
Division of Geriatric 

Medicine 

 

 
Motor Biomarkers to predict  

cognitive decline and dementia  

 

“There is something in the way you walk” 
 

Manuel Montero-Odasso MD, PhD, FRCPC, AGSF, FGSA  

Professor, Departments of Medicine, and Epidemiology and Biostatistics 

Director, Gait and Brain Lab, Parkwood Institute 

Division of Geriatric Medicine, The University of Western Ontario 

Scientist, Lawson Health Research Institute, London ON 
ON 



Division of Geriatric 

Medicine 

 

Objectives 

  

1. To summarize the current knowledge of  the relationship between early motor, mood & cognitive 

decline in aging and disease.  

2. To show the value of the dual-task paradigm to evaluate cognitive and motor relationships.  

3. To demonstrate that gait assessment is  a complementary window to evaluate brain function.  

4. To discuss that gait performance is a motor biomarker that can be used to predict dementia  
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What makes a person look old? 

• Slow Gait 

• Mental Slowing 

• Low Mood 
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Thinking, Feeling, and Moving must be studied together 

• Extensive epidemiological evidence supports links between cognition and movement 
 

• Brain networks for movement overlap with networks for cognition   
 

• Thinking, Feeling, and Moving share behavioral and etiological factors that can drive new 
insights into prevention and treatment 

 
Particularly, to understand the relation with cognitive decline and dementia 
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Albers et al 2015 (At the interface of sensory and motor dysfunctions and Alzheimer’s Disease) Alzheimer’s and Dementia, 70-98. 
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Main Questions 
 

• What are the non-cognitive changes has been associated with 

developing dementia? 

• What are the potential, sensory, motor, behavioral, or sleep, frailty 

markers that have been shown to serve as potential predictors of 

dementia? 

• Are there prediction models for dementia using these non-cognitive 

markers? 
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Outline of this presentation 

• Why walking is fundamental 

• Gait and Brain Connection 

• Predementia syndromes (MCI) and gait 

• Walking while talking as a “Brain stress test” to predict dementia  
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Gait and Brain Connection 
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...If he was able to keep his body in an upright position, 

 to move his hands in one way and their feet in another. 

 To keep improving his brain and to use his mind as best as possible, 

 he stood a chance of success...”  

 

                         Desmond Morris 

                                               “The Naked Ape” 

                                                                 A Zoologist’s Study of the Human Animal. 1967 
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Encephalization 

There is a “phylogenic” Gait 

and Cognition association 

Bipedalism 

Bipedalism, Encephalization and Gait 

5 million years 

Montero-Odasso M. [Gait Disorders in the Elderly Persons under the Scope of the 

Falls Syndrome] [PhD thesis]. Faculty of Medicine Library. University of Buenos 

Aires. (2003 )    
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Bipedalism 

Brain 

size 

Bipedalism, Encephalization and Gait 

 

    It was a fundamental adaptation 

    1.5 M years before encephalization 

    Necessary step for encephalization   
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80 years 

Bipedalism, Encephalization and Gait 

Montero-Odasso M. [Gait Disorders in the Elderly Persons under the Scope of the 

Falls Syndrome] [PhD thesis]. Faculty of Medicine Library. University of Buenos 

Aires. (2003 )    

There is an “ontogenetic” 

Gait and Cognition decline 
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Gait and Cognition 
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Mobility Impairment 

Cognitive Impairment 

FalIs-Fractures 

Dementia 

Slow Gait Speed 

MCI 

Traditional 

View 
Emerging 

View 

J Am Geriat Soc  2012; 60(11):2127-36.  
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Walking is fundamental 
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Unrecognized 
Clinical Reality   

 
An 86 year old man is brought to clinic for  several years history of 

decline. He has withdrawn from life and spends all his time 
sitting in a chair dozing. He has had several recent falls.  

PMH: diabetes on oral agent, HBP 

Meds: HCTZ, glipizide 

Exam shows deficits in cognition, construction, sequencing, recall 
and language. 

         He has a slow shuffling gait and increased tone. His affect is 
flat, he states that life is not worth living.  

He is diagnosed with dementia and depression and given a cane. 

Brain-related gait abnormalities in older people are 

often ignored or attributed to “normal aging”.  

“senile gait” 
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Mobility Impairment 

Cognitive Impairment 

FalIs-Fractures 

Dementia 

Slow Gait Velocity 

MCI 

Traditional View Emerging View 

J Am Geriat Soc  2012; 60(11):2127-36.  
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 Mild Cognitive Impairment =MCI  

• MCI express early problems in “cognition” (pre-dementia 
state).1,2  

• Difficult to characterize who will convert to dementia3 

• Gait might provide a window into aspects of brain 
function in the preclinical onset of dementia 

 

1. Budson  AE, Price BH. Memory Dysfunction. N.Engl J Med 2005; 352:692-699  

2. Dubois B, Albert M. MCI or prodromal dementia? Lancet Neurol 2004; 3:246-248-1133 

3. Petersen RC. Journal of Internal Medicine 2004; 256: 183–194 

 

 

 

Continuum 
Normal 

Dementia 

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

The road to Dementia. Changes before clinical manifestations 

Other pathologies: CVD, 

PD-LBD,  
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Can motor biomarkers 

predict dementia? 

Gait & Brain Study – Overall goals 
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From: Motor function and incident dementia: a systematic review and meta-analysis    Age Ageing. May 25, 2017.1-10 doi:10.1093/ageing/afx084 
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 *Recommendation 1* There is strong evidence that gait speed is associated with future dementia, in population studies . When 

gait speed (cut-off gait speed below 0.8m/s)  is coupled with cognitive impairment (subjective or objective) the risk is 

higher. We recommend testing gait speed in primary care clinics in those  patients with cognitive complains/impairments if 

time/resources are available. GRADE 1B 
 

Note: published protocols on how to assess gait speed with just a stopwatch are available. It is test easy to perform and take, in 

average 3 minutes to be performed.  

  

Recommendations for discussion  

Motor 

We propose a two step approach  

Subjective or Objective Cognitive impairment? 

No Yes 

No action Perform gait speed test 

It is not screening, it is case finding 

Evidence 
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40% remains stable  

after 5 years 

60 % will develop dementia 

After 5 years (rate 7-10% year) 

Population 

at Risk:MCI 

Clinical Dementia 
CDR conversion 

Clinical Dx 

Will 

develop 

dementi

a 

 Significance 
Early prognosis 

Early treatment 

Delay disability 

Delay placement 

“The Gait and Brain Study” 
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N = 130  

(1st wave 

 2007-2010) 

N = 270 

(2nd wave 

 2010-ongoing) 

N = 57 progressed to dementia 

N = 77 drop out 

N = 16 deceased 

 

Total  Since 2007 

N = 414 
MCI=211, SCI=115,Controls=88 

 

N = 250 

 in follow- up Montero-Odasso M, et al. BMC Geriatr. 2009 Sep 1;9:41  

Montero-Odasso M et al. J. Am Geriatr Soc 2012 

London 

Design and Participants: 

• Ongoing cohort, up to 15 years 

• Seniors (>65 y/o) with SCI, MCI, Cognitive 

Healthy controls 

• No frailty, no dementia at baseline, able to 

ambulate independently 
 

Mean follow-up: 34 months 

Range follow up: 6 months to 78 months  
 

Bi annual assessments: 

• Battery of Cognitive tests 

• Gait (electronic walkway), Balance, Blood tests, 

MRIs every 18 mo 

Gait & Brain Study - Design and follow-up  
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 Gait performance 

Electronic walkway (Zeno Mat® and GAITRite®  System)  

 Gait velocity (cm/s)  

 Dual-task gait test 
 

 

 Cognitive  Assessments:  

MoCA, MMSE , CDR, RAVLT, TMT A/B 
 

 

 Incident Dementia 

DSM-IV criteria + when CDR progressed 

to 1.0 or higher in follow-up 

 

 Analysis  

Cox proportional  hazard models  

Gait & Brain Study            Methods & Assessments  
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A. Usual gait: right and left step lengths approximately equal. 

B. asymmetric gait (limp): right step length consistently shorter than left 

step length.  

C. Variable gait: inconsistent right and left step lengths 

Red = Left footprints, Green = Right footprints 
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Single-Task Gait Example 

Gait velocity: 1.46 m/sec  

Gait variability: 2.83% CoV 

Dual-Task Gait Example (Serial 7s) 

Gait velocity: 1.03 m/sec 

Gait variability: 13.06% CoV 

=
𝑆𝑖𝑛𝑔𝑙𝑒 𝑔𝑎𝑖𝑡 − 𝐷𝑢𝑎𝑙 𝑡𝑎𝑠𝑘 𝑔𝑎𝑖𝑡

𝑈𝑠𝑢𝑎𝑙 𝑔𝑎𝑖𝑡
  x 100= 30%  
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Pashler H. Psychol Bull. 1994 

Brain areas activated while… 

Walking Cognitive task Shared 

resources 

Single task 

Dual-task paradigm  -  How does it work? 

Single task Dual-task 
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Gait Assessment 

Stride time is a fine parameter of cortical control of gait 
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Usual gait

Naming animals

Serial sevens

Gait variability in older adults with normal cognition (n=30), Mild Cognitive Impairment (n=45) and 

very mild Alzheimer’s disease (n=34) while usual walking and with two dual-task walking conditions. 

 

Muir, Speechley, Wells, Borrie, Gopaul, Montero-Odasso. Gait  in Mild Cognitive Impairment and Alzheimer's disease: the effect of dual-task challenges 

across the cognitive spectrum. Gait Posture. 2012 Jan;35(1):96-100.  

Gait Variability in the Cognitive Spectrum 

Early AD 



Division of Geriatric 

Medicine 



Division of Geriatric 

Medicine 

N = 130  

(1st wave 

 2007-2010) 

N = 210 

(2nd wave 

 2010-ongoing) 

N = 47 progressed to dementia 

N = 60 drop out 

N = 6 deceased 

Total  Since 2007 

N = 400 

N = 250 

 in follow- up 
Montero-Odasso M, et al. BMC Geriatr. 2009 Sep 

1;9:41  

Montero-Odasso M et al. J. Am Geriatr Soc 2012 

London 

Design and Participants: 

• Ongoing cohort 

• Seniors with SCI & MCI, >65 y/o, no 

frailty, no dementia at baseline, able 

to ambulate independently 

 

Mean follow-up: 24 months  

 

Bi annual assessments: 

• Battery of Cognitive test 

• Gait, Balance, Blood tests, MRI 

Gait & Brain Study - Design and follow-up  

 

To be included in this study, participants had to: 
 

-     Have at least 2 assessment visits 

- Fulfill MCI criteria 
 

N = 112 
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From: Association of Dual-Task Gait With Incident Dementia in Mild Cognitive Impairment: Results From the Gait and Brain Study 

JAMA Neurol. Jul 1;74(7):857-865. doi:10.1001/jamaneurol.2017.0643 

Cumulative Hazard Ratio for Progression to Dementia for Low and High Dual-Task Cost in Gait Velocity (n = 112) A, Dual-

task gait cost (DTC) while counting backward. B, While performing serial sevens subtractions. C, While naming animals. 
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*Adapted from Jack et al model. Lancet Neurology 2010 

Dual-task Gait 

Proposal that Dual-Task gait (dark red) can be an early biomarker for Dementia progression before cognitive 

and  brain structural changes happen.  
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Trajectories of decline gait 

and cognition 

Gait & Brain Study –  
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 *Recommendation 1* There is strong evidence that gait speed is associated with future dementia, in population studies . When 

gait speed (cut-off gait speed below 0.8m/s)  is coupled with cognitive impairment (subjective or objective) the risk is 

higher. We recommend testing gait speed in primary care clinics in those  patients with cognitive complains/impairments if 

time/resources are available. GRADE 1B 
 

Note: published protocols on how to assess gait speed with just a stopwatch are available. It is test easy to perform and take, in 

average 3 minutes to be performed.  

  

Recommendations for discussion  

Motor 

We propose a two step approach  

Subjective or Objective Cognitive impairment? 

No Yes 

No action Perform gait speed test 

It is not screening, it is case finding 

Evidence 
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Working 

memory 
Attention 

Inhibition 

Walking is 
cognitively 
demanding! 

Dual-

Tasking 
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Summary, so far! 

• Gait is cognive dmeinf an dcan be  motro marker of cognitive impairment  

• Common brain mechanisms underlie gait and cognitive impairments before 

dementia 

• Identification of common modifiable risk factors for gait, motor and cognitive 

interaction will help develop targeted interventions to prevent cognitive decline 

and delay progression to dementia 
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What is the underlying 

mechanism of gait-cognitive 

relation and dysfunction? 
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What do these  symptoms have in common? 
They rely in similar brain regions and networks 

Cortical 

 

Subcortical 

 

Spinal 

 

Regulates 

propulsion 

and 

navigation 

 

          Gait 

 

  

 

Goal direct system: 
must reach the goal and avoid 

impeding objects 

  

 
Motor system  
  

1-Basal ganglia &    

   Brain stem Level  

  

  

 

 

2-Spinal Level:  

Central Pattern 

Generator (CPG); .  

Postural system 

and peripheral 

limbs 

  

1-Muscle and Joints 

2-Vestibular  

3-Ocular 

 

Provides 

cadence and 

rhythm 

Generates  

propulsive  

movement 

Helps to position 

center of gravity 

Provides propulsion  

 

Montero-Odasso M, et al. BMC Neurol. 2009;9:42. 
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Annweiler C and Montero-Odasso M.  Panminerva Med 2012; 54: 189-204 

 

― Objective: 

To determine the distribution of WMH 

 is associated with gait disorders  

 

― Methods: 

 Medline literature review 

 

― Results: 

 n = 21 manuscripts 

 GV associated with WMH 

   on the corticospinal tract 
 

 

Vascular burden as a substrate for higher-level gait disorders  

in older adults.  A review of brain mapping literature. 
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― Objective: 

To determine the distribution of WMH 

 is associated with gait disorders  

 

― Methods: 

 Medline literature review 

 

― Results: 

 n = 21 manuscripts 

 GV associated with WMH 

   on the corticospinal tract 
 

 

Vascular burden as a substrate for higher-level gait disorders  

in older adults.  A review of brain mapping literature. 

  

Annweiler C and Montero-Odasso M.  Panminerva Med 2012; 54: 189-204 
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PRIMARY  MOTOR  CORTEX 

 

― Objective: 

To determine the distribution of WMH 

 is associated with gait disorders  

 

― Methods: 

 Medline literature review 

 

― Results: 

 n = 21 manuscripts 

 GV associated with WMH 

   on the corticospinal tract 
 

 

Vascular burden as a substrate for higher-level gait disorders  

in older adults.  A review of brain mapping literature. 

  

Annweiler C and Montero-Odasso M.  Panminerva Med 2012; 54: 189-204 
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http://content.nejm.org/content/vol354/issue14/images/large/03f1.jpeg
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Watershed Areas of the Brain  

Wong, HH et al, Stroke 2001; ooo = watershed 
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Findings in our cohort 
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Brain 

ventricular 

volume 

Gait 

Velocity 
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 PMC neurochemistry: proton MR spectroscopy 

o NAA/Cr: neuron health/function (NAA/Cr<1.17) 

o Cho/Cr: inflammation (Cho/Cr>0.58) 
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Volume of the entorhinal cortex and the onset of dementia 

Findings in MCI participants that converted to dementia 

Series1, MCI, 
6950.2806 

Series1, 
Dementia, 
6062.225 

Series1, MCI, 
2080.2778 Series1, 

Dementia, 
1564 

Series1, MCI, 
49427.1667 

Series1, 
Dementia, 

47455.5 

(mm3) 

Entorhinal cortex  Hippocampus Prefrontal cortex 

p = 0.438 p = 0.055 p = 0.255 

Future onset of dementia 
(Adjusted for ICV, age, gender, education level, comorbidities, and MoCA score) 

OR: 0.997, p = 0.049 

OR: 1.00, p = 0.760 OR: 1.00, p = 0.771 

The relationship between gait and cognition in MCI older adults may be explained by 

atrophy of the entorhinal cortex, and it may predict future onset of dementia. 

Sakurai R, Bartha R, Montero-Odasso M. J Gerontol A Biol Sci Med Sci. 2019 Apr 

23;74(5):698-704.   
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Findings in our cohort 

● Smaller entorhinal cortex was associated with 

    worst dual-task gait and future onset of dementia. 

y = -0.0139x + 32.428 
R² = 0.2597 

Volume in the entorhinal cortex (mm3) 
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y = -0.0152x + 46.111 
R² = 0.1455 

Volume in the entorhinal cortex (mm3) 
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☞ Entorhinal cortex atrophy precedes hippocampal 

atrophy in SMI, MCI, and AD. (Pennanen, 2004; Jessen, 2006) 

Entorhinal cortex plays an important role in dual-tasking gait (working memory 

 and attention) and its atrophy may lead to progression to dementia. 

Counting backwards Serial sevens 

Sakurai R, Bartha R, Montero-Odasso M. J Gerontol A Biol Sci Med Sci. 2019 Apr 

23;74(5):698-704.   
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• Which functions and areas of the brain are involved? 

 

 …attention, executive function, and memory 

 

• Which variables of gait are most affected? 
  

 …gait variability 
 

• What are the common underlying factors? 

  

 …vascular risk factors 

 
 

Gait and cognition: Is there a relationship? 
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Is Gait a motor biomarker that can predict 
dementia? 
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*Adapted from Jack et al model. Lancet Neurology 2010 

Dual-task Gait 

Proposal that Dual-Task gait (dark red) can be an early biomarker for Dementia progression before cognitive 

and  brain structural changes happen.  



Division of Geriatric 

Medicine 

Conclusions 
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Conclusions 

 A high dual-task cost was associated with an increased risk of dementia by 3.8 times 

 

 Combining a simple measure (gait velocity) with a cognitive task (counting, naming animals) is 

superior than solely slow gait to detect risk for dementia 

 

 Dual-task test is easy to perform, low tech, and economical 

 

 Results are in agreement with: 

 “Motor signature” of cognitive decline 

 “Motoric Cognitive Risk” syndrome 
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Conclusions 

 Dual- task gait  

 

is an early clinical marker of 

progression to dementia 

 

can be use in screening patients 

with MCI who could benefit the 

most from additional testing 

 

can identify high-risk individuals 

with MCI to plan frequency of 

follow-up visits to monitor function 
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