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Abstract

Identifying the leading health and lifestyle factors for the risk of incident demen-

tia and Alzheimer’s disease has yet to translate to risk reduction. To understand

why, we examined the discrepancies between observational and clinical trial evidence

for seven modifiable risk factors: type 2 diabetes, dyslipidemia, hypertension, estro-

gens, inflammation, omega-3 fatty acids, and hyperhomocysteinemia. Sample hetero-

geneity and paucity of intervention details (dose, timing, formulation) were common

themes. Epidemiological evidence is more mature for some interventions (eg, non-

steroidal anti-inflammatory drugs [NSAIDs]) than others. Trial data are promising for

anti-hypertensives and B vitamin supplementation. Taken together, these risk factors
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highlight a future need for more targeted sample selection in clinical trials, a better

understanding of interventions, and deeper analysis of existing data.

KEYWORDS

anti-hypertensives, anti-inflammatories, blood pressure, cholesterol, dementia, diabetesmellitus,
homocysteine, hormone therapy, hypertension, inflammation, omega-3 fatty acids

1 INTRODUCTION

The last 20 years have seen a substantial growth in research on risk

factors for cognitive decline and dementia.1,2 In 2013, this led to an

international petition to theG8Dementia Summit asking governments

to promote research into modifiable risk factors and the prevention of

dementia.3 In the evidence base, multiple longitudinal cohort andmed-

ical record studies have examined dementia risk factors and have been

combined into systematic reviews and meta-analyses,1,2 and the field

is now starting to see reviews of reviews.4,5 However, recent atten-

tion has also focused on a critical examination of gaps in the current

evidence base.6 A key aspect of the latter is the contrast between the

epidemiological evidence and the data from clinical trials, where inter-

ventional trial results for dementia outcomes typically fail to reflect

those of observational risk factor epidemiology. Despite the consen-

sus regarding themain risk factors for dementia, this contrastwith trial

results leaves the evidence in support of risk reduction still compara-

tively lacking, as demonstrated in evidence summaries used to inform

the recentWorld Health Organization (WHO) dementia risk reduction

guidelines.7

Here, we discuss and explore possible explanations for the diver-

gence in findings between the risk factor epidemiology and the risk

reduction trials. We draw on expertise from the Alzheimer’s Associa-

tion International Society to Advance Alzheimer’s Research and Treat-

ment (ISTAART) Professional Interest Area (PIA) on Clinical Trials and

Methodology and leading international experts to appraise and syn-

thesize the evidence, highlight the areas of discrepancy, and propose

the needed next steps. We have selected seven exemplar core risk

factors associated with altered dementia risk. For each of these, a

plausible mechanism exists for the association between the risk fac-

tor and cognition. Even so, trial evidence for risk reduction remains

incomplete. To reduce the potential for bias in the trial evidence,

the selected risk factors are those that lend themselves to blinded

pharmacological intervention. These include the following risk factors

for which pharmaceutical agents are already in use: type 2 diabetes

and antidiabetic medications; dyslipidemias and statins; blood pres-

sureandanti-hypertensiveagents; inflammationandnonsteroidal anti-

inflammatory drugs (NSAIDs); and estrogen and hormone replacement

therapy (HRT). Alongside this, we also examine two nutritional risk fac-

tors and nutritional interventions: omega-3 fatty acids and their sup-

plementation and hyperhomocysteinemia and B vitamins. The review

and commentary is divided into seven separate sections, each consid-

ering one of these risk factors, with each section drafted and shaped

separately by experts in the related field. Each section summarizes the

rationale, the potential biologicalmechanisms, the epidemiological evi-

dence for the risk factor, and the clinical trial evidence for risk reduc-

tion, and provides recommendations for future observational and clin-

ical trial work.

2 TYPE 2 DIABETES MELLITUS

2.1 Diabetes and dementia: An introduction

Type 2 diabetes mellitus (T2DM) is a common chronic disorder

characterized by hyperglycemia, insulin secretion deficiency, and

insulin resistance. T2DM has a global prevalence of ≈9%, and this

is expected to increase with a younger age at onset, particularly in

low- to middle-income countries.8 It is associated with increased

mortality and co-morbidity due to microvascular (ie, retinopathy,

neuropathy, nephropathy) and macrovascular (ie, cardiovascular and

cerebrovascular disease) complications.9 The causes of T2DMaremul-

tifactorial and include a complex interplay of genetics10 and lifestyle

factors, including obesity, a sedentary lifestyle, and energy-dense but

nutrient-poor diets.11

2.2 Potential mechanisms

The pathophysiological mechanisms underlying the link between

T2DManddementia areunclear.12 Someplausiblemechanisms include

(1) vascular pathways from co-morbidities and complications of T2DM

(eg, hypertension and cerebrovascular disease13); (2) cerebral insulin

resistance pathways contributing to neurodegeneration and disrup-

tion of cerebral proteins12–14 (this discovery even led to suggestions

that Alzheimer’s disease (AD) be considered as “Type III diabetes’’14);

and (3) pathways through which hyperglycemia may accelerate amy-

loid plaque aggregation and tau neurofibrillary tangle formation via

accelerated formation of advanced glycation end products.15

2.3 Epidemiological evidence that T2DM is a risk
factor for dementia

Longitudinal epidemiological studies have consistently demonstrated

associations between T2DM and its associated features of hyper-

glycemia and insulin resistance, with risk of cognitive impairment

and dementia.16–20 For example, a meta-analysis of 28 prospective
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observational studies demonstrated that, compared to those without

T2DM, persons with T2DM had a 73% increase in risk of all-cause

dementia, 56% increased risk of AD, and 127% increase of vascular

dementia.19 Caution must be applied, however, since the confound-

ing that is a major challenge to inferring causality from epidemio-

logical evidence is particularly pertinent in a complex disorder like

T2DM that has many contributing factors, co-morbidities, and com-

plications. For example, most studies investigating the link between

T2DM and dementia do not adjust for common cause factors such as

pre-morbid intelligence quotient (IQ), education, and socioeconomic

position, which are the biggest predictors of cognitive function and

impairment later in life, and strong predictors of T2DM.21,22 Informa-

tion on the mediating effects of complications and co-morbidities (eg,

hypertension) are also often lacking. In addition, these studies have

relied on clinical rather than neuropathological diagnoses of AD and

so are limited by misclassification of the outcome.23 When T2DM has

been examined as a risk factor for Alzheimer’s pathology, no associa-

tion is observed; T2DM is associated with cerebrovascular pathology,

however.24,25

A further consideration is to what extent participants in epidemio-

logical studies may have untreated, or undiagnosed, T2DM, especially

given the socially patterned andhealth care–dependent nature of diag-

noses and treatment.

It would be useful for studies to incorporate more objective mea-

sures of the underlying T2DM disease, such as hemoglobin A1c

(HbA1c) level and insulin resistance, which would help elucidate

more mechanistic processes. Although epidemiological studies have

attempted to link these T2DM processes with dementia and cog-

nition outcomes,26 we need more evidence from studies with large

sample sizes assessing the association between T2DM disease pro-

cesses with the whole spectrum of dementia, including the impact

on cognitive function and the level and progression of neuropathol-

ogy associated with dementia, prior to overt clinical expression.27–29

This would help strengthen or weaken our evidence base for a

causal association between the disease processes of T2DM and

dementia.

Self-reported, or linkage with, medication records would also be

beneficial, and there have been efforts to use T2DM medication data

as amain exposure in epidemiological studies,30 but these have yielded

inconsistent results. Careful consideration of timings of treatment,

duration of treatment, and compliance with treatment would help to

elucidate some of these issues.

Mendelian randomization studies use genetic predictors of T2DM

as potential causal instruments to assess causality in settings where

confounders are known to be unmeasured. To date, studies have

reported null associations between the genetic risk of T2DM, glucose

and insulin resistance, and all-cause dementia and AD,31–34 perhaps

indicating that there is not a causal relationship between T2DM and

later-life dementia per se, but implicating other pathways related to

T2DM.22,24 Other causal inference methods are increasingly becom-

ing applicable for clinical medicine and observational studies,35 but as

of yet have not been applied to investigate the association between

T2DMand dementia.

RESEARCH INCONTEXT

1. Systematic review: The authors have reviewed and criti-

cally appraised the current evidence for pharmacological

risk modification and dementia risk reduction for seven

leading modifiable dementia risk factors (type 2 dia-

betes, dyslipidemia, hypertension, estrogens, inflamma-

tion, omega-3 fatty acids, and hyperhomocysteinemia).

2. Interpretation: Critical appraisal of the evidence base

uncovered overlapping themes and knowledge gaps com-

mon to multiple risk factors. Sample heterogeneity and

paucity of intervention details (dose, timing, formulation)

were common.

3. Future directions: There remains a potential for dementia

risk modification, particularly for anti-hypertensive use

and vitamin B supplementation. Further work is needed

to fully establish this: evaluating impact and reducing

bias. Targeted and methodologically sophisticated inves-

tigations are now urgently needed to drive forward

our understanding in this area and to inform recom-

mended targets for concrete and effective risk reduction

strategies.

Future studies should endeavor to measure confounding and medi-

ating influences and may consider applying causal inference methods

alongside more traditional methods to infer more accurate causal esti-

mates of the impact of T2DM on cognitive impairment and dementia

risk.

2.4 Diabetes-related therapeutics: Dementia
reduction trials

Randomized controlled trial (RCT) results to date do not suggest that

anti-diabetic agents as used to treat diabetes are associated with bet-

ter cognitive outcomes. 36 Efforts to summarize the effects of anti-

diabetic agents on cognitive impairment include a Cochrane review of

seven RCTs up to 201736 that found no evidence to favor T2DM treat-

ment to prevent cognitive impairment or dementia. Indeed, there have

even been indications that anti-diabetic agents seem to increase the

risk of cognitive impairment, potentially via hypoglycemic episodes.36

Although therewere initial indications of a potentially beneficial effect

on the incidence of dementia with pioglitazone,37 a thiazolidinedione

insulin sensitizer thought to have a role in microglia regulation, two

phase III trials in patients with mild cognitive impairment (MCI) (Clin-

icalTrials.gov identifier: NCT01931566 and NCT02284906) were ter-

minated early because of a lack of efficacy on primary outcomes,

namely, a change in composite cognitive score over 24 months com-

pared to placebo. Overall evidence from trials to date is deemed

low quality due to the risk of bias in the studies and imprecision
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of the results, for example, the lack of data on blinded assessment

of outcomes, inconsistencies with the primary outcome measures,

patient selection and exclusion criteria, low event rates, and wide

confidence intervals.36 Furthermore, RCTs of anti-diabetic medica-

tion as an intervention for dementia were usually in populations

with MCI, mild dementia cases, 38 or those genetically at risk for

dementia,27,29,39–41 and mostly exclude participants with a diagnosis

or treatment of T2DM, and in some cases, exclude based on glucose

level thresholds.42 There are very limited studies that have included

at least some participants with diabetes,43,44 which in turn enables a

different research question to be addressed: whether there are ben-

eficial effects of AD disease progression in diabetic patients with AD.

In these cases, the placebo group often continues their existing treat-

ment for T2DM, apart from the anti-diabetic agent of interest in the

trial. This is a significant challenge, and more evidence is needed from

larger studies enrolling patients with and without T2DM, with a com-

prehensive history and a range of treatments to enable subgroup

analyses.

We also recommend that epidemiological and RCT studies make it

clearer in their documentation whether participants with T2DMwere

excluded, and if so, how this is defined, given that this information is

often not easily accessible.

2.5 Methodological differences between
observational studies and trials, discussion, and
recommendations for future work

Epidemiological studies and RCTs have heterogeneity and method-

ological variations that make them difficult to compare. The two

approaches often differ in diagnostic criteria and duration of T2DM;

treatment, duration, and dosage of anti-diabetic agents; follow-up

times; populations under investigation; and cognitive outcomes,19 with

trials having been limited in their attempts to reproduce real-life expo-

sures and outcome effects.

Recommendations detailing the potential for alleviating such limita-

tions in future work in T2DMand cognition include:

(i) Where randomization in trials offer gains in precision of controlled

exposure and removal of confounding, RCTs do not mimic real-life

exposures. For example, many studies do not consider duration of

T2DM, prior management, and anti-diabetic agent(s) of choice, or

consider the underlying metabolic effect of treatment, such as the

level of glycemic control, hyperinsulinemia, and insulin resistance

on cognitive impairment.

Our recommendation on measurement of exposure: Given the

dynamic metabolic features of T2DM, complex risk factors, and the

co-morbidities and complications of T2DM, future RCTs and obser-

vational studies should take a life-course phenotyping participants.

This may include measurement of underlying metabolic features and

co-morbidities, duration of T2DM, and medication history, which

will enable suitable matching, monitoring, and the ability to bet-

ter address these potential confounders and mediators in the study

design.

(i) Randomization may weaken the exposure signal because however

precisely isolated it is for the trial, it is likely to occur with complex

co-morbidities in real life.

Our recommendation for treatment: Given that dementia results

primarily from complex progressive disorders, it may be reasonable to

conduct trials with drugs that have actions at multiple targets45 and

multi-modal trials for dementia.46

(i) Existing RCTs in this area lack reliable measures to detect clinically

relevant cognitive change and have frequently been of short dura-

tion when considering the assessment of cognitive change. Most

studies have used theMini-Mental State Examination (MSE), which

is not sensitive to early or subtle changes in cognition over short

time periods and which may be less sensitive to vascular cognitive

impairment.47

Our recommendation on measure of outcome: Future trials should

aim to capture sufficient follow-up to measure clinically relevant

change and to facilitate this using a battery of tests designed to

cover a range of domains of cognitive function, capture individual-level

changes in cognition,48 and differentiate pre-morbid abilities (ie, using

discrepancies between crystallized and fluid functioning, whereby the

former is relatively spared in preclinical AD).49

(i) Epidemiological studies and clinical trials have differing drivers for

sample selection and attrition.

Our recommendation for sample selection and follow-up: Future

studies examining the relationship between diabetes and cognition

should carefully characterize participants to include appropriate at-

risk populations. Studies should also aim to build in mechanisms for

longer-term outcome collection, ideally through longitudinal prospec-

tive data collection that integrates phenotyping of features of T2DM

(hyperglycemia and insulin resistance) across the life course when the

exposure may exert maximal influence and follow-up, even in the face

of shorter-term differential attrition.

3 CHOLESTEROL/STATINS

3.1 Cholesterol, statins, and dementia: An
introduction

Multiple epidemiological studies have shown an association between

reduced dementia risk and statin use, reporting odds ratios of 0.6 to

0.9.50–57 Experimental data using both in vitro and in vivo animal mod-

els of AD suggest pleiomorphic effects of the statins in relation to

the pathogenesis of degenerative disease.58 Such effects include direct

actions on cholesterol lowering, influences on related cardiovascular
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risks including T2DM and hypertension, alterations in inflammatory

pathways, modulation of intracellular trafficking and neurotransmitter

release, aswell as indirect effects on amyloid beta (Aβ)- and tau-related
alterations that are associated with neurodegeneration.58

3.2 The “Statin Paradox”: Introduction and
mechanisms

Statins exert their primary effect by competitively inhibiting 3-

hydroxy-3-methylglutaryl-CoA (HMG-CoA) reductase, the first and

key rate-limiting enzyme of the cholesterol biosynthetic pathway.58

Statins mimic the natural substrate molecule, HMG-CoA, and compete

for binding to the 3-hydroxy-3-methyl-glutaryl-coenzyme A reductase

(HMGCR) enzyme. This leads directly to effects on overall circulat-

ing cholesterol levels. The indication for statin use includes reduction

in hypercholesterolemia, which has been linked to increased risk of

cardiovascular and cerebrovascular events. Such consequences can be

directly responsible for the development of cognitive impairment and

dementia; or, more frequently, can be associated with cerebrovascu-

lar disease that interacts additively and possibly even synergistically

with other neurodegenerative pathways.52 Much research has also

suggested that genetic alterations affecting cholesterol trafficking and

modulating pathways are related directly to increased risk of AD, sug-

gesting the potential for other risk reduction pathways.50

3.3 Cholesterol and statins: The epidemiological
evidence

The epidemiological associations between statin use and reduced risk

of dementia have been reviewed in several recent publications includ-

ing anupdate of theCochranedatabase.50,53–57,59,60 These data clearly

demonstrate an association between statin use and a lowered risk for

all-cause dementia, and AD specifically, but notably they provide con-

flicting results for the reduction of dementia caused by cerebrovascu-

lar disease. The influence of aging adds complexity here because much

work in the field is focused on the relationship of midlife rather than

late-life hypercholesterolemia in modulating dementia risk.51 Accord-

ingly, some of the variability seen in epidemiological studies may be

related to the timing and exposure characteristics for the statin ther-

apy identified as possibly modulating risk for future decline in cogni-

tionand in thedevelopmentof dementia. Yet, otherworkhas suggested

that the various statin drugs are not uniform in their effects on degen-

erative disease processes but instead have specific characteristics that

maydiffer. Consequently,when statins are clustered as a uniformexpo-

sure in epidemiological association studies, such exposure may reduce

the opportunity for clarity and may lead to inconsistent results.56,61

Major factors include type of statin, dosage, length of exposure, and

timing in the life-coursewhen exposure occurred. Yet, the data are suf-

ficiently conclusive to warrant clinical trials of statin therapy to reduce

the risk and or delay the progression of cognitive decline and degener-

ative dementia.

F IGURE 1 Confounds that have plagued clinical trials of statin
therapy

3.4 Cholesterol and statins: The clinical trial
evidence for statins and their influence on dementia
risk

Several studies have, therefore, investigated the hypothesis that statin

therapy may be beneficial for the treatment of dementia. However,

despite the promising epidemiological and observational data, results

have been disappointing,56,61 as the trial data appear to contradict the

epidemiological data. Attempts at an explanation for this discrepancy

have focused back on the multiple sources of low precision inherent in

the epidemiological studies, including again the type of statin, dosage,

length of exposure, and timing of exposure in the life-course56,61 (Fig-

ure 1). In addition, many trial design considerations may explain the

discrepancy. These include inclusion and exclusion criteria that restrict

participants in ways that are inconsistent with observational stud-

ies, for example, different population characteristics and selection of

statin, and dose, duration of exposure, and timing in the life-course,

which are again discordant with observational results.22,53,61 We con-

sider each of these considerations in the sections to follow.

Inclusion and exclusion criteria. One critical difference between

the many null-finding statin clinical treatment trials and observa-

tional studies is that persons enrolled in clinical trials were not

recruited based on dysregulated lipid status.53,61 Indeed, some tri-

als excluded from enrollment those participants whose lipid status

revealed dysregulation.53,61 The contrast with clinical use (and resul-

tant observational studies) is obvious. Secondary analyses of the data

from several clinical trials have implicated genetic background, espe-

cially apolipoprotein E gene (APOE) ɛ4 status as a primary modula-

tor of statin effects that may be related to risk of cognitive decline

in dementia.50 Further trials should take such considerations into
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account when designing maximally appropriate inclusion/exclusion

criteria.

Selection of statin: Clinical trials of statins for cognitive outcomes

have focused largely on atorvastatin and pravastatin. Although other,

smaller trials includedother statins,meta-analytic studiesof thepoten-

tial beneficial effect of statin therapy have typically considered statins

as a single group. Yet, clinical experience suggests that the statins are

quite diverse in their effects on high-density lipoprotein (HDL) as well

as low-density lipoprotein (LDL) modulation. Common practice dic-

tates that if a patient fails one statin, another agent should be tried.

Such flexibility in selection of agents has not yet been incorporated

into clinical trial methodology. Thus many who are intolerant of the

assigned statin in a trial might have benefited from an alternate drug.

Statin dose: The dosage of statins in clinical trials for the prevention

of cognitive decline and dementia have typically been in the mid-range

based on studies of systemic cholesterol modification, without the

inclusion of adaptive trial design to enable maximum dose for unique

participants. This issue relates partially to theusual inclusion andexclu-

sion criteria for such trials, which, unlike in clinical use, do not consider

the type or severity of dyslipidemia when selecting a statin agent or

dose.53,61 At least with respect to dose, consideration of an adaptive

design protocol might allow flexibility in optimizing dose, based on sys-

temic pharmacodynamic profiles, for prevention of cognitive decline.

To date, a central nervous system (CNS)–specific pharmacodynamic

profile that might guide optimal statin dosing for dementia prevention

has not been established.

Durationof exposure: Themajority of clinical trials testing statin use

for the prevention of dementia or cognitive decline have had relatively

short durations, typically about 2 years.53,61 By contrast, the observa-

tional data on cognitive consequences of statin use for modulation of

cardiovascular risks suggests that a much longer duration of exposure

may be necessary for the desired effect on cognition.54,56 Prolonged

trials of statin therapy should therefore be considered when designing

new trials of statins for the prevention of cognitive deficits.

Timing of exposure across the life-course: As noted above, a criti-

cal issue with the discrepancy between observational and clinical trial

data regarding the potential benefits of statin therapy in preventing

cognitive decline may be the timing of exposure across the life-course.

Observational studies often include exposure at any point in the life-

course, especially in midlife or early old age.54,56 By contrast, most

statin trials to date have enrolled persons at older age and several with

some level of existing cognitive impairment, when, arguably, a great

deal of neural damage is already evident.53,61,62 Although it would be

prohibitively costly to conduct a clinical trial that tests later-life cogni-

tive consequences of midlife exposures, there may be ways to achieve

the same aims, using new technologies to detect early changes of neu-

rocognitive disorders or ancillary cognitive studies of midlife trials and

looking at the late-life conversion to dementia; such studies may ulti-

mately provide the answers as towhether statin therapy can intervene

in the development of late-life cognitive decline and dementia.

3.5 Statins and cognition: Conclusions and
recommendations for future work

Although the number of prospective, randomized, placebo-controlled

clinical trials that have failed to provide evidence for the benefit

of statin therapy in reducing the incidence of cognitive decline in

dementia argue strongly against further investigations in this area, the

data supporting the use of such therapy from observational studies

is overwhelmingly supportive of further investigations.50,51,53–61,63,64

The field is now poised to look back and reconsider essential clin-

ical trial flaws in the design and conduct of such research in an

attempt to improve on the critical confounds of inclusion and exclu-

sion criteria for the participants, selection of statin, statin dose, dura-

tion of exposure, and timing in the life-course when the exposure

should maximally exert its influence.56,61 Understanding the discrep-

ancies between observational and clinical trial data regarding the

use of statins for the prevention of cognitive decline in demen-

tia is critical to uncovering whether the observational data repre-

sents pure epi-phenomena that is unrelated to the underlying disease

course.

Recommendations for future clinical trials of statin therapy

include:

1. Selection of an appropriate population including those with choles-

terol/lipid dysregulation

2. Adaptive design in the selection and dose of statin

therapy

3. Enhanced duration of exposure with consideration of timing within

the degenerative cascade when therapy may prove most bene-

ficial. Creative approaches such as ancillary cognitive studies of

midlife trials, looking at the late-life conversion to dementia are

warranted.

4 BLOOD PRESSURE AND
ANTI-HYPERTENSIVES

4.1 Blood pressure and anti-hypertensives: An
introduction

Epidemiological evidence has consistently shown a relationship

between higher blood pressure (BP) and an increased risk of develop-

ing cognitive decline and dementia.65 Several plausible mechanisms

support the potential for raised BP driving impairment in brain struc-

ture and function.66 BP reduction is possible via several established

classes of anti-hypertensive medication that are widely available and

present in treatment pathways for cardiovascular risk reduction.67

However, relatively few trials of anti-hypertensive drugs have mea-

sured cognitive outcomes or incident dementia, and those that have,

have been largely inconclusive.
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4.2 Potential mechanisms linking raised blood
pressure to impaired cognition

Mechanisms by which raised BP may lead to impaired cognitive func-

tion and dementia have been summarized elsewhere.66,68 They include

damage to the vascular structure (eg, increased risk of clinical and

subclinical stroke, promotion of atherosclerosis, vascular remodeling

and stiffening reducing effective perfusion, small vessel disease lead-

ing to white matter lesions and microvascular rarefaction leading to

loss of microvessels), and to function (eg, disruption of endothelial cell

function leading to impairedmicrovascular flow, disruption of the neu-

rovascular coupling attenuating the ability for cerebral blood flow to

respond to neural activity, impaired autoregulation, and loss of blood-

brain barrier integrity).66,68,69 There is also evidence to suggest that

high BP and vascular risk may be associated with deposition of Aβ.
66,70–72

4.3 Epidemiology of blood pressure and cognition

Alongside the plausible mechanisms there are a large number of epi-

demiological studies linking raised BP to incident cognitive decline or

dementia.73,74 This is particularly the case for raised BP in midlife,

implying a role for aging similar to the evidence for raised choles-

terol. A 2005 review highlights 11 of 13 studies reporting a relation-

ship between higher BP and incident cognitive decline or dementia in

populations 40s to 50s and followed for ≈20 years.65 In contrast, for

populations in their 60s and 70s, although high BP remains a risk fac-

tor the evidence is more mixed. The same 2005 review found only 6

of 21 studies reporting higher pressures in later life associated with

increased risk and a further 3 studies reporting a U-shaped relation-

ship,with both lowandhighpressures associatedwith increased risk.65

More recentwork supports the need for a life-course perspective high-

lighting characteristics particularly relevant to BP75,76 : for example,

chronicity, the change in diastolic and systolic pressure with aging and

the steeper rise and subsequent fall in pressure observed 2 to 5 years

before dementia diagnosis and the potential for differential mortality

in higher and lower BP populations. It is in the context of this epidemi-

ology that wemust examine evidence from the trials.

4.4 Anti-hypertensives: Randomized controlled
trials and dementia

Several randomized controlled and blinded trials of anti-hypertensives

have assessed cognition or dementia outcomes. However, their results

have been largely inconclusive.77,78 In general, cognition and incident

dementia have been secondary end points, or assessed in ancillary

studies, in trials designed primarily to examine the cardiovascular ben-

efits of antihypertensive use in later-life populations. This point has

driven threemain issueswhenconsidering evidence for thepotential of

anti-hypertensives to reduce the risk of cognitive decline and demen-

tia: (1) the lengthof follow-up, (2) the selectionof anappropriately aged

population, and (3) the assessment of cognitive function and cognitive

decline.

(1) The primary focus on cardiovascular outcomes has typically

resulted in relatively short follow-up for cognition, and some trials

have even been stopped early following observed cardiovascular ben-

efit. The early stopping and lack of long follow-up (most are less than

the recommended minimum of 5 years)78,79 has very likely exacer-

bated a lack of statistical power to detect cognitive and dementia

outcomes, as these develop more gradually over time. For example,

mean follow-up in anti-hypertensive trials that havemeasured demen-

tia (double-blind randomized phase rather than longer term open-label

follow-up) ranges from 2.0 to 4.3 years.77 (2) A common focus of anti-

hypertensive trials for elderly individualsmay alsomean that the inter-

vention ignores the most relevant, younger (midlife, or earlier adult

life) target population for cognition and anti-hypertensive use. The trial

populations have, by design, been drawn from people in early late life

or older.Most of the trials recruited populations entirely from later life

(≥60 years), and even the trials open to including people in their 50s

arrived at mean baseline ages in the mid-60s. Trials that report on cog-

nitive outcomes show similar issues.78 (3) Most of the trials have also

used a relatively insensitive cognitive screening instrument as the pri-

mary cognitive assessment tool. This limits their ability to detect more

subtle cognitive change.78

Trials in this area have also been constrained by the development

of the cardiovascular evidence base. That is, as the cardiovascular evi-

dence base has grown, the drug-prescribing guidelines and thresholds

for treatment have changed. Guideline changes to recommend treat-

ment in a new population drives consequent ethical requirements to

treat, thus shaping the populations that can be selected for each subse-

quent trial, or having limiting effects on recruitment due to accommo-

dating aspects around prior exposures.80 This has driven each new trial

to recruit to different baselineBPs, ages, or cardiovascular risk profiles,

thereby furthering the heterogeneity across the evidence base.

Despite these limitations, there is a growing evidence base

for anti-hypertensive treatment as having a role in dementia risk

reduction,81,82 Meta-analyses, particularly those that focus on double-

blind trials, generally find point estimates (odds ratio, relative risk,

hazard ratio) of around 0.9 in favor of anti-hypertensive treatment

reducing risk of dementia 83,84 and showing a potential for dose-

response.77,83,85 For example, trials that achieved greater than a

10 mm Hg reduction in BP between their two randomized arms had a

combined 12% (95% confidence interval [CI] 22%-2%) risk reduction

for incident dementia compared to a nonsignificant result (relative risk

0.98 (95%CI 0.88-1.09) in those who did not achieve this difference.77

Questions remain as to the ideal range of BP for brain health, which

may be specific to different levels of chronological, or more likely bio-

logical, age and prior BP exposure. Furthermore, recent and potentially

paradoxical results from the Systolic Blood Pressure Intervention Trial

(SPRINT-MIND)85,86 have highlighted the possibility of increased cog-

nitive risk from lowering BP too far86 and served to once again high-

light the complexities and knowledge gaps in this area.
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4.5 Blood pressure and anti-hypertensives:
Summary and recommendations

In summary, although overall the direction of the epidemiology and

clinical trial evidence is broadly congruent, and more congruent than

some of the other risk factors, this is still insufficient to tell us whether

reducing BP for dementia risk reduction is effective.

Recommendations for future work on anti-hypertensives, blood

pressure, and cognition include:

1. New sophisticated analysis of the existing epidemiology and clin-

ical trial data, for example, using causal inference methods and

more appropriately taking account of competing risks alongside

using more sophisticated modeling to examine the role of different

achieved BP levels and attrition.

2. New data collection is needed to evaluate relevant populations.

In particular we need a clear understanding of the relationship

between BP and cognition over the life-course, and at ages 20,

30, or 40 years prior to dementia onset, for example, by collect-

ing longer-term prospective or even retrospective data on both BP,

cognition, and anti-hypertensives.

3. Related to point 2 above, we also need a better understanding of

the role of trajectories of change in BP and any consequent change

in ideal BP ranges (alongside changes in other dementia-influencing

factors).

4. We need to start using sufficiently sensitive cognitive outcome

measures.

5 ESTROGEN AND HORMONE THERAPY (HT)

5.1 Hormones and HT: Introduction and potential
mechanisms

Estrogen and supplementation using oral hormone therapy (HT) have

been proposed as a treatment for observed changes in memory and

dementia risk in women who are experiencing menopause. There are

several plausible biological mechanisms for cognitive benefits from

estrogen supplementation after menopause.87,88 Estrogen receptors

are widespread in the brain and regulate synaptogenesis,89 particu-

larly in the hippocampus.90 For example, rats show reduced density of

dendritic spines after oophorectomy.91 Estrogen also interacts with or

modulates neurotransmitters that are important for cognition such as

dopamine and serotonin.89,92 Animal studies have also provided evi-

dence for a “sensitive period” during which the therapeutic benefit

of estrogen supplementation may occur, and suggest that estrogen-

mediated cognitive benefits may be lost if treatment is commenced

before, or after, a specific age.93

5.2 HT and cognition: Epidemiology

Systematic reviews of the epidemiological data have consistently

shown that HT is associated with reduced risk of late-life dementia.4

Most cohort studies that report on HT in relation to dementia out-

comes make comparisons between women who have “ever” used HT

with those who have “never” used HRT.94 Data are lacking on estrogen

creams and the use of HT for short periods, for example, for less than 6

months.94

Positive early observational findings95–97 ranged from a 39% to

50% effect size for the reduction in AD risk associated with HT use.

Comparable evidence was demonstrated in one review, which showed

that the strongest evidence for HT in AD risk reduction came from

2 cohort studies and 10 case-control studies, which showed a pooled

34% decrease in AD risk (95% CI 18%-47%).89,98 An additional review

found the pooled risk ratio of cohort studies using HT in AD preven-

tion to be a 39% reduction [95% CI 24%-54%]1. More recent obser-

vational evidence has also suggested a benefit of HT on cognition in

postmenopausal women, with longer duration associated with greater

benefit in the population-based Cache-County cohort study.97,99 The

12-year follow-up of the Cache-County study found a significant “sen-

sitive period” effect, with timing of HT commencement being signifi-

cantly related to cognition (assessed using the extended mini-mental

state exam, the 3MS) such that those commencing within 5 years of

menopause performed better than those commencing HT 6 or more

years following menopause, with greater benefit conferred to older

women.99

Early observational data were subject to significant confounding,

with depression typically not controlled, and thewomenwhowere pre-

scribed HT being more educated, in better overall health prior to HT

commencement, and leading healthier lifestyles than women not given

HT.100,101 LeBlanc et al. also note potential bias by contraindication

in observational studies whereby women who already have dementia

are less likely to receive HT due to issues relating to compliance and

interactive effects between the HTs and existing medications.98 Error

may also be introduced in reporting, with many studies using proxy

reports, which could lead to bias due to the proxy being unaware of

any previous HT use. A limitation of the meta-analyses of the obser-

vational data is the lack of consistency in the information on age of

exposure.4 When measures are taken several years apart in panel sur-

veys the exact timing ofHT in relation tomenopausemay not be clearly

specified.

5.3 HT and cognition: Clinical trial evidence

A systematic review of the clinical trial evidence for the effect of HT

on cognitive outcomes did not find benefit.102 The Women’s Health

Initiative Memory Study (WHIMS), a double-blind, placebo-controlled

clinical trial examining 8300 women 65 years of age or older over a 2-

year period to observe the effects of HRTs and dementia progression.

The trial failed to find a beneficial effect for HT in reducing demen-

tia risk, instead finding an increase in all types of dementia.103,104 One

explanation for the discrepancy between WHIMS and early observa-

tional findings is the differences in timing of treatment onset.Whereas

observational studies followed women who had commenced HT dur-

ing menopause, in WHIMS, participants were randomly allocated long

into the post-menopausal phase.94 The “sensitive period hypothesis”

suggests both the observational andWHIMS findingsmay be accurate,
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