
Food choices and your aging brain 

 

How much and what you choose to eat are the single biggest factors in making your brain 

age. 

  

Let's see how your food choices affect your brain. 

 

Suppose you have a lunch of hamburger, fries, and a regular soda.  

 

 

    
      

 
 

 

   
 

 

 

These have three major components: 



 

¶ Fats 

o lipids, cholesterol, triglycerides (mostly bad) 

o good fats: omega-3 fatty acids 

 

¶ Carbohydrates 

o sugars  

Á sucrose (table sugar) 

Á glucose (blood sugar, the form used by the brain) 

Á fructose (from fruit) 

Á lactose (from milk) 

o starch 

o fiber 

 

¶ Proteins 

o major component of meat 

o found in all cells in plants and animals 

 

There are also lesser amounts of minerals, vitamins, and other components. 

 

These get absorbed through your intestine, pass through your liver, and enter your blood 

stream. Let's start with the fats. 

 

Good fats, bad fats 

 

Your brain is 60% fats and lipids (fat-like molecules). Fat is the major component of 

neurons and of glia cells that support the neurons. 

 

The type and amount of fat you eat determines 

 

¶ the number of dendrites and synapses in your neurons 

 

¶ the type and amount of neurotransmitters your neurons produce 

 

¶ your ability to learn 

 

¶ your mood 

 

¶ your risk of stroke, Alzheimer's disease and Parkinson's disease 

 

 

Your choices of what type of fat you eat are among the most important choices you can 

make to save your aging brain. 

 

Good fats for your brain: 

¶ Omega-3 fatty acids: DHA and EPA 



o Fish, flaxseed, some nuts, supplements 

¶ Monounsaturated fats: olive oil, canola oil, flaxseed oil, avocado 

 

Bad fats for your brain:  

¶ Saturated fat:  

o Meat such as beef and pork 

o Whole milk 

o Butter 

o Cheese 

 

¶ Hydrogenated vegetable oils, trans fats: 

o Margarine 

o Mayonnaise 

o Fried foods ï French fries, donuts, anything deep fried, such as fried 

chicken 

 

¶ Omega-6 fatty acid 

o Most processed foods 

o Corn oil, sunflower oil, safflower oil (most salad dressings) 

 

 

 

A fat molecule  

¶ is made of carbon, hydrogen and often additional atoms such as oxygen  

¶ is not soluble in water 

 

 

As an example, here's the structure of olive oil. 

 
 

Like most fats, olive oil has  

¶ a carbon backbone  

¶ hydrogen atoms attached to most of the carbons  

¶ some additional atoms, in this case oxygen 

 

Olive oil is missing two hydrogen atoms in the middle. This makes olive oil 

"unsaturated": it doesn't have the maximum possible number of hydrogens. 

 

Where the hydrogens are missing, the two carbons are joined by a double bond. Because 

there is one (mono) double bond, olive oil is a mono-unsaturated oil. 



 

In contrast, a saturated fat has the maximum possible number of hydrogen atoms: 

 

 
 

 

 

 

When there are several (poly) double bonds, we have a poly-unsaturated fat: 

 

 

 
 

 

This particular poly-unsaturated fat is an omega-3 fatty acid. It is called omega-3 because 

counting from the left end (the omega end, in chemistry nomenclature) the first double 

bond is at the third carbon. 

 

 



 
 

This poly-unsaturated fat is an omega-6 fatty acid. Counting from the left (omega) end, 

the first double bond is at the 6
th
 carbon. 

 

 

What saturated fats do to your brain 

 

Saturated fat  

 

¶ reduces the number of dendrites and synapses in your neurons 

 

¶ reduces your ability to learn 

 

¶ alters the type and amount of neurotransmitters your neurons produce 

 

¶ alters your mood 

 

¶ increases your risk of stroke, Parkinson's disease and Alzheimer's disease 

 

¶ increases the risk of cognitive decline 

 

 

Professor Carol Greenwood at the University of Toronto has studied the effects of fat on 

the brain.  In one set of experiments, Dr. Greenwood fed rats diets containing up to 10% 

saturated fat, and tested their learning ability. The result: The rats ability to learn fell 

directly with the amount of saturated fat in the diet. For rats on a diet of 10% saturated 

fat, their learning ability was near zero. The average saturated fat in American diets? 

About 11%. Other researchers have confirmed the negative effects of a high saturated fat 

diet on learning and memory in rodents (Yu 2009). 

 

Studies in humans show similar results: cholesterol and saturated fat increase the 

probability of impaired cognitive function (Kalmijn 2004). 

 

Researchers from the University of Texas Southwestern Medical Centre found that 

saturated fat urges the brain to overeat (Benoit 2009). They fed mice and rats the same 

amount of calories of two types of fat: 

 

¶ palm oil (a saturated fatty acid prevalent in beef, butter, cheese and milk) 



 

¶ olive oil (a monounsaturated fat) 

 

The palm oil specifically impaired the ability of leptin and insulin to signal satiation to 

the brain. The olive oil did not. 

 

Saturated fats are also a major source of LDL cholesterol, the bad type. 

 

Use avocado instead of butter, mayo, or cream cheese on your bread or bagel. Avocado 

benefits: 

¶ Fewer calories 

¶ Low in saturated fat  

¶ High in good monounsaturated fat  

 

 

Omega-3 fatty acids: DHA, ALA, and EPA 

 

¶ 50% of the fat in a neuron's cell membrane is the omega-3 fatty acid DHA.  

 

o The cell membrane creates the synapses and dendritic spines that are 

essential for learning and memory. 

 

¶ 50% of the fat in the inner membrane of mitochondria is the omega-3 fatty acid 

DHA.  

 

o Mitochondria produce the energy that keeps your neurons alive. 

 

So does it matter if you have enough omega-3 fatty acid DHA? You bet.  

 

You need the right amount of DHA to 

 

¶ keep your synapses working  

 

¶ make new synapses when you learn  

 

¶ keep your neurons supplied with energy 

 

 

The bad news: 

 

¶ you are almost certainly getting too little DHA 

 

¶ you are almost certainly getting too much of the bad fatty acid: Omega-6 

 

 

A good ratio omega-3 and omega-6 in diet is 1:1, max of 4:1. 



Actual ratio for a typical diet including hamburgers, pizza, fried food and most salad 

dressings: 15:1 

 

DHA is a critical to cell structure and function in the nervous system. Low DHA is 

associated with  

 

¶ cognitive decline during aging  

 

¶ neurodegenerative disease  

 

Let's look at what omega-3 and omega-6 fatty acids do to your neurons. 

 

 

Omega-3: the good fatty acids 

 

Omega-3 fatty acids are unsaturated fatty acids that have carbonïcarbon double bonds in 

the Omega-3 position. 

 

Three omega-3 fatty acids are nutritionally important: 

 

DHA (docosahexaenoic acid) 22 carbon atom backbone, 6 double bonds 

 

 
 

 

DHA is made by photosynthetic marine algae. Fish eat the algae, and we eat the fish.  

Rich sources of omega-3 DHA are fatty fish:  

 

¶ salmon 

 

¶ tuna  

 

¶ mackerel 
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ALA (Ŭ-linolenic acid) 18 carbon atom backbone, 3 double bonds 

 

 
 

 

 

EPA (eicosapentaenoic acid) 20 carbon atom backbone, 5 double bonds 

 

 
 

 

Photosynthetic land plants make ALA that our bodies can convert to EPA and DHA. 

Plant sources include 

 

¶ flax 

 

¶ walnut 

 

¶ Brazil nut 

 

http://en.wikipedia.org/wiki/File:ALAnumbering.svg
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 Walnut Marketing Board  
 

 

In our neurons, DHA combines with other molecules in chemical reactions to create 

phospholipids that make up the neuron membranes. 

 

Your body also turns omega-3's into a variety of anti-inflammatory molecules. 

 

As we age, we are less able to make DHA, so need more in our diet. 

 

 

 

Omega-6: the bad fatty acids 

 

Omega-6 is also an "essential fatty acid". Your body can't make omega-6 fatty acid. But 

we get far more than we need from our diet.  

 

Omega-6 is very high in several oils used in salad dressings 

 

¶ corn oil 

 

¶ sunflower oil 

 

¶ safflower oil 

 

So having a salad with any of these is probably harming your neurons. Instead, use olive 

oil, canola oil, or flaxseed oil.  

 

Omega-6 contributes to inflammation (increasing arachidonic acid) 

 

Inflammation causes 

 

¶ Increased stroke risk 



 

¶ Damage to brain blood vessels 

 

¶ Increased Alzheimer's disease risk 

 

 

High levels of omega-6 inhibit synthesis of the omega-3 fatty acids EPA and DHA from 

ALA. So accumulation of EPA and DHA is more effective when  

 

¶ EPA and DHA are obtained directly from food (fish, supplements) or  

 

¶ when competing omega-6 does not greatly exceed the amounts of ALA.  

 

Omega-6 competes with omega-3, and reduces the benefits of omega-3.  

Omega-3 counteracts the inflammatory and other effects of omega-6. 

 

 

Omega-3 and cognition 

 

Omega-3 studies in animals 

 

DHA improves memory and learning ability in young and aged rodents (Gamoh 1999, 

2001) 

 

DHA plus uridine monophosphate (UMP) improves the impaired learning ability of 

environmentally impoverished rats (Holguin 2008) in tests of how long it takes a rat to 

escape the Morris water maze (escape latencies). 

 

 
 

 

Morris water Maze test.  

 

¶ 2-meter pool  

o prominent visual cues around edges 

o platform in same location for all trials 

 



¶ Rat swims around the pool  

 

¶ Researcher records: 

o time to reach platform (escape latency) 

o total distance traveled  

 

¶ If rat has learned location of hidden platform relative to the visual cues, on 

subsequent trials it finds the platform more quickly 

 

 

 

 

 
 

 

DHA supports growth of secondary neurites (Novak 2008) 

 

Gerbils and rats receiving DHA or EPA (Cansev 2008) have 

 

¶ increased numbers of dendritic spines on postsynaptic neurons.  

 

¶ increased levels specific pre- or post-synaptic proteins.  

 

¶ increased levels of phosphatides that make up the neural membrane 

 

DHA increases the quantities of synaptic membrane and the numbers of dendritic spines 

on hippocampal cells of normal animals (Sakamoto 2006, Wurtman 2006): 

 

 



 
Source: Sakamoto 2006 

 

Omega-6 does not produce these results (Cansev 2008, Novak 2008) 

 

 

Omega-3 epidemiological studies in humans 

 

Epidemiological studies in humans indicate that omega-3 decreases the risk of cognitive 

decline and dementia in middle and old age (Kalmijn 1997, Kalmijn 2004, Johnson and 

Schaefer 2006).  

 

High omega-3 levels in blood plasma and red blood cells erythrocyte levels are 

associated with a significantly reduced risk of cognitive decline in ageing (Heude 2003, 

Schaefer 2006). 

 

As part of the long-term Zutphen Elderly Study in Holland, Kalmijn and Kromhout 

measured omega-6 blood levels and tested cognition in 1300 males aged 64 to 84. Men in 

the high omega-6 group had 75% higher risk of memory loss and reduced cognitive 

ability compared to the low omega-6 group.  

 

Kalmijn (2004) studied dietary intake of fatty acids and fish in relation to cognition in 

1,613 subjects ranging from 45 to 70 years old. Fatty fish and marine omega-3 reduced 



risk of impaired cognition. Cholesterol and saturated fat increased risk of impaired 

cognitive function in this middle-aged population. 

 

 

van Gelder (2007) reported research in an older population (part of the Zutphen Elderly 

Study) on the associations between fish consumption, the total DHA + EPA from fish and 

other foods, and subsequent five-year cognitive decline.  

 

They recorded fish consumption of 210 participants who were aged 70-89 years in 1990, 

and data on cognitive functioning at the beginning and end of the five-year study.  

 

The measure of cognitive decline was the Mini-Mental State Examination (MMSE), 

which includes questions on orientation to time and place, registration, attention and 

calculation, recall, language, and visual construction. The maximum MMSE score is 30 

points; higher score indicates better cognitive functioning.  

 

Fish consumers had very little decline in cognitive decline (on the 30-point MMSE 

scale): 

 

 
 

 

In addition, total DHA + EPA from all sources was inversely linearly related to cognitive 

decline. 

 

 

 

Omega-3 clinical studies in humans 

 

Fontani (2005) and colleagues at the University of Siena, Italy studied the effects of 

omega-3 supplementation on cognition and physiology in healthy human subjects.  

 



Subjects were tested at the beginning of the experiment and after 35 days.  

 

¶ 33 subjects in the omega-3 group consumed eight capsules (4 g) of fish oil per 

day 

 

¶ 16 subjects in the placebo group consumed eight capsules (4 g) of olive oil per 

day 

 

Fontani describes the four tests involving different types of attention:  

 

¶ Alert 

 

¶ Go/No-Go 

 

¶ Choice 

 

¶ Sustained Attention 

 

Each subject sat in a comfortable reclining chair, one meter in front of a computer screen 

and with the forefinger of the dominant hand on the key of a modified computer 

keyboard. 

 

Alert (AL): this test involved the measurement of a simple reaction to a stimulus that was 

not considered to require significant central analysis. Each trial started with a warning 

stimulus (sound) and after 3 seconds a letter óXô appeared on the computer monitor to 

which the subject had to respond by pressing a key as soon as possible. The reaction time 

was recorded. 

 

Go/No-Go (GO): this test analyzed the specific ability of the subject to repress an 

unsuitable response and to react only in the presence of some stimuli and not in the 

presence of others, which required significant central intervention. Each trial started with 

a warning stimulus (sound) and after 3 seconds one of five squares of different color (red, 

green, yellow, blue or black) appeared randomly on the computer screen. The key had to 

be pressed only if red or green squares appeared. Reaction times and errors were 

recorded. Go trials (in which were presented target stimuli) were 60% and No- Go trials 

(in which were presented stimuli not requiring a response) were 40% of the total number.  

 

Choice (CH): this test assessed the subjectôs ability to react to different stimuli. This 

ability required substantial central analysis of the stimulus properties. Each trial started 

with a warning stimulus (sound) and after 3 seconds one of three differently colored 

squares (red, green or yellow) was presented and the subject had to press one of three 

different buttons that related to a specific square. 

 

Sustained Attention (SA): this test analyzed the subjectôs ability to react in the presence 

of stimuli activating a complex go/no-go paradigm. Each trial started with a warning 

stimulus (sound) and after 3 seconds a figure was presented on the monitor screen. There 



was a series of figures presented sequentially and the subject was required to recognize if 

a particular figure was equal to the previous one either in color (red, green, yellow), in 

shape (triangle, circle or square) or in size (large, medium, small). If any of the criteria 

matched the subject pressed the single button (covering all combinations). 

 

 

RESULTS: Blood analyses showed that after omega-3 supplementation the arachidonic 

acid/eicosapentaenoic acid ratio (AA/EPA) was strongly reduced.  

 

Omega-3 reduced reaction times in the Go/No-Go and Sustained Attention tests: 

 

 

 
Source: Fontani (2005) 

 



 
 

In contrast, a 6-month study of the effects of fish-oil supplements found no significant 

cognitive benefit in older adults (van de Rest 2008). The reason for lack of efficacy in 

this study is not clear. 

 

Randomized, placebo-controlled, double-blinded trials indicate that omega-3 

supplementation is beneficial in children with learning and behavioral problems (Sinn 

2007, 2008). 

 

Omega-3 and depression 

 

Countries with the highest rate of seafood consumption (high in omega-3 fatty acids) 

have low rates of depression and other mood disorders (Parker 2006, Gómez-Pinilla 

2008). 

 

 
Source:  Gómez-Pinilla 2008 



Patients with mood disorders have lower omega-3 fatty acid levels than do controls 

(Parker 2006). 

 

Lin and Su (2007) reviewed ten placebo-controlled trials of omega-3 fatty acids in the 

treatment of depression and found a statistically significant antidepressant effect. 

However, they found great variation in the results among the studies and strong evidence 

for publication bias, which reduces confidence in the effect. 

 

Fontani (2005) studied the effects of Omega-3 supplementation using the Profile of Mood 

States (POMS) test: 

 

 
 

Omega-3 significantly reduced 

 

¶ anger 

 

¶ anxiety 

 

¶ fatigue 

 

¶ depression 

 

¶ confusion 

 

Omega-3 also significantly increased vigor.  

 

 



Omega-3, Alzheimer's disease and stroke 

 

 

Omega-3 in animal and cellular models 

 

Green 2007 

 

Mouse model of ALZ. Mice accumulate amyloid and tau proteins  

 

Diet supplemented with DHA reduced the intraneuronal accumulation of both amyloid-

beta (Abeta) and tau. 

 

Combining DHA with omega-6 fatty acids diminished the efficacy of DHA over a 12 

month period. 

 

 

Ma 2009 

"Feeding 3xTg-AD transgenic mice a diet high in saturated and omega-6 fat increased 

active JNK and phosphorylated IRS-1 and tau. Treatment of the 3xTg-AD mice on high-

fat diet with fish oil or curcumin or a combination of both for 4 months reduced 

phosphorylated JNK, IRS-1, and tau and prevented the degradation of total IRS-1. This 

was accompanied by improvement in Y-maze performance. Mice fed with fish oil and 

curcumin for 1 month had more significant effects on Y-maze, and the combination 

showed more significant inhibition of JNK, IRS-1, and tau phosphorylation." 

 

Bazan 2009 

In human neural cells, DHA reduces amyloid-beta secretion. 

 

Lukiw 2008  

"Deficits in DHA or its peroxidation [oxidative damage] appear to contribute to 

inflammatory signaling, apoptosis, and neuronal dysfunction in Alzheimer disease (AD), 

a common and progressive age-related neurological disorder unique to structures and 

processes of the human brain." é "Recent studies underscore the importance of DHA-

derived neuroprotectin D1 (NPD1) in the homeostatic regulation of brain cell survival 

and repair involving neurotrophic, anti-apoptotic and anti-inflammatory signaling. 

Emerging evidence suggests that NPD1 synthesis is activated by growth factors and 

neurotrophins. Evolving research indicates that NPD1 has important determinant and 

regulatory interactions with the molecular-genetic mechanisms affecting b-amyloid 

precursor protein (bAPP) and amyloid beta (Ab) peptide neurobiology."  

 

 

Omega-3 in epidemiologic studies 

 

Ernst Schaefer. 

1178 Framingham volunteers, average age 75. 

Subjects with Alzheimer's disease had lower DHA levels than did healthy controls. 



In healthy controls, low levels of DHA increased the probability of Alzheimer's disease 

within 10 years by two thirds. 

Low levels of DHA were correlated with low scores on MMSE. 

 

Subjects with Alzheimer's disease have higher levels of inflammatory prostaglandins 

(from omega-6) than do healthy controls (K.N. Prasad). 

 

Omega-3 in clinical trials 

 

Cederholm and Palmblad (2009) reviewed the results of recent studies: 

 

"PURPOSE OF REVIEW: To report recent data on the potential role of omega-3 

fatty acids (n-3 FA) found in oily fish, especially docosahexaenoic acid (DHA), to 

prevent and treat cognitive decline and Alzheimer's disease.  

 

"RECENT FINDINGS: Observational studies still provide conflicting results, in 

which the majority indicate beneficial effects on cognition, both when assessed as 

a continuous variable or as incident dementia, mainly Alzheimer's disease. 

Experimental studies have demonstrated potentially ameliorating effects of 

eicosapentaenoic acid (EPA) and DHA on amyloid fragment formation, signal 

transduction including upregulation of the apolipoprotein receptor SorLA, as well 

as on angiogenesis. The role of EPA and DHA metabolites on Alzheimer's disease 

pathology is under investigation. Recently, three randomized intervention studies, 

with duration up to 6 months have been reported. In contrast to a small study from 

Taiwan, no positive overall effects were reported from the Swedish OmegAD 

Study or from a Dutch study, although post hoc analyses indicate that selected 

individuals with mild forms of Alzheimer's disease or cognitive decline may 

respond to treatment.  

 

"SUMMARY: No firm conclusions can be drawn. Based on epidemiological data, 

fish including oily fish could be advised as part of a balanced diet for public 

health purpose, although the evidence for better cognition is only fairly consistent. 

It is unlikely that n-3 FA will emerge as a treatment option in general for 

improving cognitive function in patients with Alzheimer's disease. n-3 FA, 

especially DHA, may turn out as an adjuvant therapy in selected cases. Further 

long-term intervention studies on individuals with mild cognitive reductions are 

awaited." 

 

Twelve prospective cohort studies have shown that omega-3 fatty acid significantly 

reduces risk of stroke (Danaei 2009). 

 

Omega-3 fatty acid and longevity 

 

Maybe you are not yet persuaded that omega-3 fatty acid is worthwhile. So let's see how 

it affects your life expectancy. Here's a Harvard School of Public Health study published 

in 2009 (Danaei 2009): 



 

"The mortality-reducing effects of omega-3 fatty acids and of replacing saturated 

fatty acids (SFA) with polyunsaturated fatty acids (PUFA) (denoted as PUFA and 

PUFA-SFA replacement interchangeably hereafter) have been confirmed in 

randomized trials." 

 

"In the year 2005, 2,448,017 US residents died é Overweightïobesity, physical 

inactivity, and high blood glucose each caused 190,000ï216,000 deaths (8%ï9% 

of all deaths in adults). The mortality effects of individual dietary risk factors 

ranged from 15,000 deaths for low dietary PUFA [in place of saturated fats] (<1% 

of all deaths) to 82,000ï102,000 deaths for low dietary omega-3 fatty acids, high 

dietary trans fatty acids, and high dietary salt. 

 

Source: Danaei 2009 

 

 

What about mercury and PCB's in fish? 

 

Mercury and poly-chlorinated biphenyl (PCB) is found in many fish consumed by 

humans. Large, predatory fish such as swordfish, shark and tuna are more likely to have 

elevated mercury levels.  

 

Stephen Jewett and Lawrence  Duffy at the University of Alaska, Fairbanks, examined 

concentrations of mercury in 17 freshwater fish species and 24 marine fish species 

(Jewett 20070. Placed emphasis on methylmercury (MeHg), the most toxic form to 

humans.  Most fish had muscle mercury concentrations of Ò1 mg per kg., within the 

USFDA's Action Level and Alaska's guideline for safe concentrations of MeHg in edible 

fish.  Pacific salmon had mercury concentrations Ò0.1 mg per kg. 

 


