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Dishman et al. Obesity (2006) 14, 345.
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Recommendations to public:

• Cognitive training

• Blood pressure management for 
people with hypertension

• Increased physical activity

Beneficial effects of these 
interventions are supported by 
encouraging, although 
inconclusive evidence.

The committee recommends 
that the NIH and others support 
further research to strengthen 
the evidence base on these 
interventions.

National Academy of Sciences 2017
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Sperling et al.  Alzheimer’s & Dementia 2011

?
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Flowchart of aerobic exercise training in cognitively normal older adults 
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Flowchart of aerobic exercise training in patients with MCI 

Tomoto 2021 JAD
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Outcome measures

• Global and domain specific neurocognitive 
function

• Cerebral blood flow (CBF) and CBF pulsatility

• Brain tissue volume and cortical thickness

• Central arterial stiffness (cfPWV and 
carotid β-stiffness index
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Aerobic training
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Typical cardiac
rehabilitation program

~75% HRmax, ~140 min/wk
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Liu et al. Alzheimer’s & Dementia. 2013

Measurement of CBF using color-coded duplex ultrasonography  
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Transcranial Doppler measurement of CBF pulsatility
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Central arterial stiffness is measured with pulse wave velocity

Bruno et al 2014 Cardiovascular Ultrasound

Carotid artery

Femoral artery

D=distance
t=transit time
cfPWV= D/t
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Carotid β-stiffness Index

Carotid arterial pressure
(using Applanation Tonometry)

Carotid arterial wall distension
(using ultrasonography)

Hirai et al., Circulation, 1989
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Unpublished data

Increase in central arterial stiffness with aging
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Michael F. O’Rourke et al. JACC 2007

Increase in central arterial stiffness with age leads to increase in 
arterial pressure pulsatility in the arterioles and capillary vascular 
beds 

Young Old
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Increases in cardiopulmonary fitness (VO2peak) with aerobic exercise training in 
cognitively normal older adults 

Tarumi et al. JIM 2022
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Changes in neurocognitive function with aerobic exercise training in cognitively 
normal older adults 

Tarumi et al. JIM 2022
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Correlation of changes in neurocognitive function with changes in 
peak VO2

Tarumi et al. JIM 2022

20



7/21/22

11

Changes in brain volume and cortical thickness after one-year AET and SAT in 
cognitively normal older adults

Tarumi et al. JIM 2022

21

One-year aerobic exercise reduced carotid arterial stiffness and increased CBF in 
patients with MCI

Tomoto 2021 JAD
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One-year aerobic exercise reduced carotid arterial stiffness and increased CBF in 
cognitively normal older adults

Tomoto 2022 in revision  
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Association of changes in VO2peak with changes in nCBF, carotid arterial 
stiffness, and CBF pulsatility

Tomoto et al.  JAD 2021 
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Mediation analysis of the effects of increases in VO2peak on CBF  

Tomoto et al.  JAD 2021 
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Conclusions
§ One-year aerobic exercise training increased peak VO2 by ~ 10% 

in older adults with or without MCI.
§ Both aerobic (AET) and stretching-and-toning (SAT) training 

improved cognitive performance.
§ One-year AET or SAT did not prevent reductions in brain tissue 

volume and cortical thickness in older adults.
§ AET increased global cerebral blood flow (CBF) and reduced 

central arterial stiffness and CBF pulsatility.
§ These findings suggest that that improvement in 

CBF/cerebrovascular function with AET is related to the 
attenuation of arterial aging which may precede potential effects of 
exercise training on brain structure and function in older adults.
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