachnoid haemorrhage in previous 6 months; condition expected to severely limit survival;
known secondary hypertension; gout; clinical diagnosis of dementia; nursing home residence; con-
traindication to trial medication (serum potassium <3.5mmol/l or >5.5mmol/l); inability to stand or
walk.

Funding: British Heart Foundation and the Institut de Recherches Internationales Servier.

Risk of bias

Bias

Authors' judgement Support for judgement

Adequate sequence gener-
ation?

Low risk 'patients underwent randomization, provided all inclusion and exclusion cri-
teria were met. Randomization stratified according to age and sex; permuted
blocks of 4 and 6 of any 10 patients used to ensure roughly equal assignment
to each group within large centres'

Allocation concealment?

Low risk 'when coordinating centre has received entry form and checked they are eli-
gible, they inform interactive voice response system (IVRS) to permit random-
ization according to schedule. IVRS automatically faxes, in real-time, centre to
inform that patient is eligible and that local investigator can call system to re-
ceive number of treatment pack patient is to receive'

Blinding?
All outcomes

Low risk Active treatment and matching placebo allocation concealed from investiga-
tor and participant.

End-Points Committee blinded to treatment allocation.

Incomplete outcome data
addressed?

Low risk 'data analyzed for the groups to which patients were assigned, regardless of
which study drugs (or doses) patient actually received and regardless of oth-
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All outcomes er protocol irregularities. Patients from closed centres were included in inten-
tion-to -treat population and contributed (data) up to date of closure'

Comment: Similar numbers for each event for which data were censored be-
tween treatment and placebo groups.

Free of selective report- Low risk Outcomes specified in the protocols reported in the main results and cognitive

ing? substudy.

Free of other bias? High risk Study was stopped early based on the significant reduction in the primary out-
come at prespecified interim analysis by independent data monitoring com-
mittee.

Comment: The shorter than planned follow-up may bias ability to detect effect
of treatment on cognitive change and dementia.

SCOPE 2003

Methods Multisite study. Randomization: patients allocated by a central, computer-generated randomization
schedule in a 1:1 ratio. Patients blinded; providers blinded; outcome assessors blinded. Eight patients
lost to follow-up. % not on assigned therapy at study end: 84% control group, 75% treatment group.
Duration of trial: 5 years.

Participants Geographic region: Europe, Canada, USA and Israel. Study setting: community. n =4964. 64% female.
Age range: 70-89 years, average 76.4 years. Mean blood pressure at entry 166/90 mmHg. Blood pressure
entry criteria: SBP 160-179 mmHg or DBP 90-99 mmHg, or both. Mini Mental State Examination score of
24 or above.

Interventions Control: matching placebo. Treatment: step 1 - candesartan 8 mg daily; step 2 - candesartan 16 mg dai-
ly; step 3 - hydrochlorothiazide 12.5 mg daily. Other drugs, except angiotensin-converting enzyme in-
hibitors and AT1-receptor blockers, could be added later. Mean duration of trial: 44.6 months. Differ-
ence in blood pressure at study end (Treatment-Control) systolic/diastolic: -3.2/-1.6 mmHg

Outcomes Analysed in the review: blood pressure level, incidence of dementia, cognitive change measured by
MMSE, incidence of side effects.

Not analysed in the review: major cardiovascular events (cardiovascular deaths, non-fatal MI, non-fatal
stroke), total mortality, fatal and non-fatal stroke, new onset diabetes mellitus.

Dropouts due to side effects (no significant difference between groups): placebo: 17%; treatment: 15%.

Quiality of life or functional status outcomes:Both treatment regimens were well tolerated.

Notes Exclusions: Related to hypertension - secondary hypertension, SBP > 180 mmHg, orthostatic hypoten-
sion, need for antihypertensive treatment other than hydrochlorothiazide during run-in; stroke or Ml
within 6 months; decompensated heart failure; serum AST or ALT > 3 times upper limit of normal (ULN);
serum creatinine >180 micromol/l (men) or >140 micromol/l (women); contraindication to study drug
or hydrochlorothiazide; serious concomitant diseases affecting survival; alcoholism or drug abuse. Re-
lated to dementia: dementia; treatment with drugs for dementia; conditions which preclude MMSE;
vitamin B12 deficiency treated < 12 months; hypothyroidism treated < 12 months; neurosyphilis or
AIDS; severe brain disorder which may interfere with cognitive function; certain mental disorders; psy-
chopharmacological treatment started within 6 months.

Study funding: Astra-Zeneca. 'Executive and Steering committees had full access to all data and were
free to suggest analyses, interpret results and write ... independently of study sponsor’.

Risk of bias
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Bias Authors' judgement  Support for judgement

Adequate sequence gener-  Low risk 'Patients allocated by central, computer-generated randomization schedule,
ation? inal:1ratio'.

Allocation concealment? Low risk 'Investigators sent fax with patient data for central randomization and re-

ceived treatment allocation (patient study number) by return fax".

Blinding?
All outcomes

Low risk 'Patients randomized in double-blind fashion to receive (active treatment) or
matching placebo tablet.

'Suspected clinical events reported to coordinating centre. Adjudicated by In-
dependent Clinical event Committee. All clinical events strictly and prospec-
tively defined. Every person involved in adjudication ... blinded to ... alloca-
tion'

Incomplete outcome data
addressed?
All outcomes

Low risk 6 in treatment group and 2 in control group lost to follow-up at study end; in-
cluded in intention-to -treat analysis. 27 excluded of 4964 randomized (all 13
at 1 centre due to concerns on individual patient data; 14 - no study drug dis-

pensed).
Free of selective report- Low risk Outcomes specified in protocol reported.
ing?
Free of other bias? High risk 84% of placebo group ended study on antihypertensive agent (not ACE or ARB)

to ensure ethical treatment of hypertension.

Comment: Fewer than anticipated events and lower between group difference
in BP reduced power of study to detect outcome differences.

SHEP 1991

Methods

Multisite study. Double blind, placebo controlled stepped-care treatment programme. Study duration:
5 years. Randomization: stratified by site and by antihypertensive medication status at initial contact;
patients randomly allocated by coordinating centre. Patients blinded; providers blinded; morbidity
and mortality assessors blinded. Type of trial: randomized, placebo controlled. % lost to follow -up: <
1%. % not on assigned therapy at study end: placebo group: 44%; treatment group: 10%

Participants

Geographic region: United States of America. Study setting: community. n = 4736 (55.8% female). Age
range 60 to > 80 years, mean 71.6 (SD 6.7). Race: White non-Hispanic (79.2%), Black (13.8%), Hispanic
(1.8%), Asian (4.3%), other (0.9%). Education level: mean 11.7 years (SD 3.5). Diagnosis: systolic hyper-
tension. Mean blood pressure at entry: 170/77 mmHg. Blood pressure (BP) entry criteria: systolic BP
160-219 mmHg and diastolic BP <90 mmHg.

Interventions

Control: matching placebo. Treatment: step 1 - chlorthalidone 12.5 or 25 mg daily; step 2 - atenolol 25
or 50 mg or reserpine 0.05 or 0.10 mg daily. Average length of follow up: 4.5 years. Difference in blood
pressure at study end (Treatment - Control) systolic/diastolic: -11.1/-3.4 mmHg.

Outcomes

Analysed in the review: incidence of dementia; quality of life; incidence of side effects including depres-
sion; blood pressure level.

Not analysed in the review: total mortality; total stroke; sudden cardiac death; rapid cardiac death;
non-fatal MI; fatal Ml; left ventricular failure; other cardiovascular death; transient ischaemic attack
(TIA); coronary artery bypass grafting or angioplasty; renal dysfunction.

Dropouts due to side effects: Control group: 7%; Treatment group: 13%.
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SHEP 1991 (Continued)

Quality of life or functional outcomes: no perceptible negative effect of treatment compared to control
on measures of cognitive, physical and emotional function.

Notes Exclusions: history and/or signs of major cardiovascular diseases likely to require pharmacologic and
other treatment (e.g., previous MI, coronary artery surgery, major arrhythmias, conduction defect, re-
cent stroke, carotid artery disease, history of TIA with bruit matched with TIA localisation, two or more
TIAs and signs or symptoms in a single neurological distribution); other major diseases (e.g. cancer, al-
coholic liver disease, established renal dysfunction) with competing risk factors for the primary end-
point - stroke; presence of medical management problems (e.g. insulin dependent diabetes, history of
dementia, evidence of alcohol abuse); bradycardia; people maintained on beta-blockers, diuretics, oth-
er antihypertensive drugs, anticoagulants, or experimental drugs on recommendation of their physi-
cians.

Risk of bias

Bias Authors' judgement Support for judgement

Adequate sequence gener-  Unclear risk 'After verification of eligibility ... randomly allocated by coordinating centre to

ation? one of two treatment groups. Randomization stratified by centre and antihy-

pertensive medication use at initial contact.’
Comment: Probably adequate
Allocation concealment? Low risk 'Random assignment ... made by coordinating centre and transmitted to local
centre by telephone after verification of eligibility.'
Comment: probably adequately concealed.

Blinding? Low risk 'Participants randomized in a double-blind manner to once-daily dose of ac-

All outcomes tive drug treatment or matching placebo.'

Data on study end points collected by investigators and confirmed by a panel
of three physicians blind to allocation.

Incomplete outcome data  Low risk 'All analyses were by treatment assignment at randomization."'

addressed?

All outcomes Comment: Subsequent publication (Di Bari 2001) addressed effect of differen-

tial drop-out between treatment and control groups.

Free of selective report- Low risk Prespecified outcomes reported.

ing?

Free of other bias? High risk About 35% of placebo group took antihypertensive medication during study

for predefined BP levels.

Syst Eur 1997

Methods

Multisite study. Randomization: stratified by centre, sex and previous cardiovascular complications.
Patients randomly allocated to placebo or active treatment by a centralised system or local computer
system. Patients blinded; providers blinded; outcome assessors blinded. Study duration: 5 years. Lost
to follow-up: 2% at 2 years. % not on assigned therapy at study end (2 years) including open follow-up
and lost to follow-up: placebo group: 27%; treatment group: 18%

Participants

Geographic region: 23 countries across western and eastern Europe, mainly from Finland, Bulgaria,
the Russian Federation, Belgium, Italy, Israel, UK, France, Estonia, Lithuania, Spain, Poland and Roma-
nia. Study setting: community based and referral clinic. n = 4695 (66.8% female) Age range: =60 years;
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Syst Eur 1997 (Continued)

mean 70.3 years. Race: not reported. Mean BP at entry: 174/86 mmHg. BP entry criteria: sitting systolic
BP 160-219 mmHg and sitting diastolic BP< 95 mmHg. Standing systolic BP at least 140 mmHg.

Interventions

Treatment: Step 1 - nitrendipine 10-40 mg/day; Step 2 - enalapril 5-20 mg/day and/or hydrochloroth-
iazide 12.5-25 mg/day. Control: matching placebos with stepped therapy schedule similar to treatment
groups. Mean daily doses: nitrendipine 28.2 mg; enalapril 13.5 mg; hydrochlorothiazide 21.2 mg. Aver-
age follow-up: 2 years (median). Difference in blood pressure at end of study (Treatment - Control) sys-
tolic/diastolic: -10.1/-4.5 mmHg at 2 years.

Outcomes Analysed in the review: Blood pressure level.

Not analysed in the review: Total mortality; coronary heart disease (CHD) mortality; CHD morbidity and
mortality (M&M); cerebrovascular mortality; cerebrovascular M&M; cardiovascular mortality; cardiovas-
cular M&M.

Dropouts due to side effects (no significant difference between groups): placebo: < 7.3%; treatment: <
7.8%.

Quiality of life or functional status outcomes: Across 4 years of follow-up, patients receiving active treat-
ment were more likely to report problems on the Social Interaction scale than placebo treated patients
(OR1.32,95% Cl 1.02, 1.69). There were no significant differences between active and placebo treat-
ment in the other Sickness Impact Profile dimensions or in the measure of depression.

Notes Exclusions: hypertension secondary to a disorder that needed specific medical or surgical treatment;
retinal haemorrhage or papilloedema; congestive heart failure; dissecting aortic aneurysm; serum cre-
atinine concentration at presentation of 180 micromols/l or more; history of severe nose bleeds, stroke
or Ml in the year before the study; dementia; substance abuse; any disorder prohibiting a sitting or
standing position; any severe concomitant or non-cardiovascular disease.

Risk of bias

Bias Authors' judgement  Support for judgement

Adequate sequence gener-  Low risk 'After stratification by centre, sex, and previous cardiovascular complica-

ation? tions, ... randomly assigned eligible patients ... by means of a computerised

random function.'

Allocation concealment? Low risk 'Randomization by coordinating centre of patients satisfying all entry criteria

and in whom none of the exclusion criteria are present’

Blinding? Low risk 'Placebo tablets were identical to study drugs, with similar schedule'.

All outcomes

'Endpoint committee was unaware of patients treatment status'

Incomplete outcome data  Low risk Open follow-up of patients who withdrew from treatment; if this was not pos-

addressed? sible, data collected annually on vital status, endpoints and antihypertensive

All outcomes medication use.

Comment: Similar numbers of non-supervised open and lost-to follow-ups in
each group; higher number of supervised open follow-ups in placebo group.

Free of selective report- Low risk Prespecified outcomes reported

ing?

Free of other bias? High risk Study stopped early after second prespecified interim analysis found signifi-

cant decrease in primary outcome (stroke) in active treatment group.
144 subjects in placebo group and 72 subjects in active treatment group taking
open-label antihypertensives at final visit.
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Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

ALLHAT 2003 No data on cognition. Not placebo controlled.
ASCOT 2005 No data on cognition. Not placebo controlled.
Black 2001 No data on cognition

Framingham 1993

Prospective study. Not double blind, randomised, placebo controlled

Hofman 1997

Prospective population based follow-up study

HOT 1998

Aspirin versus placebo in patients treated with felodipine as baseline therapy

Hsieh 2003

No data on cognition

Kilander 1998

Prospective population-based study

Lasser 1989 Age of participants 25-55 years, mean age 51.3 years, not at risk of dementia.
Launer 1995 Prospective population based study

LOMIR-MCT-IL No data on cognition

MRC 1996 Single blind study

Murray 2002 Longitudinal analysis

PROGRESS 2003 Patients had prior stroke or transient ischaemic attack

Richards 2000

Community based survey

Skoog 1996 Longitudinal population study
Starr 1996 Not placebo controlled. Patients received either captopril or bendrofluazide
STOP 1991 No end points as specified for this review

Syst China 1998

Not double blind or adequately randomised

VALUE 2004

No data on cognition

DATA AND ANALYSES
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Comparison 1. Incidence of dementia

Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
1 Number of cases of dementia 4 15427 0Odds Ratio (M-H, Fixed, 95% Cl) 0.89[0.74, 1.07]
2 Number of cases of demen tia in year 1 of 3 9527 Odds Ratio (M-H, Fixed, 95% Cl) 0.72[0.24, 2.16]

follow up

Analysis 1.1. Comparison 1 Incidence of dementia, Outcome 1 Number of cases of dementia.

Study or subgroup Active Placebo 0dds Ratio Weight 0dds Ratio

treatment

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
HYVET 2008 126/1687 137/1649 —.-‘— 51.58% 0.89[0.69,1.15]
SCOPE 2003 62/2477 57/2460 —— 22.44% 1.08[0.75,1.56]
SHEP 1991 37/2365 44/2371 — 17.4% 0.84[0.54,1.31]
Syst Eur 1997 11/1238 21/1180 —— 8.57% 0.49[0.24,1.03]
Total (95% CI) 7767 7660 <> 100% 0.89[0.74,1.07]
Total events: 236 (Active treatment), 259 (Placebo)
Heterogeneity: Tau?=0; Chi*=3.63, df=3(P=0.3); 1>=17.39%
Test for overall effect: Z=1.25(P=0.21)
Favours active treat 0.2 05 1 2 5

Favours placebo

Analysis 1.2. Comparison 1 Incidence of dementia, Outcome 2 Number of cases of demen tia in year 1 of follow up .

Study or subgroup Active Placebo 0dds Ratio Weight 0dds Ratio
treatment
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
HYVET 2008 0/1499 3/1449 L 46.96% 0.14[0.01,2.67]
SHEP 1991 2/2365 1/2371 R e S— 13.17% 2.01[0.18,22.14]
Syst Eur 1997 3/931 3/912 —— 39.87% 0.98[0.2,4.87]
Total (95% CI) 4795 4732 - 100% 0.72[0.24,2.16]
Total events: 5 (Active treatment), 7 (Placebo)
Heterogeneity: Tau?=0; Chi*=2.04, df=2(P=0.36); 1’=1.82%
Test for overall effect: Z=0.59(P=0.56) ‘ ‘ ‘ ‘
Favours experimental 0.01 0.1 1 10 100 Favours control

Comparison 2. Cognitive change from baseline

Outcome or subgroup title No. of No. of partici- Statistical method Effect size
studies pants
1 Change in MMSE 3 10640 Mean Difference (IV, Fixed, 95% Cl) 0.42[0.30, 0.53]
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Analysis 2.1. Comparison 2 Cognitive change from baseline, Outcome 1 Change in MMSE.

Study or subgroup Active treatment Placebo Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
HYVET 2008 1687 0.7 (4) 1649 -1.1(3.9) —— 18.89% 1.8[1.53,2.07]
SCOPE 2003 2477 -0.5(4.1) 2409 -0.6 (4.1) il 26.06% 0.15[-0.08,0.38]
Syst Eur 1997 1238 0.1(1.8) 1180 0(2.2) [ | 55.05% 0.07[-0.09,0.23]
Total *** 5402 5238 ¢ 100% 0.42[0.3,0.53]

Heterogeneity: Tau?=0; Chi?=126.25, df=2(P<0.0001); 1>=98.42%
Test for overall effect: Z=7.03(P<0.0001)

Favours active treat

Comparison 3. Blood pressure level

Favours placebo

Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
1 Change in systolic blood pressure level 4 16810 Mean Difference (IV, Fixed, 95% Cl) -10.22 [-10.78,
(mmHg) -9.66]
2 Change in diastolic blood pressure level 4 16810 Mean Difference (IV, Fixed, 95% Cl) -4.28 [-4.58, -3.98]
(mmHg)

Analysis 3.1. Comparison 3 Blood pressure level, Outcome 1 Change in systolic blood pressure level (mmHg).

Study or subgroup Active treatment Placebo Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl

HYVET 2008 1687 -29.6 (15.3) 1649 -14.6 (18.5) 23.54% -15[-16.15,-13.85]
SCOPE 2003 2468 -21.7(22.4) 2455 -18.5(22.4) —— 20.03% -3.2[-4.45,-1.95]
SHEP 1991 1966 -26.4 (17.9) 1890 -14.5(20.3) 21.39% -11.9[-13.11,-10.69]
Syst Eur 1997 2398 -23(16) 2297 -13(17) - 35.05% -10[-10.95,-9.05]
Total *** 8519 8291 ¢ 100% -10.22[-10.78,-9.66]
Heterogeneity: Tau?=0; Chi?=194.69, df=3(P<0.0001); 1>=98.46%
Test for overall effect: Z=35.8(P<0.0001) ‘ ‘ ‘ ‘

Favours active treat ;105 0 5 10

Favours placebo

Analysis 3.2. Comparison 3 Blood pressure level, Outcome 2 Change in diastolic blood pressure level (mmHg).

Study or subgroup Active treatment Placebo Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI
HYVET 2008 1687 -13.1(9.6) 1649 -7.2(10.5) 19.08% -5.9[-6.58,-5.22]
SCOPE 2003 2468 -10.8 (11.6) 2455 -9.2(11.6) —— 21.09% -1.6[-2.25,-0.95]
Favours active treat S 2.5 0 2.5 Favours placebo
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Study or subgroup Active treatment Placebo Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
SHEP 1991 1966 -8.7(10.5) 1890 -4.7(12.1) — 17.35% -4[-4.72,-3.28]
Syst Eur 1997 2398 -7(8) 2297 -2(8) = 42.48% -5[-5.46,-4.54]
Total *** 8519 8291 ¢ 100% -4.28[-4.58,-3.98]
Heterogeneity: Tau?=0; Chi?=97.05, df=3(P<0.0001); 1*=96.91%
Test for overall effect: Z=28.12(P<0.0001) ‘ ‘ ‘ ‘

Favours active treat S 25 0 2.5 5 Favours placebo

Comparison 4. Incidence and severity of adverse effects

Outcome or subgroup title No. of No. of par- Statistical method Effect size
studies ticipants

1 Adverse effects requiring discontinuation of 3 12091 0Odds Ratio (M-H, Fixed, 95% 1.01[0.92,1.11]

treatment Cl)

Analysis 4.1. Comparison 4 Incidence and severity of adverse effects,
Outcome 1 Adverse effects requiring discontinuation of treatment.

Study or subgroup Active Placebo 0dds Ratio Weight 0dds Ratio
treatment
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
SCOPE 2003 372/2477 418/2460 —— 39.43% 0.86[0.74,1.01]
SHEP 1991 665/2365 493/2371 —— 39.15% 1.49[1.3,1.7]
Syst Eur 1997 101/1238 206/1180 — 21.43% 0.42[0.33,0.54]
Total (95% CI) 6080 6011 <& 100% 1.01[0.92,1.11]

Total events: 1138 (Active treatment), 1117 (Placebo)
Heterogeneity: Tau?=0; Chi*=82.76, df=2(P<0.0001); I*=97.58%
Test for overall effect: Z=0.29(P=0.77)

‘ ‘
Favours active treat 05 07 1 15 2 Favours placebo

APPENDICES

Appendix 1. Discussion of t he individual included studies and associated follow up studies

SHEP 1991

Large multicentre trial which mostly fits the inclusion criteria (1.4% reported history of stroke). It Included only patients with ISH (systolic
BP > 160 mmHg, diastolic BP <90 mmHg) and age older than 60 years. There was no evidence that active treatment reduced the incidence
of dementia. One problem identified was open label treatment was given if SBP > 240 mmHg or DBP > 115 mmHg at a single visit. As
more people in the placebo group than in the treatment group needed open label treatment the imbalance may have biased the results.
Analysing one year data may be more useful.

A follow-up study carried out by Di Bari 2001 aimed to evaluate whether assessment of cognitive and functional outcomes was biased
by differential dropout. Characteristics of subjects who did or did not participate in follow-up cognitive assessments were compared.
The relative risk of incident cognitive impairment was assessed in the two groups, with the use of reported findings and under the
assumption that the proportion of cognitive impairments among dropouts increased. Assignment to placebo group and the occurrence
of cardiovascular events independently predicted missed assessments. When 20-30% of the subjects who missed the assessment were
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assumed to be cognitively impaired, assignment to active treatment reduced the risk of cognitive impairment. The authors concluded that
in SHEP 1991 the cognitive evaluations were biased toward the null effect by differential dropout. This might have obscured the appraisal
of a protective effect of treatment on the incidence of cognitive decline in older hypertensive adults.

Syst Eur 1997

Large multicentre trial which mostly fulfilled the inclusion criteria (7.3% had prior cerebrovascular disease and 4.1% had a history of
stroke). The trial was stopped early as the primary endpoint of a significant benefit for stroke was reached after the second interim analysis.
The vascular dementia project study by intention-to-treat analysis found the incidence of dementia was reduced by 50%. There was
difficulty analysing the trial as it was difficult to account for the progression of all people through the trial. It was not clear how many
people reached endpointin each year of follow up nor was it clear how the patients were followed up. More than 50% of the placebo group
received active treatment i.e. an antihypertensive. It was difficult to interpret the results of the intention to treat analysis as it was difficult
to ascertain who exactly was in each group; this includes results for change in BP, incidence of dementia and cognitive change. The results
above should therefore be interpreted with caution because of the element of bias. Individual patient data (IPD) would be required to be
certain of outcomes.

Substudy of Syst Eur 1997 (Forette 2002): this was an open-label, active treatment follow-up study in the same population based on the
original active study medication. The median follow-up was 3.9 years. 80.5% of control patients ended up on active treatment due to
blood pressure level. Throughout follow-up, systolic/diastolic blood pressure was 7.0/3.2 mmHg higher in the 1417 control patients than
in the 1485 subjects randomized to active treatment. Compared with the controls, long-term antihypertensive therapy reduced the risk
of dementia by 55% from 7.4 to 3.3 cases per 1000 patient-years (43 versus 21 cases, p < 0.001). There was no significant change in MMSE
between control and active treatment groups. Again this follow-up study needs to be interpreted with caution as most of the control
patients received antihypertensive medication and it was open label.

SCOPE 2003

Large multicentre trial. The problem with interpreting the results of this trial is that only 16% of the patients in the control group received
placebo alone; 84% received active antihypertensive treatment. The SCOPE trial was initiated as a placebo-controlled study. However,
because of changes in treatment guidelines and for ethical reasons, it became necessary during the recruitment period to recommend
open-label active antihypertensive therapy in both treatment groups for patients whose blood pressure remained high. As a result, the trial
actually compared a candesartan-based regimen with a usual treatment regimen not containing candesartan. There was no significant
difference found between the groups in terms of significant cognitive decline (reduction in MMSE of 4 points or more at two consecutive
visits in comparison to baseline) or incidence of dementia but one would have to assume the control group had been compromised. It
was also difficult to interpret values for mean reduction in BP and change in MMSE as it was not clear whether all subjects on open label
treatment were included. One year data may be more useful.

A sensitivity analysis was carried out with SCOPE 2003 removed (due to problems with the placebo group) and there was no difference in
the incidence of dementia outcome (OR 0.84, 95% CI 0.68,1.03).

One substudy of SCOPE 2003 assessed outcomes in patients not receiving add-on therapy after randomization (Lithell 2004). This was a
post hoc analysis and so did not meet inclusion criteria for the review. It is, however, worthy of comment as it analysed patients who most
closely reflected the original intention of the placebo controlled trial. Out of 4937 patients in SCOPE 2003, 2098 did not receive add-on
therapy. Of these 1253 received candesartan 8-16 mg daily, and 845 received placebo. When these two groups were directly compared,
there was no significant difference between the candesartan and placebo groups with respect to change in MMSE score or development
of cognitive impairment or dementia. The study investigators felt the lack of beneficial effect of candesartan on cognitive outcomes may
have been explained by the relatively short follow-up (median 3.6 years) and the rather small blood pressure differences between the
groups (mean SBP at baseline for candesartan group 164.7 mmHg; placebo group 164.6 mmHg; mean DBP at baseline for candesartan
group 90.5 mmHg; placebo group 90.4 mmHg). It was also felt patients in SCOPE had very good cognitive function at baseline and were
therefore at low risk for marked impairment. This was also thought to limit the possibility of demonstrating a preventive effect. It may be
useful, therefore, to follow patientsin this trial over a longer period of time to assess whether there is any significant difference in cognitive
impairment over time.

Another substudy of SCOPE 2003 (Papademetriou 2004) assessed elderly patients with isolated systolic hypertension (ISH) only. The
original study looked at patients with essential hypertension. This means results can be compared with SHEP 1991 and Syst Eur 1997 as
both these trials only included patients with ISH. A subgroup analysis of outcome results in SCOPE patients with ISH was carried out; this
was retrospective so did not fit inclusion criteria for the meta analysis. From 4964 patients, 1518 met criteria for ISH (systolic BP > 160
mmHg diastolic BP <90 mmHg). Average duration of follow-up was 3.6 years. 754 patients received candesartan and 764 received control
medications, although again 82% of control patients received active therapy due to blood pressure level. In both groups SBP and DBP
reductions were significant but there was no significant change in MMSE between the candesartan and control groups and no significant
difference in incidence of dementia between the two groups. This substudy therefore showed candesartan to be effective in treatment of
ISH in elderly patients like SHEP 1991 and Syst Eur 1997, but showed no benefit in terms of protecting against cognitive decline. Again the
results need to be interpreted with caution due to the number of control group patients on active treatment and short follow-up.

A further substudy (Degl'Innocenti 2004) looked at Health Related Quality of Life (HRQL) of patients in the SCOPE trial. This showed that
HRQL in SCOPE patients was generally good at baseline and well preserved during follow-up in the presence of substantial blood pressure
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reductions in both groups. The conclusions were that there should be no reason to withhold modern antihypertensive therapy in elderly
patients due to concerns for a negative effect on HRQL.

This update identified one further study (HYVET 2008) which fulfilled the inclusion criteria.

HYVET 2008 was a well-conducted, international, multicentre trial which mostly fulfilled the inclusion criteria (6.7% of the active treatment
group and 6.9% of the placebo group had history of stroke at baseline). The lack of definitive data advising on the treatment of hypertension
intheincluded age group (80 years or older) probably reflects the adherence to assigned study treatment, with less than 1% of participants
not taking one of the three steps of active treatment or matching placebo. The trial was stopped early, after a median follow up of 1.8 years,
due to the finding of a significant reduction in the primary end-point, the rate of any stroke, in the active treatment group at a prespecified
interim analysis. A secondary end-point, death from any cause, was also significantly lower in the active treatment group. The majority of
subjects (>95%) were recruited from eastern Europe and China.

The HYVET-COG substudy (Peters 2008) reported on the 3336 subjects from the total trial population of 3845 who attended for at least
one follow-up assessment (1 year). The 509 participants who did not meet inclusion criteria for this substudy were comparable in baseline
data to those included. Prevalent dementia or cognitive decline at baseline was not reported, although MMSE scores ranged from 15 to
30. There were 263 incident cases of dementia, which was much greater than for the other included studies and reflective of the older
mean age of participants in this trial compared to the other included studies. No significant difference in the rate of incident dementia or
incident cognitive decline was found.

FEEDBACK
Peer review and editorial comment, 3 July 2009

Summary

Peer reviewers and editor suggested rewriting parts of background section and discussion from initial review to facilitate ease of reading
as parts of these sections were also repeated in other sections of the review, for example characteristics of included studies.

Afew inconsistencies in presentation through the various sections of the review were highlighted.
Comments throughout initial review and this update have returned to the included and excluded studies.
Reply

Rewriting of the background and discussion sections in the updated review done as suggested.
Consistent use of terms and phrasing now used throughout the updated review.

The brief given to the reviewers by the Review Group was to analyse the effect of blood pressure lowering on cognitive impairment in
subjects with no evidence of prior cerebrovascular disease. The reasons for exclusion of certain studies and the problems with analysis of
the included studies have been dealt with in detail in the initial review and in this update.

Contributors

ST and BMcG; reviewed and commented on by PP.

WHAT'S NEW

Date Event Description

27 July 2009 Feedback has been incorporated Further feedback from editor incorporated into updated review.

3 July 2009 Feedback has been incorporated Feedback from editor incorporated into updated review.

11 May 2009 Feedback has been incorporated Feedback from external peer reviewers incorporated into updat-
ed review.

21 January 2009 Feedback has been incorporated Feedback from contact editor and editorial base incorporated in-

to updated review.
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Date Event Description
26 November 2008 New citation required and conclusions The authors have recommended that no further trials are con-
have changed ducted assessing the effect of antihypertensive interventions for
cognition.
26 November 2008 New search has been performed Update of search of February 2008 retrieved several studies for

consideration by the authors: upon assessment, one new study
has been included (HYVET 2008); there are now four studies in-
cluded in the review, with a total of 15,936 participants. In addi-
tion, two new studies have been excluded.
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