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Abstract 

Background  With growing prevalence of dementia worldwide, dementia risk reduction is a key interest of the World 
Health Organization’s Global Dementia Action Plan. Subjective cognitive decline (SCD) is a prominent predictor 
of future dementia diagnosis. Therefore, people with SCD are an important group for dementia prevention interven-
tion. Exercise and healthy diet are associated with a 30–60% decrease in dementia risk in longitudinal studies. Tech-
nological advances yield the potential of trials that deliver lifestyle interventions virtually, reaching people in a wide 
geographical spread. However, the feasibility of large-scale virtual trials still needs to be established.

Objective  This trial aims to examine the feasibility of a factorial randomized controlled trial exploring a 6-month 
virtual, exercise and healthy diet intervention. Secondary objectives will examine whether feasibility outcomes vary 
by gender or technology access.

Methods  We will recruit 140 older adults (65 + years) with SCD, who will receive a combination of Aerobic and Resist-
ance Exercise (EX) or Stretching and Toning (STRETCH) and either Diet Counseling (DIET) or Brain Health Education 
(ED). Participants will be randomized to four weekly hours of one of four intervention arms: (1) EX and DIET; (2) EX 
and ED; (3) STRETCH and DIET; or (4) STRETCH and ED. EX will include moderate intensity aerobic and resistance 
training. DIET will instruct participants in brain healthy food choices. Assessments will be performed virtually at base-
line, 6 months (post-intervention), and 12 months. Feasibility will be measured by recruitment rate, adherence, 
and retention.

Discussion  Established feasibility will set the stage for a definitive trial. Feasibility results will also inform future virtual 
programs/services. In the long-term, if the interventions are feasible and beneficial, this intervention model could 
scale up and spread quickly to reach at-risk individuals for the purpose of dementia risk reduction.
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Trial registration  The Lifestyle, Exercise, and Diet (LEAD 2.0) study is registered with the US National Institutes 
of Health clinical trials registry (ClinicalTrials.gov identifier NCT06078748). This report complies with the Standard 
Protocol Items: Recommendations for Interventional Trials (SPIRIT) statement.
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Background
More than 55 million individuals worldwide are living 
with dementia [1]. In 2019, the global cost of demen-
tia reached 1.3 trillion US dollars, which is expected 
to rise to 2 trillion by 2030 [1, 2]. Dementia risk reduc-
tion is a key action area of the World Health Organiza-
tion’s Global action plan on the public health response 
to dementia 2017–2025 [2]. It is estimated that 40% of 
dementia cases could be prevented by addressing modifi-
able risk factors [3].

Subjective cognitive decline (SCD), where people per-
ceive cognitive changes but continue to score within age 
and education norms on cognitive tests [4–7], is the most 
prominent feature predicting future cognitive impair-
ment [8]. A systematic review concluded that those with 
SCD have double the risk of dementia compared to those 
without cognitive concerns, and 6.5% of people with SCD 
convert to mild cognitive impairment (MCI) or demen-
tia each year [9]. Individuals with SCD are generally not 
managed within the healthcare system due to a lack of 
noticeable cognitive deficits [10]. As such, people with 
SCD may be an opportune group to target with interven-
tions to improve lifestyle, cognition, and function before 
irreversible cognitive changes occur [4–9], as 95% of indi-
viduals with SCD report difficulty incorporating exercise 
and healthy eating into their lifestyles [11].

Exercise and healthy eating are associated with lower 
dementia risk (30–60%) in longitudinal studies [12–15] 
and appear to have the most consistent influence on 
executive function [16–18]. While the synergistic effects 
of exercise and healthy eating on cognition have yet to 
be explored together, they have been studied separately 
extensively. A systematic review of 39 studies conducted 
from 1989 to 2016 suggests moderate-intensity exercise 
has significant interaction effects on executive function, 
memory, and working memory among adults over the 
age of 50 [16], with several studies demonstrating that 
cognitive changes are underpinned by changes in brain 
structure and function [19–22]. While several systematic 
reviews of RCTs examining dietary interventions con-
ducted from 2000 to 2016 have shown to be inconsistent 
with highly variable effect sizes [17, 18], other reviews 
have demonstrated that higher adherence to the Mediter-
ranean, DASH, and MIND diets are associated with less 
cognitive decline and a decreased risk of developing mild 
cognitive impairment and dementia [23–25]. A possible 

explanation for inconsistencies among diet interven-
tions is that they often rely on infrequent (bi-weekly 
to quarterly) education [17, 18, 26–30], which may be 
insufficient to promote predictable and sustained eating 
changes [31]. Interventions that integrate skill-training 
to support behavioral change could increase the efficacy 
of diet interventions in the short-term, and exercise and 
diet changes in the long-term (following the interven-
tion), when it is common for exercise levels to drop below 
post-intervention levels or to baseline levels [32].

A new opportunity is the use of virtual technologies 
to expand the reach of such trials. While access to high-
speed internet among rural populations is substantially 
lower than urban populations (45.6% vs. 98.6%), govern-
ment initiatives to expand rural broadband connection 
are on track to reach 95% of the Canadian population 
by 2026 [33, 34]. The COVID-19 pandemic has also 
positively contributed to the virtual delivery of lifestyle 
interventions, expanding the geographical reach of inter-
ventions in research and in practice, while technology use 
among older adults has accelerated as 75% of older adults 
now feel confident using current technology [35]. Fur-
thermore, virtual or online programs limit the barriers 
to participation in in-person programs, for example, the 
need for transportation and navigating cities and facili-
ties that are not always accessible [36–38]. Overall, this 
suggests a sizable audience of older adults who could and 
may be inclined to access virtual group interventions.

In the long-term, the research team’s aim is to conduct 
a fully powered, virtual, factorial RCT, which will require 
404 participants over 3.5 years. The planned future pri-
mary outcome will be executive function. Although, 
before embarking on such a large, expensive trial, it is 
important to first determine that such a trial will be fea-
sible. While several studies have demonstrated the fea-
sibility of virtual exercise and education interventions 
[39–42], including those for individuals with cognitive 
impairment [36, 43, 44], there is no existing literature to 
support the feasibility of a 6-month, virtual RCT with fol-
low-up at 12 months and compliance to an active control 
group that is time/frequency matched to intervention 
groups.

Overall, the ultimate aim of this study is to deter-
mine the feasibility of an entirely virtual factorial RCT; a 
6-month virtual exercise and nutrition trial among older 
adults with subjective cognitive decline. This factorial 
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RCT will examine the independent and combined effects 
of aerobic and resistance exercise versus stretching con-
trol, and healthy diet counseling versus brain health edu-
cation control on executive function among people with 
SCD.

Objectives and hypothesis
The primary objective of this study is to determine 
the feasibility of a 6-month virtual exercise and nutri-
tion trial among older adults with SCD. Feasibility will 
be based on the following pre-determined criteria: (1) 
Recruitment: ≥ 9 participants/month over 1.25 years; (2) 
Adherence: (a) ≥ 75% of Aerobic and Resistance Exercise 
(EX) sessions and ≥ 75% of Diet Counseling (DIET) ses-
sions are completed; (b) improvement in diet quality at 
6  months compared to baseline; (3) Retention: ≥ 80% of 
randomized participants complete the 6-month assess-
ment of executive function (future primary outcome).

Secondary objectives of this study are to (1) examine 
whether feasibility outcomes vary by gender (as exer-
cise and diet preferences may vary by gender [45, 46] or 
technology access (whether or not the participant needs 
a study-provided tablet or internet access for the inter-
vention); (2) inform the future large-scale trial, includ-
ing (i) the future primary outcome: an executive function 
composite derived from Cambridge Brain Sciences on-
line assessments [47] and (ii) the secondary outcomes: 
memory (where delayed recall is also among the domains 
most affected by exercise and diet) [16–18], physical 
function, quality of life, diet quality, physical activity, 
and waist circumference, (iii) maintenance of changes 
in executive function, diet quality, and physical activity 
at 12 months (6 months post-intervention); (3) examine 
differences in observed effect sizes by sex, where exercise 
may have greater benefits to cognitive function among 
females relative to males [48]; and (4) examine whether 
EX and DIET are more effective in individuals with exec-
utive SCD versus non-executive SCD.

Methods
Trial design
We will recruit 140 older adults with SCD to this feasi-
bility, factorial RCT of exercise and diet interventions. 
Following initial contact and consent, participants will 
attend a virtual screening visit to further assess eligibil-
ity. If deemed eligible, participants will attend two base-
line virtual assessments which will index medical history 
and demographic information, and assess thinking abili-
ties, physical function, and quality of life. After partici-
pants complete both baseline assessments, they will be 
randomized into one of four intervention arms and will 
receive a combination of two of the following: Aerobic 
and Resistance Exercise (EX); Diet Counseling (DIET); 

Brain Health Education (ED); and/or Stretching and Ton-
ing (STRETCH). The four intervention arms include (1) 
EX and DIET; (2) EX and ED; (3) STRETCH and DIET; or 
(4) STRETCH and ED. The two virtual assessments com-
pleted at baseline will be repeated at post-intervention 
(6 months) and follow-up (12 months). See Fig. 1 for the 
study flow chart.

This study has received ethics approval by the Univer-
sity of Waterloo Research Ethics Board (#44,616) and by 
the Baycrest Research Ethics Board (#23–24). The Life-
style, Exercise, and Diet (LEAD 2.0) study is registered 
with the US National Institutes of Health clinical trials 
registry (ClinicalTrials.gov identifier NCT06078748). 
This report complies with the Standard Protocol Items: 
Recommendations for Interventional Trials (SPIRIT) 
statement.

Study setting
This study will be conducted virtually, allowing for the 
recruitment of participants across four provinces (Sas-
katchewan, Manitoba, Ontario, and Quebec) that are 
within a 2-h time zone. Intervention and assessment 
sessions will be conducted over the Zoom® Healthcare 
platform. The study sites coordinating and conducting 
assessment and intervention sessions are the University 
of Waterloo, Waterloo, Ontario, Canada and Baycrest 
Academy for Research and Education, Toronto, Ontario, 
Canada. Participants will join the sessions using an elec-
tronic device (computer, tablet) from a place of their 
choosing, but most often from their home.

Eligibility criteria
Participants will be 65–85 years old and meet criteria 
for SCD by (a) answering Yes to both of the following 
questions (i) Do you feel like your memory or thinking 
is becoming worse? and (ii) Does this worry you? [7, 49] 
and (b) having no objective cognitive impairment as indi-
cated by (i) a global Clinical Dementia Rating (CDR) of 
0.5 or lower and (ii) a Blind Montreal Cognitive Assess-
ment (MoCA) total score of > 17. Participants will also 
meet the following criteria:

1)	 Be able to communicate in English
2)	 Be residents of Saskatchewan, Manitoba, Ontario, or 

Quebec
3)	 Have low physical activity levels (< 75 min/week of 

aerobic moderate to vigorous physical activity on the 
Canadian Society for Exercise Physiology’s (CSEP) 
Get Active Questionnaire [50])

4)	 Be screened safe to participate in moderate exercise 
using the CSEP Get Active Questionnaire [50] or 
physician approval to engage in moderate intensity 
exercise without in-person supervision
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Fig. 1  Study flow chart
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5)	 Have low diet quality (below Canadian older adults’ 
median intake of fruits, vegetables, nuts, and fish, 
reported using our Diet Screening Questionnaire tar-
geting the Brain Health Food Guide criteria, used in 
the LEAD 1.0 pilot [51])

6)	 Be able to participate remotely (i.e., availability of, or 
ability/willingness to adopt a computer or tablet with 
high-speed internet/data networks)

Participants will be excluded if they have a history of 
dementia, stroke, or other significant known chronic 
brain disease, have had chemotherapy or radiation to the 
head/neck in the past year, have sensory impairments 
that would impede participation in the intervention or 
assessments, have current major or unmanaged psychiat-
ric disorder or history of hospitalization for a psychiatric 
disorder, have ongoing alcohol or drug abuse that in the 
opinion of the investigator may interfere with the par-
ticipant’s ability to comply with the study procedures, or 
have contraindications for exercise as determined by the 
CSEP Get Active Questionnaire [50].

To overcome barriers to technology access, tablets 
with high-speed data packages will be provided to older 
adults who do not own a computer or tablet and do not 
have internet access. Participants will also be provided 
with equipment needed for videoconferencing (i.e., web-
cam, microphone) if they do not already own it and will 
be provided with an orientation to Zoom® if they are not 
familiar with it. Despite this, we recognize that barriers 
may still remain, such as in rural areas that do not have 
adequate data coverage for videoconferencing. Although, 
it is estimated that 76% of Canadians have sufficient data 
speeds to support videoconferencing, with the Govern-
ment of Canada announcing plans to make connectivity 
sufficient for web-conferencing available to 95% of Cana-
dians by 2026 [33].

Participants will also complete the Comprehensive 
Executive Function Inventory for Adults (CEFI-Adult) 
during the screening process. The research team origi-
nally intended to screen participants for executive SCD 
but decided to screen for general SCD 1 month into the 
study due to a low recruitment rate. In secondary analy-
ses, we will determine whether outcomes differ between 
those with or without executive SCD. The presence of 
executive SCD is indicative of CEFI-Adult scores ≥ 1 SD 
below age, sex, and education-based norms.

Recruitment process and strategy
Recruitment of participants began in July 2023 and 
is expected to be completed in December 2024. The 
target is to recruit 140 participants across 5 waves, 
using a variety of recruitment strategies to increase the 

likelihood of reaching diverse older adults: directed 
mailings, social media, websites, radio/newspaper 
advertisements, research and community organization 
email lists, partner websites and centers, and outreach 
to physician/seniors’ groups. Participants will also be 
recruited from targeted research pools and partners 
email lists including the investigators’ research insti-
tutes, the Canadian Consortium for Neurodegenera-
tion in Aging (CCNA), and other project partners.

Potential participants will be contacted by telephone 
by a member of the research team who will go through 
the recruitment script to describe the study and screen 
for eligibility. During this call, a brief assessment for 
SCD will be conducted. Eligible participants will be sent 
an electronic version of the letter of information and 
consent form and will schedule their second screen-
ing visit to rule out objective cognitive impairment. All 
eligible participants will then complete virtual assess-
ments 1 and 2 within 6  weeks of their program start 
date. Once the assessments are completed, participants 
will be randomized into one of the four study arms. See 
Table 1 for an outline of the assessments and timeline.

Randomization and blinding procedure
Participants will be randomly assigned (1:1:1:1) after 
baseline assessments, stratified by gender (man/
woman, and if sufficient in number, non-binary/self-
described) and balanced within blocks of variable size 
(4 or 8) to avoid predictable participant allocation. Eli-
gible partnered couples will be randomized together. 
The randomization sequence will be computer-gener-
ated and maintained by an assistant not affiliated with 
the study. Once baseline assessments are complete, the 
research coordinator will provide the participant ID to 
the randomization assistant who will inform the coor-
dinator of the group allocation, which will be commu-
nicated to the participant. Participants will start the 
trial in waves of 24 to 32 (6 to 9 people per group; every 
3  months) to ensure sufficient sample size for group 
dynamics and social support.

Assessors will be blinded to group assignment and 
participants will be asked not to mention their group 
assignment to assessors. Standardized instructions 
will be provided for assessments. To keep participants 
blinded from the study hypotheses and to minimize 
group effect expectations, the content of the interven-
tion and the wording of recruitment documents and 
consent forms will not convey the differences between 
EX and STRETCH. Participants will be told that the 
groups will differ in the type of brain health education 
that is provided (DIET versus ED).
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Trial interventions
Participants will engage in two virtual group sessions 
(2  h and 1  h in length) and one independent session 
(1  h) per week. The breakdown of each group’s weekly 
sessions is shown in Table  2. The balance across inter-
vention components varies between the first 4  months 
and last 2 months of the trial, whereby the Goal-Setting 
component will primarily focus on DIET in the first 
4 months and EX in the last 2 months. Furthermore, par-
ticipants will be encouraged to integrate more of their 
exercise within community settings (i.e., join an exercise 
class rather than relying on the study video) in the last 
2 months of the intervention.

Orientation: Prior to the first intervention session, 
participants will meet with the instructor in a one-on-
one Zoom® call. Participants will receive a summary 
of how to use Zoom® (e.g., opening Zoom®, connect-
ing video and audio, settings, mute/unmute, using the 
chat) and be provided with a telephone number/email 

to contact a study volunteer for technology help dur-
ing classes. The instructor will gather the participant’s 
emergency contact or any other relevant information 
that may be necessary in case of an emergency or to 
inform exercise modifications (i.e., medical conditions, 
symptoms, medications). They will then help the par-
ticipant choose a safe exercise location and a good posi-
tion for their device. Participants will be encouraged to 
use a bright room with space for exercise and a hard 
non-slippery surface free from clutter and any trip-
ping hazards. The device (computer or tablet) should 
be placed in a position where the instructor will be able 
to see them exercising. The participant will be asked 
to mark off the placement area so they know exactly 
where to put their device each time. The instructor will 
then go through a checklist of what to wear (running 
shoes and comfortable clothing) and what to have with 
them (phone within reach, water bottle, chair, resist-
ance bands, and exercise mat). Prior to the intervention 

Table 1  Schedule of study assessments

PASE Physical Activity Scale for the Elderly, EPSA Eating Pattern Self-Assessment, SF-36 Short-Form 36, CES-D Center for Epidemiological Studies Depression 
Scale, GAI General Anxiety Inventory, CBS Cambridge Brain Sciences, RAVLT Rey Auditory Verbal Learning Test

Timepoint Study timeline

Enrollment Baseline Post-Int Follow-up

 − t1 t1 t2 6 months after 
t2 assessment, 
t3

Screening and enrollment

  Screening visit #1 X

  Informed content X

  Screening visit #2 X

Virtual assessment 1

  Sociodemographic information X

  Language proficiency and acquisition X

  Medical and mental health history X X X

  Current medications X X X

  Technology proficiency survey X

  PASE X X X

  EPSA X X X

  Waist circumference X X X

  5 × sit to stand test X X X

  SF-36 X X X

  CES-D X X X

  GAI X X X

Virtual assessment 2

CBS Double Trouble Stroop Test X X X

CBS Monkey Ladder X X X

CBS Feature Match X X X

CBS Paired Associates task X X X

RAVLT X X X
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starting, participants will be mailed resistance bands 
and an exercise mat.

The instructor will also describe the general class rou-
tine (length, format, group-based) and discuss safety 
information while exercising (including working within 
own limitations, as well as to immediately notify instruc-
tor if feeling lightheaded, dizzy, unwell, chest pain, 
muscle pain). The emergency procedures will also be dis-
cussed, and participants will receive a copy of this pro-
cedure via email. Participants will be asked to leave their 
webcams on and to notify the instructor with a wave if 
they are leaving the screen for a non-medical reason. If 
participants leave the screen without notice, the instruc-
tor will call them and then call emergency services if an 
emergency is suspected.

The instructor will also complete the Participant Intake 
Form (see Supplementary Material 2) with each partici-
pant. The instructor will use this information (along with 
the recommendations made by a participant’s physician, 
if applicable), to recommend that the participant com-
plete EX/STRETCH seated or standing.

EX intervention: Participants in the exercise interven-
tion (EX + DIET or EX + ED) will complete 2.5 h of mod-
erate intensity aerobic, resistance, and balance exercise 
per week. EX will be instructed by a Certified Exercise 
Physiologist (CEP) or a Registered Kinesiologist with a 
volunteer also being present for assistance.

At the start of each EX session, the instructor will wel-
come the group and the volunteer will record attendance. 
The volunteer will remind participants of safety precau-
tions and will confirm that participants have a phone 
within arm’s reach. The 30-min EX session will include 
a 5-min warm-up, 20 min of aerobic training, and 5 min 
of balance training and cool-down. The 60-min EX ses-
sion will include a 5-min warm-up, 20–25  min of aero-
bic training, 20–25  min of resistance training, 5  min of 

balance training, and a 5-min cool-down. The virtual 
video session will be pre-recorded, have similar composi-
tion to the 60-min EX session, and will be led by the same 
instructor. In months 5 and 6 of the intervention, par-
ticipants will be asked to replace the video session with 
home- or community-based exercise of their choosing, 
with encouragement to match the intensity and duration 
of the video sessions.

Aerobic exercise will include exercises that are appro-
priate for older adults and can be completed at home, 
such as marching on the spot, walking forward/back-
wards, side stepping, and heel/toe taps. Resistance exer-
cises will follow the Cardiac College recommended 
resistance exercises for older adults [52], which target 
major muscle groups including the legs, chest, back, 
shoulders, and core, and use body weight, home objects, 
and study-provided resistance bands to increase chal-
lenge. Participants can complete exercises seated or 
standing, according to their own preference or based 
on recommendation by the instructor (along with the 
recommendations made by a participant’s physician, if 
applicable). The difficulty of exercise sessions will be pro-
gressed over the study, adapted to the range of fitness, 
strength, and ability. Participants will be instructed to tar-
get an intensity of 3 or less during the first several weeks, 
and 4 on the 10-point RPE scale during the remainder of 
the program (equivalent to moderate intensity; rated on 
the last 2 to 3 repetitions for resistance training) [53].

STRETCH control: The STRETCH sessions will be 
time/frequency-matched to EX sessions (2.5  h/week: 
1.5  h in virtual group sessions; 1  h in virtual video ses-
sion) to control for social aspects and placebo effects of 
EX. The STRETCH session will start in the same way 
as the EX session. Each 30-min STRETCH session will 
include a 5-min warm-up, 5 min of balance exercises, and 
20 min of stretching and toning. Each 60-min STRETCH 

Table 2  Intervention time by study arm

Phase 1: Months 1–4

Group Group session 1 (30 min) Group session 1 
(90 min)

Group session 2 (1 h) Independent session (video) 
(1 h)

EX + DIET EX DIET + GOAL EX EX

EX + ED EX ED EX EX

STRETCH + DIET STRETCH DIET + GOAL STRETCH STRETCH

STRETCH + ED STRETCH ED STRETCH STRETCH

Phase 2: Months 5–6

Group Group session 1 (30 min) Group session 1 (90 min) Group session 2 (1 h) Independent session (1 h)

EX + DIET EX EX GOAL + DIET EX EX (home/community)

EX + ED EX EX GOAL + ED EX EX (home/community)

STRETCH + DIET STRETCH ED + DIET STRETCH STRETCH (video)

STRETCH + ED STRETCH ED STRETCH STRETCH (video)
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session will include a 5-min warm-up, 5 min of balance 
training, and 50 min of stretching and toning. Difficulty 
will not be progressed. STRETCH sessions will also be 
led by a CEP or Registered Kinesiologist, with a volun-
teer present for assistance. Video sessions will be pre-
recorded by the same instructor. Again, participants can 
complete exercises seated or standing, according to their 
own preference or based on recommendations by the 
instructor (along with the recommendations made by a 
participant’s physician, if applicable).

DIET intervention: The DIET intervention includes 
one session per week, delivered by a Registered Dietitian. 
The weekly DIET session will be 90 min during months 
1 to 4, and 30 min in months 5 and 6. The DIET inter-
vention was developed by the research team, emphasiz-
ing foods identified as supporting executive function, 
memory, and other cognitive abilities in prior research 
and included in the Brain Health Food Guide [54] (see 
Supplementary Material 4). DIET integrates recommen-
dations from the Mediterranean diet and the DASH diet 
as well as individual foods that have been associated with 
brain health [55–58]. Beneficial food groups include veg-
etables (and raw/leafy green vegetables, cruciferous veg-
etables particularly), fruits (berries particularly), unsalted 
nuts (walnuts particularly) or natural nut butters, fish or 
seafood, fatty fish, beans, and legumes. Foods to limit 
include meat and poultry, red or processed meat, butter, 
cream, or high fat dairy spreads, white bread, and pro-
cessed foods. Individuals in the DIET group will fill out 
the Eating Pattern Self-Assessment monthly to help with 
goal setting.

ED control: The ED control program was adapted from 
the placebo condition of the Discovery program used 
by the Canadian Consortium on Neurodegeneration in 
Aging (CCNA) sub-study ENGAGE (NCT#03271190) 
for their placebo intervention [59], which also served 
as a diet placebo condition in the LEAD 1.0 pilot [51]. 
These classes are designed to be of equal intensity and 
social interaction/engagement compared to the DIET 
sessions and have been manualized to ensure consistency 
between instructors. During these sessions, participants 
will engage in group discussion and receive information 
on the brain and cognitive processes, the effect of age on 
cognition, and tips to promote healthy aging. This will 
include lectures, watching documentaries, and partici-
pating in various games.

Goal-Setting: All arms that receive DIET and/or EX 
interventions will also receive the Goal-Setting training, 
with goals focused on diet and/or exercise [60, 61]. This 
meta-cognitive skill-acquisition intervention is based on 
the Cognitive Orientation to daily Occupational Perfor-
mance (CO-OP) approach [60], participants’ goal setting, 
behavioral self-monitoring, and problem-solving skills, 

three behavior change techniques commonly and effec-
tively used to promote physical activity and improve die-
tary behaviors among older adults [62–65]. Participants 
are taught to use a global strategy (Goal-Plan-Do-Check) 
to facilitate individualized exercise or diet goal setting 
and develop plans to achieve them, through an iterative 
problem-solving process [60, 61]. To support skill devel-
opment, the goal setting intervention will use guided 
discovery methods, a series of hierarchical questions or 
guiding statements that lead the participants to discover 
and articulate their thoughts or actions [60].

Participants will set two individualized goals that align 
with exercise and/or diet recommendations, depending 
on their intervention group (e.g., 20-min walk every day; 
eat legumes 3 times per week) and develop a concrete 
plan to attain each goal (e.g., walk with a friend in the 
mall; learn to make lentil soup and hummus). The facili-
tator will guide the participants to consider potential bar-
riers to goal achievement (e.g., cost of food, poor weather, 
fatigue), and problem solve ways to overcome them. In 
consequent sessions, participants will be guided to moni-
tor their progress (e.g., did the plan work? what should 
be changed?) and iterate their plan as needed. The last 
month of goal training will focus on developing goals and 
plans for the follow-up period so that behavior change 
gains can be integrated into daily life. Those who are not 
in DIET or EX interventions will not receive Goal-Setting 
training, but will receive additional ED instead.

Promoting adherence and retention
To promote retention and reduce the incidence of drop-
outs over the 12-month follow-up period, the interven-
tion coordinator will remain in close contact with the 
participants and be available by phone to discuss poten-
tial issues. The team will also contact participants in 
advance of their 12-month follow-up assessments. Par-
ticipants who withdraw from the study will be invited to 
attend their follow-up assessments.

Primary outcome measures
Feasibility: recruitment, adherence, retention

i)	 Recruitment.

A research coordinator will be responsible for logging 
recruitment activities as participants contact the study 
email or phone number. The research coordinator will 
document the following information of each partici-
pant: name, phone number, email, date of first contact, 
how they heard of the study, and whether they passed 
telephone screening. For participants that pass initial 
screening, they will be scheduled to meet with an asses-
sor for a second screening and to provide consent. Upon 
completing the second screening session, the research 
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coordinator will document whether they passed or failed 
screening. Recruitment feasibility will be determined by 
the average number of participants recruited per month 
(target: ≥ 9 participants per month).

ii)	 Adherence.

Instructors will keep a detailed attendance record for 
each component of each session (EX/STRETCH and 
DIET/ED). The target is ≥ 75% of EX and ≥ 75% of DIET 
sessions completed [66]. Adherence will be measured 
through subjective participation scores that are com-
pleted by the instructor and volunteer of each session, 
as well as by self-reported RPE ratings provided each 
session by participants in the EX groups. For each EX/
STRETCH and DIET/ED component, participants will 
be confidentially scored on a scale from 1 to 3. A score 
of 3 indicates that the participant actively followed along 
with all exercises/stretches or DIET/ED content and par-
ticipated in exercises/stretches or listened or contributed 
greater than 80% of the session. A score of 2 indicates 
that a participant engaged/contributed to 50–80% of the 
session and a 1 indicates that a participant engaged in less 
than 50% of the session. Self-reported attendance records 
for the independent sessions will also be collected, noting 
RPE rating (for EX groups), and any symptoms experi-
enced during EX and STRETCH. For diet quality specifi-
cally, adherence will be measured through adherence to 
the Brain Health Food Guide recommendations and will 
be assessed using the Eating Pattern Self-Assessment 
(EPSA) [54].

iii)	Retention.

Patients will be considered “non-completers” upon 
confirmation from a participant that they no longer wish 
to participate or are unable to participate. When a par-
ticipant drops out of the study, the instructor will inform 
the research coordinator who will document withdraw-
als. The research coordinator will categorize reasons for 
non-completion as medical or non-medical. The feasibil-
ity target for retention is defined as ≥ 80% of participants 
with complete 6-month assessments.

Secondary outcome measures
Each participant will complete two assessments at base-
line (t1), post-intervention (t2), and 6 months post-inter-
vention (t3) (see Fig. 1 for overview). All assessments will 
take place over Zoom® with a research assistant or coor-
dinator who is blinded to group allocation.

At virtual assessment 1 (55 min), the following will be 
assessed: (1) Demographics: age, sex, gender, race and 
ethnic origins, education, marital status, type of resi-
dence, geography of residence (urban/rural), socioeco-
nomic status; (2) Medical and mental health history and 

current use of medications; (3) Technology proficiency 
assessed using 10 questions adapted from AGE-WELL’s 
Canadian Attitudes toward Technology and Aging Ques-
tionnaire [67]; (4) Functional strength assessed with the 
5-time sit-to-stand test, which is a validated test of lower 
body function and strength among older adults [68]. The 
participant will be timed as they stand from a seated 
position 5 times using a chair of standard height (same 
chair at each assessment); (5) Physical activity assessed 
using the Physical Activity Scale for the Elderly (PASE) 
which is valid among older adults aged 65–100 years and 
will be used to characterize habitual physical activity, and 
maintenance of physical activity levels during the post-
intervention period [69]; (6) Health-related quality of 
life (QOL) measured using the SF-36 questionnaire [70], 
which will be used to develop weightings for quality-
adjusted life-years (for the full-scale trial). The SF-36 also 
includes 8-scale scores that can be grouped into physical 
health QOL and mental health QOL. The SF-36 has been 
shown to be a valid and practical instrument to assess 
the quality of life of older adults living at home [71]; (7) 
Psychological health including depressive symptoms 
measured using the Center for Epidemiological Studies-
Depression scale (CES-D) [72] and perceived anxiety 
measured using the Geriatric Anxiety Inventory (GAI) 
[73]. The CES-D has demonstrated high validity and reli-
ability among older adults [72, 74]. The GAI has demon-
strated a strong ability to identify geriatric anxiety, with 
studies reporting a high internal consistency and valid-
ity of the questionnaire [73, 75]; (8) Waist circumference 
assessed as a simple indicator of vascular risk [76]. The 
assessor will oversee the measurement, ensuring the tape 
measure is in the correct position. This measurement will 
be taken a second time to ensure accuracy, with both val-
ues will be recorded and an average of both values being 
used; (9) Diet quality measured using the Eating Pattern 
Self-Assessment (EPSA) which collects self-reported 
intake of the 15 targeted food items from the BHFG. In 
addition to t1, t2, and t3, the EPSA will also be adminis-
tered monthly to participants in the DIET group to help 
with goal setting, while it will be administered mid-way 
through the program for participants in the ED groups. 
At post-intervention, participants will complete a survey 
to gather feedback about their experience in the program.

At virtual assessment 2 (30 min), executive function 
will be assessed by a composite measure of executive 
function, consisting of the Cambridge Brain Sciences 
(CBS) Double Trouble (Stroop), Monkey Ladder (visu-
ospatial working memory), and Feature Match (attention 
speed) tasks [77]. Memory will be assessed by delayed 
recall on the Rey Auditory Verbal Learning Test (RAVLT) 
[78] and the CBS Paired Associates task [77]. These tests 
were chosen as they measure the cognitive domains of 
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interest and have been validated for remote delivery 
[79–81].

Sample size
A recent meta-analysis of exercise on cognition found 
Cohen’s d effect sizes between 0.27 and 0.36, dependent 
on combinations of exercise mode, frequency, duration, 
and outcome [16]. Effect sizes for diet interventions are 
highly variable depending on the intensity of the inter-
vention. The most similar published diet intervention 
was in a factorial RCT of exercise and diet (without a 
goal-setting component) that found an effect size of 0.32 
for exercise and 0.30 for diet [82]. The intensity of the 
current study intervention is higher than in this prior 
study, and it is expected that the goal-setting will increase 
adherence. However, virtual delivery may weaken adher-
ence. As a result, an effect size of 0.30 was chosen for 
sample size estimates for the full-scale trial.

For the full-scale trial, it is estimated that 88 partici-
pants are needed per intervention arm (total of 364 par-
ticipants) to detect EX (d = 0.3) and DIET (d = 0.3) effects 
with an alpha level of 5% and 80% power. With 10% drop-
out, 404 participants are needed for a full-scale trial over 
3.5 years. As a result, for this feasibility trial, 140 partici-
pants will be recruited over 1.25  years to test the feasi-
bility of the rate of recruitment that would be required 
for the full trial. Interim analysis of feasibility will be per-
formed after the first three waves complete the 6-month 
assessment.

This sample size should also be appropriate for measur-
ing feasibility outcomes. To confirm the sample size was 
sufficient, we considered a study adherence as a dichoto-
mous outcome with a binomial distribution, where each 
participant will either complete the 6-month assess-
ment (1) or not (0). With a sample size of 140, antici-
pated adherence of 80% can be estimated to within a 95% 
confidence interval from 72% to 86%.

Data handling
Investigators and study staff will collect only the infor-
mation needed for this study. Data will be stored in 
password protected files on computers, and in locked 
rooms. Data related to questionnaires will be collected 
using Qualtrics software (August 2023) and stored on 
an encrypted drive. All personal identifying information 
will be removed from the data and will be replaced with 
an ID code. Following completion of the study, data will 
be made available on an open science platform (platform 
yet to be determined, with participant consent) so that 
other researchers will have the opportunity to validate 
and replicate the results. All data shared in an open sci-
ence framework will be de-identified and only study staff 

will be able to link this data to any personal identifying 
information.

For the memory and learning tests, there may be audio 
recordings to ensure that the researcher scores the test 
results accurately. These tests will also be saved with an 
ID code so that names cannot be identified and they will 
be stored until data analysis is complete.

Safety and monitoring procedures of adverse events
To minimize the risk of adverse events, individuals must 
be screened safe to participate in moderate exercise using 
the CSEP Get Active Questionnaire [50] or have physi-
cian approval to engage in moderate intensity exercise 
without in-person supervision. The risk of adverse events 
is minimized by having exercise prescription completed 
by a CEP, by monitoring symptoms at each session, and 
through appropriate emergency protocols. Procedures 
are in place to monitor adverse events that participants 
may experience during the intervention. Grading and 
categorization of adverse events will be conducted using 
the Common Terminology Criteria for Adverse Events 
[83]. Participants will be queried about adverse events 
at each session and study visit. In situations where a par-
ticipant reports exercise-related changes, such as muscle 
soreness and joint pain, the CEP will meet with the par-
ticipant individually to gain further information about 
the changes. The CEP will determine whether the partici-
pant is safe to continue to exercise (although with modi-
fications) or whether they should seek further medical 
attention. If a participant is deemed not safe to continue 
exercising, the CEP will follow-up with the participant 
weekly to determine when it is safe for them to re-join (if 
necessary, study physicians will be consulted in this pro-
cess). For all adverse events that occur during the study, 
research staff are instructed to contact the University of 
Waterloo and Baycrest Research Ethics Boards. Adverse 
events for this study are defined as any undesirable expe-
rience that occurs to a participant during the 6-month 
intervention, regardless of whether they are perceived to 
be related to the intervention, and whether they are an 
expected consequence of the intervention. For adverse 
events that occur which are perceived to be related to 
the intervention, study physicians will be alerted. If it 
is unclear whether an adverse event is study related, 
the event and the conditions will be shared with study 
physicians.

Analysis
Analysis of primary objectives related to feasibility out-
comes will be descriptive. “Success” will be based on 
predetermined criteria outlined in “Objectives and 
hypothesis” which included: (1) Recruitment: ≥ 9 partici-
pants/month over 1.25 years; (2) Adherence: (a) ≥ 75% of 
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Aerobic and Resistance Exercise (EX) sessions and ≥ 75% 
of Diet Counseling (DIET) sessions are completed; (b) 
improvement in diet quality at 6  months compared to 
baseline; (3) Retention: ≥ 80% of randomized participants 
complete the 6-month assessment of executive function. 
Overall, “success” will indicate that the protocol is ade-
quately robust to proceed to a large RCT with small or no 
adaptations, and failure to meet these targets indicating a 
need for substantial change before proceeding. Prelimi-
nary analyses of feasibility outcomes will be conducted at 
the end of year 2 by an independent statistician when the 
first three waves complete their 6-month assessment. If 
the data support feasibility, the research team will apply 
for funding to roll directly into the definitive trial.

Full analyses will be conducted once all participants 
have completed their 12-month follow-up assessments. 
Analyses will explore whether feasibility outcomes vary 
by gender as research suggests that exercise and diet pref-
erences vary by gender [45, 84]. Feasibility outcomes will 
be described among women and men, and among non-
binary and other gender groups if possible. Analyses will 
also explore whether other demographics, geographical 
location, or technology access predict adherence. Char-
acteristics of the participants who withdraw and rea-
sons for withdrawal will be analyzed and intent-to-treat 
analyses will be used. Individuals who withdraw from 
the study will be invited to take part in post-intervention 
and 6-month post-intervention assessments and a sensi-
tivity analysis will be completed. In addition, effect sizes 
for EX and DIET will be determined for the future, full-
scale trial by gender. An analysis of effect sizes will be 
conducted from both intention-to-treat and per protocol 
analyses (to understand potential effectiveness in relation 
to adherence).

Discussion
This protocol summarizes a feasibility study of a 6-month 
virtual, factorial trial of exercise and nutrition among 
individuals with SCD. This study will inform the suit-
ability of a full-scale trial. Results will also be useful to 
inform exercise and lifestyle interventions in research 
and practice, giving insights into feasibility and reach by 
geography and demographics. Although the frequency of 
virtual exercise and lifestyle trials increased during the 
COVID-19 pandemic, few trials recruited broadly from 
the community as opposed to from established research 
databases and participant pools. This study will give 
insights into the feasibility of more generalizable recruit-
ment tactics.

The entirely virtual design will allow recruitment from 
a large geographic area, including individuals who rarely 
have access to clinical trials due to geographic region 
or transportation. The uptake of technology and virtual 

software (e.g., Zoom®) has accelerated during and after 
the COVID-19 pandemic [35, 85, 86], enabling reach of 
interventions to people with few local resources. The fea-
sibility results of this study will inform both a future trial 
and broader research and practice initiatives.

The trial interventions are grounded in best evi-
dence and practice. The interventions were informed 
by researchers and practitioners (exercise physiolo-
gists, kinesiologists, dietitians, occupational therapists) 
with subject-matter and practice expertise in exercise, 
diet, and goal-training. The EX intervention aligns with 
protocols and guidelines for physical activity for brain 
health [16, 87]. The DIET intervention is grounded in 
the “Brain Health Food Guide” recommendations, which 
is based on single nutrients and overall dietary patterns 
associated with brain health [26, 55–58]. Furthermore, 
the DIET intervention exceeds the intensity of prior diet 
interventions for brain health by combining dietary edu-
cation with goal setting that has shown to be feasible and 
effective in other clinical trials, including a pilot study 
by the research team [51]. Lastly, the inclusion of active 
control groups that closely equate intervention intensity 
in terms of time and social interactions, controlling for 
intervention elements outside of exercise, healthy eating, 
and goal-training, is another strength. Overall, the use of 
active controls will result in a conservative estimate of 
the intervention effect.

However, there are challenges associated with this 
trial. All assessments will be completed virtually, which 
is not the gold standard for cognitive tests or fitness 
assessments. Subjective participation scores measur-
ing adherence may also be biased. Inevitably, technology 
difficulties will arise, which could impact participants’ 
adherence and satisfaction, as well as data collection. 
Furthermore, it is possible that individuals who are 
uncomfortable with technology and those with lower 
levels of technology proficiency may be less inclined to 
join the study despite tablets and/or internet access being 
provided. As a result, there is a potential for selection 
bias and the findings not being generalizable to the older 
adult population.

In conclusion, the results of this study will inform 
whether it is feasible to move forward with a definitive 
trial, while also informing future virtual programs and 
services. If the interventions are feasible and beneficial, 
this study model could scale up and spread quickly to 
reach at-risk individuals for the purpose of dementia risk 
reduction.

Trial status
Participant recruitment began in July 2023. The first ses-
sion of the intervention began in October 2023 and the 
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last session of the intervention is scheduled to finish in 
June 2025.
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