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Abstract
Introduction: Inflammatory Bowel Disease 
(IBD) is a chronic inflammatory disease char-
acterized by two subtypes, affecting either the 
colon (ulcerative colitis) or any part of the gas-
trointestinal tract (Crohn’s disease). Although 
the etiology of IBD remains unclear, nutritional 
factors such as omega-3 polyunsaturated fatty 
acids (PUFAs) and vitamin D deficiency have 
been identified as potential risk factors for IBD 
development. Omega-3 PUFAs have been under 
investigation as pharmaconutrients in patients 
diagnosed with IBD due to their anti-inflamma-
tory effects such as oxidative stress reduction, 
improvements of mucosal barrier function and 
intestinal morphology, and reduction of adhe-
sion molecule expression. Further investigation 
is needed to establish precise recommended 
daily intake to achieve IBD prevention or sus-
taining remission, as well as understanding a 
comprehensive dietary program that may relate 
to their potential efficacy.

Case Report: We report the case of a 22-year 
old female diagnosed with IBD, who presented 
with persistent symptoms of lower abdominal 
pain, bloating, increased bowel frequency, and 
hematochezia. Further laboratory work up re-
vealed an elevated ratio of arachidonic acid 
(AA) to eicosapentaenoic acid (EPA) and a vi-
tamin D deficiency. Once she began co-adminis-

tering high-dose omega-3 fatty acids (6.6 grams 
of EPA and DHA per day) and high-dose vita-
min D (5,000 IU per day), her IBD-associated 
symptoms significantly ameliorated. Repeat lab 
work over the course of time correlated these 
clinical benefits with a significant reduction in 
her AA/EPA ratio, which serves as a marker of 
unresolved inflammation.

Conclusions: This case report and litera-
ture review highlight the potential benefits of 
co-supplementation of high-dose omega-3 fatty 
acids and vitamin D as safe and effective thera-
peutic supplements to treat core symptoms of 
IBD, especially when coupled with a calorie-re-
stricted anti-inflammatory diet. To investigate 
the efficacy of this dietary approach, a larger 
pool of the population must be followed over 
an extensive period of time, as well as develop-
ing a comprehensive theory of the biochemical 
mechanisms potentially involved in such clinical 
improvements.

Introduction

Inflammatory Bowel Disease (IBD), primarily 
comprised of ulcerative colitis (UC) and Crohn’s 
disease (CD), is a chronic recurrent inflammatory 
disorder of unknown etiology1. Homeostatic im-
balance between the gut mucosa and the intestinal 
immune system, as well as environmental factors, 
suggest complex intersections in disease develop-
ment2. Pathophysiology of IBD begins with com-
promised gut barriers allowing increased entry of 
microbial fragments to interact with toll-like recep-
tors (TLR) on the surface of epithelial and immune 
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families who relocated from regions having a low 
IBD incidence to regions with higher IBD inci-
dences demonstrate their children have the same 
risk of IBD development as children whose fami-
lies resided in the higher IBD-incidence regions12. 
This has led researchers to suspect westernization 
of diets as a possible IBD etiologic factor10. 

Specifically, increased consumption of pro-in-
flammatory n-6 PUFAs, such as linoleic acid (LA) 
and arachidonic acid (AA), have been specifical-
ly associated with increased incidences of IBD13. 
Overall, repeated studies have identified patterns 
wherein genetically modified mice expressing coli-
tis consistently following a diet rich in omega-6 
fatty acids experienced increased inflammatory 
symptoms of the colon or small intestine, as well as 
associated mucosal barrier dysfunction14,15. Patho-
genesis of IBD reveals the impact of oxidative 
stress and the production of prostaglandin (PG) 
through COX pathway on mucosal integrity, re-
sulting in chronic low-level inflammation. Classic 
cyclooxygenase (COX) inhibitors such as non-ste-
roidal anti-inflammatory drugs (NSAIDs) are used 
to block PG biosynthesis16. This approach is being 
replaced by monoclonal antibodies that bind to tu-
mor necrosis factor to reduce inflammation9. How-
ever, these pharmacological interventions often 
have unwanted side effects, which result in limited 
long-term use. As a consequence, anti-inflamma-
tory nutrients may play a potential role in clinical 
care of IBD patients, such as constructing the in-
testinal microbiome and modifying inflammatory 
responses. Growing research has focused on the 
use of nutritional approaches to maintain remission 
and prevent disease progression9. Likewise, there 
is a growing emphasis placed on anti-inflammato-
ry diets used to naturally treat IBD, involving the 
reduction of pro-inflammatory food consumption 
and an increased variety of food categories pro-
moting favorable gut microbiome10. Recent data 
has emphasized the potential benefits of omega-3 
PUFAs in UC therapy, where a higher consump-
tion of omega-3 PUFAs may lower the incidence of 
disease17. 

Omega-3 polyunsaturated fatty acids, such as 
eicosapentaenoic acid (EPA) and docosahexaeno-
ic acid (DHA), have been widely investigated for 
their anti-inflammatory properties and in treat-
ment of chronic inflammatory diseases such as 
IBD, but what the required levels are for a thera-
peutic dose remain unknown. Although EPA and 

cells in the intestine3. This results in the activation 
of pro-inflammatory gene transcription factor, nu-
clear factor kappa B (NF-κB). Activation of NF-κB 
leads to increased generation of pro-inflammatory 
cytokines production, such as tumor necrosis fac-
tor (TNF)-α, interleukin (IL)-1β, -6, -12, and -234. 
Because of increased gut permeability, antigens 
that would be normally prevented from interact-
ing with the epithelial and immune cells in the in-
testine can now be presented to CD4-T cells and 
natural killer cells which produce IL-13, found to 
be associated with weakening of the epithelial cell 
barrier caused by the breakdown of epithelial tight 
junctions resulting in further increased intestinal 
permeability5. Chronic inflammation experienced 
by IBD patients induces bowel pain, bleeding, as 
well as increased risk for bowel cancer. Also, due 
to IBDs recurrence and prolongation, quality of life 
of the patient is heavily impacted4. The high cost 
this chronic disease places, as well as its severe 
impacts on quality of life, has emphasized the im-
portance of finding potential biomarkers associated 
with disease onset and using new alternative ap-
proaches to disease management by changing those 
biomarkers.

Although there may be genetic predisposition 
associated with the development of IBD, envi-
ronmental factors, such as diet, have been found 
to play a major role in disease occurrence. Epi-
demiological studies reveal increased incidenc-
es of IBD, with highest annual cases reported in 
Europe and North America 6. Over time, chang-
es in dietary habits have resulted in an increased 
ratio of n-6/n-3 polyunsaturated fatty acids (PU-
FAs), especially in the Western diet composed 
of higher consumptions of processed red meats, 
high-fat dairy, refined grains, vegetable oils, 
and highly sweetened beverages7,8. Of particular 
interest are the increasing incidences of IBD in 
Japan and Eastern Europe, where IBD was once 
uncommon9,10. Previously these diverse regions 
had diets richer in vegetables, fruits, and fish8. 
Increasingly westernized food consumption has 
resulted in increasing diet-induced inflammation. 
One indication of this increased inflammation has 
been a significant rise in omega-6/omega-3 ratio 
to greater than 15, thereby resulting in increased 
pathogenesis of certain diseases associated with 
increased inflammation such as obesity, diabetes, 
cardiovascular disease, autoimmune diseases, and 
cancer11. Data from epidemiological studies report 
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oral administration of iron sulfate or heme, both 
commonly found in meat, concluding these compo-
nents intensifies chemically induced colitis in mice 
and rats23. Other indications of dietary influences 
include increased omega-6/omega-3 ratios were 
associated with increased likelihood of symptom 
relapse patients with CD24. 

Finally, children with IBD also have increased 
prevalence of vitamin D deficiency that may pro-
mote imbalances between calcium and immune 
homeostasis, as well as interfere with T-cell de-
velopment.  This would lead to increased sus-
ceptibility to autoimmune diseases such as IBD, 
as well as decreasing bone health25-27. Hypovi-
taminosis D in patients with IBD has also been 
suggested to arise from factors such as decreased 
sunlight exposure, reduced food consumption 
of vitamin D, and mal-absorbed nutrition28. Vi-
tamin D supplementation appears to reduce 
IBD-associated inflammation potentially involv-
ing increases in anti-inflammatory cytokines 
like IL-10 along with the suppression of pro-in-
flammatory IL-6 and IL-17 pathways29.Vitamin 
D supplementation also decreases intestinal per-
meability, increases protection against TNF- α 
-induced injury, as well as molding favorable 
intestinal microbiota30. Sufficient evidence has 
demonstrated the activation of T-cells promoting 
IBD through exaggerated immune response to 
antigens located in the gut, such as Th-1, Th-2, 
and Th-1731. Recent studies have revealed vita-
min D receptor, 1,25 (OH)2D3, has been found to 
regulate immune responses through the stimula-
tion of T-cell activity and the inhibition of Th-1 
and Th-17 cell proliferation25.

With this background of what is known about 
potential dietary inputs to IBD, the purpose of this 
case report is to provide new potential therapeutic 
intervention using a combination of high-dose ul-
tra-refined omega-3 fatty acid and vitamin D3 in the 
context of an anti-inflammatory diet. We describe 
the case of a 22-year old young adult female with 
ulcerative colitis diagnosed in 2014. She presented 
with worsening bowel changes, which gradually 
improved throughout consistent co-supplementa-
tion of high-dose omega-3 fatty acids and vitamin 
D, while following an increasing strict anti-inflam-
matory diet. Throughout this case report, we pro-
vide a literature review demonstrating the efficacy 
and potential benefits of nutritional approaches for 
the treatment of IBD-related symptoms. 

DHA synthesis occurs through numerous elon-
gation and desaturation steps using α-linolenic 
acid (ALA; 18:3 n−3), this synthesis route is slow 
and inefficient in humans. To reach a potential 
therapeutic dose of EPA and DHA, humans must 
consume omega-3 PUFAs through dietary in-
takes of sources of pre-formed EPA and DHA, 
such as fatty fish or supplementation with EPA 
and DHA concentrates4,5. Potential anti-inflam-
matory benefits of omega-3 PUFAs result from 
the competition in the pro-inflammatory path-
ways involving cyclooxygenase or lipoxygenase 
enzymes. EPA competes with arachidonic acid 
(AA), a n-6 PUFA for binding site in COX en-
zymes, thus inhibiting AA conversion to pro-in-
flammatory eicosanoids, such as prostaglandins 
and leukotrienes4. This competitive pathway was 
demonstrated by parenteral delivery of various 
oils containing different ratios of omega-3 and 
omega-6 fatty for 3 days, then inducing intesti-
nal ischemia for 100 minutes to examine intesti-
nal damage determined by histological damage 
assessment. The intestinal tissue damage was 
found to be significantly reduced in the fish oil 
group (rich in EPA and DHA), compared to that 
of the soybean oil group containing omega-6 
fatty acids18. Furthermore, omega-3 PUFAs can 
be synthesized into a group of newly discovered 
hormones (specialized pro-resolving mediators) 
that are critical in the resolution of existing in-
flammation8,19,20.  

In relation to pain management, the effects of 
omega-3 PUFAs on IBD-related symptoms depend 
on the intake value and cellular distribution. Pain 
relief has been linked to omega-3 PUFAs by either 
decreasing the intensity of the inflammatory re-
sponse or increasing the resolution of existing in-
flammation, or by inhibition of mitogen-activated 
protein kinase activity that interprets sensitization 
and neuropathic pain. The role of EPA and DHA 
in pain regulation has been associated with their 
anti-inflammatory and pro-resolution effects, as 
well as indirectly releasing opioid peptide β-endor-
phins2. Investigators have concluded the likelihood 
of flare inductions are commonly related to the 
consumption of increased quantities of primarily 
red and processed meats21. Likewise, the adminis-
tration of iron, the main component found in red 
meat, has been found to negate the positive effects 
of these anti-inflammatory regimens22. Studies 
have also demonstrated the negative outcomes of 
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regulate symptoms such as gas and bloating, she 
took Iberogast with every meal. 

Increasing her intake of the anti-inflammatory 
drug (4.8 g daily) slightly improved her symptoms 
around 8 weeks of consumption. She experienced 
reduced bowel movements to 1-2 times per day and 
without bleeding; therefore, she was instructed to 
diminish her dose to around 2 pills a day. Only 
as needed for breakthrough bleedings, the patient 
would take Canasa suppositories. The patient also 
began taking probiotics daily; the starting dose was 
30 Billion, as well as 300 mg of EPA and DHA per 
day as a omega-3 fatty acid supplement. At least 
150 minutes of physical activity per week was em-
phasized to maintain a regular and healthy lifestyle. 

Following these dietary, supplement, and life-
style changes the patient underwent a repeat 
screening colonoscopy with biopsies on 11/20/15, 
pathology revealed left-sided ulcerative colitis 
without complications with erythema and friability 
present in the 0-30 cm biopsy. There appeared to 
be very mild active colitis in the transverse colon, 
as well as active chronic granulomatous colitis of 
moderate severity consistent with Crohn’s disease 
in the left colon. Active chronic colitis consistent 
with inflammatory bowel disease and suggestive of 
Crohn’s disease in the colon biopsy at 30 cm. 

Initial inflammatory screening using a finger-
stick blood test evaluated on 05/17/2016, revealed 
an AA:EPA ratio of 19, which was significant-
ly higher than the desired target ratio of 1.5 to 3.  
Furthermore, her EPA level was 0.5% of total fatty 
acids, which was low compared to the EPA target 
range of > 4% of total fatty acids. The patient began 
with starting dose of an ultra-refined omega-3 fatty 
acid concentrate containing 6.6 grams of EPA and 
DHA per day, which was 20 times greater than her 
previous EPA and DHA intake. 

As of 06/02/2016, the patient began increasing 
her intake of EPA and DHA and started an intake 
of vitamin D beginning with a daily oral intake of 
vitamin-D (25-OH Cholecalciferol) supplementa-
tion of 5,000 IU per day. The intake of EPA and 
DHA continually was adjusted through routine in-
flammatory screenings evaluating AA/EPA ratios 
to achieve a target goal between 1.5-3.0. The patient 
also began following a more strict anti-inflammato-
ry diet based on calorie restriction (1,200-1,500 cal-
ories per day), yet maintaining a diet that incorpo-
rated adequate protein, moderate in low-glycemic 

Materials and Methods 
Whole blood fingerstick testing was used to deter-
mine the AA/EPA ratios as a marker of systemic 
inflammation. Dietary compliance was determined 
using a Food Log. Changes in IBD-associated 
symptoms were done using Daily Journal (Symp-
tom Tracker) and an overall IBD score were gen-
erated using My IBD Manager from the American 
Gastroenterological Association. An ultra-refined 
liquid EPA and DHA concentrate (75% EPA and 
DHA) was obtained from Zone Labs, Inc. 

Case Presentation 
L.B., a 22-year old female presented with constant 
lower abdominal pain, bloating/distention, gas, 
weight gain, altered bowel habits resulting in di-
arrhea and constipation, increased bowel frequen-
cy, hematochezia, and dehydration. She underwent 
an esophagogastroduodenoscopy and colonoscopy 
with biopsies on 2/26/14, pathology revealed chron-
ic gastritis in the duodenum and stomach, as well as 
moderate to severe active colitis of the descending 
colon, with mild architectural irregularity. There 
was also chronic active proctitis with ulceration in 
the rectum with no granulomas or dysplasia pres-
ent. Steiner stains were negative for Helicobacter 
pylori-like organisms. Overall, the findings were 
suggestive of inflammatory bowel disease. 

She began taking the anti-inflammatory drug 
mesalamine 400 mg tablets (bi-daily) and ferrous 
sulfate 325 mg daily with breakfast. She also fol-
lowed a low Fermentable Oligo-, Di-, Mono-sac-
charides And Polyols (FODMAP) diet, modifying 
daily oral intake to five small-frequent meals, and 
avoided highly processed foods. The low FOD-
MAP emphasized a plant-based whole food diet, 
with low saturated fats (and no fried foods), as well 
as a moderate intake of meats. Each of the patient’s 
meals included a source of protein (opting for or-
ganic or grass-fed protein), followed by chicken 
cooked without skin. Oral intake of fish was around 
at least twice per week, while red meats consump-
tions were limited in her diet to around 1-2 times 
per week. 

In order to treat constipation, the patient used 
Senna tablets (17 mg/day) at night, restricting in-
take to no more than 34 grams/day. For abdominal 
pain management, the patient used IBgard pepper-
mint oil enteric-coated capsules. She also consis-
tently took liquid multivitamin daily. Finally, to 
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diet may be helpful in IBD treatments, alleviating 
symptoms and recovering induced mucosal barrier 
dysfunction. It is our speculation that all of these 
dietary interventions may result in the activation 
of AMPK, the gene-transcription factor that is the 
master genetic switch for metabolism and ultimate 
repair of damaged tissue33,34.  

Further research is required to fully understand 
the hormonal and genetic influences of the combi-
nation of omega-3 PUFAs, vitamin D, and anti-in-
flammatory diets on IBD. Further studies will also 
be beneficial in establishing a recommended daily 
guideline to treat, and induce long-term remission, 
if not reversal, of IBD. 

Disclosures:
Barry Sears is the president of a medical food company that do-
nated the ultra-refined omega-3 concentrate used in this study.  
Luciarita Boccuzzi declares no conflict of interests.

References

  1.	Chapkin RS, Davidson LA, Ly L, Weeks BR, Lupton JR, 
McMurray DN. Immunomodulatory effects of (n-3) fatty 
acids: putative link to inflammation and colon cancer. J 
Nutr 2007; 137(1 Suppl): 200S-204S.

  2.	Bamias G, Corridoni D, Pizarro TT, Cominelli F. New in-
sights into the dichotomous role of innate cytokines in gut 
homeostasis and inflammation. Cytokine 2012; 59: 451-459.

  3.	Tabbaa M, Golubic M, Roizen MF, Bernstein AM. Doco-
sahexaenoic acid, inflammation, and bacterial dysbiosis in 
relation to periodontal disease, inflammatory bowel disease, 
and the metabolic syndrome. Nutrients 2013; 5: 3299-3310.

  4.	Barbalho SM, Goulart Rde A, Quesada K, Bechara MD, de 
Carvalho Ade C. Inflammatory bowel disease: can omega-3 
fatty acids really help? Ann Gastroenterol 2016; 29: 37-43.

  5.	Yates CM, Calder PC, Ed Rainger G. Pharmacology and 
therapeutics of omega-3 polyunsaturated fatty acids in 
chronic inflammatory disease. Pharmacol Ther 2014; 
141: 272-282.

  6.	Molodecky NA, Soon IS, Rabi DM, Ghali WA, Ferris M, 
Chernoff G, Benchimol EI, Panaccione R, Ghosh S, Barke-
ma HW, Kaplan GG. Increasing incidence and prevalence 
of the inflammatory bowel diseases with time, based on 
systematic review. Gastroenterology 2012; 142: 46-54 e42.

  7.	Scaioli E, Liverani E, Belluzzi A. The imbalance between 
n-6/n-3 polyunsaturated fatty acids and inflammatory 
bowel disease: a comprehensive review and future thera-
peutic perspectives. Int J Mol Sci 2017; 18(12). pii: E2619. 

  8.	Uranga JA, Lopez-Miranda V, Lombo F, Abalo R. Food, 
nutrients and nutraceuticals affecting the course of in-
flammatory bowel disease. Pharmacol Rep 2016; 68: 
816-826.

  9.	Durchschein F, Petritsch W, Hammer HF. Diet therapy 
for inflammatory bowel diseases: the established and the 
new. World J Gastroenterol 2016; 22: 2179-2194.

carbohydrate (primarily non-starchy vegetables), 
and low total fat (but rich in monounsaturated fat), 
and also rich in fermentable fiber. This type of cal-
orie-restricted, anti-inflammatory diet is common-
ly referred to as the Zone Diet. 

The patient re-evaluated inflammatory levels on 
02/06/2017, which reported AA levels at 12.1% and 
EPA levels around 2.1%, with an overall AA/EPA 
ratio of 5.8. The patient now completely eliminat-
ed poultry and red meat from the Zone Diet and 
used fish as an animal source of protein to lower 
the AA levels. She re-tested on 11/28/2017, which 
revealed an overall AA/EPA ratio of 4.8 with AA 
levels around 8.6% and EPA levels at 1.8%. 

Continuing on a strict pescatarian Zone Diet, 
with vitamin D, and increased omega-3 supplemen-
tation, the patient re-evaluated her fatty acid profile 
on 03/06/2018, reporting an overall AA/EPA ratio 
of 2.8, within the ideal target range of 1.5-3.0. Final 
re-evaluation on 04/21/2019 revealed stable target-
ed AA/EPA ratio of 2.8, with AA slightly decreas-
ing to 8.6% now within a goal range of 7-9%, and 
her EPA levels had increased to 3.4%.

With the use of a fish-based Zone Diet, coupled 
with high-dose supplementation of ultra-refined 
10g EPA and DHA supplement and daily supple-
mentation with high-dose vitamin-D 5,000 IU (25-
OH Cholecalciferol), the patient reported a signifi-
cant amelioration in her IBD symptoms, including 
frequent bowel movements, appearance of bloody 
stools, lack of abdominal pain, constipation, dehy-
dration, bloating, diarrhea or increased gas. She has 
experienced significant weight loss, yet she reports 
increased appetite and continues participating in 
regular daily activities and exercise.

Conclusions

IBD places a large burden on the quality of life of 
patients and a high cost for public health manage-
ment. The use of omega-3 PUFAs, such as EPA 
and DHA, are seen as both safe and natural supple-
ments in minimizing and preventing inflammatory 
processes associated with diseases such as IBD. 
Omega-3 PUFAs have been found to improve pa-
tient quality of life through balancing blood lipid 
levels, membrane fluidity, resulting in decreased 
fatigue, as well as improving peripheral neuro-
muscular and brain function. Due to inflammato-
ry nature of IBD, high-dose omega-3 PUFAs us-
ing ultra-refined supplements in conjugation with 
high-dose vitamin D and a strict anti-inflammatory 



6 L. Boccuzzi, B. Sears

22.	Yeoh BS, Aguilera Olvera R, Singh V, Xiao X, Kennett 
MJ, Joe B, Lambert JD, Vijay-Kumar M. Epigallocat-
echin-3-gallate inhibition of myeloperoxidase and its 
counter-regulation by dietary iron and lipocalin 2 in mu-
rine model of gut inflammation. Am J Pathol 2016; 186: 
912-926.

23.	van der Logt EM, Blokzijl T, van der Meer R, Faber KN, 
Dijkstra G. Westernized high-fat diet accelerates weight 
loss in dextran sulfate sodium-induced colitis in mice, 
which is further aggravated by supplementation of heme. 
J Nutr Biochem 2013; 24: 1159-1165.

24.	Tanaka M, Iwao Y, Sasaki S, Okamoto S, Ogata H, Hibi 
T, Kazuma K. Moderate dietary temperance effectively 
prevents relapse of Crohn disease: a prospective study of 
patients in remission. Gastroenterol Nurs 2007; 30: 202-210.

25.	Cantorna MT. Vitamin D and its role in immunology: 
multiple sclerosis, and inflammatory bowel disease. Prog 
Biophys Mol Biol 2006; 92: 60-64.

26.	Rigterink T, Appleton L, Day AS. Vitamin D therapy in 
children with inflammatory bowel disease: a systematic 
review. World J Clin Pediatr 2019; 8: 1-14.

27.	Holick MF. Sunlight and vitamin D for bone health and 
prevention of autoimmune diseases, cancers, and car-
diovascular disease. Am J Clin Nutr 2004; 80(6 Suppl): 
1678S-1688S.

28.	Pappa HM, Grand RJ, Gordon CM. Report on the vita-
min D status of adult and pediatric patients with inflam-
matory bowel disease and its significance for bone health 
and disease. Inflamm Bowel Dis 2006; 12: 1162-1174.

29.	Reich KM, Fedorak RN, Madsen K, Kroeker KI. (2014). 
Vitamin D improves inflammatory bowel disease out-
comes: basic science and clinical review. World J Gastro-
enterol 2014; 20: 4934-4947. 

30.	Garg M, Royce SG, Tikellis C, Shallue C, Sluka P, Ward-
an H, Hosking P, Monagle S, Thomas M, Lubel JS, Gib-
son PR. The intestinal vitamin D receptor in inflammato-
ry bowel disease: inverse correlation with inflammation 
but no relationship with circulating vitamin D status. 
Therap Adv Gastroenterol 2019; 12 : 1756284818822566.

31.	Blanck S, Aberra F. Vitamin d deficiency is associated 
with ulcerative colitis disease activity. Dig Dis Sci 2013; 
58: 1698-1702.

32.	Cantorna MT. Why do T cells express the vitamin D 
receptor? Ann N Y Acad Sci 2011; 1217: 77-82.

33.	Hardie DG. Keeping the home fires burning: AMP-acti-
vated protein kinase. J R Soc Interface 2018; 15(138). pii: 
20170774.

34.	Sears B. The resolution zone: the science of the resolu-
tion response. Kindle Edition Palm City, FL. Zone press: 
2019.

10.	Limketkai BN, Wolf A, Parian AM. Nutritional inter-
ventions in the patient with inflammatory bowel disease. 
Gastroenterol Clin North Am 2018; 47: 155-177.

11.	 Infante M, Sears B, Rizzo AM, Mariani Cerati D, 
Mariani Cerati D, Caprio M, Ricordi C, Fabbri A. 
Omega-3 PUFAs and vitamin D co-supplementation as 
a safe-effective therapeutic approach for core symp-
toms of autism spectrum disorder: case report and lit-
erature review. Nutr Neurosci 2018 Dec 13:1-12. doi: 
10.1080/1028415X.2018.1557385. [Epub ahead of print]

12.	Lewis JD, Abreu MT. Diet as a trigger or therapy for in-
flammatory bowel diseases. Gastroenterology 2017; 152: 
398-414 e6.

13.	de Silva PS, Olsen A, Christensen J, Schmidt EB, Over-
vaad K, Tjonneland A, Hart AR. An association between 
dietary arachidonic acid, measured in adipose tissue, and 
ulcerative colitis. Gastroenterology 2010; 139: 1912-1917.

14.	Paik J, Fierce Y, Treuting PM, Brabb T, Maggio-Price L. 
High-fat diet-induced obesity exacerbates inflammatory 
bowel disease in genetically susceptible Mdr1a-/- male 
mice. J Nutr 2013; 143: 1240-1247.

15.	 Ma X, Torbenson M, Hamad AR, Soloski MJ, Li Z. High-fat 
diet modulates non-CD1d-restricted natural killer T cells and 
regulatory T cells in mouse colon and exacerbates experi-
mental colitis. Clin Exp Immunol 2008; 151: 130-138.

16.	Sharma M, Kaur R, Kaushik K, Kaushal N. Redox mod-
ulatory protective effects of omega-3 fatty acids rich fish 
oil against experimental colitis. Toxicol Mech Methods 
2019; 29: 244-254.

17.	 Ananthakrishnan AN, Khalili H, Konijeti GG, Higuchi 
LM, de Silva P, Fuchs CS, Willett WC, Richter JM, Chan 
AT. Long-term intake of dietary fat and risk of ulcerative 
colitis and Crohn’s disease. Gut 2014; 63: 776-784.

18.	Arisue A, Shimojima N, Tomiya M, Shimizu T, Harada D, 
Nakayama M, Tomita H, Shinoda M, Tanabe M, Maruyama 
I, Mizuno M, Kuroda T, Wakabayashi G, Morikawa Y. 
Effect of an omega-3 lipid emulsion in reducing oxidative 
stress in a rat model of intestinal ischemia-reperfusion inju-
ry. Pediatr Surg Int 2012; 28: 913-918.

19.	Serhan CN. Pro-resolving lipid mediators are leads for 
resolution physiology. Nature 2014; 510: 92-101.

20.	Shevalye H, Yorek MS, Coppey LJ, Holmes A, Harper 
MM, Kardon RH, Yorek MA. Effect of enriching the 
diet with menhaden oil or daily treatment with resolvin 
D1 on neuropathy in a mouse model of type 2 diabetes. J 
Neurophysiol 2015; 114: 199-208.

21.	Jowett SL, Seal CJ, Pearce MS, Phillips E, Gregory W, 
Barton JR, Welfare MR. Influence of dietary factors on 
the clinical course of ulcerative colitis: a prospective 
cohort study. Gut 2004; 53: 1479-1484.


