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Introduction

Healthy ageing is a major concern around the world. Alzheimer's disease (AD) and other forms of dementia are key drivers of deteriorating late-life functioning, and, in the context of population ageing, the number of people living with such conditions is rapidly rising [START_REF] Dementia Collaborators | Global, regional, and national burden of Alzheimer's disease and other dementias, 1990-2016: a systematic analysis for the Global Burden of Disease Study 2016[END_REF]. Numerous longitudinal cohort studies have identified a group of modifiable risk factors (e.g. diet, physical activity, cognitive stimulation, hypertension, obesity) and a second group of non-modifiable risk factors (e.g. age, genetic factors) related to cognitive decline or dementia [START_REF] Baumgart | Summary of the evidence on modifiable risk factors for cognitive decline and dementia: A population-based perspective[END_REF][START_REF] Livingston | Dementia prevention, intervention, and care: 2020 report of the Lancet Commission[END_REF]. Around 40% cases of dementia potentially caused by this first group of risk factors may be preventable [START_REF] Livingston | Dementia prevention, intervention, and care: 2020 report of the Lancet Commission[END_REF]. Accordingly, modification of these risk factors could influence cognitive trajectories in ageing. Randomised controlled trials provide the highest level of evidence to evaluate the impact of such changes and the effectiveness of the strategies implemented to achieve them, even if they present limitations, notably in terms of duration and population homogeneity. Initial dementia prevention trials, reviewed in 2015 [START_REF] Andrieu | Prevention of sporadic Alzheimer's disease: lessons learned from clinical trials and future directions[END_REF], demonstrated some degree of efficacy for certain interventions based on physical activity, cognitive training, or antihypertensive treatment, but methodological limitations, notably short follow-up periods and small sample sizes, meant that these results needed further confirmation in additional, adequately-designed, larger-scale trials. Furthermore, emerging evidence about potential beneficial effects of multidomain interventions on cognitive function required confirmation in additional large-scale studies, and longer-term effects of such interventions on dementia incidence needed to be assessed.

Finally, drug trials for dementia/cognitive decline prevention in individuals with evidence of biomarker or genetic risk factors for (sporadic forms of) Alzheimer's disease, in the absence of cognitive impairment, were starting to be designed and set up, but it was unclear if such trials would be feasible and acceptable to participants, and if antiamyloid treatments, in particular, would be effective in such populations.

The field of interventional dementia prevention research has undergone rapid progression in recent years, including publication of the results of several large trials of blood pressure lowering, physical activity or multidomain interventions, and the initiation of additional trials testing anti-amyloid therapies in individuals with AD biomarkers. Therefore, in order to provide an overview of recent progress, in terms of both results and trial methodology, and to highlight future directions, we performed a systematic review to identify, analyse and synthesise completed and ongoing randomised controlled trials specifically designed to assess the efficacy of any kind of intervention on incident dementia, or change over time in a relevant intermediate marker, such as cognitive function, dementiarelated biomarkers or dementia risk scores, in people without dementia.

Methods

Search strategy

We updated our previous literature search, published in 2015 [START_REF] Andrieu | Prevention of sporadic Alzheimer's disease: lessons learned from clinical trials and future directions[END_REF], using the same methodology.

We searched PubMed from 11 May 2015 (the date of our last previous literature search) to 2 August 2022 for completed and ongoing randomised controlled trials, conducted in individuals without dementia, for the prevention of cognitive decline (i.e. decline in cognitive function over time) or sporadic forms of dementia. In addition, we searched ClinicalTrials.gov and the WHO International Clinical Trials Registry Platform (ICTRP) for ongoing trials (Supplementary Table 1). Certain additional articles were identified in our own files or in reference lists.

Eligibility criteria, study selection and data collection

As in our previous review [START_REF] Andrieu | Prevention of sporadic Alzheimer's disease: lessons learned from clinical trials and future directions[END_REF], we included completed and ongoing randomised controlled trials with a pre-defined primary outcome measuring incident dementia (all-cause or Alzheimer's dementia) or mild cognitive impairment (MCI), or change from baseline in a relevant clinical or biological intermediate (surrogate) marker, such as cognitive function, dementia-relevant blood, imaging or cerebrospinal fluid (CSF) biomarkers, or dementia risk scores. We only included trials reporting an a priori sample size/power calculation for this primary outcome (i.e. those which were specifically designed to assess efficacy on this outcome), and those which were written in English. We excluded non-randomised controlled trials, trials that used a non-efficacy or cross-over study design, and pilot studies. We also excluded trials for individuals with diagnosed dementia or prodromal AD or for prevention of familial forms of AD, off-topic trials (e.g. those conducted in children, adolescents, pregnant women, or people with severe psychiatric antecedent, or those focused on depression, post-traumatic stress disorder, HIV, cancer, postoperative, smoking cessation, or phobia), and trials in which incident dementia or the relevant intermediate outcome was not the primary outcome.

Data extraction and classifications

The literature searches were performed by two of the authors (CG, NC). Articles were initially screened on the basis of titles and abstracts, and selected full-text articles were then read for the final step of data extraction. Any queries were resolved through discussion with a third author (SA). Data extracted from eligible studies included types of intervention, duration of intervention and follow-up, primary outcome and eligibility criteria. Primary outcome measures were classified into four categories: incident dementia, cognitive function (measured using specific tests of global cognition or an individual cognitive domain, or composite cognitive scores combining scores from several different tests), biomarkers (blood, imaging or CSF), and other (e.g. dementia risk scores, incident MCI, other composite outcomes)), Based on each trial's eligibility criteria, we categorised study populations into 3 types: (i) "Mild Cognitive Impairment" (MCI), i.e. all trial participants met criteria for MCI (but were free of dementia and not diagnosed with prodromal AD); (ii) "At Risk", i.e. all participants were considered to be at increased risk of developing dementia (compared to the general population), on the basis of genetic, biological, imaging, clinical, family history or lifestyle risk factors; and (iii) "General Population", i.e. study participants were not selected on the basis of any specific risk factors other than age, or the study only included individuals with unimpaired cognition. All reference lists of included studies were checked to identify additional studies of interest.

Although all trials included in our review had to meet minimum methodological standards (i.e. being randomised and controlled, and having an a priori sample size calculation for a relevant primary outcome), we did not require a minimum sample size or follow-up duration. However, we developed a score enabling us to judge the scale of the included studies, and to identify large-scale trials, which are most likely to be able to detect clinically relevant intervention effects. The score was based on intervention duration (<12 months = 1 point, 12 months = 2 points, 13 -24 months = 3 points, >24 months = 4 points) and sample size (<100 subjects = 1 point, 100 -1000 subjects = 2 points, >1000 subjects = 3 points). The two parts of the score were summed to give the overall score, ranging from 2 to 7. Trials with a score of 6 or more were considered to be large-scale.

We classified the full set of completed trials, on the basis of their primary results, into the following four categories:

(i) trials showing significant effects on (all of) the pre-specified (co-) primary outcome(s); (ii) trials showing significant effects on some, but not all co-primary outcomes (either the pre-specified co-primary outcomes, or all outcomes if none were clearly designated as primary), (iii) trials showing no significant effects on any primary outcome, and (iv) trials showing a significant detrimental effect on the primary outcome.

Results

Overall summary of results

In total, we identified 112 completed trials meeting our inclusion criteria, and 116 ongoing trials, as of 2 August 2022. The literature search flowchart and full description of the 48 completed trials published prior to May 2015 have been previously published [START_REF] Andrieu | Prevention of sporadic Alzheimer's disease: lessons learned from clinical trials and future directions[END_REF] and the references for these trials can be found in Supplementary Table 2. The flowchart for the studies published since May 2015 can be found in Figure 1. The 64 completed trials published since May 2015 are summarised in Table 1. Full details of these trials, and of the ongoing trials, can be found in Supplementary Tables 3456789101112 Figure 3 shows study scale ratings (ranging from 2 to 7) for the completed trials, by type of intervention. The pharmacological trials tended to be the largest-scale trials (average rating 5.6), followed by nutritional (average rating 3.8) and multidomain (average rating 3.7) trials. Cognitive stimulation trials were the smallest-scale trials, with an average rating of 2.9.

The primary results of the completed trials are summarised in Figure 4. 21 (19%) out of the 112 trials demonstrated a clear beneficial effect of an intervention on the pre-specified primary outcome (or all co-primary outcomes), of which 19 (90%) were small-or medium-scale trials, and nearly all measured changes in cognitive function as their primary outcome. Only two (7%) of the 28 large-scale trials, one testing a pharmacological (blood pressure lowering treatment) intervention, versus placebo, for the prevention of incident dementia [START_REF] Forette | Prevention of dementia in randomised double-blind placebo-controlled Systolic Hypertension in Europe (Syst-Eur) trial[END_REF], and one testing the effects of a multidomain intervention, compared to general health advice, on change in cognitive function [START_REF] Ngandu | A 2 year multidomain intervention of diet, exercise, cognitive training, and vascular risk monitoring versus control to prevent cognitive decline in at-risk elderly people (FINGER): a randomised controlled trial[END_REF], demonstrated a clear beneficial intervention effect. Three pharmacological interventions (testing an anti-amyloid drug (Sperling et al., 2021), a non-steroidal anti-inflammatory drug (Thal et al., 2005), or hormonal therapy (oestrogen plus progesterone) (Shumaker et al., 2003)) showed significant detrimental effects of the investigative drug on the trial's pre-specified primary outcome (either incident dementia/AD or change in cognitive function), compared to placebo. 5). Average study scale ratings are largest for the pharmacological trials (5.9), followed by multidomain trials (4.4). The other kinds of trials have average ratings between 3.8 (cognitive stimulation trials) and 3.4 (physical activity and nutritional trials).

Further details of the trials and their results, when available, are summarised below, by type of intervention.

Summary of trials by type of intervention

Pharmacological interventions

Antihypertensive treatment

Several of the initial trials of antihypertensive treatment showed promising results, notably the Syst-Eur trial, which found that nitrendipine treatment (with optional enalapril and/or hydro chlorothiazide) reduced incident dementia by 50% compared to placebo in 2418 hypertensive older adults, although there were few cases of dementia overall and follow-up time was only 2 years [START_REF] Andrieu | Prevention of sporadic Alzheimer's disease: lessons learned from clinical trials and future directions[END_REF][START_REF] Forette | Prevention of dementia in randomised double-blind placebo-controlled Systolic Hypertension in Europe (Syst-Eur) trial[END_REF].

Two trials of anti-hypertensive treatments meeting our inclusion criteria have been published since May 2015 (Table 1, Supplementary Table 3). The largest, SPRINT MIND, compared an intensive blood pressure lowering intervention aimed at reducing systolic blood pressure to a target of <120 mmHg with standard treatment (<140 mmHg) in 8563 participants with hypertension aged 50 years or older (SPRINT MIND Investigators for the [START_REF] Sprint Research Group | Effect of Intensive vs Standard Blood Pressure Control on Probable Dementia: A Randomized Clinical Trial[END_REF]. Investigating clinicians, who were not blinded to treatment allocation, could prescribe any major classes of antihypertensive agents. After a median of 3 years of treatment and 5 years of follow-up, no significant betweengroup differences were found for dementia incidence (HR, 0.83; 95% CI, 0.67-1.04). The study may have been underpowered, following early termination of treatment due to benefit on cardiovascular outcomes in the main SPRINT trial. However, intensive blood pressure treatment significantly reduced the risk of the secondary outcomes of MCI (HR, 0.81; 95% CI, 0.69-0.95) and the combined rate of MCI or probable dementia (HR,0.85;. It should be noted that in the main SPRINT trial, intensive blood pressure lowering was associated with increased adverse events (hypotension, syncope, electrolyte abnormalities, and acute renal failure) [START_REF] Research Group | A Randomized Trial of Intensive versus Standard Blood-Pressure Control[END_REF]. Cognitive function was extensively assessed in a subgroup of 2921 SPRINT MIND participants, and there was no between-group difference in change in memory function over time, and slightly more decline in processing speed in the intensive treatment group [START_REF] Rapp | Effects of intensive versus standard blood pressure control on domain-specific cognitive function: a substudy of the SPRINT randomised controlled trial[END_REF].

In the smaller-scale DANTE trial, there was no significant effect on overall cognition of discontinuation compared to continuation of antihypertensive treatment for 16 weeks in 385 individuals aged 75 or older with mild cognitive deficits and receiving antihypertensive treatment at inclusion (Moonen et al., 2015).

Two ongoing trials of anti-hypertensive treatment were identified (Supplementary Table 8), both of which are testing intensive blood pressure lowering interventions in individuals with raised blood pressure, either on change in cognitive function over 3.5 years in 920 patients attending primary care clinics predominantly managing underserved populations with health disparities (e.g. ethnic minorities, low-income groups, and residents of rural areas and inner cities) in the IMPACTS-MIND trial (NCT04797403), or on change in imaging markers of amyloid pathology over 2 years in 180 individuals with subjective memory complaints or a family history of dementia in the IPAT trial (NCT05331144).

Anti-amyloid treatments

Seven anti-amyloid studies were identified, of which four are ongoing, and three have been discontinued (Table 1, Supplementary Tables 3 and8).

The A4 (Anti-Amyloid treatment in Asymptomatic Alzheimer's disease) study (NCT02008357) (Sperling et al., 2014), the first trial testing an anti-amyloid treatment in a preventive capacity, is still ongoing, and is investigating Solanezumab, a monoclonal antibody targeting soluble amyloid-β (Aβ), for the prevention of cognitive decline in 1150 clinically normal individuals aged 65-85 with PET evidence of brain amyloid pathology. The treatment dose and sample size were increased following the failure of Solanezumab trials in mild AD dementia patients [START_REF] Honig | Trial of Solanezumab for Mild Dementia Due to Alzheimer's Disease[END_REF].

The EARLY trial (A5; NCT02569398) involved 596 asymptomatic amyloid positive (CSF or PET) subjects aged 60-85 years at risk for developing Alzheimer's dementia (age ≥65 or family history of dementia, APOE ɛ4 genotype).

Subjects were randomised to 5 or 25 mg daily of Atabecestat, an orally administered β-site amyloid precursor protein-cleaving enzyme 1 (BACE-1) inhibitor, or placebo. Dosing was discontinued in May 2018 because of hepatic adverse events (Henley et al., 2019). Following suggestions of negative effects of a different BACE-1 inhibitor on cognition and function in prodromal AD patients [START_REF] Egan | Randomized Trial of Verubecestat for Prodromal Alzheimer's Disease[END_REF], an expedited, ad hoc, interim analysis was performed which found that there was significantly greater decline in the high dose group compared to placebo on the primary outcome measure (a composite cognitive score measuring global cognitive function) (Henley et al., 2019), a result that was confirmed in the full analysis (Sperling et al., 2021). Furthermore, atabecestat treatment was associated increased adverse events, including neuropsychiatric events (Sperling et al., 2021).

The ongoing involves two trials (A3 and A45), both testing BAN2401 (lecanemab) for 4 years in cognitively normal individuals, with dosing regimens tailored to baseline amyloid level.

Individuals with elevated amyloid will be enrolled in the A45 trial, which will measure change in cognitive function as its primary outcome, while those with intermediate amyloid will enter the A3 trial with PET amyloid as the primary outcome.

The GENERATION studies were designed to test two different anti-amyloid approaches in cognitively normal individuals who are APOE ε4 carriers [START_REF] Lopez | The Alzheimer's Prevention Initiative Generation Program: Study design of two randomized controlled trials for individuals at risk for clinical onset of Alzheimer's disease[END_REF]. Generation Study 1 (NCT02565511) is assessing the efficacy of CAD106, a vaccine attacking brain beta-amyloid plaque deposits to stimulate Aβ-specific antibody and CNP520 (umibecestat), a BACE-1 inhibitor, administered separately, in cognitively unimpaired individuals at high risk of progression to MCI or AD on the basis of age (60-75 years) and APOE genotype (ε4 homozygotes). Generation Study 2 (NCT03131453) is assessing the impact of CNP520 in cognitively unimpaired individuals aged 60-75 years who are APOE4 carriers. Those who are ε4 heterozygotes must also have evidence of elevated brain amyloid. Dosing of CNP520 was stopped following an interim analysis showing worsening cognitive function with treatment (https://www.nia.nih.gov/news/statement-discontinuation-bace-1-inhibitor-cnp520-alzheimers-preventioninitiative-generation). The CAD106 arm was then also stopped. Neither study's results have so far been published.

Two more recently initiated trials (TRAILBLAZER-ALZ 3 (NCT05026866), SKYLINE (NCT05256134)) are testing antiamyloid antibodies (Donanemab, Gantenerumab) for 3.5-4 years in cognitively unimpaired individuals with evidence of amyloid, and, for the donanemab trial, tau pathology on changes in measures of cognitive or global function.

These antibodies have shown some evidence of effects on AD biomarkers in dominantly inherited Alzheimer's disease (Salloway et al., 2021a) or on a composite measure of cognition and function in early AD [START_REF] Mintun | Donanemab in Early Alzheimer's Disease[END_REF]. Initial trials of NSAIDs (including nonselective COX inhibitors (e.g., aspirin, naproxen) and COX-2 selective inhibitors (e.g., celecoxib and rofecoxib) did not provide evidence of dementia prevention, and some were stopped early due to safety concerns and recruitment difficulties [START_REF] Andrieu | Prevention of sporadic Alzheimer's disease: lessons learned from clinical trials and future directions[END_REF]. All were conducted in older populations, and had short treatment durations.

Three recent trials of NSAIDs were identified (Table 1, Supplementary Table 3). In INTREPAD (Meyer et al., 2019), 2 years' treatment with naproxen sodium in 195 cognitively normal individuals aged ≥60 years (or ≥55 years if within 15 years of youngest affected relative's onset) with parental or multiple sibling history of AD did not show a reduction in the change on a multimodal composite presymptomatic Alzheimer Progression Score (APS) compared to placebo, and increased adverse events. In addition, two very large placebo-controlled trials found no beneficial effect of 4.7-7.4 years treatment with 100mg aspirin daily, on incident dementia (rate ratio 0.91 [95% CI, 0.81-1.02, p=0.11) in 15,427 adults aged 40 and over with diabetes (Parish et al., 2022), or on a composite primary endpoint of death, dementia, or persistent physical disability (HR, 1.01; 95% CI, 0.92 to 1.11; P=0.79) in 19,114 individuals aged 70 (≥65 for blacks and Hispanics) and older (secondary analyses also showed no effect of aspirin on incident all-cause dementia, probable AD or MCI, or on change in cognitive function over time) (McNeil et al., 2018;[START_REF] Ryan | Randomized placebo-controlled trial of the effects of aspirin on dementia and cognitive decline[END_REF].

Aspirin was associated with an increased risk of major haemorrhage in both trials [START_REF] Study | Effects of Aspirin for Primary Prevention in Persons with Diabetes Mellitus[END_REF]McNeil et al., 2018).

No ongoing trials of NSAIDs were identified.

Hormone therapy

The first large-scale trial of hormone replacement therapy, the Women's Health Initiative Memory Study (WHIMS), showed a significantly increased risk of dementia, compared to placebo, after about 4 years of treatment with oestrogen and progestin in 4500 postmenopausal women (Shumaker et al., 2003), and non-significant increased risk with oestrogen alone [START_REF] Shumaker | Conjugated equine estrogens and incidence of probable dementia and mild cognitive impairment in postmenopausal women: Women's Health Initiative Memory Study[END_REF]. It was then hypothesised that hormone replacement therapy might only benefit cognition during the critical period around the time of menopause [START_REF] Sherwin | Estrogen therapy: is time of initiation critical for neuroprotection?[END_REF] 1, Supplementary Table 3) (Gleason et al., 2015). Also, in the ELITE study (N=567), estradiol therapy initiated within six years of menopause did not affect verbal episodic memory (primary outcome), executive function or global cognition compared to placebo or compared with when the therapy was begun ≥10 years after menopause (Henderson et al., 2016), and a small trial (N=37) in postmenopausal women aged 57-82 years with amnestic MCI (treated with donepezil) found no benefit of hormone therapy on cognitive function after 24 months, compared to placebo (Yoon et al., 2018).

In the Testosterone trials (Ttrials; N=493), no significant improvement of memory was found after 12 months of daily administration of testosterone gel in men with a low testosterone and age-associated memory impairment (Resnick et al., 2017).

No ongoing trials of hormone therapy were identified.

Other pharmacological interventions

Three other pharmacological trials were published since May 2015 (Table 1, Supplementary Table 3). The TOMMORROW trial randomised 3061 individuals aged 65-83 years at high risk of AD, based on a biomarker risk assignment algorithm, to either pioglitazone or placebo (Burns et al., 2021). The trial was stopped after a mean of approximately 2.5 years of treatment, following a pre-planned futility analysis. Pioglitazone did not delay the onset of MCI due to AD (MCI-AD; HR 0•80, 99% CI 0 •45-1•40; p=0•307). The study also aimed to test and qualify the algorithm used to identify and stratify participants. Those designated "high risk" had a 3 times higher risk than the "low risk" group of developing MCI-AD, although this result did not meet the predefined level of statistical significance (HR 3•26,p=0•023). In the cognitive sub study of the CArdiovascular and Renal Microvascular outcomE study with LINAgliptin (CARMELINA), conducted in 1545 individuals with type 2 diabetes and cardiorenal disease, there was no effect of 2.5 years' treatment with linagliptin on incident accelerated cognitive decline, compared to placebo (Biessels et al., 2019). Finally, a smaller-scale trial (n=268, 24 weeks' follow-up), found no effect of a casein-derived angiotensin-converting enzyme inhibitory peptide (Met-Lys-Pro) on cognitive function (Yuda et al., 2020).

Five other ongoing pharmacological trials were identified (Supplementary Table 8). The largest of these, PREVENTABLE (NCT04262206), is testing the effects of up to 5 years' treatment with atorvastatin on a composite outcome of death, dementia, and persistent disability in 20,000 individuals aged 75 and older. The other (small-and medium-scale) trials, involving between 80 and 370 participants, are testing lithium carbonate or metformin in individuals with MCI, intranasal insulin in individuals with diabetes (Galindo-Mendez et al., 2020), and the sleep aid Suvorexant in individuals with raised amyloid.

Nutrition

Initial trials of nutritional interventions essentially tested nutritional supplements including homocysteine-lowering B-vitamins, antioxidants, omega-3 fatty acids, and flavonoids, and the only evidence of beneficial results on cognition came from small-scale trials of flavonoids [START_REF] Andrieu | Prevention of sporadic Alzheimer's disease: lessons learned from clinical trials and future directions[END_REF][START_REF] Desideri | Benefits in cognitive function, blood pressure, and insulin resistance through cocoa flavanol consumption in elderly subjects with mild cognitive impairment: the Cocoa, Cognition, and Aging (CoCoA) study[END_REF]Mastroiacovo et al., 2015). A medium-scale trial of B-vitamins also found a beneficial effect of B-vitamins on the rate of brain atrophy in individuals with MCI [START_REF] Smith | Homocysteine-lowering by B vitamins slows the rate of accelerated brain atrophy in mild cognitive impairment: a randomized controlled trial[END_REF].

The results of several additional nutritional prevention trials have been published in the last 6 years (Table 1, Supplementary Table 4). In the largest of these, PREADViSE, 7540 men aged 60 years or older were randomised to receive vitamin E, selenium, both vitamin E and selenium, or placebo, and 3786 continued into an observational follow-up period and completed memory evaluations after treatment was stopped due to a futility analysis for the parent SELECT trial. After an average of 5.4 years of intervention and up to 10 years of follow-up, no difference in dementia incidence was found between the study arms (Kryscio et al., 2017). Study power was limited by the reduced treatment period and the relatively low incidence of dementia, likely because of selection bias, since participants had a relatively high educational level (Kryscio et al., 2013). The PREADViSE trial was an ancillary study to the SELECT trial, which found potentially major negative effects of these supplements (including possible increases of prostate cancer and diabetes) (Kryscio et al., 2017).

One other recent large-scale trial was identified (Kwok et al., 2017), but found no effect of 27 months' vitamin B12 supplementation on cognitive decline (i.e. an increase in clinical dementia rating scale (CDR) global score) in 271 older adults aged 70-100 years with low baseline vitamin B12.

As part of the MAPT trial, involving 1680 subjects presenting a memory complaint, limitation in one instrumental activity of daily living, and/or low gait speed, one of the study arms (n=423) was randomised to 3-years omega-3 fatty acid supplementation (other arms are detailed in the section on Multidomain interventions), and change in cognitive function was compared to placebo (n=420) (Andrieu et al., 2017). This study was the longest trial of omega-3 fatty acid supplementation to date for the prevention of cognitive decline. After three years of intervention, changes in composite cognitive scores did not differ between the omega-3 and placebo groups. Since the rate of cognitive decline was found to be significantly greater in individuals with a low baseline omega-3 index, and there was some indication of a possible beneficial effect of supplementation in this subgroup (Andrieu et al., 2017;Coley et al., 2018), an ongoing trial has been set up to specifically assess the impact of omega-3 supplementation on change in cognitive function in individuals with a low omega-3 index (LO-MAPT NCT03691519). Two further trials, one testing omega-3 supplementation for 18 months in 400 community-dwelling adults aged 65-90 years [START_REF] Danthiir | An 18-mo randomized, double-blind, placebo-controlled trial of DHA-rich fish oil to prevent age-related cognitive decline in cognitively normal older adults[END_REF], and another testing 1 year's supplementation with an omega-3 rich multivitamin in 99 dementia-free institutionalised individuals aged 75 and older (Baleztena et al., 2018), found no effect of supplementation cognitive function, compared to placebo.

Of the remaining recent trials testing supplements (Table 1, Supplementary Table 4) (Ahles et al., 2020;Asaoka et al., 2022;Evans et al., 2016;Evans et al., 2017;Harris et al., 2015;Schwarz et al., 2022;You et al., 2021;Zajac et al., 2020), none were large-scale, and only one, a 14-week placebo-controlled trial of resveratrol, a natural phenol, in 80 post-menopausal women, found a clear beneficial effect on cognitive function (Evans et al., 2017). The other trials [START_REF] Coates | Effect of a 12-Week Almond-Enriched Diet on Biomarkers of Cognitive Performance, Mood, and Cardiometabolic Health in Older Overweight Adults[END_REF]Nishimaki et al., 2018;Sakurai et al., 2020;Sala-Vila et al., 2020;Siddarth et al., 2020), which were small-or medium-scale, tested diets enriched with a specific food or drink (hydrogen-infused water, almonds, walnuts, pomegranate juice, Matcha green tea), but did not show a beneficial effect on all primary outcomes. Among the additional 20 ongoing trials (Supplementary Table 9) The other ongoing trials, many of which are small-scale, are all testing dietary supplements (including specific food supplements).

Physical activity

Encouraging results suggesting a beneficial effect of various types of physical activity on cognitive function in older adults were found in several of the earlier physical activity trials [START_REF] Anderson-Hanley | Exergaming and older adult cognition: a cluster randomized clinical trial[END_REF][START_REF] Lautenschlager | Effect of physical activity on cognitive function in older adults at risk for Alzheimer disease: a randomized trial[END_REF][START_REF] Liu-Ambrose | Resistance training and executive functions: a 12-month randomized controlled trial[END_REF]Muscari et al., 2010), but given their small sample sizes and short intervention periods, evidence remained inconclusive [START_REF] Andrieu | Prevention of sporadic Alzheimer's disease: lessons learned from clinical trials and future directions[END_REF]. The results of the LIFE study (N=1635), which tested structured moderate-intensity physical activity (including walking, resistance training and flexibility) in sedentary individuals aged 70-89 years at high risk of mobility disability, were therefore eagerly awaited. After the 24-month program, global and domain-specific cognitive function was not improved in the physical activity group compared with a health education control group, even though the intervention group performed significantly more physical activity than the control group during the trial (Sink et al., 2015). Nevertheless, cognitive scores remained stable during follow-up for both groups. Similarly, the 2-year AIBL ACTIVE trial of home-based physical activity, in 108 participants aged ≥60 with subjective memory complaints, MCI or vascular risk factors, found no significant effect on its primary outcome, white matter hyperintesity load, or on the secondary outcome of hippocampal volume, regardless of baseline cognitive or beta amyloid status, or intervention adherence, although physical activity levels at the end of the trial were not different between the intervention and control groups (Venkatraman et al., 2020).

Seven shorter and/or smaller physical activity trials have also been recently published (Table 1, Supplementary Table 5), of which, two both enrolling participants with MCI, respectively testing 3 months' choreographed aerobic dances, and 6 months' group aerobic and strength training, showed significant effects on the primary cognitive function outcomes (Bisbe et al., 2020;Langoni et al., 2019). Four of the five remaining trials showed significant effects of tai chi, golf training, aerobic exercise or resistance training on some but not all primary outcome measures of cognitive function (Marston et al., 2019;Shimada et al., 2018;Sungkarat et al., 2017;Tarumi et al., 2019), while the fifth found no significant effects of extensive aerobic or non-aerobic exercise (Stuckenschneider et al., 2020).

There is therefore still only relatively limited evidence of the benefit of physical activity on cognition from RCTs.

Questions remain about the efficacy of different types, intensity, timing and duration of physical activity, and which outcomes are most susceptible to improve in which populations. Subgroup analyses of the LIFE trial suggested that moderate-intensity physical activity may have improved executive function in individuals aged 80 and older and those with poorer baseline physical function (Sink et al., 2015), but these exploratory results require confirmation.

There are 20 ongoing trials of physical activity testing various types of aerobic and/or strength training exercises of different intensities delivered either in person, online or via mobile apps (Supplementary Table 10), of which the largest is the Exercise for the Prevention of Dementia (EPD) trial which is testing long-term (3 hours a week for 4 years) supervised multimodal (aerobic, endurance and flexibility) exercise in 540 individuals aged 50 and older (Iuliano et al., 2019). Furthermore, the 3-year TIME study (NCT05310890), testing a tai chi intervention in 206 individuals with MCI due to AD, is the first physical activity trial to measure dementia incidence as its primary outcome.

Cognitive activity/stimulation, and social and self-development interventions

Although inconclusive, several early trials [START_REF] Kwok | Effectiveness of cognitive training for Chinese elderly in Hong Kong[END_REF][START_REF] Smith | A cognitive training program based on principles of brain plasticity: results from the Improvement in Memory with Plasticitybased Adaptive Cognitive Training (IMPACT) study[END_REF][START_REF] Willis | Long-term effects of cognitive training on everyday functional outcomes in older adults[END_REF][START_REF] Wolinsky | A randomized controlled trial of cognitive training using a visual speed of processing intervention in middle aged and older adults[END_REF], notably the Advanced Cognitive Training for Independent and Vital Elderly (ACTIVE) trial of 2832 adults aged 65 years and over [START_REF] Willis | Long-term effects of cognitive training on everyday functional outcomes in older adults[END_REF], provided some evidence that cognitive stimulation or training could be beneficial for late-life cognitive or functional status. Intervention periods tended to be very short [START_REF] Andrieu | Prevention of sporadic Alzheimer's disease: lessons learned from clinical trials and future directions[END_REF], but in some cases, intervention effects were detectable even after 10 years [START_REF] Rebok | Ten-year effects of the advanced cognitive training for independent and vital elderly cognitive training trial on cognition and everyday functioning in older adults[END_REF].

The eight recently published trials were all relatively small-scale, involving at most 150 participants and no more than 3 months of intervention (Table 1,Supplementary Table 6). Two trials, respectively involving 124 participants aged ≥ 55 years and 160 participants aged ≥ 60 years with subjective memory complaints or MCI, found beneficial effects of a 3-month cognitive remediation program on a composite score of neurocognition and a 6 week robotassisted cognitive training program on three primary outcome measures of global cognitive function (Montoya-Murillo et al., 2020;Park et al., 2021). Three further trials found significant benefits of board games (with face-to face games giving rise to stronger effect sizes than online games), home-based adaptive computerised cognitive training, or visual, but not auditory, games-based computerised cognitive training on some but not all primary cognitive function outcomes (Faust et al., 2020;Iizuka et al., 2019;Simon et al., 2018), while the other three found no significant effects of jigsaw puzzles, interactive cognitive-motor step training (a combination of complex cognitive processing and motor movement stimulation using videogame technology) or tailored and adaptive computerised cognitive training (Bahar-Fuchs et al., 2020;[START_REF] Fissler | Jigsaw Puzzling Taps Multiple Cognitive Abilities and Is a Potential Protective Factor for Cognitive Aging[END_REF]Fissler et al., 2017;Schoene et al., 2015).

There are 16 ongoing trials of cognitive stimulation interventions (Supplementary Table 11), including several which are larger and/or longer than the completed trials (Figure 3, Figure 5). The longest is testing the efficacy of up to 48-87 months of cognitive remediation plus transcranial direct current stimulation on the rate of cognitive decline in 375 individuals with MCI and/or remitted major depressive disorder (Rajji et al., 2020). Additional types of cognitive stimulation interventions being tested include internet-based conversational engagement ( (Yu et al., 2021)), choral singing (NCT02919748), piano playing (Hudak et al., 2019;James et al., 2020), foreign language training (NTR7336), and horticultural therapy (NCT03045718).

Multidomain interventions

Multidomain interventions are currently receiving great attention in the field of dementia prevention, notably following the results of the FINGER trial, the first large-scale (N=1200) multidomain trial to report results, which showed improved cognitive performance in individuals aged 60-77 years with an increased dementia risk score in Finland following 2-years of intensive multidomain intervention, compared to general health advice [START_REF] Ngandu | A 2 year multidomain intervention of diet, exercise, cognitive training, and vascular risk monitoring versus control to prevent cognitive decline in at-risk elderly people (FINGER): a randomised controlled trial[END_REF].

In recent years, several additional large-scale multidomain trials have been published (Table 1, Supplementary Table 7). In the Dutch PREDIVA study, 3526 subjects included by their general practice were randomised into a vascular care intervention group (personalised health advice and, if indicated, drug treatments for hypertension, dyslipidaemia or type 2 diabetes) or a control group. After >6 years of treatment, the incidence of dementia did not differ significantly between the two groups, with an incidence of 7% in each arm (Moll van Charante et al., 2016).

Subgroup analyses suggested possible beneficial effects on all-cause dementia in subjects who were adherent to the intervention and those who were not treated for hypertension at baseline, although no effect of the intervention was found on dementia incidence following a 4-year additional observational follow-up period, even in subgroups [START_REF] Hoevenaar-Blom | Observational Extension of the Prevention of Dementia by Intensive Vascular Care (preDIVA) Trial[END_REF].

The French MAPT study randomised 1680 individuals aged 70 and older with memory complaints and/or slow walking speed and/or an IADL limitation to a multidomain intervention (group-based cognitive training, physical activity and nutrition advice, and annual preventive consultation) and/or omega-3 supplementation and did not demonstrate any significant intervention effects on the rate of change in cognitive function, compared to placebo, after three years' intervention (Andrieu et al., 2017). Exploratory subgroup analyses suggested that multidomain intervention may have been beneficial on cognitive function in subjects with an increased dementia risk score, and those with PET evidence of amyloid accumulation. A 1-year cluster-randomised trial in Taiwan testing a similar intervention in a similar target population also found no significant effect on cognitive function, compared to a health education control group, although in a second cluster-randomised study, an "enhanced" version of the intervention, "redesigned to empower and motivate" participants (through redesigned teaching materials, additional work-sheets and pedometers to support goal setting and monitoring, and greater community involvement) brought about significant improvements in cognitive function after 9 months, compared to the original intervention (Chen et al., 2020).

The final large-scale trial, the European DO-HEALTH study, randomised 2157 individuals aged 70 and older to vitamin D3 and/or strength training and/or omega-3 supplementation for 3 years, and found no effect of any intervention individually or in combination, compared to placebo, on cognitive function (measured using the MMSE) or any of the 5 other co-primary outcomes (Bischoff-Ferrari et al., 2020).

A further study by Rovner and colleagues randomised 221 black individuals aged 65 and older with amnestic MCI to receive either behavioural activation (involving goal setting and action planning to reinforce the practice of healthy cognitive, physical and social activities) or supportive therapy (a psychological treatment facilitating personal expression using discussions focused on the experience of aging (control)) for two years (Rovner et al., 2018). There was a significant difference in episodic memory decline between these groups.

Of the 13 remaining recent, smaller-scale, multidomain trials (including between 20 and 308 subjects with 8 to 40 weeks of follow-up) in individuals with or without MCI, one found a clear beneficial effect of a 6 month intervention combining aerobic exercise and the DASH diet on executive function in 160 sedentary individuals aged over 55 years with cognitive impairment no dementia (CIND) or cardiovascular disease/risk factor (Blumenthal et al., 2019), and one found a clear beneficial effect of a 6-month multicomponent intervention (dietary guidance, physical training, computer-aided cognitive training, and management and monitoring of metabolic indicators and vascular risk factors) on global cognitive function in 122 older adults with MCI (Yang et al., 2022). One very small trial also found a beneficial effect of 12-week exergame-based dual task training (motor and cognitive video games performed whilst walking on a treadmill) on measures of executive function and dual task performance (Wang et al., 2021). The 10 other trials found either no significant intervention effects, or significant effects on only some primary cognitive function outcome measures, compared to their respective control groups (Bae et al., 2019;[START_REF] Daly | The effects of a protein enriched diet with lean red meat combined with a multi-modal exercise program on muscle and cognitive health and function in older adults: study protocol for a randomised controlled trial[END_REF]Formica et al., 2020;Imaoka et al., 2019;Inoue et al., 2018;Law et al., 2022;Lebedev et al., 2020;Matsubara et al., 2021;McMaster et al., 2020;Nilsson et al., 2020;Shimada et al., 2018). Furthermore, there are 45 ongoing multidomain trials (Supplementary Table 12), many of which belong to the World-Wide FINGERS initiative [START_REF] Rosenberg | Multidomain Interventions to Prevent Cognitive Impairment, Alzheimer's Disease, and Dementia: From FINGER to World-Wide FINGERS[END_REF], which is aiming to evaluate the efficacy of locally-adapted versions of the FINGER intervention in multiple countries across the world using harmonised methodologies. Further, the 2-year MET-FINGER trial is evaluating the efficacy of the FINGER multidomain intervention combined with metformin where indicated (i.e. no diagnosed diabetes + elevated adiposity OR mildly impaired fasting glucose) (NCT05109169). Other ongoing trials are testing digital multidomain interventions ((Eggink et al., 2021;Gray et al., 2022;Heffernan et al., 2019), NCT04465812, JPRN-UMIN000041926, ACTRN12619001392156, KCT0005231, NCT05407857, NCT05375513), including the PRODEMOS trial which is testing the efficacy of an 18-month coach-supported interactive mHealth application (based on the eHealth platform which brought about modest, but significant, decreases in cardiovascular and dementia risk scores in the HATICE trial [START_REF] Richard | Healthy ageing through internet counselling in the elderly (HATICE): a multinational, randomised controlled trial[END_REF]) encouraging participants to make lifestyle changes and manage risk factors on estimated dementia risk in 2400 individuals aged 55 -75 years in the UK (with low socioeconomic status) and in China (Eggink et al., 2021).

Discussion

We identified a total of 112 completed RCTs testing pharmacological and/or lifestyle interventions for the prevention of dementia or cognitive decline, or for the improvement of biomarker, imaging or dementia risk profiles, with a substantial increase in the number of trials, notably those testing lifestyle interventions, published in the last five years. While our inclusion criteria aimed to select only trials that were specifically designed and sufficiently powered for dementia prevention (or to assess intervention effects on a relevant surrogate marker), we did not specify a minimum sample size or study duration, and only a quarter of the trials were considered large-scale.

Despite having a sample size calculation, many of the smaller trials were not designed or powered to detect longterm and/or clinically meaningful effects on dementia-relevant outcomes, and also often did not clearly specify their primary outcome measure (often using a battery of multiple cognitive tests, without specifying which test or comparison was the primary outcome, and/or without statistical correction for multiple comparisons). Only two large-scale trials demonstrated a clear beneficial intervention effect: one found antihypertensive treatment to significantly lower dementia incidence [START_REF] Forette | Prevention of dementia in randomised double-blind placebo-controlled Systolic Hypertension in Europe (Syst-Eur) trial[END_REF] and the other found a multidomain lifestyle intervention to significantly improve cognitive function [START_REF] Ngandu | A 2 year multidomain intervention of diet, exercise, cognitive training, and vascular risk monitoring versus control to prevent cognitive decline in at-risk elderly people (FINGER): a randomised controlled trial[END_REF]. Both trials were conducted in individuals considered to be at increased risk of developing dementia (i.e. having raised blood pressure, or a raised dementia risk score (based on age, sex, level of education, blood pressure, body mass index and cholesterol)). However other large-scale trials of similar types of interventions found no clear beneficial effects, even in at-risk populations (Andrieu et al., 2017;Bischoff-Ferrari et al., 2020;Moll van Charante et al., 2016;[START_REF] Peters | Incident dementia and blood pressure lowering in the Hypertension in the Very Elderly Trial cognitive function assessment (HYVET-COG): a double-blind, placebo controlled trial[END_REF]; SPRINT MIND Investigators for the [START_REF] Sprint Research Group | Effect of Intensive vs Standard Blood Pressure Control on Probable Dementia: A Randomized Clinical Trial[END_REF][START_REF] Tzourio | Effects of blood pressure lowering with perindopril and indapamide therapy on dementia and cognitive decline in patients with cerebrovascular disease[END_REF]. Additionally, 19 small-or medium-scale trials found beneficial effects, in individuals with MCI, at increased risk of developing dementia, or in the general population, of certain types of nutritional [START_REF] Desideri | Benefits in cognitive function, blood pressure, and insulin resistance through cocoa flavanol consumption in elderly subjects with mild cognitive impairment: the Cocoa, Cognition, and Aging (CoCoA) study[END_REF]Evans et al., 2017;Mastroiacovo et al., 2015), cognitive stimulation [START_REF] Kwok | Effectiveness of cognitive training for Chinese elderly in Hong Kong[END_REF]Montoya-Murillo et al., 2020;Park et al., 2021;[START_REF] Smith | A cognitive training program based on principles of brain plasticity: results from the Improvement in Memory with Plasticitybased Adaptive Cognitive Training (IMPACT) study[END_REF][START_REF] Wolinsky | A randomized controlled trial of cognitive training using a visual speed of processing intervention in middle aged and older adults[END_REF], physical activity [START_REF] Anderson-Hanley | Exergaming and older adult cognition: a cluster randomized clinical trial[END_REF]Bisbe et al., 2020;Langoni et al., 2019;[START_REF] Lautenschlager | Effect of physical activity on cognitive function in older adults at risk for Alzheimer disease: a randomized trial[END_REF][START_REF] Liu-Ambrose | Resistance training and executive functions: a 12-month randomized controlled trial[END_REF]Muscari et al., 2010), or multidomain interventions (Blumenthal et al., 2019;Rovner et al., 2018;Wang et al., 2021;Yang et al., 2022) on cognitive function or, in one case, brain atrophy [START_REF] Smith | Homocysteine-lowering by B vitamins slows the rate of accelerated brain atrophy in mild cognitive impairment: a randomized controlled trial[END_REF], and several pharmacological interventions showed either significant detrimental effects on the primary outcome measure (Henley et al., 2019;[START_REF] Shumaker | Conjugated equine estrogens and incidence of probable dementia and mild cognitive impairment in postmenopausal women: Women's Health Initiative Memory Study[END_REF]Shumaker et al., 2003;Sperling et al., 2021;Thal et al., 2005) and/or increased adverse events (ADAPT Research Group, 2006;Kryscio et al., 2017;McNeil et al., 2018;Meyer et al., 2019;Sperling et al., 2021;[START_REF] Research Group | A Randomized Trial of Intensive versus Standard Blood-Pressure Control[END_REF].

Due to the substantial heterogeneity in intervention content, delivery and duration, target populations and outcome measures, we did not perform any meta-analysis, but it is evident that clear-cut evidence of the efficacy of interventions on clinically meaningful outcomes for dementia prevention remains lacking. This heterogeneity may explain much of the diversity in results.

Methodological issues

Target populations: shifting towards targeted dementia prevention

Prevention trial results may differ depending on the target population, which has varied so far, notably in terms of age, genetic, biological, lifestyle and cardiovascular risk factors, and cognitive performance. A given intervention may only be effective in certain subgroups, and it remains challenging to ensure that the right interventions are tested in the right target population at the right period of life. It is likely that many dementia prevention trials, both pharmacological and non-pharmacological, have been conducted in individuals who were too old and/or with insufficient dementia risk factors in order to demonstrate cognitive benefit from the interventions being tested.

In the case of multidomain interventions targeting lifestyle behaviours and cardiovascular risk factors, for example, of four large-scale trials (Andrieu et al., 2017;Bischoff-Ferrari et al., 2020;Moll van Charante et al., 2016;[START_REF] Ngandu | A 2 year multidomain intervention of diet, exercise, cognitive training, and vascular risk monitoring versus control to prevent cognitive decline in at-risk elderly people (FINGER): a randomised controlled trial[END_REF], only one showed a beneficial intervention effect on cognition in the primary analysis [START_REF] Ngandu | A 2 year multidomain intervention of diet, exercise, cognitive training, and vascular risk monitoring versus control to prevent cognitive decline in at-risk elderly people (FINGER): a randomised controlled trial[END_REF].

This trial was conducted in individuals who were slightly younger than those included in the other three trials, and had raised dementia risk scores, and cognitive function at the mean level or slightly lower than expected for age at baseline [START_REF] Ngandu | A 2 year multidomain intervention of diet, exercise, cognitive training, and vascular risk monitoring versus control to prevent cognitive decline in at-risk elderly people (FINGER): a randomised controlled trial[END_REF]. In two of the other three large-scale trials, which included older individuals who were not selected on the basis of dementia risk scores, and did not exclude those with very high cognitive performance, although there were no beneficial effects detected in the primary analyses, there were significant intervention effects in certain subgroups defined by raised dementia risk scores (Andrieu et al., 2017), untreated cardiovascular risk factors (Moll van Charante et al., 2016), or raised amyloid biomarkers (Andrieu et al., 2017) (the third large-scale trial did not report any subgroup analyses). Another study found beneficial effects of a 2-year multidomain intervention on cognitive function in individuals with mild cognitive impairment (Rovner et al., 2018). There is also some indication from subgroup analyses that multidomain interventions might benefit cognition more in ApoE4 carriers than non-carriers (Andrieu et al., 2017;[START_REF] Berkowitz | Clinical Application of APOE in Alzheimer's Prevention: A Precision Medicine Approach[END_REF][START_REF] Hafdi | Multi-domain interventions for the prevention of dementia and cognitive decline[END_REF][START_REF] Solomon | Effect of the Apolipoprotein E Genotype on Cognitive Change During a Multidomain Lifestyle Intervention: A Subgroup Analysis of a Randomized Clinical Trial[END_REF]. The available evidence, therefore points towards greater efficacy of multidomain interventions based around lifestyle and cardiovascular risk factors when they are targeted to certain at-risk populations.

Many of the ongoing multidomain trials are building on these findings (Supplementary Table 12), and enrolling only subjects with increased dementia risk profiles. Interestingly, some trials are specifically targeting populations, such as those with lower socio-economic status, at risk of health disparities, in whom management of dementia risk factors is likely to be sub-optimal ((Eggink et al., 2021), NCT04797403). However, recruitment of such populations is likely to be challenging, since they are typically less likely to participate in dementia prevention trials (Coley et al., 2021;[START_REF] Fitzpatrick | Recruitment of the elderly into a pharmacologic prevention trial: the Ginkgo Evaluation of Memory Study experience[END_REF][START_REF] Ngandu | Recruitment and baseline characteristics of participants in the Finnish Geriatric Intervention Study to Prevent Cognitive Impairment and Disability (FINGER)-a randomized controlled lifestyle trial[END_REF].

Targeted risk-based approaches are also being employed for other kinds of interventions, with, for example, some pharmacological trials targeting individuals with genetic or biological risk factors for AD [START_REF] Lopez | The Alzheimer's Prevention Initiative Generation Program: Study design of two randomized controlled trials for individuals at risk for clinical onset of Alzheimer's disease[END_REF]Sperling et al., 2014) (NCT02008357, NCT04468659). Such trials have raised ethical concerns about the disclosure of genetic/biomarker status, particularly to cognitively healthy individuals, in a research setting [START_REF] Roberts | Amyloid imaging, risk disclosure and Alzheimer's disease: ethical and practical issues[END_REF].

Nonetheless, these trials have shown that it is feasible to recruit cognitively normal biomarker or genetic risk factor positive individuals to relatively long-term pharmacological trials for AD prevention, and initial research suggests that, when following a specifically devised and standardised protocol for disclosure of risk factor status, participants generally understand what their results mean [START_REF] Largent | Cognitively unimpaired adults' reactions to disclosure of amyloid PET scan results[END_REF], and that psychological impact of disclosure may be not be as harmful as feared [START_REF] Erickson | Disclosure of preclinical Alzheimer's disease biomarker results in research and clinical settings: Why, how, and what we still need to know[END_REF]Grill et al., 2020). Furthermore, learning that they have a high risk status may motivate individuals to make health behaviour changes and to think about potential future long-term care needs [START_REF] Erickson | Disclosure of preclinical Alzheimer's disease biomarker results in research and clinical settings: Why, how, and what we still need to know[END_REF][START_REF] Largent | Cognitively unimpaired adults' reactions to disclosure of amyloid PET scan results[END_REF]. However, it is likely the individuals who are willing to participate in such trials and to learn their biomarker/genetic risk status are not representative of the general population [START_REF] Ott | A Survey of Knowledge and Views Concerning Genetic and Amyloid PET Status Disclosure[END_REF]. Furthermore, if a preventive treatment for asymptomatic individuals were found to be effective in a population defined by biomarkers, particularly those measured via lumbar puncture or imaging, it is uncertain how such a treatment could be integrated into general clinical practice, in the absence of widely available and affordable biomarkers. Indeed, in the case of anti-amyloid therapeutics, the rationale for treating biomarkernegative individuals is questionable. The recent FDA accelerated approval of aducanumab for MCI or mild dementia due to Alzheimer's disease, and the ensuing debate about which patients should actually receive the treatment in clinical practice, given that clinical trials of this treatment only included biomarker-positive individuals, demonstrates the challenges of rolling out treatments tested in biomarker-defined populations, even in symptomatic patients [START_REF] Swanson | A randomized, doubleblind, phase 2b proof-of-concept clinical trial in early Alzheimer's disease with lecanemab, an anti-Abeta protofibril antibody[END_REF]. These challenges would be further increased in a prevention setting, although recent progress in blood-based biomarkers provides a potential pathway forward [START_REF] Blennow | Phenotyping Alzheimer's disease with blood tests[END_REF].

Outcome measures: the rise of surrogates

Tests of cognitive function remain the most prominent type of primary outcome measure in prevention trials (Table 1, Figure 3, Figure 5), but there is little standardisation of the types of tests used across different studies, and no gold standard test or battery of tests (Supplementary Tables 3456789101112). Furthermore, there is generally little consideration of the clinical relevance of the expected or observed intervention effects, particularly in smaller-scale trials. Some larger trials continue to measure clinical events, such as incident dementia or MCI, as their primary outcome, however (Kryscio et al., 2017;Lin et al., 2018;[START_REF] Lopez | The Alzheimer's Prevention Initiative Generation Program: Study design of two randomized controlled trials for individuals at risk for clinical onset of Alzheimer's disease[END_REF] Recent trials are targeting individuals at increased risk of dementia in late mid-and early late-life, but the choice of outcome measure for such trials is problematic. Indeed, in the absence of extremely lengthy follow-up periods, it is unfeasible to measure dementia incidence, and even very sensitive cognitive test batteries struggle to detect changes in cognitive function in younger populations (Salloway et al., 2021b). Novel outcome measures, that may act as surrogate endpoints and thus reduce sample size and follow-up time, for these trials include biomarkers (e.g. imaging outcomes in the A3 study of the AHEAD platform), dementia risk scores [START_REF] Van Wanrooij | Pooling individual participant data from randomized controlled trials: Exploring potential loss of information[END_REF], and computerised cognitive tests (Bae et al., 2019;Formica et al., 2020) which may be more sensitive, and less prone to learning effects, than traditional pencil and paper tests [START_REF] Brooker | FLAME: A computerized neuropsychological composite for trials in early dementia[END_REF]. Digital biomarkers, based on mobile and wearable technologies, are also under consideration [START_REF] Kourtis | Digital biomarkers for Alzheimer's disease: the mobile/ wearable devices opportunity[END_REF]. In all cases, these endpoints require thorough validation, including determining their clinical meaningfulness. For example, several multidomain trials have demonstrated significant intervention effects on dementia risk scores [START_REF] Van Wanrooij | Pooling individual participant data from randomized controlled trials: Exploring potential loss of information[END_REF]Deckers et al., 2021;McMaster et al., 2020;[START_REF] Solomon | Effect of a Multidomain Lifestyle Intervention on Estimated Dementia Risk[END_REF], which include modifiable risk factors, such as blood pressure, body mass index, and physical activity, but none of the these risk scores were specifically designed as an intervention trial outcome measure, and it is unclear what impact a relatively small and short-term change on a risk score will have on the long-term incidence of dementia [START_REF] Van Wanrooij | Pooling individual participant data from randomized controlled trials: Exploring potential loss of information[END_REF]. Likewise, it is difficult to determine the impact of modest changes in biomarkers or imaging on disease onset or progression [START_REF] Mcdade | The informed road map to prevention of Alzheimer Disease: A call to arms[END_REF]. However, the FDA decision on aducanumab is based on the view that substantial reduction of brain amyloid as measured by PET scan is reasonably likely to predict clinically meaningful change, based in part on supportive data from other similar therapeutics [START_REF] Mintun | Donanemab in Early Alzheimer's Disease[END_REF][START_REF] Swanson | A randomized, doubleblind, phase 2b proof-of-concept clinical trial in early Alzheimer's disease with lecanemab, an anti-Abeta protofibril antibody[END_REF]. Furthermore, the use of invasive (e.g. requiring lumbar puncture or imaging), or technology-dependent outcome measures will depend upon acceptability amongst potential trial participants and may further enhance the selection biases already apparent in dementia prevention trials (Coley et al., 2021). The development of blood-based biomarkers is a significant advance in this respect [START_REF] Blennow | Phenotyping Alzheimer's disease with blood tests[END_REF][START_REF] Teunissen | Blood-based biomarkers for Alzheimer's disease: towards clinical implementation[END_REF], since measurements are much less invasive and burdensome compared to other types of biomarkers.

Intervention delivery and dose, and adherence: balancing intensity and burden, and the importance of human interaction

Discrepancies in prevention trial results may also arise through differences in intervention design [START_REF] Kivipelto | Lifestyle interventions to prevent cognitive impairment, dementia and Alzheimer disease[END_REF]. For pharmacological trials, this may include the dose and/or type of molecule tested, with, for example, suggestions of different results for different classes of antihypertensive treatments, hormone therapies, and antiamyloid treatments (Coley et al., 2008). For non-pharmacological trials, intervention design is even more complex, and can include method of delivery, level of supervision and/or interaction with those delivering the intervention and other participants, the degree to which the intervention stimulates participant motivation, and the intensity, frequency and duration of the intervention, in addition to the actual content (e.g. the individual components of a multidomain intervention, aerobic versus other kinds of physical activity, dietary supplement versus dietary guidelines in a nutritional intervention and/or the specific kind of supplement/diet (e.g. B-vitamins or omega-3 supplement, MIND versus DASH diet, etc.), type of cognitive training (pencil and paper or computerised, targeted cognitive abilities), etc.). There have generally been very few trials which have tested exactly the same type of intervention, even amongst pharmacological trials. Standardisation is even more complex for non-pharmacological trials, and even more so when one factors in cultural adaptations, but, for example, the Worldwide Fingers Network is attempting to address this issue to some extent [START_REF] Kivipelto | World-Wide FINGERS Network: A global approach to risk reduction and prevention of dementia[END_REF]. Between-country differences in motivations for participating in and adhering to lifestyle-based prevention (Coley et al., 2019b), perhaps relating to cultural differences in attitudes to behaviour change, prevention and research participation, as well as differences in local healthcare systems, might also affect intervention design and efficacy.

It can be challenging to determine the optimal dose of pharmacological and especially lifestyle preventive interventions. In the case of multidomain interventions, there is so far little data about optimal dose [START_REF] Belleville | Is more always better? Dose effect in a multidomain intervention in older adults at risk of dementia[END_REF], but greater adherence to such interventions has been associated with better outcomes. [START_REF] Belleville | Is more always better? Dose effect in a multidomain intervention in older adults at risk of dementia[END_REF]Moll van Charante et al., 2016;[START_REF] Ngandu | The effect of adherence on cognition in a multidomain lifestyle intervention (FINGER)[END_REF]. Furthermore, an insufficient dose and decreasing adherence were suggested as possible reasons for the lack of cognitive effect in the LIFE physical activity trial (although it cannot be completely excluded that there was a lack of effect because associations between physical activity and dementia risk in observational studies are attributable to reverse causality, rather than a true protective effect of physical activity) [START_REF] Sabia | Physical activity, cognitive decline, and risk of dementia: 28 year follow-up of Whitehall II cohort study[END_REF]Sink et al., 2015). Maximising adherence to lifestyle interventions, particularly in the long-term, is challenging, and probably dependent on the intensity of the intervention (which itself may influence efficacy). For example, the FINGER multidomain intervention [START_REF] Ngandu | A 2 year multidomain intervention of diet, exercise, cognitive training, and vascular risk monitoring versus control to prevent cognitive decline in at-risk elderly people (FINGER): a randomised controlled trial[END_REF], which showed a beneficial effect on cognition, was more intensive than other multidomain interventions which did not show a beneficial effect on their primary outcomes (Andrieu et al., 2017;Bischoff-Ferrari et al., 2020;Moll van Charante et al., 2016), but adherence may have been lower than in other trials (Coley et al., 2019a). Indeed, adherence was found to be higher to less intensive components of both the FINGER and MAPT multidomain interventions (Coley et al., 2019a), but it should also be noted that some of these components were also supervised (compared to others which participants had to perform on their own), which may also have played a role, since maintaining social interaction and communication appears to be important for older individuals participating in prevention trials [START_REF] Sano | A randomized clinical trial to evaluate home-based assessment of people over 75 years old[END_REF][START_REF] Van Middelaar | Engaging older people in an internet platform for cardiovascular risk self-management: a qualitative study among Dutch HATICE participants[END_REF]. Nonetheless, adherence to a 24-month home-based physical activity intervention was very high (91.67%) in one study of individuals aged 60 and older, although participants were already part of an imaging biomarkers study, and may have been very highly motivated to participate in research studies [START_REF] Heffernan | Maintain Your Brain: Protocol of a 3-Year Randomized Controlled Trial of a Personalized Multi-Modal Digital Health Intervention to Prevent Cognitive Decline Among Community Dwelling 55 to 77 Year Olds[END_REF]. Trials employing digital interventions, which are becoming increasingly widespread, should strive to ensure they also maintain sufficient human contact. Providing human support for such interventions might also help to decrease disparities in their use [START_REF] Belleville | Is more always better? Dose effect in a multidomain intervention in older adults at risk of dementia[END_REF], and, in the case of lifestyle interventions, help to provide motivation for behavioural change [START_REF] Beishuizen | Web-Based Interventions Targeting Cardiovascular Risk Factors in Middle-Aged and Older People: A Systematic Review and Meta-Analysis[END_REF]. Strategies aiming to stimulate participants to make and sustain behaviour changes employed so far include motivational interviewing, goal setting and monitoring, and action plans (Andrieu et al., 2017;Chen et al., 2020;[START_REF] Richard | Healthy ageing through internet counselling in the elderly (HATICE): a multinational, randomised controlled trial[END_REF]Rovner et al., 2018).

Conclusions, recommendations and future perspectives

Perhaps due to the methodological challenges of conducting dementia prevention trials, and despite the publication of more than 100 specifically designed RCTs in the last two decades, there is still no definitive evidence confirming the efficacy of any kind of pharmacological or non-pharmacological intervention for the prevention of cognitive decline or dementia. Although the WHO has published a set of pragmatic guidelines for dementia risk reduction (World Health Organization, 2019), essentially focusing on non-pharmacological interventions and the management of cardiovascular risk factors, it remains difficult to formulate public health messages given this lack of evidence from randomised trials, and public knowledge about dementia prevention remains low [START_REF] Parial | Public knowledge of the influence of modifiable cardiovascular risk factors on dementia: a systematic literature review and meta-analysis[END_REF].

How can the field of dementia prevention trials move forward, and strive to provide the evidence of intervention efficacy that is so sorely needed? Box 1 presents our recommendations for future trials in the field.

Pharmacological trials have been able to build on innovations in biomarker and imaging research, and move towards testing putative specific anti-Alzheimer's treatments in populations whom benefit is truly likely to be detected, if the treatments are indeed effective. Furthermore, in the event that a short-term benefit on cognitive function is demonstrated, enrolling these specific at-risk populations may facilitate the long-term follow-up required to determine the true impact on disease progression. However, the safety of pharmacological interventions, particularly when used in a preventive capacity, remains a major concern.

The picture is also challenging for lifestyle interventions. Evidence is starting to suggest the importance of targeted and tailored interventions, but to further explore such hypotheses, and better design future trials to specifically test them, harmonised studies are needed, to facilitate cross-study comparisons and enable sufficiently powered subgroup analyses through data pooling, which is currently hindered by dataset diversity [START_REF] Van Wanrooij | Pooling individual participant data from randomized controlled trials: Exploring potential loss of information[END_REF]. Also, observational studies have shown us that we need to take a life course approach when studying dementia risk factors [START_REF] Livingston | Dementia prevention, intervention, and care: 2020 report of the Lancet Commission[END_REF], so we need to incorporate a life course approach when designing and testing interventions, with careful consideration of the optimal timing of exposure to interventions. Additionally, we must consider how to harness the power and opportunities that the current era of big data provides, for example, through connected devices or data linkage to electronic health records, whilst maintaining the highest standards of privacy, integrity and scientific rigor. The field requires novel outcome measures that can be feasibly measured in the longterm and whose clinical relevance is clearly understood by both study participants and clinicians. More than ever, the methodology of dementia prevention trials requires continued innovation. While in recent years there have been some methodological shifts, in terms of target populations (with newer trials tending to target younger populations and/or those with specific risk factors), intervention design (e.g. increasing use of multidomain However, it should be remembered that prevention trial populations are not representative of the general population [START_REF] Opal Dangour | Effect of 2-y n-3 long-chain polyunsaturated fatty acid supplementation on cognitive function in older people: a randomized, double-blind, controlled trial[END_REF], and that the use of complex or technology-dependent interventions or complex trial designs is likely to further emphasize disparities in access, participation and adherence in prevention trials [START_REF] Belleville | Is more always better? Dose effect in a multidomain intervention in older adults at risk of dementia[END_REF]Coley et al., 2021). Further efforts need to be made in future trials to increase the representativeness and diversity of prevention trial populations. Furthermore, environmental-level, as opposed to individual-level, interventions might help to mitigate selection bias and facilitate and motivate lifestyle changes in those most at risk of dementia (Daly, 2021).

Finally, given the inter-relatedness of risk factors for dementia and other chronic diseases, we must also consider how to integrate dementia prevention into an overall public health life course approach targeting a healthy lifestyle and healthy ageing. Indeed, traditionally, prevention research in the field of ageing has focused on preventing specific-age related diseases, such as dementia, cancer or cardiovascular diseases, and has generally not taken into account the fact that these chronic conditions often occur simultaneously in older age [START_REF] Marengoni | Aging with multimorbidity: a systematic review of the literature[END_REF] and improve physical frailty, depression and cognition: data from cluster-randomized controlled trials. J Cachexia Sarcopenia Muscle 11, 650-662. Clegg, A., Young, J., Iliffe, S., Rikkert, M.O., Rockwood, K., 2013. Frailty in elderly people. Lancet 381, 752-762. Coates, A.M., Morgillo, S., Yandell, C., Scholey, A., Buckley, J.D., Dyer, K.A., Hill, A.M., 2020 Coley, N., Andre, L., Hoevenaar-Blom, M., Ngandu, T., Beishuizen, C., Barbera, M., van Wanrooij, L., Kivipelto, M., Soininen, H., van Coley, N., Andrieu, S., Gardette, V., Gillette-Guyonnet, S., Sanz, C., Vellas, B., Grand, A., 2008. Dementia prevention: methodological explanations for inconsistent results. Epidemiol Rev 30, Coley, N., Coniasse-Brioude, D., Igier, V., Fournier, T., Poulain, J.P., Andrieu, S., Accept study group, 2021. Disparities in the participation and adherence of older adults in lifestyle-based multidomain dementia prevention and the motivational role of perceived disease risk and intervention benefits: an observational ancillary study to a randomised controlled trial. Alzheimers Res Ther 13, 157. Coley, N., Hoevenaar-Blom, M.P., van Dalen, J.W., Moll van Charante, E.P., Kivipelto, M., Soininen, H., Andrieu, S., Richard, E., PRODEMOS consortium, preDIVA study group, MAPT DSA group, HATICE consortium, 2020. Dementia risk scores as surrogate outcomes for lifestyle-based multidomain prevention trials-rationale, preliminary evidence and challenges. Alzheimers Dement 16, 1674-1685. Coley, N., Ngandu, T., Lehtisalo, J., Soininen, H., Vellas, B., Richard, E., Kivipelto, M., Andrieu, S., HATICE FINGER and MAPT DSA groups, 2019a Coley, N., Rosenberg, A., van Middelaar, T., Soulier, A., Barbera, M., Guillemont, J., Steensma, J., Igier, V., Eskelinen, M., Soininen, H., Moll van Charante, E., Richard, E., Kivipelto, M., Andrieu, S., Mind, A.D., groups, H., 2019b. Older Danthiir, V., Hosking, D.E., Nettelbeck, T., Vincent, A.D., Wilson, C., O'Callaghan, N., Calvaresi, E., Clifton, P., Wittert, G.A., 2018. An 18-mo randomized, double-blind, placebo-controlled trial of DHA-rich fish oil to prevent agerelated cognitive decline in cognitively normal older adults. Am J Clin Nutr 107, 754-762. Deckers, K., Kohler, S., Ngandu, T., Antikainen, R., Laatikainen, T., Soininen, H., Strandberg, T., Verhey, F., Kivipelto, M., Solomon, A., 2021. Quantifying dementia prevention potential in the FINGER randomized controlled trial using the LIBRA prevention index. Alzheimers Dement 17, 1205-1212. Desideri, G., Kwik-Uribe, C., Grassi, D., Necozione, S., Ghiadoni, L., Mastroiacovo, D., Raffaele, A., Ferri, L., Bocale, R., Lechiara, M.C., Marini, C., Ferri, C., 2012. Benefits in cognitive function, blood pressure, and insulin resistance through cocoa flavanol consumption in elderly subjects with mild cognitive impairment: the Cocoa, Cognition, and Aging (CoCoA) study. Hypertension 60,[794][795][796][797][798][799][800][801]. * -indicates no significant effect on the primary outcome measure(s); +/-indicates a significant beneficial effect on some, but not all, primary outcome measures; + indicates significant beneficial effects on all pre-specified primary outcome measures; X indicates significant detrimental effect on the primary outcome measure Each "spoke" of the radar graph represents an individual study, and the label at the end of the spoke can be used to identify the study name in the table on the right hand side of the figure. Shapes on the right hand side of the study name tables indicate the type of primary outcome measure(s) used in each trial: • cognitive function, ►incident dementia, ♦ biomarker, • other (MCI due to Alzheimer's disease, composite endpoint or dementia risk score). The colour of the shape indicates the primary study result: green=clear beneficial effect, yellow=some beneficial effects, grey=neutral results, red=clear detrimental effect. Full details of the trials published since May 2015 can be found in Table 1 and Supplementary Tables 34567. Full details of the trials published up to May 2015 can be found in Lancet Neurol. 2015 Sep;14(9):926-944, and references for these trials are given in Supplementary Table Studies were considered as large-scale if they had a total rating ≥6, calculated as the sum of ratings for sample size (<100 subjects = 1 point, 100 -1000 subjects = 2 points, >1000 subjects = 3 points) and intervention duration (<12 months = 1 point, 12 months = 2 points, 13 -24 months = 3 points, >24 months = 4 points). 

.

  In total, 90 of the 112 completed trials tested single-domain interventions: 32 (29%) tested pharmacological interventions, 27 (24%) tested nutritional interventions, 18 (16%) tested physical activity interventions, 13 (12%) tested cognitive stimulation interventions. The remaining 22 trials (20%) tested multidomain interventions, which combined several different kinds of interventions simultaneously. The number of completed prevention trials published has steadily increased over time (Figure 2). The first trial was published in 1998, and, like the majority of the earliest trials, tested a pharmacological intervention. The first lifestyle interventions began to be published from the mid-2000s, and mostly concerned nutritional or physical activity interventions for the first years. Lifestyle interventions tended to be the predominant type of intervention from 2010 onwards.

  , but the more recently published ancillary Cognitive and Affective Study (KEEPS-Cog) of the Kronos Early Estrogen Prevention Study (KEEPS) found no effect of 4 years' oral or transdermal oestrogen plus progesterone, versus placebo, on global cognition nor on individual domains of cognitive function in 473 recently post-menopausal women (Table

  , the majority of the larger trials are testing interventions based on dietary patterns, rather than a single nutrient or supplement. Two trials ((Liu et al., 2021), NCT04337255) are testing the effects of the MIND Diet, a hybrid of the Mediterranean and DASH diets, on cognitive function, respectively for 3 years in 600 overweight individuals with a family history of dementia aged 65-84 years, and for 2-3 years in 500 individuals aged 60-80 years with a recent ischemic stroke. Two further trials ((Tussing-Humphreys et al., 2017), NCT03841539) are, respectively, testing an 8-month Mediterranean diet intervention, with or without caloric restriction/weight loss, in 180 overweight or obese individuals aged 55 and older, and a 1-year Mediterranean diet intervention, with or without omega-3 supplementation, in 200 individuals aged 65 and older.

  ; Moll van Charante et al., 2016; SPRINT MIND Investigators for the SPRINT Research Group et al., 2019) (JPRN-UMIN000041926, NCT04465812, NCT02967406).

  interventions and dietary pattern-based nutritional interventions, rather than dietary supplements), and outcome measures (a general shift from incident dementia to cognitive function outcomes, although with little use of validated surrogate outcomes), the standard study designs remains the classic parallel randomised controlled trial. Future trials may consider the use of adaptive designs or interventions, in addition to more personalised approaches.

  . Effect of a 12-Week Almond-Enriched Diet on Biomarkers of Cognitive Performance, Mood, and Cardiometabolic Health in Older Overweight Adults. Nutrients 12.

  . Adherence to multidomain interventions for dementia prevention: Data from the FINGER and MAPT trials. Alzheimers Dement 15, 729-741. Coley, N., Raman, R., Donohue, M.C., Aisen, P.S., Vellas, B., Andrieu, S., 2018. Defining the Optimal Target Population for Trials of Polyunsaturated Fatty Acid Supplementation Using the Erythrocyte Omega-3 Index: A Step Towards Personalized Prevention of Cognitive Decline? The Journal of Nutrition, Health & Aging 22, 982-998.

  Adults' Reasons for Participating in an eHealth Prevention Trial: A Cross-Country, Mixed-Methods Comparison. J Am Med Dir Assoc 20, 843-849 e845. Cox, K.L., Cyarto, E.V., Ellis, K.A., Ames, D., Desmond, P., Phal, P., Sharman, M.J., Szoeke, C., Rowe, C.C., Masters, C.L., You, E., Burrows, S., Lai, M.M.Y., Lautenschlager, N.T., 2019. A Randomized Controlled Trial of Adherence to a 24-Month Home-Based Physical Activity Program and the Health Benefits for Older Adults at Risk of Alzheimer's Disease: The AIBL Active-Study. J Alzheimers Dis 70, S187-S205. Cummings, J., Aisen, P., Apostolova, L.G., Atri, A., Salloway, S., Weiner, M., 2021. Aducanumab: Appropriate Use Recommendations. J Prev Alzheimers Dis 8, 398-410. Daly, R.M., Gianoudis, J., Prosser, M., Kidgell, D., Ellis, K.A., O'Connell, S., Nowson, C.A., 2015. The effects of a protein enriched diet with lean red meat combined with a multi-modal exercise program on muscle and cognitive health and function in older adults: study protocol for a randomised controlled trial. Trials 16, 339. Daly, T., 2021. Giving a fairer face to urban space: Progress on the long road to dementia prevention. Int J Geriatr Psychiatry. Dangour, A.D., Allen, E., Richards, M., Whitehouse, P., Uauy, R., 2010. Design considerations in long-term intervention studies for the prevention of cognitive decline or dementia. Nutr Rev 68 Suppl 1, S16-21.
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 1 Cognitive function Age ≥60 years, subjective memory complaints or MCI + Trial terminated early due to safety. Results are based on an expedited, ad hoc, interim analysis; 2 for exercise or exercise+DASH diet (but not for DASH diet alone)

Figure 1 .Figure 2 .Figure 3 :

 123 Figure 1. Flowchart for studies identified since May 2015

2

 2 

Figure 4 .

 4 Figure 4. Summary of trial results by type of intervention and study population

  Of the 116 ongoing trials, 46 (40%) are testing multidomain interventions, 21 (18%) are testing nutritional interventions, 20 (17%) are testing physical activity interventions, 16 (14%) are testing cognitive stimulation interventions, and 13 (11%) are testing pharmacological interventions (Figure

  Gool, W.A., Brayne, C., Moll van Charante, E., Richard, E., Andrieu, S., HATICE study group, PRODEMOS study group, 2022. Factors Predicting Engagement of Older Adults With a Coach-Supported eHealth Intervention Promoting Lifestyle Change and Associations Between Engagement and Changes in Cardiovascular and Dementia Risk: Secondary Analysis of an 18-Month Multinational Randomized Controlled Trial. J Med Internet Res 24, e32006.

Table 1 . Summary of completed randomized controlled trials for the prevention of dementia or cognitive decline published since May 2015 Trial name / 1st author

 1 

		Year N	Duration	Intervention(s)	Control	Type of primary	Main eligibility criteria	Main
						outcome measure		result*
	Pharmacological interventions					
	DANTE	2015 385	16 weeks	Discontinuation of	Continuation of	Cognitive function MCI, ≥75 years, receiving
				antihypertensive treatment	antihypertensive		antihypertensive treatment	-
					treatment		
	SPRINT MIND	2019 8563 3 to 5 years	Intensive antihypertensive	Standard	Dementia	≥50 year, SBP 130-180
				treatment (<120 mmHg)	antihypertensive	incidence		-
					treatment (<140 mmHg)		
	ELITE	2016 567	5 years	Estrogen (+/-progesterone) Placebo	Cognitive function Post-menopausal women
							within 6 -10 years of	-
							menopause
	Yoon	2018 37	2 years	Estrogen (+/-progesterone) Placebo	Cognitive function Post-menopausal women, MCI	-
	KEEPS-Cog	2015 693	4 years	Estrogen + progesterone	Placebo	Cognitive function Recently post-menopausal women	-
	Ttrials	2017 493	1 year	Testosterone	Placebo	Cognitive function Men, ≥65 years, low
							testosterone, poor physical	-
							status
	INTREPAD	2019 95	1 year	Naproxen sodium	Placebo	Composite	≥55 years, family history of
						(cognitive function	AD	-
						+ biomarkers)	
	ASPREE	2018 19114 4.7 years	Aspirin	Placebo	Composite	≥70 years (or ≥65 years
			(median)			(dementia, death or persistent	among blacks and Hispanics)	-
						physical disability)	
	ASCEND	2022 15427 7.4 years	Aspirin	Placebo	Dementia	≥40 years, diabetes, no
			(mean)			incidence	history of cardiovascular	-
							disease
	A5 1	2019 596	Up to 18	Atabecestat	Placebo	Cognitive function Asymptomatic amyloid
			months				positive, aged 60-85 years, ≥1
							AD risk factor (age ≥65,	X
							family history of dementia,
							APOE ɛ4)

  Study populations were categorized as (i) General population (Gen. Popn.), i.e. i.e. study participants were not selected on the basis of any specific risk factors other than age, or the study only included individuals with unimpaired cognition; (ii) At risk, i.e. all participants were considered to be at increased risk of developing dementia (compared to the general population), on the basis of genetic, biological, imaging, clinical, family history or lifestyle risk factors; or (iii) Mild cognitive impairment (MCI all trial participants met criteria for MCI (but were free of dementia and not diagnosed with prodromal AD).

	Makizako 2012 Completed pharmacological trials Makizako H, Doi T, Shimada H, et al. Does a multicomponent exercise program improve Completed nutritional trials
	Trial name/1st Trial	N	N	dual-task performance in amnestic mild cognitive impairment? A randomized controlled Length of Type of primary cognitive Details of Type of Length of Type of primary Details of Type of	Main eligibility criteria Main result Main eligibility criteria Main result
	author name/1st			trial. Aging Clin Exp Res. 2012 Dec;24(6):640-6. intervention endpoint / precisions intervention cognitive endpoint	intervention and intervention and	study study	(primary endpoint), and, (primary endpoint), and,
	Cognitive training interventions (Country) (and follow-up author (and follow-	/ precisions	control control	population population	where relevant, where relevant,
	Kwok 2013 (Country)			Kwok T, Wong A, Chan G, et al. Effectiveness of cognitive training for Chinese elderly in if different) up if	significant secondary significant secondary
				Hong Kong. Clin Interv Aging. 2013;8:213-9. different)	results results
	IMPACT ASCEND 8		Smith GE, Housen P, Yaffe K, et al. A cognitive training program based on principles of brain 15427 mean 7.4 years Incident dementia / "broad • Aspirin (100 mg/d) At risk • vitamin D3	Adults aged 40 and dementia and	The broad dementia measures of cognitive
	plasticity: results from the Improvement in Memory with Plasticity-based Adaptive Cognitive Training (IMPACT) study. J Am Geriatr Soc. 2009 Apr;57(4):594-603. Wolinsky FD, Vander Weg MW, Howren MB, Jones MP, Dotson MM. A randomized controlled trial of cognitive training using a visual speed of processing intervention in middle aged and older adults. PLoS One. 2013;8(5):e61624. • Discontinuation of antihypertensive treatment (until a maximum increase of 20 mm Hg in SBP). MCI 12 months (24 Cognitive function & • Naproxen sodium At risk (with approximately 2 years additional follow-up) dementia" (i.e. dementia, cognitive impairment, or confusion, ascertained through participant, carer of general practitioner report, or hospital admission diagnosis, vs. • Placebo • standard mushroom powder vs. • placebo 24 weeks Cognitive function / psychomotor • Anthocyanin-containing Aronia At risk At risk 1 year Cognitive function / • Dance and kinesthetic (two hourly depression 75 years and over, MMSE 21-27, Mild cognitive deficits without serious cardiovascular disease 55 years and over, free over with diabetes and no history of cardiovascular disease, free of dementia Healthy overweight middle aged adults aged 70-89 years, Free of dementia and cognitive impairment, sedentary, at high At risk Age 40 and older, eligible for • Systolic and diastolic BP significantly increased in the intervention group compared to the control group, but there was no • There were no effects of treatment on any of the primary cognitive outcomes •No difference in rate of outcome occurred in 548 participants (7.1%) in the aspirin group, compared to 598 (7.8%) in the placebo goup, rate ratio 0.91 [95% CI, 0.81-1.02, • No cognitive improvements were observed after supplementation with either formula. function or mood. • The 90 mg AME supplementation group MCI Age ≥60, MCI • There were no cardiac rehabilitation following General cognitive sessions/week) + nutrition improvements in global or a cardiac-related hospital function Adas-Cog, counselling & standardized vascular domain-specific cognitive admission, or diagnosed Mnemonic Similarity care function compared to the 60 (52 Active Minds Study Iowa Healthy and ACTIVE (UK) Ahles 2020 29 (Netherlands) 102 6 months Cognitive function / • Group aerobic and MCI Sedentary The mean post-intervention • No difference in coronary artery disease score, executive Vs. control group analysed) MMSE strength training (60 min. At risk individuals with MMSE score was significantly dementia incidence function composite • Nutrition counselling & Willis SL, Tennstedt SL, Marsiske M, et al. Long-term effects of cognitive training on everyday functional outcomes in older adults. JAMA. 2006 Dec 20;296(23):2805-14. Diamond 2015 Diamond K, Mowszowski L, Cockayne N, et al. Randomized controlled trial of a healthy brain ageing cognitive training program: effects on memory, mood, and sleep. J Alzheimers Dis. 2015;44(4):1181-91. PACE Vidovich MR, Lautenschlager NT, Flicker L, Clare L, McCaul K, Almeida OP. The PACE study: a randomized clinical trial of cognitive activity strategy training for older people with mild cognitive impairment. Am J Geriatr Psychiatry. 2015 Apr;23(4):360-72 Multidomain interventions FINGER Ngandu T, Lehtisalo J, Solomon A, et al. A 2 year multidomain intervention of diet, exercise, cognitive training, and vascular risk monitoring versus control to prevent cognitive decline in at-risk elderly people (FINGER): a randomised controlled trial. Lancet. 2015;385(9984):2255-63. Lee 2014 Lee KS, Lee Y, Back JH, et al. Effects of a multidomain lifestyle modification on cognitive function in older adults: an eighteen-month community-based cluster randomized controlled trial. Psychother Psychosom. 2014;83(5):270-8. MAX Barnes DE, Santos-Modesitt W, Poelke G, et al. The Mental Activity and eXercise (MAX) trial: a randomized controlled trial to enhance cognitive function in older adults. JAMA Intern Med. 2013 May 13;173(9):797-804. Ihle-Hansen 2014 Ihle-Hansen H, Thommessen B, Fagerland MW, et al. Multifactorial vascular risk factor intervention to prevent cognitive impairment after stroke and TIA: a 12-month randomized controlled trial. Int J Stroke. 2014 Oct;9(7):932-8. vs. • Control: Continuation of antihypertensive treatment who received antihypertensive treatment difference in change in overall cognition compound score Ttrials 2 (USA) 493 12 months Cognitive function / Episodic memory • 5g daily of testosterone gel 1% concentration (AndroGel, AddVie) vs. • Placebo At risk 65 years and over; Men; Low serum testosterone concentrations (<275 ng/d)L; decreased libido, mobility disability or low vitality; MMSE ≥24 • No significant improvement of memory or other cognitive functions in treatment group compared with placebo. ELITE 3 (USA) 567 5 years Cognitive function / Verbal episodic memory • Oral 17β-estradiol 1 mg/d vs. • Placebo or • Women with a uterus received cyclic micronized progesterone vaginal gel vs. General population 41-84 years, Healthy women within 6 years of menopause or 10+ years after menopause • Estradiol initiated within 6 years of menopause did not affect verbal memory, executive functions, or global cognition differently than therapy begun 10+ years after menopause. Neither had any effect on cognition, compared to placebo SPRINT MIND 5 (USA) 8563 Median 3.34 years (5.11 years) Incident dementia: adjudicated probable dementia • Intensive treatment: SBP goal <120 mmHg vs. • Standard treatment: SBP goal <140 mmHg At risk 50 years and over; SBP 130-180 mm Hg; free of dementia, diabetes and history of stroke • No significant reduction in the risk of probable dementia in the intensive treatment group (7.2 vs 8.6 cases per 1000 person-years; HR, 0.83; 95% CI, 0.67-1.04). • Intensive BP control significantly reduced the risk of the secondary outcomes of MCI (14.6 vs 18.3 cases per 1000 person-years; HR, 0.81; month follow-up) biomarkers / Alzheimer Progression Score (APS), composite score incorporating multimodal imaging, neurosensory, cognitive, and Cerebrospinal fluid markers tablets 220 mg twice daily for two years vs. • Placebo of dementia or MCI, history or documentation of AD dementia in at least one parent, or in two siblings change on the APS between groups • Individuals treated with Naproxen showed an excess of adverse events. ASPREE 7 (US, Australia) 19114 4.7 years (median) Composite / Dementia, death or persistent physical disability • Enteric-coated aspirin [100 mg/d]) vs. • Placebo General population ≥70 years (or ≥65 years among US blacks and Hispanics); free of and cardiovascular disease, dementia, or physical disability • No effect of aspirin on the composite primary endpoint (HR, 1.01; 95% CI, 0.92 to 1.11; P=0.79) • The rates of major hemorrhage and all-cause mortality were significantly higher in the aspirin group • Secondary analyses showed no effect of aspirin on all-cause dementia, probable AD or MCI, or on cognitive change over time or use of dementia medication, or referral to a memory clinic, or cognitive impairment cited as reason for not completing cognitive assessment) p=0.11] Yoon 2018 9 (Korea) 37 2 years Cognitive function / global cognition (ADAS-Cog, K-MMSE, MoCA_K) • Menopausal hormone therapy (MHT; percutaneous estradiol [E2] gel [0.1%, 2 mg/d] and oral micronized progesterone [MP4] [100 mg/d]) vs. • Placebo All participants also received donepezil MCI Postmenopausal women with multiple domain, amnestic subtype MCI • There was no significant difference in time trend between the two groups in all measures for general cognition. • 24 month K-MMSE and MoCA_K scores, but not ADAS-Cog, were significantly better in the MHT group A5 (EARLY) 10,11 (14 countries in North/Central 596 Up to 18 months (planned 54 months; trial Cognitive function/ global cognition (Preclinical Alzheimer Cognitive Composite score) • Atabecestat, 5 mg daily • Atabecestat, 25mg daily At risk 60-85 years, asymptomatic (CDR = 0) amyloid positive, ≥1 AD risk factor (age • Following early termination of the trial due to hepatic-related AEs, cognitive decline was speed, attention, and cognitive flexibility (pegboard test, number cross-melanocarpa extract (90 mg/d) • Aronia melanocarpa extract 40-60 years, BMI 25 -35 kg/m 2 showed significantly better cognitive performance compared to placebo on one test of risk for mobility disability, could (Brazil) twice weekly) vs. MCI, aged 60 years or older, higher in the intervention group compared to the between the two groups (HR 0.92, 95% CI 0.71-• Intensive blood pressure At risk Age 60-80 years, family history of TIME NCT05310890 206 3 years follow-up Dementia incidence • Tai chi training + quarterly group activities (e.g. popular MCI Cognitive function • Conversational engagement: 30-At risk 80 years and over; socially score) standardized vascular care Age 55-75 years, MCI-AD (NIA-AA criteria), free of dementia minute face-to-face isolated; MCI or normal Exergames 94 96 3 months Cognitive function / • Moderate intensity cycling + At risk Age ≥65, subjective cognitive walk 400 m in 15 • Usual care control independent in control group. 1.19; p = 0.54). lowering treatment (ARBs and dementia or subjective memory (China) science lectures or interactive communications with study staff cognition, free of dementia; NCT04311736 Episodic memory (NIH concurrent virtual reality cognitive complaint, free of MCI and minutes activities of daily CCBs; target SBP <120mmHg) complaints, MMSE ≥26, SBP ≥ 130 and games) through internet/webcam 4 times living alone independently, (USA) toolbox app) training (3 times per week) dementia, not engaging in aerobic Kwok 2017 16 (Hong Kong, Netherlands) 271 27 months Cognitive decline / Clinical Dementia Rating scale (CDR) • Vitamin B12, 1mg, daily, 2 tablets vs. • Placebo At risk 70-100 years, type 2 diabetes, free of dementia, low vitamin B12: 150 -300 pmol/L • At month 27, there was no significant group difference in changes in CDR scores PREADVISE 17 (USA, Canada, Puerto Rico) 7540 (3786 continued into the observational cohort phase after early termination of treatment) Median 5.5 years (up to 10 years) Dementia incidence / Dementia diagnosis (type non-specified) • Vitamin E (400 IU/day) • Selenium (200 µg/day) • Vitamin E (400 IU/day) + selenium (200 µg/day) vs. • Placebo General population Men aged 60 years and over, free of dementia • Treatment was stopped prematurely following a futility analysis. Approximately half of subjects continued to be followed-up in the observational extension period. • Neither supplement had any effect of dementia incidence compared to placebo Baleztena 2018 18 (Spain) 99 1 year Cognitive function / MMSE, Global Deterioration Scale, • 1 capsule of multinutrients rich in n-3 PUFA, 3 x day At risk 75 years and over, MCI or without cognitive impairment, Global • There were no significant differences in cognitive decline between out test, Stroop test) (150 mg/d) vs. • placebo psychomotor speed, but there were no significant differences for any other outcomes/doses. Asaoka 2022 30 (Japan) 130 24 weeks Cognitive function / global cognition (ADAS-Jcog) • Probiotic (B. breveronia MCC1274, 2×10 10 CFU, once daily) vs. • placebo MCI Age 65-89 years, MCI (DSM-5), memory complaint, MMSE 22-26, CDR 0.5 There was no significant between-group difference in change from baseline on ADAS-Jcog scores. SmartAge 31,32 (Germany) 100 1 year intervention / 18 months follow-up Cognitive function/ memory performance (mnemonic similarity task) • Spermidine-rich nutritional supplementation (750 mg/d) vs. •placebo At risk Cognitively normal older individuals aged 60-90 years with subjective cognitive decline (free of MCI & dementia) There was no significant between-group difference in mnemonic discrimination performance Sungkarat 2017 34 (Thailand) 66 15 weeks Cognitive function / memory, visuospatial ability, and executive function • Tai Chi training (50 minutes per sessions, 3 x week) vs. • Control group: received educational material covering information related MCI 60 years and over, Amnestic-MCI, MMSE ≥ 24 and MoCA < 26, Exercise <30 minutes/day • After 15 week-follow-up, performance on Logical Memory delayed recall, Block Design and TMT B-A were living Tarumi 2019 40 (USA) 70 1 year Cognitive function / memory, executive function (California Verbal Learning Test-second edition, Delis-Kaplan Executive Function System) • Aerobic exercise training (up to 5 sessions/week, with increasing frequency and intensity over time) vs. • Stretching and toning control MCI Age 55-80 years, aMCI, CDR=0.5 ; MMSE ≥24, free of dementia •There was significantly more improvement in the control group on one of six outcome measures, but no significant between-group differences for any other measures Bae 2019 54 (Japan) 83 24 weeks cognitive function / NCGC-FAT tablet-based assessment of word list recall, • 2*90 minute supervised sessions per week, with participation in self-selected physical (N=16), MCI 65 years and over, MCI, MMSE≥24, free of ADL disability & dementia • The intervention group showed significantly greater improvement in only vs. • Usual care (ARBs and CCBs; target SBP <140mmHg) ≤ 180, free of dementia MemAID 72 NCT02415556 (USA) 24 weeks / 48 weeks Cognitive function /memory and general cognitive function (CANTAB) • Intranasal insulin (40 IU/d) vs. • placebo (saline) At risk General population Age 50-85 years, either type 2 diabetic or control subjects with fasting plasma glucose <126 mg/dL and HbA1c <6.5%, free of dementia, MMSE>20 (between-group comparisons will be stratified by diabetes status) Vs. • Quarterly group activities (e.g. popular science lectures or interactive games) TIPS NCT05485025 (China) 134 3 years Cognitive function / global cognitive function (RBANS) • Tai chi training + quarterly group activities (e.g. popular science lectures or interactive games) Vs. At risk Age 60-75 years, subjective cognitive impairment (SCI), CDR=0 per week for 24 weeks (6 months), followed by sustaining dose of 2 times per week of 30 minutes not severely depressed, no • Moderate intensity cycling exercise or cognitive training >2 severe hearing or vision Vs. days/week, 30 minutes a session in impairment, • Stretching control (3 times per the past 3 months session for additional 6 months week) vs. NCT04465812 824 1 year (short-Cognitive function • Self-monitoring and personalized At risk Age 45-74 years; high risk of stroke • Control Group: phone call (China) term primary (short-term primary feedback smartphone app targeting (with ≥ 3 of 8 stroke risk factors, weekly less than 10 minutes NTR7336 (Netherlands) 190 3 months (12-month follow-up) Cognitive function • Foreign language training vs. At risk outcome) / 5 outcome) / composite vascular risk factors, sleep quality, including hypertension, 65-80 years; Self-perceived years (long-z-socre & Dementia mental health and cognitive training dyslipidemia, diabetes, atrial decline in cognition, free of term primary incidence (long-term Vs. fibrillation or valvular heart significantly better for the Tai NeuroExercise 183 1 year Cognitive function / • Standardized extensive MCI 50 years and over • There were no significant spatial working cognitive (N=16) and one (spatial working • Quarterly group activities • Music training MCI or dementia; Native outcome) primary outcome) • Standard health counselling at disease, smoking history, obvious Chi group than the control 41,42 global cognition aerobic exercise Amnestic MCI, between-group differences in memory, attention, social (N=16) activities memory) of 6 cognitive (e.g. popular science lectures language Dutch, monolingual, baseline overweight or obesity, lack of group but not performance on (Germany, (composite score) intervention (3 units of MoCA [18-26], free the composite cognitive score executive function, vs. tests or interactive games) access to computer or tablet. exercise, family history of stroke, Digit Span. Ireland, 45minutes/week) of dementia (or in any cognitive domain) processing speed; • Health education NCT05229705 70 6 months Cognitive function / executive function • Progressive resistance At risk Age 60-80 years, MMSE >24, NCT03045718 100 9 months Cognitive function / CDR, • Horticultural Therapy 1h weekly At risk 60-100 years; MCI, subjective or with transient ischemic attack); to cognitive impairment and fall prevention Shimada 2018 35 (Japan) 106 24 weeks Cognitive function / MMSE & National Centre for Geriatrics and Gerontology-Functional Assessment • Golf training (weekly 90-120 min sessions + home-based practice) vs. General population Age 65 and older, free of dementia, little to no experience of playing golf (< 2 • The intervention group showed significantly less decline/more improvement on 3 logical memory scores, but not on the 7 other Netherlands) • Stretching and toning (non-aerobic) exercise (3 units of 45 min/week) vs. • Non-exercise control group Sedentary and global cognitive function (MMSE) control group (2*90 min. classes on oral care & nutrition) Shimada 2018 35 (Japan) 308 40 weeks Cognitive function / MMSE, WMS-R • Combined cognitive and physical activity (weekly 90 min sessions involving MCI 65 years and over, MCI, free of dementia, enrolled in the OSHPE • Compared with the control group, the combined activity group (Canada) (TMT) training Vs. • Balance and tone control (Singapore) Colour Trails Tests, Digit Span, (designed to stimulate the senses memory impairment and/or free of dementia IADL >6/5, at-risk for diabetes (blood glucose level of 6.1-7 mmol/L; BMI > 25; or CANRISK diabetes questionnaire > 21) Rey Auditory Verbal Learning Test (RAVLT), Block Design, semantic Verbal Fluency scores. through interaction with the tasks and the environment, promote social interaction and also to promote a sense of self-worth & B, digit ordering test) through completion of projects) dementia risk factors (e.g. MindMoves 95 254 24 weeks / 72 Cognitive function / • Mind -BrainHQ cognitive training At risk Women aged ≥ 65 years, history of family history, NCT04556305 weeks follow-(East Boston Memory intervention (three 30-minute CVD, MoCA score ≥19 (i.e. no cerebrovascular disease, (USA) up Test, Category Fluency, sessions per week, for a total of 36 significant cognitive impairment or cardiovascular risk factors); Digit Span, oral TMT-A hours, via iPad) dementia)

years Biomarker / PET amyloid
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Figure 5: Study scale ratings for ongoing trials, by type of intervention Study scale ratings range from 2 to 7 and were calculated as the sum of ratings for estimated sample size (<100 subjects = 1 point, 100 -1000 subjects = 2 points, >1000 subjects = 3 points) and planned intervention duration (<12 months = 1 point, 12 months = 2 points, 13 -24 months = 3 points, >24 months = 4 points).

Each "spoke" of the radar graph represents an individual study, and the label at the end of the spoke can be used to identify the study name in the table on the right hand side of the figure. Shapes on the right hand side of the study name tables indicate the type of primary outcome measure(s) used in each trial: • cognitive function, ►incident dementia, ♦ biomarker, • other (MCI incidence, dementia risk factor profile or risk score, brain health activities score, or dementia knowledge). Full details of the trials can be found in Supplementary Tables 89101112. The ChiCTR2000037305 trial is not included in this figure as no information is available about the duration of follow-up, meaning that a study scale rating could not be calculated. Box 1: Recommendations for the design of future prevention trials

Supplementary Appendix