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Abstract
In July 2013, Weill Cornell Medical College founded the first 
Alzheimer’s Prevention Clinic (APC) in the United States, 
providing direct clinical care to family members of patients 
with Alzheimer’s disease (AD) as part of the Weill Cornell 
Memory Disorders Program.  At the APC, patients seeking 
to lower their AD risk undergo a comprehensive assessment, 
receive a personalized plan based on rapidly evolving scientific 
evidence, and are followed over time using validated as well as 
emerging clinical and research technologies.  The APC approach 
applies the principles of pharmacogenomics, nutrigenomics and 
clinical precision medicine, to tailor individualized therapies 
for patients.  Longitudinal measures currently assessed in the 
clinic include anthropometrics, cognition, blood biomarkers 
(i.e., lipid, inflammatory, metabolic, nutritional) and genetics, 
as well as validated, self-reported measures that enable patients 
to track several aspects of health-related quality of life.  Patients 
are educated on the fundamental concepts of AD prevention 
via an interactive online course hosted on Alzheimer’s Universe 
(www.AlzU.org), which also contains several activities 
including validated computer-based cognitive testing. The 
primary goal of the APC is to employ preventative measures 
that lower modifiable AD risk, possibly leading to a delay in 
onset of future symptoms.  Our secondary goal is to establish a 
cohort of at-risk individuals who will be primed to participate 
in future AD prevention trials as disease-modifying agents 
emerge for testing at earlier stages of the AD process.  The 
clinical services are intended to lower concern for future disease 
by giving patients a greater sense of control over their brain 
health.
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education, Alzheimer’s prevention clinical research, personalized 
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Introduction 

Neuropathological brain changes related to 
Alzheimer’s Disease (AD) begin in healthy, 
community-dwelling individuals many years, 

if not decades, prior to symptom onset, a condition 
known as “Preclinical AD”, or “asymptomatic at risk for 
AD” (1).  In such individuals, interventions delivered 

at midlife or other specific points in the lifespan could 
potentially slow or delay the cognitive changes which 
eventually affect a significant proportion of seniors 
across the globe and undermine their ability to live 
independently (2).  A host of biomarkers to diagnose 
Preclinical AD are already available, at least on a research 
basis, and these biomarkers continue to improve (3).  
Also, several validated risk scores are available which 
enable cost-effective screening to identify individuals 
likely to show biomarker evidence of Preclinical AD (4).     

Despite the increasing availability of sophisticated 
tools to diagnose Preclinical AD, and despite the growing 
evidence that the onset of dementia due to AD may 
be preventable, the clinical applicability to people at 
risk for AD remains fraught with challenges.  Robust 
criteria for clinical diagnosis of Preclinical AD, using 
commonly available tools (without the use of research-
based biomarkers), have yet to be developed.  Also, 
determining the effects, ideal timing, costs and potential 
risks of behaviors and disease-modifying interventions 
throughout the lifespan represent important aims of 
current and future prevention research (5-7). The 
potential stress-inducing effects of receiving a diagnosis 
of Preclinical AD remain to be studied over the long-
term (8). The natural history of Preclinical AD in 
individuals with atypical neurodevelopment remains 
uncharacterized.  To answer these and other important 
questions, AD prevention trials will require large cohorts 
of asymptomatic subjects of various ages, followed 
over many years, assessed within multiple domains (9).  
Dementia prevention is indeed possible and has become 
a priority for nations across the globe, as evidenced by a 
recent report emanating from the G8 dementia summit 
in December 2013 which was supported by several 
international experts (2).

In July 2013, Weill Cornell Medical College founded 
the first Alzheimer’s Prevention Clinic (APC) in the 
United States (U.S.), providing direct clinical care to 
family members of patients with AD as part of the 
Weill Cornell Memory Disorders Program.  At the 
APC, patients seeking to lower their AD risk undergo 
a comprehensive assessment, receive a personalized 
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plan based on the rapidly evolving scientific evidence, 
and are followed over time using validated as well as 
emerging clinical and research technologies.  The APC 
approach applies the principles of pharmacogenomics, 
nutrigenomics and clinical precision medicine, to tailor 
individualized therapies for patients.  Longitudinal 
measures currently assessed in the clinic include 
anthropometrics, cognition, blood biomarkers (i.e., lipid, 
inflammatory, metabolic, nutritional) and genetics, as 
well as validated, self-reported measures that enable 
patients to track several aspects of health-related quality 
of life.  The primary goal of the APC is to employ 
preventative measures that lower modifiable AD risk, 
possibly leading to a delay in onset of future symptoms.  
Our secondary goal is to establish a cohort of at-risk 
individuals who will be primed to participate in future 
AD prevention trials as disease-modifying agents emerge 
for testing at earlier stages of the AD process.  The clinical 
services are intended to lower concern for future disease 
by giving patients a greater sense of control over their 
brain health.

The APC Conceptual Framework

In concordance with best practices for preventive 
care, the foundation of our approach is our educational 
program, which delivers both online and local 
educational interventions intended to maximize public 
awareness, engagement and adherence.  Heightening of 
public awareness and improving access to resources are 
U.S. priorities for reducing the burden of AD (see The 
Healthy Brain Initiative: The Public Health Road Map 
for State and National Partnerships 2013–2018 and the 
National Plan to Address Alzheimer’s Disease).  Raising 
public awareness and enhancing public engagement 
could lead to earlier identification of at-risk individuals, 
faster diagnoses, better stratification or higher enrollment 
in dementia prevention trials, and ultimately to more 
effective preventative treatments (10).  Patient education 
not only promotes earlier identification of at-risk 
individuals, but also forms the foundation by which 
preventive health behaviors later ensue (11, 12).  In turn, 
health behaviors influence biomarkers, brain structure, 
brain function and quality of life. Interrelationships 
between modifiable and non-modifiable factors during 
early-brain development, and throughout the lifecourse, 
are essential to consider. See Figure 1 for the Weill 
Cornell APC Conceptual Framework.   

Applying the Conceptual Framework

For each patient, each factor in the continuum from 
education to behavior to quality of life is systematically 
assessed at baseline and longitudinally using validated, 
standardized measures.  Table 1 lists each domain of 
assessment with the corresponding measures by which 
each factor is assessed.  All measures were chosen based 

on extensive literature review of best available measures.  
In choosing the measures, we prioritized those which 
were the most practical to deliver in a clinical setting and 
those which had the most evidence.  

Figure 2 summarizes the cycle of assessment from the 
patient’s perspective.  Prior to the initial visit, patients 
are emailed a comprehensive self-assessment which aids 
the physician to tailor the evaluation to the patient’s 
individual values.  This assessment uses a customized 
collection of validated measures to assess many of the 
domains listed in the conceptual framework, including 
early life educational history, general knowledge 
about AD, willingness to engage in specific behaviors 
to prevent AD (including genetic testing preferences 
and lifestyle behaviors), concern and fear about AD, 
awareness of personal AD risk factor status, as well 
as measures to longitudinally assess quality of life in 
the domains of cognition, mood, motor, sleep, work 
and social structure.  Prior to the first visit, patients 
are also encouraged to complete an interactive course 
about Alzheimer’s prevention which is hosted on 
Alzheimer’s Universe (www.AlzU.org).  This website 
provides a technological platform to offer current and 
comprehensive evidence-based educational content, 
while also providing the tools necessary to study 
their effectiveness, such as the Alzheimer Prevention 
Knowledge Scale (APKS) (13), and AD-Nutrition 
Tracking System (AD-NTS) (14), which records 
longitudinal lifestyle patterns and can be used to evaluate 
outcomes.  AlzU.org has been shown to significantly 
improve medical knowledge about AD prevention and 
improve willingness to participate in an AD prevention 
clinical trial (15).  AlzU.org also contains a number of 
activities, including the option to take online cognitive 
tests which may be particularly useful for detecting 
and longitudinally assessing prodromal pathological 
changes due to AD (i.e., Cognitive Function Test (16) 
and Neurotrack (17)) in an easily accessible online 
format. Currently, AlzU.org provides 6 evidence-based 
interactive lessons (~10 minutes each) and 12 activities 
(e.g. referral to other online AD initiatives such as 
endalznow.org and brainhealthregistry.org; clinical trial 
referrals including A4; US Against Alzheimer’s referral; 
and user discussion forums). A token economy system 
was employed to promote lesson completion, which 
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Figure 1. The Weill Cornell Medical College / New York-
Presbyterian Hospital Alzheimer’s Prevention Clinic 
Conceptual Framework
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includes periodic awards for the completion of core 
milestones, as well as “brain-health” points awarded for 
each task finished. The completion of comprehensive, 
self-reported assessments prior to the physician visit 
enables better personalization of the visit to the patient’s 
unique background; online education prior to the visit 
enables a richer discussion during the counseling portion 
of the visit. 

Upon arriving to the clinic, patients complete 
approximately 1 hour of standardized cognitive 
testing, which includes relevant elements from the NIH 
Toolbox Cognition Battery, the CogState Brief Battery, 
and traditional neuropsychological tests sensitive to 
early stages of dementia (language fluency, Trails B).  
Patients also undergo standardized smell testing using 
the NIH Toolbox Brief Odor Identification Test (18).  
After cognitive testing, patients undergo neurological 
evaluation and clinical management, including a 
thorough neurological exam, medical history, review of 
potential prodromal neurodegenerative symptoms, and 
review of medications.  During the visit, patients’ survey 
answers are reviewed and confirmed in person by the 

physician (appointment time up to 90 minutes).  
After the visit, patients identify their personal 

goals, using willingness scales that incorporate Stages 
of Change theory (19).  Prior to their next follow-up, 
patients report their adherence to their stated goals using 
an adapted version of a previously validated adherence 
scale used in the Medical Outcomes Study (20).  In some 
cases where medication is prescribed, adherence is also 
assessed using prescription refill rates via the electronic 
medical record (EMR).  

The Consensus Diagnostic Process 

Although biomarker-based criteria are available 
for diagnosing Preclinical AD, no criteria have been 
formally developed to clinically diagnose individuals 
who are in prodromal stages of AD or other dementias.  
At the APC, we have drafted a preliminary diagnostic 
schema to aid clinicians in detecting patients with no or 
minor memory complaints who may be at higher risk 
for neurodegenerative disease, or already in Preclinical 
AD (See Table 2 and 3).  These criteria highlight more 
refined patient classifications that otherwise would be 
classified as “normal”. We classify patients who have 
no significant cognitive symptoms/findings as Normal 
with Low, Moderate or High Risk, using commonly 
available risk indices for cerebrovascular disease and AD.  
Specifically, Normal-High Risk patients are those who 
we predict to already be biomarker positive (i.e., Stage 1/
Stage 2 Preclinical AD).  Normal-Moderate Risk patients 
are those with a significant family history of AD with any 
number of modifiable risk factors (122), yet we predict 
that they are AD biomarker negative. Normal-Low Risk 
patients are those with no significant family history of 
AD with no or few modifiable risk factors.

After Normal, the next diagnostic category is termed 
detectable cognitive impairment (DCI), which is modeled 
after the criteria used to diagnose MCI-AD (68). The 
category of DCI helps to identify and categorize patients 
with objective cognitive deficits but who do not meet 
criteria for MCI.  They may or may not have associated 
risk factors or subjective cognitive complaints. We then 
attempt to classify DCI patients as either DCI due to 
neurodegenerative disease (ND) or DCI not otherwise 
specified (DCI-NOS), based solely on the presence or 
absence of non-cognitive symptoms which have been 
robustly identified in the literature to be associated with 
any ND (70).  

Once classified as DCI-ND, we attempt to predict 
the underlying pathology.  We stratify DCI-ND as DCI 
due to typical AD pathology (DCI-AD), DCI due to 
synucleinopathy (DCI-SN) and DCI due to Atypical 
ND (DCI-AND). This last category includes patients 
with expected prodromal Posterior Cortical Atrophy, 
Primary Progressive Aphasia, Frontotemporal Lobar 
Degeneration, or other tauopathies).  To distinguish 
among different predicted pathologies, we integrate 
the evidence regarding cognitive, mood, motor, 
sleep, and family history features that are specific to 
different ND.  For example, distinguishing features in 
DCI-AD include presence of amnestic-type memory 
changes, sleep inefficiency, late-life mood changes (i.e., 
irritability, depression), and slowed walking (without 
Parkinsonism).  Distinguishing features in DCI-SN 
(such as from Parkinson’s disease or Dementia with 
Lewy Bodies) are primarily non-amnestic cognitive 
deficits (e.g., bradyphrenia, poor learning, logopenia), 
REM sleep behavior disorder, features of autonomic 
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Figure 2. Summary of the cycle of longitudinal patient as-
sessment in the Alzheimer’s Prevention Clinic
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Table 1: Assessment Domains with Associated Evidence-Based Measures
Domain Factor Measure*

Behavior Knowledge The Alzheimer’s Disease Knowledge Scale (21)

The Alzheimer’s Prevention Knowledge Scale (13)

Beliefs The Alzheimer’s Prevention Beliefs Measure

The Fear of Alzheimer’s Disease Scale (22)

Psychological Impact of Genetic Testing

Intentions The Motivation to Change Lifestyle and Health Behaviours for Dementia Risk Reduction Scale (23)

The Willingness to Prevent Alzheimer’s Disease Scale

Behaviors Medical Outcomes Study Measure of Patient Adherence (adapted form) (20)

Three day Diet diaries

Prescription refill rate via the EMR

The Rapid Assessment of Physical Activity (24)

Biomarkers Cerebrovascular Health Advanced lipid panel (apolipoprotein B (25), LDL & HDL subfractions (26, 27), desmosterol (28))

APOE polymorphism (29)

Factor V Leiden, Prothrombin Mutation (30)

Myeloperoxidase (31)

Lp-PLA2 (32)

Coronary Artery Calcium (by CT) (33)

Cystatin C (34)

Pro-BNP (35)

Inflammation / oxidation Fibrinogen (36, 37)

C-reactive protein

Lp-PLA2

Myeloperoxidase

Homocysteine (38)

Metabolism MTHFR polymorphisms (39)

Insulin 

Adiponectin (40), HOMA-Insulin Resistance Index (41), C-peptide (36)

MR Spectroscopy (lactate, NAA, creatine, phosphocreatine, choline, brain phosphorus (31P), 
high-/low-energy phosphate metabolites, myo-inositol)

Nutritional B12, folate

RBC EPA+DHA Index (42)

Vitamin D (43)

Amyloidosis Amyloid PET if clinically indicated

CSF amyloid if clinically indicated

Sensory NIH Toolbox Odor Identification Test (18)

Neuronal Injury FDG PET

CSF tau

MRI Cortical Thickness Quantification

Connectivity 64-slice Diffusion Tensor Imaging

Resting State fMRI

Network Diffusion Model (44)

Vitals & Biometrics Height

Weight

Body Mass Index

Waist to Hip Ratio (45)
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disturbance (e.g., constipation, orthostatic hypotension) 
and early-life anxiety disorders. DCI-AND features 
include non-amnestic cognitive changes, history of 
atypical development (dyslexia, dyscalculia, dysgraphia, 
stuttering, etc.) and/or other atypical factors (muscle 
atrophy, myoclonus, dystonia, gaze paralysis). 

While preliminary, these draft criteria allow our 
multidisciplinary group of practicing dementia clinicians 
to classify patients at various levels of risk for ND 
based purely on clinical history, examination and freely 
available, standardized measures. Further research will 
be aimed at identifying the sensitivity and specificity of 
these consensus diagnoses with respect to verified AD 
and other ND biomarkers. 

Individuals who are already in MCI or dementia stages 
are diagnosed using the latest consensus criteria for 
Mild Cognitive Impairment (17), Alzheimer’s Disease 
(19), Dementia with Lewy Bodies / Parkinson’s Disease 

Dementia (71), Corticobasal Degeneration (72), Primary 
Progressive Aphasia (20), and Frontotemporal Dementia 
(73). 

Evidence-Based Interventions

The APC approach is to individualize all patient 
recommendations such that individual patient values, 
preferences, and genetics are taken into account.  
Precision medicine is a medical model that proposes the 
customization of healthcare—with decisions tailored to 
individual patients.  In this model, diagnostic testing is 
often employed for selecting appropriate and optimal 
therapies based on the context of a patient’s genetic risk 
or other molecular or cellular analysis (78).  

A  p r i n c i p a l  h y p o t h e s i s  u n d e r l y i n g  o u r 
approach toward AD risk reduction is that glucose 

Visceral Fat (46)

Body Fat Percentage

Dementia Risk The Midlife Dementia Risk Index (47)

The Latelife Dementia Risk Index (48)

The Australian University Alzheimer’s Disease Risk Index (4) (modified)

Blood-Based Biomarker Risk Index (49) (partial)

Plasma Protein Alzheimer’s Risk Index (50) (partial)

Mayo Clinic Study of Aging Risk Index (51)

Cognitive 
Function

PROMIS Applied Cognition - Abilities (52)

PROMIS Applied Cognition  General Concerns (53)

NIH Toolbox Cognition Battery

CogState Brief Battery (54)

Controlled Oral Word Association Test (55)

15-Item Boston Naming

Verbal fluencies (56)

Neurotrack (17)

The Cognitive Function Test (16)

Non-Cognitive 
Function

PROMIS Depression (57)

PROMIS Anxiety (58)

PROMIS Sleep (59)

The Perceived Stress Scale (60)

Neuropsychiatric Inventory Irritability and Apathy Scales (61)

Quality of Life ADCS-ADL MCI Inventory 

PROMIS Ability to Participate in Social Roles (62)

Work Satisfaction Scale (adapted version)

Katz & Lawton ADL & IADL Scales (63)

Early Life Learning Disability Adapted, self-report scale from the Colorado Learning Disabilities Questionnaire, Handedness and 
Orientation Questionnaire, Dyslexia Questionnaire and Language Preference Questionnaire (64-66)

Growth Adult Height, and self-report history of growth stunting or overweight or overuse of antibiotics 
(67)

*The majority of these are measured routinely, with a minority of biomarkers being tested per individual case.

THE ALZHEIMER’S PREVENTION CLINIC
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hypometabolism, especially in the context of modifiable 
AD risk factors, promotes further AD brain pathology.  
As such, targeted interventions to address distinctive 
nutritional, and/or metabolic requirements in the AD 
brain should support mitochondrial efficiency and 
reduce oxidative damage, thereby contributing to 
neuroprotection (79, 80).  At the first follow-up visit, the 
treating physician and patient collaboratively review 
their diagnostic workup, including labs and imaging 
(appointment time approximately 60 minutes).  Any 
potentially modifiable risk factors are identified, and 
targeted interventions to address those risk factors are 
discussed.  

Table 4 summarizes potential interventions to 
address risk factors which are carefully tailored for 
each individual patient.  All patients receive nutritional 
counseling for lowering cardiovascular and AD risk. 
For patients with any evidence of adipose-tissue insulin 
resistance who are already living a healthy lifestyle, 
aggressive treatment with medication is discussed. This is 
important because in our healthy adults at higher genetic 
risk for AD, traditional risk factors might otherwise not 
be identified or treated as aggressively during midlife. 
Also, for patients who are already taking hypertensive 
medications, consideration is given to switching to 
medications with the most evidence for potential to delay 

cognitive decline (angiotensin receptor blockers and 
calcium channel blockers).  Other lifestyle interventions 
include suggestions to boost cognitive reserve (i.e., 
musical training (81)), to promote self-management of 
cardiovascular health (at-home anthropomorphic testing 
(82)), increase social engagement (83), and to teach stress 
reduction techniques (i.e., meditation (84) and cognitive 
behavioral therapy (85)).  

Figure 3. The APC Comparative Effectiveness Dementia & 
Alzheimer’s Registry (CEDAR) Project

Table 2. Clinical Diagnostic Criteria For Preclinical Neurodegenerative Dementias
Common 
clinical 
terms:

ND Risk 
Factors

Subjective 
Cognitive 
Complaints

Objective 
Cognitive 
Findings

Non-
Cognitive 
Symptoms

Typical AD 
Features

PD Features Atypical ND 
Features

Expected 
AD or PD 
Biomarkers

Normal, Low Risk “Normal 
control”

Absent Absent Absent Absent Absent Absent Absent Absent

Normal, Moderate 
Risk

 “Normal, 
At Risk for 
ND”

Present Absent Absent Absent Absent Absent Absent Absent

Normal, High Risk “Stage 1 or 
2 Preclinical 
AD”; “SCI”

Present Absent or 
minimal

Absent +/- +/- +/- +/- Present

DCI +/- Absent or 
minimal

Present, 
below MCI 
threshold

  DCI NOS “Impaired, 
not MCI”;  
“Cognitive 
impairment 
NOS”

+/- Absent

  DCI due to ND “Pre-MCI” +/- Present

      DCI – AD Stage 3 Pre-
clinical AD

+/- Present Absent Absent Present 
(amyloid 
plus tau)

      DCI – SN Prodromal 
PD or DLB

+/- +/- Present Absent Present (PD 
biomarker)

      DCI- Atypical ND Prodromal 
Atypical 
Neurode-
generative 
Disease

Absent Absent +/- Present Present (AD 
or other)

AD = Alzheimer’s Disease; PD = Parkinson’s Disease; ND = Neurodegenerative Dementia; DCI = Detectable Cognitive Impairment; SN = Synucleinopathy; DLB = 
Dementia with Lewy Bodies; Atypical ND = Primary Progressive Aphasia, Posterior Cortical Atrophy, Dysexecutive Predominant AD, Frontotemporal Dementia, and 
CBD/PSP; SCI = Subjective Cognitive Impairment
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APC Specific Research Programs

The Comparative Effectiveness Dementia & 
Alzheimer’s Registry (CEDAR) Project

The CEDAR Project is the primary registry for all 
patients presenting for memory loss prevention 
or treatment due to AD, other neurodegenerative 
dementias, or other causes.  All patients presenting to the 
clinic have the opportunity to donate their de-identified 
clinical data to the registry.  The primary aim of the 

registry is to establish a well-characterized cohort of 
individuals with or at risk for AD or other dementias 
who will be primed to benefit from preventative 
strategies and disease-modifying interventions expected 
to continue to emerge in the coming decade.   

The Dietary Intervention to Slow Memory Loss 
due to Alzheimer’s (DIPLOMA) Study

This study is a prospective, observational feasibility 
and pilot study of patients receiving nutritional and 

Table 3. 
APC Consensus Diagnosis Categories

Normal – Low Risk
Normal –  Medium Risk
Normal – High Risk
Detectable Cognitive Impairment
Mild Cognitive Impairment
Dementia

Detectable Cognitive Impairment: Criteria

Summary of clinical and cognitive evaluation for Detectable Cognitive Impairment due to Neurodegenerative Disease (DCI-
ND)

Establish clinical and cognitive criteria

No or minimal subjective cognitive complaints
Objective evidence of impairment in one or more cognitive domains, below the threshold for MCI
Non-cognitive symptoms in ANY ONE of: mood/personality, motor, sleep, or smell/taste
Examine etiology of DCI consistent with neurodegenerative pathophysiological process

Rule out vascular, traumatic, and medical cause when possible
Provide evidence of longitudinal decline in cognition when available
Report history consistent with neurodegenerative disease or genetic factors where relevant
Summary of clinical and cognitive evaluation for Detectable Cognitive Impairment due to Neurodegenerative Disease (DCI-ND)

Domain Supports underlying, Typical AD 
pathology

Supports underlying synucleino-
pathy (PD, DLB)

Supports underlying Atypical 
Neurodegenerative Disease (Aty-
pical AD, CBS, PSP, FTLD)

Cognition Amnestic Non-amnestic (bradyphrenia, 
poor learning, logopenia)

Non-amnestic (language, 
behavioral, visual or dysexe-
cutive)

Family history Amnestic-type dementia Parkinsonian disorders Learning disability or atypical 
dementia (73)

Sleep Sleep inefficiency (74) REM behavior (75) 
Periodic leg movements in 
sleep

Any sleep problem

Mood Late-life depression/anxiety
Irritability
Apathy

Early life depression/ anxiety
OCD
Visual hallucinations

Apathy
Disinhibition
Loss of empathy

Motor Slowed walking (without 
parkinsonism) 

Parkinsonism (Slowing, 
shuffling, tremor, posture, or 
balance) or Autonomic dys-
function (constipation, urinary 
frequency, orthostatic hypoten-
sion, impotence)

Muscle twitching
Muscle atrophy
Myoclonus
Dystonia
Gaze paralysis

THE ALZHEIMER’S PREVENTION CLINIC
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lifestyle counseling as part of routine clinical care at 
the APC.  Nutritional and other lifestyle interventions 
have been shown to delay the onset of cognitive decline 
in controlled trials.  These interventions may be most 
effective in patients with preclinical AD, prior to the 
onset of neuronal loss.  However, no formal clinical 
criteria currently exist to classify individuals with 
preclinical AD without the use of expensive biomarker 
testing.  Moreover, the effectiveness of nutritional 
interventions in real-world clinical, as opposed to 

controlled settings, has not been demonstrated.  
The overall, long-term objective of the DIPLOMA 

study is to better identify and predict individuals most 
likely to benefit from nutritional interventions. The 
short-term objectives are to validate a clinical diagnostic 
algorithm and assess the comparative effectiveness of the 
DIPLOMA intervention in subjects with unique medical 
and genetic backgrounds. We hypothesize that adherence 
to the APC intervention improves brain metabolism and 
slows cognitive decline via changes in metabolic risk 

Table 4. Potential Personalized Interventions
Risk Factor Individual Factor Potential Intervention

Hypertension Midlife Avoid CNS-active beta blockers86; consider 
CCB or ARB (87)

Lifestyle counseling

Assess and treat sleep apnea

Insulin Resistance With unhealthy lifestyle Lifestyle counseling

Already healthy lifestyle Consider pioglitazone (88) and/or angiotensin 
receptor blocker (71) or supplements, including 
cocoa flavanols (89-91)

Hyperlipidemia Due to elevated sterol absorption Ezetemibe

Due to elevated sterol production Statin

Pure hypertriglyceridemia Omega 3, Niacin, or Fibrate

With elevated Apolipoprotein B Niacin, fibrate, or combination therapy (statin 
+ niacin)

With low HDL or presence of insulin resistance Consider pitavastatin (92)

Elevated homocysteine or hyperhomocystei-
nemia

B complex vitamins (folate / thiamine / B12) 
(93, 94)

Vitamin B12 deficiency with no absorption defect Oral B12 repletion, nutritional counseling

with absorption and/or potential genetic/me-
tabolic defect (e.g., MTHFR)

Consider B12 injections or methylcobalamin

Vitamin D deficiency Cholecalciferol (95, 96)

Sleep Apnea Type of Apnea CPAP or other treatment as indicated

Low RBC omega 3 (EPA/DHA) Nutritional counseling +/- EPA/DHA supple-
mentation (97)

Carotid stenosis Consider intervention even without history of 
TIA (98, 99)

Elevated fibrinogen Consider fibrate (100) and/or aspirin (101)

Physical Inactivity With APOE4 Intensive physical exercise counseling (102)

Without APOE4 Regular physical exercise counseling

Poor diet Nutritional counseling (103)

Elevated Cystatin or reduced GFR Early referral to nephrology (104)

Suboptimal Cognitive Activity or Reserve Adult education, second language training or 
musical training (81, 105)

Social Isolation Referral to social worker or geriatric care ma-
nager, encourage activity programs and social 
engagement (83)

Stress, Depression and/or Anxiety Mindfulness training / meditation (84), 
Cognitive Behavioral Therapy (85), Exercise 
counseling (106), +/- medication

On hormone replacement therapy With or without progesterone Careful consideration of risk/benefits of HRT 
(107)

CCB = calcium channel blocker; ARB = angiotensin receptor blocker
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factors of AD.  Eligible patients will include persons aged 
30 to 85 who are enrolled in CEDAR, have at least one 
genetic factor consistent with Alzheimer’s risk (either 
APOE4 or first degree family history), and have at least 
one modifiable nutritional risk factor (adipose tissue 
peripheral insulin resistance, low B12, low vitamin 
D, low omega 3, poor diet, overweight, or elevated 
homocysteine).  In the future, nutritional and lifestyle 
interventions could form the basis for disease prevention 
counseling in early to midlife for adults at risk for AD.

Development and Validation of Alzheimer’s 
Universe (www.AlzU.org), a Web-based 
Program for Alzheimer’s Disease Education and 
Prevention 

In this study, we are developing and validating scales 
that measure the key knowledge and belief constructs 
known to influence care-seeking behaviors related to 
Alzheimer’s prevention.  There is a lack of knowledge 
about the comparative effectiveness of different 
dissemination strategies to facilitate the use of health-
related evidence (108).  This is driven largely by a lack of 
tools to accurately measure knowledge and beliefs about 
neurodegenerative diseases.  The Center for Disease 
Control plans to identify validated survey questions 
that can be used at the national, state, and local levels to 
track awareness and perceptions about cognitive health 
(109).  Using AlzU.org, we will test whether these scales 
can predict behavioral intent, as measured by actual 
behaviors such as scheduling an appointment to see 
an Alzheimer prevention doctor, adhering to doctor 
recommendations, or participating in a prevention trial.  
Although prior studies have addressed differences in 
motivating factors for behavioral intent related to AD, 
studies have not attempted to elucidate the differences in 
the belief mechanisms responsible for behavioral change.   
Ultimately, accurate measurement of knowledge and 
health belief constructs may enable more accurate public 

health surveillance of AD awareness and attitudes.  
Validated, online tools such as these may also play a role 
in better defining strategies to increase recruitment into 
Alzheimer’s prevention research trials. Our ultimate goal 
is to improve patient outcomes through education about 
risk factor modification and resultant health-promoting 
behavioral change.

Specific Learning Disabilities and Atypical 
Alzheimer’s Disease

This is an observational, prospective study of 
clinical care delivered to learning-disabled adults who 
present for dementia prevention or treatment. The 
reasons why a subset of individuals with AD presents 
with atypical symptoms at onset (vision or language, 
rather than memory) are unclear, but may relate to 
presence of a childhood learning disability.  This is a 
critical research gap because a better understanding of 
clinical heterogeneity in AD could lead to clues related 
to the primary pathogenesis of AD.  Strategies for early 
detection, prevention or treatment may need to be 
different for people with Atypical AD (110).  The overall, 
long-term goal of this project is to further understand the 
differences in risk factors, outcomes and effectiveness 
of health care for memory loss patients with and 
without specific learning disabilities (LD).  Primary aims 
include validation of a patient-reported questionnaire, 
adapted from prior validated questionnaires (64-66), 
to detect history of childhood LD in adults presenting 
for dementia prevention or treatment, as well as 
characterization of differences in cognition and disease 
progression in patients with vs. without LD who present 
for dementia prevention. We hypothesize that areas of 
the brain that are last to connect during early life, as 
affected in LD, could be the first to degenerate when 
amyloid accumulation begins in the brain, leading 
to Atypical phenotypes of AD.  This group of adults 
represents a significant proportion of the population 
(5-10%) who has thus far been underrepresented in 
dementia research.  Ultimately, this line of research could 
identify a new risk factor for Atypical AD, which might 
lead to clues about the cause of AD (which remains 
unknown) and to the development of preventative 
interventions for atypical dementias, which are currently 
unavailable.   

Figure 4. The APC Dietary Intervention to Slow Memory 
Loss due to Alzheimer’s (DIPLOMA) Study

Figure 5. Alzheimer’s Universe (www.AlzU.org)
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Ethical Considerations 

Clinical implementation of precision medicine for 
Alzheimer prevention is complicated by several ethical, 
legal and psychosocial implications (111).  These include 
potential for adverse psychological impact related to 
risk disclosure, and potential for social stigma or 
discrimination by employers or long-term care or life 
insurance companies.  Despite these concerns, the best 
available evidence suggests that blinded enrollment 
of patients into an Alzheimer prevention study 
(preventing disclosure of Alzheimer’s risk), at least from 
an ethical standpoint, is not necessary (112) and also 
that disclosure of genetic status is without significant 
adverse psychological impact (113).  Regarding potential 
for discrimination, in the United States, the Genetic 
Information Nondiscrimination Act (GINA) prevents 
health insurance companies from considering genetic 
information when setting premiums; however, GINA 
does not prevent life, disability or long-term care 
insurances from using genetic testing information.  In 
the context of clinical care, physicians and patients may 
decide together to keep genetic data separate from a 
patient’s medical record (for example if the patient 
perceives potential risks of breach of confidentiality to 
outweigh the benefits of complete documentation) (114).  
Also of note is the fact that risk disclosure may facilitate 
adherence to physician recommendations related to 
lifestyle but may also cause unnecessary or undesirable 
behavior change such as increased likelihood of taking 
supplements with no clear beneficial effect (115, 116).

To mitigate against these concerns, and in accordance 
with best practices for testing in prodromal neurological 
disease (117), the APC implements the following 
policies: All patients’ genetic test results inform the 
pharmacogenomics and/or nutrigenomics care plan 
(118), including recommendations related to lifestyle 
changes, medications, long-term care planning and 
participation in research trials.  All patients are provided 
extensive pre-visit educational tools, and undergo routine 
psychological screening to identify patients at high risk 
of adverse psychological outcomes.  All patients also 
receive pre-test genetic counseling and have access to 
post-test counseling.  Patients are encouraged to consider 
long-term care, disability and life insurance prior to 
obtaining genetic testing.  Although there is no definitive 
prohibition, most insurers do not use APOE genotyping 
to determine long-term care insurance eligibility or to 
set premiums (119).  In some states, insurers are actually 
required to obtain consent prior to accessing genetic data 
(120).  

A Global Effort

As of mid-2015, only a few clinical programs exist 
worldwide which offer dementia prevention services 
outside of a strictly research setting.  To our knowledge, 

in the United States, these programs include the Weill 
Cornell Medical College / NewYork-Presbyterian 
Hospital APC, the University of Alabama – Birmingham 
Alzheimer’s Risk Assessment and Intervention Clinic, 
and the Cedars-Sinai Medical Center Alzheimer’s 
Prevention Program.  The information for making an 
appointment at any one of these programs is listed on 
www.AlzU.org (under the ‘See a Doctor’ activity).  The 
APC, via AlzU.org, has also established collaborations 
with multiple institutions involved in Alzheimer 
prevention research, including the UCSF Brain Health 
Registry and the Banner Institute Alzheimer’s Prevention 
Initiative.  We invite interested collaborators to reach 
out as we continue to build a network of health 
professionals who can provide the latest, safest, evidence-
based preventative interventions for at-risk individuals, 
families and communities.  We host a weekly consensus 
conference to discuss Alzheimer prevention cases, which 
is available for viewing and participation online every 
Wednesday morning (EST).  Collaborators interested 
in attending the conference either in person or via web-
based video conferencing are encouraged to contact us.  

Conclusion

The first goal of the U.S. National Plan to Address 
Alzheimer’s Disease is to prevent and effectively treat 
AD by 2025.  Until that time, a variety of evidence-
based, low-risk clinical interventions may be instituted 
by primary care physicians, cardiologists, nutritionists 
and other healthcare professionals, in an effort to (in 
the least) lower validated risk scores. Besides clinical 
interventions, scores of interventional research trials 
are already available for individuals with prodromal 
Alzheimer disease or mild cognitive impairment (121). 
With continued engagement of healthy, community-
dwelling adults at various levels of risk for Alzheimer’s 
or dementia, and with earlier interventions specifically 
targeting the biological mechanisms of disease at key 
stages in the life course, prior to neuronal loss, a major 
breakthrough in preventing AD may be finally within our 
reach.  The APC will continue to work with collaborators 
worldwide to establish well-characterized populations of 
individuals who, either through clinical trial participation 
or evidence-based clinical care, can benefit from the 
disease-modifying interventions expected to arise in the 
coming decade.
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