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Abstract

Background: In the United States, more than 6 million adults live with Alzheimer disease (AD) that affects 1 out of every 3
older adults. Although there is no cure for AD currently, lifestyle-based interventions aimed at slowing the rate of cognitive
decline or delaying the onset of AD have shown promising results. However, most studies primarily focus on older adults (>55
years) and use in-person interventions.

Objective: The aim of this study is to determine the effects of a 2-year digital lifestyle intervention on AD risk among at-risk
middle-aged and older adults (45-75 years) compared with a health education control.

Methods: The lifestyle intervention consists of a digitally delivered, personalized health coaching program that directly targets
the modifiable risk factors for AD. The primary outcome measure is AD risk as determined by the Australian National
University-Alzheimer Disease Risk Index; secondary outcome measures are functional fitness, blood biomarkers (inflammation,
glucose, cholesterol, and triglycerides), and cognitive function (Repeatable Battery for the Assessment of Neuropsychological
Status and Neurotrack Cognitive Battery). Screening commenced in January 2021 and was completed in June 2021.

Results: Baseline characteristics indicate no difference between the intervention and control groups for AD risk (mean −1.68,
SD 7.31; P=.90).

Conclusions: The intervention in the Digital, Cognitive, Multi-domain Alzheimer Risk Velocity is uniquely designed to reduce
the risk of AD through a web-based health coaching experience that addresses the modifiable lifestyle-based risk factors.

Trial Registration: ClinicalTrials.gov NCT04559789; https://clinicaltrials.gov/show/NCT04559789

International Registered Report Identifier (IRRID): DERR1-10.2196/31841

(JMIR Res Protoc 2022;11(2):e31841) doi: 10.2196/31841
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Introduction

Background
Alzheimer disease (AD) is a chronic neurodegenerative disorder
characterized by the buildup of neurofibrillary tangles and

plaques in the brain and a steady decline in memory and
executive function. These cognitive changes eventually lead to
physical dependence [1] and ultimately death. Currently, AD
is the sixth leading cause of death in the United States, climbing
from the 12th position in less than 3 decades [2]; mortality rates
of other chronic illnesses such as cardiovascular disease and
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stroke have continued to decrease during this same time frame
[3]. Although AD was first identified more than 100 years ago,
the advances in disease detection, prevention, and treatment
have not been as successful as those in other chronic illnesses.
Many cases go undetected for up to 20 years, owing to a long
prodromal period, fear of diagnosis, and inability to access
proper testing [4].

In addition to being a significant contributor to deaths among
US adults, AD is a major burden to the health care system. AD
accounts for an estimated US $355 billion in annual direct and
indirect health care costs [5]. These costs have been rising
dramatically, increasing by 38% in the past year alone [2,5]. As
the number of older adults is expected to increase by more than
53% within the next 40 years [6], the number of older adults
living with AD will also continue to grow and increase the
burden on the health care system, as well as individuals with
the disease and their caretakers. So far, pharmacological
interventions have been ineffective in generating long-term and
sustained improvements in cognitive function [7]. The
combination of these circumstances has created a critical need
for the development and implementation of effective
preventative interventions.

AD is a multifactorial disease that involves several mechanisms
that contribute to its development and progression.
Nonmodifiable risk factors include advanced age, female sex,
and presence of the apolipoprotein E4 (APOE4) allele. Such
nonmodifiable risk factors are important to consider when
assessing an individual’s risk for developing AD, but nothing
can be done to address these factors. However, some modifiable
risk factors (eg, lipids, glucose, inflammatory factors, and
multiple lifestyle behaviors) have been identified as possible
contributors to the disease [8,9]. These risk factors represent
important targets for interventions to reduce the risk for
developing dementia.

Many modifiable risk factors for vascular disease are known to
concurrently contribute to the development of AD [10]. These
risk factors include overweight and obesity, physical inactivity,
stress, chronic inflammation, dietary habits, sleep, and blood
glucose and lipid levels [11]. Additional risk factors for AD
include low cognitive activity and low social engagement [11].

Intervention Strategies

Single-Domain Lifestyle Interventions
The average age of AD diagnosis is 75.5 (SD 9.7) years [12],
but current research suggest that subtle changes in cognitive
function can begin 20 years before diagnosis [4,5]. This early
stage of the disease represents an important time during which
interventions targeted at the modifiable risk factors could be
the most effective.

Several studies have investigated single-domain lifestyle
interventions to lower the risk of dementia and AD [7,9,13].
Three popular interventions include cognitive training [7],
dietary changes [9,14], or physical activity [13]. Evidence
suggests that strict adoption of a healthy diet significantly
reduces AD risk [9,14]; however, there is less effect if adherence
is not strictly followed. Computerized cognitive training has
gained popularity, and research supports a moderate

improvement in cognition among healthy adults after training
[7]. In addition, aerobic exercise is a possible intervention for
cognitive decline among healthy adults. Researchers found that
an aerobic exercise intervention was not better than the control
for any cognitive domain; however, this review only selected
adults without cognitive decline and did not address the
individual risk of cognitive decline or dementia [13]. Although
single-domain interventions are effective, combining these
interventions may provide an even greater benefit.

Multi-Domain Lifestyle Interventions
Owing to the limited efficacy of the single-domain interventions,
researchers have begun to investigate the use of multi-domain
lifestyle interventions that target various factors associated with
cognitive decline [15]. One of the largest trials is the Finnish
Geriatric Intervention Study to Prevent Cognitive Impairment
and Disability trial [16]. This 2-year longitudinal intervention
targeted older adults with increased risk of developing dementia,
as determined by the Cardiovascular Risk Factors, and Aging,
and Dementia risk score [10,15]. The lifestyle intervention in
the study addressed nutrition, exercise, cognitive training, and
vascular risk monitoring. At the end of the 2-year intervention,
participants in the intervention group showed 25% improvement
in cognitive assessment scores compared with the control
participants, with the greatest improvements occurring in
processing speed and executive function [10,15].

Although these results are promising, not all multi-domain
interventions have resulted in cognitive improvements. For
instance, prevention of dementia by intensive vascular care [17]
and Multi-domain Alzheimer Preventative Trial [18] did not
positively affect cognitive decline. Thus, further research is
needed to determine the optimal elements to include in a
multi-domain lifestyle intervention and the best population to
target to maximize the benefits. As such, the Digital, Cognitive,
Multi-domain Alzheimer Risk Velocity (DCMARVel) trial will
assess the impact of a digital lifestyle intervention targeting the
modifiable risk factors for AD in middle-aged to older adults
compared with a health education (HE) control. The
personalized intervention involves health coaching (HC) to
address the lifestyle areas known to be linked to AD risk, such
as diet, exercise, sleep, stress, cognitive training, and social
interaction.

Purpose
Of the studies on multi-domain lifestyle interventions for
reducing AD risk, few have tested middle-aged individuals and
few have implemented digital interventions. Using the
intervention program earlier in the disease course can maximize
its benefits, and using digital technologies rather than relying
on face-to-face implementation can greatly increase the reach
and scalability of these programs. Therefore, the purpose of the
DCMARVel trial is to determine the effects of a 2-year digital,
multi-domain lifestyle intervention on AD risk among at-risk
middle-aged to older adults (45-75 years). Moreover, the digital
and personalized nature of the intervention provides the
opportunity to explore the variables that may contribute to the
accessibility and subsequent adherence to an AD risk reduction
intervention. This paper outlines the study protocol and baseline
characteristics of the study population. The main aims of this
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study are as follows: (1) to determine the effect of a 2-year
digital, multi-domain AD risk reduction intervention on the
overall risk of AD in adults at risk of developing the disease;
(2) to determine the effect of digital interventions on the rate
of cognitive decline; and (3) to determine the effect of digital
interventions on the changes in general health outcomes.

Methods

Study Design and Participants
This is a single-site, 2-year randomized controlled trial (RCT).
The participants include men and women aged from 45 to 75

years who have risk factors for dementia. Each participant has
been informed of the purpose of the intervention and has agreed
to be assigned randomly into 1 of the 2 study groups (HC or
HE).

To be included in the study, the participants must have at least
2 positive risk factors for AD as determined by the Australian
National University-Alzheimer Disease Risk Index
(ANU-ADRI) [11] and not more than 1 protective factor (eg,
high level of physical activity). Textbox 1 shows the complete
list of the inclusion and exclusion criteria. The participants will
complete 4 study visits over 2 years: at baseline and 4, 12, and
24 months.

Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

• Age: 45-75 years

• BMI: 18.5-39.9 kg/m2

• Fluent in English (written and spoken)

• At least 2 of the following risk factors for Alzheimer disease (AD) from Australian National University-Alzheimer Disease Risk Index (ANU-ADRI):

• High school education or less

• Overweight or class I or class II obese (BMI 25-39.9 kg/m2)

• History of diabetes, hypertension, high cholesterol, smoking, or traumatic brain injury

• At most, 1 of the following protective factors for AD from ANU-ADRI:

• High level of physical activity (as defined by the high International Physical Activity Questionnaire category)

• High fish consumption (as defined by consumption of fish or seafood that is not fried, for >5-6 times per week)

• High level of cognitive engagement (as defined by engaging in at least 6 of the following activities several times a week: reading a book,
newspaper, or magazine; playing brain games; playing games; writing letters or emails; participating in web-based social network activities;
attending a concert, play, or musical; or visiting a library)

• Ability to send and receive SMS text messages

• Own a smartphone with a reliable internet connection and willing to use email

• Ability to participate in light to moderate physical activity

• Willing to be randomized

Exclusion criteria

• Physician diagnosis of the following:

• Mental health condition (eg, eating disorder, alcohol and substance use, and schizophrenia)

• Neurologic conditions (eg, epilepsy, stroke, multiple sclerosis, Parkinson disease, brain tumor, or severe traumatic brain injury)

• Dementia, probable dementia, or mild cognitive impairment

• Other significant health condition (eg, congestive heart failure, chronic obstructive pulmonary disease, coronary artery disease, renal failure,
chronic kidney disease, and pulmonary hypertension)

• Recent cardiovascular event or recent treatment for cancer (within the last year), on dialysis, or on active organ transplant list

• Visual problems that prevent viewing screen at a normal distance (eg, legal blindness, detached retina, and occlusive cataracts)

• History of learning disability

• Currently participating in a formal cognitive training coaching program or other lifestyle change program (eg, diabetes prevention program)

• Currently pregnant or planning to become pregnant in the next 2 years

• Not meeting all the inclusion criteria
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During the first visit, after eligibility was confirmed and
informed consent was obtained, the participants completed a
baseline survey. The survey contained questions about
demographics (age, race or ethnicity, and education level),
contact information, sleep, stress, anxiety, depression, general
well-being, and dementia risk. Then, the participants completed
a set of cognitive assessments, including the Repeatable Battery
for the Assessment of Neuropsychological Status (RBANS)
[19] and the Neurotrack digital assessments. Next, the
participants completed a series of physical evaluations, including
the Short Physical Performance Battery, 6-minute walk test

(6MWT), dual-task, hand grip, and sit-to-stand lower-body
power assessment. Finally, biometric data were collected,
including body composition: BMI, body fat using dual-energy
x-ray absorptiometry, and resting heart rate; blood pressure;
fasting blood glucose; lipid panel—total cholesterol,
high-density lipoprotein (HDL), low-density lipoprotein (LDL),
and triglycerides; brain-derived neurotrophic factor;
interleukin-6; high-sensitivity C-reactive protein; and APOE
status. Reassessment will occur after 4, 12, and 24 months and
will include the collection of most but not all of the data
collected at baseline (Table 1).

JMIR Res Protoc 2022 | vol. 11 | iss. 2 | e31841 | p. 4https://www.researchprotocols.org/2022/2/e31841
(page number not for citation purposes)

Gray et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Summary of measures collected at each study visit.

24 months12 months4 monthsBaselineCategory and measurement

NoNoNobYesaInformed consent

Demographics

NoNoNoYesAge (years)

NoNoNoYesRace

NoNoNoYesEducation level

NoNoNoYesMarital status

YesYesYesYesResting blood pressure (heart rate)

YesYesYesYesSupplement and medication list

Body composition

YesYesYesYesHeight and weight; BMI

YesYesYesYesBody fat (DXAc)

Bloodwork

YesYesYesYesLipids (LDLd, HDLe, TCf, and triglycerides)

YesYesYesYesGlucose

YesYesYesYesBDNFg

YesYesYesYeshs-CRPh

YesYesYesYesIL-6i

ANU-ADRIj

YesYesYesYesSmoking and drinking habits

YesYesYesYesExercise and dietary patterns

YesYesYesYesHistory of diabetes, depression, high cholesterol, and TBIk

YesYesYesYesSocial engagement and cognitive activity

YesYesYesYesFish intake

YesYesYesYesPesticide exposure

RBANSl (total and subscales)

YesYesYesYesImmediate memory

YesYesYesYesDelayed memory

YesYesYesYesVisuospatial and constructional abilities

YesYesYesYesLanguage

YesYesYesYesAttention

Neurotrack digital assessments

YesYesYesYesImage pairs

YesYesYesYesSymbol match

YesYesYesYesItem price

YesYesYesYesArrow match

YesYesYesYesLight reaction

YesYesYesYesPath points

YesYesYesYesDigital choice anxiety survey

Functional fitness measures

YesYesYesYesSPPBm
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24 months12 months4 monthsBaselineCategory and measurement

YesYesYesYes6MWTn

YesYesYesYesDual-task

YesYesYesYesHand grip

YesYesYesYesTENDO sit-to-stand

Behavioral, quality of life, and health care use questions

YesYesYesYesEveryday Cognition (E-Cog-12o)

YesYesYesYesSleep (PSQIp)

YesYesYesYesStress (PSSq)

YesYesYesYesWell-being (SF-12r)

YesYesYesYesLoneliness (UCLAs)

YesYesYesYesDepression (PHQ-9t)

YesYesYesYesAnxiety (GAD-7u)

YesYesYesYesHealth care use (UCSDv)

NoNoNoYesAPOEw status

aWill be measured.
bWill not be measured.
cDXA: dual-energy x-ray absorptiometry.
dLDL: low-density lipoprotein.
eHDL: high-density lipoprotein.
fTC: total cholesterol.
gBDNF: brain-derived neurotropic factor.
hhs-CRP: high-sensitivity C-reactive protein.
iIL-6: interleukin 6.
jANU-ADRI: Australian National University-Alzheimer Disease Risk Index.
kTBI: traumatic brain injury.
lRBANS: Repeatable Battery for the Assessment of Neuropsychological Status.
mSPPB: Short Physical Performance Battery.
n6MWT: 6-minute walk test.
oE-Cog-12: 12-item Everyday Cognition Scale.
pPSQI: Pittsburgh Sleep Quality Index.
qPSS: Perceived Stress Scale.
rSF-12: 12-Item Short Form Health Survey.
sUCLA: University of California, Los Angeles, 3-item Loneliness Scale.
tPHQ-9: 9-item Patient Health Questionnaire.
uGAD-7: General Anxiety Disorder 7-item scale.
vUCSD: University of California at San Diego.
wAPOE: apolipoprotein E.

Cognitive Testing

RBANS Test Battery
The cognitive function of the participants will be assessed using
RBANS [19] at all the 4 time points. Details of this test battery
are published elsewhere [19,20]. In brief, memory (immediate
and delayed), visuospatial and construction, attention, and
language will be tested using a digital (iPad) platform.
Reliability (r=.81) and validity (r=.59) of the RBANS test

battery were previously demonstrated with global cognition
scores when tested with community-dwelling older adults [21].

Neurotrack Test Battery
Neurotrack Technologies has developed a digital battery of
cognitive assessments measuring attention, associative learning,
memory, inhibition, executive function, and processing speed.
The Neurotrack assessments were found to be valid (r=.57),
reliable (r=.73), and able to discriminate between older adults
who are cognitively normal and cognitively impaired [22,23].
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Item Price Test
Associative learning and memory will be assessed using the
Item Price test. This assessment will consist of a familiarization
phase in which the items (eg, various fruits and vegetables) will
be presented along with their associated prices. Immediately
after the familiarization phase, the participants will be presented
with the items and a corresponding price. The participants will
be instructed to select yes or no depending on whether the item
price matches the previously viewed amounts. In total, 60 trials
will be presented, including 24 targets (images previously
paired), 24 foils (images previously present but not paired), and
12 shams (images not presented). Scores will be reported as the
accuracy of identifying the correct item based on its price.

Image Pairs Test
Image pairs is an eye-tracking task that measures visual
recognition memory and learning [22,23]. The participants will
be presented with 110 images, categorized into 4 phases. Phase
1 will be a familiarization phase consisting of 20 images. During
phase 2, the participants will be presented with 2 images—1
novel and 1 previously viewed in phase 1. During this phase,
the participants will be instructed to focus their gaze on the
novel image. Phase 3 will consist of a learning phase in which
the participants will be presented with 2 images and will be
asked to remember their association with each other as pairs.
Phase 4 will consist of 50 trials with 20 targets from phase 3,
20 foils, and 10 sham trials. During this phase, the participants
will be instructed to select yes or no to identify if the presented
images were previously viewed together as a pair. This test will
measure the participant’s ability to learn and identify image
pairs. Scores for phase 2 will be reported as the percentage of
time spent on gazing at the novel image, and for phase 4, it will
be reported as accuracy.

Symbol Match Test
Symbol match is a processing speed and executive functioning
task that uses a paired verification or rejection paradigm (forced
choice). The participants will be instructed to determine whether
2 symbols are equal or unequal using a legend with 9 number
or symbol pairs. The participants will be allotted 2 minutes to
complete as many trials as possible. Scores will be determined
by the number of correct trials minus the number of incorrect
trials.

Arrow Match Test
Arrow Match test is a measure of attention and processing speed.
The participants will be shown 5 arrows in the middle of the
screen and will be instructed to identify the direction of the
middle arrow. The arrow may point in either the same direction
or the opposite direction from the other arrows. The participants
will be presented with 32 trials, and the scores will be reported
as the number of correct responses relative to the time elapsed
during all the trials.

Path Points Test
Executive function will be assessed using the Path Points test.
Similar to the paper-pencil Trail Making Test Part B [24], the
Path Points test is a digital version in which the participants
will be instructed to connect a series of alternating numbers and

letters from 1-A to 7-G. Scores will be reported as the duration
required to complete the 14 responses. Only correct responses
will be considered for scoring.

Light Reaction Test
Reaction time and inhibition will be assessed using the Light
Reaction test. The participants will be presented with either a
positive (green light) or a negative stimulus (red light). The
participants will be instructed to press a button if the positive
stimulus appears and to refrain from pressing the button if the
negative stimulus appears. The average response time for
reacting to the positive stimulus (green light) will be recorded.

Physical Function Assessments
Short Physical Performance Battery consists of 3 assessments:
standing balance, usual walk time, and chair stand performance.
The standing balance score will be compiled from 3 balance
tests: standing with feet together, standing in a semitandem
position, and standing in a full tandem position. If the participant
could stand with their feet together and in the semitandem
position for 10 seconds, 1 point will be given for each condition.
If the participant stands for 10 seconds in the full tandem
position, 2 points will be given, 1 point for 3-9.99 seconds, and
0 points if they do not hold the position for at least 3 seconds.
For the assessment of usual walk time, the participants will be
instructed to walk at their usual pace for 4 m. Scores will range
from 0 to 4 based on the time to completion [25,26]. The chair
stand test will be performed in a standard straight-back chair
(seat height=0.43 m). The participants will be instructed to sit
with both feet on the floor with arms crossed over their chest.
The time to complete 5 chair stands will be recorded, with scores
ranging from 0 to 4. Each component (balance, walking time,
and chair stand) will be summed to generate a composite score;
scores <10 indicate physical dysfunction.

Cardiovascular endurance will be assessed using the 6MWT
[27,28]. The 6MWT will be performed in a well-lit hallway
with cones separated by 25 m. The participants will be instructed
to walk as quickly as possible for 6 minutes. The distance
covered within the 6 minutes will be recorded. The 6MWT is
a valid and reliable estimate of aerobic fitness [28].

Hand grip strength will be assessed using a Takei hand grip
dynamometer (Takei Scientific Instruments Co, Ltd). The
participants will be properly fit and instructed to squeeze
maximally for at least 3 seconds. Verbal encouragement will
be provided. Three trials will be completed on each hand with
a 60-second rest between trials. Hand grip strength is positively
correlated with overall muscle strength and physical mobility
[29-31].

Gait speed will be determined using 2 trials: habitual and fast.
For the habitual trial, the participants will be instructed to walk
20 m at their habitual or usual walking speed. Immediately after
the habitual speed trial, the participants will be instructed to
walk as quickly and as safely as possible without running. Two
trials will be completed for both conditions and only the middle
10 m gait speed distance will be recorded and used for all the
analyses. Gait speed was previously found to be a valid and
reliable measure of physical mobility [32] and cognition [33].
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Immediately after the gait speed trials, the participants will be
instructed to repeat both habitual and fast trials while completing
a serial subtraction cognitive task. The participants will be given
a randomly generated 3-digit number ranging from 100 to 999
and will be instructed to begin walking immediately upon
receiving their number. The participants will walk the entire
distance while subtracting 3 from their assigned number aloud.
Both, time to cover the 10 m distance and correct and incorrect
numbers will be recorded [34-37].

Lower extremity muscular power will be assessed using a power
chair stand [38-40]. The participants will be instructed to sit on
a chair of standard height (0.43 m) with both feet flat on the
floor and arms crossed over their chest. Power (peak and
average) and velocity (peak and average) will be measured using
TENDO (Tendo Sport). Five trials will be completed, and the
average scores will be used for all analyses.

Surveys

ANU-ADRI Tool
ANU-ADRI is an evidence-based 79-item risk assessment tool
designed to predict the risk of future AD development.
ANU-ADRI collects information on education, BMI, cholesterol,
diabetes, history of traumatic brain injury, depression, physical
activity, cognitive engagement, social network, fish intake,
alcohol consumption, smoking, and pesticide exposure [11].
This valid and reliable tool will be used as the primary inclusion
tool and a primary outcome variable in this study. Details of
the ANU-ADRI scoring procedures are published elsewhere
[11]. Briefly, scores for each subsection will be tallied and a
composite risk score will be used for all the analyses. A change
of 2 points in the ANU-ADRI score is considered clinically
meaningful [41].

Anxiety
Anxiety will be assessed using the General Anxiety Disorder
7-item scale [42]. It is a valid and reliable measure of anxiety
among older adults [43]. Scores range from 0 to 21, with higher
scores indicating higher anxiety severity [42].

Loneliness
The University of California, Los Angeles, 3-item Loneliness
Scale [44] will be used to determine the degree of loneliness
among the study population. Scores range from 3 to 9, with
higher scores being associated with greater levels of loneliness.
Scores above 5 indicate loneliness.

Health-Related Quality of Life
Health-related quality of life will be measured using the 12-Item
Short Form Health Survey, which is a valid and reliable measure
of health-related quality of life in many study populations [45].
It is composed of 2 subscales: physical health and mental health.
Scores range from 12 to 47, with higher scores indicating higher
self-reported quality of life.

Perceived Stress
Perceived stress will be assessed using the Perceived Stress
Scale [46]. Scores range from 0 to 40, with lower scores
indicating lower perceived stress. Scores ranging from 0 to 13

indicate low stress, 14 to 26 indicate moderate stress, and >26
indicate high stress.

Physical Activity
Physical activity will be assessed using the International
Physical Activity Questionnaire, which is the physical activity
component of the ANU-ADRI. This survey is a valid and
reliable self-report tool for quantifying moderate, vigorous, and
sedentary behaviors [47]. The International Physical Activity
Questionnaire specifically asks about the participant’s physical
activity performed within the previous 7 days.

Health Care Use
The health care use form of the University of California at San
Diego will be used to quantify how frequently the participants
have visited their physician or used any form of health care
within the previous 3 months. Higher values indicate more
health care use during the time frame [48].

Sleep
Sleep quality will be assessed using the Pittsburgh Sleep Quality
Index. This 9-item assessment produces a score ranging from
0 to 27, with higher scores indicating poorer sleep. Individuals
scoring ≥5 are deemed poor sleepers [49,50].

Depression
Depression will be assessed using 2 surveys. The Patient Health
Questionnaire is a 9-item questionnaire with scores ranging
from 0 to 27. Higher scores indicate higher levels of depression
[51]. The Center for Epidemiological Studies-Depression is a
20-item depression scale. Higher values indicate higher levels
of depression, with a score ≥16 indicating individuals at risk
for clinical depression. The Center for Epidemiological
Studies-Depression is a part of the ANU-ADRI [11].

Everyday Cognition
The 12-item Everyday Cognition scale is a brief questionnaire
designed to detect cognitive and functional decline. This scale
has been shown to correlate with functional measures and
neuropsychological scores in people with normal cognitive
function, mild cognitive impairment (MCI), and AD [52].

Blood Biomarkers
Blood sample will be collected at each of the 4 study visits.
High-sensitivity C-reactive protein, interleukin-6, and
brain-derived neurotrophic factor will be analyzed by a
third-party laboratory. Cholesterol (total, HDL, and LDL),
triglycerides, and blood glucose levels will be analyzed in whole
blood using a Cholestech LDX system (Abbott Laboratories).
Whole blood will be collected in a 40 µL capillary tube,
immediately transferred into a Cholestech cartridge, and
analyzed. Cholestech LDX values are valid and reliable for the
assessment of triglycerides, LDL, HDL, and total cholesterol
[53]. APOE status will be analyzed at baseline only.

Study Arms

Randomization
Before the recruitment of participants into the intervention, all
the study ID numbers were randomly preassigned. A member
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of the research team assigned each study ID to a number
generated by a random numbers table. As participants (who met
all the inclusion criteria and none of the exclusion criteria and
signed the informed consent form) were enrolled in the study,
they were assigned a study ID number.

HC Intervention
The participants randomly allocated into the HC arm of the
study will be assigned a personal health coach to work with for
the duration of the study. HC will take place remotely through
videoconferences and asynchronous chat messages and focus
on helping the participants improve their brain health by working
on the following lifestyle domains: nutrition, physical activity,
sleep, stress, social engagement, and cognitive activity. HC will
communicate with the participants about each of these
modifiable risk factors and then tailor their recommendations
and communications to the specific lifestyle areas needed for
each participant. HC participants will also be provided access
to a cognitive health app (Citruslabs), through which they can
access cognitive training activities, workout routines, and
recipes. HC is different from traditional interventions used in
RCTs. Instead of testing a uniform program to fit all the
participants, the HC recommendations and communications
will be tailored by the coach to fit each participant’s unique
needs.

The HC will actively reach out to participants 1-2 times per
week through asynchronous messages and will provide articles
on various lifestyle modifications, such as nutrition information
and physical activity, based on the focus for each participant.
In addition, the participants will have unlimited access to their
coach to ask questions or obtain the coach’s recommendations.
Meetings with the coach will be scheduled on a monthly basis
through videoconference or phone to assess the progress toward
the goals, discuss any barriers they have encountered, and
strategize personalized ways to attain the goals. The lifestyle
domains will be chosen based on a combination of the
participant’s preferences and the coach’s recommendations. For
example, if the HC identifies nutrition as the primary source of
need for a participant but the participant is not ready to work
on that area, the HC will make alternative recommendations to
meet the participant where they feel ready to make a change.

The HC intervention is designed to support participants through
the recommended lifestyle changes to improve brain health and
reduce dementia risk. The topics that will be discussed during
the initial intake session include (1) description of the HC
process, (2) description of lifestyle domains and how they are
related to brain health, (3) gathering information from the
participant on which lifestyle domains they seek and are willing
to improve, (4) assessing motivation and readiness for change,
and (5) assisting the participant for creating a vision for their
future, including appropriate goal-setting. Although the monthly
follow-up coaching sessions can differ between participants,
they will typically include (1) reassessing goals and making
appropriate modifications to meet personal health goals and (2)
supporting the participant in overcoming the challenges they
meet throughout their personal journey.

HE Control
Participants randomly assigned to the HE control group will
receive biweekly emails including information on how to change
their lifestyle to improve their brain health. To independently
evaluate the efficacy of the intervention, the same lifestyle
domains will be covered in both arms of the study. These
lifestyle domains include physical activity, dietary habits, sleep,
stress, social engagement, and cognitive activity. Throughout
the duration of the intervention, the participants will only have
access to the study staff during their on-site testing sessions.
After the intervention, the number of articles opened by the
participant will be tallied to determine engagement from the
control group.

Participant Recruitment
Participants were recruited in northwest Arkansas using local
radio, email, social media advertisements, and word of mouth.
The participants who met all the inclusion criteria and none of
the exclusion criteria were randomly assigned to one of the
groups before any assessments were completed.

The goal sample size for this study is approximately 200
participants. This sample size is considered sufficient to achieve
random assortment, which was validated after examining the
baseline characteristics of both groups. Cross-sectional,
between-group differences in the baseline ANU-ADRI scores
will be assessed using analysis of variance (ANOVA).
Longitudinal studies following cognitively intact older adults
have documented a 0.8 RBANS standard score change (SD
13.8) over a 12-month period [54]. Owing to the younger and
wider age range to be recruited, we conservatively estimated a
1.75 standard score change with a comparable SD 10 among
the control participants. In a 12-month pilot study of a similar
intervention, a 5.8 (SD 7.4) standard score point increase on
RBANS (ie, improvement) was found [55]. Assuming no
additional improvement owing to a longer intervention, a sample
size of 100 participants per group provides 80% power to detect
a difference of 3.3 points between the intervention groups on
the RBANS total index score (Cohen d=0.33) with an α of .05
and accounting for up to 20% attrition.

Statistical Analyses
Using the results of previous web-based intervention studies
designed to reduce AD risk in an RCT design [11,56], a 2-point
difference in the ANU-ADRI total score between the groups is
expected over time [41]. A longitudinal observational study
among adults demonstrated that a 1-point increase in
ANU-ADRI score is associated with an 8% increase in the risk
for developing MCI or dementia, mediated by brain volume,
over the following 12 years [57]. A 2.5-point within-group
change was found to be statistically significant in a web
intervention [11]. Owing to the population health effects that
are possible with a scalable remote intervention, these metrics
are clinically and statistically meaningful at the individual and
group levels.

Exploratory analyses will be performed on an intent-to-treat
basis. One-way ANOVA will be used to compare the groups
on functional fitness; biomarker measures; health-related
variables; and digital, cognitive assessments at baseline. In
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addition, sex differences in baseline characteristics and change
scores will be evaluated using a 2×2 (group and sex) ANOVA.
Repeated measures ANOVA will be used to determine the
differences over time between the groups. APOE status and the
presence of homozygous E4 alleles will be used as a
dichotomous variable and as a covariate for change in results
after the intervention.

Ethics Approval Statement
The study was approved by the University of Arkansas
Institutional Review Board. All participants signed an approved

consent form in accordance with the ethical standards of
Helsinki.

Results

The enrollment funnel for the DCMARVel trial is shown in
Figure 1. Enrollment took place between January 2021 and June
2021. The baseline characteristics of the study population are
presented in Table 2. A total of 204 adults (n=152, 74.5%
women and n=52, 25.5% men) have completed the baseline
testing. The participants are aged 45-75 years (mean 61.9, SD
8.3 years).

Figure 1. Participant screening and enrollment funnel.

Table 2. Baseline characteristics (N=204).

P valueaTotal (N=204)Health coaching (n=103)Health education (n=101)Variables

.3861.9 (8.3)62.4 (7.6)61.4 (8.9)Age (years), mean (SD)

—b152 (74.5)75 (72.8)77 (76.2)Sex (female), n (%)

—198 (97.1)100 (97.1)98 (97)Ethnicity (White), n (%)

.90−1.68 (7.31)−1.75 (7.32)−1.61 (7.34)ANU-ADRIc total, mean (SD)

.488.68 (5.73)8.41 (5.57)8.97 (5.91)ANU-ADRI risk, mean (SD)

.72−10.26 (4.54)−10.15 (4.60)−10.38 (4.49)ANU-ADRI protective, mean (SD)

aObtained from 2-tailed t test.
bNo statistical analysis was performed.
cANU-ADRI: Australian National University-Alzheimer Disease Risk Index.
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Discussion

Principal Findings
To our knowledge, this study is the first large-scale 2-year RCT
to examine the effect of a digital multi-domain lifestyle
intervention on reducing AD risk among a population that
includes adults as young as 45 years. Improving the modifiable
risk factors for AD has the greatest potential to impact disease
development when implemented early and in a targeted manner
and effective treatments hinge upon early identification and
appropriate lifestyle modification. Although several
single-domain interventions have been implemented with little
success, multi-domain interventions have demonstrated greater
levels of improvement [8,15,16]. However, many of these
interventions have focused on cognitive change among older
adults at risk for dementia [8,16]. In addition, the interventions
have largely been designed for face-to-face implementation;
therefore, greatly reducing the scalability and public health
impact of the programs. Thus, this study will focus on impacting
multiple lifestyle domains linked to AD risk in a younger
population than that studied previously [8,9,17,18].

The HC intervention will address 6 lifestyle domains that have
been linked to the development of dementia later in life: diet,
exercise, sleep, stress, social engagement, and cognitive activity.
In addition to receiving HE material similar to the control group,
participants in the intervention arm will work with a health
coach to develop and implement changes to the lifestyle areas
that they are ready to work on. The tailored nature of the
program is designed to maximize the behavior change outcomes.

Dietary habits are an important modifiable risk factor for
dementia. The Mediterranean-DASH intervention for
neurodegenerative delay (MIND) diet is recommended to
participants based on its positive effects on brain health [9,58].
Even moderate adherence to the MIND diet has been linked to
better brain health and reduced dementia risk in the long term.
In the studies by Morris et al [9,58], participants in the top tertile
of the MIND diet scores showed a 53% reduction in the rate of
developing AD compared with participants in the lowest tertile
and participants in the middle tertile also showed a statistically
significant 35% reduction in AD rate compared with those in
the first tertile. The diet is also easy to follow because it
emphasizes eating more of the recommended foods, such as
berries and leafy greens, and less of the unhealthy foods, such
as butter and sweets, rather than requiring a strict eating plan.
This type of dietary pattern will allow the HC to make
substitutions, modifications, and adjustments in the
recommendations based on dietary needs and preferences.

Habitual physical inactivity is associated with many chronic
health conditions such as type 2 diabetes, cardiovascular disease,
and hypertension [59]. More recently, research has suggested
that higher cardiorespiratory fitness and physical activity
participation have a positive association with cognitive
performance [59,60]. Acute exercise has been associated with
improved performance in many cognitive paradigms, but the
greatest effect has been noted on executive function and reaction
time and smaller effects have been noted on memory and
processing speed [60,61]. The physical activity

recommendations made by the HC will be determined by the
participant’s current level of exercise and their readiness to do
more.

Sleep is an important aspect of both brain health and overall
health. Aging is often associated with changes in sleep patterns
[62]. The causes of these changes are not well understood, but
have been linked to reductions in neurocognitive function [63].
In addition, adults with dementia or AD often experience
significant disturbances in sleep quality and sleep patterns
[62,63]. Although it is well-recognized that sleep disturbances
are common among adults with dementia and AD, identification
of sleep disturbances earlier in life may be predictive of future
cognitive decline [62]. The HC will work with participants to
identify any existing sleep issues and implement strategies to
improve the quality and quantity of sleep.

Stress is a multifactorial response to both internal and external
stimuli. However, exposure to chronic stress can result in major
illnesses and ailments [64,65]. Many studies have linked the
exposure to chronic stress with cardiovascular disease [64] and
cognitive dysfunction [66]. The specific mechanisms underlying
this link have not yet been fully elucidated. However, a potential
mechanism includes stress hormones that decrease the glutamate
receptor function in the prefrontal cortex [67]. This is important
because the prefrontal cortex is responsible for many aspects
of executive function, including working memory and inhibition
[68]. The participants will work with the HC on personalized
strategies to reduce stress based on their individual
circumstances and needs.

Loneliness has recently been identified as a positive predictor
of dementia among older adults. After a 3-year follow-up, older
adults with self-reported feelings of loneliness and living alone
showed an approximately 2.5-fold increase in the risk of
dementia [69]. A recent meta-analysis supports these results by
suggesting that the relative risk of dementia is 25% higher
among older adults with feelings of loneliness when compared
with those with a greater social network [70]. The HC will work
with the participants to assess their level of social engagement
or loneliness and make changes as needed.

Low cognitive engagement has previously been linked with
increased risk of dementia [71,72]. This particular risk factor
has gained significant attention in recent years because it is one
of the easiest risk factors to be modified. Cognitive engagement
or brain training research has increased significantly over the
past few years, but the results have been inconclusive.
Bahar-Fuchs et al [73,74] examined changes in global cognition
after 8 weeks of cognitive training and found improvements in
cognitive function that persisted during a 6-month follow-up
period. Edwards et al [75] found that training cognitive
processing speed lowered the risk of developing dementia by
29%, whereas memory training and cognitive reasoning reduced
dementia risk by 21% [75]. It is likely that sustained
participation in cognitively challenging activities, such as
learning an instrument or doing crossword puzzles, has a
positive impact on brain health in the long term [76-78]. The
health coach will work with the participants to identify activities
that are of interest to them and encourage regular practice.
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Conclusions
The results of this study can produce a novel and highly scalable
intervention strategy to reduce the risk of cognitive decline
before MCI or AD diagnoses occur. The primary outcome in
the DCMARVel trial is AD risk reduction as determined by
ANU-ADRI [11]. With the wide range of secondary outcomes

(eg, physical, blood biomarkers, and psychosocial), the relative
contribution to AD risk reduction can be estimated in addition
to changes over time. As the HC program is designed to address
multiple factors contributing to vascular disease (eg, physical
activity and dietary habits), the intervention is expected to
improve cognitive outcomes over time by significantly reducing
AD risk using a digital and scalable format.

Conflicts of Interest
ENM, JMG, and JM are employed by Neurotrack. They receive salary and hold equity in the company.

References

1. Mecocci P, Boccardi V. The impact of aging in dementia: it is time to refocus attention on the main risk factor of dementia.
Ageing Res Rev 2021 Jan;65:101210 [FREE Full text] [doi: 10.1016/j.arr.2020.101210] [Medline: 33186671]

2. Alzheimer's Association. 2020 Alzheimer's disease facts and figures. Alzheimers Dement 2020 Mar 10:391-460 [FREE
Full text] [doi: 10.1002/alz.12068] [Medline: 32157811]

3. Mensah GA, Wei GS, Sorlie PD, Fine LJ, Rosenberg Y, Kaufmann PG, et al. Decline in cardiovascular mortality: possible
causes and implications. Circ Res 2017 Jan 20;120(2):366-380 [FREE Full text] [doi: 10.1161/CIRCRESAHA.116.309115]
[Medline: 28104770]

4. Honig LS, Mayeux R. Natural history of Alzheimer's disease. Aging (Milano) 2001 Jun;13(3):171-182. [doi:
10.1007/BF03351476] [Medline: 11442300]

5. Alzheimer's Association. 2021 Alzheimer's disease facts and figures. Alzheimers Dement 2021 Mar;17(3):327-406. [doi:
10.1002/alz.12328] [Medline: 33756057]

6. 2020 profile of older Americans. US Department of Health and Human Services - Administration for Community Living.
2021. URL: https://acl.gov/sites/default/files/Aging%20and%20Disability%20in%20America/2020ProfileOlderAmericans.
Final_.pdf [accessed 2021-11-30]

7. Hill NT, Mowszowski L, Naismith SL, Chadwick VL, Valenzuela M, Lampit A. Computerized cognitive training in older
adults with mild cognitive impairment or dementia: a systematic review and meta-analysis. Am J Psychiatry 2017 Apr
01;174(4):329-340. [doi: 10.1176/appi.ajp.2016.16030360] [Medline: 27838936]

8. Kivipelto M, Mangialasche F, Ngandu T. Lifestyle interventions to prevent cognitive impairment, dementia and Alzheimer
disease. Nat Rev Neurol 2018 Nov 5;14(11):653-666. [doi: 10.1038/s41582-018-0070-3] [Medline: 30291317]

9. Morris MC, Tangney CC, Wang Y, Sacks FM, Bennett DA, Aggarwal NT. MIND diet associated with reduced incidence
of Alzheimer's disease. Alzheimers Dement 2015 Sep;11(9):1007-1014 [FREE Full text] [doi: 10.1016/j.jalz.2014.11.009]
[Medline: 25681666]

10. Kivipelto M, Solomon A, Ahtiluoto S, Ngandu T, Lehtisalo J, Antikainen R, et al. The Finnish Geriatric Intervention Study
to Prevent Cognitive Impairment and Disability (FINGER): study design and progress. Alzheimers Dement 2013
Nov;9(6):657-665. [doi: 10.1016/j.jalz.2012.09.012] [Medline: 23332672]

11. Anstey KJ, Cherbuin N, Herath PM. Development of a new method for assessing global risk of Alzheimer's disease for use
in population health approaches to prevention. Prev Sci 2013 Aug;14(4):411-421 [FREE Full text] [doi:
10.1007/s11121-012-0313-2] [Medline: 23319292]

12. Barnes J, Dickerson BC, Frost C, Jiskoot LC, Wolk D, van der Flier WM. Alzheimer's disease first symptoms are age
dependent: evidence from the NACC dataset. Alzheimers Dement 2015 Nov;11(11):1349-1357 [FREE Full text] [doi:
10.1016/j.jalz.2014.12.007] [Medline: 25916562]

13. Young J, Angevaren M, Rusted J, Tabet N. Aerobic exercise to improve cognitive function in older people without known
cognitive impairment. Cochrane Database Syst Rev 2015 Apr 22;4(4):CD005381. [doi: 10.1002/14651858.CD005381.pub4]
[Medline: 25900537]

14. Bartochowski Z, Conway J, Wallach Y, Chakkamparambil B, Alakkassery S, Grossberg GT. Dietary interventions to
prevent or delay Alzheimer's disease: what the evidence shows. Curr Nutr Rep 2020 Sep 18;9(3):210-225. [doi:
10.1007/s13668-020-00333-1] [Medline: 32681411]

15. Bott NT, Hall A, Madero EN, Glenn JM, Fuseya N, Gills JL, et al. Face-to-face and digital multidomain lifestyle interventions
to enhance cognitive reserve and reduce risk of Alzheimer's disease and related dementias: a review of completed and
prospective studies. Nutrients 2019 Sep 19;11(9):2258 [FREE Full text] [doi: 10.3390/nu11092258] [Medline: 31546966]

16. Ngandu T, Lehtisalo J, Solomon A, Levälahti E, Ahtiluoto S, Antikainen R, et al. A 2 year multidomain intervention of
diet, exercise, cognitive training, and vascular risk monitoring versus control to prevent cognitive decline in at-risk elderly
people (FINGER): a randomised controlled trial. Lancet 2015 Jun 06;385(9984):2255-2263. [doi:
10.1016/S0140-6736(15)60461-5] [Medline: 25771249]

JMIR Res Protoc 2022 | vol. 11 | iss. 2 | e31841 | p. 12https://www.researchprotocols.org/2022/2/e31841
(page number not for citation purposes)

Gray et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://doi.org/10.1016/j.arr.2020.101210
http://dx.doi.org/10.1016/j.arr.2020.101210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33186671&dopt=Abstract
https://doi.org/10.1002/alz.12068
https://doi.org/10.1002/alz.12068
http://dx.doi.org/10.1002/alz.12068
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32157811&dopt=Abstract
http://europepmc.org/abstract/MED/28104770
http://dx.doi.org/10.1161/CIRCRESAHA.116.309115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28104770&dopt=Abstract
http://dx.doi.org/10.1007/BF03351476
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11442300&dopt=Abstract
http://dx.doi.org/10.1002/alz.12328
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33756057&dopt=Abstract
https://acl.gov/sites/default/files/Aging%20and%20Disability%20in%20America/2020ProfileOlderAmericans.Final_.pdf
https://acl.gov/sites/default/files/Aging%20and%20Disability%20in%20America/2020ProfileOlderAmericans.Final_.pdf
http://dx.doi.org/10.1176/appi.ajp.2016.16030360
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27838936&dopt=Abstract
http://dx.doi.org/10.1038/s41582-018-0070-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30291317&dopt=Abstract
http://europepmc.org/abstract/MED/25681666
http://dx.doi.org/10.1016/j.jalz.2014.11.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25681666&dopt=Abstract
http://dx.doi.org/10.1016/j.jalz.2012.09.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23332672&dopt=Abstract
http://europepmc.org/abstract/MED/23319292
http://dx.doi.org/10.1007/s11121-012-0313-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23319292&dopt=Abstract
http://europepmc.org/abstract/MED/25916562
http://dx.doi.org/10.1016/j.jalz.2014.12.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25916562&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD005381.pub4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25900537&dopt=Abstract
http://dx.doi.org/10.1007/s13668-020-00333-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32681411&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu11092258
http://dx.doi.org/10.3390/nu11092258
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31546966&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(15)60461-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25771249&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


17. van Charante EP, Richard E, Eurelings LS, van Dalen J, Ligthart SA, van Bussel EF, et al. Effectiveness of a 6-year
multidomain vascular care intervention to prevent dementia (preDIVA): a cluster-randomised controlled trial. Lancet 2016
Aug 20;388(10046):797-805. [doi: 10.1016/S0140-6736(16)30950-3] [Medline: 27474376]

18. Rolland Y, Barreto PS, Maltais M, Guyonnet S, Cantet C, Andrieu S, et al. Effect of long-yerm Omega 3 polyunsaturated
fatty acid supplementation with or without multidomain lifestyle intervention on muscle strength in older adults: secondary
analysis of the Multidomain Alzheimer Preventive Trial (MAPT). Nutrients 2019 Aug 16;11(8):377-389 [FREE Full text]
[doi: 10.3390/nu11081931] [Medline: 31426362]

19. Randolph C, Tierney MC, Mohr E, Chase TN. The Repeatable Battery for the Assessment of Neuropsychological Status
(RBANS): preliminary clinical validity. J Clin Exp Neuropsychol 1998 Jun;20(3):310-319. [doi: 10.1076/jcen.20.3.310.823]
[Medline: 9845158]

20. Thaler NS, Hill BD, Duff K, Mold J, Scott JG. Repeatable Battery for the Assessment of Neuropsychological Status
(RBANS) intraindividual variability in older adults: associations with disease and mortality. J Clin Exp Neuropsychol 2015
Jul 13;37(6):622-629. [doi: 10.1080/13803395.2015.1039962] [Medline: 26168246]

21. Cheng Y, Wu W, Wang J, Feng W, Wu X, Li C. Reliability and validity of the Repeatable Battery for the Assessment of
Neuropsychological Status in community-dwelling elderly. Arch Med Sci 2011 Oct;7(5):850-857 [FREE Full text] [doi:
10.5114/aoms.2011.25561] [Medline: 22291831]

22. Gills JL, Bott NT, Madero EN, Glenn JM, Gray M. A short digital eye-tracking assessment predicts cognitive status among
adults. Geroscience 2021 Feb 01;43(1):297-308 [FREE Full text] [doi: 10.1007/s11357-020-00254-5] [Medline: 32870437]

23. Gills JL, Glenn JM, Madero EN, Bott NT, Gray M. Validation of a digitally delivered visual paired comparison task:
reliability and convergent validity with established cognitive tests. Geroscience 2019 Aug;41(4):441-454 [FREE Full text]
[doi: 10.1007/s11357-019-00092-0] [Medline: 31463649]

24. Lezak MD. Neuropsychological Assessment 3rd Ed. New York: Oxford University Press; 1995:1-1026.
25. Guralnik JM, Ferrucci L, Pieper CF, Leveille SG, Markides KS, Ostir GV, et al. Lower extremity function and subsequent

disability: consistency across studies, predictive models, and value of gait speed alone compared with the short physical
performance battery. J Gerontol A Biol Sci Med Sci 2000 Apr;55(4):221-231. [doi: 10.1093/gerona/55.4.m221] [Medline:
10811152]

26. Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG, et al. A short physical performance battery
assessing lower extremity function: association with self-reported disability and prediction of mortality and nursing home
admission. J Gerontol 1994 Mar;49(2):85-94. [doi: 10.1093/geronj/49.2.m85] [Medline: 8126356]

27. Rikli RE, Jones CJ. Development and validation of criterion-referenced clinically relevant fitness standards for maintaining
physical independence in later years. Gerontologist 2013 Apr 20;53(2):255-267. [doi: 10.1093/geront/gns071] [Medline:
22613940]

28. Rikli R, Jones CJ. Senior Fitness Test Manual. Champaign, IL: Human Kinetics; 2001:1-176.
29. Bohannon RW. Hand-grip dynamometry provides a valid indication of upper extremity strength impairment in home care

patients. J Hand Ther 1998 Oct;11(4):258-260. [doi: 10.1016/s0894-1130(98)80021-5]
30. Bohannon RW. Are hand-grip and knee extension strength reflective of a common construct? Percept Mot Skills 2012 Apr

01;114(2):514-518. [doi: 10.2466/03.26.pms.114.2.514-518]
31. Bohannon RW. Muscle strength: clinical and prognostic value of hand-grip dynamometry. Curr Opin Clin Nutr Metab Care

2015 Sep;18(5):465-470. [doi: 10.1097/MCO.0000000000000202] [Medline: 26147527]
32. Cesari M. Role of gait speed in the assessment of older patients. J Am Med Assoc 2011 Jan 05;305(1):93-94. [doi:

10.1001/jama.2010.1970] [Medline: 21205972]
33. Fitzpatrick AL, Buchanan CK, Nahin RL, Dekosky ST, Atkinson HH, Carlson MC, Ginkgo Evaluation of Memory (GEM)

Study Investigators. Associations of gait speed and other measures of physical function with cognition in a healthy cohort
of elderly persons. J Gerontol A Biol Sci Med Sci 2007 Nov 01;62(11):1244-1251. [doi: 10.1093/gerona/62.11.1244]
[Medline: 18000144]

34. Gray M, Gills J, Glenn J, Vincenzo J, Walter C, Madero E, et al. Cognitive decline negatively impacts physical function.
Exp Gerontol 2021 Jan;143:111164 [FREE Full text] [doi: 10.1016/j.exger.2020.111164] [Medline: 33232795]

35. Hausdorff JM, Nelson ME, Kaliton D, Layne JE, Bernstein MJ, Nuernberger A, et al. Etiology and modification of gait
instability in older adults: a randomized controlled trial of exercise. J Appl Physiol (1985) 2001 Jun 01;90(6):2117-2129
[FREE Full text] [doi: 10.1152/jappl.2001.90.6.2117] [Medline: 11356774]

36. McCulloch KL, Mercer V, Giuliani C, Marshall S. Development of a clinical measure of dual-task performance in walking:
reliability and preliminary validity of the Walking and Remembering Test. J Geriatr Phys Ther 2009;32(1):2-9. [doi:
10.1519/00139143-200932010-00002] [Medline: 19856629]

37. Montero-Odasso M, Verghese J, Beauchet O, Hausdorff JM. Gait and cognition: a complementary approach to understanding
brain function and the risk of falling. J Am Geriatr Soc 2012 Nov;60(11):2127-2136 [FREE Full text] [doi:
10.1111/j.1532-5415.2012.04209.x] [Medline: 23110433]

38. Gray M, Paulson S. Developing a measure of muscular power during a functional task for older adults. BMC Geriatr 2014
Dec 30;14(1):145 [FREE Full text] [doi: 10.1186/1471-2318-14-145] [Medline: 25551186]

JMIR Res Protoc 2022 | vol. 11 | iss. 2 | e31841 | p. 13https://www.researchprotocols.org/2022/2/e31841
(page number not for citation purposes)

Gray et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1016/S0140-6736(16)30950-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27474376&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu11081931
http://dx.doi.org/10.3390/nu11081931
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31426362&dopt=Abstract
http://dx.doi.org/10.1076/jcen.20.3.310.823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9845158&dopt=Abstract
http://dx.doi.org/10.1080/13803395.2015.1039962
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26168246&dopt=Abstract
http://europepmc.org/abstract/MED/22291831
http://dx.doi.org/10.5114/aoms.2011.25561
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22291831&dopt=Abstract
http://europepmc.org/abstract/MED/32870437
http://dx.doi.org/10.1007/s11357-020-00254-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32870437&dopt=Abstract
http://europepmc.org/abstract/MED/31463649
http://dx.doi.org/10.1007/s11357-019-00092-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31463649&dopt=Abstract
http://dx.doi.org/10.1093/gerona/55.4.m221
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10811152&dopt=Abstract
http://dx.doi.org/10.1093/geronj/49.2.m85
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8126356&dopt=Abstract
http://dx.doi.org/10.1093/geront/gns071
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22613940&dopt=Abstract
http://dx.doi.org/10.1016/s0894-1130(98)80021-5
http://dx.doi.org/10.2466/03.26.pms.114.2.514-518
http://dx.doi.org/10.1097/MCO.0000000000000202
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26147527&dopt=Abstract
http://dx.doi.org/10.1001/jama.2010.1970
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21205972&dopt=Abstract
http://dx.doi.org/10.1093/gerona/62.11.1244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18000144&dopt=Abstract
https://doi.org/10.1016/j.exger.2020.111164
http://dx.doi.org/10.1016/j.exger.2020.111164
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33232795&dopt=Abstract
https://journals.physiology.org/doi/10.1152/jappl.2001.90.6.2117?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1152/jappl.2001.90.6.2117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11356774&dopt=Abstract
http://dx.doi.org/10.1519/00139143-200932010-00002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19856629&dopt=Abstract
http://europepmc.org/abstract/MED/23110433
http://dx.doi.org/10.1111/j.1532-5415.2012.04209.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23110433&dopt=Abstract
https://bmcgeriatr.biomedcentral.com/articles/10.1186/1471-2318-14-145
http://dx.doi.org/10.1186/1471-2318-14-145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25551186&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


39. Glenn JM, Gray M, Binns A. Relationship of sit-to-stand lower-body power with functional fitness measures among older
adults with and without sarcopenia. J Geriatr Phys Ther 2017;40(1):42-50. [doi: 10.1519/JPT.0000000000000072] [Medline:
26428899]

40. Glenn JM, Gray M, Vincenzo JL, Stone MS. Functional lower-body power: a comparison study between physically inactive,
recreationally active, and masters athlete late-middle-aged adults. J Aging Phys Act 2016 Oct;24(4):501-507. [doi:
10.1123/japa.2015-0208] [Medline: 26796422]

41. McMaster M, Kim S, Clare L, Torres S, Cherbuin N, D Este C, et al. Lifestyle risk factors and cognitive outcomes from
the multidomain dementia risk reduction randomized controlled trial, Body Brain Life for Cognitive Decline (BBL-CD).
J Am Geriatr Soc 2020 Nov;68(11):2629-2637 [FREE Full text] [doi: 10.1111/jgs.16762] [Medline: 32909259]

42. Spitzer RL, Kroenke K, Williams JB, Löwe B. A brief measure for assessing generalized anxiety disorder: the GAD-7.
Arch Intern Med 2006 May 22;166(10):1092-1097. [doi: 10.1001/archinte.166.10.1092] [Medline: 16717171]

43. Löwe B, Decker O, Müller S, Brähler E, Schellberg D, Herzog W, et al. Validation and standardization of the Generalized
Anxiety Disorder Screener (GAD-7) in the general population. Med Care 2008 Mar;46(3):266-274. [doi:
10.1097/MLR.0b013e318160d093] [Medline: 18388841]

44. Hughes ME, Waite LJ, Hawkley LC, Cacioppo JT. A short scale for measuring loneliness in large surveys: results from
two population-based studies. Res Aging 2004;26(6):655-672 [FREE Full text] [doi: 10.1177/0164027504268574] [Medline:
18504506]

45. Ware J, Kosinski M, Keller SD. A 12-Item Short-Form Health Survey: construction of scales and preliminary tests of
reliability and validity. Med Care 1996 Mar;34(3):220-233. [doi: 10.1097/00005650-199603000-00003] [Medline: 8628042]

46. Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. J Health Soc Behav 1983 Dec;24(4):385. [doi:
10.2307/2136404]

47. Craig CL, Marshall AL, Sjöström M, Bauman AE, Booth ML, Ainsworth BE, et al. International physical activity
questionnaire: 12-country reliability and validity. Med Sci Sports Exerc 2003 Aug;35(8):1381-1395. [doi:
10.1249/01.MSS.0000078924.61453.FB] [Medline: 12900694]

48. Singh JA, Sarkin A, Shieh M, Khanna D, Terkeltaub R, Lee SJ, et al. Health care utilization in patients with gout. Semin
Arthritis Rheum 2011 Jun;40(6):501-511 [FREE Full text] [doi: 10.1016/j.semarthrit.2010.07.001] [Medline: 20828793]

49. Beaudreau S, Spira A, Stewart A, Kezirian E, Lui L, Ensrud K, Study of Osteoporotic Fractures. Validation of the Pittsburgh
Sleep Quality Index and the Epworth Sleepiness Scale in older black and white women. Sleep Med 2012 Jan;13(1):36-42
[FREE Full text] [doi: 10.1016/j.sleep.2011.04.005] [Medline: 22033120]

50. Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep Quality Index: a new instrument for
psychiatric practice and research. Psychiatry Res 1989 May;28(2):193-213. [doi: 10.1016/0165-1781(89)90047-4] [Medline:
2748771]

51. Martin A, Rief W, Klaiberg A, Braehler E. Validity of the Brief Patient Health Questionnaire Mood Scale (PHQ-9) in the
general population. Gen Hosp Psychiatry 2006;28(1):71-77. [doi: 10.1016/j.genhosppsych.2005.07.003] [Medline: 16377369]

52. Tomaszewski Farias S, Mungas D, Harvey DJ, Simmons A, Reed BR, Decarli C. The measurement of everyday cognition:
development and validation of a short form of the Everyday Cognition scales. Alzheimers Dement 2011 Nov;7(6):593-601
[FREE Full text] [doi: 10.1016/j.jalz.2011.02.007] [Medline: 22055976]

53. Plüddemann A, Thompson M, Price CP, Wolstenholme J, Heneghan C. Point-of-care testing for the analysis of lipid panels:
primary care diagnostic technology update. Br J Gen Pract 2012 Mar;62(596):224-226 [FREE Full text] [doi:
10.3399/bjgp12X630241] [Medline: 22429442]

54. Hammers DB, Suhrie KR, Porter SM, Dixon AM, Duff K. Validation of one-year reliable change in the RBANS for
community-dwelling older adults with amnestic mild cognitive impairment. Clin Neuropsychol 2020 Aug 20:1-24. [doi:
10.1080/13854046.2020.1807058] [Medline: 32819188]

55. Kumar S, Tran JL, Moseson H, Tai C, Glenn JM, Madero EN, et al. The impact of the virtual cognitive health program on
the cognition and mental health of older adults: pre-post 12-month pilot study. JMIR Aging 2018 Nov 09;1(2):e12031
[FREE Full text] [doi: 10.2196/12031] [Medline: 31518248]

56. Andrews SJ, Eramudugolla R, Velez JI, Cherbuin N, Easteal S, Anstey KJ. Validating the role of the Australian National
University Alzheimer's Disease Risk Index (ANU-ADRI) and a genetic risk score in progression to cognitive impairment
in a population-based cohort of older adults followed for 12 years. Alzheimers Res Ther 2017 Mar 04;9(1):16 [FREE Full
text] [doi: 10.1186/s13195-017-0240-3] [Medline: 28259165]

57. Cherbuin N, Shaw ME, Walsh E, Sachdev P, Anstey KJ. Validated Alzheimer's Disease Risk Index (ANU-ADRI) is
associated with smaller volumes in the default mode network in the early 60s. Brain Imaging Behav 2019 Feb;13(1):65-74
[FREE Full text] [doi: 10.1007/s11682-017-9789-5] [Medline: 29243120]

58. Morris M, Tangney C, Wang Y, Sacks F, Barnes L, Bennett D, et al. MIND diet slows cognitive decline with aging.
Alzheimers Dement 2015 Sep;11(9):1015-1022 [FREE Full text] [doi: 10.1016/j.jalz.2015.04.011] [Medline: 26086182]

59. Lee P. Cognitive function in midlife and beyond: physical and cognitive activity related to episodic memory and executive
functions. Int J Aging Hum Dev 2014;79(4):263-278. [doi: 10.1177/0091415015574190] [Medline: 25888534]

JMIR Res Protoc 2022 | vol. 11 | iss. 2 | e31841 | p. 14https://www.researchprotocols.org/2022/2/e31841
(page number not for citation purposes)

Gray et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1519/JPT.0000000000000072
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26428899&dopt=Abstract
http://dx.doi.org/10.1123/japa.2015-0208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26796422&dopt=Abstract
https://doi.org/10.1111/jgs.16762
http://dx.doi.org/10.1111/jgs.16762
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32909259&dopt=Abstract
http://dx.doi.org/10.1001/archinte.166.10.1092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16717171&dopt=Abstract
http://dx.doi.org/10.1097/MLR.0b013e318160d093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18388841&dopt=Abstract
http://europepmc.org/abstract/MED/18504506
http://dx.doi.org/10.1177/0164027504268574
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18504506&dopt=Abstract
http://dx.doi.org/10.1097/00005650-199603000-00003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8628042&dopt=Abstract
http://dx.doi.org/10.2307/2136404
http://dx.doi.org/10.1249/01.MSS.0000078924.61453.FB
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12900694&dopt=Abstract
http://europepmc.org/abstract/MED/20828793
http://dx.doi.org/10.1016/j.semarthrit.2010.07.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20828793&dopt=Abstract
http://europepmc.org/abstract/MED/22033120
http://dx.doi.org/10.1016/j.sleep.2011.04.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22033120&dopt=Abstract
http://dx.doi.org/10.1016/0165-1781(89)90047-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2748771&dopt=Abstract
http://dx.doi.org/10.1016/j.genhosppsych.2005.07.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16377369&dopt=Abstract
http://europepmc.org/abstract/MED/22055976
http://dx.doi.org/10.1016/j.jalz.2011.02.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22055976&dopt=Abstract
https://bjgp.org/cgi/pmidlookup?view=long&pmid=22429442
http://dx.doi.org/10.3399/bjgp12X630241
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22429442&dopt=Abstract
http://dx.doi.org/10.1080/13854046.2020.1807058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32819188&dopt=Abstract
https://aging.jmir.org/2018/2/e12031/
http://dx.doi.org/10.2196/12031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31518248&dopt=Abstract
https://alzres.biomedcentral.com/articles/10.1186/s13195-017-0240-3
https://alzres.biomedcentral.com/articles/10.1186/s13195-017-0240-3
http://dx.doi.org/10.1186/s13195-017-0240-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28259165&dopt=Abstract
http://europepmc.org/abstract/MED/29243120
http://dx.doi.org/10.1007/s11682-017-9789-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29243120&dopt=Abstract
http://europepmc.org/abstract/MED/26086182
http://dx.doi.org/10.1016/j.jalz.2015.04.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26086182&dopt=Abstract
http://dx.doi.org/10.1177/0091415015574190
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25888534&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


60. Huang T, Larsen KT, Ried-Larsen M, Møller NC, Andersen L. The effects of physical activity and exercise on brain-derived
neurotrophic factor in healthy humans: a review. Scand J Med Sci Sports 2014 Mar 22;24(1):1-10. [doi: 10.1111/sms.12069]
[Medline: 23600729]

61. Chang Y, Labban J, Gapin J, Etnier J. The effects of acute exercise on cognitive performance: a meta-analysis. Brain Res
2012 May 09;1453:87-101 [FREE Full text] [doi: 10.1016/j.brainres.2012.02.068] [Medline: 22480735]

62. Yaffe K, Falvey C, Hoang T. Connections between sleep and cognition in older adults. Lancet Neurol 2014
Oct;13(10):1017-1028 [FREE Full text] [doi: 10.1016/s1474-4422(14)70172-3]

63. Kang DW, Lee CU, Lim HK. Role of sleep disturbance in the trajectory of Alzheimer's disease. Clin Psychopharmacol
Neurosci 2017 May 31;15(2):89-99 [FREE Full text] [doi: 10.9758/cpn.2017.15.2.89] [Medline: 28449556]

64. Dimsdale JE. Psychological stress and cardiovascular disease. J Am Coll Cardiol 2008 Apr 01;51(13):1237-1246 [FREE
Full text] [doi: 10.1016/j.jacc.2007.12.024] [Medline: 18371552]

65. Jood K, Redfors P, Rosengren A, Blomstrand C, Jern C. Self-perceived psychological stress and ischemic stroke: a
case-control study. BMC Med 2009 Oct 01;7(1):53 [FREE Full text] [doi: 10.1186/1741-7015-7-53] [Medline: 19796376]

66. McEwen B, Sapolsky R. Stress and cognitive function. Curr Opin Neurobiol 1995 Apr;5(2):205-216 [FREE Full text] [doi:
10.1016/0959-4388(95)80028-x]

67. Yuen E, Wei J, Liu W, Zhong P, Li X, Yan Z. Repeated stress causes cognitive impairment by suppressing glutamate
receptor expression and function in prefrontal cortex. Neuron 2012 Mar 08;73(5):962-977 [FREE Full text] [doi:
10.1016/j.neuron.2011.12.033] [Medline: 22405206]

68. Kimberg DY, D'Esposito M, Farah MJ. Cognitive functions in the prefrontal cortex—working memory and executive
control. Curr Dir Psychol Sci 2016 Jun 23;6(6):185-192. [doi: 10.1111/1467-8721.ep10772959]

69. Holwerda TJ, Deeg DJH, Beekman ATF, van Tilburg TG, Stek ML, Jonker C, et al. Feelings of loneliness, but not social
isolation, predict dementia onset: results from the Amsterdam Study of the Elderly (AMSTEL). J Neurol Neurosurg
Psychiatry 2014 Mar 10;85(2):135-142. [doi: 10.1136/jnnp-2012-302755] [Medline: 23232034]

70. Lara E, Martín-María N, De la Torre-Luque A, Koyanagi A, Vancampfort D, Izquierdo A, et al. Does loneliness contribute
to mild cognitive impairment and dementia? A systematic review and meta-analysis of longitudinal studies. Ageing Res
Rev 2019 Jul;52:7-16 [FREE Full text] [doi: 10.1016/j.arr.2019.03.002] [Medline: 30914351]

71. Marioni RE, Proust-Lima C, Amieva H, Brayne C, Matthews FE, Dartigues J, et al. Social activity, cognitive decline and
dementia risk: a 20-year prospective cohort study. BMC Public Health 2015 Oct 24;15(1):1089 [FREE Full text] [doi:
10.1186/s12889-015-2426-6] [Medline: 26499254]

72. Marioni RE, van den Hout A, Valenzuela MJ, Brayne C, Matthews FE, MRC Cognitive Function and Ageing Study. Active
cognitive lifestyle associates with cognitive recovery and a reduced risk of cognitive decline. J Alzheimers Dis 2012 Jan
12;28(1):223-230. [doi: 10.3233/JAD-2011-110377] [Medline: 21971400]

73. Bahar-Fuchs A, Webb S, Bartsch L, Clare L, Rebok G, Cherbuin N, et al. Tailored and adaptive computerized cognitive
training in older adults at risk for dementia: a randomized controlled trial. J Alzheimers Dis 2017 Oct;60(3):889-911. [doi:
10.3233/JAD-170404] [Medline: 28922158]

74. Bahar-Fuchs A, Barendse M, Bloom R, Ravona-Springer R, Heymann A, Dabush H, et al. Computerized cognitive training
for older adults at higher dementia risk due to diabetes: findings from a randomized controlled trial. J Gerontol A Biol Sci
Med Sci 2020 Mar 09;75(4):747-754 [FREE Full text] [doi: 10.1093/gerona/glz073] [Medline: 30868154]

75. Edwards J, Xu H, Clark D, Guey L, Ross L, Unverzagt F. Speed of processing training results in lower risk of dementia.
Alzheimers Dement (N Y) 2017 Nov;3(4):603-611 [FREE Full text] [doi: 10.1016/j.trci.2017.09.002] [Medline: 29201994]

76. Litwin H, Schwartz E, Damri N. Cognitively stimulating leisure activity and subsequent cognitive function: a SHARE-based
analysis. Gerontologist 2017 Oct 01;57(5):940-948 [FREE Full text] [doi: 10.1093/geront/gnw084] [Medline: 27117305]

77. Ferreira N, Owen A, Mohan A, Corbett A, Ballard C. Associations between cognitively stimulating leisure activities,
cognitive function and age-related cognitive decline. Int J Geriatr Psychiatry 2015 Apr;30(4):422-430. [doi: 10.1002/gps.4155]
[Medline: 24989949]

78. Schultz SA, Larson J, Oh J, Koscik R, Dowling MN, Gallagher CL, et al. Participation in cognitively-stimulating activities
is associated with brain structure and cognitive function in preclinical Alzheimer's disease. Brain Imaging Behav 2015
Dec;9(4):729-736 [FREE Full text] [doi: 10.1007/s11682-014-9329-5] [Medline: 25358750]

Abbreviations
6MWT: 6-minute walk test
AD: Alzheimer disease
ANOVA: analysis of variance
ANU-ADRI: Australian National University-Alzheimer Disease Risk Index
APOE: apolipoprotein E
DCMARVel: Digital, Cognitive, Multi-domain Alzheimer Risk Velocity
HC: health coaching
HDL: high-density lipoprotein

JMIR Res Protoc 2022 | vol. 11 | iss. 2 | e31841 | p. 15https://www.researchprotocols.org/2022/2/e31841
(page number not for citation purposes)

Gray et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1111/sms.12069
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23600729&dopt=Abstract
https://doi.org/10.1016/j.brainres.2012.02.068
http://dx.doi.org/10.1016/j.brainres.2012.02.068
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22480735&dopt=Abstract
https://doi.org/10.1016/S1474-4422(14)70172-3
http://dx.doi.org/10.1016/s1474-4422(14)70172-3
http://www.cpn.or.kr/journal/journal_view.html?year=2017&vol=15&num=2&page=89
http://dx.doi.org/10.9758/cpn.2017.15.2.89
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28449556&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0735-1097(08)00258-1
https://linkinghub.elsevier.com/retrieve/pii/S0735-1097(08)00258-1
http://dx.doi.org/10.1016/j.jacc.2007.12.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18371552&dopt=Abstract
https://bmcmedicine.biomedcentral.com/articles/10.1186/1741-7015-7-53
http://dx.doi.org/10.1186/1741-7015-7-53
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19796376&dopt=Abstract
https://doi.org/10.1016/0959-4388(95)80028-X
http://dx.doi.org/10.1016/0959-4388(95)80028-x
https://linkinghub.elsevier.com/retrieve/pii/S0896-6273(12)00083-9
http://dx.doi.org/10.1016/j.neuron.2011.12.033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22405206&dopt=Abstract
http://dx.doi.org/10.1111/1467-8721.ep10772959
http://dx.doi.org/10.1136/jnnp-2012-302755
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23232034&dopt=Abstract
https://doi.org/10.1016/j.arr.2019.03.002
http://dx.doi.org/10.1016/j.arr.2019.03.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30914351&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-015-2426-6
http://dx.doi.org/10.1186/s12889-015-2426-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26499254&dopt=Abstract
http://dx.doi.org/10.3233/JAD-2011-110377
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21971400&dopt=Abstract
http://dx.doi.org/10.3233/JAD-170404
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28922158&dopt=Abstract
http://europepmc.org/abstract/MED/30868154
http://dx.doi.org/10.1093/gerona/glz073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30868154&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2352-8737(17)30059-8
http://dx.doi.org/10.1016/j.trci.2017.09.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29201994&dopt=Abstract
http://europepmc.org/abstract/MED/27117305
http://dx.doi.org/10.1093/geront/gnw084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27117305&dopt=Abstract
http://dx.doi.org/10.1002/gps.4155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24989949&dopt=Abstract
http://europepmc.org/abstract/MED/25358750
http://dx.doi.org/10.1007/s11682-014-9329-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25358750&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


HE: health education
LDL: low-density lipoprotein
MCI: mild cognitive impairment
MIND: Mediterranean-DASH intervention for neurodegenerative delay
RBANS: Repeatable Battery for the Assessment of Neuropsychological Status
RCT: randomized controlled trial

Edited by G Eysenbach; submitted 06.07.21; peer-reviewed by G Rebok, A Hall; comments to author 03.09.21; revised version received
04.10.21; accepted 26.10.21; published 04.02.22

Please cite as:
Gray M, Madero EN, Gills JL, Paulson S, Jones MD, Campitelli A, Myers J, Bott NT, Glenn JM
Intervention for a Digital, Cognitive, Multi-Domain Alzheimer Risk Velocity Study: Protocol for a Randomized Controlled Trial
JMIR Res Protoc 2022;11(2):e31841
URL: https://www.researchprotocols.org/2022/2/e31841
doi: 10.2196/31841
PMID:

©Michelle Gray, Erica N Madero, Joshua L Gills, Sally Paulson, Megan D Jones, Anthony Campitelli, Jennifer Myers, Nicholas
T Bott, Jordan M Glenn. Originally published in JMIR Research Protocols (https://www.researchprotocols.org), 04.02.2022. This
is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Research Protocols, is properly cited. The complete bibliographic information,
a link to the original publication on https://www.researchprotocols.org, as well as this copyright and license information must be
included.

JMIR Res Protoc 2022 | vol. 11 | iss. 2 | e31841 | p. 16https://www.researchprotocols.org/2022/2/e31841
(page number not for citation purposes)

Gray et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://www.researchprotocols.org/2022/2/e31841
http://dx.doi.org/10.2196/31841
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

