
BY DR. SEAN GOLDEN

The Evidence-Based “Simple IBS Diet”

Fats

PUFAs



IBS Diets: Many Options to Choose From

When someone tries to battle Crohn’s or U.C. naturally, they soon find that there are a
multitude of “diets” to choose from, and it can be a little overwhelming.

Some examples of “IBS diets” include:
 Gluten Free Diet
 Specific Carbohydrate Diet
 Low FODMAPDiet
 Ketogenic Diet
 Carnivore Diet
 Vegetarian Diet
 Elimination Diet
 Diet Based on Food Sensitivities
 Low Fiber Diet
 High Fiber Diet
 Low Fat Diet
 And more...

We’re going to be discussing many of these diet strategies in this online course, and some of
them have been shown to significantly reduce symptoms of Crohn’s and IBS.

However, other studies also show that a “simplified” diet approach often works just as well
as some of the much more “restrictive” ways of eating. Following a gluten-free or low
FODMAP diet, for example, can make it very difficult to enjoy eating with friends and family,
and while they can improve symptoms, they can also change the gut microbiome in a
negative way that can make you feel “hooked” on the diet (i.e. symptoms come raging back
whenever you stray from the diet).1,2

Thus, in line with the goal for this course, we want to be able to improve the quality of your
life while at the same time being as least restrictive as possible and with as few side effects as
possible.

For that purpose, welcome to the “Simple IBS Diet”!

Let’s show how this diet is “built” going one food category at a time.



Fats / Lipids

We are going to start off with fats. There are many different types of fats that you could
consume, and they each have their own special properties. The types of fats that you eat can
have a significant effect on the level of inflammation in your colon as well as your entire
body!

Here is a quick breakdown of different types of fatty acids that you can use as a reference
(we are only going to break them down as much as is necessary for this course):

 PUFAs (polyunsaturated fats)
 Omega 3s

 Plant-derived ALA (flax, chia, hemp, walnuts)
 Animal-derived EPA/DHA (fish oil and can also come from algae)

 Omega 6s (soybean oil, corn oil, sunflower oil, safflower oil, cottonseed oil,
“vegetable oil”, chicken fat) (some nuts are also in this category, but act differently
due to other components in the nuts)

 MUFAs (monounsaturated fats) - olive oil, avocado oil, high oleic sunflower oil, and
canola oil. Most nuts are also high in MUFAs.

 SFAs (saturated fats)
 LCSFAs (long chain saturated fats - animal fat, palm oil)
 MCFAs (medium chain fatty acids - coconut oil, MCT oil)

Don’t worry if this breakdown seems overwhelming right now, we’re going to go over each
of these briefly step by step!

It is very important to have a good understanding of fats because of how much they can
influence the inflammatory process as well as cancer progression!

Here is an image of the 3main categories of fatty acids:



The main thing to take away from these structures is how many “double bonds” each fatty
acid has. Double bonds make the fatty acid “bend” at that point. Because saturated fats have
no double bonds, they stay “straight”.

Saturated fats (SFA) have no double bonds, monounsaturated fats (MUFAs) have 1 double
bond, and polyunsaturated fats have 2 or more double bonds.

Each type of fatty acid has its own properties as well as its own benefits and drawbacks. One
thing to know is that the number of double bonds greatly influence how prone the fats are
to oxidation. More oxidation can mean more oxidative stress (i.e. molecular damage),
though there are exceptions to this.

Let’s start with PUFAs.

PUFAs

PUFAs have multiple double bonds, which make themmost prone to abnormal oxidation
compared to other fatty acids. They are also the type of fat that is able to generate
prostaglandins (and other eicosanoids) such as PGE2, PGD2, etc. that we have seen earlier
in this course. They can also generate something called “oxylipins” that we will talk more
about shortly.

There are two main categories of PUFAs: Omega 6 and Omega 3. The only difference is
where the double bonds are located in the fatty acid.

While both omega 6s and 3s are very prone to oxidation, the types of prostaglandins they
can create are very different.



In general, omega 6s create pro-inflammatory prostaglandins while omega 3s create
anti-inflammatory and sometimes pro-resolving prostaglandins.

In reality, none of these prostaglandins are “bad” in and of themselves. For example, even
though an excess of PGE2 (from omega 6) can contribute to chronic inflammation, a lack of
PGE2 can make you more prone to a stomach ulcer3 and inhibits certain types of muscle
repair and regeneration4, for example. One of the main ways that aspirin contributes to the
development of stomach ulcers is by blocking omega-6 prostaglandins like PGE2, which
impairs the mucus layer of the stomach and inhibits healing.5

However, while all prostaglandins are “needed” and perform different functions throughout
the body, there are two main things that are wrong with how we currently consume PUFAs
in modernized cultures:

1. We tend to eat a LOT more omega 6s than omega 3s, leading to an “imbalance” in the
prostaglandins that are produced.
a) Nearly all restaurants cook food in omega 6s (because “vegetable oil” is very

cheap). Many packaged and process foods also use omega 6s for the same reason.

2. We tend to eat an over-abundance of refined omega 6s in our diet, leading to an
increase in abnormal oxidation, leading to oxidative stress / molecular damage.

Because of our reliance on packaged / processed foods, TV dinners, and eating out, we
tend to consumeWAYmore omega 6s than we need for proper prostaglandin function.

Because of how widespread omega-6s are, the average American consumes (unknowingly)
5-10 tbsp of vegetable oil per day!6 This amount of vegetable oil would be virtually
impossible to consume in nuts, seeds, and grains. Without modern-day processing methods
that allow us to get extracted and isolated oil, we wouldn't be able to approach this type of
intake.

“In 1909, the average American consumed about 9.5 grams of omega-6 per day, representing
2.79% of our daily calories. Ninety years later, in 1999, our omega-6 intake was 24.6 grams
per day. Today, because of our increased consumption of omega-6-rich vegetable oils, we’re
consuming closer to 40 grams of omega-6 per day. That means that over 10% of our calories
now come from a single type of fatty acid: omega-6.”7
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The amount of omega-6 stored inside our fat cells has thus also increased over the years
quite dramatically:
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This increase in omega-6 consumption has gone hand-in-hand with a rise in chronic
diseases such as diabetes, high blood pressure, cardiovascular disease, cancer, and IBS.8,9

So hopefully you are starting to see the problem with consuming a large amount of omega-6
on a daily basis.

Rodent Studies

Moreover, rodent studies have shown that refined omega-6s make intestinal inflammation
and damage worse.10,11 Excess soybean oil in mice increases intestinal epithelial barrier
permeability (aka “leaky gut”), messes up the gut microbiome (and increases E. Coli, which
can feed off of omega 6), changes oxylipin (i.e. oxidized fatty acid metabolites) production
in a negative way, and increases susceptibility to colitis in mice.12

Here are pictures10 of the colon from rats who were given different ratios of omega 6 to
omega 3 in their diet and were given a chemical that induces colitis in rats:



The “CON” group was the control group that didn’t have colitis. All the “DSS” groups were
made to develop colitis. The different numbers signify the ratios of LA/ALA (omega 6 / omega
3) in the rats diets.

You can easily see that the lower the omega 6 / 3 ratio, the better off the colon was,
approaching a normal colon with the lowest ratio (bottom image, DSS-2).

Furthermore, the amount of colon inflammation decreased drastically10 as the omega 6/3
ratio decreased:

Something to keep in mind is that while you can decrease the omega 6/3 ratio by either
lowering the amount of omega 6s, increasing the amount of omega 3s, or both, the first step
should be to decrease the amount of omega 6s that you are consuming. The modern diet is
usually filled with omega 6s and thus adding a bit of omega 3s on top of that won’t
influence the ratio much.



Human Studies

These rodent studies are backed up by research in humans.

 Researchers have found associations between the amount of omega 6s in fat tissue in
humans and the development of ulcerative colitis.13

 Another study found that linoleic acid (the most prevalent type of omega 6)
consumption helped predict the development of U.C. The researchers concluded, “An
estimated 30% of cases could be attributed to having dietary intakes higher than the
lowest quartile of linoleic acid intake”.14

 Researchers also found that the total amount of omega 6s consumed per day was
associated with an increased risk of developing both Crohn’s Disease and U.C.15

What To Do

The take-home message here is to decrease your consumption of omega 6s in general.

This means reducing the consumption of processed / packaged foods, fast foods, and
restaurants.

Some restaurants that are “health-focused” may cook their food in real olive oil, which can
be okay. But this is not true for the vast majority of restaurants.

Be on the lookout for the following ingredients on food labels: vegetable oil, soybean oil,
corn oil, sunflower oil, safflower oil, cottonseed oil. (We’ll talk about canola oil and palm
oil later, but know for now that they should also be avoided.)

Common products that have large amounts of these omega 6 fats are mayonnaise, ranch
dressing, salad dressings, snack bars, chips, TV dinners, pizzas, popcorn, other “junk food”
(Goldfish, Cheez-Its, Combos, Cheetos, etc.), and more.

Many of the above items have “healthier” alternatives. There doesn’t need to be any
“deprivation” here - you simply need to switch to better options. There is avocado-based
mayo, reduced or no-fat salad dressings (mostly vinegar-based), pizzas made with real olive
oil, etc. You’ll just need to check the labels before buying.

Keep in mind that reducing your omega 6 intake isn’t going to just help your colon. When I
teach general nutrition, it is one of the first things I recommend, because excessive omega 6
fats can contribute to many, many health conditions.



Olive Oil

One last think to keep in mind is that a lot of the olive oil for sale has been found to be
adulterated and actually contain a lot of other vegetable oils (such as soybean oil) instead of
olive oil. Many of the big brand names were found guilty of this, and those imported from
Italy or labeled “extra virgin” were no better.16

Thus, if you pick up any random extra virgin olive oil at your supermarket, the chance of you
actually buying olive oil that has been mixed with vegetable oil is high!

The results from the Consumer Report’s found that only 9 of the 23 olive oils from Italy, Spain,
and California tested, and passed as being EVOO even though all of them claimed so on the
label.17

Oils that failed to meet EVOO standards include Carapelli, Colavita, Star, Filippo Berio,
Mazzola, Mezzetta, Newman’s Own, Safeway, andWhole Foods.

Some good, authentic olive oils to choose are:

 Bariani Olive Oil
 Kirkland Organic
 Corto EVOO
 Cobram Estate
 California Olive Ranch
 McEvoy Ranch Organic
 Olea Estates 100% extra virgin olive oil
 Ottavio, Whole Foods California 365
 Chaffin Family Orchards
 Lodi Frantoio Extra Virgin Olive Oil
 Casina Rossa Extra Virgin Olive Oil
 Papa Vince Olive Oil Extra Virgin
 Anatomico Organic Coratina EVOO
 Tuscan Gold Eleganza
 Knolive Epicure
 Selección Familiar
 Oro Bailen Family Reserve

We’ll talk more about olive oil soon.

One last note before we get into omega 3s: All of the above advice on omega 6s does NOT
include whole nuts, even though most nuts contain some omega 6. The reasons for this will
be made clear in another module, but for now do not apply any of the above negative effects
to whole nuts.



Omega 3s

So now we know that we should reduce our omega 6 intake, but is it also beneficial to
increase our omega 3 intake? Before we say YES, let’s look at what the research shows.

Remember that omega 3s act very differently in the body compared to omega 6s.

While both omega 3s and omega 6s are PUFAs and are both prone to oxidation, omega 3s
can actually decrease the overall amount of oxidation occurring in the body and in the
colon.18,19,20

They accomplish this by increasing our cells’ own antioxidant defense mechanisms, so that
the body is better able to fight off and deal with any oxidative stress.19,20,21,22

Additionally, certain metabolites from omega 3s (called resolvins, protectins, and maresins)
not only help to reduce chronic inflammation, but actually help the inflammation actually
resolve and heal.23

Thus, increasing our omega 3 intake and decreasing our omega 6 intake is a great, simple
strategy for helping to improve the chronic inflammation in Crohn’s and U.C.!

There are two different types of omega 3s: Plant and animal/fish omega 3s

 Plant omega 3s include primarily flaxseed, chia, and walnuts, which have ALA in them.
 Animal omega 3s include primarly fish and cod liver oil (though algae oil is now

another option) which have EPA and DHA in them.

ALA is found in plant-based omega 3s, and cannot be converted directly to prostaglandins.
ALA can convert to EPA in humans, but the conversion to DHA is limited.

EPA& DHAare found in animal-based omega 3s, and can directly be converted to
prostaglandins. When most people talk about omega 3s, it is EPA& DHA, found primarily in
fish oil, that they are referring to.

Each type of omega 3s has its own benefits and drawbacks. Let’s discuss the plant omega 3s
first.

Benefits of Flaxseed Oil

1. Flaxseed oil is not nearly as prone to oxidation as the fish oils, and thus it can be taken
safely in larger amounts

Fish oil has a lot of double bonds, which makes it very prone to peroxidation. This means
that the omega 3s in many supplements can actually be partly or fully rancid by the time you



buy them. Not only does rancid fish oil not provide any benefits, it actually taxes the body,
and increases oxidative stress - something we don’t want.24

Flaxseed oil is much more stable than fish oil, both inside and outside the body. This means
that you can safely get many more grams of omega 3with flaxseed oil than fish oil.

2. Flaxseed oil can replace omega 6 in cell membranes

Some people think that only the fish oils (EPA and DHA) can replace the generally
pro-inflammatory omega 6 fat arachidonic acid on cell membranes. Yet, this has been shown
not to be true.25,26 By flaxseed oil, in much higher doses than fish oil, replacing omega 6 fats,
it can help to greatly tame down the pro-inflammatory signal.

3. Flaxseed oil can oxidize into anti-inflammatory “oxylipins”

The main reason that most people think that fish oil is superior to flaxseed oil is because fish
oil is an immediate precursor to the anti-inflammatory prostaglandins, while flaxseed oil
needs to be converted to the “fish oils” (EPA& DHA) first.

However, we now know that its not only the prostaglandins that are responsible for the
anti-inflammatory effect. When certain fatty acids oxidize, they can give off something
called “oxylipins”. Oxylipins are oxidized metabolites of mainly polyunsaturated fats. Many
of them are very inflammatory (usually from omega 6 fats), however some are very
anti-inflammatory.28

It turns out that flaxseed oil can generate a lot of these anti-inflammatory oxylipins when it
undergoes certain types of oxidation, and this can help tame down the overall amount of
inflammation.29 Furthermore, flaxseed oil can inhibit an enzyme called “soluble epoxide
hydrolase” which is responsible for creating mainly pro-inflammatory oxylipins!27

This means that flaxseed oil does NOT have to be converted to EPA / DHA for it to help
regulate inflammation, like many doctors still believe. The oxylipins directly produced from
flaxseed oil generate a powerful anti-inflammatory signal!

4. Flaxseed has a high conversion rate to EPA

While many say that flaxseed oil doesn’t convert well to the “fish oils” in humans, this is
only partly true. There are two different fats that make up the “fish oils”: EPA and DHA.
Flaxseed oil has a hard time converting to DHA in humans, but it readily converts to EPA.
EPA can get turned into anti-inflammatory prostaglandins and oxylipins as well.

Human Studies on How Flaxseed Oil Improves Crohn’s and U.C.



Based on its ability to replace omega 6 fats with omega 3 fats, flaxseed oil has been shown in
both animals30 and humans31,32 to have a beneficial impact on Crohn’s and U.C.

Study 1
In 2019, 90 patients with U.C. were assigned to take either flaxseed oil (10g a day), ground
flaxseed (30g a day), or a control group that only received medical advice and standard
medications, for 3months.31

After 3 months, the Inflammatory Bowel Disease symptom score (subjective component)
improved by 22.76% for the ground flaxseed and by 20.20% for the flaxseed oil group,
compared to no change for the control group.

Their Mayo Score (which measures stool frequency, rectal bleeding, endoscopic findings
and physician's global assessment; objective score) improved by 31% in the ground flaxseed
group and by 26.66% in the flaxseed oil group!

Other markers of inflammation such as ESR, IL-6, INF-gamma, TGF-beta, and Calprotectin
all significantly improved in both groups as well!

Study 2
In 2021, 90 patients with UC took 30g of ground flaxseeds, 10g of flaxseed oil, or placebo
each day for 12weeks.32

After both the ground flaxseeds and flaxseed oil, but not placebo, markers of inflammation
(hsCRP) decreased significantly along with a decrease in overall disease score. Both flax
groups also had a significant increase in the quality of their life!

These are promising initial studies, and agrees with the rodent evidence that we had
previously. Furthermore, these results would likely have been even better if that participants
had also reduced their omega 6 intake at the same time!

Benefits of Fish oil

Fish oil contains the longer omega 3s EPA& DHA. These omega 3s can directly convert to
anti-inflammatory prostaglandins and resolvins to help with chronic inflammation. However,
these longer omega 3s are also much more prone to oxidation, which can limit the total
amount that we can safely take.

The most important data are the human studies that we have for fish oil with Crohn’s and
U.C., so let’s go over them briefly.

Human Studies With Fish Oil for Crohn’s and U.C.



 A2014 large Cochrane Systematic Review found that fish oil was largely ineffective at
maintaining remission in Crohn’s Disease. 37% of patients in the n-3 group relapsed at
12months compared to 42% of placebo patients, which was statistically insignificant.33

 A1996 study also showed that 5g/day of concentrated fish oil was not able to prolong
remission in Crohn’s Disease patients.34

 A2005 study in kids with Crohn’s Disease (average age was 10 years old) showed that
3g per day of fish oil in “gastro-resistant capsules” as an add-on to mesalazine was able
to significantly prolong the time the kids stayed in remission over two years compared
to mesalazine alone.35

 A2011 Systematic Review and Meta-Analysis found no clinical benefit for fish oil for
maintaining remission in both Crohn’s and U.C.36

 However, a diet with an omega 6 to 3 ratio of 2 (i.e. relatively high in omega 3s, lower
in omega 6 compared to usual diets) was able to reduce CRP, allow patients to wean off
of an elemental diet without a flair up, and significantly prolong the time the patients
were able to stay in remission.37

 While not a human study, a very important rodent study was performed which induced
experimental Crohn’s Disease in rats and gave them either an elemental diet plus
plant-based omega 3 (ALA) or fish-oil-based omega 3 (EPA& DHA). The results showed
that the plant-based omega 3 significantly protected the rats from severe Crohn’s
Disease compared to the fish-oil-based omega 3.38

Take Home Message: Fish oil in general does not have the best track record in helping with
Crohn’s or U.C.!

However:Maintaining a high omega 3 to 6 ratio in the diet does seem to significantly help!
Also, consistently, plant-based omega 3 like flaxseed oil (or ground flaxseed) has been shown
to help!

Thus, if you are looking to get an omega 3 supplement, you’d be better off buying flaxseed
oil rather than fish oil. Considering the benefits that have been observed with the lignans39 in
flaxseed besides just the oil, it may be a good idea to buy the one with the lignans included
in the oil. However, always listen to your body. If you find that regular, lignan-free flaxseed
oil works best for you, that’s completely fine.

0.5-1 Tbsp per day of flaxseed oil, or 30 grams of freshly ground flaxseeds, is a perfectly fine
amount to take on a daily basis for most people. Store in the refrigerator or freezer so it
doesn’t spoil, and take during a mealtime. Never heat or cook with the oil.



Summary of PUFAs

Okay, we covered a lot of information here about PUFAs! Let’s summarize quickly:

 PUFAs (polyunsaturated fats) have two or more double bonds
 PUFAs are more prone to oxidation than any other type of fat
 There are two major forms of PUFA: omega 3 and omega 6
 Omega 6 is generally pro-inflammatory
 Omega 3 is generally anti-inflammatory
 It is the omega 3 to omega 6 ratio that is most important. We want a low omega 6 intake

and a high omega 3 intake
 Lowering the amount of omega 6 you consume is beneficial. Reduce fast foods, fried

foods, junk foods, restaurants (or order food that isn’t cooked in oil), packaged foods
that use vegetable oils, etc.

 Increasing the overall dietary omega 3 intake is beneficial. Eat more fatty fish (wild
caught salmon, sardines, etc), freshly ground flaxseed / flaxseed oil, freshly ground chia
seeds, and walnuts.

 For supplementation, flaxseed oil has shown benefit. Fish oil has very inconsistent
results. This is in contrast to most of the “advice” you will see online and from doctors.



References

1. Halmos EP. A low FODMAP diet in patients with Crohn’s disease. Journal of
Gastroenterology and Hepatology. 2016;31:14-15. doi:10.1111/jgh.13349

2. Sanz Y. Effects of a gluten-free diet on gut microbiota and immune function in healthy
adult humans. Gut Microbes. 2010;1(3):135-137. doi:10.4161/gmic.1.3.11868

3. Park SM, Yoo BC, Lee HR, Chung H, Lee YS. Distribution of prostaglandin E2 in gastric
and duodenal mucosa: possible role in the pathogenesis of peptic ulcer. Korean J Intern Med.
1992;7(1):1-8. doi:10.3904/kjim.1992.7.1.1

4. Ho ATV, Palla AR, Blake MR, Yucel ND, Wang YX, Magnusson KEG, Holbrook CA, Kraft
PE, Delp SL, Blau HM. Prostaglandin E2 is essential for efficacious skeletal muscle stem-cell
function, augmenting regeneration and strength. Proc Natl Acad Sci U S A. 2017 Jun
27;114(26):6675-6684. doi: 10.1073/pnas.1705420114. Epub 2017 Jun 12. PMID: 28607093;
PMCID: PMC5495271.

5. Kobayashi K, Arakawa T, Nakamura H, Chono S, Yamada H, Kamata T, Ono T. Role of
prostaglandin E2 on gastric ulcers induced by non-steroidal anti-inflammatory compounds
(NOSAC). Gastroenterol Jpn. 1981Dec;16(6):600-3. doi: 10.1007/BF02813795. PMID:
6949847.

6.https://www.oecd-ilibrary.org/agriculture-and-food/oecd-fao-agricultural-outlook-2015/veg
etable-oil-projections-consumption-per-capita-food-use_agr_outlook-2015-table132-en

7. https://www.jeffnobbs.com/posts/why-is-vegetable-oil-unhealthy

8. https://www.jeffnobbs.com/posts/what-causes-chronic-disease

9. IBD in EPIC Study Investigators, Tjonneland A, Overvad K, Bergmann MM, Nagel G,
Linseisen J, Hallmans G, Palmqvist R, Sjodin H, Hagglund G, Berglund G, Lindgren S, Grip
O, Palli D, Day NE, Khaw KT, Bingham S, Riboli E, Kennedy H, Hart A. Linoleic acid, a
dietary n-6 polyunsaturated fatty acid, and the aetiology of ulcerative colitis: a nested
case-control study within a European prospective cohort study. Gut. 2009
Dec;58(12):1606-11. doi: 10.1136/gut.2008.169078. Epub 2009 Jul 23. PMID: 19628674.

10. Tyagi, Anupama & Putcha, Uday & Reddy, Suryam & Santosh, Vadakattu & Mohammed,
Saazida & Ehtesham, Nasreen & Ibrahim, Ahamed. (2012). Attenuation of colonic
inflammation by partial replacement of dietary linoleic acid with α -linolenic acid in a rat
model of inflammatory bowel disease. The British journal of nutrition. 108. 1-11.
10.1017/S0007114511007197.



11. Hassan, Aktham & Ibrahim, Ayman & Mbodji, Khaly & Coëffier, Moïse & Ziegler, F. &
Bounoure, Frederic & Chardigny, Jean-Michel & Skiba, Mohamed & Savoye, Guillaume &
Déchelotte, Pierre & Marion-Letellier, Rachel. (2010). An alpha-Linolenic Acid-Rich Formula
Reduces Oxidative Stress and Inflammation by Regulating NF-kappa B in Rats with
TNBS-Induced Colitis. The Journal of nutrition. 140. 1714-21. 10.3945/jn.109.119768.

12. Deol, Sonia Poonamjot & Ruegger, Paul & Logan, Geoffrey & Shawki, Ali & Li, Jiang &
Mitchell, Jonathan & Yu, Jacqueline & Piamthai, Varadh & Radi, Sarah & Newman, John &
Fiehn, Oliver & Mccole, Declan & Nair, Meera & Hsiao, Ansel & Borneman, James & Sladek,
Frances. (2021). Diet High in Soybean Oil Increases Susceptibility to Colitis in Mice.
10.1101/2021.02.08.430328.

13. de Silva PS, Olsen A, Christensen J, Schmidt EB, Overvaad K, Tjonneland A, Hart AR. An
association between dietary arachidonic acid, measured in adipose tissue, and ulcerative
colitis. Gastroenterology. 2010Dec;139(6):1912-7. doi: 10.1053/j.gastro.2010.07.065. Epub
2010Oct 13. PMID: 20950616.

14. IBD in EPIC Study Investigators, Tjonneland A, Overvad K, Bergmann MM, Nagel G,
Linseisen J, Hallmans G, Palmqvist R, Sjodin H, Hagglund G, Berglund G, Lindgren S, Grip
O, Palli D, Day NE, Khaw KT, Bingham S, Riboli E, Kennedy H, Hart A. Linoleic acid, a
dietary n-6 polyunsaturated fatty acid, and the aetiology of ulcerative colitis: a nested
case-control study within a European prospective cohort study. Gut. 2009
Dec;58(12):1606-11. doi: 10.1136/gut.2008.169078. Epub 2009 Jul 23. PMID: 19628674.

15. Hou JK, Abraham B, El-Serag H. Dietary intake and risk of developing inflammatory
bowel disease: a systematic review of the literature. Am J Gastroenterol. 2011
Apr;106(4):563-73. doi: 10.1038/ajg.2011.44. PMID: 21468064.

16.https://www.oliveoiltimes.com/world/botanical-council-publishes-overview-of-olive-oil-
adulteration/77369

17.http://www.consumerreports.org/cro/magazine/2012/09/how-to-find-the-best-extra-virgin-
olive-oil/index.htm

18. Higdon JV, Du SH, Lee YS, Wu T, Wander RC. Supplementation of postmenopausal
women with fish oil does not increase overall oxidation of LDL ex vivo compared to dietary
oils rich in oleate and linoleate. J Lipid Res. 2001Mar;42(3):407-18. PMID: 11254753.

19. Pingali, Usharani et al. “Evaluation of the Effect of Fish Oil Alone and in Combination
with a Proprietary Chromium Complex on Endothelial Dysfunction, Systemic Inflammation
and Lipid Profile in Type 2Diabetes Mellitus - A Randomized, Double-Blind,
Placebo-Controlled Clinical Study.” Diabetes, metabolic syndrome and obesity : targets and
therapy vol. 13 31-42. 7 Jan. 2020, doi:10.2147/DMSO.S220046



20. Kenar L, Karayilanoglu T, Aydin A, Serdar M, Kose S, Erbil MK. Protective effects of diets
supplemented with omega-3 polyunsaturated fatty acids and calcium against colorectal
tumor formation. Dig Dis Sci. 2008Aug;53(8):2177-82. doi: 10.1007/s10620-007-0107-8. Epub
2007Nov 28. PMID: 18041586.

21. Ishikado A, Morino K, Nishio Y, et al. 4-Hydroxy hexenal derived from docosahexaenoic
acid protects endothelial cells via Nrf2 activation. PLoS One. 2013;8(7):e69415. Published
2013 Jul 23. doi:10.1371/journal.pone.0069415

22. Anderson EJ, Thayne K, Harris M, Carraway K, Shaikh SR. Aldehyde stress and
up-regulation of Nrf2-mediated antioxidant systems accompany functional adaptations in
cardiac mitochondria from mice fed n-3 polyunsaturated fatty acids. Biochem J.
2012;441(1):359-366. doi:10.1042/BJ20110626

23. Serhan CN, Levy BD. Resolvins in inflammation: emergence of the pro-resolving
superfamily of mediators. J Clin Invest. 2018;128(7):2657-2669. doi:10.1172/JCI97943

24. Jackowski SA, Alvi AZ, Mirajkar A, et al. Oxidation levels of North American
over-the-counter n-3 (omega-3) supplements and the influence of supplement formulation
and delivery form on evaluating oxidative safety. J Nutr Sci. 2015;4:e30. Published 2015Nov
4. doi:10.1017/jns.2015.21

25. Garg ML, Thomson AB, Clandinin MT. Interactions of saturated, n-6 and n-3
polyunsaturated fatty acids to modulate arachidonic acid metabolism. J Lipid Res.
1990;31(2):271-277.

26. Garg ML, Wierzbicki AA, Thomson AB, Clandinin MT. Dietary saturated fat level alters
the competition between alpha-linolenic and linoleic acid. Lipids. 1989;24(4):334-339.
doi:10.1007/BF02535173

27. Caligiuri SP, Aukema HM, Ravandi A, Guzman R, Dibrov E, Pierce GN. Flaxseed
consumption reduces blood pressure in patients with hypertension by altering circulating
oxylipins via an α -linolenic acid-induced inhibition of soluble epoxide
hydrolase. Hypertension. 2014;64(1):53-59. doi:10.1161/HYPERTENSIONAHA.114.03179

28. Gabbs M, Leng S, Devassy JG, Monirujjaman M, Aukema HM. Advances in Our
Understanding of Oxylipins Derived from Dietary PUFAs. Adv Nutr. 2015;6(5):513-540.
Published 2015 Sep 15. doi:10.3945/an.114.007732

29. Caligiuri SP, Aukema HM, Ravandi A, Pierce GN. Elevated levels of pro-inflammatory
oxylipins in older subjects are normalized by flaxseed consumption. Exp Gerontol.
2014;59:51-57. doi:10.1016/j.exger.2014.04.005



30. Wen J, Khan I, Li A, et al. Alpha-linolenic acid given as an anti-inflammatory agent in a
mouse model of colonic inflammation. Food Sci Nutr. 2019;7(12):3873-3882. Published 2019
Nov 19. doi:10.1002/fsn3.1225

31. Morshedzadeh N, Shahrokh S, Aghdaei HA, et al. Effects of flaxseed and flaxseed oil
supplement on serum levels of inflammatory markers, metabolic parameters and severity of
disease in patients with ulcerative colitis. Complement Ther Med. 2019;46:36-43.
doi:10.1016/j.ctim.2019.07.012

32. Morshedzadeh N, Shahrokh S, Chaleshi V, Karimi S, Mirmiran P, Zali MR. The effects of
flaxseed supplementation on gene expression and inflammation in ulcerative colitis patients:
An open-labelled randomised controlled trial. Int J Clin Pract. 2021May;75(5):e14035. doi:
10.1111/ijcp.14035. Epub 2021 Feb 11. PMID: 33482045.

33. Lev-Tzion R, Griffiths AM, Leder O, Turner D. Omega 3 fatty acids (fish oil) for
maintenance of remission in Crohn's disease. Cochrane Database Syst Rev. 2014 Feb
28;(2):CD006320. doi: 10.1002/14651858.CD006320.pub4. PMID: 24585498.

34. Lorenz-Meyer H, Bauer P, Nicolay C, Schulz B, Purrmann J, FleigWE, Scheurlen C, Koop
I, Pudel V, Carr L. Omega-3 fatty acids and low carbohydrate diet for maintenance of
remission in Crohn's disease. A randomized controlled multicenter trial. Study Group
Members (German Crohn's Disease Study Group). Scand J Gastroenterol. 1996
Aug;31(8):778-85. doi: 10.3109/00365529609010352. PMID: 8858747.

35. Romano C, Cucchiara S, BarabinoA, Annese V, Sferlazzas C. Usefulness of omega-3 fatty
acid supplementation in addition to mesalazine in maintaining remission in pediatric
Crohn's disease: a double-blind, randomized, placebo-controlled study. World J
Gastroenterol. 2005;11(45):7118-7121. doi:10.3748/wjg.v11.i45.7118

36. Turner D, Shah PS, Steinhart AH, Zlotkin S, Griffiths AM. Maintenance of remission in
inflammatory bowel disease using omega-3 fatty acids (fish oil): a systematic review and
meta-analyses. Inflamm Bowel Dis. 2011 Jan;17(1):336-45. doi: 10.1002/ibd.21374. PMID:
20564531.

37. Tsujikawa T, Satoh J, Uda K, Ihara T, Okamoto T, Araki Y, Sasaki M, Fujiyama Y, Bamba T.
Clinical importance of n-3 fatty acid-rich diet and nutritional education for the maintenance
of remission in Crohn's disease. J Gastroenterol. 2000;35(2):99-104. doi:
10.1007/s005350050021. PMID: 10680664.

38. Shoda R, Matsueda K, Yamato S, Umeda N. Therapeutic efficacy of N-3 polyunsaturated
fatty acid in experimental Crohn's disease. J Gastroenterol. 1995Nov;30 Suppl 8:98-101.
PMID: 8563904.



39. Wang Z, Chen T, Yang C, Bao T, Yang X, He F, Zhang Y, Zhu L, Chen H, Rong S, Yang S.
Secoisolariciresinol diglucoside suppresses Dextran sulfate sodium salt-induced colitis
through inhibiting NLRP1 inflammasome. Int Immunopharmacol. 2020 Jan;78:105931. doi:
10.1016/j.intimp.2019.105931. Epub 2019Dec 5. PMID: 31812068.


