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1- To appraise the role of the multiple neuropathology that is associated with dementia

2- To understand population level estimates of risk factors and its potential reversibility

3- To peruse current evidence for dementia prevention from RTCs

4- To present results from the national SYNERGIC trial 

Objectives



Dementia is a syndrome characterized by 

cognitive impairment affecting activities of the daily living

Most frequent of Dementias is Alzheimer’s disease (AD)

that encompasses neurodegenerative and cerebrovascular

diseases, often presenting in combination 

Mechanism of neurodegeneration is protein misfolding and

aggregation (beta amyloid, hyper-phosphorylated tau)

followed by neurotoxicity

Disease modifying therapies aimed to prevent or delay the onset or progression of 

cognitive impairment are still under development. 

https://www.alzint.org/about/dementia-facts-figures/dementia-statistics/

Dementia



Why are we discussing whether  30% to 40% 

of dementia  cases can be prevented?

1- Drug treatments for Dementia have not delivered results we hoped 

    (Last approved drug by Health Canada was memantine in 2004!)

2- Amyloid hypothesis for Alzheimer’s Disease does not explain the clinical 

    variability we see in our patients 

3- Studies support that lifestyle modifications may reduce dementia incidence

Shift for dementia management.  

Today, treatment is prevention 

               But, do we really know that we can prevent dementia?

                Are there any problems in the “encouraging” data?



Alzheimer’s Disease (AD) = The most common form of dementia 

               Association with beta amyloid brain load and cognitive impairment lessens with age

85 y/o M, Cognitive healthy 

and highly functional

85 y/o F, severe 

Dementia and 

wheelchair bound

80% of dementias are in people aged >75 years

Dementia is multifactorial, even for clinical AD 



AD pathology rarely occurs in isolation

AD 

pathology 

65%

Non-AD 

Pathology 

29%

AD Only 6%

AD + neurodegenerative 6%

AD + Vascular 26%

AD + Vascular + 

other neurodegenerative (PD-LB) 28%

Religious Orders Study and the Memory and Aging Project

• N = 1,079 (92.9%) free of dementia at baseline

• Mean Age = 75.7 years

Up to 9 different 

pathologies 

were found 

Bennett  DA et al. Religious orders study and rush memory and aging project. Journal of Alzheimer's disease. 2018; 64(s1): S161-S189

May, 2001

Lei Yu et al (Neuropathologic Correlates of Human Cortical Proteins in Alzheimer Disease and Related Dementias) Neurology 2022;98:e1031-e1039 

• Mean Education = 18.1 years

• Up to 22 years of follow up



Rush Study of Aging: 
Treating Pathology vs. Enhancing Resilience

Treating Pathology

• Amyloid does not predict cognitive decline after controlling for tangles.

• Amyloid and tangles together only account for about 25% of the 

variance in cognitive decline.

• “The impact of 9 common pathologies varies widely depending on the 

presence of other pathologies. Is developing a biomarker for each pathology 

and a cocktail to treat each pathology scalable? This could result in multiple 

cocktails over a long period of time in older persons with aged livers and 

kidneys, at a cost that is likely beyond what can be paid.”

An alternative therapy would be to target resilience (organ reserve)

Bennett  D A et al. Religious orders study and rush memory and aging project. Journal of Alzheimer's disease. 2018; 64(s1): S161-S189.



*Adapted from Jack et al. model. Lancet Neurology 2010

The road to Dementia. Changes before clinical manifestations

Other pathologies: 

CVD, PD-LBD, 

Multifactorial causes of dementia



Research context for prevention of dementia 

Lancet Commission reports 2017 and 2020



The Lancet Commission 2020
1- Up to 40% of Dementia cases worldwide can be 
attributed to 12 modifiable risk factors (diabetes,  
hypertension, obesity, physical inactivity, smoking, 
low education, hearing/vision deficits, air pollution, 
alcohol, TBI, and depression)
2- Recommend treatment and management of 
these conditions to prevent up to 40% of 
dementias
3- Similar studies have been conducted in Brazil, 
India, China, New Zealand, US, but it hasn’t been 
done yet in Canada

       Livingston et al. Lancet. 2020; 396: 413-46.



Brookmeyer R et al., 1988; Norton et al., 2014, Lancet Neurol, 2014; Livingstone et al., 2017 & 2020, Lancet Neurol.

Risk Factors Along the Life Course: Preventing Dementia   

Risk factor PAR

Diabetes mellitus 2.9%

Midlife hypertension 5.1%

Midlife obesity 2.0%

Physical inactivity 12.7%

Depression 7.9%

Smoking 13.9%

Low education 19.1%

Combined PAR* 28.2%

PAR=population-attributable risk.

*Adjusting for non-independence of the 

risk factors.

Late Life

Midlife

Early Life Delaying the onset of 

dementia by:  

1 year:  10%

5 years:  50%

2020

40%



Prevalence of Modifiable Risk Factors for 

Low Cognition and Dementia in Canada: 

an analysis of 

Canadian Longitudinal Study of Aging 

Surim Son et al. (under review)



Canadian Longitudinal Study on Aging

• A large national, longitudinal study of 
50,000 Canadian men and women 
who were between the ages of 45 and 
85 when recruited.

• This study analyzed Comprehensive 
cohort (N=28,588)

• After applying sampling weight, this 
data represents N=3,599,967.



12 Modifiable risk factors

18

• using the operational definitions used in the Lancet 2020

Lancet. 2020; 396: 413-46.

Less Education Less than secondary school graduation

Hearing loss >25 dB at 500, 1000, 2000 and 4000 Hz in the better ear 

Traumatic brain injury A head injury resulted in losing consciousness

High blood pressure >140 mmHg (average of 5 measurements)

Excessive Alcohol >21 unit of alcohol per week

Obesity BMI of ≥30 kg/m2

Smoking Current cigarette smoker (in past 30 days)

Depression Self-report diagnosis

Social isolation Less than monthly social contact 

Physical inactivity <150 mins of moderate-to-vigorous physical activity or <75 mins of vigorous activity

Diabetes Self-report diagnosis

Sleep disturbance poor sleep quality, insomnia, sleep apnea, daytime sleepiness, restless leg syndrome

Background Objective Method Results Discussion



Population Attributable Fractions 

• The population attributable fractions (PAF) for a risk factor indicates 
the proportion of the low cognition and dementia in the population 
that would be removed it the exposure (ie. physical inactivity) was 
eliminated.

Pexp: prevalence of the exposure

RRexp: risk ratio of exposure



Lancet Commission vs. CLSA

Lancet Commission (2020) CLSA (2022)

RR Prevalence
Unweighted 

PAF
Prevalence

Unweighted 

PAF

Early life (age <18 years)

Education (≤ primary school) 1.6 40% 19.4% 17% 9.3%

Midlife (age 45-65 years)

Hearing loss 1.9 32% 22.2% 34% 23.4%

Hypertension 1.6 9% 5.1% 13% 7.24%

Excessive alcohol consumption (>21 

units/wk)
1.2 12% 2.1% 11% 2.15%

Obesity 1.6 3.4% 2.0% 31% 15.7%

Table 1. Prevalence and PAF in Early and Mid-Life



Lancet Commission vs. CLSA 

Lancet Commission (2020) CLSA

RR Prevalence
Unweighted 

PAF
Prevalence

Unweighted 

PAF

Later life (age >65 years)

Smoking 1.6 27% 14.1% 11% 6.19%

Depression 1.9 13% 10.6% 17% 13.3%

Social isolation 1.6 11% 4.2% 20% 10.7%

Physical inactivity 1.4 18% 9.6% 67% 21.1%

Diabetes 1.5 6% 3.1% 9% 4.1%

Sleep disturbance 1.2‡ NA NA 43% 7.9%
‡RR extracted from Shi et al. (2018). Sleep disturbances increase the risk of dementia: a systematic review and meta-analysis. Sleep Med 

Rev. 40:4-16.

Table 2. Prevalence and PAF in Later Life



Canadian Findings

• Highest prevalence of RFs in Canada were Physical Inactivity (67%), 

Sleep disturbance (43%), and Obesity (31%).

• Highest prevalence of RFs in World were Education (40%), Hearing 

loss (32%), and Smoking (27%).

• The prevalence of RFs in Canada differ from Worldwide prevalence 

(reported in Lancet Commission 2020).



What about RCTs using lifestyle 

interventions to improve cognition 

and prevent dementia?



INTENSIVE  INTERVENTION

Nutrition

Exercise 

Cognitive training 

Vascular risk monitoring

Year

REGULAR HEALTH ADVICE

N=1260

60-77 years

FINGER TRIAL

25% improvement 

in Composite 

cognitive score!!!

Ngandu, Kivipelto et al. Lancet 2015

20



Primary: NTB total score
(Composite z-score) 

FINGER Trial: summary of primary findings

25% higher improvement

p=0.03
0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

Baseline 12 months 24 months

Executive functioning

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

Baseline 12 months 24 months

Processing speed

83% higher improvement 150% higher improvement

p=0.04
p=0.03

Memory (complex tasks)

p=0.04

40% higher improvement Ngandu, Kivipelto et al. Lancet 2015

Intervention

Control   

Lines = estimates for change from baseline to 1 & 2 years 

Error bars = standard errors

P-values = difference in trajectories over time between groups

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Baseline 12 months 24 months

0.05

0.10

0.15

0.20
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The SYNERGIC Trials
Part of CAN Thumbs-UP



ccna-ccnv.ca

• SYNERGIC Trial

• SYNERGIC @Home

• SYNERGIC 2.0 Trial

The SYNERGIC Trials
Part of CAN Thumbs-UP



ccna-ccnv.ca

Successfully completed

Published Main Results in JAMA Open - July 20, 2023

SYNchronizing, Exercises, Remedies in GaIt and Cognition        
A randomized controlled double blind trial

NCT02808676 HC6-24-c195918

SYNERGIC Trial



SYNERGIC 1

200 older adults with Mild Cognitive Impairment 

Goal: Efficacy of  bi-modal personlized exercise 

(aerobic+ resistance) + potential synergistic effects 

of adding cognitive training + vitamin D to improve 

cognition

SYNchronizing, Exercises, Remedies in 

GaIt and Cognition

www.synergictrial.com 



Aerobic exercise

1.Blood supply
2.Anti-inflammatory
3.Immunologic factors
4.Growth factors

Colcombe et al 2004; 2006;
Cotman, Berchtold & Christie, 2007

Vitamin D

1.Anti-inflammatory
2.Calcium metabolism
3.Anti-oxidant

Montero-Odasso and Duque, 2005
Annweiler et al 2013
Morley, 2014
Morley & Farr, 2014

Cognitive training

1.Functional plasticity
2.Connectivity

Erickson et al 2007a,b;
Chapman et al 2015

Physiological

Levels

Behavioural

Resistance exercise

1.Blood supply
2.Growth factors
3.Functional plasticity

Cotman, Bertchtold & Christie, 2007
Liu-Ambrose et al 2012;
Nagamatsu et al 2012

Mobility

• Walking
• Multi-tasking
• Balance
• Falls
• Activities of daily living

Cognitive

• Executive functions
• Attention
• Visuospatial function
• Speed processing
• Memory

Enhancement of neural
networks connectivity

Potential changes induced by multimodal interventions in MCI

Cerebral blood supply Neuronal cell connectivity Synaptic strength Dendritic tree growthFunctional plasticity

Cognitive-motor
interactions

Montero-Odasso et al., 2012; 2015
Colcombe & Kramer 2003;
Nagamatsu et al . 2012;
Ballestros et al. 2014;
Bherer et al 2005, 2006,2013;
Liu-Ambrose et al 2010, 2012;
Langlois et al .2013;
Chapman et al 2015

Sage & Almeida, 2009;
Li et al. 2010;
Muir & Montero-Odasso, 
2011;

Annweiler et al. 2013;
Suzuki et al .2013;
Langlois  et al .2013

Montero-Odasso et al, 2017 BMC Neurol



Exercise is Medicine



• Types of Exercise

– Aerobic Training

• Running, walking, swimming

– Resistance Training

• Lifting weights

– Anaerobic Training

– Balance/Agility Training

– Others: Yoga, Tai Chi, dance

What is good for your heart, 

is good for your brain!

Photo courtesy of SYNERGIC participants, London site



“I have been working out for six months, 
but all my gains have been in cognitive function”

                                                                     
 Kaamran Hafeez in the The New Yorker, October 2015



Domains of Cognition affected by 

physical exercises and cognitive training

• Executive Functions

– Planning, decision making, multi-tasking

– Sensitive to aging effects

– Impairment common in AD and VCI/VaD

• Hippocampal-Dependent Memory

– Impairment common in AD and VCI

– Impairment associated with conversion from MCI to AD
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SYNERGIC Trial       Design and sample

• 20-week multicenter phase II double-blind RCT + 6 months of follow-

up

• Sample size n=200 with Mild Cognitive Impairment (MCI), age 60-85 

years

• Assessments points: Baseline, week 22 (6 m), and week 52 (12 m)

• Investigating efficacy of multimodal aerobic and resistance training, 

with potential synergistic effects of cognitive training and vitamin D

• Primary Outcome: ADAS Cog 13 and plus

• Secondary Outcomes: Other cognitive domains, brain MRI, gait and 

mobility, falls, and blood biomarkers



SYNERGIC Trial - CONSORT Flow chart     

Enrollment

Interventions

6 months

Follow-up

6 months

Goal:

To test efficacy of 

multimodal (aerobic 

+ resistance) exercise 

with potential 

synergistic effects of 

adding cognitive 

training and vitamin 

D



Cognitive Training (Neuropeak®)

• Cognitive Training (CT) is a tablet-based 

multimodal and multi-domain dual-task training 

with memory load imbibed

• CT happens before each of the fitness-training 

sessions for a duration of 30 min

SYNERGIC Trial 

Interventions

Cognitive training       +      Physical exercises        +       Vitamin D

3 interventions… in individuals with MCI 



Cognitive Training 

(Neuropeak®)

• 30 minutes of single and dual-

task blocks

• Task A: celestial bodies

• Task B: Animals 

• Adaptive increase in difficulty 

over sessions

• Memory load imbibed

Single tasks

Dual task

A

B

A+B





Multimodal Exercise (SYNEXCog®) 

• 3 weekly sessions, 60 min each

• Includes 40 min progressive resistance 

training (lower and upper body exercises) 

+ 20 min aerobic exercise

SYNERGIC Trial 

Interventions

3 interventions… in individuals with MCI 

Cognitive training       +      Physical exercises        +       Vitamin D



Cognitive training       +      Physical exercises        +       Vitamin D

Vitamin D

• 10,000 IU of Vitamin D3 or matching placebo 

3 x/week (daily dose: 4,258 IU)

• Maximum daily dose approved by Health 

Canada as a supplementation is 10,000 IU

SYNERGIC Trial 

Interventions

3 interventions… in individuals with MCI 



SYNERGIC Trial 
CONSORT Flow chart

T0 (Baseline)

T6 (Post-intervention)

T12 (Follow-up)

Figure 1. SYNERGIC Trial consortium flowchart. MCI, mild cognitive impairment.



Montero-Odasso et al, 2023 JAMA Open

Better cognition

Worse cognition

Better cognition

Worse cognition



• We could not reach the 200 participants due to COVID-19 Pandemic 

restrictions, which may have affected power for detecting efficacy for some 

of the interventions on secondary cognitive outcomes 

• Drop out was 17%, being 50% related due the early termination for COVID 

restrictions

• Vitamin D intake was not an exclusion criteria so the majority of the 

participants had a normal-high serum level of vitamin D

SYNERGIC Trial      Limitations



• Combining exercise + cognitive training has synergistic effect to improve 

cognition and mobility that the single modalities

• Multi-domain, personalized combination of progressive aerobic + 

resistance training coupled with cognitive training is feasible to do in older 

adults with cognitive impairment (MCI) 

• ADAS-Cog 13 changes were in the medium-large effect size (0.70) and 

close to clinical significant changes (3 point range)

• “The study demonstrates that people with MCI can do something that may 

influence their cognitive trajectory" said Ronald C. Petersen

• Adding Vitamin D did not enhance cognition or mobility

SYNERGIC Trial       Conclusions 



Add here the other 3 paper

1 form nick inmaging

1nick frailty

1 jack spectroscopeyy

1 joel/bruman depression

Nick W Bray

Secondary Outcomes – Brain connectivity



The Effect of a Multimodal Exercise Intervention Combined with 

Computerized Cognitive Training on Neuropsychiatric Symptoms in Older 

Adults with Mild Cognitive Impairment: A Preliminary Report

Authors:

Adrian Espiritu

Joel Mahon

Amer Burhan

Manuel Montero-Odasso

Espiritu et al, in prep

Depressive Symptoms
(Secondary outcomes)

Better symptom

Worse symptom
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Exercise, Gait Speed, and Primary Motor Cortex Metabolism in Mild Cognitive 
Impairment: A 1H-MRS Analysis from the SYNERGIC Trial

Jack Elkas, Frederico Pieruccini-Faria, Guangyong Zou, Amer Burham, Mark Speechley, Quincy J. Almeida, Teresa 
Liu-Ambrose, Laura E. Middleton, Richard Camicioli, Nick W. Bray, Karen Z.H. Li, Sarah Fraser, Nicolas Berryman, 
Maxime Lussier, J. Kevin Shoemaker, Surim Son, the Canadian Gait and Cognition Network, Louis Bherer, Manuel 

Montero-Odasso, Robert Bartha*
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Elkas et al in prep

Protective effects of 

combined interventions 

on motor cortex

Worse for neurons

Better for neurons



Positive effects of combined 
interventions on gait performance

Group x Time: p=0.02

Pieruccini-Faria et al in prep

P=.03

P=.03

P=.03

Worse gait

Better gait

Worse gait

Better gait

Group



SYNERGIC @Home
Pilot Launched in New Brunswick



Team Members
SYNERGIC @Home

1 site

CONFIDENTIAL

Chris McGibbon

(U of New Brunswick)

Pam Jarrett

(Dalhousie and Memorial University)

Manuel Montero-Odasso

(Western)



SYNERGIC@Home Pilot Trial

Purpose:
to assess feasibility of implementing 
multidomain interventions at home, 
preference for each intervention type, 
and adherence-compliance in MCI, SCI, 
and CI (with 2 or more risk factors).

Methodology/Design:
64 participants with MCI, SCI, or CI (with 
risk factors), aged ≥60 years enrolled 
and randomized into one of 4 arms.

SYNERGIC@HOME  A pilot, feasibility RCT using “in-home” physical 
exercises + cognitive training interventions delivered online to improve 
cognition in elderly with MCI, SCI, and CI (with risk factors).

Significance and results. The SYNERGIC@HOME Trial will:

✓Test feasibility of remote, COVID-friendly delivery of interventions and assessments.
✓ Informed our large trial @home (SYNERGIC 2 trial).
✓Evaluated factors related to intervention compliance in older populations.

SYNERGIC
@Home



The Future…



The Future…

1. Personalized “menus” – Precision medicine

2. Mobile or Digital platforms – Wearables and virtual reality to stimulate 

the brain

3. At Home Interventions

4. Exercise is key – Goal oriented exercise

5. Dual-task training? Sequential or concurrent?

6. Physical exercise “holy grail”  and emerging evidence is showing that 

combining that with cognitive training may have a synergistic effect

7. Effective coaching



SYNERGIC 2.0 Trial



Team Members

Karen Li

(Concordia)

Teresa Liu-Ambrose 
(UBC) 

SYNERGIC 2.0 Trial

8 sites

Manuel Montero-Odasso
(Western)

Chris McGibbon

(U of New Brunswick)

Laura Middleton

(U of Waterloo)

Richard Camicioli
(U of Alberta)

Sarah Fraser

(U of Ottawa)

Howard Chertkow

(Baycrest)

Methodologists



ON-LINE EDUCATIONAL
BRAIN HEALTH SUPPORT

 PROGRAM (n=275)
Educational modules composed of:

Exercise-Mobility Module 
      1x/week for 12 months
Cognitive Module: 
     1x/week for 12 months
Diet Module: 
      1x/week for 12 months
Sleep recommendations: 
      1x/week for 12 months
VRF recommendations: 
      1x/week for 12 months

PERSONALIZED MULTIDOMAIN
 INTERVENTION @HOME (n=275)
Personalised MENU composed of:

Physical Exercise@home
         3x/week for 12 months
Cognitive Training@home: 
        3x/week for 12 months
Diet intervention@home
        3x/week for 12 months
Sleep intervention@home: 
        3x/week for 12 months
Metabolic & VRF management: 
        3x//week for 12 months

Recruitment of eligible participants

Risk Profile Determination and 
Baseline Assessment SYNERGIC 2

Trial completed
ITT Analysis. Primary Outcome: ADASCog 13 

Randomize
n=550

1
2

  m
o

n
th

s

RCT, @home Personalized Multidomain lifestyle 
Interventions for 12 months

Older adults with MCI and ≥2 lifestyle risk factors for 
dementia

PMI@Home:

-individually tailored interventions (menu) based 

on patient profiles: multimodal exercise, cognitive 
training, and sleep enhancement, diet coaching, 
metabolic/vascular risk factor coaching, 
-effective coaching

Primary Outcome: ADSCog13 at 12 months (PMI group 
will show a 25% better performance in ADAS-Cog 13 at 
month 12 with an effect size of 0.22 SD)

Efficacy declared when difference between PMI 
and BHS in change scores of PO at end point is 
statistically significant at 2-sided 5% level

SYNERGIC 2 - Trial Consort Flowchart



Montero-Odasso et al. Alzheimer’s Research & Therapy (2022) 14:94 https://doi.org/10.1186/s13195-022-01036-1



SYNERGIC-2 Digital Platform Dashboard The Future



TAKE HOME MESSAGES

1 - Cognitive impairment, dementia and Alzheimer’s disease are multifactorial 

     with several potentially modifiable risk factors including vascular risk factors, 

     physical activity levels, diet and other lifestyle factors.

2 - Owing to this multifactorial etiology, multidomain interventions that target 

     several risk factors and mechanisms simultaneously might be needed for 

     effective prevention.

3 - Large RCTs of multidomain lifestyle interventions to prevent cognitive 

     impairment shows encouraging results, particularly when targeting 

     individuals at higher risk. Role of personalized medicine: SYNERGIC Trial

4 - A life-course approach is needed to facilitate optimal lifestyle intervention 

     strategies for different age groups and for individuals with different risk profiles.

5 - Identification of interventions that are effective and sustainable in different   

     geographic, economic and cultural settings should be the focus of future.



SYNERGIC 2.0 TRIAL

• 31 scientists involved in SYNERGIC 2 Trial

• 550 participants being recruited

• 8 Canadian Cities participating

• $  8 billion projected savings in Canada’s Healthcare System over    years

Are you 60 to 85 years old?

Do you have trouble remembering things?

Come join us!

For more information, contact (519) 685 4292 ext. 45629

or info@gaitandbrain.com



Thank you!

Gait & Brain Team
Parkwood Institute, London ON
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Einstein College of Medicine, NYC
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Dr Ryota Sakurai 
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Web: gaitandbrain.com
Email: mmontero@uwo.ca
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