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Etiology of cognitive decline

Courtesy: Dementia Friendly America



Your amazing (and hungry) brain

Why is energy so important for brain health?

Every day, your brain needs:

• 1000 Liters of blood 

• 72 Liters of oxygen

• 120 grams of sugar (glucose)

To generate energy (ATP)!



Energy metabolism and the brain

Your brain as a car 
• Fuel (glucose, lactate, ketones: “metabolic”)

• Green et al. 2025 PMID 39258961
• Kemna et. al 2025 PMID 41376120

• Fuel lines (blood supply: “vascular”)
• Morris et al 2024 PMID 38108352

• Engine (mitochondria: “bioenergetic”)
• Johnson et al 2025 PMID 40250718

Metabolic, vascular, and bioenergetic function 
are all critical to generate energy.

Our work focuses on targeting these systems to 
improve brain health.



History of Exercise in Aging and AD at KU

• BAP (Brain Aging Project: 2006-2008)

• Longitudinal observational study, ND and AD

• TEAM (Trial of Exercise on Aging and Memory: 2008-2013)

• Endurance Exercise trial, cognitively healthy elderly

• ADEPT (Alzheimer’s Disease Exercise Program Trial: 2010-2015)

• Endurance Exercise trial, probable AD

• APEX (Alzheimer’s Prevention through Exercise: 2014-2019)

• Endurance Exercise trial, at risk older adults

• LeapRx and Leap AHEAD (2018-2022, 2025-present)

• Trial of exercise prescription, long term effects

• rrAD (2017-2022)

• Blood pressure control (exercise and drug)

• IGNITE (2017-2022 – analyses ongoing)

• Aerobic exercise, ND

• COMET (2020-2026 – complete and pending unblinding!!)

• ND, aerobic and resistance training

Completed  
Trials

Observational



What have we learned? 

• Most consistently, trials have shown benefit to:
• Executive function 
• Fitness 
• Functional Ability
• But the effects varied greatly between studies! 

We were telling people to exercise without really knowing what the acute 
responses to exercise looked like.

We need to better understand factors that contribute to the heterogeneity 
in response to exercise



Acute biomarker responses may drive 
physiological benefit

Responses likely vary greatly between individuals!



The brain is highly reliant on glucose, 
but can use other fuels

Neth and Craft 2017 Front Aging Neursci



Lactate is more than a waste product
• Acts a buffer
• Can be a signaling hormone

• BDNF induction 
• Brain blood flow 

• Can be used as a fuel

Lactate can potentially spare glucose
• Impact on meeting cerebral energy demand
• PPP effects
• Infusion rescues hypoglycemia related cognitive 

impairment

Lactate – an understudied effector of brain benefit

During exercise
• Brain switches from net release to net uptake
• Nearly all lactate taken up by the brain is oxidized
• More work is needed to understand acute exercise effects on the brain



Goal: Characterize the effect of acute exercise 
on brain glucose metabolism

Moderate & “higher” intensity, 

cognitively healthy & AD participants

• Primary: Cerebral glucose metabolism

• Secondary: Lactate AUC, BDNF change

Acute Exercise Response on Brain Imaging and 
Cognition (AEROBIC) 

Methods paper:  

Green et. Al 2021 Contemporary Clinical Trials PMID 34051350



Strict blood draw timecourses in 
relation to PET

6:45am



Changes in fuel utilization during exercise



Changes occur across many regions

Green et al. J Physiol 2025 PMID 39258961



Blood lactate responses



Brain glucose metabolism change 
tracks with lactate response



BDNF is released during exercise (PPP)
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Blood processing matters!!



Summary of AEROBIC study

• Brain metabolism is acutely affected by exercise

• Lactate increases with increasing exercise intensity

• Change in brain metabolism appears to be mediated by blood 
lactate concentrations (calculated here as AUC)

• BDNF increases post exercise 



Collaboration w/ Ben Miller @ OMRF

But what about 
Lactate by itself?

• Lots of things change with exercise

• Concentrations don’t tell the whole 
story: uptake and use

Follow up study: lactate infusion in 
the resting state



Lactate for Energy and Neurocognition 
(LEAN) Study

Lactate clamp procedure

• 24 Cognitively healthy older adult or 
AD participants (from AEROBIC)

• Stable isotope infusion 

• Blood and breath collection 

Circulating lactate brought to 4-5mM @ 
rest

• Mimic effects of “exercise” without 
the exercise

Cognitive testing pre/post

Blood biomarker outcomes



No overall differences in lactate 
clearance (MCR) between CH and AD

Measure Cognitively Healthy Alzheimer’s Disease P-value

Sex (#, % male) 7 (58%) 6 (50%) 0.682

Age (yrs) 67.6 [5.4] 78.9 [7.6] 0.000

APOE4 (#, %) 6 (50%) 6 (50%) 0.682

Lactate MCR (mg/kg/min) 22.9 [12.4] 22.8 [8.6] 0.516

Glucose MCR (mg/kg/min) 2.77 [1.0] 2.73 [1.4] 0.939

HbA1c (%) 5.67 [0.4] 5.67 [0.3] 0.399

RER (resting) 0.76 [0.1] 0.74 [0.1] 0.311

Kemna et. al 2025
PMID 41376120



Global cognition improves post-
infusion

Green: CN
Orange: AD



AD biomarkers decrease post-infusion



Summary of lactate infusion

• No differences in lactate turnover between diagnosis groups 

• Improvement in cognitive performance 
• Control group needed to rule out practice effect

• Large changes in AD-related blood biomarkers with lactate infusion
• Likely not due to changes in blood volume or kidney function

• Need to investigate mechanisms



New Directions 

• Modalities
• Combined Exercise Trial (COMET; NCT04848038)

• Recruitment is complete. Acute responses pre/post - unblinded soon!

• Experimental designs
• Can we harness acute differences to create personalized programs that are 

more effective at the individual level?

• Exercise “mimetics” 
• Heat therapy; NCT06023407



Emerging molecular mechanisms
• Muscle fiber types and energy use

• Type 1 fibers – Cyan

• Type 2a fibers  – Lavender

• Yellow - Laminin 

• Type 1 fibers – Cyan

• Type 2a fibers  – Lavender

• Yellow – BD tau 
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KU Alzheimer’s Disease Research Center

University of Kansas Medical Center
4350 Shawnee Mission Pkwy, MS6002

Fairway, KS 66205

kuadc@kumc.edu
913-588-0555



Intensity
GXT-determined HR ranges

Moderate

• 45-55% HRR

Higher

• 65-75% HRR
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