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KEY POINTS

� Foods that are consumed have effects on the intestinal microbiome and inflammation.

� There are sparse data on the effects of different diets on disease activity in inflammatory
bowel disease.

� Nonetheless, there is emerging evidence to suggest that carbohydrate restriction may
improve symptoms and inflammation.

� Curcumin may be effective for the maintenance of remission in ulcerative colitis.

� Probiotics (eg, VSL#3) may help induce remission in ulcerative colitis and prevent
pouchitis.
INTRODUCTION

Inflammatory bowel disease (IBD), which primarily comprises Crohn disease (CD) and
ulcerative colitis (UC), is a chronic relapsing and remitting inflammatory disorder of the
gastrointestinal tract. The etiologic factors of IBD are currently unclear, although it is
believed to stem from interactions between an individual’s underlying genetic risk,
the intestinal microbiome, and environmental factors. Because nutrients play a strong
role in shaping the intestinal microbiome andmay themselves modify the inflammatory
response, the diet has emerged as a potential factor that influences IBD pathogenesis
and activity.1,2 Moreover, the increased risk of IBD among populations migrating
to western countries3,4 and the increasing incidence of IBD in regions that have
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traditionally had a low incidence of IBD5 have further led some investigators to suspect
the westernization of diets to be an etiologic factor.
The principal premise of antiinflammatory diets used for the treatment of IBD relies

on the reduction of proinflammatory food types and/or increase in food types thought
to promote a favorable intestinal microbiota. For instance, the specific carbohydrate
diet (SCD) and gluten-free diet recommend the elimination of certain carbohydrates
and gluten, respectively, due to their suspected antigenic or proinflammatory effects.
Diets that recommend a reduction in fat or meat intake relate to the knowledge that
omega-6 fatty acids (found in red meats, fried fast foods, and pastries) are metabolic
precursors of proinflammatory prostaglandins. On the other hand, other diets may
recommend increased consumption of fish or omega-3 fatty acids because they are
precursors of less inflammatory prostaglandins. Although the precise relationship
between the intestinal microbial composition and inflammation is still unknown, the
hypothesized relationship between the diet and the microbiome fuels recommenda-
tions to consume plant-based diets. This has also led to the investigation of probiotics
and fecal microbiota transplantation as potential treatments for IBD. This article dis-
cusses the role of diverse diets and dietary supplements in the treatment of IBD.

ORAL DIETS
Specific Carbohydrate Diet

The SCD was initially conceived by Dr Sidney Haas, an American pediatrician, in the
1920s for the treatment of celiac disease.6 The diet was later popularized in the 1980s
by Canadian biochemist Elaine Gottschall in her book, Breaking the Vicious Cycle, af-
ter her 8-year-old daughter with UC was successfully treated with the SCD.7 The SCD
recommends the exclusion of complex carbohydrates in favor of monosaccharides
that are purportedly easier for humans to digest and absorb. Consequently, fewer car-
bohydrates are available for bacterial fermentation, bacterial growth, and intestinal
injury. The SCD is a rigid diet allowing unprocessed meats, poultry, eggs, fish, fruits,
vegetables, all fats and oils, homemade fermented yogurts, and honey as a sweetener
(Table 1).
A retrospective case series reported an improvement in clinical symptoms and lab-

oratory indices in 7 children with active CD who were treated with the SCD for 5 to
Table 1
Permitted and prohibited foods in the specific carbohydrate diet

Permitted Foods Prohibited Foods

Unprocessed meats, poultry, eggs and fish Preserved, packaged, deli meats

Most fresh fruits and vegetables
(high amylose to amylopectin ratio)

Canned fruits or vegetables, starchy vegetables
(eg, potatoes and yams)

All fats and oils including butter

Aged cheeses >30 d Soft cheeses (eg, cream, ricotta, mozzarella and
cottage cheese)

Lactose free yogurt Milk, store bought yogurts

Honey Sugar, maple syrup, agave, artificial sweeteners

Legumes (lentils and most beans) Grains (eg, wheat, rye, oats, rice, quinoa)

Nuts (almonds, pecans, peanuts,
cashews, walnuts)

Weak tea or coffee, water, club soda,
scotch, gin, vodka, bourbon

Juice, soda, sweet wines, flavored liqueurs, beer
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30 months.8 In a prospective study of 9 children with active CD treated with the SCD,
symptom scores and video capsule endoscopy findings significantly improved.9

Seven subjects completed 52 weeks of the study and showed continued clinical
improvement, whereas 2 subjects showed sustained mucosal healing.
Some evidence suggests that the liberalization of the SCD may be possible after

induction of remission. One case report describes a 15-year-old boy with ileocolonic
CD who weaned off pharmacotherapies after induction of remission with exclusive
enteral nutrition (EEN), followed by maintenance of remission with the SCD.10 After
6 months of a strict SCD, he added 1 non-SCDmeal per week and continued to main-
tain remission for the subsequent 3 months of follow-up. Another case series of 11
children with CD found that after a mean of 7.7 months on the SCD, they were able
to maintain clinical remission and adequate growth rates during the mean 4.2 months
of follow-up despite adding a prohibited ingredient to their daily diet or a prohibited
meal or snack periodically.11 Evidence for the use of the SCD in adults is less robust.
A survey of 50 adults with IBD (36 CD, 9 UC, 5 IBD undetermined) self-treated with the
SCD reported a 66% clinical remission after a mean diet duration of 9.9 months.12

Several subjects also reported the ability to stop corticosteroid therapy while on
the SCD. An online survey was conducted on 417 IBD patients following the SCD
to determine their perception of the diet.13 After 12 months, most respondents
perceived a clinical benefit with 42% self-reporting clinical remission with improve-
ment in laboratory values.
The initial data of the SCD are promising but larger placebo-controlled studies are

needed. The strict nature of the diet may decrease compliance and patient satisfaction
as a long-term therapy, although liberalization of the diet after remission potentially
seems to be possible.

Diet Low in Fermentable Carbohydrates

Fermentable oligosaccharides, disaccharides, monosaccharides, and polyols
(FODMAPs) are short-chain carbohydrates that are poorly absorbed in the small
intestine, leading to increased water secretion, bacterial fermentation, and the
production of excess gas particles (ie, hydrogen, carbon dioxide, and methane).14,15

These processes, in turn, lead to luminal distention, abdominal discomfort, dysbiosis,
intestinal mucosal injury, and altered bowel habits. Although the putative mechanisms
of effect for the low-FODMAP diet and SCD are similar, the former restricts simple car-
bohydrates and the latter favors simple carbohydrates.
A low-FODMAP diet involves the removal of high-FODMAP–containing foods from

the diet for several weeks, followed by single reintroduction of foods with a food diary
to identify individual triggers (Table 2). Research on FODMAP restriction has predom-
inantly focused on the treatment of irritable bowel syndrome, although there are some
data on its use in IBD.16–20

A randomized trial that serially exposed IBD subjects with functional gastrointestinal
symptoms to a variety of FODMAPs and a glucose placebo found that fructans, but
not galactooligosaccharides or sorbitol, aggravated their symptoms.21 Several uncon-
trolled, retrospective studies have additionally shown the low-FODMAP diet to signif-
icantly improve gastrointestinal symptoms in IBD subjects.22–25 One small crossover
study of 8 subjects also found the low-FODMAP diet improved abdominal pain and
diarrhea in IBD, but it did not affect fecal calprotectin levels.26 Given that irritable
bowel syndrome is present in greater than 30% of subjects with IBD,27 these findings
of benefit are not surprising. There are, nonetheless, some caveats. First, studies eval-
uating the effects of a low-FODMAP diet in the treatment of IBD have so far focused on
improvement of symptoms and not on the control of inflammation, thus limiting the
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Table 2
Foods containing low and high amounts of fermentable oligosaccharides, disaccharides,
monosaccharides, and polyols

Food Group Low-FODMAP Foods to Eat High-FODMAP Foods to Avoid

Vegetables Bamboo shoots, bok choy, carrots,
celery, chives, eggplant, green
beans, kale, leafy greens,
parsnips, radish, red bell pepper,
squash, sweet potato, tomatoes,
white potato, zucchini

Artichokes, asparagus, beets,
broccoli, Brussels sprouts,
cabbage, cauliflower, fennel,
garlic, leeks, mushrooms, onions,
scallions

Fruits Bananas (ripe), blueberries,
cantaloupe, grapefruit, grapes,
honeydew, kiwi, lemons, limes,
oranges, papaya, passion fruit,
pineapple, raspberries, rhubarb,
strawberries

* Avoid large amounts of any fruit

Apples, avocados, blackberries,
dried fruits, fruit juice, stone fruits
(apricots, cherries, mango,
nectarines, peaches, plums,
prunes), pears, persimmons,
plums, watermelon

Dairy and dairy
alternatives

Butter, lactose-free dairy products,
hard or aged cheeses, almond
milk, hemp milk, rice milk

Cow’s milk, yogurt, ice cream,
cottage cheese, ricotta cheese, soy
milk (soy beans)

Grains Wheat free grains or wheat free
flours, gluten free products,
quinoa, rice, millet, cornmeal,
buckwheat, oatmeal (1/2 cup),
popcorn, rice, tortillas chips

Wheat-containing foods (eg, bread,
cereal, pasta), barley, rye, bran,
couscous, granola, semolina, spelt

Nuts, seeds, and
legumes

Small amount of most nuts or nut
butters, sesame seeds, sunflower
seeds, pumpkin seeds, firm tofu

Pistachios, cashews, almonds, beans,
hummus, lentils, silken tofu,
flaxseeds

Beverages Espresso, coffee, green tea,
peppermint tea, black tea

Drinks with high-fructose corn
syrup, agave, fruit juices, instant
coffee, chamomile tea, fennel tea,
coconut water

Meat, protein Eggs, beef, lamb, chicken, turkey,
fish

Check ingredients for processed
meats

Sweeteners Granulated sugar, evaporated can
juice, brown sugar, brown rice
syrup, pure maple syrup, stevia,
aspartame, saccharin sucralose

Agave, high fructose corn syrup,
honey, inulin, isomalt, maltitol,
mannitol, sorbitol, xylitol
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ability to determine whether it would be helpful for the treatment of IBD. Second, a
low-FODMAP diet can alter the microbiome toward dysbiosis with decreased
butyrate-producing Clostridium cluster XIVa and Akkermansia muciniphila, and
increased mucus-degrading Ruminococcus torques.26,28 Third, as with all restrictive
diets, there is a concern for undernutrition, especially in the IBD population already
at risk for malnutrition. Patients who are recommended this diet should be followed
closely with a nutritionist to ensure adequate nutrient intake.

Gluten-Free Diet

The gluten-free diet eliminates gliadin protein found in wheat, barley, rye, and other
grains. This diet has traditionally been used for patients with celiac disease and,
more recently, among individuals with nonceliac gluten sensitivity. Although individ-
uals with nonceliac gluten sensitivity do not demonstrate abnormal genetic, serologic,
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or immunologic markers when consuming gluten, gluten restriction can lead to an
improvement of gastrointestinal symptoms.29 A putative mechanism for this effect in-
volves the detrimental effect of gliadin on intestinal epithelial integrity.30 Alternatively,
the development of symptomsmay instead stem from the nongliadin components that
typically exist in gluten-containing foods, such as FODMAPs, amylase trypsin inhibi-
tors, or wheat germ agglutinins.31

In an American cross-sectional study of 1647 subjects with IBD, 0.6% of subjects
were diagnosed with celiac disease and 4.9% reported nonceliac gluten sensitivity.32

Among the participants, 19.1% reported having tried a gluten-free diet and 8.2% had
remained on the diet. Of those who had been on a gluten-free diet, 65.6% reported an
improvement in at least 1 gastrointestinal symptom (ie, bloating, diarrhea, abdominal
pain, nausea, and fatigue), 38.3% reported fewer or less severe flares, and 23.6% re-
ported requiring fewer medications for their IBD. In a British cross-sectional study of
145 IBD subjects, 27.6% reported nonceliac gluten sensitivity.33 Those with CD and
nonceliac gluten sensitivity were more likely to have stricturing disease and greater
disease activity. Those with UC and nonceliac gluten sensitivity had no difference in
disease extent or severity of colitis. These studies suggest a potential benefit of the
gluten-free diet for IBD; however, randomized trials are lacking and there are no
studies to link gluten consumption with inflammatory activity in IBD.

Antiinflammatory Diet

An early concept of an antiinflammatory diet was The Zone Diet, which focused on
balancing macronutrient ratios to improve cortisol and insulin levels. Other antiinflam-
matory diets that followed would focus on avoiding macronutrients with theoretic
proinflammatory properties in favor of those with theoretic antiinflammatory proper-
ties. General principles include the increased consumption of fruits and vegetables,
plant-based proteins, some lean animal protein, fatty fish, fiber, and certain herbs
and spices.34 Whole grains can be consumed in moderation. Olive oil could be
used as a fat source. There should also be reduction in refined carbohydrates. The
foods should focus on quality rather than quantity.
The antiinflammatory diet for IBD (IBD-AID) was derived from the SCD and follows

the same assumptions that consumption of certain carbohydrates lead to dysbiosis,
subsequent bowel injury, and increased intestinal permeability.35 The 5 basic compo-
nents of the IBD-AID are (1) restriction of carbohydrates (ie, lactose, refined or pro-
cessed complex carbohydrates); (2) use of prebiotics and probiotics; (3) reduction
of total and saturated fatty acids, hydrogenated oils, and increase of omega-3 fatty
acids; (4) identification of missing nutrients and intolerances; and (5) reduction of
food texture (ie, grinding, cooking) and intact fiber to improve absorption. In a case se-
ries published by the group that developed the IBD-AID, the diet was offered to 40
consecutive subjects with IBD. Of the 11 participants who met study eligibility criteria
and had complete data, all were able to deescalate their drug therapy while on the
diet. Among the 8 CD participants, the baseline Harvey-Bradshaw Index (HBI) score
declined from amean of 11 to 1.5. Among the 3 UC participants, the modified Truelove
and Witts Severity Index declined from a mean of 7 to 0. However, with such a small
sample size and in the absence of good controls, the data are insufficient to make any
recommendations at this time.

Immunoglobulin-G4–Guided Exclusion Diet

A targeted exclusion diet has been investigated in subjects with IBD in a few studies
based on serum immunoglobulin (Ig)-G4 antibody titers. In a British study of 40 sub-
jects with active CD, serum IgG4 levels were measured for 14 common foods
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(egg white, egg yolk, potato, tomato, cheddar cheese, rice, beef, lamb pork, soy, pea-
nuts, wheat, yeast, and chicken). The 4 most immunoreactive foods were excluded
from the diet for 4 weeks. Of the 29 participants who completed the study, 90%
reported an improvement in symptoms, such as a decline in mean daily bowel move-
ments from 4 to 2, reduction in pain rating from 0.71 to 0.43, reduction in extraintes-
tinal manifestations, and increase in general wellbeing scores. There was additionally
a significant decrease in erythrocyte sedimentation rate from 23 to 17 mm per hour,
although the C-reactive protein (CRP) and albumin levels did not significantly change.
A follow-up randomized trial of the IgG-4 guided exclusion diet was performed by the
same British group. The study enrolled 96 subjects with CD and tested IgG4 antibody
titers against 16 different food types (milk, peanuts, soy, shrimp, egg, tomato, pork,
beef, codfish, potato, wheat, yeast, cheddar cheese, chicken, lamb, and rice). Partic-
ipants randomized to the IgG4-guided exclusion diet had 4 of the most immunoreac-
tive food types excluded from their diet for 4 weeks, whereas those randomized to a
sham diet had 4 of the least immunoreactive food types excluded from their diet.36 Of
the 76 participants who completed the trial, there was a modest yet statistically signif-
icant reduction in disease activity scores and Short Inflammatory Bowel Disease
Questionnaire scores. There was otherwise no difference in CRP or fecal calprotectin
levels. Although these studies show some benefit with the IgG4-guided exclusion diet
in symptoms among CD subjects, there is not yet any evidence of benefit at reducing
inflammation.

High-Fiber Diet

Dietary fibers are carbohydrate polymers not hydrolyzed by endogenous enzymes in
the small intestine.37 Intestinal bacteria ferment the otherwise indigestible fibers into
short-chain fatty acids, which then lead to several downstream benefits, such as regu-
lation of fluid and electrolyte absorption,38 improved mucosal barrier function,39 favor-
able alterations in the intestinal microbiota,40 and antiinflammatory properties.41 Given
these potential benefits, there has been increasing interest in the role of dietary fiber in
IBD. In an analysis of the Nurses’ Health Study that included 170,776 women followed
over 26 years, those at the highest quintile of energy-adjusted cumulative average
dietary fiber intake (24 g/d), compared with those at the lowest quintile (12 g/d), had
a 40% reduction in risk of CD but not UC.42 The reduction in risk of CD was greatest
for fibers derived from fruits. Although fiber may seem to have a protective effect
against CD pathogenesis, the study was not designed to address its effect on those
already diagnosed with IBD.
An early retrospective study published in 1979 evaluated 32 subjects with CD who

were treated with a fiber-rich, unrefined carbohydrate diet for a mean of 52 months.43

Those in the high-fiber diet group consumed an average of 33 g per day of fiber and
39 g per day of sugar; those in the control group, who received no dietary instruction,
consumed an unreported amount of fiber and an average of 90 g per day of
sugar. Compared with controls, the high-fiber diet group had fewer hospitalizations
(11 vs 34; P<.01) and shorter total lengths of stay (111 vs 533 days; P<.01). No sub-
jects developed any obstructive episodes; 1 participant on the high-fiber diet group
required surgery compared with 5 controls. In a dietary survey of 1619 participants
in the Crohn’s and Colitis Foundation Partners Internet cohort (1130 CD; 489 UC or
indeterminate colitis), CD subjects at the highest quartile of fiber consumption (median
23.7 g/d) had a 40% reduced odds of having a flare than those at the lowest quartile
(median 10.4 g/d), although this trend was not detected for UC or indeterminate colitis
subjects (median 24.5 g/d at highest quartile and 10.8 g/d at lowest quartile).44 A po-
tential confounder in this observation is disease severity. CD patients with more
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severe disease and complications (eg, intestinal stenosis) may not tolerate fiber as well
and consequently consume less fiber. In a trial of 352 subjects with quiescent or mild
CD, those randomized to a high-fiber, low-sugar diet consumed an average of 28 g per
day, compared with those randomized to a low-fiber, unrestricted sugar diet who
consumed an average of 18 g per day.45 The study found no difference in hospitaliza-
tions or surgeries between the 2 groups. Currently, data on the effect of a high-fiber
diet on inflammation are lacking.

Low-Residue Diet

Unlike the high-fiber diet, the low-residue diet focuses on reducing poorly digested
nutrients (ie, fiber) to minimize stool output. This diet is often used in CD patients with
stricturing disease and patients who undergo abdominal surgery. Similarly, an
elemental diet includes predigested macronutrients to facilitate absorption and
reduce downstream exposure of food antigens to the intestines. Some complex pro-
teins are also thought to be allergenic for susceptible individuals. In a Japanese
study of 60 subjects with quiescent CD provided a low-residue meal at 3 doses
(0–799 kcal/d; 800–1599 kcal/d; or >1600 kcal/d), those at the highest dose level
had significantly lower risk of relapse.46 Those at the 2 highest doses also had lower
risk of hospitalization. An Italian study of 70 subjects with nonstricturing CD
randomly assigned a low-residue diet and a normal Italian diet over a mean of
29 months did not find any difference in symptoms, need for hospitalization, or
need for surgery.47 A randomized trial that compared a 6-mercaptopurine, elemental
diet, and no therapy in 95 subjects with inactive CD found greater 24-month remis-
sion rates among those who received 6-mercaptopurine (60%) or continued an
elemental diet (47%), compared with those on no maintenance treatment (27%).48

Although the low-residue diet or elemental diets are occasionally used for CD pa-
tients with stricturing disease, there are currently insufficient data to make any rec-
ommendations for the treatment of IBD.

Semivegetarian Diet

A potential disadvantage of the low-residue diet is the lack of dietary fibers that have
antiinflammatory properties and benefits for colonic function.49 Contrary to the low-
residue diet, the semivegetarian diet has a high amount of fiber. In a Japanese study
of 22 subjects with quiescent CD who started a semivegetarian diet and were followed
for 2 years, 16 subjects (74%) were able to maintain the semivegetarian diet
throughout the study period.50 Among those who remained on the diet, 15 (94%)
maintained remission, compared with the 2 of 6 (33%) who did not remain on the diet.

Mediterranean Diet

The Mediterranean diet comprises the dietary patterns typical of countries along the
Mediterranean Sea, such as southern France, Italy, and Greece. The diet generally in-
volves a high consumption of plant-based foods (eg, fruits, vegetables) and olive oil;
moderate consumption of dairy products, wine, fish, and poultry; and low consump-
tion of red meat. The diet has been promoted primarily for its benefits on cardiovas-
cular health, although meta-analyses reveal lower inflammatory markers among
individuals who consume the diet.51 There is nonetheless a dearth of studies of the
Mediterranean diet for IBD. In a small study of 6 CD subjects on a Mediterranean-
inspired diet, participants experienced normalization of the microbiota after 6 weeks
but no change in CRP.52 There are ongoing clinical trials evaluating the efficacy of
the Mediterranean diet for IBD.
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Paleolithic Diet

The Paleolithic diet, also referred to as Paleo, is a popular, yet controversial diet based
on the evolutionary theory from a hunter-gatherer society. The premise of the Paleo
diet is that the human digestive tract is not equipped to handle modern refined and
processed foods, which can lead to chronic inflammation.53 Wild game meats, high
in polyunsaturated fatty acids and low in saturated fat, and fresh fruits and vegetables
are the focus of the diet. The Paleo diet excludes foods such as cereal grains, meats
from domesticated animals, refined sugars, and dairy products. Most studies involving
the Paleo diet focus on its efficacy for weight loss and overall health.54 There are no
clinical data on the effect of the Paleo diet on the management and prevention of
IBD. However, grain-based fibers that are typically excluded from the Paleo diet
have demonstrated therapeutic benefits for patients with UC. Moreover, the restrictive
nature of the Paleo diet creates the potential for nutrient deficiencies, especially in
vitamin D.
DIETARY SUPPLEMENTS
Curcumin

Curcumin is the primary active constituent of the Asian spice turmeric. It has been
effective in treating a variety of inflammatory conditions, including rheumatoid arthritis,
uveitis, and IBD.55 Several animal studies have reported that curcumin inhibits colonic
inflammation in mice and rats, improving experimentally induced colitis and prevent-
ing the development of colorectal cancer.56,57 Curcumin can prevent colon inflamma-
tion and carcinogenesis by several mechanisms. Notably, it has been observed to
inhibit nuclear factor kappa beta (NF-kb), which decreases inflammation and tumor
growth.58,59 It also blocks interferon-g signaling in colonic epithelial cells to inhibit
gene expression associated with IBD.60

Studies involving subjects with mild to moderate UC have shown mixed results,
depending on the dosage of curcumin administered. A randomized, multicenter,
double-blind, placebo-controlled trial treated 43 subjects with 3 g of oral curcumin
per day, resulting in significantly fewer subjects experiencing a relapse than in the pla-
cebo group (4.6% vs 20.5%).61 A study with a similar design reported that 3 g of cur-
cumin daily in combination with mesalamine was effective in maintaining remission
among subjects with UC.62 A 2 g dose of curcumin in combination with mesalamine
was also shown to reduce clinical and endoscopic activity among patients with
UC.63 However, another randomized, double-blind, placebo-controlled trial showed
that oral curcumin at a lower dosage (450 mg daily) was ineffective at inducing remis-
sion. This 8-week trial of 16 subjects treated with curcumin and 25 subjects on
placebo showed no significant difference in rates of clinical response, clinical remis-
sion, mucosal healing, or treatment failure.64 The ability of curcumin to maintain remis-
sion among patients with UC and theoretically reduce the risk of carcinogenesis,
coupled with few adverse effects, makes it a promising therapy for UC. Further
dose defining research is needed to conclusively determine the optimal therapeutic
use of curcumin for UC.

Omega-3

Omega-3 and omega-6 fatty acids are polyunsaturated fatty acids that are defined by
the location of the carbon-carbon double bond along the carbon chain: the
double bond is located 3 carbons from the end in omega-3 fatty acids and 6 carbons
from the end in omega-6 fatty acids. Omega-3 fatty acids are believed to possess
antiinflammatory properties and have been used to treat diverse medical ailments.
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By contrast, omega-6 fatty acids may be proinflammatory when consumed in excess.
The ideal ratio of omega-6 to omega-3 fatty acids is 4:1, whereas the ratio in Western
diets is approximately 10:1.65

The prevalence of UC is reportedly lower among patients who consume a diet high
in omega-3 fatty acids.66 Studies have additionally found that omega-3 fatty acid sup-
plementation leads to a decrease in inflammatory cytokines.67,68 However, in 2 large
related randomized, controlled trials of omega-3 fatty acid supplementation for the
maintenance of remission in CD, the rate of relapse was similar between the
omega-3 and placebo arms.69 In a meta-analysis of these 2 studies and 4 others, there
was a slight benefit of omega-3 fatty acids in the maintenance of remission in CD. The
4 other studies had substantial heterogeneity and a high risk of bias, making these re-
sults difficult to interpret.70 In other studies, omega-3 fatty acids may bemore effective
when combined with mesalamine,71 and used for colonic disease rather than ileal
disease.72

The efficacy of omega-3 fatty acids for the induction and maintenance of UC has
also been investigated in numerous studies. When compared with sulfasalazine
(2 g daily), omega-3 fatty acids (5.4 g daily) was inferior in the treatment of mild to mod-
erate UC.73 One of the largest studies found a corticosteroid-sparing effect in active
UC subjects but did not decrease the rate of relapse.74 A Cochrane review from
2007 did not support the use of omega-3 fatty acids for the maintenance of remission
in UC based on 3 included studies.75 Omega-3 supplementation alone does not
clearly confer benefit for the induction or maintenance of IBD in the current published
studies. Further studies are needed to determine the efficacy of concomitant use of
omega-3 fatty acids and standard medical therapy.

Glutamine

Glutamine is a small, nonessential, abundant amino acid that becomes conditionally
essential under catabolic conditions. It is the main energy source for small intestinal
enterocytes,76,77 with the small bowel accounting for 30% of whole body glutamine
utilization.76,78 In addition, glutamine is a substrate for the synthesis of glutathione,
the most abundant intracellular antioxidant.79 Animal studies show rapid development
of intestinal mucosal atrophy, increased gut permeability, and mucosal hypofunction
when fed a glutamine-deficient diet.80,81 In subjects on parental nutrition, glutamine
supplementation improved gut permeability, prevented intestinal atrophy, and was
vital for intestinal health.82–84 The premise of glutamine use in IBD relates to a hypoth-
esized reduction in intestinal permeability. In a small study of 14 CD subjects with
altered intestinal permeability, oral glutamine (7 g 3 times a day) did not improve
permeability, disease activity scores, CRP, or nutritional status compared with pla-
cebo.85 A pediatric study of 18 children with CD found a glutamine-enriched diet,
compared with a low-glutamine diet, did not improve clinical or laboratory parameters.
In fact, improvement in mean disease activity score was significantly greater in chil-
dren on the low-glutamine diet.86 Despite the importance of glutamine in the small
intestine, excessive glutamine in the colon leads to increased oxidative tissue injury
and possible worsening colitis.87 Therefore, glutamine is not currently recommended
for the treatment of IBD.

Vitamin D

Vitamin D is a fat-soluble hormone that possesses immunomodulatory properties and
is, therefore, hypothesized to help attenuate inflammation.88 Murine studies had
shown vitamin D-deficient mice to develop diarrhea, wasting disease, and death,
which were absent in vitamin D-sufficient mice.89 Exogenous vitamin D
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supplementation also improved colitis in IBD mouse models.89,90 In humans, an anal-
ysis of the Nurses’ Health Study found higher predicted vitamin D levels to be associ-
ated with a lower incidence of CD but not UC.91 Cohort studies have also shown an
inverse correlation between vitamin D levels and IBD activity,92,93 although interpreta-
tion of these findings are challenged by reverse causation: Did low vitamin D worsen
IBD or vice versa? A large retrospective study of 3217 subjects with IBD found that
treatment to normalize vitamin D levels was associated with a lower risk of surgery
in CD but not UC.94 However, a benefit for vitamin D has not yet been demonstrated
in randomized controlled trials. The largest trial to specifically evaluate the effects of
vitamin D supplementation on CD activity randomized 94 subjects in remission to
either 1200 IU vitamin D3 or placebo.

95 The vitamin D group, compared with the pla-
cebo group, experienced a lower relapse rate (13% vs 29%), although the difference
was not statistically significant. A metaanalysis of individual trials does not yet exist,
but is registered and underway via the Cochrane Collaboration. For the moment, a
benefit from vitamin D supplementation for IBD is unclear.

Prebiotics

Prebiotics are fermentable food ingredients that promote the growth of intestinal bac-
teria believed to confer health benefits. In a nonrandomized, open-label trial of sub-
jects with quiescent UC on conventional therapy, 22 participants received 20 g per
day of germinated barley foodstuff (GBF), which is a mixture of insoluble protein
and dietary fiber, and 37 received nothing.96 Over a 12-month follow-up period, those
who received GBF supplementation had significantly lower clinical activity indices and
relapse rates. A randomized, open-label trial of 46 subjects with UC found that 30 g
per day of GBF for 2 months significantly reduces abdominal pain and cramping.97

There was otherwise no significant difference in frequency of diarrhea, degree of
visible blood in stool, nausea, vomiting, and anorexia. Baseline and follow-up CRP
levels were similar between both groups.
A controlled study of 22 subjects with quiescent UC examined the effects of oat

bran intake on butyrate levels.98 Participants had 60 g of oat bran (equivalent to
20 g of dietary fiber) added to their daily diet for 12 weeks. Oat bran increased
mean fecal butyrate concentrations by 36% at 4 weeks, although the fecal butyrate
concentrations were not significantly different from baseline at 12 weeks. The oat
bran group had no increase in gastrointestinal symptoms or relapse; instead, a sub-
group of subjects who originally reported abdominal pain and reflux experienced sig-
nificant improvement in symptoms. Another study of 39 subjects with quiescent UC
divided participants into 2 groups. One group (24) increased its fiber intake through
whole wheat bread, vegetables, and a supplement of 25 g of bran; the other group
(15) continued on sulfasalazine without a change in diet.99 Four subjects withdrew
from the study due to intolerance to the diet. Over the 6-month follow-up, 75% of
those in the high-fiber group experienced a relapse, compared with 20% in the sulfa-
salazine group. Fiber supplementation may help improve gastrointestinal symptoms
but is currently not recommended as monotherapy for UC.

Probiotics

Probiotics are live microorganisms that, by definition, should confer a health benefit to
the host. The mechanism of effect is believed to be mediated by introduction of bene-
ficial bacteria to the intestinal microbiome.100 Unfortunately, probiotics have so far
been shown to be ineffective in inducing remission, maintaining remission,101 and pre-
venting postoperative recurrence of CD.102,103 The data are nonetheless more prom-
ising in the treatment of UC. VSL#3, a multistrain probiotic, has been shown to induce
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remission in UC patients with mild to moderate disease activity.104 Concomitant use of
VSL#3 with standard therapy increases the rate of remission compared with standard
therapy alone.105–107 When compared to mesalamine, the probiotic Escherichia coli
Nissle 1917 was noninferior in maintaining remission in mild to moderate UC.108,109

Another probiotic, Lactobacillus GG, was effective in prolonging the amount of time
in remission in UC patients.110 Saccharomyces boulardii, a probiotic strain of yeast,
was found to improve clinical symptoms of UCwhen added tomesalamine therapy.111

The use of probiotics, specifically VSL#3, is most supported for the prevention of
pouchitis in UC patients.101,112 A randomized, placebo-controlled study of UC sub-
jects with pouchitis showed an 85% decrease in relapse rates in subjects taking
VSL#3.113 Another study found VSL#3 was effective in the primary prevention of pou-
chitis in UC subjects.114 A real-world experience published by the Cleveland Clinic
reported that only 6 out of 31 subjects remained on VSL#3 therapy after 8 months.
The rest had discontinued therapy due to disease recurrence or the development of
adverse effects.115 Overall, probiotics do not seem to have a role in the treatment of
CD but may be efficacious in UC and pouchitis. Multiple studies have reported
good safety data with use of probiotics; however, the cost, especially of VSL#3, could
be prohibitive for many patients.
ENTERAL NUTRITION

EEN is the use of enteral nutrition (EN) formulae as the sole source of nutrition. Some
hypothesized mechanisms include reduced exposure to antigens found in food,
immunomodulatory properties, improvement of intestinal permeability, and alteration
in the gut microbiota.116–119 Several randomized trials have shown EEN to be as effec-
tive as corticosteroids for induction of remission in up to 85% of children with CD.120

Although EN may also be effective for adults with active CD, a systematic review by
the Cochrane Collaboration found it to be less effective than corticosteroids.121 There
was no difference in efficacy among elemental, semielemental, or polymeric EN for-
mulations. The European Crohn’s and Colitis Organisation (ECCO) recommends
EEN use as a first-line choice for the induction of remission in pediatric CD.122 Guide-
lines from the European Society for Clinical Nutrition and Metabolism (ESPEN) also
consider it a first-line therapy in children with active CD and recommend its use as
sole therapy in adults for whom corticosteroids may not be feasible.123 However,
the challenges for routine use in adults are long-term palatability and, alternatively,
cosmetic considerations with nasogastric tube feeding.124

EEN also demonstrated potential efficacy in the closure of enterocutaneous fistulae.
In a prospective study of 41 Chinese adults with stricturing or fistulizing CD who were
administered EEN for 3 months, 81% achieved clinical remission and 75% experi-
enced enterocutaneous fistula closure.125 Another prospective study of 48 Chinese
CD subjects with enterocutaneous fistulae who were administered a peptide-based
EEN via nasogastric tube for 3 months showed a 63% closure rate.126 However, the
long-term effects, particularly after discontinuation of EEN, are unknown.
Given the challenges of EEN intake, the use of partial EN has been explored. The

data for its efficacy in the induction of remission are inconsistent. A case series of
40 Israeli children and adolescents with active CD who received partial EN and a
prescribed exclusion diet achieved a 68% remission rate after 6 weeks.127 Another
case series from the same investigators found partial EN to be effective for
induction of remission after 6 weeks in 62% of 21 children who had previously
failed biologic therapy.128 There may have been 5 subjects who failed biologic
therapy included in both retrospective reports. However, in a randomized trial
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Table 3
Diets and treatment of inflammatory bowel disease

Diet Premise Components Evidence of Efficacy

Specific carbohydrate
diet

� Complex carbohydrates are less easily
digested and absorbed, which facilitates
bacterial fermentation, bacterial growth,
and intestinal injury

� See Table 1 � Sparse data
� Small studies show potential benefit for

induction of remission in children
� Few case reports show possibility for

liberalization after remission has been
achieved

Low-FODMAP diet � Mono-chained and short-chained
carbohydrates are poorly absorbed and
facilitates bacterial fermentation,
bacterial growth, and intestinal injury

� See Table 2 � Reasonable data to indicate benefit in
reducing gastrointestinal symptoms,
particularly with irritable bowel
syndrome

� Unknown effect on inflammation

Gluten-free diet � Gliadin leads to increased intestinal
permeability and immunologic
activation

� Avoid gliadin protein found in wheat,
barley, rye, and other grains

� Sparse data show potential benefit for
nonspecific gastrointestinal symptoms

� Unknown effect on inflammation

Antiinflammatory
diet

� Consumption of certain carbohydrates
leads to dysbiosis, bacterial overgrowth,
mucosal injury, and altered intestinal
permeability

� Certain fatty acids are proinflammatory
� Prebiotics and probiotics are beneficial

for intestinal health

� Consumption of nutrients believed to be
antiinflammatory (omega-3 fatty acids)

� Avoidance of nutrients believed to be
proinflammatory (eg, lactose, refined or
processed complex carbohydrates, total
and saturated fatty acids, hydrogenated
oils)

� Use of prebiotics and probiotics
� Reduction of food texture (ie, grinding,

cooking) and intact fiber to improve
absorption

� Very sparse data

IgG4-guided exclusion
diet

� Immune response to certain food
antigens contribute to inflammation

� Systematic exclusion of food types that
elicit an IgG4-mediated response

� Sparse data
� Potential improvement of symptoms,

although no current evidence of
reduction in inflammation
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High-fiber diet � Fiber is fermented by intestinal bacteria
into short-chain fatty acids, which
possess antiinflammatory properties

� Short-chain fatty acids also help regulate
fluid and electrolyte absorption, improve
mucosal barrier function, and promote
microbial eubiosis

� Consumption of bran, whole grains, oats,
lentils, beans, all fruits and vegetables,
nuts, and seeds

� Sparse data show inconsistent effect on
hospitalizations and surgeries

� Very sparse data on its effects on
inflammation

� Fiber supplements may reduce
symptoms, but results are inconsistent
and fiber monotherapy is not
recommended

Mediterranean diet � The dietary patterns typical of the
Mediterranean countries seem to confer
good health and lower risk of chronic
diseases

� High consumption of fruits, vegetables,
and olive oil

� Moderate consumption of wine, fish,
poultry, and dairy products

� Low consumption of red meat

� Weak evidence of lower inflammatory
markers

� Very sparse data on its efficacy in IBD

Low-residue and
elemental diets

� Less food and stool passing to the lower
segments of the gastrointestinal tract
reduces the risk of obstruction among
patients with strictures

� Readily absorbed nutrients reduce
downstream exposure of food antigens

� Some complex proteins may also be
allergenic

� Low-residue diet includes white breads
with no nuts or seeds, well cooked
vegetables without skin or seeds, canned
fruits and vegetables, tender meats,
smooth nut butters

� Avoids bran, whole grains, fruit juice
(prune juice), legumes, corn, raw fruits
and vegetables, large amounts of dairy

� Elemental diet contains predigested
macronutrients and micronutrients

� Sparse data are inconsistent

Semivegetarian diet � Dietary fibers possess antiinflammatory
properties through its benefit on the
intestinal microbiome and as short-chain
fatty acids

� Meats can be proinflammatory

� Plant-based diet with variable inclusion
of eggs, dairy products, and occasional
meats depending on the diet

� Sparse data show possible benefit for
maintenance of remission

Paleolithic diet � Diet of hunter-gatherers’ are more
natural for the human body

� Wildgamemeats, high inpolyunsaturated
fats and low in saturated fats

� Fresh fruits and vegetables
� Excludesgrains,meats fromdomesticated

animals, refined sugars, and dairy
products

� No data
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with 50 British children with active CD who were administered EEN or partial EN,
EEN was superior than partial EN in achieving clinical remission (42% vs 15%;
P 5 .04) after 4 weeks.129 The efficacy of partial EN for the induction of remission
is, therefore, still unknown.
For the maintenance of remission in CD, the long-term use of partial EN is more

feasible than EEN. In study of 39 consecutive subjects with CD in clinical remission,
10 (48%) of the 21 who received an elemental diet supplement remained in remission
after 12 months, compared with the 4 (22%) of the 18 who did not receive any supple-
mentation (P<.01).130 A follow-up trial of 33 subjects with inactive steroid-dependent
CD revealed 12-month steroid-free remission rates of 42% in subjects on the
elemental diet and 43% in those on the polymeric diet.131 In a controlled trial of 51 sub-
jects with inactive CD, the relapse rate was 35% in those on a half elemental diet and
64% in those on an unrestricted diet.132 For subjects on infliximab maintenance ther-
apy, a prospective study of 56 subjects with inactive CD did not find a difference in 56-
week remission rates between those who received daytime EN or not (78% vs 67%;
P5 .51).133 On the other hand, a meta-analysis of 4 trials (342 participants) evaluating
infliximab therapy with and without EN have shown that the concurrent use of EN to be
superior at maintenance of remission at 1 year (74.5% vs 49.2%; P<.01).134 Similar to
the use of partial EN for the induction of remission, there may be a benefit for the main-
tenance of remission, but more investigation is needed.

PARENTERAL NUTRITION

Parenteral nutrition (PN) involves the intravenous administration of a mixture of mac-
ronutrients (ie, carbohydrates, proteins, lipids), micronutrients (eg, vitamins, minerals),
and electrolytes. The role of PN in the management IBD is typically limited to a few
scenarios, such as malnutrition and stenotic disease. Because patients with active
IBD often experience some degree of protein-calorie malnutrition secondary to the
catabolic nature of inflammation and the detrimental effects of corticosteroids,135

PN may serve as a source of nutrition when the patient cannot consume adequate
oral or enteral intake to maintain fluid, electrolyte, and nutritional equilibrium. PN
may also serve to provide nutrition in patients with CD strictures, although EEN and
low-residue diets should be preferred options to consider.136 PN has also use been
used as a source of nutrition during bowel rest. The premise of bowel rest is to reduce
antigenic stimuli to the inflamed segments of intestines, thus theoretically permitting
mucosal healing. Moreover, it allows reduced drainage through enterocutaneous
fistulae.137 However, the benefit of bowel rest is currently unclear. In a prospective trial
of 47 subjects with severe colitis treated with prednisolone and randomized to either
receive an oral diet or undergo bowel rest with PN, there was no difference in clinical
response, laboratory parameters, or need for surgery, or relapse rate between treat-
ment arms.138 An independent randomized trial of 51 subjects with CD, participants
were provided either bowel rest with PN, EN via nasogastric tube, or partial PN with
oral food.139 There were no significant differences in induction or maintenance of
remission. These studies highlight the unclear utility of bowel rest and PN for the
treatment of IBD. The potential benefits of PN should also be balanced against the
risks, such as bloodstream infections, PN-associated liver disease, and venous
thromboses.

SUMMARY

Because diets play a strong role in shaping the intestinal microbiome and influencing
intestinal inflammation, there is emerging evidence that nutritional interventions may
aded for Eoin Lalor (elalor23@gmail.com) at Canadian Assoc Med from ClinicalKey.com by Elsevier on March 26, 2018.
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Table 4
Dietary supplements for the treatment of inflammatory bowel disease

Supplement Evidence of Efficacy

Curcumin � In a randomized trial of 43 UC subjects, 3 g of curcumin daily was superior to
placebo in the maintenance of remission

� In a randomized trial of 41 UC subjects, 450 mg daily was ineffective at
inducing remission

� May have benefit at reducing the risk of colon cancer

Omega-3 � Inconsistent data are present for the benefit of supplementation in the
induction or maintenance of remission in IBD

� Currently available data do not show clear evidence of benefit from
supplementation with omega-3 fatty acids for IBD

Glutamine � There are very sparse data, which currently do not show benefit from the use
of glutamine for CD

Vitamin D � A large retrospective cohort study has shown that normalization of vitamin D
reduced the risk of surgery in CD but not UC

� The largest randomized trial of 1200 IU vitamin D vs placebo found no
difference in relapse rate in CD

Prebiotics � Very sparse data for CD
� Fiber supplementation may help improve gastrointestinal symptoms but is

currently not recommended as monotherapy for UC

Probiotics � Ineffective for inducing remission, maintaining remission, and preventing
postoperative recurrence in CD

� VSL#3, a multistrain probiotic, can help induce remission in mild-moderate
UC

� VSL#3 helps prevent pouchitis
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help in the treatment of IBD. EN so far has the most robust supportive data and is also
considered a first-line strategy in pediatric CD. However, the specific nutrient compo-
sition and diets are still ill-defined due to a dearth of research data. Although small
studies show benefit of some diets in helping induce or maintain remission, the evi-
dence is still weak or lacking (Table 3). These findings highlight the importance of addi-
tional and more robust investigation into dietary components and diets in the treatment
of IBD. Dietary supplements, such as curcumin and probiotics, have relatively stronger
evidence for use in UC (Table 4). The position of nutritional interventions as primary or
adjunct therapies in the algorithm of the management of IBD is also still unclear. At pre-
sent, the authors cannot endorse any particular diet, other than recommending a
balanced plant-based diet that is high in fiber and low in refined sugars or processed
foods. Given the general benefits of consuming a balanced healthy diet, even if it could
not serve as primary monotherapy for IBD, there would be many advantages for
improving the intestinal microbiome, gastrointestinal health, and health in general.

ACKNOWLEDGMENTS

We would like to thank Joanna Ye and Maryam Tajamal for their contributions.

REFERENCES

1. David LA, Maurice CF, Carmody RN, et al. Diet rapidly and reproducibly alters
the human gut microbiome. Nature 2014;505(7484):559–63.

2. Chapman-Kiddell CA, Davies PS, Gillen L, et al. Role of diet in the development
of inflammatory bowel disease. Inflamm Bowel Dis 2010;16(1):137–51.
ownloaded for Eoin Lalor (elalor23@gmail.com) at Canadian Assoc Med from ClinicalKey.com by Elsevier on March 26, 2018.
For personal use only. No other uses without permission. Copyright ©2018. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S0889-8553(17)30119-X/sref1
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref1
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref2
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref2


Limketkai et al170

Downlo
3. Carr I, Mayberry JF. The effects of migration on ulcerative colitis: a three-year
prospective study among Europeans and first- and second- generation South
Asians in Leicester (1991-1994). Am J Gastroenterol 1999;94(10):2918–22.

4. Bar-Gil Shitrit A, Koslowsky B, Kori M, et al. Inflammatory bowel disease: an
emergent disease among Ethiopian Jews migrating to Israel. Inflamm Bowel
Dis 2015;21(3):631–5.

5. Molodecky NA, Soon IS, Rabi DM, et al. Increasing incidence and prevalence of
the inflammatory bowel diseases with time, based on systematic review. Gastro-
enterology 2012;142(1):46–54.e42 [quiz: e30].

6. Haas SV, Haas MP. The treatment of celiac disease with the specific carbohydrate
diet; report on 191 additional cases. Am J Gastroenterol 1955;23(4):344–60.

7. Gottschall E. Breaking the vicious cycle: intestinal health through diet. Canada:
Baltimore: Kirkton Press, Limited; 1994.

8. Suskind DL, Wahbeh G, Gregory N, et al. Nutritional therapy in pediatric Crohn
disease: the specific carbohydrate diet. J Pediatr Gastroenterol Nutr 2014;
58(1):87–91.

9. Cohen SA, Gold BD, Oliva S, et al. Clinical and mucosal improvement with spe-
cific carbohydrate diet in pediatric Crohn disease. J Pediatr Gastroenterol Nutr
2014;59(4):516–21.

10. Nakayuenyongsuk W, Christofferson M, Nguyen K, et al. Diet to the rescue:
cessation of pharmacotherapy after initiation of exclusive enteral nutrition
(EEN) followed by strict and liberalized specific carbohydrate diet (SCD) in
Crohn’s Disease. Dig Dis Sci 2017;62(10):2686–9.

11. Burgis JC, Nguyen K, Park KT, et al. Response to strict and liberalized specific
carbohydrate diet in pediatric Crohn’s disease. World J Gastroenterol 2016;
22(6):2111–7.

12. Kakodkar S, Farooqui AJ, Mikolaitis SL, et al. The specific carbohydrate diet for in-
flammatory bowel disease: a case series. J Acad Nutr Diet 2015;115(8):1226–32.

13. Suskind DL, Wahbeh G, Cohen SA, et al. Patients perceive clinical benefit with
the specific carbohydrate diet for inflammatory bowel disease. Dig Dis Sci 2016;
61(11):3255–60.

14. Barrett JS, Gearry RB, Muir JG, et al. Dietary poorly absorbed, short-chain car-
bohydrates increase delivery of water and fermentable substrates to the prox-
imal colon. Aliment Pharmacol Ther 2010;31(8):874–82.

15. Ong DK, Mitchell SB, Barrett JS, et al. Manipulation of dietary short chain carbo-
hydrates alters the pattern of gas production and genesis of symptoms in irrita-
ble bowel syndrome. J Gastroenterol Hepatol 2010;25(8):1366–73.

16. Halmos EP, Power VA, Shepherd SJ, et al. A diet low in FODMAPs reduces
symptoms of irritable bowel syndrome. Gastroenterology 2014;146(1):67–75.e5.

17. Staudacher HM, Whelan K, Irving PM, et al. Comparison of symptom response
following advice for a diet low in fermentable carbohydrates (FODMAPs) versus
standard dietary advice in patients with irritable bowel syndrome. J Hum Nutr
Diet 2011;24(5):487–95.

18. Eswaran SL, Chey WD, Han-Markey T, et al. A randomized controlled trial
comparing the low FODMAP diet vs. Modified NICE guidelines in US adults
with IBS-D. Am J Gastroenterol 2016;111(12):1824–32.

19. Bohn L, Storsrud S, Liljebo T, et al. Diet low in FODMAPs reduces symptoms of
irritable bowel syndrome as well as traditional dietary advice: a randomized
controlled trial. Gastroenterology 2015;149(6):1399–407.e2.

20. Eswaran S, Chey WD, Jackson K, et al. A diet low in fermentable oligo-, di-, and
mono-saccharides and polyols improves quality of life and reduces activity
aded for Eoin Lalor (elalor23@gmail.com) at Canadian Assoc Med from ClinicalKey.com by Elsevier on March 26, 2018.
For personal use only. No other uses without permission. Copyright ©2018. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S0889-8553(17)30119-X/sref3
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref3
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref3
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref4
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref4
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref4
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref5
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref5
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref5
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref6
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref6
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref7
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref7
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref8
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref8
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref8
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref9
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref9
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref9
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref10
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref10
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref10
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref10
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref11
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref11
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref11
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref12
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref12
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref13
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref13
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref13
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref14
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref14
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref14
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref15
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref15
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref15
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref16
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref16
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref17
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref17
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref17
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref17
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref18
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref18
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref18
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref19
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref19
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref19
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref20
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref20


Nutritional Interventions in IBD 171

D

impairment in patients with irritable bowel syndrome and diarrhea. Clin Gastro-
enterol Hepatol 2017 [pii:S1542-3565(17)30791-7].

21. Cox SR, Prince AC, Myers CE, et al. Fermentable carbohydrates (FODMAPs)
exacerbate functional gastrointestinal symptoms in patients with inflammatory
bowel disease: a randomised, double-blind, placebo-controlled, cross-over,
re-challenge trial. J Crohns Colitis 2017. [Epub ahead of print].

22. Gearry RB, Irving PM, Barrett JS, et al. Reduction of dietary poorly absorbed
short-chain carbohydrates (FODMAPs) improves abdominal symptoms in pa-
tients with inflammatory bowel disease-a pilot study. J Crohns Colitis 2009;
3(1):8–14.

23. Prince AC, Myers CE, Joyce T, et al. Fermentable carbohydrate restriction
(Low FODMAP Diet) in clinical practice improves functional gastrointestinal
symptoms in patients with inflammatory bowel disease. Inflamm Bowel Dis
2016;22(5):1129–36.

24. Maagaard L, Ankersen DV, Vegh Z, et al. Follow-up of patients with functional
bowel symptoms treated with a low FODMAP diet. World J Gastroenterol
2016;22(15):4009–19.

25. Croagh C, Shepherd SJ, Berryman M, et al. Pilot study on the effect of reducing
dietary FODMAP intake on bowel function in patients without a colon. Inflamm
Bowel Dis 2007;13(12):1522–8.

26. Halmos EP, Christophersen CT, Bird AR, et al. Consistent prebiotic effect on gut
microbiota with altered FODMAP intake in patients with Crohn’s disease: a rand-
omised, controlled cross-over trial of well-defined diets. Clin Transl Gastroen-
terol 2016;7:e164.

27. Halpin SJ, Ford AC. Prevalence of symptoms meeting criteria for irritable bowel
syndrome in inflammatory bowel disease: systematic review and meta-analysis.
Am J Gastroenterol 2012;107(10):1474–82.

28. Halmos EP, Christophersen CT, Bird AR, et al. Diets that differ in their FODMAP
content alter the colonic luminal microenvironment. Gut 2015;64(1):93–100.

29. Elli L, Tomba C, Branchi F, et al. Evidence for the presence of non-celiac gluten
sensitivity in patients with functional gastrointestinal symptoms: results from
a multicenter randomized double-blind placebo-controlled Gluten challenge.
Nutrients 2016;8(2):84.

30. Heyman M, Abed J, Lebreton C, et al. Intestinal permeability in coeliac disease:
insight into mechanisms and relevance to pathogenesis. Gut 2012;61(9):
1355–64.

31. Aziz I, Dwivedi K, Sanders DS. From coeliac disease to noncoeliac gluten sensi-
tivity; should everyone be gluten free? Curr Opin Gastroenterol 2016;32(2):
120–7.

32. Herfarth HH, Martin CF, Sandler RS, et al. Prevalence of a gluten-free diet and
improvement of clinical symptoms in patients with inflammatory bowel diseases.
Inflamm Bowel Dis 2014;20(7):1194–7.

33. Aziz I, Branchi F, Pearson K, et al. A study evaluating the bidirectional relation-
ship between inflammatory bowel disease and self-reported non-celiac gluten
sensitivity. Inflamm Bowel Dis 2015;21(4):847–53.

34. Ricker MA, Haas WC. Anti-inflammatory diet in clinical practice: a review. Nutr
Clin Pract 2017;32(3):318–25.

35. Olendzki BC, Silverstein TD, Persuitte GM, et al. An anti-inflammatory diet as
treatment for inflammatory bowel disease: a case series report. Nutr J 2014;
13:5.
ownloaded for Eoin Lalor (elalor23@gmail.com) at Canadian Assoc Med from ClinicalKey.com by Elsevier on March 26, 2018.
For personal use only. No other uses without permission. Copyright ©2018. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S0889-8553(17)30119-X/sref20
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref20
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref21
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref21
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref21
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref21
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref22
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref22
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref22
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref22
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref23
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref23
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref23
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref23
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref24
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref24
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref24
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref25
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref25
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref25
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref26
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref26
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref26
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref26
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref27
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref27
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref27
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref28
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref28
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref29
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref29
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref29
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref29
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref30
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref30
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref30
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref31
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref31
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref31
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref32
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref32
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref32
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref33
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref33
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref33
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref34
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref34
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref35
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref35
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref35


Limketkai et al172

Downlo
36. Gunasekeera V, Mendall MA, Chan D, et al. Treatment of Crohn’s Disease with
an IgG4-guided exclusion diet: a randomized controlled trial. Dig Dis Sci
2016;61(4):1148–57.

37. Jones JM. CODEX-aligned dietary fiber definitions help to bridge the ’fiber gap’.
Nutr J 2014;13:34.

38. Bowling TE, Raimundo AH, Grimble GK, et al. Reversal by short-chain fatty
acids of colonic fluid secretion induced by enteral feeding. Lancet 1993;
342(8882):1266–8.

39. Spaeth G, Gottwald T, Specian RD, et al. Secretory immunoglobulin A, intestinal
mucin, and mucosal permeability in nutritionally induced bacterial translocation
in rats. Ann Surg 1994;220(6):798–808.

40. Kleessen B, Hartmann L, Blaut M. Oligofructose and long-chain inulin: influence
on the gut microbial ecology of rats associated with a human faecal flora. Br J
Nutr 2001;86(2):291–300.

41. Inan MS, Rasoulpour RJ, Yin L, et al. The luminal short-chain fatty acid butyrate
modulates NF-kappaB activity in a human colonic epithelial cell line. Gastroen-
terology 2000;118(4):724–34.

42. Ananthakrishnan AN, Khalili H, Konijeti GG, et al. A prospective study of long-
term intake of dietary fiber and risk of Crohn’s disease and ulcerative colitis.
Gastroenterology 2013;145(5):970–7.

43. Heaton KW, Thornton JR, Emmett PM. Treatment of Crohn’s disease with an
unrefined-carbohydrate, fibre-rich diet. Br Med J 1979;2(6193):764–6.

44. Brotherton CS, Martin CA, Long MD, et al. Avoidance of fiber is associated with
greater risk of Crohn’s disease flare in a 6-month period. Clin Gastroenterol Hep-
atol 2016;14(8):1130–6.

45. Ritchie JK, Wadsworth J, Lennard-Jones JE, et al. Controlled multicentre thera-
peutic trial of an unrefined carbohydrate, fibre rich diet in Crohn’s disease. Br
Med J (Clin Res Ed) 1987;295(6597):517–20.

46. Koga H, Iida M, Aoyagi K, et al. Long-term efficacy of low residue diet for the
maintenance of remission in patients with Crohn’s disease. Nihon Shokakibyo
Gakkai Zasshi 1993;90(11):2882–8 [in Japanese].

47. Levenstein S, Prantera C, Luzi C, et al. Low residue or normal diet in Crohn’s dis-
ease: a prospective controlled study in Italian patients. Gut 1985;26(10):989–93.

48. Hanai H, Iida T, Takeuchi K, et al. Nutritional therapy versus 6-mercaptopurine
as maintenance therapy in patients with Crohn’s disease. Dig Liver Dis 2012;
44(8):649–54.

49. Hamer HM, Jonkers D, Venema K, et al. Review article: the role of butyrate on
colonic function. Aliment Pharmacol Ther 2008;27(2):104–19.

50. Chiba M, Abe T, Tsuda H, et al. Lifestyle-related disease in Crohn’s disease:
relapse prevention by a semi-vegetarian diet. World J Gastroenterol 2010;
16(20):2484–95.

51. Dinu M, Pagliai G, Casini A, et al. Mediterranean diet and multiple health out-
comes: an umbrella review of meta-analyses of observational studies and rand-
omised trials. Eur J Clin Nutr 2017. [Epub ahead of print].

52. Marlow G, Ellett S, Ferguson IR, et al. Transcriptomics to study the effect of a
Mediterranean-inspired diet on inflammation in Crohn’s disease patients. Hum
Genomics 2013;7:24.

53. Whalen KA, McCullough ML, Flanders WD, et al. Paleolithic and mediterranean
diet pattern scores are inversely associated with biomarkers of inflammation and
oxidative balance in adults. J Nutr 2016;146(6):1217–26.
aded for Eoin Lalor (elalor23@gmail.com) at Canadian Assoc Med from ClinicalKey.com by Elsevier on March 26, 2018.
For personal use only. No other uses without permission. Copyright ©2018. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S0889-8553(17)30119-X/sref36
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref36
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref36
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref37
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref37
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref38
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref38
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref38
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref39
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref39
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref39
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref40
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref40
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref40
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref41
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref41
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref41
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref42
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref42
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref42
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref43
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref43
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref44
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref44
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref44
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref45
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref45
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref45
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref46
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref46
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref46
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref47
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref47
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref48
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref48
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref48
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref49
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref49
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref50
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref50
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref50
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref51
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref51
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref51
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref52
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref52
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref52
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref53
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref53
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref53


Nutritional Interventions in IBD 173

D

54. Pitt CE. Cutting through the Paleo hype: the evidence for the Palaeolithic diet.
Aust Fam Physician 2016;45(1):35–8.

55. Jurenka JS. Anti-inflammatory properties of curcumin, a major constituent of
Curcuma longa: a review of preclinical and clinical research. Altern Med Rev
2009;14(2):141–53.

56. Sugimoto K, Hanai H, Tozawa K, et al. Curcumin prevents and ameliorates trini-
trobenzene sulfonic acid-induced colitis in mice. Gastroenterology 2002;123(6):
1912–22.

57. Deguchi Y, Andoh A, Inatomi O, et al. Curcumin prevents the development of
dextran sulfate Sodium (DSS)-induced experimental colitis. Dig Dis Sci 2007;
52(11):2993–8.

58. Jobin C, Bradham CA, Russo MP, et al. Curcumin blocks cytokine-mediated
NF-kappa B activation and proinflammatory gene expression by inhibiting inhib-
itory factor I-kappa B kinase activity. J Immunol 1999;163(6):3474–83.

59. Tong W, Wang Q, Sun D, et al. Curcumin suppresses colon cancer cell invasion
via AMPK-induced inhibition of NF-kappaB, uPA activator and MMP9. Oncol Lett
2016;12(5):4139–46.

60. Midura-Kiela MT, Radhakrishnan VM, Larmonier CB, et al. Curcumin inhibits
interferon-gamma signaling in colonic epithelial cells. Am J Physiol Gastrointest
Liver Physiol 2012;302(1):G85–96.

61. Hanai H, Iida T, Takeuchi K, et al. Curcumin maintenance therapy for ulcerative
colitis: randomized, multicenter, double-blind, placebo-controlled trial. Clin Gas-
troenterol Hepatol 2006;4(12):1502–6.

62. Lang A, Salomon N, Wu JC, et al. Curcumin in combination with mesalamine in-
duces remission in patients with mild-to-moderate ulcerative colitis in a random-
ized controlled trial. Clin Gastroenterol Hepatol 2015;13(8):1444–9.e1.

63. Kumar S, Ahuja V, Sankar MJ, et al. Curcumin for maintenance of remission in
ulcerative colitis. Cochrane Database Syst Rev 2012;(10):CD008424.

64. Kedia S, Bhatia V, Thareja S, et al. Low dose oral curcumin is not effective in in-
duction of remission in mild to moderate ulcerative colitis: results from a random-
ized double blind placebo controlled trial. World J Gastrointest Pharmacol Ther
2017;8(2):147–54.

65. Simopoulos AP. The importance of the ratio of omega-6/omega-3 essential fatty
acids. Biomed Pharmacother 2002;56(8):365–79.

66. John S, Luben R, Shrestha SS, et al. Dietary n-3 polyunsaturated fatty acids and
the aetiology of ulcerative colitis: a UK prospective cohort study. Eur J Gastro-
enterol Hepatol 2010;22(5):602–6.

67. Gallai V, Sarchielli P, Trequattrini A, et al. Cytokine secretion and eicosanoid pro-
duction in the peripheral blood mononuclear cells of MS patients undergoing di-
etary supplementation with n-3 polyunsaturated fatty acids. J Neuroimmunol
1995;56(2):143–53.

68. Fisher M, Levine PH, Weiner BH, et al. Dietary n-3 fatty acid supplementation
reduces superoxide production and chemiluminescence in a monocyte-
enriched preparation of leukocytes. Am J Clin Nutr 1990;51(5):804–8.

69. Feagan BG, Sandborn WJ, Mittmann U, et al. Omega-3 free fatty acids for the
maintenance of remission in Crohn disease: the EPIC randomized controlled tri-
als. JAMA 2008;299(14):1690–7.

70. Vasudevan A, Yu Y, Banerjee S, et al. Omega-3 fatty acid is a potential preven-
tive agent for recurrent colon cancer. Cancer Prev Res (Phila) 2014;7(11):
1138–48.
ownloaded for Eoin Lalor (elalor23@gmail.com) at Canadian Assoc Med from ClinicalKey.com by Elsevier on March 26, 2018.
For personal use only. No other uses without permission. Copyright ©2018. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S0889-8553(17)30119-X/sref54
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref54
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref55
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref55
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref55
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref56
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref56
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref56
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref57
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref57
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref57
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref58
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref58
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref58
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref59
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref59
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref59
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref60
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref60
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref60
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref61
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref61
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref61
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref62
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref62
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref62
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref63
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref63
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref64
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref64
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref64
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref64
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref65
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref65
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref66
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref66
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref66
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref67
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref67
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref67
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref67
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref68
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref68
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref68
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref69
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref69
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref69
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref70
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref70
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref70


Limketkai et al174

Downlo
71. Romano C, Cucchiara S, Barabino A, et al. 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):7118–21.

72. Lorenz-Meyer H, Bauer P, Nicolay C, et al. Omega-3 fatty acids and low carbo-
hydrate 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;31(8):778–85.

73. Dichi I, Frenhane P, Dichi JB, et al. Comparison of omega-3 fatty acids and sul-
fasalazine in ulcerative colitis. Nutrition 2000;16(2):87–90.

74. Hawthorne AB, Daneshmend TK, Hawkey CJ, et al. Treatment of ulcerative co-
litis with fish oil supplementation: a prospective 12 month randomised controlled
trial. Gut 1992;33(7):922–8.

75. Turner D, Steinhart AH, Griffiths AM. Omega 3 fatty acids (fish oil) for mainte-
nance of remission in ulcerative colitis. Cochrane Database Syst Rev
2007;(3):CD006443.

76. Windmueller HG, Spaeth AE. Respiratory fuels and nitrogen metabolism in vivo
in small intestine of fed rats. Quantitative importance of glutamine, glutamate,
and aspartate. J Biol Chem 1980;255(1):107–12.

77. Windmueller HG. Glutamine utilization by the small intestine. Adv Enzymol Relat
Areas Mol Biol 1982;53:201–37.

78. Labow BI, Souba WW. Glutamine. World J Surg 2000;24(12):1503–13.

79. Roth E, Oehler R, Manhart N, et al. Regulative potential of glutamine–relation to
glutathione metabolism. Nutrition 2002;18(3):217–21.

80. Li J, Langkamp-Henken B, Suzuki K, et al. Glutamine prevents parenteral
nutrition-induced increases in intestinal permeability. JPEN J Parenter Enteral
Nutr 1994;18(4):303–7.

81. Horvath K, Jami M, Hill ID, et al. Isocaloric glutamine-free diet and the
morphology and function of rat small intestine. JPEN J Parenter Enteral Nutr
1996;20(2):128–34.

82. Platell C, McCauley R, McCulloch R, et al. The influence of parenteral glutamine
and branched-chain amino acids on total parenteral nutrition-induced atrophy of
the gut. JPEN J Parenter Enteral Nutr 1993;17(4):348–54.

83. Platell C, McCauley R, McCulloch R, et al. Influence of glutamine and branched
chain amino acids on the jejunal atrophy associated with parenteral nutrition.
J Gastroenterol Hepatol 1991;6(4):345–9.

84. Tremel H, Kienle B, Weilemann LS, et al. Glutamine dipeptide-supplemented
parenteral nutrition maintains intestinal function in the critically ill. Gastroenter-
ology 1994;107(6):1595–601.

85. Den Hond E, Hiele M, Peeters M, et al. Effect of long-term oral glutamine sup-
plements on small intestinal permeability in patients with Crohn’s disease.
JPEN J Parenter Enteral Nutr 1999;23(1):7–11.

86. Akobeng AK, Miller V, Stanton J, et al. Double-blind randomized controlled trial
of glutamine-enriched polymeric diet in the treatment of active Crohn’s disease.
J Pediatr Gastroenterol Nutr 2000;30(1):78–84.

87. Sido B, Seel C, Hochlehnert A, et al. Low intestinal glutamine level and low gluta-
minase activity in Crohn’s disease: a rational for glutamine supplementation?
Dig Dis Sci 2006;51(12):2170–9.

88. Limketkai BN, Mullin GE, Limsui D, et al. Role of vitamin D in inflammatory bowel
disease. Nutr Clin Pract 2017;32(3):337–45.
aded for Eoin Lalor (elalor23@gmail.com) at Canadian Assoc Med from ClinicalKey.com by Elsevier on March 26, 2018.
For personal use only. No other uses without permission. Copyright ©2018. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S0889-8553(17)30119-X/sref71
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref71
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref71
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref71
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref72
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref72
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref72
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref72
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref73
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref73
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref74
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref74
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref74
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref75
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref75
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref75
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref76
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref76
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref76
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref77
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref77
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref78
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref79
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref79
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref80
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref80
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref80
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref81
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref81
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref81
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref82
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref82
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref82
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref83
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref83
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref83
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref84
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref84
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref84
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref85
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref85
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref85
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref86
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref86
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref86
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref87
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref87
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref87
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref88
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref88


Nutritional Interventions in IBD 175

D

89. Cantorna MT, Munsick C, Bemiss C, et al. 1,25-Dihydroxycholecalciferol pre-
vents and ameliorates symptoms of experimental murine inflammatory bowel
disease. J Nutr 2000;130(11):2648–52.

90. Daniel C, Radeke HH, Sartory NA, et al. The new low calcemic vitamin D analog
22-ene-25-oxa-vitamin D prominently ameliorates T helper cell type 1-mediated
colitis in mice. J Pharmacol Exp Ther 2006;319(2):622–31.

91. Ananthakrishnan AN, Khalili H, Higuchi LM, et al. Higher predicted vitamin D
status is associated with reduced risk of Crohn’s disease. Gastroenterology
2012;142(3):482–9.

92. Ulitsky A, Ananthakrishnan AN, Naik A, et al. Vitamin D deficiency in patients
with inflammatory bowel disease: association with disease activity and quality
of life. JPEN J Parenter Enteral Nutr 2011;35(3):308–16.

93. Blanck S, Aberra F. Vitamin d deficiency is associated with ulcerative colitis dis-
ease activity. Dig Dis Sci 2013;58(6):1698–702.

94. Ananthakrishnan AN, Cagan A, Gainer VS, et al. Normalization of plasma 25-hy-
droxy vitamin D is associated with reduced risk of surgery in Crohn’s disease.
Inflamm Bowel Dis 2013;19(9):1921–7.

95. Jorgensen SP, Agnholt J, Glerup H, et al. Clinical trial: vitamin D3 treatment in
Crohn’s disease - a randomized double-blind placebo-controlled study. Aliment
Pharmacol Ther 2010;32(3):377–83.

96. Hanai H, Kanauchi O, Mitsuyama K, et al. Germinated barley foodstuff prolongs
remission in patients with ulcerative colitis. Int J Mol Med 2004;13(5):643–7.

97. Faghfoori Z, Shakerhosseini R, Navai L, et al. Effects of an oral supplementation
of germinated barley foodstuff on serum CRP level and clinical signs in patients
with ulcerative colitis. Health Promot Perspect 2014;4(1):116–21.

98. Hallert C, Bjorck I, Nyman M, et al. Increasing fecal butyrate in ulcerative colitis
patients by diet: controlled pilot study. Inflamm Bowel Dis 2003;9(2):116–21.

99. Davies PS, Rhodes J. Maintenance of remission in ulcerative colitis with sulpha-
salazine or a high-fibre diet: a clinical trial. Br Med J 1978;1(6126):1524–5.

100. Hill C, Guarner F, Reid G, et al. Expert consensus document. The International
Scientific Association for Probiotics and Prebiotics consensus statement on the
scope and appropriate use of the term probiotic. Nat Rev Gastroenterol Hepatol
2014;11(8):506–14.

101. Shen J, Zuo ZX, Mao AP. Effect of probiotics on inducing remission and main-
taining therapy in ulcerative colitis, Crohn’s disease, and pouchitis: meta-
analysis of randomized controlled trials. Inflamm Bowel Dis 2014;20(1):21–35.

102. Prantera C, Scribano ML, Falasco G, et al. Ineffectiveness of probiotics in pre-
venting recurrence after curative resection for Crohn’s disease: a randomised
controlled trial with lactobacillus GG. Gut 2002;51(3):405–9.

103. Rahimi R, Nikfar S, Rahimi F, et al. A meta-analysis on the efficacy of probiotics
for maintenance of remission and prevention of clinical and endoscopic relapse
in Crohn’s disease. Dig Dis Sci 2008;53(9):2524–31.

104. Sood A, Midha V, Makharia GK, et al. The probiotic preparation, VSL#3 induces
remission in patients with mild-to-moderately active ulcerative colitis. Clin Gas-
troenterol Hepatol 2009;7(11):1202–9, 1209.e1.

105. Tursi A, Brandimarte G, Giorgetti GM, et al. Low-dose balsalazide plus a high-
potency probiotic preparation is more effective than balsalazide alone or mesa-
lazine in the treatment of acute mild-to-moderate ulcerative colitis. Med Sci
Monit 2004;10(11):PI126–31.
ownloaded for Eoin Lalor (elalor23@gmail.com) at Canadian Assoc Med from ClinicalKey.com by Elsevier on March 26, 2018.
For personal use only. No other uses without permission. Copyright ©2018. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S0889-8553(17)30119-X/sref89
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref89
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref89
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref90
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref90
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref90
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref91
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref91
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref91
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref92
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref92
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref92
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref93
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref93
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref94
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref94
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref94
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref95
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref95
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref95
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref96
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref96
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref97
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref97
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref97
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref98
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref98
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref99
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref99
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref100
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref100
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref100
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref100
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref101
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref101
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref101
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref102
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref102
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref102
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref103
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref103
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref103
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref104
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref104
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref104
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref105
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref105
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref105
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref105


Limketkai et al176

Downlo
106. Bibiloni R, Fedorak RN, Tannock GW, et al. VSL#3 probiotic-mixture induces
remission in patients with active ulcerative colitis. Am J Gastroenterol 2005;
100(7):1539–46.

107. Huynh HQ, deBruyn J, Guan L, et al. Probiotic preparation VSL#3 induces
remission in children with mild to moderate acute ulcerative colitis: a pilot study.
Inflamm Bowel Dis 2009;15(5):760–8.

108. Kruis W, Schutz E, Fric P, et al. Double-blind comparison of an oral Escherichia
coli preparation and mesalazine in maintaining remission of ulcerative colitis.
Aliment Pharmacol Ther 1997;11(5):853–8.

109. Kruis W, Fric P, Pokrotnieks J, et al. Maintaining remission of ulcerative colitis
with the probiotic Escherichia coli Nissle 1917 is as effective as with standard
mesalazine. Gut 2004;53(11):1617–23.

110. Zocco MA, dal Verme LZ, Cremonini F, et al. Efficacy of lactobacillus GG in
maintaining remission of ulcerative colitis. Aliment Pharmacol Ther 2006;
23(11):1567–74.

111. Guslandi M, Giollo P, Testoni PA. A pilot trial of Saccharomyces boulardii in ul-
cerative colitis. Eur J Gastroenterol Hepatol 2003;15(6):697–8.

112. Mimura T, Rizzello F, Helwig U, et al. Once daily high dose probiotic therapy
(VSL#3) for maintaining remission in recurrent or refractory pouchitis. Gut
2004;53(1):108–14.

113. Gionchetti P, Rizzello F, Venturi A, et al. Oral bacteriotherapy as maintenance
treatment in patients with chronic pouchitis: a double-blind, placebo-controlled
trial. Gastroenterology 2000;119(2):305–9.

114. Gionchetti P, Rizzello F, Helwig U, et al. Prophylaxis of pouchitis onset with pro-
biotic therapy: a double-blind, placebo-controlled trial. Gastroenterology 2003;
124(5):1202–9.

115. Shen B, Brzezinski A, Fazio VW, et al. Maintenance therapy with a probiotic in
antibiotic-dependent pouchitis: experience in clinical practice. Aliment Pharma-
col Ther 2005;22(8):721–8.

116. Feng Y, Li Y, Mei S, et al. Exclusive enteral nutrition ameliorates mesenteric ad-
ipose tissue alterations in patients with active Crohn’s disease. Clin Nutr 2014;
33(5):850–8.

117. Teahon K, Smethurst P, Pearson M, et al. The effect of elemental diet on intestinal
permeability and inflammation in Crohn’s disease. Gastroenterology 1991;
101(1):84–9.

118. Leach ST, Mitchell HM, Eng WR, et al. Sustained modulation of intestinal bacte-
ria by exclusive enteral nutrition used to treat children with Crohn’s disease.
Aliment Pharmacol Ther 2008;28(6):724–33.

119. Levine A, Wine E. Effects of enteral nutrition on Crohn’s disease: clues to the
impact of diet on disease pathogenesis. Inflamm Bowel Dis 2013;19(6):1322–9.

120. Heuschkel RB, Menache CC, Megerian JT, et al. Enteral nutrition and corticoste-
roids in the treatment of acute Crohn’s disease in children. J Pediatr Gastroen-
terol Nutr 2000;31(1):8–15.

121. Zachos M, Tondeur M, Griffiths AM. Enteral nutritional therapy for induction of
remission in Crohn’s disease. Cochrane Database Syst Rev 2007;(1):CD000542.

122. Ruemmele FM, Veres G, Kolho KL, et al. Consensus guidelines of ECCO/ES-
PGHAN on the medical management of pediatric Crohn’s disease. J Crohns
Colitis 2014;8(10):1179–207.

123. Lochs H, Dejong C, Hammarqvist F, et al. ESPEN guidelines on enteral nutrition:
gastroenterology. Clin Nutr 2006;25(2):260–74.
aded for Eoin Lalor (elalor23@gmail.com) at Canadian Assoc Med from ClinicalKey.com by Elsevier on March 26, 2018.
For personal use only. No other uses without permission. Copyright ©2018. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S0889-8553(17)30119-X/sref106
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref106
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref106
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref107
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref107
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref107
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref108
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref108
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref108
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref109
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref109
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref109
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref110
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref110
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref110
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref111
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref111
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref112
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref112
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref112
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref113
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref113
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref113
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref114
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref114
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref114
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref115
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref115
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref115
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref116
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref116
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref116
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref117
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref117
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref117
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref118
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref118
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref118
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref119
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref119
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref120
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref120
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref120
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref121
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref121
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref122
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref122
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref122
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref123
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref123


Nutritional Interventions in IBD 177

D

124. Wall CL, Day AS, Gearry RB. Use of exclusive enteral nutrition in adults with
Crohn’s disease: a review. World J Gastroenterol 2013;19(43):7652–60.

125. Yang Q, Gao X, Chen H, et al. Efficacy of exclusive enteral nutrition in compli-
cated Crohn’s disease. Scand J Gastroenterol 2017;52(9):995–1001.

126. Yan D, Ren J, Wang G, et al. Predictors of response to enteral nutrition in
abdominal enterocutaneous fistula patients with Crohn’s disease. Eur J Clin
Nutr 2014;68(8):959–63.

127. Sigall-Boneh R, Pfeffer-Gik T, Segal I, et al. Partial enteral nutrition with a Crohn’s
disease exclusion diet is effective for induction of remission in children and
young adults with Crohn’s disease. Inflamm Bowel Dis 2014;20(8):1353–60.

128. Sigall Boneh R, Sarbagili-Shabat C, Yanai H, et al. Dietary therapy with the
Crohn’s disease exclusion diet is a successful strategy for induction of remission
in children and adults failing biological therapy. J Crohns Colitis 2017;11(10):
1205–12.

129. Johnson T, Macdonald S, Hill SM, et al. Treatment of active Crohn’s disease in
children using partial enteral nutrition with liquid formula: a randomised
controlled trial. Gut 2006;55(3):356–61.

130. Verma S, Kirkwood B, Brown S, et al. Oral nutritional supplementation is effective
in the maintenance of remission in Crohn’s disease. Dig Liver Dis 2000;32(9):
769–74.

131. Verma S, Holdsworth CD, Giaffer MH. Does adjuvant nutritional support diminish
steroid dependency in Crohn disease? Scand J Gastroenterol 2001;36(4):
383–8.

132. Takagi S, Utsunomiya K, Kuriyama S, et al. Effectiveness of an ’half elemental
diet’ as maintenance therapy for Crohn’s disease: a randomized-controlled trial.
Aliment Pharmacol Ther 2006;24(9):1333–40.

133. Yamamoto T, Nakahigashi M, Umegae S, et al. Prospective clinical trial: enteral
nutrition during maintenance infliximab in Crohn’s disease. J Gastroenterol
2010;45(1):24–9.

134. Nguyen DL, Palmer LB, Nguyen ET, et al. Specialized enteral nutrition therapy in
Crohn’s disease patients on maintenance infliximab therapy: a meta-analysis.
Therap Adv Gastroenterol 2015;8(4):168–75.

135. O’Keefe SJ, Ogden J, Rund J, et al. Steroids and bowel rest versus elemental
diet in the treatment of patients with Crohn’s disease: the effects on protein
metabolism and immune function. JPEN J Parenter Enteral Nutr 1989;13(5):
455–60.

136. Hu D, Ren J, Wang G, et al. Exclusive enteral nutritional therapy can relieve in-
flammatory bowel stricture in Crohn’s disease. J Clin Gastroenterol 2014;48(9):
790–5.

137. Polk TM, Schwab CW. Metabolic and nutritional support of the enterocutaneous
fistula patient: a three-phase approach. World J Surg 2012;36(3):524–33.

138. McIntyre PB, Powell-Tuck J, Wood SR, et al. Controlled trial of bowel rest in the
treatment of severe acute colitis. Gut 1986;27(5):481–5.

139. Greenberg GR, Fleming CR, Jeejeebhoy KN, et al. Controlled trial of bowel rest
and nutritional support in the management of Crohn’s disease. Gut 1988;29(10):
1309–15.
ownloaded for Eoin Lalor (elalor23@gmail.com) at Canadian Assoc Med from ClinicalKey.com by Elsevier on March 26, 2018.
For personal use only. No other uses without permission. Copyright ©2018. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S0889-8553(17)30119-X/sref124
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref124
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref125
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref125
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref126
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref126
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref126
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref127
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref127
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref127
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref128
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref128
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref128
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref128
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref129
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref129
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref129
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref130
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref130
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref130
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref131
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref131
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref131
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref132
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref132
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref132
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref133
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref133
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref133
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref134
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref134
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref134
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref135
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref135
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref135
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref135
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref136
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref136
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref136
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref137
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref137
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref138
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref138
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref139
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref139
http://refhub.elsevier.com/S0889-8553(17)30119-X/sref139

	Nutritional Interventions in the Patient with Inflammatory Bowel Disease
	Key points
	Introduction
	Oral diets
	Specific Carbohydrate Diet
	Diet Low in Fermentable Carbohydrates
	Gluten-Free Diet
	Antiinflammatory Diet
	Immunoglobulin-G4–Guided Exclusion Diet
	High-Fiber Diet
	Low-Residue Diet
	Semivegetarian Diet
	Mediterranean Diet
	Paleolithic Diet

	Dietary supplements
	Curcumin
	Omega-3
	Glutamine
	Vitamin D
	Prebiotics
	Probiotics

	Enteral nutrition
	Parenteral nutrition
	Summary
	Acknowledgments
	References


