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Abstract

INTRODUCTION: TheU.S. study to protect brain health through lifestyle intervention

to reduce risk (U.S. POINTER) is conducted to confirm and expand the results of the

Finnish Geriatric Intervention Study to Prevent Cognitive Impairment and Disability

(FINGER) in Americans.

METHODS: U.S. POINTER was planned as a 2-year randomized controlled trial of

two lifestyle interventions in 2000 older adults at risk for dementia due to well-

established factors. The primary outcome is a global cognition composite that permits

harmonization with FINGER.

RESULTS: U.S. POINTER is centrally coordinated and conducted at five clinical sites

(ClinicalTrials.gov: NCT03688126). Outcomes assessments are completed at baseline

and every 6 months. Both interventions focus on exercise, diet, cognitive/social stim-

ulation, and cardiovascular health, but differ in intensity and accountability. The study

partners with a worldwide network of similar trials for harmonization of methods and

data sharing.

DISCUSSION: U.S. POINTER is testing a potentially sustainable intervention to sup-

port brain health and Alzheimer’s prevention for Americans. Impact is strengthened
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by the targeted participant diversity and expanded scientific scope through ancillary

studies.
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aging, Alzheimer’s disease, clinical trial, cognition, cognitive training, diet, exercise, lifestyle
intervention, non-pharmacological, prevention, risk modification

1 BACKGROUND

The most recent report of the Lancet Commission1 summarizes the

extensive evidence that treating modifiable risk factors may prevent

or delay up to 40% of dementia cases.1 Moreover, multidomain inter-

ventions targeting a combination of risk factors may be more effective

than single-component interventions in reducing risk for cognitive

decline.2–5 Although treating individual lifestyle components (e.g., cog-

nitive stimulation6) may provide some benefits, large clinical trials

examining the effects of single-domain lifestyle interventions on risk

for Alzheimer’s disease and related dementia (ADRD) have, thus far,

yielded variable and inconclusive results.2 The multidomain approach

is used increasingly to examine the effects of simultaneously address-

ing multiple risk factors to increase cognitive resilience and protect

against cognitive decline.7–12 This approach allows for additive and/or

synergistic effects between individual domains and provides flexibil-

ity for intervention tailoring to meet person-specific needs (e.g., more

intensive cardiovascular risk reduction) and/or challenges that can

jeopardize long-term adherence to single-domain interventions (e.g.,

joint pain with physical activity, reduced access to healthier foods).

The results of the population-based 2-year Finnish Geriatric Interven-

tion Study to Prevent Cognitive Impairment and Disability (FINGER)

demonstrated that a multidomain intervention of physical activity,

nutritional guidance, cognitive training, social activities, and manage-

ment of cardiovascular disease (CVD) risk factors improved global

cognition in older adults who were cognitively unimpaired but at

increased risk for decline.10 These results are promising, but need to

be replicated and confirmed in heterogeneous cohorts in other coun-

tries with regard to culture, race, ethnicity, and socioeconomic status

that could potentially affect adherence and cognitive response to the

intervention.

The U.S. study to protect brain health through lifestyle intervention

to reduce Risk (U.S. POINTER) is a large, multi-site randomized

controlled trial investigating whether a FINGER-like 2-year mul-

tidomain lifestyle intervention—adapted to American culture and

delivered within the community—can protect or improve cognition

in a diverse and representative population of older Americans at

risk for cognitive decline and dementia. U.S. POINTER is one of

several lifestyle intervention studies now being conducted across

the globe as part of a collaborative international network referred

to as World-Wide FINGERS.13 Here we describe the study’s design,

multi-layered support infrastructure, targeted population, screen-

ing and enrollment procedures, and the interventions that were

developed and expanded from FINGER, but also from the evolving

science around cognitive assessment, recruitment, and retention

of representative cohorts, and sustained behavior change in older

adults.

2 METHODS

The goal ofU.S. POINTER is to investigate the effects of randomassign-

ment to one of two lifestyle interventions for 2 years on cognitive

function in 2000 older adults without significant cognitive impairment

but at risk for decline anddementia due towell-established risk factors.

Both interventions were designed to target specific lifestyle behav-

iors that have been linked to brain health and yet differ in format and

intensity. The interventions were modeled on FINGER and adapted

for American culture and delivery in the community—in collaboration

with community partners. The cognitive battery and primary outcome

were selected to permit head-to-head comparisons with FINGER and

other ongoing nonpharmacological and pharmaceutical trials. Ancillary

studies were solicited to meaningfully expand scientific scope using

rich parent trial resources. Regulatory oversight is provided by a single

institutional review board (sIRB) of record at Wake Forest Univer-

sity School of Medicine. The trial is registered on ClinicalTrials.gov

(NCT03688126).

2.1 Trial planning

U.S. POINTER—from inception and design to delivery—has progressed

as a full partnership between academia and health care systems, and

the Alzheimer’s Association. The study team also leveraged additional

expertise from multiple academic and community advisors on grass-

roots outreach and engagement, cultural diversity in lifestyle practices,

achieving equipoise in messaging about group assignment and sustain-

ing behavior change. The study was conceptualized and funded by the

Alzheimer’s Association. TheAssociation identified andpartneredwith

academic leadership to develop the study design and methods, with

input from their scientific advisory board.

2.2 Infrastructure to support the trial

U.S. POINTER is overseen by the executive leadership (trial Principal

Investigators [PIs], Association PIs, Coordinating Center), a steering

committee and other committees. Intervention delivery at the site
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BAKER ET AL. 3

RESEARCH INCONTEXT

1. Systematic review. The literature was reviewed using

standard sources (e.g., PubMed). Several other multido-

main lifestyle intervention trials have been completed or

are in progress and are referenced in the article.

2. Interpretation. The article describes the study design and

methods of the largest lifestyle intervention study con-

ducted to date. U.S. study to protect brain health through

lifestyle intervention to reduce risk (U.S. POINTER) is a

large multi-site 2-year randomized controlled trial test-

ing the cognitive effects of two lifestyle interventions that

differ in intensity, structure, and accountability in older

adults at risk for cognitive decline, including Alzheimer’s

disease and related dementia (ADRD). Distinguishing

characteristics of U.S. POINTER design relative to other

similar trials are described.

3. Future directions. U.S. POINTER partners with the

Finnish Geriatric Intervention Study to Prevent Cogni-

tive Impairment and Disability (FINGER) investigators to

advance lessons learned for multi-domain lifestyle trials,

adapts the interventions to American culture, and lever-

ages community partnerships for intervention delivery to

test a model of feasibility and sustainability. The study

design includes innovative components that may inform

the conduct of future nonpharmacological trials.

is provided through a partnership between the clinic and the local

Alzheimer’s Association Chapter. The structure and contributions of

theCoordinatingCenter, Committees, andClinical Sites that havebeen

instrumental for development and rollout of the trial are described

below.

Coordinating Center. The Coordinating Center (CC), housed atWake

ForestUniversity School ofMedicine, consists of anAdministrative and

Clinical Operations Coordination Center (ACOCC) and a Data Coor-

dination Center (DCC). The two branches of the CC provide central

oversight and quality control of clinical operations, intervention deliv-

ery, outcomes assessments, participant safety, and data management,

reporting, data analyses, and data sharing.

Committees. The Steering Committee—comprising executive lead-

ership, site principal investigators (PIs), CC directors and represen-

tatives, Association Chapter leads (community partners), committee

leads, project managers, and ancillary study PIs and co-investigators—

provides leadership and establishes scientific and administrative poli-

cies. Other committees provide direction for specific components of

the study and include Recruitment; Outcomes; Clinical Operations;

Intervention Oversight; Safety; Data Management; Data Analysis; and

Emerging Science, Presentations & Publications.

Clinical Sites. The Alzheimer’s Association, in collaborationwith aca-

demic leadership (includes the CC), selected five clinical sites based on

geographic and ethnocultural diversity for recruitment, site capacity

to enroll and follow 400 participants, expertise conducting large AD

clinical trials, and the Association’s local leadership capacity to over-

see the intervention. Sites include Wake Forest University School of

Medicine (NC), University of California Davis (CA), Rush Medical Cen-

ter and Advocate Health (IL), Baylor College of Medicine and Kelsey

Research Foundation (TX), and Brown University/Butler Hospital and

TheMiriamHospital (RI).

3 RESULTS

3.1 Overview

The study design and methods are described below, and the protocol

is provided as a Supplement. The primary objective of U.S. POINTER

is to test whether random assignment to one of two lifestyle interven-

tion groups for 2 years can protect or improve cognitive function in

2000 older Americans who are at risk for cognitive decline associated

with ADRD. Both interventions focus on exercise, diet, cognitive/social

stimulation, and cardiovascular risk reduction, but they differ in inten-

sity, accountability, and format. Outcomes assessments are completed

at baseline and months 6, 12, 18 and 24, and the primary outcome

is a global cognition composite score that will allow harmonization

with FINGER and other trials. Following completion of the baseline

assessment, eligible participants are assigned randomly to one of

two intervention groups and placed into “Teams” of 10–15 partici-

pants within these groups. Participants progress through the 2-year

interventions with their assigned Teams and facilitators. Both groups

receive results of laboratory blood tests andbloodpressure andweight

measurements following each clinic visit (Figure 1). The Self-Guided

(SG) intervention consists of group meetings three times in Year 1 and

two times in Year 2 to provide education and support and encourage

healthy lifestyle practices. The Structured (STR) intervention consists

of regular facilitated groupmeetings, and a structured program of aer-

obic exercise, resistance training, and stretching completed primarily

at a participating community facility (e.g., YMCA), dietary counseling to

support adherence to the MIND diet (Mediterranean-DASH Interven-

tion forNeurodegenerativeDelay), computer-based cognitive training,

cognitively and socially challenging activities, and regular guideline-

based health coaching and goal-setting to support self-management of

cardiometabolic health.

3.2 Interventions and delivery

Infrastructure to Support Intervention Delivery and Oversight. The

clinics and local Alzheimer’s Association at the site share responsibility

for intervention delivery and oversight. A trained facilitator is assigned

to each Teamof participants. For the STR group, the facilitators include

an Interventionist (content specialist on exercise, diet, or brain health;

clinic employee) and aNavigator (counseling/coaching expertise; Asso-

ciation employee). SG groups are facilitated by a Navigator (different
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4 BAKER ET AL.

F IGURE 1 Overview of intervention arms.

from STR Navigator). Intervention oversight is monitored regularly at

the site and centrally by the Intervention Oversight Committee (IOC).

Objective and self-report metrics are tracked to assess intervention

adherence and sustainability over time.

TeamMeetings. TeamMeetings for both intervention groups are led

by facilitators using a semi-structured format to encourage participant

satisfaction with the assigned intervention and retention in the trial

through interactive discussions, education that can be readily applied,

positive reinforcement for success, and social cohesion. Participants

were recruited in waves by zip code to form Teams that could meet

at community facilities within their neighborhood. Missed meetings

due to illness or travel are completed in-person (majority), via web

conferencing, or, in rare cases, by telephone.

Self-Guided Lifestyle Intervention. The SG intervention encourages

participants to develop an individualized healthy lifestyle program that

best suits their needs, priorities, and schedules, and broadly targets

physical and cognitive activity, diet, social engagement, and cardio-

vascular health. A SG group was used rather than a wait list or usual

care to mimic the general standard of care in community settings, and

to increase equipoise of perceived benefit by the participant. Naviga-

tors facilitate Team Meetings at baseline and months 3, 9, 15, and 21

(plus graduation celebration at month 24) to provide guideline-based

lifestyle health education and encouragement. SG participants receive

semi-annual health monitoring and test results at the clinic (e.g., lipids,

hemoglobin A1c [HbA1c], blood pressure, weight).

Structured Lifestyle Intervention. The Structured Intervention pro-

vides participants with intensive structure and coaching support to

encourage increased physical exercise, adherence to the MIND diet,

increased intellectual and social challenges, and regular monitoring

of cardiometabolic health. Individual domains of the STR interven-

tion are introduced serially over the first 4 months to progressively

acclimate participants to the relevant activities. STR Team Meetings,

facilitated by the Intervention Team, are held weekly during the first 4

months, every other week in months 5 and 6, and monthly thereafter.

The STR TeamMeetings rely on principles of social cognitive theory,14

self-determination theory,15 and group dynamics16,17 to encourage

behavior change and maximize intervention adherence and retention

in the trial by providing education, self-regulation skills, and positive

reinforcement, and by addressing barriers, leveraging group processes,

and promoting self-efficacy to meet intervention goals. Adherence is

tracked for the STR group using only participant self-report activity

and diet logs, and objective data from an activity monitor (Fitbit) and

cognitive training electronic records (BrainHQ).

∙ Physical Exercise. STR physical exercise includes aerobic exercise,

resistance training, and stretching/balance/range of motion activi-

ties that align with standard American College of Sports Medicine

(ACSM) recommendations18 and protocols tested in smaller-scale

clinical trials.19–22 The program targets moderate-to-high intensity

aerobic exercise (70%–80% of heart rate reserve) for 30–35 min-

utes, four times/week; resistance training with weight machines,

free weights, and/or resistance bands for 15–20 minutes, two

times/week; and stretching/balance/range of motion activities for

10–15 minute, two times/week. Guidelines and resources are pro-

vided to assist participants in completing these activities. Partici-

pants are encouraged to attend group classes at a participating exer-

cise facility (e.g., YMCA) and use the facility’s equipment as needed.

Onboarding of the exercise program is gradual (slowly increasing

frequency and duration over 7 weeks) to build self-efficacy and

stamina, and to reduce risk of injury. The STR Intervention Team

assists participants by identifying appropriate classes and strate-

gies to meet their exercise goals, addressing concerns, encouraging

adherence tracking, and providing ongoing coaching and support as

needed.

∙ Diet. STR diet involves nutritional counseling to encourage adher-

ence to the MIND diet, a hybrid of the Mediterranean and DASH

diets with selected modifications based on the most compelling

evidence in the diet-dementia field.23–28 The MIND diet is rich in

dark green leafy vegetables, berries, whole grains, unsaturated fats

including extra-virgin olive oil, nuts and fish, and low in saturated

fat.23–27 The Intervention Team provides nutrition education and

guidance to help participants incorporate these foods into dietary

plans, and uses behavior change principles14,15 to encourage adher-

ence through regular calls. Weekly food logs are reviewed with the

Interventionist to assess dietary adherence and address challenges,

and to calculateMIND diet scores.

∙ Cognitive Exercise. STR cognitive exercise includes computer-based

cognitive training and home-based cognitively and socially challeng-

ing activities. The TeamMeetings also provide cognitive stimulation

and social engagement. Web-based BrainHQ (Posit Science) was

selected for cognitive training given the results of the Advanced

Cognitive Training for Independent and Vital Elderly (ACTIVE)

trial showing moderate-strength evidence for cognitive benefit and
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BAKER ET AL. 5

maintained everyday function with regular training.6,29,30 BrainHQ

tasks train speed and accuracy of information processing in vision

and audition. Participants are asked to complete training at least 3

times per week for 30 minutes. Task completion and performance

metrics are tracked through BrainHQ and regularly uploaded to the

study database.

∙ Health Coaching. STR health coaching encourages self-monitoring

and care aimed at reducing cardiovascular and metabolic risk in

older adults. Participants meet with a study Medical Advisor every

6 months to review blood pressure, weight, and blood laboratory

results, and to recalibrate goals for improving health status.

3.3 Study population

U.S. POINTER targeted enrollment of 2000 older adults without

significant cognitive impairment who largely represent the U.S. demo-

graphics with regard to (self-reported) gender, race and ethnicity,

and region. Participants were recruited through the electronic health

records (EHRs) and grassroots outreach in the community. Extensive

resources were invested to reach underserved communities to ensure

their representation in the trialwith culturally appropriate recruitment

materials, and by leveraging established and new community part-

nerships and targeted outreach tactics. Key partners for grassroots

recruitment efforts included leaders of Black Church communities at

the NC and RI sites, community health clinic providers at the TX and

IL sites, the Alpha Kappa Alpha Sorority and Mexican Consulate at

the CA site, and local chapters of AARP at multiple sites. Additional

details about the recruitment strategy will be presented in a sepa-

rate publication. From trial conception, U.S. POINTER has prioritized

diversity not only in participants but also in investigators and staff,

and an environment that promotes equity and inclusion. For example,

it is expected that site staff and co-investigator demographics reflect

those of their community, celebration of cultural diversity is a key

theme in site team-building activities, transparent conversations about

implicit (or explicit) bias are encouraged, and cultural awareness and

sensitivity trainings are provided to ensure inclusiveness in participant

interactions.

Eligibility. Sensitivity to detect 2-year differences in cognitive func-

tion depends on inclusion of a cohort at risk for decline. Key inclusion

criteria include age 60 to 79 years; not a regular exerciser (as per

a modified Telephone Administered Physical Activity questionnaire);

MINDdiet screener score< 9.5 (indicating poor diet); and two ormore

of the following: first-degree family history of memory impairment,

African American/Black or Native American race, Hispanic ethnicity,

older age (≥ 70 years), and at least mild elevation in systolic blood

pressure (BP ≥125 mmHg), low-density lipoprotein (LDL ≥115 mg/dL)

cholesterol, or glycatedhemoglobin (HbA1c≥6.0%). Exclusions include

history of significant neurological or psychiatric disorder, recent or

current alcohol or substance abuse, regular use of cognition-altering

medications (e.g., narcotics, antipsychotics, medications for Parkin-

son’s or Alzheimer’s disease), residence in an assisted living facility or

nursing home, and significant cardiovascular, lung, renal or other organ

F IGURE 2 Stages of recruitment and enrollment.

disease, or recent malignancy. In addition, individuals were excluded

with significant cognitive impairment as per self-report, the modified

Telephone Interview for Cognitive Status (TICSm < 32), or the Clinical

DementiaRating Scale (CDR>0.5). If CDR-SumofBoxes>1, continued

eligibility required lead (central) neuropsychologist approval indicating

no cognitive impairment.

3.4 Recruitment and screening

Recruitment was completed using a sequential multi-step screening

process to maximize outreach without overburdening clinic resources

(Figure 2). EHR and grassroots strategiesmoved progressively through

the site’s catchment area by zip code to identify candidates who could

attend intervention Team Meetings within targeted neighborhoods.

The three-phase screening process is described below; additional

details are provided in the protocol (Supplement).

Screening 1: Initial Contact. The EHR of each site’s health care net-

work was used to identify study candidates meeting preliminary inclu-

sion criteria in targeted neighborhoods, prioritizing individuals from

racial and ethnic minoritized groups. In parallel, widespread national

and local multimedia (including social media) was used for outreach

together with extensive grassroots efforts that leveraged community

partnerships and boots-on-the-ground engagement tactics.

Screening 2: Eligibility Questionnaires. Screening 1 responders were

provided with more information about the study, and questionnaires
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6 BAKER ET AL.

about medical history, physical activity, and diet composition to permit

assessment of eligibility.

Screening 3: Telephone Cognitive Screening. Screening 2–eligible

candidates completed the TICSm to exclude low performers (i.e.,

score<32)with cognitive impairment. TheTICSmassesses orientation,

attention, language, word recall, and abstraction. The screening test

has been validated for administration to older adults, correlates highly

with othermeasures of global cognitive function, andhas excellent sen-

sitivity and specificity for differentiating older adults with and without

dementia and for identifyingmild cognitive impairment (MCI).31 TICSm

scoreswere adjusted tominimize bias against subgroups using (1) pub-

lishedalgorithms32 and (2) the results of percentile regression analyses

on pooled scores for 4000 adults (60–79 years) from three large

Wake Forest–coordinated studies (WHIMS-ECHO, COSMOS-Mind,

WHIMSY). TICSm adjustments applied include: +1 point if age ≥75

years; +4 points if education < high school; +3 points if Native Amer-

ican or Alaska Native, Asian or Asian American, Native Hawaiian or

Pacific Islander, Black or African American, North African or Middle

Eastern, Hispanic or Latin); maximum adjustment was +5 points and

total adjusted TICSm score was capped at 50 points. To reduce waiting

time between baseline and intervention initiation, participants were

advanced to the baseline assessment in batches based on availability to

join the next set of planned SG and STR TeamMeetings based on time,

date, and location.

3.5 Clinic study visits

Eligible candidates following Screening 3 continued to the baseline

visit. The schedule of events for each clinic visit is provided in Table 1

and summarized below. Participants are compensated $75 for comple-

tion of baseline and annual clinic assessments, and $25 for themonth 6

and 18 assessments.

Baseline. Baseline procedures included informed consent, physical

and neurological exams, fasting blood collection for clinical labs and

banking in the study repository, apolipoprotein E (APOE) genotyping,

TABLE 1 Schedule of events.

Visit Name/Month Baseline Month 6 Month 12 Month 18 Month 24

Informed consent for enrollment, HIPAA X

Demographics, brief physical and neurological exam, ECG, medical history X

Unmasked intake interview X X X X

Medication review, weight measurement X X X X X

Vital signs, waist circumference X X X

Fasting clinical blood labs

Comprehensivemetabolic panel, hemoglobin/hematocrit X X

Glucose, HbA1c, lipid panel X X X

Non-fasting clinical blood labs

HbA1c, lipid panel X X

Blood Collection for APOE genotyping andDNA extraction and storage X

Fasting blood collection for banking X X X

AEmonitoring at clinic X X X X

POINTERmodified neuropsychological test battery (Free and Cued Selective

Reminding Test, Story Recall, Visual Paired Associates, Number Span,Word

Fluency, Digit Symbol Substitution Test, Trail-Making test)

X X X X X

Digital cognition technologies clock drawing test, BrainHQ assessment, MMSE X X X X X

C-3: Cogstate detection, identification, one back, one-card learning, face name

associativememory exam, behavioral pattern separation of objects

X X X

CDR, IADL, ECog, SF-36, EQ5D, CFI X X X

Sleep questionnaire X X X X X

Lifestyle questionnaires (physical activity, sitting habits, rush food frequency,

cognitive activity), sleep questionnaire, GDS

X X X X X

400MeterWalk Test, SPPB X X X

Randomization X

Obtain participant feedback and exit interview X

Abbreviations. AE, adverse event; APOE, apolipoprotein E, C-3: Cogstate Battery; CDR, Clinical Dementia Rating, CFI: Cognitive Function Index; DNA,

deoxyribonucleic acid; ECG, electrocardiography; ECog, Everyday Cognition; GDS, Geriatric Depression Scale; HbA1c, glycated hemoglobin; HIPAA, Health

Information Portability and Accountability Act; IADL, independent activities of daily living;MMSE,Mini-Mental Status Exam; SF-36 and EQ5D, quality of life

scales; SPPB, Short Physical Performance Battery.
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BAKER ET AL. 7

outcomes assessments, completion of questionnaires by participants

and study partners (when available), functional assessments (Short

Physical Performance Battery, 400 meter walk), and randomization.

Following randomization, participants signed a behavioral contract to

confirm their willingness to participate in the assigned intervention.

Months 6, 12, 18, 24. Each follow-up visit starts with an intake

interview by unmasked (to group assignment) personnel to review

intervention progress andmedications, and to query change inmedical

status, medical procedures, and adverse events (includes hospital-

izations). Outcomes assessments to collect cognitive and functional

outcomes and physical measurements at each visit are administered

and data-entered by personnel masked to intervention assignment.

Fasting blood is collected for clinical labs and banking in the repository

at months 12 and 24, and under non-fasting conditions for clinical labs

at months 6 and 18. At every visit, participants receive clinical labora-

tory and health metric results (e.g., blood pressure, weight). At month

24, clinical personnel meet with participants to review their study

achievements and 2-year clinical laboratory findings, obtain feedback

about their experiences, and discuss individual plans to continue U.S.

POINTER lifestyle activities post-intervention.

3.6 Outcomes assessments

CognitiveOutcomes. Primary, secondary, and exploratory cognitive out-

comes are listed in Table 2. The primary outcome is a composite

measure of global cognition (referred to as the POINTER modified

Neuropsychological Test Battery [PmNTB]) comprising averaged and

equally weighted composites of memory, executive function, and pro-

cessing speed derived from pre-specified scores of the test battery

administered during clinic visits. The PmNTB was modeled on the

FINGERoutcomeand includesadditional contemporary testswithdoc-

umented sensitivity to early cognitive changes in older adults33,34 and

that will allow harmonization with other large trials (e.g., A4, AHEAD

3-45, EXERT). Specifically, the PmNTB includes a longer word list (Free

and Cued Selective Reminding Test) and additional tests of execu-

tive function (number sequencing, phonemic fluency), and excludes

the Boston Naming Test (includes culturally inappropriate and biased

stimuli35) and the Stroop Test (standardized test administration can be

challenging as per study teamexperience). By combining individual test

scores, the composite is expected to provide greater statistical power

than individual tests. Alternate forms of testsmost susceptible to prac-

tice effects (Free and Cued Selective Reminding Test, Story Recall,

Visual Paired Associates, Digit Symbol Substitution Test) are admin-

istered in the order of A-B-C-A-B across visits. Additional tests are

administered every 6months (Digital Clock Drawing, BrainHQAssess-

ment, Mini-Mental Status Exam) or annually (C-3 Cogstate battery).

Key secondary outcomes include domain-specific composite scores for

memory, executive function, and processing speed. Additional details

about each cognitive test are provided in the protocol (Supplement).

Clinical and Behavioral Outcomes. Assessments of clinical status and

behavioral function include the CDR and self-report questionnaires

about cognitive concerns, everyday cognition, activities of daily liv-

ing, mood, sleep quality, lifestyle exposures (physical and cognitive

activity, sitting habits, diet composition and vitamin intake via food

frequency questionnaire), physical function and frailty, and perceived

quality of life. The CDR is administered to the participant and the

study partner. Identification of a study partner is strongly encouraged

but not required in order to reduce barriers to participation. When a

study partner is not available, the study clinician provides input that is

TABLE 2 Cognitive outcomes.

Cognitive outcomes Tests

Primary Global Composite Score (POINTER

modified Neuropsychological Test Battery,

PmNTB)

Memory: Free & Cued Selective Reminding Test; Immediate &Delayed Story

Recall; Immediate &Delayed Visual Paired Associates

Executive Function/Processing Speed: Number Span Forward, Backward,

Sequencing;Word Fluency by Letter (F, A, S);Word Fluency by Category

(Animals, Vegetables, Fruits); Digit Symbol Substitution Test; Trail Making Parts

A & B

Secondary Domain-Specific Composite Scores Memory: Free & Cued Selective Reminding Test; Story Recall; Visual Paired

Associates; Cogstate One-Card Learning, Face NameAssociativeMemory Exam

&Behavioral Pattern Separation of Objects

Executive Function: Number Span;Word Fluency; Digit Symbol Substitution;

Trail-Making Part B; Digital Clock Drawing Test (planning/organization);

Cogstate One-Back

Processing Speed: Trail-Making Part A; Digit Symbol Substitution; Digital Clock

Drawing (speed/efficiency); Cogstate Detection & Identification

ExploratoryMeasures Clinical Dementia Rating Scale—Sum of Boxes

Mini-Mental Status Exam

C-3 (Cogstate battery composite score)

Digital Clock Drawing Test (composite score)

BrainHQAssessment (for target engagement)
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8 BAKER ET AL.

considered in the score. For these cases, the site neuropsychologist

reviews source documents to confirm that scoring was appropri-

ate. Specific instruments and assessment frequency are listed in

Table 1; additional details are provided in the protocol (Supplement).

3.7 Masking

All site investigators and clinic staff are masked to intervention assign-

ment except for the study clinician (oversees medical safety and

adverse events [AEs]) and intervention delivery personnel who are

masked tooutcomesdata. In theCC,ACOCC investigators and staff are

masked to intervention assignment andoutcomeswith twoexceptions:

outcomes oversight personnel are unmasked to outcomes, and inter-

vention oversight personnel are unmasked to group assignment. DCC

investigators and staff are unmasked to outcomes and group assign-

ment. Masked personnel have restricted access to segments of the

studydatabase and are excluded fromdiscussions that disclosemasked

information. In the clinic, participants are reminded by unmasked per-

sonnel to “keep the secret” and refrain from sharing information about

their assigned groupwith other personnel. In the event of unmasking of

the examiner or others involved in outcomes assessment or data entry,

an alternate plan for data collection at future clinic visits is deployed to

ensure continued high data fidelity.

3.8 Adaptations during COVID-19

In response to coronavirus disease 2019 (COVID-19) social distancing

mandates in the United States, in-person activities (clinic visits, Team

Meetings, exercise at community facilities) were paused from March

2020 to July 2020. During the pause, sites maintained regular contact

with participants to encourage continued participation in intervention

activities and to provide support as needed. When study activities

restarted on July 13, 2020, Team Meetings were conducted via web

conferencing (participants were provided with devices as needed).

In-person TeamMeetings were resumed in September 2021.

3.9 Safety monitoring and reporting

Participants were required to receive primary care provider (PCP)

authorization to enroll and are monitored for safety while in the study.

At baseline, participants receive physical and neurological exams,

clinical laboratory tests, and resting electrocardiography (ECG). Partic-

ipantswith clinically significant findings are referred for PCP clearance

before enrollment. The study clinician reviews, evaluates, and reports

all AEs and serious adverse events (SAEs) to the Safety Committee.

For U.S. POINTER, AEs are defined as clinically relevant unfavorable

or unintended health events that occur during intervention delivery,

intervention-related activities, or outcomes assessments. As defined

per Federal Regulation, SAEs include death, a life-threatening adverse

experience, inpatient hospitalization, or persistent or significant dis-

ability/incapacity. Potential AEs are described to participants during

the informed consent process, queried and documented during clinic

visits, and can be reported by participants between visits during tele-

phone contacts and Team Meetings. An external Data and Safety

Monitoring Board (DSMB) monitors and reviews participant safety on

an ongoing basis andmakes recommendations regarding trial conduct.

3.10 Intervention monitoring and reporting

Intervention fidelity is guided by recommendations of the National

Institutes of Health (NIH) Behavior Change Consortium36 and is

assessed on its delivery, receipt, and enactment. Prior to participant

contact, Interventionists and Navigators are trained on intervention

protocol deliveryby the IOCand thencertified following central review

and approval of a submitted video recording of a facilitatedmock Team

Meeting. Interventionists and Navigators are re-certified annually by

the IOC through in-person site visits that include live observation

of Team Meetings to ensure consistent inter-site intervention deliv-

ery, to enhance quality of Interventionist and Navigator skillsets, and

to confirm participants’ ability to receive, understand, and integrate

intervention information for sustained behavior change. Team Meet-

ing attendance (both groups) and STR adherence metrics for each

intervention domain (self-report logs, Fitbit data, BrainHQ data) are

captured dynamically in the study’s web-based tracking system via

nightly downloads through vendor-specific application programming

interfaces (APIs). Data are summarized in reports and reviewed by the

IOC; challenges are addressed duringmonthlymeetingswith each site.

3.11 Cognitive outcomes monitoring and
reporting

The CC has primary responsibility for the training of examiners and

monitoring data quality, alongside site study neuropsychologists. The

initial certification process is extensive, and re-certification is required

at 6 months and annually thereafter. Monitoring includes central

review of audio and source documents for 10% of all administrations,

and site neuropsychologist review of audio and source documents for

10% of administrations at the site. Once per month, assessments to be

monitored are centrally selected at random, and stratified by examiner.

In addition, 50% of source documents are checked by peer examiners.

3.12 Data monitoring and management

The DCC oversees data collection and standardization, data man-

agement, data transfer, and quality control analyses. The sites use

a secure password-protected website to enter data collected during

contacts and maintain appropriate medical and research records, in

compliance with regulatory and institutional requirements and guide-

lines for protecting participant confidentiality. The study website also

includes a fully integrateddatamanagement systemwith tools to track,
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BAKER ET AL. 9

monitor, and schedule study activities in real-time. Study data are reg-

ularly monitored, reviewed, and evaluated using several approaches,

including central review of source documents by the ACOCC and the

IOC, and by the DCC with logic checks of database entries to enhance

data accuracy, completeness, and consistency.

3.13 Power and sample size determination

The targeted enrollment of N = 2000 participants was chosen to pro-

vide a minimum of 85% power for its primary inference. The goal

of 85% power, rather than the more stringent goal of 90% power,

was chosen because U.S. POINTER is being conducted in the con-

text of several other similar trials in the Worldwide FINGER network,

including FINGER. Thus, U.S. POINTER will not be viewed as a stand-

alone assessment of a multidomain intervention for which a high

independent degree of evidence is required, but as an important con-

tributor to a broader assessment of efficacy. The choice to target

85%, rather than 90%, power also conserves resources and provides

a more efficient trial. Power is based on the primary outcome and

does not consider secondary cognitive outcomes which, per proto-

col, will be reported using 95% confidence intervals (CIs) rather than

inference.

To project statistical power, longitudinal sequences of cognitive test

scores based on data from theWomen’s Health Initiative Study of Cog-

nitive Aging (WHISCA) trial37 were simulated using their longitudinal

covariance of theWHISCA composite outcome from its battery of test

scores. Although different from the test battery that U.S. POINTER

uses, theWHISCA battery was expected to provide benchmark covari-

ances that, as from potentially less precise measures, may lead to

power estimates that are lower (i.e., more conservative) than what

will be achieved by U.S. POINTER. Databases of N = 2000 longitudi-

nal sequences of data corresponding to theWHISCA data points were

simulated from a multi-normal distribution. Missing data were ran-

domly culled to accumulate at a rate of 2.5% per 6 months. Inference

was based on a two-tailed Wald test (type 1 error set to be 0.05) of

slopes from a randomeffects linearmodel, as specified in the statistical

analysis plan for the trial.

The FINGER trial observed an intervention effect of 0.03 SD per

year for its composite cognitive outcome,10 which we applied to

our simulated databases. This effect is projected to be both cost-

effective38 and to correspond to clinically important benefits in related

outcomes.39 It also corresponds to the effect seen in the Cocoa

Supplement and Multivitamin Outcomes Study of the Mind trial

(COSMOS-Mind), which was linked to significant benefits on cognitive

aging.40

This approach projected a statistical power of 89.7% for the tar-

geted intervention, with N = 2000 randomized participants allocated

equally between the two arms of the trial. We project 83.7% power

for an intervention effect of 0.0275 SD per year and 93.9% power for

an intervention effect of 0.325 SD per year. One interim power pro-

jection is specified in the U.S. POINTER protocol to re-assess power

using observed on-trial longitudinal covariances and attrition rates

once sufficient data have been acquired to estimate these cohort char-

acteristics. This interim analysis will make no use of (and be masked

from) any outcome data by arm.

3.14 Data analysis

The primary efficacy analysis of the global cognition composite will

include all randomized participants using the intent-to-treat approach.

To construct the composite, (1) scores for each constituent test are

converted to z-scores by dividing the differences between individual

scores from the cohort-widemean at baseline by the cohort-wide stan-

dard deviation at baseline, (2) z-scores are transformed so that positive

scores reflect better performance, (3) z-scores are averaged by cogni-

tive domain provided that≥50%of the scores per domain are available

(otherwise, domain score is missing), and (4) the mean z-score across

cognitive domains is re-normalized by subtracting it from the cohort-

wide mean at baseline and dividing this difference by the cohort-wide

SD at baseline. Secondary domain-specific composite outcomeswill be

analyzed using a similar approach. Multiple imputation will be used

to allow C-3 scores (Cogstate battery, which is not administered at

months 6 and 18) to contribute to secondary composite outcomes

throughout follow-up. Differences in intervention response by APOE

genotype and other ADRD risk factors (e.g., family history of memory

impairment) will be assessed.

Inference is based on a random effects linear model,41 with the

dependent variable consisting of composite scores measured from

baseline through the 24-month assessment. Covariates include site

(sole stratification factor) and clinic visit by age interaction to con-

trol for potentially nonlinear factors (e.g., learning effects; different

outcomes assessors) that may systematically affect both intervention

groups and vary by age. The fixed effects are intervention assignment

and its interactionwith follow-up timeas a continuous variable.Models

will be fitted with restricted maximum likelihood to adjust for base-

line differences among participants. Longitudinal correlations between

measures collected over time within individual participants will be

parameterized using an unstructured model. If this model results in

non-convergence, a first-order autocorrelation model will be used

instead. The significance of the intervention will be determined based

on a Wald test for the interaction between intervention assignment

and time from randomization. Limiting the number of covariates is

recommended for clinical trials of U.S. POINTER’s size.42 Addressing

differences among individuals through restricted maximum likelihood

rather than models for random effects does not require assumptions

about their distribution and treats differences as nuisance parameters.

An overview of AEs, including the number and percentage of par-

ticipants who died, had SAEs, and discontinued due to AEs, will be

provided. A comparison between intervention arms will be performed

using Fisher’s exact tests. Summaries of AEs by system organ class will

be provided for (1) pre-existing conditions, (2) possibly or probably

related AEs, and (3) SAEs.
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10 BAKER ET AL.

3.15 NIH-Funded ancillary studies to U.S.
POINTER

Four ancillary studies leverage rich main-trial resources for cost-

efficiency to significantly increase the breadth and depth of scientific

investigation and impact.

POINTER-Neuroimaging (NIH/NIA [National Institute on Aging]

1R01AG062689; PI: Landau). This ancillary study examines treatment

effects on pathophysiology related to AD and cerebrovascular disease

in more than 1000 parent trial participants using (1) positron emission

tomography (PET) tomeasure amyloid beta and tau burden at baseline

and month 24, and (2) magnetic resonance imaging (MRI) to measure

brainmorphometry,whitematter hyperintensities andmicrostructural

integrity, and cerebral blood flow at baseline and months 12 and 24.

The study will also examine the roles of these PET andMRI markers at

baseline in cognitive response to treatment.

POINTER-Neurovascular (NIH/NIA 1R01AG066910; PIs: Brinkley,

Shaltout). This ancillary study examines treatment effects on cerebral

blood flow regulation, which plays an important role in the patho-

physiology of brain aging and renders the brain more susceptible

to damaging effects of comorbid vascular conditions and cognitive

decline. The study assesses aortic, carotid, and cerebral hemodynamics

at baseline and months 12 and 24 in more than 450 parent trial par-

ticipants, and their associations with cognition and outcomes obtained

through other ancillary studies (e.g., imaging).

POINTER-zzz (NIH/NIA 5R01AG064440; PIs: Hayden, Baker). This

ancillary study conducts in-home assessments to examine treatment

effects on objective measures of sleep quality in more than 750 parent

trial participants. At baseline and months 12 and 24, sleep-disordered

breathing is measured using oximetry, and other sleep exposures are

measured using actigraphy (e.g., duration, fragmentation, total activ-

ity). POINTER-zzz will examine intervention effects on sleep as they

relate to cognition and outcomes collected through other ancillary

studies.

POINTER-Microbiome (NIH/NIA U19AG063744 [PI: Kaddurah-Daouk,

Knight, Mazmanian] Project 2; PIs: Keshavarzian, Craft; POINTER ancillary

study; PIs: Baker, Espeland). This ancillary study examines gut micro-

biome composition and function, and blood and fecal metabolomes as

they relate to pre-defined ADmetabolic signatures, cognitive function,

brain imaging structure and function, and other ancillary study and

parent trial outcomes. Metagenomic and metabolomic technologies

are used to profile in-home collected fecal samples and stored plasma

samples from more than 750 parent trial participants at baseline and

month 24.

4 DISCUSSION

A key goal of U.S. POINTER is to confirm and expand the FINGER

study findings in a diverse and representative cohort of olderAmerican

adults who differ in their demographics, lifestyle, culture, and health

status relative to older Finnish adults. A second key goal is to adapt the

multidomain intervention to American culture in a community-based

setting that involves strategic community partnerships to promote

adherence and sustainability. U.S. POINTER leveraged lessons learned

from FINGER and other similar studies to strengthen the design, relied

on contemporarymethods of recruitment science to reach and enroll a

representative cohort, and added ancillary studies to maximize overall

scientific impact.

Achieving appropriate representation of the U.S. population with

regard to race, ethnicity, education, older age, gender, and general geo-

graphic regions was a priority for the study. Recruitment through the

EHR prioritized contact of individuals from traditionally underrepre-

sented groups with targeted search criteria and the use of culturally

responsive recruitment mailings. The study team also developed and

deployed an extensive grassroots outreach initiative tailored to lever-

age strengths at each site with regard to expertise, trusted community

networks, and established collaborations with key community ambas-

sadors to engage and recruit participants who may be unreachable

through the EHR. U.S. POINTER interventions were designed to “meet

people where they are,” and to learn from participants from differ-

ent cultures who may have different values, needs, resource access,

and life challenges. The intervention educational content is iteratively

adapted to be responsive to these differences, which is essential for

sustainability of the intervention, and ultimately, generalizability of

trial results.

U.S. POINTER eligibility criteria were designed to enrich the cohort

for cognitive decline risk, including CVD indicated bymild elevations in

systolic BP, LDL cholesterol, or HbA1c. Data collected from our 2000-

person at-risk and representative cohortwill provide a rich resource to

examine lifestyle components that have already been shown to reduce

CVD and diabetes risk (exercise, diet, health monitoring).43,44 In the

United States, health disparities in CVD risk factors (e.g., hyperten-

sion, diabetes, obesity, poor diet, reduced access to preventive health

care) known to contribute to the substantially higher risk of adverse

health outcomes in Black and Hispanic Americans compared to white

Americans may also contribute to the higher prevalence of ADRD in

these groups.45 The large, well-characterized U.S. POINTER cohort is

enriched for AD and CVD risk and thus will provide an unprecedented

data resource of outcomes spanning cognition, physical function, spec-

imen and brain imaging AD biomarkers, sleep quality, peripheral- and

neurovascular function, and the gut microbiome.

Developing effective, translatable, and scalable strategies to pro-

mote and sustain participant adherence and intervention delivery is

integral to the study’s concept and design. Intervention delivery in

U.S. POINTER relies on a range of established strategies guided by

key tenets of social cognitive and self-determination theories to moti-

vate and support sustainable behavior change. Behavioral changes

required to ensure adherence to the study interventions are fostered

through intrinsic motivation, belief that change is possible, means to

implement behavioral changes, and ongoing support and reinforce-

ment. Long-term behavioral change is fundamental to achieving this

goal and requires a hefty investment by the individual and ongoing

genuine support by the community. It is important to note that U.S.

POINTER—from inception and design to delivery—has progressed as

a partnership that included academia, associated health care systems,
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BAKER ET AL. 11

and the Alzheimer’s Association, with critical guidance and support

from multiple community organizations and advisors to ensure the

adaptability and sustainability of a community-based intervention

program.

Several other lifestyle intervention trials are testing various

implementation strategies in cohorts with different risk profiles

(reviewed46).7–12 U.S. POINTER differs from other studies most

notably in its “high touch” approach during recruitment (i.e., grassroots

outreach) and intervention delivery to engage and retain underserved

communities and provide essential support of a cohort at high risk for

cognitive decline. U.S. POINTER includes weekly (first 4 months) and

then monthly accountability for adherence, and leverages peer sup-

port to encourage behavior change. The large U.S. POINTER cohort

is enriched for risk based on multiple factors, which may increase

the power to detect a protective effect and provides numerous out-

comes through the parent trial and its four ancillary studies. Although

a more diverse cohort may yield different results than in other trials,

AD risk is higher for racially and ethnically minoritized communities

and therefore these groups critically need to be included in these and

other studies to better understand the impact. The COVID-19 pan-

demicmayalsoaffect the consistencyofU.S. POINTER findings relative

to previous reports. The study was in full swing as of March 2020,

when the pandemic transitioned to an American health crisis, and

in response, study procedures were temporarily modified to reduce

person-to-person contact. Preliminary findings, however, suggest that

U.S. POINTER may have fared well as retention rates remained high

(98%) even after a 4-month study pause,47 and intervention adherence

remained high (> 80%) while Team Meetings were temporarily held

using a virtual format.48

U.S. POINTER is one of several lifestyle intervention studies of

a collaborative international network referred to as World-Wide

FINGERS.13 Within the network, study teams collaborate to share pro-

tocols to harmonize methods, outcomes, and data analyses.49 The U.S.

POINTER protocol has been shared with several countries, and was

largely adopted by the Latin American (LatAm-FINGERS) team, which

allows for extensive data harmonization.50 Considering the diversity of

cultures and a vast array of demographic and other population charac-

teristics across the globe (socioeconomic, access to health resources

and care, environment, safety, etc.), rigid prescriptive lifestyle inter-

ventions to protect brain health may not show comparable efficacy

for all people. International cross-cultural comparisons in study design,

outcomes, intervention adoption, and cognitive response are essential

to inform the development of trials that best incorporate appropriate

practices and priorities while supporting healthier lifestyle exposures

for cognition in older adults. We anticipate that the findings from U.S.

POINTER and otherWorld-Wide FINGERS studies could have tremen-

dous impact for hundreds of millions of at-risk individuals around the

world.

From a public health perspective, U.S. POINTER’s multidomain

intervention approach is modeled on standard health care recom-

mendations, which may ultimately facilitate adoption in clinical care.

Engaging older Americans where they live, work, and play will be

essential if we are to identify an accessible and sustainable healthy

lifestyle intervention to protect cognitive function and prevent ADRD

in the diverse communities that are integral to the fabric of our U.S.

population.
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