Essential Fatty Acids: Recommendations for Plant
Based Diets — Do vegans and vegetarians require a
DHA supplement?

= Tim Radak, RDN, DrPH, MPH
Academic Coordinator for DrPH and PhD |

Public Health Programs, Core Faculty
College of Health Sciences
Walden University

timothy.radak@mail.waldenu.edu

WALDEN UNIVERSITY
A higher degree. A higher purpose.




Background

Current: DrPH and PhD in Public Health Academic Coordinator/Faculty
College of Health Sciences, Walden University

Previous:
Assistant Professor of Nutrition and Dietetic Internship Director
College of Health Sciences, Appalachian State University

Senior Research Program Manager
Cancer Prevention Institute of California, Fremont, CA

Director of Nutrition
Physician's Committee for Responsible Medicine, Washington DC

Loma Linda University - M.P.H.,Dr.PH, RDN -Leader in investigating relationship
between vegetarian diet and health and disease outcomes. Credentialed as a
Registered Dietitian Nutritionist for almost 20 years

John McDougall M.D. Program - Interned

Studying, doing research, and publishing in the fields of Nutrition and Chronic Disease
for over 20 years with a particular focus on answering the question of whether plant
foods confer healthful benefits for minimizing disease and optimizing health.
Published in 2013 the first ever entire chapter in academic text on plant based diets for
food and ecology text.



Essential Fatty Acids: Recommendations for Plant
Based Diets — Do vegans and vegetarians require a DHA
supplement? - Objectives/Learning Outcomes

1) Be able to define types and sources of EFA
2) Understand what most plant-based researchers are recommending
3) Discuss omega-3 and 6 pathways, what they make

4) Discuss summary of health benefits of omega 3 and 6 in both omnivores,
vegetarian/vegan populations and controversies (CVD, Brain, Eye)

5) Issue #1: EFA current intakes/status for vegetarian/vegans
6) Issue #2: Discuss omega-3 and omega-6 ratio
7) Issue #3: Conversion rates. Are the pathways of EFA inefficient?

8) Issue #4: The standard omnivore: should we be taking an algae supplement to obtain
equal status?

9) Understand examples of products marketed to vegans

10) Discuss guidelines for suggested intakes and proposed recommendations for
vegans/vegetarians and address the question: do vegans/vegetarians need to take a
DHA Omega 3 supplement?



Essential Fatty Acids — Introduction

Omega-3 and 6 PUFA are essential fats that cannot be derived or synthesized
from other fats in the diet. This makes them unique with regard to fats and lipids,
similar to essential amino acids in that they must be exogenously sourced.

There are other omega fatty acids such as omega 7 or 9 that are non essential as
they can be synthesized from other fats/lipids (MUFA).

While requirements for intake of EFA are very small they play a role in the health
or function of every tissue in the body and produce potent substances and
compounds and are involved in a variety of processes.

Unlike carnivores (Cats/most fish) who cannot elongate fats to create long chain
PUFA, humans can via a elongation and desaturation process (kothapali, 2016).

Both omega 3 and 6 fatty acids are incorporated in the membrane of
phospholipids (the building blocks for cell membranes) and play a variety of roles
in cell signaling and functioning. Both are required for growth, reproduction,
neuronal function, skin maintenance and are involved in cholesterol regulation
and metabolism and affect gene expression




Essential Fatty Acids — Introduction
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Where EFA are processed

Omega 3 and 6 Interactions: “DHA and ARA require a number of common
enzymes, namely, fatty acid desaturase 1 (FADS1), FADS2, and elongation of
very long fatty acid protein-5 (ELOVLYS) In the case of PUFAs with >22 carbon
chains, such as DHA, an additional enzyme, ELOVLZ2, is also required. All these
PUFA biosynthetic enzymes are highly expressed in the liver; therefore, the liver
has been considered as a central organ for the systemic metabolism and
distribution of PUFAs" (Hishikawa, 2020). As will be discussed evaluating EFA
status via blood may not be the best indicator given the importance of the liver in
EFA synthesis and distribution to tissues.



Current recommended intake for all diets

Government recommendations:

It wasn’t until 2002 that govt recommendations were created for n-3 FA n-6 FA.
The Institute of Medicine (IOM) considered the evidence inadequate to establish
an Recommended Dietary Allowance (RDA) or Estimated Average Requirement
(EAR) for n-3 FA n-6 FA. Thus the IOM established only an Adequate Intake (Al)
values for ALA and LA, based on the highest median intake of ALA and LA for the
current population and an apparent absence of deficiency symptoms (saik, 2016).

No Estimated Average Requirement or Adequate Intake was established for EPA
or DHA or AA, but it was mentioned that 10% of ALA can come from EPA/DHA .

Advises caution with Omega 3 supplements for those who use hypoglycemic
medications, or anti-coagulants (M. 2006).

The IOM did not establish a UL for any omega-3s, although it noted that high
doses of DHA and/or EPA (900 mg/day of EPA plus 600 mg/day DHA or more for
several weeks) might reduce immune function due to suppression of inflammatory
responses (OM. 2019)

FDA notes increased bleeding times with high EPA/DHA (fish oil) intakes and
combined food/supplement should not exceed 3g/day (-ewis. 2000)




Current recommended intake for all diets

Institute of Adequate intake
Medicine, 2002 -

ALA 1.69/d 1.19/d for.6-1.2% total

Pregnant 1.4g/d energy
Lactation 1.3g/d

(up to 10% of ALA can
come from EPA/DHA )

LA 179/d 12¢9/d 5-10% total
energy

ALA 1.779 1.39
LA 17.89 13.3g
EPA 4q .39

DHA .89 .69



Current Recommendations for Fish/Seafood

Dietary Guideline for Americans/MyPlate USDA

“Twice a week, make seafood—fish and shellfish—the main protein food on your
plate. Seafood contains a range of nutrients, including healthy omega-3 fats.
According to the 2010 Dietary Guidelines for Americans, eating about 8 ounces per
week (less for young children) of a variety of seafood can help prevent heart
disease.” — Ten Tips, Eat Seafood Twice a Week (uspa, 2011).

The 2010 Dietary Guidelines for Americans — increase amount of seafood to
replace some meat and poultry (healthy population); 8-120z seafood and limit tuna
to 60z and do not eat all high mercury containing fish (pregnant/breastfeeding)

The 2015-2020 Dietary Guidelines for Americans specifically recommends that
adults consume about eight ounces per week at 2,000 calorie level of a variety of
seafood, including at least some choices higher in the omega-3 fatty acids EPA and
DHA, because seafood has been associated with heart health benefits.

“provide an average consumption of 250 mg per day of EPA and DHA, is associated
with reduced cardiac deaths among individuals with and without preexisting CVD”
and “strong evidence from mostly prospective cohort studies but also randomized
controlled trials has shown that eating patterns that include seafood are associated
with reduced risk of CVD.” - Note. Not all research supports these
recommendations. Alternatives? Plant-based diet? Plant sourced FA?




Dietary Guideline for Americans — 2015-2020
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Recommendations in Literature for EFA intake
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ABSTRACT

Recently, vegetarian diets have experlenced an increase in popularity, A
vegetarlan diet is associated with many health benefits because of its higher
content of fiber, folic acid, vitamins C and E, potassium, magnesium, and many
phytochemicals and a fat content that is more unsaturated. Compared with
other vegetarian diets, vegan diets tend to contain less saturated fat and
cholesterol and more dietary fiber. Vegans tend to be thinner, have lower serum
cholesterol, and lower blood pressure, reducing their risk of heart disease
However, eliminating all animal products from the diet increases the risk of
certain nutritional deficiencies, Micronutrients of special concermn for the vegan
include vitamins B-12 and D, calcium, and long-chain n-3 (omega- 3) fatry
acids. Unless vegans regularly consume foods that are fortified with these
nutrients, appropriate supplements should be consumed. 11 some cases, lron
and zinc status of vegans may also be of concern because of the limited
bloavallability of these minerals.

Diets that do not include fish, eggs,
or sea vegetables (seaweeds)
generally lack the long-chain n-3
fatty acids, eicosapentaenoic acid
(EPA; 20:5n-3) and
docosahexaenoic acid (DHA;
22:6n-3), which are important for
cardiovascular health as well as eye
and brain functions. The plant-
based n-3 fatty acid a-linolenic acid
(ALA; 18:3n-3) can be converted
into EPA and DHA, albeit with a
fairly low efficiency (62, 63).
Compared with nonvegetarians,
vegetarians, and especially vegans,
tend to have lower blood
concentrations of EPA and DHA
(64). However, vegans can obtain
DHA from microalgae supplements
containing DHA, as well as from

foods fortified with DHA.



Recommendations by veg professionals for EFA intake

Brenda Davis, RD/Vesanto Melina, MS, RD —

Omega-3 fatty acids. Balanced diet and adequate ALA sufficient to meet needs,
but unknown if vegan health could be improved by supplementing. Decision is a
personal one. Include at least one of the following:

» 2 tablespoons (30 ml) of ground flaxseeds or chia seeds

 Ya cup (60 ml) of hempseeds, * %4 cup (85 ml) of walnuts

» 172 teaspoons (7 ml) of flaxseed oil, « 174 tablespoons (22 ml) of hempseed oil
» 27> tablespoons (37 ml) of canola oil

Taking supplement of 200 to 300 mg of supplemental vegan DHA two to three
times per week may be beneficial for some individuals (such as during pregnancy
or for those with diabetes). A supplement that combines DHA with EPA can also
be used. (The Vegan Plate, 2014) https://www.brendadavisrd.com/my-vegan-plate/

Michael Klaper, MD - Assure omega-3 fatty acid sufficiency by eating a small
handful of walnuts every day, along with 1-2 tablespoons of freshly ground
flaxseeds on your oatmeal. If there is any question of fatty acid deficiency,
indicated by dry skin and/or depression, take 300 mg of algae-derived DHA (the

content of one “vegi-cap” available at the natural food store) daily.
http://www.nutrientrich.com/wp-content/uploads/quides/failure-to-thrive-the-nutritional-adequacy-of-100-
plant-based-diets.pdf




Recommendations by veg professionals for EFA intake
Jack Norris, RD -

No need to supplement with DHA. htips:/iveganhealth.org/omega-3s-part-2/#Welch2008

Step 1: DHA Supplement — Option A — If you want your DHA levels to be the same as
non-vegetarians, supplementing with 300 mg per day will likely accomplish that. Option
B — If you just want some insurance that you are getting a source of DHA in case your
body isn't efficient at making it, supplementing with 200 - 300 mg every 2-3 days will
provide that.

Step 2: Minimize Omega-6 Oils - Do not prepare food with oils high in omega-6 such
as corn, soy, safflower, sunflower, most vegetable oil blends (typically labeled
"vegetable oil") and sesame oil. Instead, use low omega-6 oils like olive, avocado,
peanut, or canola. Only cook canola under low heat and for short periods.

Step 3: Add some ALA hitp://www.veganhealth.org/articles/omega3

Joel Kahn, MD - because of low Omega 3 status in patients, recommend
supplement with 250mg each of combined DHA and EPA from algae, limit foods
rich in omega-6, which may contribute to inflammation, add whole foods rich in

ALA ie. WaantS, Chia, ﬂaX, |eafy greens. nttps:/drioelkahn.com/supplements-recommend-plant-based-
patients/

Ginny Messina, RD, MPH- “at best, an upstream battle for vegans and vegetarians to
try to get enough EPA and DHA through their diets.. It’s likely that vegans [and vegetarians]
may need to consume higher amounts of ALA to achieve [adequate EPA and DHA], but
even then, there is no guarantee”




Recommendations by veg professionals for EFA intake

= John McDougall, MD —Hydrogenation of oils, low selection of omega 3 foods,
milling, large intake of animal products have all caused lower Omega 3 in diet.
Can obtain essential fats (ALA, LA) in whole foods low fat vegan diet, diet and
no need to focus EPA/DHA and recommends to avoid use of oils in diet in
general. Can use flax as ALA source is desired and for some conditions
(rheumatoid arthritis or diabetic neuropathy) could consider primrose oil.
https://www.drmcdougall.com/health/education/health-science/featured-
articles/articles/vegetable-fat-as-medicine/
https://www.drmcdougall.com/misc/2007nl/aug/oils.htm

Inconsistency among health professionals but generally
recommend a supplement. Could this be out of concern for
veg/vegan populations not meeting a WFPBD? How much is
due to lower intakes of EPA/DHA? How much is due to the
believed CVD benefits? (one recent prominent vegan conference speaker
advises patients to take DHA algae because of Omega 3 CVD benefits)



Fish Intake and CVD - Observational

Some association/modest benefit

Observational: Bulk of research is
mainly CVD/mortality.

One of the earliest studies
investigating fish intake and disease
risk was the long running Zutphen
study (one of the 7 countries studies)
which followed more than 1000 men
assessing long term fish intake.

Results suggested a benefit for sudden
CHD death, but was not dose
dependent and diminished when
participants reached age 50 and above
(Streppel, 2008; Kromhout, 1985). Study also found
reduced stroke incidence with 1
serving or more of fish (keii, 1994).

The New England
Journal of Medicine

Copyright, 1985, by the Massachusetts Medical Society

Volume 312

MAY 9, 1965

Number 19

THE INVERSE RELATION BETWEEN FISH CONSUMPTION AND 20-YEAR MORTALITY FROM
CORONARY HEART DISEASE

Daan Krowtour, Pr.D., M.P.H., Ebwa B. Bosscuterer, M.D., avp Cor bk Lezenne Couranner, M.Sc.

Abstract The low death rate from coronary heart dis-
ease among the Greenland Eskimos has been ascribed
to their high fish congumption. We therefore decided to
invesfigale the reletion between fish consumption and
coronary hear disease in a group of men in the town of
Zutphen, the Netherlands. Information about the fish con-
sumption of 852 middle-aged men without coronary heart
dlisaase was collected in 1960 by a careful distary history
obtained from the participants and their wives. During
20 years of follow-up 76 men died from coronary hear
disease. An inverse dose-response relation was ob-

served between fish consumption in 1960 and death from
coronary heart disease during 20 years of follow-up.
This refation persisted after multile logistic-regression
analyses. Mortality from coronary heartdisease was more
than 50 per cent lower among those who consumed at
least 30 g of fish per day than among those wha did not
at fish

We conclude that the consumption of as little as one or
two fish dishes per week may be of preventive valug in
relation to coronary heart disease. (N Engl J Med 1985:
312:12059)



Fish Intake and CVD - Observational

Observational Studies on Fish Intake — Cardiovascular Diseases and All Cause Mortality

Fish intake or EPA/DHA status in blood in most observational studies or systematic
reviews show significant benefit for CVD mortality, total mortality, CHD events (M,
sudden cardiac death, heart failure), or stroke (Takata, 2013; Villegas, 2015; He, 2004; He, 2002; Chowdhury, 2012; Sala-Vila,
2016; Balk, 2016 ; Alexander, 2017; Harris, 2021) €Specially in those who report regular consumption as
compared to little or no fish intake mcLennan, 2015; zheng, 2012). though some do not ayedi, 2018) NOr
for nonfatal CHD events aexander, 2017.and one new large study showed an increased risk for
stroke caused by cardioembolism for higher intakes of dietary Omega 3 and DHA (veno,
2019) While another large study showed significant increased overall and cause specific
mortality from fish intake (van den ranat, 2019

A joint Food and Agriculture Organization/World Health Organization expert report
suggests there is convincing evidence to support fish consumption decreasing risk for
CVD mortalitywro, 2011).

Despite the earlier studies suggesting benefit for fish intake, later observational studies
and meta analysis of those studies linking fish intake with a reduction in mortality or
other disease outcomes are inconsistent (viiegas, 2015; virtanen, 2019; zhuang, 2018) .

For example, one large systematic review suggested no benefit for any fish intake for
healthy individuals while some benefit on reduction in CHD death was suggested in high
risk individuals only warckmann, 1909). Other large prospective studies suggest little or no effect
(Rhee, 2017; Amiano, 2014; Amiano, 2016; Villegas, 2015; Engeset, 2015). 1 Nree large studies suggested that all-cause
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Fish Intake and CVD - Observational

Other prospective studies- more mixed results. Looking at outcomes such as
atrial fibrillation, found no benefit to fish intake and suggest no general antiarrhythmic
effect (Frost, 2005; Brouwer, 2006). NO effect on heart failure incidence was seen from fish intake
(Levitan, 2009) NOr for mortality (except higher mortality in sub group analysis with? fish intake
(virtanen, 2019) While in another study a positive effect was seen for baked/broiled fish but a
negative effect for fried fish (eiin, 2011). A global meta-analysis of 19 studies in those with or
who died from CHD assessing biomarkers of ALA, DPA, DHA were all associated with

lowering risk for CHD mortality and less so for non-fatal Ml (pel Gobbo, 2016). About 30% were

smokers, and medications varied between studies making conclusions less clear.

Possible explanations for differences in findings from observational studies

1. Some may be attributable to overall healthier diet patterns/lifestyle in fish eaters of
which fish is only one part (cundiff, 2007; Raji, 2014), Which is well Known (engeset, 2015),

2. Those who consume fish may replace that for animal protein i.e meat/chicken known
to carry health risks. So observational studies comparing those who mainly consume
fish to those who mainly consume other animal proteins may “inflate” the benefits in
the fish consumers, esp. as fish is lower in cholesterol and saturated fat.

3. Itis unknown if the benefits are due to other nutrients in seafood. Fish contains Vit A,
D, B-complex vitamins, iron, iodine, selenium and zinc.

4. Inconsistencies or variation possibly due to: methodological differences, accuracy of
FFQ to assess true intake, type of cooking method or if raw, preservation method ie
pickled, canned, smoked (nitrosamines?) etc, type of fish (i.e 27K species), gender,
race, whether studies took into account contaminants in fish, genetic variability, or
country of origin in population studied.



Fish Intake/Omega 3 Status and Brain - Observational

Observational Studies on Fish Intake/Omega 3 Status — Brain Morphology

Brain morphology

Essential fatty acids (Omega 3 and 6) constitute about ~1/3 of total brain fatty acids
mostly in the form of phospholipids of which DHA dominates for Omega 3 (trace amounts
of ALA/EPA) and AA (trace amounts of LA for Omega 6) (Cederhoim, 2013; Luchtman,2013). In
general, DHA and AA have opposing effects on synaptic signal transduction and
inflammatory signaling pathways. (mcNamara, 2017) Brain weight typically shrinks about 5%
per decade after age 40 (reters, 2006). and brain size/reserve is still a hypothesis being
debated in relationship to Alzheimer disease (AD) risk (whitwell, 2010; An, 2016; Van Petten , 2004)

Regular fish consumption or total Omega 3 intake or EPA/DHA status was associated with
preservation of brain size, gray matter, white matter, and lower white matter
hyperintensities (WMH) which are associated with cognitive impairment/dementia, but not
in all studies with one study suggesting benefit from marine Omega 3’s that was

attenuated when controlling for depression (raji, 2014; Pottala, 2014; McNamara 2018; Bowman, 2012; Conkin, 2007; Tan,
2012; Luciano, 2017; Titova, 2013; Virtanen, 2013; Zamroziewicz, 2018)). 4 e

Some were small sample sizes, self reported dietary = = _ .
information, possible residual confounding and mostly S s
cross-sectional (cannot draw conclusions on causality and it is unclear if low DHA in some
but not all post mortem brain studies is a cause or consequence of ADpan, 2015) or other
factors, and Cunnane, 2013 suggest is it puzzling that if low DHA status or low fish intake
is associated with AD, why post-mortem studies do not consistently show lower brain DHA
(Cunnane, 2013; Fraser, 2010) .




Fish Intake/Omega 3 Status and Brain - Observational

Observational Studies on Fish Intake/Omega 3 Status — Cognitive impairment or

decline

Cognitive impairment or decline/Alzheimer Disease
AD accounts for 60 — 80% of Dementia cases worldwide.

Observational studies on fish intake and risk for mild cognitive impairment or decline
are Conflicting in short term StUdieS(Zhang, 2016, Wu, 2015; Beydoun, 2007; Roberts, 2010).

One study also found higher DHA levels to be associated slower learning performance
in non-pregnant healthy women (de Groot, 2007).

Fish intake associated with subclinical neurobehavioral abnormalities (carta, 2003),
authors attribute 60% of result due to mercury blood concentrations.

Alzheimer disease or dementia - A sizable number of studies suggest reduced risk
either for fish intake or high Omega status levels though some are conflicting (raji, 2014; zhang,
2016; Cole, 2009; Alsumari, 2019; Cunnane, 2012; Titova, 2017); Solfrizzi, 2017) @nd iMprovement in mental scores but not
for probable dementia or cognitive impairment (ammann, 2017), and some longer term studies
(i.e 10 years) found no or minimal association with fish intake and long term risk of
dementia (pevore, 2009). Fish combined with other seafood reduced risk but only among
APOE ¢4 carriers, and this was also correlated with mercury concentration levels in the
brain in deceased subjectsworis, 2016).



Fish Intake/Omega 3 Status and Brain - Observational

Observational Studies on Fish Intake/Omega 3 Status — Cognitive impairment or decline

Alzheimer disease or dementia - Arecent meta-analysis of cohort studies suggest
a strong effect for higher saturated fat intake: was associated with an increased risk
of 39% and 105% for AD and dementla and no association found for PUFA in either
AD or dementia (ruan, 2018). o e o

” Healthty
&~ Lifestylei”

Why is this important?

Studies that looked at low status of EPA/DHA compared to higher status of DHA and
suggested better brain volume size/compartments. Other dietary hazards like meat,
arachidonic acid (competes w/DHA in brain), cholesterol and saturated fat may of been
reduced/replaced by fish/seafood and in addition, also suggest an overall healthier
lifestyle and diet i.e Med diet (including exercise) making observational study conclusions
complex as these were often not controlled for (residual confounding) as well, some of the
many chronic diseases linked with AD may not of been controlled for. Higher fish intake
may be associated with higher socioeconomic status which is protective for AD/cognitive
decline (aisumari, 2019; sattler, 2012). Dietary intake of seafood may have other nutrients related to
brain health beyond EPA/DHA making linkages of DHA and brain health confounded.
Pesticide exposure has been linked with cognitive function (pardiotis, 2019)

Fish contains Vit A, D, B-complex vitamins, Mg, iron, iodine, selenium, zinc, and B-12 and
has lower saturated fat and cholesterol than meat, the underlined items of which are

related +/- to cognitive decline or AD risk (Raji, 2014; Annweiler, 2016; Andrasi, 2009; Berti, 2015; Dominguez, 2018;
Medawar, 2019)




Fish Intake/Omega 3 Status and Brain - Observational

Observational Studies on Fish Intake/Omega 3 Status — Cognitive impairment or decline

Alzheimer disease or dementia -

Some studies did not control for trans-fat, or fruit and vegetable intake, blood glucose,
exercise, all associated with cognition and brain size/atrophy or medications that are
associated with brain atrophy (raji, 2014; walish, 2018). or hypertension which can predict both
vascular dementia and AD 20 years before onset (anssen, 2014) Studies were done on
Omnivores, while vegans have intakes/levels of all of these in a health promoting
direction, however higher protein intakes are associated with plasma/brain amyloid-g (AB)
accumulation and vegans tend to have lower protein intakes (Fernando, 2018).

Many of these studies occurred during a time when recommendations to reduce meat
intake (typically as greater source of saturated fat than fish ie. same portion of ground
beef to salmon fillet had 4.5 and .73 grams respectively) with healthier options such as
fish, which may indicate that EPA/DHA status was a marker for a diet healthier than a
meat-based diet.

Research suggests that those who eat fish, also increase their intakes of fruit, vegetables,
legumes, whole grains as part of a ‘prudent dietary plan’ compared to a Western dietary
plan (shakersain, 2016) and it is well know that the Western diet is one of the worst for cognitive
health. In the Greek cohort of the EPIC study, out of 9 dietary components, only fruit
and vegetable intake (not fish) was associated with being protective for cognitive
decline (trichopoulou, 2014).

Another study evaluating brain atrophy and the Mediterranean diet found that adherence
to the diet was beneficial but the benefit from the Med Diet was not due to fish (Luciano, 2017)



Fish Intake/Omega 3 Status and Brain - Observational

Observational Studies on Fish Intake/Omega 3 Status — Cognitive impairment or decline

Alzheimer disease or dementia -
Greek cohort of the EPIC study following Mediterranean diet

Table 6 Multinomial logistic regression-derived odds ratios (ORs)" and 95 % confidence intervals (CI) of the change in MMSE by Mediterra-
nean diet components, among 401 individuals

Change in MMSE (-4 to —1) versus >0 p Change in MMSE < =5 versus >0 p

OR (95 % CI) per 1 SD increment OR (95 % CI) per 1 SD increment
Vegetables 0.85 (0.64, 1.12) 0.244  0.39(0.22.0.69) 0.001
Legumes 0.90 (0.71, 1.15) 0407 091 (0.60, 1.39) 0.673
Fruits and nuts 0.95 (0.75, 1.21) 0.682 0.95(0.63, 1.42) 0.800
Diary products 1.01 (0.79, 1.28) 0.950 1.01(0.69, 1.48) 0.942
Cereals 1.00 (0.77, 1.30) 0.998 1.21(0.79, 1.85) 0.384
Meat 1.14 (0.89, 1.47) 0.307 1.09 (0.71, 1.69) 0.686
Fish 0.91(0.72, 1.14) 0.398 0.90 (0.64, 1.28) 0.568
Alcohol® 0.78 (0.46. 1.30) 0.336  0.63(0.27, 1.48) 0.285
Ratio of monounsaturated to saturated lipids ~ 0.84 (0.55, 1.29) 0431 0.78 (0.40, 1.52) 0.468

EPIC-Greece cohort



Fish Intake/Omega 3 Status and Brain - Observational

Observational Studies on Fish Intake/Omega 3 Status — Cognitive impairment or decline

Alzheimer disease or dementia -

Other areas of exploration: Studies assessing serum, plasma, and cerebrospinal
fluid have identified several metabolic pathways that have association with AD: bile acids,
sphingolipids, antioxidants, phospholipids, and amino acids (snowden, 2017) and other factors
like impaired cerebral glucose uptake and insulin resistance and resultant inflammation
may play a role in the pathogenesis of AD suggesting that AD is a

metabolic disease mediated by brain insulin and
insulin-like growth factor resistance. (Toledo, 2017; Lazar, 2018)

The extent of cognitive decline in mildly cognitively
impaired or who have AD is associated with the
degree of glucose metabolism loss, nearly 35% in
some brain regions (weiser, 2016). Those who do not
have diabetes or impaired fasting glucose and who have a slightly higher blood
glucose level in the normal range experienced brain atrophy, predicted at a rate of
approximately 0.06% reduction in total brain volume each year.waish, 201s)

Some are calling AD, “Type 3 Diabetes”.

The UK Biobank study (500K): strong associations with pre-diabetes or diabetes and
AD; increased risk for cognitive decline; twhite matter hyperintensity volume,
lhippocampal volume (Garfield, 2021).




Brain — Omega 3 status

Observational Studies on Fish Intake/Omega 3 Status — Brain Morphology

Cardiovascular Health Study

e The Cardiovascular Health Study (CHS), a prospective cohort study of 5888 older adults assessed
using brain MRI scans in relationship to plasma phospholipid Omega-3 levels and dietary intakes and
found benefit with increased plasma levels of DHA and less white matter abnormalities, but not for
improvement in markers that indicate less brain atrophy. Plasma phospholipid ALA was associated
with improvement in markers that indicate brain atrophy, and dietary ALA was associated with less
white matter abnormalities (virtanen, 2013). This was also suggested in another study where not only
plasma ALA status but several other fatty acids, including Omega 6 were related to memory
function and white matter microstructure suggesting that both Omega 3 and 6 may slow age-
related decline and memory (zamroziewicz, 2017)

e Cardiovascular Health Study also found that frequency of fish consumption (did not correlate with

mental score testing) but did show fish intake correlates with higher gray GM volumes in the brain
areas responsible for memory and cognition but conversely omega 3 status in phospholipids was not

related to higher gray GM volumes with authors suggesting dietary intake of fish are not necessarily

the presumed biological factors that can affect the structural integrity of the brain and there are
other lifestyle reasons and that fish intake may be a marker of a healthier overall diet (raji, 2014) Or
something else in fish like selenium content. Authors say this is consistent with Omega 3 supplement
studies which show little effect on prevention of dementia or cognition in AD patients.



Brain — Omega 3 Status

Observational Studies on Fish Intake/Omega 3 Status — Brain Morphology

Latest studies
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Determinants of fluid intelligence in healthy aging:
Omega-3 polyunsaturated fatty acid status and
frontoparietal cortex structure

Marta K. Zamroziewicz, Erick ). Paul, Chris E. Zwilling & Aron K. Barbey

Measured six plasma phospholipid omega-3 PUFAs, fluid intelligence, and regional gray matter

volume in the frontal and parietal cortices in 100 cognitively intact older adults (65—75 years
old).

Precursor ALA and downstream products like stearidonic acid, and eicosatrienoic acid (but not
EPA or DHA) was linked to fluid intelligence, and preservation of total gray matter volume of the
left frontoparietal cortex (FPC) which fully mediated the relationship between this omega-3
PUFA pattern and fluid intelligence. The authors suggest dietary consumption of precursor n-3
PUFAs may support neuronal health through the unique neuroprotective benefits of ALA and its
immediate downstream products. (zamroziewicz, 2018)



Fish Intake - Trials

Experimental Studies on Fish Intake

Most RCT have overwhelmingly focused on fish oil supplementation but some
studies advising fish intake will be mentioned here. Many studies tend to group total
Omega 3 sources together including on FFQ (i.e dietary, plus supplements, and
could possibly include algae sources) so attempted to exclude studies/meta-
analysis of this nature.

All cause mortality, CHD death, Angina: Burr, 1989 looked at 2033 men with a
previous Myocardial Infarction by control group and experimental group to increase
fatty fish intake Diet and Reinfarction Trial (DART). No effect was seen for risk for
CHD death though increased fish intake suggested improved reduction in all cause
mortality @ur, 1989). A follow up study (DART-2) also looked at increasing fish intake in
men with stable angina, followed for 3-9 years. Results suggested no effect from
increased fish intake for all cause mortality, and instead was associated with a
significant increase in sudden cardiac death &ur 2007). Other studies suggest lowered
risk for stroke (ischaemic but not haemorrhagic) (estel, 2015)




Fish Intake - Trials

Experimental Studies on Fish Intake

Lipids, Blood Pressure: An 8 wk interventional study comparing 1 serving to 4
servings of fish per week found no effect on blood pressure or lipids compared to a
diet low in fish (Grieger, 2014).



Fish Intake - Summary

Inconclusive/no risk or benefit: CVD death, all cause
mortality, atrial fibrillation, heart failure, mixed for
preservation of white or grey matter; mild cognitive
impairment or decline in short term studies and no or
minimal benefit in long term studies, higher DHA levels
associated with slower learning in non-pregnant healthy
women.

Benefit for: CHD events (MI, sudden cardiac death, heart
failure), or stroke, Alzheimer disease (but only among
APOE ¢4 carriers),

Increased risk: subclinical neurobehavioral
abnormalities.

Inconclusive: No risk or
benefit for CHD death,
all cause mortality.

Inconclusive: Low
compared to High fish
intake: no benefit for
blood pressure or
lipids

Increased risk for
sudden cardiac death (in
those with stable angina)

Benefit for stroke
(ischaemic but not
haemorrhagic)



Fish Oil Supplements and CVD
I

Trials:

CVD - Transferring the observational studies and their mostly positive stance on
Omega 3 and CVD into clinical application and trials has largely been a failure (von
schacky, 2015). If there was a significant benefit, we would of seen it by now — so many
trials. A meta-analysis of studies using long term use of Omega 3 fish oil supplements
was also found to increase risk of atrial fibrillation (cencer, 2021)

2018 Cochrane most extensive systematic review (112K people, 79 RCTS): (abdeihamid,
2018)

UlIncreasing long-chain omega 3 (EPA/DHA) while some benefit for Triglycerides,
TG, | HDL, little or no difference to risk of cardiovascular events, coronary heart
deaths, CHD events, stroke or heart irregularities.

UNo meaningful effect for reducing death for any cause.

0 Some very slight benefit to consuming ALA for CHD mortality(from 1.1% t01.0%),
arrhythmia(from 3.3% to 2.6%), and low-quality evidence that increasing ALA may
reduce risk of CVD events (4.8%to 4.7%).

Authors conclusions: There is evidence that taking omega-3 capsules does not
reduce heart disease, stroke or death or for CV death/mortality when increasing
EPA/DHA. There is little evidence of effects of eating fish.

Several other reviews with similar outcomes — AHA Science Advisory, 2017



Fish Oil/Fish Supplements and CVD
I

Risks

CVD -

Patients with Angina - The study (DART-2) also looked at increasing fish intake in
men with stable angina, followed for 3-9 years. Results suggested no effect from
increased fish intake for all cause mortality, and instead for those sub randomized
and advised to consume fish oil supplements instead of fish was associated with a
significant increase in sudden cardiac death @ur, 2007).

Patients with Atrial Fibrillation - Prescription Lovaza fish oil actually increased AF
and flutter in those with AF in a double blind placebo controlled 6 month trial (kowey,
2010), and in another, despite not reaching statistical significance could be a concern
(Macchia, 2013) . A meta-analysis of studies using long term Omega 3 fish oil supplements
was found to_increase risk of atrial fibrillation (encer, 2021). Framingham Hith Study found
6 times increased risk for AF in those consuming dark fish ie. Salmon, mackerel,
sardines >4/week (Shen, 2011)

Everyone : FDA notes increased bleeding times with high EPA/DHA (fish oil) intakes
and combined food/supplement should not exceed 3g/day (Lewis, 2000). NO effect on heart
failure incidence was seen from fish intake (Levitan, 2009) Nnor for mortality (except higher
mortality in sub group analysis with?{ fish intake (virtanen, 2019) While in another study a
positive effect was seen for baked/broiled fish but a negative effect for fried fish @ein, 2011




Fish Oil Supplements — Brain
e

Trials:

Brain function or grey matter preservation —

Recall that prospective/cross-sectional studies showed mixed results for improvement in
those with Alzheimer disease or for those with cognitive decline, or improvement in
cognitive function or rate of atrophy (despite some studies looking at EPA/DHA status in
blood showing positive effect on brain size and brain functioning (ran, 2012; Ammann, 2013;
McNamara,2018 ) While others did not gowman, 2012; Titova, 2013 SOome suggest the reason for DHA
supplements not being effective in AD is possibly the other nutrients in fish not contained
in fish oil, many of which have established association with brain function (cunnane, 2013)

One longer term trial in ‘healthy’ adults (6.5 month) suggested increased grey matter
volume, structural integrity, and increased brain executive function (but not memory) in
‘healthy adults’ (overweight and consume few fish)* wite, 2014).
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Fish Oil Supplements — Brain

Witte, 2014 Study

e 1 study

e Study in Berlin. Germany has one of the highest CHD/CVD mortality in Europe, probably a very
inflammatory diet. Omnivore population typically eating inflammatory standard diet. Benefits may
only be seen in a population like this that has unhealthy dietary factors like animal products AND low
DHA status. Animal products contain AA so as compete with EPA for DHA, the Fish oil supplements
may of shown benefit partially for this reason.

e Study — Nutritional aspects: subjects had to fill out detailed nutrition protocols over periods of 7
days at baseline, after 12 weeks, and again after 26 weeks, to monitor dietary intake of fatty acids.
They were instructed not to change dietary habits, for example, monthly fish consumption,
throughout the intervention. Concern: no other dietary information was collected, including PUFA
Omega 6 for example or amount of animal product intake, or whether any of these affected the study
as this could affect true randomization. Only fish intake was monitored. While they were instructed to
keep their dietary patterns it is unknown if any didn’t and whether they were excluded or not. Itis as
if the researchers believed that only omega 3’s exclusively can affect brain function/mood/grey matter
Size etc

 Secondly, how low was the Omega 3 status of this population prior to the study. (3/4 of intervention
group had 0 to 1x/week fish intake — low). It is known that populations with low Omega 3 will show
similar improvements (peters, 2014) IS it low also because of saturated fat, cholesterol, trans fats?




Fish Oil Supplements — Brain
.

Witte, 2014 Study

Long-Chain Omega-3 Fatty Acids Improve Brain Function and Structure in Older Adults

e Study excluded normal weight individuals (BMI) <25 kg/m2. Unknown why researches
wanted overweight people. Overweight people also more unhealthy diet?? Overweight
people = what is status in brain?? Are they more responsive to Omega 3 supplementation?
Possibly, as “Previous work has shown obesity (i.e., BMI >30) is related to deficits in brain
structure in both cognitively normal older individuals and persons with MCI or AD. In fact,

the hippocampus, a brain region critically important for normal memory function that is
affected early in AD is exquisitely sensitive to the deleterious effects of obesity” (raji, 2014)
Central adiposity associated with cognitive decline possibly due to inflammatory release of
CRP or HbA1C levels (ntiholan, 2018 Lower Grey Matter in obese than non obese.

e Only control group showed stat.sig increase in body fat % - affect brain structure/cognition?
e Study excluded individuals who smoked >10 cigarettes/day so there could be smokers in the
study who smoked up to half a pack per day. Unknown if any smokers were randomized
equally, and smoking affects brain anatomy so this could be a more responsive group
e Fish oil of 2.2g/day also included 15mg of Vit E likely to reduce lipid peroxidation. Control

orniin did nnt oget \/it F cn it ic i1inlkknnwn what crantrihiitinn \/it F had nn the nncitive ctiidv




Fish Oil Supplements — Brain

Witte, 2014 Study

Long-Chain Omega-3 Fatty Acids Improve Brain Function and Structure in Older Adults

1 ephan ] Schreiber!,

e Control group given unknown quantity of sunflower oil to take. Sunflower oil is 62% Omega 6.

Theoretically limit ALA > DHA for control group and affect n-6/n-3 ratio, may be why EPA was lower

Omega 3 index p-value 0.057 Already and omnivore inflammatory diet and now added additional n-6.

But what about Brain? So essentially a reduction in production of omega 3 in control group means less

in brain, and less compared to free living population. This could make the intervention group results
inflated? Also, was Vit E added to Sunflower?? High N-6 intake could lead to lipid peroxidation. FA. We
also know that the levels of unsaturation within neuronal tissue is tightly controlled, dietary insufficiency

or deficiency of n-3-FA may lead to increased concentrations of n-6 fatty acids (n-6-FA) in place of DHA
(Reddan, 2019) . S0 in this study they received high doses of Omega 6 and if affects brain, when compared to

the intervention group, could inflate intervention group results.
e Results: control group erythrocytes of peripheral blood showed significant decreases in EPA pre to post,
and also for Omega 3 index. Interesting finding and as control group told to remain on whatever diet

they were on, could suggest compliance may have been an issue. And unknown how this could of

affected the results. The only PANAS score that was significant was in the control group who had a
significant lowers score on overall positive feelings. (Development and validation of brief measures of
positive and negative affect are what PANAS is) — this was not discussed



Fish Oil Supplements — Brain
.

Witte, 2014 Study

Long-Chain Omega-3 Fatty Acids Improve Brain Function and Structure in Older Adults

1, Henrike M. Hermannstidier', Jochen B, Ficbach ™, Stephan . Schreiber®,

1 Lucia Kerti h ted equally to this work.

e Researchers discuss how DHA increases hippocampal brain-derived neurotrophic factor (BDNF), which

promote neuronal growth and metabolism in such regions as the hippocampus, in rats, and larger
hippocampal and prefrontal GM volume, memory, executive processing in humans and this study
confirms this as BDNF correlated with improved executive functions after LC-n3-FA. However, both

supplement and controls show stat significant increases in hippocampal brain-derived neurotrophic

factor (BDNF) yet no improvement was observed for the control group in terms of these brain changes.
e Fish oil and Control group = sig. decreases in TNF- a and Interleukin-6 and 1* BDNF and researchers

mention “which may be due to potential changes in lifestyle habits such as diet or exercise in both

groups “ important!!!! Researchers say in discussion: Even though nutrition records and detailed
qguestionnaires at baseline and follow-up did not actually show significant changes in lifestyle habits in
our subjects, lifestyle measures were only based on self-reported information and may thus be over- or
underestimations

e Results fish oil: no significance reached for memory scores, nor composite memory scores

e Fish supp group N =40 then dropouts >> N= 33. Five of 33 or 15% said fishy burps which could of
introduced bias (Significant bias as this as 15% of the intervention group).

e Physical activity was greater in the fish oil group, and PA has been shown to increase brain volume



Fish Oil Supplements — Brain
.

Witte, 2014 Study

Long-Chain Omega-3 Fatty Acids Improve Brain Function and Structure in Older Adults

Did the study set the conditions for the invention group to benefit from DHA and set the
control group up to not only be worse than usual free living conditions but via Omega 6
supplement show worse brain morphology?



Fish Oil Supplements — Brain
-

Trials:

Dementia or AD or Cognition - mixed or inconclusive results on cognitive performance
or decline in youth and healthy adults or adults with dementia, or AD (cederhoim, 2013; Raji, 2014;
Daiello, 2015; Morris, 2016; Luchtman, 2013; Abubakari , 2014; Danthiir, 2018;Phillips, 2015;Jiao, 2014) INCluding Cochrane
review @urckhardt, 2016) OF any positive effect on cognitive decline in healthy older individuals
(Cochrane meta-analysis) (sydenham, 2012; Dominguez, 2018) NOr benefit in coronary patients (celeijnse,
2012). Possible positive effect in those with very mild cognitive impairment (aielio, 2015; de Souza
Fernandes, 2015). Or APO E4 carriers (shinto, 2024) 