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Abstract

The field of Alzheimer disease (AD) prevention has been a culmination of basic science, clinical,
and translational research. In the past three years since the new 2011 AD diagnostic guidelines,
large-scale collaborative efforts have embarked on new clinical trials with the hope of someday
preventing AD. This review will shed light on the historical and scientific contexts in which these
trials were based on, as well as discuss potential challenges these trials may face in the coming
years. Primary preventive measures, such as lifestyle, multidomain, medication, and supplemental
interventions, will be analyzed. Secondary prevention as represented by disease-modifying
interventions, such as anti-amyloid therapy and pioglitazone, will also be reviewed. Finally,
hypotheses on future directions for AD prevention trials will be proposed.

Introduction

Preventing Alzheimer disease (AD) is a worthy cause for many reasons. The first is the sheer
number of those suffering with AD. Over 5 million Americans and 36 million people
worldwide have AD dementia [1]. As the sixth leading cause of death in the United States, it
is the most common cause of dementia, accounting for 60-80% of all cases. AD dementia
occurs in one out of nine people over age 65 and one out of three for those older than 85. It
is arguably the costliest disease in the world, amounting to $200 billion annually in the
United States alone [2]. Economists predict that preventing or at least delaying the onset of
the disease by five years would cut Medicare spending for AD by half [3].
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The second reason is that without intervention, the number of individuals with AD will
skyrocket in the coming decades. By 2050, the number of people with AD dementia in the
United States will be 13.5 million and the costs will increase five-fold [3]. Already, caring
for individuals with AD dementia has stretched the fabric of our society and drastically
stressed our health care system, leading to overburdened caregivers, lost productivity, and
out-of-control costs. Studying potential risk factors for AD and implementing interventions
early could lay the tracks for long-term solutions to address this growing chronic problem.

The third reason is that AD currently does not have a cure or even an effective disease-
modifying drug. Hence, a diagnosis of AD is akin to a diagnosis of terminal illness, often
leading to anxiety and dread for many older persons. The five medications currently
approved by the Food and Drug Administration (FDA) for treatment of AD dementia can
only address symptoms of AD, but not change its course. Although we have learned much
about the pathophysiology of AD in the past three decades, such as the workings of amyloid
and tau, understanding the causal mechanisms behind AD pathology is still elusive. AD
prevention would hopefully truncate the number of individuals suffering from this disease,
thus decreasing the number of years lost, as well as relieving a huge public health burden.

AD prevention is the second major wave of preventive efforts in the field of neurology. The
first wave was stroke prevention. Much of what is happening in AD prevention right now
happened for stroke prevention two decades ago. The National Stroke Association published
the first stroke guidelines in the Journal of the American Medical Associationin 1999 [4],
and at that time, multiple landmark clinical trials had already established important stroke
risk factors. These included hypertension, myocardial infarction, atrial fibrillation, diabetes
mellitus, carotid artery stenosis, smoking, alcohol use, low physical activity, and unhealthy
diet. Similarly with AD, large prevention trials have only recently started, but multiple
longitudinal observational studies have also consistently identified risk factors for AD.
Despite the paucity of available data, we were still able to identify some key prevention
trials for this review. We identified randomized-controlled trials and observational studies
through PubMed, Google Scholar, and the Cochrane Library with search words including
but not limited to “Alzheimer,” “prevention,” and “trial.”

The history of AD prevention is relatively short. As a matter of historical perspective, the
Institute of Medicine (IOM) published a report on “Reducing Risks for Mental Disorders”
twenty years ago, and they featured a chapter on AD [5]. Amyloid had just been discovered
a decade before, and mutations in amyloid were just being identified. The discussion of
other risk factors revealed the absence of evidence for that time and speaks to the maturation
of the AD field in the past two decades. For examples, low education was still not yet an
established risk factor, and the report also speculated on whether the age of a person’s
mother was a risk factor for AD.

In 2011, President Barack Obama signed into law the National Alzheimer’s Project Act
(NAPA) [6], which has invested millions of dollars into AD research and has helped launch
multiple large clinical trials to study AD interventions. In comparison to the state of AD
research in the 1994 I0M report, NAPA has dramatically fueled AD prevention efforts.
Timely and ambitious, the first goal of NAPA is to prevent and effectively treat AD by 2025.

Curr Alzheimer Res. Author manuscript; available in PMC 2017 February 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Hsu and Marshall

Page 3

The five underlying strategies to prevent AD include building infrastructure for effective
research practices, collaborating with large organizations worldwide to hone targeting
efforts, and translating preventive practices into community health settings. We have already
witnessed many of the strategies at work with the start of four of five large secondary
prevention trials in conjunction with the establishment of the Collaboration for Alzheimer
Prevention consortium.

2011 was a watershed year for AD in another way. The National Institute of Aging and the
Alzheimer’s Association (NIA-AA) collaborated to update clinical and research diagnostic
criteria for AD [7-10]. They updated the 1984 criteria to include three stages: preclinical
AD, mild cognitive impairment (MCI) due to AD, and AD dementia. The workgroups
emphasized the importance of biomarkers when categorizing patients into these stages, and
subsequent prevention trials have been able to rely on these criteria, especially those for the
preclinical stage. Studies at the Mayo Clinic further operationalized the preclinical stages
and demonstrated their effectiveness [11]. Since 2011, new workgroups have also been
convened to study potential challenges of AD prevention trials and to propose possible
solutions. Some of these challenges will be discussed in this review.

To frame avenues for prevention, many longitudinal observational studies have already
established risk factors for AD. As in any preventable disease, risk factors can be divided
into modifiable and unmodifiable risk factors. This review will concentrate on modifiable
risk factors for AD, many of which are cardiovascular or lifestyle related, and intervention
trials targeting these risk factors will be discussed. Five interventional approaches will be
described in this review on AD prevention. These include: 1) lifestyle, 2) multidomain, 3)
marketed medications for other indications, 4) supplements, and 5) disease-modifying
interventions, such as anti-amyloid treatment.

Challenges of Primary and Secondary AD Prevention Trials

Progress in AD research has helped to inform the design and standardization of current
prevention trials. Opportunities abound to incorporate new biomarkers into tracking the
incidence of AD symptoms and AD pathology. However, in the past five years, researchers
have identified new challenges when approaching prevention trials, and several are still
pertinent today when looking forward to new trials. It will be important to keep these
challenges in mind when reviewing past prevention trials, as many lessons learned from
previous trials will help us understand the rationale for many trials currently underway. As
the most common cause of dementia, AD is also the most understood, but much of the
pathophysiology is still shrouded in mystery. One of the biggest challenges in the field
already has been to standardize the language we use when describing AD.

In the span of 27 years, the science of AD accelerated, mainly due to advances in molecular
genetics and neuroimaging techniques. Computerized tomography (CT) scans were just
coming into use, and the backbone of diagnosing probable, possible, and definite AD
stemmed mainly from clinical assessments such as neuropsychological testing. Just to give a
sense of the progress of AD research over time, the 1984 guidelines [12] stated,
“Information should soon be available about the usefulness of magnetic resonance imaging
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(MRI) in the diagnosis of Alzheimer’s disease.” Also, “To date, definitive diagnostic
information about Alzheimer’s disease from blood or cerebrospinal fluid (CSF) has not been
sought consistently, but CSF should be studied to demonstrate neurotransmitters,
metabolites, and synthesizing and degradative enzymes.” Incorporating clinically useful
biomarkers, the 2011 guidelines expanded on the 1984 framework and greatly enriched our
knowledge of the AD syndrome.

Prevention of AD must take into account the entire AD spectrum. This forms the basis for
most, if not all, of the challenges when developing preventive interventions. From a
regulatory standpoint, secondary prevention trials are considered treatment trials in
preclinical AD. The central narrative behind the 2011 guidelines involves what scientists
have called, “the amyloid hypothesis,” or more precisely “the A-beta hypothesis,” according
to Dennis Selkoe, MD, one of the main proponents of the theory [13]. Selkoe describes in
this hypothesis the critical role that abnormal amyloid (A-beta) plays in the brain, wherein
the pathophysiology of AD is strongly associated with abnormal accumulation of A-beta in
the setting of decreased clearance. The guidelines highlight the evidence for this theory and
describe in detail recommendations for monitoring specific biomarkers, including but not
limited to positron emission tomography (PET) amyloid status and CSF A-beta level.
Although there is also evidence for other pathophysiological mechanisms for AD, such as
build-up of abnormal tau, researchers are still validating potential biomarkers and evaluating
their usefulness in prevention trials.

Investment in AD prevention trials can be an enormous undertaking so addressing potential
challenges early on will optimize trial design and save a lot of time and effort. We have
identified seven challenges that have occurred in most AD prevention trials to date. These
include: 1) stage of intervention, 2) duration of intervention, 3) subject selection, 4) outcome
measure selection, 5) standardization of AD biomarkers, 6) ethics of disclosing biomarker
status, and 7) coordination of AD registries.

Stage of intervention

The importance of distinguishing primary and secondary prevention trials cannot be
overstated. However, many AD prevention trials in the past decade were not effectively
equipped to make that distinction, since the technology for /n vivo biomarkers of AD
pathology have only recently been developed. The 2011 guideline on preclinical AD
recommended dividing AD into clinical symptoms of AD (AD-C) and underlying AD
pathology (AD-P). The NIA-AA workgroup postulated that there is a long asymptomatic
phase of AD-P before the onset of symptoms that can be tracked by monitoring various
biomarkers like amyloid. When conceiving AD prevention trials, it would then make sense
to categorize those trials that target individuals with present AD biomarkers as secondary
prevention trials and those that intervene before the presence of AD biomarkers as primary
prevention trials. Without identification of biomarker status in the selected population,
researchers would be unable to label their trials definitively as primary or secondary
prevention trials. As the intervention is directed away from AD-P, the trial becomes less
targeted and closer to primary prevention (Figure 1).
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Duration of intervention

Evidence suggests that the preclinical AD phase can last a decade or even longer before
symptoms begin. Timing of certain interventions, therefore, will contribute significantly to
primary outcomes of trials. Only with prolonged durations, such as three to five years, will
trials be potentially adequately powered to detect a difference in effect from an intervention.
Such is the precedence in heart disease and cancer prevention trials thus far [14, 15]. The
Mayo Clinic group operationalized the 2011 preclinical AD guidelines and followed
subjects in their cohort for at least a year, demonstrating that subjects will progress to MCI
or dementia at increasing proportions depending on the severity of preclinical disease stage
(0 to 3) [16]. Therefore, researchers should now be precise when describing the stage of AD
in which the intervention is being introduced so as to hypothesize the natural progression of
their cohort, as well as better measure their clinical or biomarker endpoints.

Subject selection

The negative results of numerous phase 111 clinical trials using amyloid-modifying drugs at
the stage of mild-moderate AD dementia suggested that amyloid-modifying interventions
might have been applied too late in the disease course [17]. Testing drugs in those with
already moderate AD dementia was unsuccessful, but there remains a glimmer of hope with
testing interventions in those with mild AD dementia or MCI due to AD, given the
secondary analyses results of cognitive improvement in the mild AD dementia group alone
in the solanezumab, amyloid passive immunotherapy, phase Il clinical trials [18].
Consistent with our understanding of the preclinical phase of AD, preventive interventions
need to be given earlier. Several secondary prevention trials have already begun recruiting
cognitively normal individuals for AD prevention trials, such as the Anti-Amyloid Treatment
in Asymptomatic Alzheimer’s Disease (A4) trial [19]. Screening subjects who are
cognitively normal, yet have AD-P, poses another challenge when running one of these
trials, since many of the screening eligibility procedures include neuropsychological testing
and neuroimaging or CSF. Having a qualified team to recruit and screen a diverse cohort of
older subjects with state-of-the-art imaging techniques can be daunting at times. Moreover,
recruiting asymptomatic individuals to participate in a clinical trial that poses a certain
amount of risk to them could prove difficult since the value of preventative medicine is often
underappreciated by lay people and even healthcare professionals.

Outcome measure selection

Since cognitively normal individuals are participating in AD prevention trials, selecting
and/or developing the appropriate outcome measures poses a significant challenge. The FDA
recently issued new guidance for clinical trials in early AD [20]. In this guidance, the FDA
suggests a single cognitive measure as a primary outcome for trials in preclinical AD, which
is a shift from the traditional dual cognitive and functional outcome measures required for
AD trials at the stage of dementia. In order to be able to capture cognitive decline in
individuals who start off with normal cognition, more sensitive assessments than the ones
used for traditional trials in AD dementia or even MCI are necessary. For this purpose, the
Alzheimer’s Disease Cooperative Study (ADCS) group has recently validated a composite
of cognitive assessments, the ADCS Preclinical Alzheimer’s Cognitive Composite (PACC)
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[21], in hopes of capturing the earliest objective cognitive impairment. Extending beyond
objective assessment of cognition, hybrid assessments of subjective cognitive and subjective
instrumental activities of daily living (IADL), such as the ADCS Cognitive Function
Instrument (CFI), have also been validated [22]. Ultimately the FDA would still like to see a
clinically relevant outcome, that is evidence of a benefit in IADL, which is stipulated as a
subsequent requirement in the early use of a drug for preclinical AD after meeting the single
primary cognitive outcome measure in the clinical trial. This could be potentially addressed
by a subjective IADL scale, which the CFI partly represents although it combines subjective
IADL questions with subjective cognitive questions. Alternatively, experts have recently
suggested that a challenging performance-based IADL assessment may better capture early
changes in IADL and would have better psychometric properties and ecological validity than
a subjective IADL scale [23].

Standardization of AD biomarkers

According to Jack and colleagues, biomarkers are “parameters (physiological, biochemical,
anatomic) that can be measured /77 vivo and that reflect specific features of disease-related
pathophysiological processes [8].” In this framework, which is limited to well-studied AD
biomarkers, they can be classified into two main categories: 1) biomarkers of A-beta
accumulation and 2) biomarkers of neuronal degeneration or injury. Biomarkers of A-beta
accumulation now include CSF A-beta and PET amyloid. Biomarkers of neuronal
degeneration or injury include structural imaging with MRI, hypometabolism with 18F-
fluorodeoxyglucose (FDG) PET, and CSF total tau and phospho-tau levels. Validated
through several longitudinal, observational studies, such as the Alzheimer Disease
Neuroimaging Initiative, these biomarkers have been incorporated into the new 2011
diagnostic guidelines and can predict, with different levels of accuracy, onset of AD about a
decade before clinical symptoms. Prevention trials targeting AD have varied in their
determination of the presence of adequate AD biomarkers in the sample population before
intervention. In this review, readers should be mindful of which studies incorporate AD
biomarkers into their inclusion criteria, and which merely focus on clinical criteria.

Ethics of biomarker status disclosure

AD prevention trials have started to screen individuals based on certain biomarkers, such as
PET amyloid level. Studies operationalizing AD preclinical criteria and following
individuals longitudinally have validated the usefulness of these biomarkers in identifying
those at risk for AD, as well as quantifying that risk. There is precedence in the medical field
for screening individuals with biomarkers, which is done routinely for cancer and heart
disease. Potential ethical dilemmas can be encountered when blinding research teams and
subjects to AD biomarkers if knowledge is obtained of their biomarker status [24, 25]. For
example, if someone has low non-specific amyloid burden on PET, does that mean that he or
she will never develop symptoms of AD? Or, if someone has high amyloid burden on PET,
would he or she be completely immune from discrimination when applying for long-term
care insurance? These are just some of the questions that can be encountered when
conducting an AD prevention trial. In addition, precedence exists in healthcare law for
genetic and preexisting conditions, but none currently exists for biomarker status. How will
society view biomarkers for neurological or any medical conditions? The ethics of
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biomarker status clearly warrant further research, and at least one AD prevention trial, has
decided to incorporate this question into the study, which is the A4 trial [19].

Coordination of AD registries

The AD research community only recently reached a consensus for new AD guidelines
outlining stages and biomarkers. Many scientists, who previously had been working in
isolation, are now finding themselves collaborating with groups around the nation and the
world. Importance of sharing information and coordinating with other registries has been
critical in unifying the AD prevention effort. As current trials move forward, researchers will
now be able to compare data more easily with the synchronization of clinical and biomarker
outcomes [14, 15]. Collaboration of AD experts in academic, governmental, and
pharmaceutical bodies may bring about more useful knowledge through prevention trials
than if working separately. However, rising above scientific competition can be a challenge
of its own, which is one reason why NAPA specifically mentions this in its strategies. The
FDA has also been instrumental in outlining guidelines to the research community on
potential outcome measures for early AD trials and ways to accelerate the regulatory
pathway [20]. Two important practical reasons for these type of AD registries are: 1) sharing
data from observational studies to better understand disease progression and inform trial
design as has been done with the Alzheimer’s Disease Neuroimaging Initiative (ADNI),
Australian Imaging, Biomarker & Lifestyle Flagship Study of Ageing (AIBL), and Harvard
Aging Brain Study (HABS) datasets; and 2) for recruitment registries for upcoming trials as
has been done with the National Alzheimer’s Coordinating Center (NACC), Dominantly
Inherited Alzheimer Network (DIAN), and Alzheimer’s Prevention Initiative (API)
apolipoprotein E e4 (APOE) registries. The latter is particularly relevant for genetic
enrichment strategies in trials when trying to enroll participants with susceptibility genes
such as APOE4 and TOMMA4O0 or even rarer autosomal dominant AD mutations.

In our review, trials preventing all dementia are included with those just targeting AD, given
the fact that in the earliest stages of AD, it often can be challenging to make the distinction
between various dementia syndromes accurately. Our targeted population when identifying
prevention trials has been for individuals without cognitive impairment, meaning those
without clinical AD as described by the 2011 diagnostic guidelines. Our definition of
“clinical AD” will encompass the symptoms of “MCI due to AD” and “AD dementia”
together.

Lifestyle Interventions

Primary prevention trials have often targeted known risk factors by incorporating specific
lifestyle interventions, which have included management of cardiovascular disease risk
factors, changes in diet and exercise, cognitive stimulation or training, and social
engagement (Table 1). Although many of these trials did not show benefit in preventing AD
or dementia, a few select trials did show some benefit in preventing cognitive impairment,
and these positive, as well as negative trials, will be reviewed here. A compilation of these
interventions would eventually be incorporated into multidomain interventional trials, with
each relying more on certain lifestyle interventions than others.
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Hypertension was one of the first risk factors to be targeted in preventing AD and dementia.
The Systolic Hypertension in Europe (Syst-Eur) trial [26], started in 1988, ended in 1997
and published in 1998, came at the end of a wave of stroke prevention trials, which
predominantly concentrated on hypertension as a risk factor. The trial, also called “the
vascular dementia project,” had the primary outcomes of dementia and stroke. Because the
data had resulted in a significant benefit for stroke, the trial was stopped early. Researchers
started with a cohort of patients who did not have dementia, were 60 years of age or older,
and who had a blood pressure of 160-219 mm Hg systolic and below 95 mm Hg diastolic.
Interventions were nitrendipine (10-40 mg/day), enalapril (5-20 mg/day),
hydrochlorothiazide (12.5-25 mg/day), or a combination of these to reduce systolic blood
pressure by at least 20 mm Hg to a goal of below 150 mm Hg. Subjects were evaluated
cognitively with the Mini-Mental State Exam (MMSE) and dementia criteria as outlined by
the Diagnostic and Statistical Manual of Mental Disorders, third edition, revised (DSM-I111-
R). The active treatment group had 1238 subjects, whereas the placebo group had 1180
subjects, and the median follow-up was two years. The intervention was found to reduce the
incidence of dementia by 50%, from 7.7 cases per 1000 patient-years to 3.8 cases, and the
analysis included AD dementia as a subcategory. The investigators calculated that out of
1000 persons treated for hypertension for five years, 19 cases of dementia could be
prevented.

Hyperlipidemia has continued to receive attention as a potential cardiovascular risk factor
linked to the onset of AD dementia. Several prevention trials have evaluated the effect of
intervention with statins, and the Cochrane Dementia and Cognitive Improvement Group
recently performed a systematic review of these trials [27], determining that there was good
evidence for the inability of statins given in late life to prevent dementia. The two trials that
met inclusion criteria were the Heart Protection Study (HPS) 2002 trial and the Prospective
Study of Pravastatin in the Elderly at Risk (PROSPER) 2002 trial. The HPS trial [28],
treated 20,536 British adults aged 40-80 who had coronary artery disease or diabetes, for
five years with simvastatin 40 mg daily or placebo. Primary outcomes were all-cause
mortality and various vascular outcomes. The subjects were also evaluated with the
Telephone Interview for Cognitive Status (TICS) at the final follow-up visit, and the mean
scores were compared between the groups. Although simvastatin significantly improved
mortality and vascular morbidity, there was no difference in the cognitive scores, and the
incidence of dementia in both groups was comparable. Thirty-one subjects in each group
developed dementia, which was about 0.3% of the total group.

The PROSPER trial [29], was a randomized, controlled trial that treated non-demented
(MMSE=24) 5,804 subjects, aged 70-82 years and who had history of vascular disease or
risk factors, with either pravastatin 40 mg daily or placebo for three years. Endpoints were
similar to the HPS trial, and the results pointed to a protective effect of pravastatin on
cardiovascular outcomes. However, cognitive function declined at the same rate in the two
groups. Scores on the MMSE, various neuropsychological tests including the Stroop test,
and questionnaires of IADL were similar between the two groups by the end of the trial.
Similar to HPS, PROSPER had solely relied on cognitive testing as markers for cognitive
change and did not pursue underlying AD pathology in the brain with either imaging or CSF
testing. The PROSPER study in particular also included older subjects with already known
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cerebrovascular disease, thus likely skewing potential cognitive decline toward vascular
etiologies rather than pure AD. Unfortunately, neither of these studies was able to
demonstrate benefit of statins for AD prevention or cognitive function.

Diabetes, in addition to hypertension and hyperlipidemia, has been the third main
cardiovascular focus of AD prevention trials. The most prominent trial has been the Action
to Control Cardiovascular Risk in Diabetes trial with Memory in Diabetes (ACCORD-
MIND) sub-study [30]. At 52 sites in North America, the study randomized 2,977
cognitively normal individuals, with mean age 62.3 years, to intensive glycemic control of
hemoglobin Alc less than 6% or standard of care with hemoglobin Alc between 7% and
7.9%. In the duration of 40 months, the researchers measured total brain volume (TBV) by
MRI and cognitive status through the Digit Symbol Substitution Test (DSST), the Rey
Auditory Verbal Learning Test (RAVLT), and the Stroop test at various time points in the
study. They found that although the intensive treatment group had greater TBV, there were
no statistically significant differences between the cognitive scores.

In a follow-up ACCORD-MIND study, they used the standard diabetes group with
hemoglobin Alc less than 7.5% and randomized them to one of two sub-studies: 1) intensive
hypertension management versus standard of care, or 2) intensive lipid management versus
placebo [31]. The intensive hypertension goal was to a systolic blood pressure of less than
120 mm Hg, whereas the standard blood pressure goal was less than 140 mm Hg. The
intensive lipid goal was low-density lipoprotein less than 100 mg/dL. The cognitive and

MRI outcomes were the same as the previous study. Unfortunately, the results were the same
for cognitive scores, demonstrating the lack of cognitive protection for intensive blood
pressure or lipid management in diabetic patients. Although TBV declined in the intensive
hypertension group, the long-term cognitive effects are still unknown.

Diet and exercise, often linked to cardiovascular outcomes, have been two behavioral
interventions studied in AD prevention trials. The most promising diet intervention at this
time has been the Mediterranean diet, which is a diet rich in fruits and vegetables, combined
with olive oil and fish, as well as low amounts of dairy, meat, and wine [32]. A notable
prospective study was by Féart and colleagues in JAMA, 2009, also known as the Three-City
(3C) study, where 1,410 non-demented adults aged 65 years or older in Bordeaux, France
were followed for five years on their adherence to a Mediterranean diet. Cognitive testing
included four neuropsychological tests, which were the MMSE, Isaacs Set Test (IST),
Benton Visual Retention Test (BVRT), and Free and Cued Selective Reminding Test
(FCSRT). Researchers found that those who adhered to the Mediterranean diet had a slower
rate of decline on the MMSE, but not on the other cognitive tests.

In a recent randomized-controlled trial of physical activity known as the Fitness for the
Aging Brain Study (FABS) [33], subjects with subjective memory complaints but no
dementia, who underwent a 6-month exercise program had modest cognitive improvement at
18 months. The cohort included 170 subjects aged 50 years and older, and the primary
cognitive outcome was the Alzheimer Disease Assessment Scale-Cognitive Subscale
(ADAS-Cog). Secondary analyses included word list delayed recall and Clinical Dementia
Rating sum of boxes (CDR-SB), which also improved. The intervention group improved
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0.26 points on the ADAS-Cog, whereas the usual care group declined 1.04 points. When
combined with the Mediterranean diet, physical activity was shown to be associated with
reduced incidence of AD in a cohort study of 1,880 elders in New York when followed for
over five years [34]. For those with a high score for both Mediterranean diet and physical
activity, the hazard ratio for AD was 0.65, which continues to underscore the importance of
a healthy lifestyle.

Finally, cognitive and social interventions have received much attention by the AD
prevention community. As part of the 21-year Bronx Aging Study, leisure activities that
included reading, playing board games, playing musical instruments, and dancing were
associated with a reduced risk of dementia [35]. Cognitive reserve and its highly correlated
education level have often been found to protect individuals from future onset of dementia,
but studies evaluating this effect have sometimes been variable in quality and mixed in their
results [36]. Limitations of many studies have included having participants with already high
cognitive reserve, heterogeneous modes of cognitive training, absence of follow up or poor
follow up, and lack of understanding of how one trained cognitive domain affects other
cognitive domains [37].

The Advanced Cognitive Training for Independent and Vital Elderly (ACTIVE) trial has
been the most robust cognitive intervention trial to date. Started in 1998, this randomized,
controlled trial assigned 2,832 persons aged 65 to 94 into one of four groups: 1) memory
training, 2) reasoning training, 3) speed of processing, or 4) no training as control group.
These three cognitive domains were selected based on earlier research that showed these
domains to be most related to IADL. Each intervention consisted of 10 sessions with a
certified trainer. Booster training sessions were offered periodically for the duration of ten
years, and results of the ACTIVE trial were reported at 2-year [38], 5-year [39], and 10-year
follow up [40]. Cognitive outcomes included the Hopkins Verbal Learning Test, Rey
Auditory-Verbal Learning Testing, and the Rivermead Behavioral Paragraph Recall Test, as
well as other validated reasoning and speed of processing tests. From the second to the tenth
year, subjects with training sessions had continued improvement in their respective cognitive
domains, except for memory training, which no longer had a protective effect by year 10. All
subjects who continued in the study and were in the intervention groups noted less difficulty
in IADL when they were asked at the tenth year of follow up. The results of the ACTIVE
trial give the strongest evidence for a benefit of cognitive intervention in the prevention of
cognitive impairment.

The stress hypothesis, similar to the vascular hypothesis and cognitive reserve hypothesis,
contends that having a healthy social network may help to prevent cognitive decline and AD.
Conversely, having more stress activates the glucocorticoid axis and adversely affects
hippocampal volume. In a systematic review in Lancet Neurology, Fratiglioni and
colleagues conclude that the evidence suggests a protective effect of social engagement [41].
Results from mortality studies have continued to demonstrate a decrease in mortality with
people with high-quality social relations, whereas those with low-quality social relations
have a two to four-times higher mortality rate from all causes. The authors reviewed 13 large
observational cohort studies on the effects of social relations on cognition or dementia in
older adults, with most studies suggesting a benefit. Being single, having been widowed, or

Curr Alzheimer Res. Author manuscript; available in PMC 2017 February 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Hsu and Marshall Page 11

living alone has been associated with increased dementia. An example of a cohort study
suggesting a benefit of social networks is the Kungsholmen study [42].

Multidomain Interventions

In 2011, the European Dementia Prevention Initiative (EDPI) [43] met in Stockholm to
highlight three new large dementia prevention trials: 1) the Prevention of Dementia by
Intensive Vascular Care study (PreDIVA), 2) the Finnish Geriatric Intervention Study to
Prevent Cognitive Impairment and Disability (FINGER), and 3) the Multidomain Alzheimer
Preventive Trial (MAPT) (Table 2). These multi-centered trials emphasize the importance of
international collaboration and standardization of study design. They are also unique in their
multidomain interventions targeting vascular and lifestyle risk factors, as described in the
previous section. Although many studies have evaluated individual lifestyle interventions,
these are the first randomized, controlled trials looking into a combination of treatments.
Two of the three trials are still ongoing and none have published their results yet. We will
therefore primarily elaborate on study design and nuances of measure outcomes.

PreDIVA [44] is a 6-year trial that started in 2006 with a sample size of 3,534 subjects, aged
70-78, who were not demented with an MMSE >23. They follow up for a cognitive
assessment every two years for six years, and the intervention is nurse-led vascular care
every four months for two years for management of risk factors, diet, and exercise. The
primary outcome is incidence of dementia and disability. Secondary outcomes include
cognitive decline as measured by MMSE or Visual Association Test (VAT), depression, and
cardiovascular events. Baseline data have included a mean age of 74.4, with 45% male,
36.2% with cardiovascular history, 20.3% with diabetes, 75.9% with systolic blood pressure
over 140 mm Hg, 44.4% with untreated hypertension, 27.7% with body mass index (BMI)
greater than 30, 14% who smoke, and mean MMSE 28.0.

FINGER [45] started in 2009 and includes 1,200 subjects aged 60-75 for a 2-year
intervention of group and individual management of vascular disease, diet, exercise, and
cognitive training. Inclusion criteria include a dementia risk score greater than 6 on the
Cardiovascular Risk Factors, Aging and Incidence of Dementia (CAIDE) and a cognitive
performance that is average or slightly lower than average. Primary outcome during the 2-
year follow up period is cognitive decline as measured by a neuropsychological test battery
that includes the Stroop test and Trailmaking Test A and B. Secondary outcomes include
incidence of dementia, cardiovascular events, depression, disability, quality of life, and
health resources utilization. Some exploratory outcomes have included MRI structural
imaging for 100 subjects and amyloid PET, FDG-PET, and CSF measures for 60 subjects.
Baseline data are notable for mean age of 68.6, 53.4% male, mean MMSE 26.7, average
systolic blood pressure 141.2 mm Hg, and average BMI 28.8. The trial was recently
completed and preliminary results were presented at the Alzheimer’s Association
International Conference in July 2014 indicating that cognition in the intervention group was
significantly better than in the control group [46].

MAPT [47] is a 3-year trial that started in 2008 and enrolled 1,680 subjects aged greater
than 70, who meet frailty criteria for subjective memory complaint, limitation of one IADL,
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or slow walking speed. MMSE was greater than 24. Subjects were randomized into one of
four groups: 1) omega-3 supplementation alone, 2) multidomain intervention alone, 3)
omega-3 supplementation plus multidomain intervention, or 4) placebo. The multidomain
intervention includes management of vascular risk factors, diet, exercise, and cognitive
training. The primary outcome is change in cognition on the Grober and Buschke test, an
enhanced cue recall memory test. Secondary outcomes include MMSE, CDR, functional
assessment, depression, and health resources utilization. Baseline data have not been
published yet.

Medication Interventions

Medications with non-AD or non-dementia indications have sometimes been used in AD
prevention trials, and they have mainly included non-steroidal anti-inflammatory drugs
(NSAIDs) and hormone replacement therapy (HRT) (Table 3). The goals of these studies
have been to target underlying AD pathophysiology as suggested in observational studies.
Unfortunately, these studies have not demonstrated a benefit for AD prevention, as well as
sometimes leading to potential harm for those in the intervention arm. Follow up for these
studies usually have been many years after the intervention, so researchers are better able to
accurately measure the longitudinal effect of exposure to these study drugs.

Interest in NSAID therapy for AD began in the early 1990s with a small randomized,
double-blinded controlled trial by Rogers and colleagues [48], in which indomethacin was
given to 44 subjects with mild to moderate AD dementia for six months and yielded
improved scores on cognitive exams versus placebo. Leading up to the trial, previous data
pertaining to immunologic markers and retrospective studies with patients with rheumatoid
arthritis had suggested a link between inflammation and AD. Subsequent trials with NSAIDs
unfortunately have been unable to reproduce these positive results.

The most recent and largest trial to date using NSAIDs for AD prevention was the AD Anti-
inflammatory Prevention Trial (ADAPT) [49], which started in March 2001. It was the first
trial to assess whether NSAIDs can be useful for primary prevention of AD. Six American
dementia research clinics randomized 2,528 cognitively normal subjects 70 years of age and
older into three groups: 1) celecoxib 200 mg bid, 2) naproxen 220 mg bid, or 3) placebo.
Subjects needed to have at least one first-degree relative with AD dementia. Baseline and
annual cognitive evaluations utilized a Cognitive Assessment Battery that included the
Modified Mini-Mental State Examination (3MSE), the Hopkins Verbal Learning Test-
Revised, the informant-based Dementia Severity Rating Scale, Digit Span Test, Generative
Verbal Fluency, narratives from the Rivermead Behavioral Memory Test, and the Brief
Visuospatial Test-Revised. For those suspected to have dementia, a more thorough
evaluation with expert physicians, nurses, and psychometrists occurred. In such cases,
subjects underwent more assessments including the Neuropsychiatric Inventory, the
Consortium to Establish A Registry for Alzheimer’s Disease (CERAD) cognitive test
battery, Trailmaking Test, Logical Memory, Benton Visual Retention Test, Controlled Oral
Word Association Test, Symbol Digit Modalities Test, Shipley Vocabulary, and Self-rating
of Memory Functions. Laboratory tests and neuroimaging were also ordered to complete the
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evaluation. The researchers diagnosed dementia based on DSM-IV or NINDS-ADRDA
criteria and MCI using standard criteria.

The trial stopped prematurely because on December 17, 2004, the National Cancer Institute-
sponsored Adenoma Prevention Celecoxib (APC) trial declared that celecoxib significantly
increased cardiovascular risk. On the same day, the ADAPT Steering Committee suspended
treatment for celecoxib and naproxen, and this decision was later made permanent. By that
time, median follow up was about 734 days, and treatment with NSAIDs was about 560
days. Time after randomization was almost four years [49], and the published results showed
no benefit of celecoxib or naproxen for AD prevention. The numbers of individuals
diagnosed with AD dementia, MCI, or prodromal AD (those who did not meet specific
criteria for MCI) were similar across all three arms. Since then, the ADAPT group has
continued to report on follow up cognitive results of their cohort. Six months after study
cessation, NSAIDs did not demonstrate a benefit [50]. In a two-year follow up, 117
participants underwent CSF testing for tau and AP1.42. From the CSF results, the researchers
revised their ADAPT hypothesis by noting that NSAIDs have an adverse effect on patients
with AD in later stages, whereas for those without symptoms, conventional NSAIDs like
naproxen can lead to a reduction in AD 2-3 years after treatment [51]. A follow up analysis
of the ADAPT cohort identified three classes: 1) “no-decline,” 2) “slow-decline,” and 3)
“fast-decline.” They found contrasting effects of naproxen and celecoxib in their influence
of cognitive decline in the subjects [52]. A 7-year follow up report of the original ADAPT
cohort and ADAPT Follow-up Study (ADAPT-FS) cohort of 1,537 subjects concluded that
celecoxib and naproxen cannot prevent AD in those with a family history of AD [53].

HRT is another medication intervention that has been tested in AD prevention trials. Based
on the fact that women have a higher risk of AD than men, estrogen deficiency has been
theorized to contribute to this difference. In 2008, the Cochrane database performed a
systematic review of HRT for cognitive function in postmenopausal women [54]. The
authors included 24 studies, but only 16 had analyzable data, which included 10,114 women.
They concluded that there was good evidence to show that HRT with estrogen or combined
estrogen and progesterone does not prevent cognitive decline in postmenopausal women.

The Women’s Health Initiative Memory Study (WHIMS), was one of the more prominent
randomized-controlled trials that evaluated the effects of HRT for the prevention of AD [55].
However, similar to the ADAPT trial, their intervention of estrogen plus progesterone was
found to increase risk for heart disease, stroke, pulmonary embolism, and breast cancer in
the larger Women’s Health Initiative cohort. Hence, the planned 8.5-year trial was truncated
to 5.6 years, and the intervention of estrogen plus progesterone was discontinued on July 8,
2002, but an estrogen-alone intervention was continued. The trial randomized 4,532 post-
menopausal women aged 65 and older who were free of probable dementia to 0.625 mg of
conjugated estrogen plus 2.5 mg of medroxyprogesterone acetate or placebo. The primary
outcome was incidence of probable dementia, and the secondary outcome was incidence of
MCI. Cognitive assessments were performed with the 3MSE and a modified CERAD
neuropsychological battery. By the study’s end, 61 women in the HRT group developed
probable dementia versus 40 women in the placebo group, which was statistically significant
at p<0.01, yielding a hazard ratio of 2.05. There was no difference for MCI in both groups.

Curr Alzheimer Res. Author manuscript; available in PMC 2017 February 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Hsu and Marshall

Page 14

With these results, the researchers concluded that the combination of estrogen and
progesterone increases the risk of dementia for post-menopausal women. In the follow up
study with the estrogen alone arm, results showed that estrogen increased the risk of
dementia and MCI as well [56], with a statistically significant hazard ratio of 1.38. This
result of cognitive decline with HRT was confirmed again four years after study cessation
[57].

Supplemental Interventions

Some of the most popular treatments in the lay community for AD prevention have been the
use of supplements, such as Ginkgo biloba and omega-3 fatty acids (Table 4). In the past
decade, more attention has been paid to these supplements as potential interventions, and
several trials have been completed or are still ongoing to evaluate their effects. Common
concerns for complementary and alternative medicine have been standardization of
preparation and dosing of the drug, as well as clarity of mechanism of action.

The Ginkgo Evaluation of Memory (GEM) study, was a randomized, double blind,
controlled trial at five U.S. academic centers that started in 2000 and ended in 2008, with
median follow up of 6.1 years [58]. 3,069 cognitively normal subjects aged 75 or older and
482 subjects with MCI were enrolled in the study with cognitive assessments every six
months to evaluate for the onset of dementia. The study was sponsored by the National
Center for Complementary and Alternative Medicine and the National Institute on Aging.
All subjects randomized to either the intervention arm or placebo arm were given identical
blister packs manufactured by a designated company and administered by the National
Center for Complementary and Alternative Medicine, ensuring quality of the chemical
composition. The intervention was Ginkgo biloba extract, also known as EGb 761, 120 mg
twice a day. Primary outcome was incidence of dementia, but Ginkgo biloba was found not
to prevent cognitive decline in those with normal cognition or MCI. Another trial called
GuidAge had the same results in a group of 2,854 subjects with subjective memory
complaints [59] who were given the same Ginkgo biloba extract for five years.

Omega-3 fatty acids have a complex association with AD, as noted in a recent systematic
review [60] of 11 observational studies and four clinical trials. Only seven of the
observational studies had positive findings, but none of the four clinical trials had
demonstrated any benefit for prevention or treatment of dementia. One trial evaluated those
with vascular dementia, one with MCI or AD, another with AD, and one with MMSE scores
>21 who were not demented. The observational studies that were positive included the
French Personnes Agees QUID (PAQUID) study, the Chicago Health and Aging Project, the
Cardiovascular Health and Cognition Study, the Framingham Heart Study, the French Three-
City cohort study, and the Bordeaux subset of the Three-City cohort study. Clinical trials
that have incorporated omega-3 fatty acids include the Older People and n-3 Long-chain
polyunsaturated fatty acids (OPAL) study, Memory Improvement with Docasahexaenoic
Acid Study (MIDAS), MAPT, and Enzymotec study with Omega-3. Time will tell whether
omega-3 fatty acids will prove useful in large clinical trials for AD prevention. An example
of a clinical trial that has shown benefit of omega-3 fatty acids is the MIDAS study [61].
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Secondary Prevention Trials

Since the publication of the new NIA-AA diagnostic guidelines and the implementation of
NAPA in 2011, enthusiasm for new AD research has soared, and a new wave of AD
prevention trials is already underway (Table 5). Different from primary prevention trials that
seek to decrease risk factors for AD, secondary prevention trials hope to treat underlying
pathophysiology so as to prevent cognitive symptoms from ever developing [62]. The five
large secondary AD prevention trials include: 1) the APl Autosomal-Dominant AD
(ADAD), 2) APl APOE4 Trial, 3) the DIAN-Trials Unit (DIAN-TU), 4) the Anti-Amyloid
Treatment in Asymptomatic Alzheimer’s Disease (A4) trial, and 5) the TOMMORROW
Trial. API, DIAN, and A4 have already formed an umbrella group called the Collaboration
for Alzheimer’s Prevention (CAP), in order to maintain regular dialogue about study design
and outcomes validation.

Various national and international workgroups have come together to decide on best
practices for AD clinical trials, especially with regard to safety of investigational drugs,
realistic cognitive and biomarker outcomes, and adequate duration of trials. Critical decision
points in preparation for AD secondary prevention trials have included: 1) further investment
in testing the amyloid hypothesis with anti-amyloid treatment [63], 2) guidelines for safe
monitoring of subjects for amyloid-imaging related abnormalities with amyloid-modifying
drugs [64], 3) timing of interventions for maximal benefit of prevention, and 4) innovation
by the FDA to consider cognitive outcomes for approval of investigational drugs for early
AD with post-approval monitoring [20]. At this time, four of the five trials above have
agreed to continue testing the amyloid hypothesis and are actively working together to make
sure that the cognitive outcomes are comparable and meaningful. With regard to the
TOMMORROW trial, we are seeing a creative new direction in AD prevention that may
generate further hypotheses about AD pathophysiology.

API-ADAD and API-APOE4 Treatment Trial

API-ADAD is the first secondary prevention trial with the goal of treating cognitively
normal individuals who have a genetic-based risk of developing AD. Led by Banner
Alzheimer’s Institute, University of Antioquia and Genentech, API has been following a
group of Colombian subjects aged 30 to 60 with the autosomal dominant presenilin-1
(PSEN1 E280A) mutation in a Phase 2 randomized, controlled clinical trial testing the effect
of crenezumab on AD prevention [65]. The cohort has been followed at the University of
Antioquia in Colombia [66]. Subjects will either receive crenezumab or placebo
subcutaneously every two weeks for 260 weeks (five years). The researchers plan to enroll
300 subjects. The trial was started in September 2013 with an estimated completion date of
September 2020 [67]. Primary endpoint is change on the APl composite cognitive test score.

In July 2014, the Banner’s Alzheimer’s Institute announced at the Alzheimer’s Association
International Conference that the API1-APOEA4 trial will start in 2015. The trial will follow
1,300 cognitively normal subjects who are homozygous for the APOE4 allele. Study drug
will consist of an active amyloid vaccine, CAD106 [68], developed by Novartis, as well as a
beta-site amyloid precursor protein cleaving enzyme (BACE) inhibitor yet to be announced
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[69]. Only two to three percent of the general population is homozygous for the APOE4
gene, and Reiman and colleagues have been conducting research on the cognitive effect of
APOEA4 on carriers for the past two decades [70]. Another unique aspect of the trial will be
evaluating the effect of APOE4 disclosure on the subject population, as this may lead to
further potential emotional, cognitive, and ethical consequences [71].

DIAN is a 14-site international registry based out of Washington University at St. Louis,
Missouri under the direction of John Morris, MD [72]. The network has been actively
tracking subjects and families with ADAD mutations, and thus far, it has recruited 336
subjects as of July 2013, with a target of 400 subjects. Subjects with these autosomal-
dominant mutations have a near 100% certainty of getting AD at a mean age of about 45 so
many of the age-related challenges with sporadic AD are removed. Rigorously testing
subjects with a wide array of biomarkers, DIAN has been unique in its ability to extrapolate
biomarker changes for decades prior to the age of onset of AD [73]. DIAN-TU under the
direction of Randall Bateman, MD will enroll 210 cognitively normal, MCI, or mild AD
dementia subjects with ADAD mutations and randomize them to receive one of two passive
amyloid immunizations, Eli Lilly’s solanezumab or Roche’s gantenerumab, or placebo and
follow them for two years [74]. A sequential randomization technique will allow for a
pooled placebo group while testing the two drugs. Various cognitive assessments,
neuroimaging, and CSF biomarkers will be obtained, including functional MRI, volumetric
MRI, FDG-PET, amyloid PET, CSF A-beta, CSF tau, and CSF phospho-tau. The safety and
mechanism of solanezumab and gantenerumab have already been validated in several reports
prior to the onset of this trial [75]. Like API-ADAD, DIAN-TU will include cognitively
normal and impaired subjects with mutations in PSEN-1, but in addition will also include
those with presenilin-2 (PSEN-2) and amyloid precursor protein (APP) mutations.

A4 is the first randomized, controlled trial focused on cognitively normal elderly who
already have high levels of amyloid in the brain [10, 19, 62, 76]. Testing whether
solanezumab can prevent sporadic AD, the trial will follow subjects who are aged 65 to 85
who are cognitively normal and who are determined to have elevated amyloid burden on an
amyloid PET scan [77]. Directed by Reisa Sperling, MD, MMSc through the ADCS with the
collaboration of the National Institute of Aging and Eli Lilly, it will take place in 60 centers
in the United States, Canada, and Australia. To ensure equity among the elderly and to have
a representative sample population, 20% of screened subjects must come from a minority
population. The A4 trial is powered to see a 30% change in cognitive decline. The plan is to
screen 5,000 individuals in order to randomize 1,000 to received either solanezumab or
placebo. Subjects will receive infusions monthly for three years and three months. As with
dementia trials, subjects will require a study partner, who in this trial will also ensure social
support during the amyloid disclosure process that takes place during screening. Amyloid
disclosure is one of the areas that will also be studied in A4, and information about the
perceptions of biomarker positivity will be invaluable for future trials [78]. The primary
outcome measure will be a composite of cognitive tests, while secondary outcome measures
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will consist of other sensitive cognitive and IADL assessments, neuroimaging, and CSF
biomarkers. The trial has developed a unique set of highly sensitive cognitive instruments to
detect the earliest change in cognition, known as the ADCS PACC [21], and the C3, an iPad-
based computerized cognitive composite [19]. The A4 trial was started in February 2014,
and the A5 Trial is already being planned.

TOMMORROW Trial

TOMMORROW, sponsored by Takeda in collaboration with Zinfandel Pharmaceuticals,
targets a different AD mechanism. The TOMMA40 gene, (translocase of outer mitochondrial
membrane 40 homolog gene) is linked to APOE4 and has been shown to predict the age of
late-onset AD [79]. A longitudinal study has demonstrated the importance of each gene on
future cognitive functioning [70]. Incorporating the genetic risks from the TOMMA40 and
APOE4 genes along with the risk associated with increasing age, this trial will follow 6,000
cognitively normal subjects and randomize them to either pioglitazone or placebo [80].
Pioglitazone, a thiazolidinedione and peroxisome proliferator-activated receptor y (PPAR-
v) traditionally used for diabetes mellitus, has recently been shown to have effects on
patients with AD [81, 82]. The TOMMORROW trial will take place in 50 centers around the
world and run for five years. Primary outcome will be the incidence of MCI due to AD
based on clinical diagnosis, since as of now, neuroimaging and CSF biomarkers have yet to
be incorporated into the trial.

Future of AD Trials

As research in preclinical AD progresses, knowledge of underlying AD pathophysiology
will help guide future prevention trials. Perhaps, there will be a conceptual switch from
prevention to outright treatment, similar to the field of cancer therapeutics where ductal
carcinoma in situ or colon polyps are treated with early intervention. As the field stands right
now, prevention trials are divided between more direct approaches versus indirect
approaches (Figure 1) since AD prevention has resided on a spectrum. We are learning that
amyloid may not be the only critical step toward the path of AD or the only mechanism of
action to target. Tau-modifying agents are being developed, as well as many other targets,
which eventually may open the door for combination therapy as has been the case in cancer,
cardiovascular, and infectious disease treatment approaches. Tau PET imaging is now
emerging on the research scene and could help further refine the preclinical stages of AD, as
well as serve as an important outcome measure in AD prevention trials. Instead of a single
trajectory based on amyloid, preclinical AD therapy could conceivably require a triple
cocktail of treatments that target amyloid, tau, and neurodegeneration, similar to the
situation in breast cancer where therapy is guided by the pattern of estrogen receptor (ER),
progesterone receptor (PR), and Her2/neu receptors. Primary prevention trials may also
incorporate AD biomarkers, so that precise timing of interventions can be elucidated (Figure
2).

The trials highlighted in this review represent the beginnings of the field of AD prevention.
Depending on how the science of preclinical AD progresses, clinical researchers will need to
decide how to translate this information for the general public. Examples of translational AD
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research have included the development of appropriate use criteria for amyloid PET imaging
and the investment of the Longitudinal Evaluation of Amyloid Risk and Neurodegeneration
(LEARN) study, which was recently added to the A4 trial [19]. The LEARN study will
follow those subjects who screened failed for the A4 trial due to having low non-specific
amyloid burden on amyloid PET imaging and will give researchers the opportunity to see if
those individuals will eventually develop amyloid and tau build-up or other pathologies in
conjunction with their clinical status. Questions of timing for screening of individuals and
dosing of interventions are just two of the myriad of questions that will emerge as these
clinical trials continue to evolve. Combination therapies will also have to be tested and in
what order. With the new development of blood-based biomarkers for AD, genetic profiling,
multiple therapies with different targets, preventive AD therapeutics will become more
individualized and hopefully more effective [85].
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Figure 1. Levels of Prevention
This model depicts the targeted approaches to AD prevention, from primary to secondary.

The most direct approach to AD prevention is a disease-modifying agent; hence, it is at the
center of the diagram. As the circle widens, the preventive approach becomes more indirect,
ultimately landing on single lifestyle interventions as described in the text.

A4 = Anti-Amyloid Treatment in Asymptomatic Alzheimer’s Disease; ADAPT = AD Anti-
inflammatory Prevention Trial; APl = Alzheimer’s Prevention Initiative; DIAN =
Dominantly Inherited Alzheimer Network; FINGER = Finnish Geriatric Intervention Study
to Prevent Cognitive Impairment and Disability; GEM = Ginkgo Evaluation of Memory;
MAPT = Multidomain Alzheimer Preventive Trial; PreDIVA = Prevention of Dementia by
Intensive Vascular Care study; WHIMS = Women’s Health Initiative Memory Study
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Figure 2. Timesfor Prevention
This diagram illustrates potential future times of intervention for longitudinal prevention

clinical trials that could yield the maximal benefit. The timeline may differ for autosomal-
dominant AD versus late-onset/sporadic AD.
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