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“If the human brain were so simple 
that we could understand it, we 
would be so simple that we couldn’t.”

G.E. Pugh 1977. 
In: The Biological Origin of Human Values



Brain maintenance 101



The brain is a nutrient hog

• The brain uses oxygen and nutrition at 10 times 
the rate of any other organ or tissue 

– May be the first place to suffer if deprived of 
any of the essential nutrients

• Essential nutrients: 
– All the vitamins (A, B, C, D, E, K)
– All the minerals
– 2 types of fat – omega 3 and omega 6 
– 9 essential amino acids

• All these nutrients work as a team
– No one is more important than another



Aileen Burford-Mason 2019 5

Nutrient-Nutrient Networks



Glucose and Brain Function 

• The brain depends on a steady 
glucose supply to function

• Performing complex mental tasks
depletes brain glucose

– the more complex the task the
greater the glucose drain



Glucose

• After eating, glucose levels fluctuate

– initially they rise, then dip into the 
hypoglycemic (low) range

• Effect is more pronounced after a meal 
with a high sugar or starch content 

• The resulting low blood sugar
– interferes with focus and concentration 

– impairs learning and memory



Is Alzheimer’s diabetes type 3?



Alzheimer's Disease Is Type 3 Diabetes –
Evidence Reviewed 

de la Monte SM, Wands JR. J Diabetes Sci Technol 2008; 2(6): 1101–111

• Review: Experimental diabetes produces 

cognitive impairment and neuron damage

– Disturbs production of acetylcholine in brain

• Conclusion: AD can be considered a form 

of diabetes – Type 3 diabetes

– Falls short of totally mimicking AD



“As a consequence of the increased intake of 
highly processed foods, sugar consumption has 
increased dramatically from 4 pounds 
annually per person 200 years ago to 151 
pounds annually per person today”.

Obesity in Canada. Standing Committee on Social 
Affairs, Science and Technology, March 2016



Over nutrition – 21st century scourge

• Too many 
calories

• Too much non-
nourishing, 
over-processed 
food



High Intakes of Vegetables and Fruit 

– the smart way to maintain brain glucose?



Vegetables and Fruit 
“Smart Carbs”

• Fruits, vegetables and minimally processed 
whole grains digest slowly after eating
– Provide a steady input of glucose to the brain from 

one meal to the next

• Do not send insulin levels soaring 
– Wont trigger drop in blood sugar 

• Bonus: Also provide critically 
important phytochemicals



Food for thought: the role of dietary flavonoids in 
enhancing human memory, learning and 

neurocognitive performance. 
Spencer JP. Proc Nutr Soc. 2008 May;67(2):238-52

• Review: phytochemicals from fruits and 
vegetables, herbs and spices activate genes 
needed for memory and learning  

• Phytochemicals can:
– improve memory 
– protect vulnerable neurons
– enhance existing neuronal function 
– stimulate neuronal regeneration (i.e. after 

injury)



Fruit and vegetable consumption and all-cause, 
cancer and CVD mortality: analysis of Health 

Survey for England data.
Oyebode O et al. J Epidemiol Community Health. 2014;68(9):856-62. 

1

• Meta-analysis: 6 prospective RCTs 
– 833,234 subjects; follow-up 4-26 yrs

• Results: No benefit at 5 or fewer/day 

– At 6-10 servings linear reduction in risk of all-
cause mortality, CVD and cancer deaths

– Little additional benefit at higher intakes

• Conclusion: 10 servings a day needed                  
for optimal all-round health benefit!!



One dietary change – huge payoff!



The High Cost of Not Consuming Fruits 
and Vegetables

Bazzano LA. Editorial. J Am Dietetic Assoc 2006 106(9):1364-8 

• At the beginning of the 21st Century
– Hypertension affects 26.4% of the world population

– Cardiovascular disease accounts for 31% of global 
mortality

– 1 billion are overweight or obese

– Diabetes is epidemic. Up by 61% in a decade

“There is substantial evidence showing that a single 
dietary change, increasing fruits and vegetables, 
could reverse some if not all of these trends”



Brain function, protein and stress



The Protein Paradox

• We cannot store protein
– When dietary protein is deficient, muscles are 

broken down to provide necessary amino acids 

• However, we can only metabolize a certain amount of 
protein at one time
– Excess will be converted into fat and stored

• Most recent studies suggest 25-35g protein with 
each meal
– Maximizes muscle protein synthesis
– Provides continuous supply of circulating amino 

acids to make neurotransmitters



Evidence-Based Recommendations for Optimal 
Dietary Protein Intake in Older People: A Position 

Paper From the PROT-AGE Study Group
Bauer J et al. J Am Med Dir Assoc. 2013 Aug;14(8):542-59

• Review: New research shows adults over 65 
need more protein than younger adults 
– Needed for general good health, recovery from 

illness, and to maintain functionality 

• Average daily intake should be at least 1.0-1.2 g 
kg/body weight/day
– ≥ 1.2 g/kg/d if exercising or otherwise active

– 1.2-1.5 g/kg/d for acute or chronic illness



Protein and Brain Chemistry

• Protein provides tyrosine – building block 
for dopamine

– Brain tyrosine rises quickly after eating quickly 
digested protein – milk, yogurt, fish, 
poultry, etc.

• Under high levels of stress, tyrosine 
becomes conditionally essential

– Synthesis requires B-vitamins, vitamin C, 
magnesium, iron and copper



Dopamine

• Powerful aid to learning: 
– Controls mood, focus, concentration, word recall

and articulation

• Problem: dopamine is rapidly depleted when we 
are stressed. Why?
– Used up to make the stress hormones nor-adrenaline 

and adrenaline

• Under extreme or prolonged stress we show 
signs of dopamine depletion
– Lack of focus and concentration,  mood,  word 

recall and articulation 
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Undersupply of high quality protein limits 
the availability of tyrosine needed for 

dopamine synthesis 



What about those vitamin and 
mineral co-factors?



Effects of high-dose B vitamin complex with 
vitamin C and minerals on subjective mood and 

performance in healthy males 
Kennedy DO et al. Psychopharmacology (Berl). 2010 Jul;211(1):55-68

• Study: healthy men aged 30-55

– Given placebo or multivitamin and mineral with 
B-vitamins (10-15 times the RDA) and 500mg 
vitamin C (8 times the RDA)

• Results: Those given the multivitamin for 1 
month showed
– Improved mood and faster mental processing
– Better physical endurance 



Effects of vitamin C and vitamin D 
administration on mood and distress in acutely 

hospitalized patients
Wang Y et al. Am J Clin Nutr. 2013;98(3):705-11 

• Study: Does vitamin C or D improve mood or 
reduce distress in hospitalized patients?

– Vitamin C 500mg x2/d; D at 5000 IU/d for ~ 8 days

• Blood levels of both vitamins increased during 
study 

– Vitamin C (but not D) significantly improved 
mood and reduced psychological distress  



Fat and the Brain



What are the essential fats?

• Two types of fats are essential
– Omega-6 and omega 3 
– These need to be balanced OR they can 

produce inflammation 

• From the omega 3 fats the brain 
synthesizes EPA and DHA
– EPA and DHA are vital for brain structure 

and function, especially in children



“Throughout evolution, the ratio of omega-6 
to omega-3 was 2 to one. Now it’s about 20 to 
one. We have wiped out a lot of sources of 
omega-3 and have a huge intake of omega-6-
heavy products like corn and safflower oils”

Dr. George L. Blackburn, Harvard Medical School “Fatty acid 
imbalance hurts our health.” Boston Globe, 10/02/2004



Long-chain omega-3 fatty acids improve brain 
function and structure in older adults

Witte AV et al. Cereb Cortex. 2014 Nov;24(11):3059-68

• Study: 65 healthy subjects (50-75 yrs, F=30)
– Treated for 26 w with fish oil (2.2 g/day ) or placebo
– Cognitive performance assessed before and after

• Results: executive functions improved 
after fish oil compared with placebo 

– Beneficial effects seen on white matter integrity 
and gray matter volume



More about protein



Protein and Brain Chemistry (2)

• Provides tryptophan, the building 
block for serotonin 
– Tryptophan is an essential amino acid, and 

the least plentiful in protein foods

• A protein-rich meal will NOT increase 
brain tryptophan. Why? 
– It out-competed by other amino acids to 

cross the blood-brain barrier



Serotonin

• Calming: screens out sensory information. 
Acts like “blinkers on the brain”

– Made from tryptophan with the help of B-
vitamins and magnesium 

• Serotonin is further metabolized to 
melatonin
– Needed for sleep
– High daytime levels make us sleepy, clumsy 

and accident-prone



Dopamine and serotonin are 
complementary

Dopamine increases focus and 
concentration, while serotonin limits the 
amount of information the brain receives

Ideally, dopamine should dominate 
during the working day, while serotonin 
levels need to rise in the evening



Key differences between plant and 
animal proteins

• Different amino acid profiles
– Animal proteins are complete (all 9 essential 

amino acids)
– Most plant sources are incomplete except for soy 

(tofu, tempeh, etc.) 

• Plant protein contain significant amounts of 
carbohydrate (beans, lentils etc.) 
– Slower to digest; raise brain tryptophan

• Animal protein is absorbed and used more 
rapidly than plant protein
– Raises brain dopamine



Effects of normal meals rich in carbohydrates or 
proteins on plasma tryptophan and tyrosine ratios

Wurtman RJ et al. Am J Clin Nutr. 2003 77(1):128-32

• Insulin rose significantly after breakfast 1 but not 2
• High starch/sugar meal raised blood levels of 

tryptophan relative to tyrosine.
• Net effect of breakfast 1 would be 
– increased brain serotonin, decreased focus and 

concentration; increased daytime sleepiness

Breakfast 1: High 
sugar/starch
Pancakes, syrup, OJ, 
coffee with sugar

Breakfast 2: High protein
Turkey bacon, egg beaters, 
grapefruit sections, cheese, 
butter

Breakfasts of different compositions compared 



Vitamin D and omega 3 fats 
regulate serotonin



Vitamin D and the omega-3 fatty acids 
control serotonin synthesis and action

Patrick RP, Ames BN . FASEB J. 2015;29(6):2207-22

• Review: Inadequate vitamin D, EPA, or DHA 
causes dysfunctional serotonin function
– Esp. important at key periods of development 

(conception to approx 2 years)
– Influenced by genetic factors

• Lack of D and omega 3 fats may contribute 
to cognitive dysfunction and neuropsychiatric 
disorders



Choline: The forgotten (good) fat?

Eat Me!



Choline

• Made in small amounts in the liver. 

• Maternal reserves of choline are depleted 
during pregnancy and breast-feeding

• In animal studies choline supplements in utero
result in lifelong memory enhancement

• Can’t be made without vitamin C, B1, B5, and 
B6 and minerals zinc and magnesium



Choline: needed for normal development
of memory 

Zeisel SH. J Am Coll Nutr 2000 Oct; 19(5Suppl):528S-531S

“The mother's dietary choline during a critical period 
in brain development of her infant influences the 
rate of birth and death of nerve cells…...….  

These changes are so important that we can pick out 
the groups of animals whose mothers had extra 
choline even when these animals are elderly. 

Thus, memory function is, in part, determined by 
what the mother ate.” 



Diet and Choline

• Two fatty foods – eggs and liver –
traditionally provided most of our choline 
intake in Europe and N. America 

• In Asian diets choline is also obtained 
from soy – esp. full fat tofu

• Have we short-changed brains and affected 
our memories by demonizing eggs? (J Nutr. 
2006 Oct;136(10):2568-73)



Diet and lifestyle factors known to 
influence the risk of Alzheimer’s disease

• Vitamin deficiencies: 
– Low 25-hydroxy D; B-vitamins, especially B12; 

vitamins C and E 

• Mineral deficiencies: 
– Reduced plasma levels of Mg, Cu, Zn, Fe, Se; 

Imbalance of calcium and magnesium 

• Diet: 
– Low intake of fatty fish, non-starchy vegetables, low 

GI fruits; high in added sugars

• Lack of exercise
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Conclusions (1)
Diet

• Take home message #1
– Swap out sugar and much of the starchy carbs 

in your diet for vegetables and fruit (in their 

whole form. Not fruit juices!)

• Take home message #2

– 25-35g quickly digested protein at each 
meal, especially breakfast
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Creating a balanced supplement 
regime
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Conclusions (2)
Basic supplements – Foundation Programme

• Multivitamin and mineral supplement with 
higher than RDA levels of B-vitamins

• Optimize vitamin D or take 4000 IU daily 
(upper limit for anyone age 9 and up…)

• Daily fish oil supplement 

• Vitamin C: 1000 mg twice daily (upper limit) 

• Daily magnesium (magnesium glycinate)

– At least 100 mg before bed or more if tolerated
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…and please don’t smoke!
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