
Plenary: Mind over Metabolism - Choosing 
Brain Health 

David Perlmutter, MD, FACN, ABIHM



Mind over Metabolism - Choosing Brain Health

David Perlmutter, MD, ABIHM, FACN

DrPerlmutter.com



JAMA    January 8, 2020 



JAMA    January 8, 2020 

July 17, 2023





JAMA    January 8, 2020 

Accelerated Brain Volume Loss Caused by Anti–β-Amyloid 
Drugs: A Systematic Review and Meta-analysis 



JAMA    January 8, 2020 

Alves, F., et al., Neurology.  April, 2023

Objectives: To evaluate brain volume changes caused by 
different sub-classes of anti- amyloid beta (Aβ) drugs 
trialled in patients with Alzheimer’s disease. 
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• Secretase inhibitors


• Anti-amyloid monoclonal antibodies

Anti–β-Amyloid Drugs

aducanamab - AduhelmTM

lecanemab - LeqembiTM
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• Systematic review of patients enrolled in randomized 
trials of anti-Aβ drugs (n=8062 to 10279)


• Detailed evaluation of volumetric MRI data involving 
hippocampus, lateral ventricals and whole brain 
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• Secretase inhibitors


• Anti-amyloid monoclonal antibodies

aducanamab - AduhelmTM

lecanemab - LeqembiTM

hippocampal and 
whole brain atrophy

ventricular 
enlargement
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• Mild Cognitively Impaired participants treated with 
anti-Aβ drugs were projected to have a material 
regression toward brain volumes typical of Alzheimer’s 
dementia ~8 months earlier than if they were untreated 
These findings reveal the potential for anti-Aβ therapies 
to compromise long-term brain health by accelerating 
brain atrophy.
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• Striking correlation between ventricular volume and 
ARIA (amyloid related imaging abnormalities) frequency 
was observed 
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Accelerated Brain Volume Loss Caused by Anti–β-Amyloid 
Drugs: A Systematic Review and Meta-analysis 

Alves, F., et al., Neurology.  April, 2023

• Pharmaceutical companies that have conduced trials 
of anti-Aβ drugs should interrogate prior data on brain 
volume (e.g. stratifications by ARIA, analysis of 
additional brain structures), report the findings, and 
release the data for researchers to investigate.  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Untangling Eligibility: Real-World Application of Anti-Beta Amyloid 
Monoclonal Antibodies


Howe, M., et al., Neurology.  August 16, 2023

Fewer than 10% of early Alzheimer’s patients in real-world cohort would 
qualify for anti-amyloid beta monoclonal antibodies.














Neth, B., et al., Frontiers in Aging Neuroscience. October, 2017

Insulin Resistance and Alzheimer’s Disease: Bioenergetic 
Linkages




• Brain glucose hypometabolism occurs 
potentially decades before clinical 
manifestations of Alzheimer’s.


• Individuals with insulin resistance or 
type 2 diabetes have increased risk for 
development of Alzheimer’s disease.


Neth, B., et al., Frontiers in Aging Neuroscience. October, 2017

Insulin Resistance and Alzheimer’s Disease: Bioenergetic 
Linkages




“Moreover, we may be able to characterize ‘‘brain 
metabolic fingerprints’’ that may be used to offer patients 
and research participants more personalized therapeutic 
options if they were to develop a condition impacting 
brain metabolism.” 


Neth, B., et al., Frontiers in Aging Neuroscience. October, 2017

Insulin Resistance and Alzheimer’s Disease: Bioenergetic 
Linkages
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Frontiers in Molecular Neuroscience. July 8, 2016

Brain Glucose Uptake

μm
ol

/1
00

  g
/m

in



Br
ai

n 
18

 F
-F

DG
 


up
ta

ke
 c

on
st

an
t


(m
in

-1
)

Glucose uptake

Frontiers in Molecular Neuroscience. July 8, 2016



Br
ai

n 
11

 C
-A

cA
C



 u
pt

ak
e 

co
ns

ta
nt



(m
in

-1
)

Ketone uptake

Frontiers in Molecular Neuroscience. July 8, 2016



JAMA    January 8, 2020 

Alzheimer’s Disease Is Type 3 Diabetes—Evidence Reviewed 


Journal of Diabetes Science and Technology. November, 2008 



JAMA    January 8, 2020 

Journal of Diabetes Science and Technology. November, 2008 

Alzheimer’s disease -  characteristic abnormalities 

cell loss

abundant neurofibrillary tangles

dystrophic neurites

amyloid precursor protein

amyloid-β (APP-Aβ) deposits

increased activation of prodeath genes and signaling pathways

impaired energy metabolism

mitochondrial dysfunction

chronic oxidative stress

DNA damage 
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cell loss

abundant neurofibrillary tangles

dystrophic neurites

amyloid precursor protein

amyloid-β (APP-Aβ) deposits

increased activation of prodeath genes and signaling pathways

impaired energy metabolism

mitochondrial dysfunction

chronic oxidative stress

DNA damage 

Disturbances in brain insulin and insulin-like growth 
factor (IGF) signaling mechanisms 

Alzheimer’s Disease Is Type 3 Diabetes—Evidence Reviewed 


Journal of Diabetes Science and Technology. November, 2008 
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Controlled, Double-Blind Clinical Trial 


Frontiers in Aging Neuroscience. May, 2016



In Alzheimer’s Disease, 6-Month Treatment with GLP-1 Analog Prevents 
Decline of Brain Glucose Metabolism: Randomized, Placebo-
Controlled, Double-Blind Clinical Trial 


Frontiers in Aging Neuroscience. May, 2016

• 38 Alzheimer’s participants 


• Treatment 18 - placebo 20


• 26 weeks


• PET scans for beta-amyloid and glucose utilization


• Cognitive assessments



In Alzheimer’s Disease, 6-Month Treatment with GLP-1 Analog Prevents 
Decline of Brain Glucose Metabolism: Randomized, Placebo-
Controlled, Double-Blind Clinical Trial 


Frontiers in Aging Neuroscience. May, 2016

• Treatment - GLP-1 analog liraglutide 
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Frontiers in Aging Neuroscience. May, 2016

We conclude that the GLP-1 analog treatment prevented 
the decline of glucose metabolism associated with 
cognitive impairment, synaptic dysfunction, and disease 
evolution. We draw no firm conclusions from the Aβ load or 
cognition measures, for which the study was 
underpowered. 




JAMA    January 8, 2020 

At the same time, clinical researchers are exploring ways to slow or prevent 
dementia using drugs and lifestyle modifications typically prescribed for 
metabolic disorders like diabetes or obesity. These lines of inquiry have 
taken on new urgency as several amyloid-targeting therapies for Alzheimer 
disease have failed in clinical trials, leading to questions about whether the 
so-called amyloid hypothesis may be flawed.



Association between healthy lifestyle and memory decline in 
older adults: 10 year, population based, prospective cohort 
study 


Our results show that a healthy lifestyle was associated 
with a slower rate of memory decline in cognitively 
normal older individuals, including in people who are 
genetically susceptible to memory decline. 


Jia, J., et al.,The BMJ. January, 2023
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Association between healthy lifestyle and memory decline in 
older adults: 10 year, population based, prospective cohort 
study 


• 29,072 participants, normal cognitive function


• 46% women


• Followed 10 years


• APOE-ε4 status


• Cognitive evaluations

Jia, J., et al.,The BMJ. January, 2023
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Handgrip Strength Is Related to Hippocampal and Lobar Brain 
Volumes in a Cohort of Cognitively Impaired Older Adults with 
Confirmed Amyloid Burden 


Meysami, S., et al., Journal of Alzheimer’s Disease. December, 2022



Handgrip Strength Is Related to Hippocampal and Lobar Brain 
Volumes in a Cohort of Cognitively Impaired Older Adults with 
Confirmed Amyloid Burden 


Meysami, S., et al., Journal of Alzheimer’s Disease. December, 2022

• 38 Alzheimer’s patients Hand dynamometer


• Frail vs non-frail based on two-minute walk test


• Volumetric brain MRI



Meysami, S., et al., Journal of Alzheimer’s Disease. December, 2022

• Higher non-dominant handgrip strength 
associated with larger hippocampus


• Higher dominant handgrip strength associated 
with larger frontal lobe volume


• Frailty associated with reduced frontal, 
temporal and parietal lobe volumes
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health and disease? 
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Isaac, A., et al.,, et al., Neuropharmacology, August 2021

Muscle is an endocrine organ
pituitary

pineal

pancreas

adrenal

parathyroid

ovaries

testes

thyroid



Isaac, A., et al.,, et al., Neuropharmacology, August 2021

Myokines

Cytokines synthesized and released by muscle 
cells during muscular contractions. Molecular 
mediators of the whole body effects of exercise.

Myokinome



Isaac, A., et al.,, et al., Neuropharmacology, August 2021

Myokines

• Interleukin-6 (IL-6)

• Ketone bodies

• Lactate

• Irisin

• Cathepsin-B

• BDNF

}
Active regulators of 

brain metabolism



Isaac, A., et al.,, et al., Neuropharmacology, August 2021

Interleukin-6 (IL-6)

• Released with muscular contraction even without 
inflammation


• Increases glucose uptake, lipolysis and fatty 
oxidation in muscle


• Activates AMPK



How does the skeletal muscle communicate with the brain in 
health and disease? 


Isaac, A., et al.,, et al., Neuropharmacology, August 2021

Proper muscle-to-brain signaling is an essential physiological 
mechanism that, once disrupted, may contribute to defective 
endocrine communication, and predispose individuals for brain 
disease. 
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cognition: 30 years follow-up in the 1946 British birth cohort 


James, SN., et al., Journal of Neurology, Neurosurgery and Psychiatry.  February 2023

• n =1417  followed over 30 years

• Reported leisure time physical activity 5 times 

between ages 36 and 69

• Cognitive testing at age 69 years



James, SN., et al., Journal of Neurology, Neurosurgery and Psychiatry.  February 2023

• Being physically active, at all assessments in 
adulthood, was associated with higher cognition 
at age 69 


• The strongest association was between sustained 
cumulative physical activity and later-life cognitive 
state, in a dose-response manner. 


•



James, SN., et al., Journal of Neurology, Neurosurgery and Psychiatry.  February 2023

• These relationships were independent of 
cardiovascular and mental health and APOE-
E4, suggestive of the importance of education 
on the lifelong impacts of physical activity 


•



James, SN., et al., Journal of Neurology, Neurosurgery and Psychiatry.  February 2023
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Timing of physical activity across adulthood on later- life 
cognition: 30 years follow-up in the 1946 British birth cohort 


James, SN., et al., Journal of Neurology, Neurosurgery and Psychiatry.  February 2023

Our findings support guidelines to recommend participation in 
any physical activity across adulthood and provide evidence 
that encouraging inactive adults to be more active at any time, 
and encouraging already active adults to maintain activity, 
could confer benefits on later-life cognition. 
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Kullmann, S., et al.,  JCI Insight. September, 2022

• 14 women, 7 men age 21-59 years

• BMI range 27.5 - 45.5 kg/m2


• fMRI pre and post nasal insulin administration

• 8 week supervised aerobic program
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∆ CBF Putamen (ml/100g/min)

(comparing before and after insulin)
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Functional Connectivity
(Change)
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Change in functional connectivity 

(trail making test)




Kullmann, S., et al.,  JCI Insight. September, 2022

Mitochondrial respiration

(fold change)






Association of Daily Step Count and Intensity 
With Incident Dementia in 78 430 Adults Living in the UK 


del Pozo Cruz, B., et al. JAMA Neurology. September 6. 2022

• 78,430 adults (age 40-79 years)

• Followed 6.9 years

• Wrist accelerometer

• Diagnosis of dementia
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Total steps per day and incidence of all-cause dementia



del Pozo Cruz, B., et al. JAMA Neurology. September 6. 2022

“We found no minimal 
threshold for the beneficial 
association of step counts 
with incident dementia. Our 
findings suggest that 
approximately 9800 steps per 
day may be optimal to lower 
the risk of dementia.” 


•



Vigorous, regular physical exercise may slow disease progression in 
Alzheimer’s disease 
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Patient 1: Age 64 → 80 years

Patient 2: Age 70 → 80 years




Vigorous, regular physical exercise may slow disease progression in 
Alzheimer’s disease 


Devanand, D., et al.,Alzheimer’s & Dementia.  February, 2023

The two patients had initial clinical diagnoses of 
amnestic MCI with final follow-up diagnoses of mild AD 
and amnestic MCI, respectively. Both patients were 
biomarker positive for AD with CSF markers and 
temporoparietal hypometabolism with FDG-PET and 
abnormally elevated amyloid PET SUVR values con- 
firming an AD etiology.Global cognitive measures 
showed minimal to no progression during follow-up.



Vigorous, regular physical exercise may slow disease progression in 
Alzheimer’s disease 


Devanand, D., et al.,Alzheimer’s & Dementia.  February, 2023

Annual MMSE declines averaged 0.3 points for patient 1 
and 0.125 points for patient 2, which contrasts with the 
average 2-point MMSE annual decline in patients with 
mild to moderate AD. At recent follow-ups, MoCA scores 
for both patients were in the normal range for age. 




Vigorous, regular physical exercise may slow disease progression in 
Alzheimer’s disease 


Devanand, D., et al.,Alzheimer’s & Dementia.  February, 2023

 In humans, anti-aging/AD genes show increased 
expression with physical activity, with 
overrepresentation of genes involved in 
mitochondrial energy production, synaptic function, 
axonal function, and myelin integrity. 




Association between metabolic syndrome and uric acid: 
a systematic review 
and meta‐analysis 
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Over-the-counter mouthwash use and risk of pre-
diabetes/diabetes


Joshipura, K., et al., Nitric Oxide.  September , 2017

• 945 overweight/obese adults, nondiabetic

• Frequency of mouthwash use

• Followed for 3 years




Over-the-counter mouthwash use and risk of pre-
diabetes/diabetes


Joshipura, K., et al., Nitric Oxide.  September , 2017

• Compared to nonusers, using mouthwash > 2 
times daily associated with 49% increased risk 
of pre-diabetes or diabetes.




Over-the-counter mouthwash use, nitric oxide and hypertension 
risk
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Over-the-counter mouthwash use, nitric oxide and hypertension 
risk


Joshipura, K., et al., Blood Pressure. April, 2020

• 540 overweight/obese adults, nondiabetic

• Frequency of mouthwash use

• Followed for 3 years




Over-the-counter mouthwash use, nitric oxide and hypertension 
risk


Joshipura, K., et al., Blood Pressure. April, 2020

• Compared to nonusers, using mouthwash > 2 
times daily associated with 117% increased 
risk of hypertension
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Nitrate-responsive oral microbiome modulates nitric oxide 
homeostasis and blood pressure in humans


Vanhatalo, A., et al., Free Radical Biology and Medicine. August, 2018

• Imbalance or oral microbial community associated with 
cardiometabolic disease


• Oral microbial community involved in converting nitrate to nitrite 
which generates NO


• Studied 16SrRNA evaluation oral microbiome before and after 
increasing available nitrate vs placebo for 10 days




Nitrate-responsive oral microbiome modulates nitric oxide 
homeostasis and blood pressure in humans


Vanhatalo, A., et al., Free Radical Biology and Medicine. August, 2018

• Nitrate supplementation caused 225% relative increase in 
Proteobacteria


• 5 mmHg decrease in systolic BP in 70-79 year olds




Nitrate-responsive oral microbiome modulates nitric oxide 
homeostasis and blood pressure in humans


Vanhatalo, A., et al., Free Radical Biology and Medicine. August, 2018

• The current findings indicate that the oral microbial community 
was malleable to change with increased dietary intake of 
inorganic NO3 - , and, importantly, that the oral microbiome was 
related to indices of NO homeostasis and vascular health in vivo.






Elevated Serum Uric Acid Levels Are Related to Cognitive 
Deterioration in an Elderly Japanese Population 


Dementia and Geriatric Cognititve Disorders.  December 22, 2016

• 228 elderly participants


• neuropsychological testing


• MRI brain scans


• Uric acid evealuation




Uric Acid and Risk for Cognitive Deterioration

Dementia and Geriatric Cognititve Disorders.  December 22, 2016

Quartiles of uric acid level
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Elevated Serum Uric Acid Levels Are Related to Cognitive 
Deterioration in an Elderly Japanese Population 


Dementia and Geriatric Cognititve Disorders.  December 22, 2016

• Risk increased fourfold comparing lowest to highest uric acid level


• Uric acid elevation correleted with burden of cerebral ischemic 

pathology


Why? • Insulin resistance

• Vascular effectsnitric oxide inhibition leads to:



Elevated Serum Uric Acid Levels Are Related to 
Cognitive Deterioration in an Elderly Japanese 
Population 


• Endothelial dysfunction

• Increased systemic inflammation

• Smooth muscle proliferation

“Thus, elevated serum UA levels are regarded as a potent risk factor for 
the development of dementia.” 

Suzuki, K., et al., Dementia and Geriatric Cognitive Disorders, December 22, 2016




Just say NO to Alzheimer’s
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• Identified 66 drugs closely associated with Alzheimer’s genes

• Top candidate was sildenafil

• Analysis of insurance claims for ~ 7 million adults x 6 years
• Top candidate was sildenafil




Fang, J., et al., Nature Aging. December 6, 2021

Top candidate was sildenafil


• Decreases neuroinflammation

• Decreases tau hyperphosphorylation

• Increases blood flow

• Increases synaptogenesis

• PGC1𝝰 activation



Fang, J., et al., Nature Aging. December 6, 2021

Top candidate was sildenafil


• Decreases neuroinflammation

• Decreases tau hyperphosphorylation

• Increases blood flow

• Increases synaptogenesis

• PGC1𝝰 activation

- Increased mitochondrial biogenesis

- Improved fatty acid metabolism

- Improved insulin-stimulated glucose transport



Endophenotype-based in silico network medicine discovery 
combined with insurance record data mining identifies sildenafil as a 
candidate drug for Alzheimer’s disease


Fang, J., et al., Nature Aging. December 6, 2021

• Subjects taking sildenafil were 69% less likely to develop 
Alzheimer’s disease (mostly men)



Uric acid elevated

(nitric oxide inhibited)

Uric acid normal

(nitric oxide functional)

Smooth muscle active 

Smooth muscle relaxed

1. Reduced blood flow

2. Reduced function of insulin
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