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Abstract: Inflammatory bowel diseases, including Crohn’s disease and ulcerative colitis, are a life-long,
chronic, and relapsing problem affecting 11.2 million people worldwide. To date, there is
pharmacological therapy to treat symptoms such as diarrhea, constipation, and abdominal
cramping/pain. These medications also help to alleviate everyday discomfort; however, there are
no curative therapies. Recent studies have investigated the combination of pharmacological
treatment along with nutritional interventions to improve quality of life and risk of disease relapse.
Dietary supplements, specifically probiotics, polyphenols, fibers, fatty acids and low fermentable
oligosaccharide, disaccharide, monosaccharide, and polyol diets (FODMAP diets), have been closely
looked at to determine their effect, if any, on the development of inflammatory bowel disease and its
course of progression. Approximately 30 studies were carefully reviewed and analyzed to appreciate
the value of these above-mentioned supplements and their influence on this gastrointestinal disease.
After analysis, it has been demonstrated that by implementing fibers, polyphenols, and fatty acids,
as well as keeping a low-saccharide diet for those patients with Crohn’s disease and ulcerative colitis
can improve quality of life and invoke clinical remission. Some polyphenols, specifically curcumin
and resveratrol, have proved to decrease disease activity in studies reviewed. Although these studies
have become a topic of recent interest, it would be of great value to doctors and patients alike,
to continue in this direction of research and to improve the findings for best treatment substances
and dosages. This would lead to increased quality of life and disease control leading to fewer
complications in the future.

Keywords: inflammatory bowel disease; Crohn'’s disease; ulcerative colitis; diarrhea; constipation;
abdominal cramping/pain; fibers; probiotics; polyphenols; fatty acids; low FODMAP

1. Introduction

Inflammatory bowel disease (IBD) is a life-long problem around the world. It has been defined by
the Center of Disease Control (CDC) as chronic inflammation of the gastrointestinal tract, and includes
Crohn’s disease and ulcerative colitis [1]. It has been estimated that IBD affects around 11.2 million
people worldwide, with a higher prevalence in Europe and North America [2]. IBD has been known to
affect women slightly more than men, and usually those aged 10-35 years, with a slight prevalence in
Non-Hispanic white people [3]. IBD has been grossly divided into two subtypes—ulcerative colitis (UC)
and Crohn’s disease (CD). While the disease presents similar clinical features in both subtypes, there are
some differing characteristics which are essential for proper treatment. Yangyang and Rodriguez
have listed the following symptoms: diarrhea, constipation, pain or rectal bleeding, bowel movement
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urgency, tenesmus, abdominal cramping, and nausea or vomiting [4]. However, there are some key
differences as distinguished by the CDC. Specifically, CD can affect any part of the gastro-intestinal (GI)
tract, but most often affects the small intestine. The damaged areas appear in patches and inflammatory
process may reach through the layers of the walls of the GI tract. On the other hand, UC occurs in
the large intestine with continuous damaged areas, usually beginning at the rectum and spreading
further into the colon. This inflammation only presents on the innermost layer of the lining of
the colon [5]. Gut microbial changes may also be seen in chronic IBD such as disrupted microbial
composition and systemic biochemical abnormalities. Crypt abscesses are seen in UC, while CD
usually has a “cobblestone” appearance in endoscopic view.

Many scientists have been on the search for the cause of this disease; however, no such cause has
been identified. All thatis known is that it is the result of an improper immune system, and that genetics
also plays a key role in the development of this disease. The World Journal of Gastroenterology has
stated that “although the etiology of IBD remains largely unknown, it involves a complex interaction
between the genetic, environmental or microbial factors and the immune responses” [2]. While still
being rather uneducated about the causes of this somewhat debilitating disease, some treatment options
have proved to be rather effective, with their goal being to achieve clinical and endoscopic remission.
Many immunosuppressive drugs have proven to be efficient in treating IBD symptoms [6]. These include
steroids, immunomodulators (thiopurines, methotrexate) and biologics such as anti-tumor necrosis
factor (anti-TNF) alpha agents 4 integrins and anti-IL-12/23 agents [6]. Notwithstanding the competence
of these treatments, they should be personalized for each patient. Personalization of treatment is done
testing biomarkers such as calprotectin (Cal), serum C-reactive protein (CRP), fecal lactoferrin (Lf)
and polymorphonuclear neutrophil elastase (PMN-e), especially used to differentiate IBD patents from
those with irritable bowel syndrome (IBS) [7]. There have been some diets outlined that have shown
some results in the IBD community, such as the Specific Carbohydrate Diet (SCD), the low fermentable
oligosaccharide, disaccharide, monosaccharide, and polyol (FODMAP) diet, the Paleolithic diet (Paleo),
and the anti-inflammatory diet (IBD-AID) [8]. Even though these have shown some improvement
in IBD symptoms and management, some specific substances should be analyzed for their benefits
or drawbacks in the course of IBD. Such substances are probiotics, polyphenols, fibers, fatty acids,
as well as certain low FODMAP diets to be discussed.

2. The Impact of Probiotics on IBD Pathogenesis

Probiotics are a very common topic of discussion among today’s health professionals. Often,
they are prescribed at the same time as antibiotics to ensure replacement of intestinal microflora after
ingesting somewhat harmful, but necessary antibiotics. However, there has been some recent interest
in probiotics for the improvement of IBD symptoms and to alter the course of the disease. Probiotics
are, generally, defined as food ingredients made from live bacteria that, when ingested in proper
amounts, they change the microflora and lead to a health benefit for the host. IBD patients suffer
from a loss of intestinal flora which may affect the course of the disease. “Several studies have found
an imbalance in the gut microbiota in IBD patients compared to non-IBD controls with an overall loss
of diversity, a depletion of firmicutes and an increase of Proteobacteria” [9,10]. These results suggest
a correlation between probiotics and the course of the disease. However, these results do not seem
consistent with all types of gut microbiota. Curiously enough, there was a surprising result observed.
Although there was an increase of Bifidobacterium and the Lactobacillus group in active CD and UC
patients, these findings did not significantly differ from the healthy group. Scientists also discovered
that levels of Clostridium coccoides group were drastically decreased in the feces of both active UC ad
CD patients. This bacterial group has been reported to affect its host in several ways. Specifically,
it produces butyrate which contributes to inflammation prevention, as well colonic motility. Clostridium
coccoides has also been noted to induce regulatory T-cell production in mice colons suggesting that these
bacteria play critical roles in immune homeostasis [11]. Escherichia coli was also found in abundance in
both types of IBD patients, yet, a higher proportion in active UC patients [12]. Escherichia coli presence
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in the intestine is known to promote intestinal homeostasis and is used as a preventative measure
against pathogen colonization [13].

Recently, Dore et al. published a cohort study reporting that there was no need for systemic
steroids, hospitalization and surgery in those UC patients that were taking probiotics more than
75% of the duration of the disease and there was a decrease of 93% noted in CD patients [14].
Probiotics consumed were the following: VSL#3 (450 billion CFU/packet comprising strains of
Lactobacilli, Bifidobacteria, and Streptococcus) once daily, Lactobacillus reuteri (DSM 17,938) 108 CFU/tablet
once a day, and a mixture of Streptococcus thermophilus, Lactobacillus acidophilus, Bifidobacterium breve,
and Bifidobacterium animalis ssp. lactis for a total of 50 x 10° CFU/packet once a day. Matthes et al.
studied 90 patients in 2010 using Escherichia coli Nissile 1917 in enema form for at least 2 weeks [15].
Patients had their UC disease activity index tested afterwards to determine whether the disease
showed remission or not. Tolerance was observed in 80 patients proving that this may be an efficient
alternative for UC treatments. In 2010, Tursi et al. studied the effects of VSL#3, a mixture of 4 strains
of Lactobacilli, 3 strains of Bifidobacteria and one strain of Streptococcus thermophilus on 144 patients
with UC [16]. 71 patients in the control group were given 2 sachets containing the above-mentioned
bacteria (VSL#3) twice daily for a duration of 8 weeks. After the treatment, patients were asked about
clinical remission using the UC disease activity index. There was a decrease in disease activity in
those patients treated with VSL compared to the placebo group (p = 0.010). The researchers also noted
that VSL#3 reduced rectal bleeding and significantly reduced the UCDALI scores compared to placebo.
VSL#3 efficacy was also tested in CD patients in 2015 by a study conducted by Fedorak [17]. This study
included 120 participants receiving 1 packet of VSL#3 daily for 3 months’ time. Afterwards, patients
underwent endoscopic testing to record any changes in colonic mucosa. Doctors did not record any
changes in endoscopy between the control and placebo group; however, the control group had lower
mucosal levels of inflammatory cytokines and a lower rate of recurrence compared to the placebo
group. This suggests that further investigation is needed for the possible effects of VSL#3 on CD
disease remission. Marteau et al. studied the effects of Lactobacillus johnsonii in 98 patients with CD
having undergone recent intestinal resection [18]. The control group was given 1 packet (2 x 10°
cfu per packet) of Lactobacillus johnsonii bacteria daily for 6 months, after which, the patients were
tested endoscopically for recurrence. The study concluded that there was not a sufficient effect on
the recurrence of CD.

These studies prove that there is a relationship between bacterial species in probiotics and IBD
disease as seen in Table 1. Nonetheless, there is not enough data to conclude whether or not this
interaction is beneficial and, if so, to what degree. However, studies have shown the relationship
between probiotics and mucosal immune systems. This relationship is mediated by Toll-like receptors to
promote T-helper 1 cell differentiation, so increasing antibody production and phagocytic and natural
killer cell activity, which leads to induced T-cell apoptosis and up-regulating anti-inflammatory
cytokines, thus reducing inflammation in the gut, which alleviated IBD symptoms [17].

Table 1. Summary of trials examined for effectiveness of probiotics on IBD.

Number of

Trial Author Pati Treatment Duration Results/p Value
atients
Probiotics given orally; VSL#3
(450 billion CFU/packet comprising
strains of Lactobacilli, Bifidobacteria, CD patients taking probiotics for
and Streptococcus) once daily; 25-74% of disease, had a 64%
200 patients Lactobacillus reuteri (DSM 17,938) 108 reduction. Systemic steroid use
Dore et al., 2018 . CFUl/tablet once a day; and a mixture and hospitalizations dropped to zero
) (78 with CD, . 36 months .
[14] 122 with UC) of Streptococcus. thermophilus, events for UC patients and decreased
Lactobacillus acidophilus, by 93% (p < 0.001) in CD patients
Bifidobacterium breve, taking probiotics for >75% of
and Bifidobacterium animalis ssp. lactis the disease duration.

for a total of 50 x 109 CFU/packet
once a day
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Trial Author Num'ber of Treatment Duration Results/p Value
Patients
Matthes et al., 2010 90 patients Lo T . .
[19] with UC Escherichia coli Nissile 1917 enema 2 weeks 80 patients had positive effects.
Mixture of 4 strains of Lactobacilli, 3
Tursi et al., 2010 144 patients strains of Bifidobacteria and one strain 8 weeks Decrease in disease activity compared
[15] with UC of Streptococcus thermophilus (VSL#3) to the placebo group (p = 0.010).
taken orally
. Control group had lowered mucosal
Fedorak et al,, 2015 120 patients 1 packet of VSL #3 daily, taken orally 3 months levels of inflammatory cytokines
[16] with CD
and lower rate of recurrence.
Marteau et al., 2006 % pat%ents with CD 1 packet Lactobacillus johnsonii bacteria Concluded that there was not any
with recent 6 months

[20]

daily taken orally

sufficient effect.

intestinal resection

The studies have shown, however, that there is some difference between various population
groups and IBD patients, suggesting that if there were some favorable medical treatments, they would
need to be individual to each patient’s needs as opposed to a general therapy option.

3. The Impact of Polyphenols on IBD Pathogenesis

Polyphenols are natural occurring nutrients found in plant-based substances. They are largely
found in fruit, vegetables, cereal, coffee and red wine [20]. They act as antioxidants, preserving cells
and body chemicals against any damage that may be caused by free radicals, reactive atoms that
may cause harm to the tissues in the body. They are considered a protective method for the body.
Polyphenols are known to be the most abundant antioxidant in the human diet, they are consumed,
10 times more than vitamin C and 100 times more than vitamin E and carotenoids” [21]. Polyphenols
are ingested by an average of 900 mg/day [22]. Most vigorous testing and health benefit studies
did not start until the mid-1990s; however, it has sparked many scientists interest in the pursuit
of the polyphenols, potential, protective roles. This is speculated to be due to their wide variety
and structure. Nonetheless, a study in 2017, has investigated the health effects of polyphenols in mice
with IBD. Scarano et al. specifically studied the effects of flavanols, stilbenoids and anthocyanins in
mice and their effect on inflammatory processes seen in IBD [23]. IBD disorders are characterized
with excessive and uncontrolled response of the immune system in the intestinal mucosa against
natural body microflora. Polyphenols have been studied as a preventative method in IBD patients by
modulating intestinal flora [24]. This is partially due to the antioxidant effects of polyphenols, but also
due to their anti-aging, anti-apoptotic, and anti-inflammatory effects. These anti-inflammatory effects
were also found in in vitro studies. “Most polyphenols had an anti-inflammatory behavior by inhibiting
the activation of the NF-kB cascade at, at least, one of the following steps: inhibitor of NF- kB kinase
(IKK) enzymatic activity controlling the inhibitor of kB (IkB) phosphorylation, IkB phosphorylation/
degradation associated with the active NF-kB release and NF-kB transcriptional activity itself” [24].
The NF-kB pathway has many important functions, but mainly it plays a vital role in inflammatory
responses at the cellular level.

Some studies have been performed to study the effects of pure polyphenol standards on intestinal
inflammation in both in vivo and in vitro studies. It is important to point out that many of the positive
effects of polyphenols are observed in much higher levels than those that humans are naturally
exposed to through diet. Nonetheless, if continued research proves to be as efficient as what is
seen to date, increased polyphenol intake could be used as a successful treatment in CD and UC.
A study published in 2019 has observed therapeutic properties of Thuja occidentalis when administered
in medium to high doses, which was shown to inhibit inflammatory process induced by TNBS
(trinitrobenzenesulphonic acid) in the intestine [25]. The scientists conducting this study concluded
that the most likely explanation is the high number of flavonoids and phenolic compounds found in
the substance. In 2014 a study was conducted on rats, testing the effectiveness of quercetin in rats with
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acetic acid induced IBD-like symptoms. Quercetin, a flavanol found in many fruit and vegetables,
is the most studied polyphenol in intestinal inflammation [24]. Dodda, Chhajed and Mishra noted that
there was significant improvement in ulcers in the rats, and concluded that quercetin has shown to
provide some protective role in IBD-like symptoms. The mechanism behind this positive response is
that quercetin affects the oxidative stress which enables the reversal of local inflammatory response
and, in turn, causes hemorrhage lesion healing [26].

Curcumin, a compound derived from the rhizome of Curcuma longa is a type of curcuminoid. It is
responsible for the yellowing coloring of many dishes and is widely studied for its anti-inflammatory
effects—in this case, studied for its potential use in patients with IBD. Hanai et al., studied 89 patients
with inactive UC. Forty-five patients received 1 gram of curcumin after breakfast and 1 gram after
dinner along with mesalamine, and 44 other patients received placebo with mesalamine or sulfasalazine.
Main results showed that 4.65% relapsed on curcumin, while 20.51% relapsed in the placebo group [27].
In 2014, Singla et al. studied the effects of curcumin enemas and placebo enemas on 45 patients with
mild to moderate distal UC. There was a higher improvement in the disease activity noted in patients
with curcumin enema [27]. Lang et al. looked at the effects of 5 ASA (5-aminosalicylate) administered
with curcumin capsules (3g/day) or placebo with 5 ASA. 54% of patients receiving curcumin achieved
clinical remission, unlike those in the placebo group [28]. Lastly, Kedia et al. studied 41 patients on
a low dose of curcumin (150mg) for 8 weeks added to mesalamine. This was not effective in inducing
clinical remission or response in patients suggesting that a higher dose might be necessary [29].

Resveratrol is another known naturally occurring polyphenol. It is detected in many plants
and can be found in the skin of grapes, blueberries, and peanuts. Many studies have demonstrated that
resveratrol has high antioxidant, as well as, anti-inflammatory potential [30]. Samsamikor et al. studied
56 patients and the effects of resveratrol on UC. Part of this group received 500 mg of resveratrol per day,
while the other received a placebo dose. The group receiving resveratrol showed decreased serum level
of malondialdehyde (MDA) which correlates with lower levels of oxidative stress and a significant
decrease of disease activity with improved quality of life (p < 0.001) [31].

The studies summarized in Table 2 have shown some link between polyphenols and UC/CD.
There is abundant evidence suggesting that there needs to be more research into the use of polyphenols,
specifically quercetin, in the treatment of some IBD symptoms, as well, as its possible protective
roles for the gut microbiota. Curcumin and resveratrol have also shown some promising results
that may be beneficial for patients suffering from IBD by decreasing disease activity and achieving
clinical remission.

Table 2. Summary of trials examined for effectiveness of Polyphenols on IBD.

Trial Author Num.ber of Substance Tested Duration Results/p-Value
Patients
. . . Shown to inhibit
Stan et al., 2019 [25] 100 male mice ih;téunolcife;ztng 7 days inflammatory processes
§/xe/p y induced by TNBS.

Significant improvement in
ulcers in rats, and shown
some protective role
in IBD symptoms.

Dodda et al., 2014 6 rats Quercetin 50 mg/kg/per day

[26] or 100 mg/kg/per day. 3 days

1 gram of curcumin after
Hanai et al., 2006 89 patients with breakfast and 1 gram after 6 months 4.65% relapsed on curcumin
[32] inactive UC dinner along (p = 0.40).
with mesalamine.

Curcumin NCB-02 enemas . . .
Higher improvements in

Singla et al., 2014 45 patl‘ents with containing 140 mg of disease activity noted in
[27] mild to NCB-02 (curcumin) 8 weeks atients receiving the enema
moderate UC preparation dissolved in p &

20 mL of water. (p =0.14).
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Table 2. Cont.

Trial Author Num.ber of Substance Tested Duration Results/p-Value
Patients
50 patients 5-aminosalicylate Curcumin addition helped
Lang e[tzgi" 2015 with UC treated administered 1 month to achieve clinical remission
with mesalamine with curcumin capsules. (p <001).
41 patients with Not effective in inducing
Kedia et al., 2017 p R 150 mg of curcumin added clinical remission or
mild to . 8 weeks . .
[29] to 2.4 g of mesalamine response in patients tested
moderate UC
(p=0.75).
Decreased serum level of
Samsamikor et al., 56 patients malondialdehyde (MDA),
2016 [31] with UC 500 mg of resveratrol 6 weeks which decrease disease

activity (p = 0.001).

4. The Impact of Fiber on IBD Pathogenesis

The fate of IBD patients is somewhat problematic as there is no cure for the disease to this date.
Therapeutic options have shown some success in clinical settings and have induced disease remission;
however, it is not a curative treatment. Therefore, research into new methods is necessary to potentially
find some other effective ways to alleviate symptoms in these patients. Fiber is one of these substances
that has sparked some recent interest within the scientific community, hypothesizing that the effect
may be due to direct interactions with gut mucosa or indirectly through the microbiome [33].

The Codex Alimentarius Commission has defined fibers as “carbohydrate polymers with ten or
more monomeric units, which are not hydrolyzed by the endogenous enzymes in the small intestines of
humans and belong to subsequent categories” [34]. The influence of fibers in the etiology of CD and UC
are poorly understood. Low residue diets may be recommended in those patients with active forms
of disease, but in inactive patients, dietary fiber is seldom considered due to individual differences
in dietary tolerances [35]. Health effects vary among the various types of fibers, but may include
reducing diarrhea/constipation, producing short-chain fatty acids, down-regulating inflammation,
and promoting tissue healing. These effects all play a role in the prevention of colorectal cancer onset
in susceptible IBD patients [36]. Colonoscopy and gastroscopy have proved to be the most efficient
tools to assess the extent of the disease and its activity in IBD [37]. Along with these imaging methods,
clinicians have used visual analog scales and scores, such as CDAI (Crohn’s Disease Activity index)
and Harvey-Bradshaw index, to assess effectiveness of therapy. Biomarkers, such as CRP, ESR from
serum, fecal calprotectin and IL-10 are also used to determine the extent of changes [38,39].

Many types of fibers, such as fructans, psyllium, oat bran, and barley foodstuff, have been studied
for their effects on IBD patients. Several studies looking into the effects of fructans were compared.
A study conducted in 2011 involved Chicory fructan supplementation as Synergy 1© product 15 g/day
in a randomized controlled trial, double-blind for 4 weeks for patients with active CD. There were
103 patients in total, 54 of those received fructan supplementation, while the rest had a placebo with
maltodextrin. The results of this study showed decreased disease activity, increased fecal bifidobacterial
counts as well as dendritic cell response [38]. The measurements of these results were obtained through
various methods, such as CDAI scale, serum CRP, ESR, and fecal calprotectin measurements. The next
study conducted on 19 UC patients, also using fructan in Synergy 1©, administered in the dose of
4 grams, 3 times a day for 14 days in a pilot randomized control trial. Of these 19 patients, 9 were
given placebo medication. The following outcomes were observed: a decrease in dyspeptic symptoms
and a decrease in calprotectin on day 7, thus indicating improvement in disease activity [40]. In short,
the studies conducted to date imply that the addition of fructans into the diet may relieve GI symptoms,
as well as increase gut immune function, reduce inflammation and positively modulate GI microbiota.

Psyllium has shown some benefit in improving gastrointestinal symptoms in a study conducted
by Fernandez-Banares et al. in 1999. The study group comprised of 102 individuals, 35 of which
received psyllium only, 37 received only mesalamine and the remaining 30 received both methods
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of treatment [41]. After a year, these patients were re-evaluated, and the findings suggested that
psyllium might have comparable remission effects as mesalamine. Mesalamine is commonly used to
treat IBD patients by reducing production of prostaglandins which decreases inflammation in the colon
and decreases symptoms associated with UC. Hallert et al. found similar results in a study conducted
in 1991, concluding that psyllium has improved gastrointestinal symptoms, such as abdominal pain,
diarrhea, bloating, incomplete evacuation, and constipation in these patients. This study group was
made up of 29 people, in which 16 were treated with psyllium, the others were given a placebo with
crushed crispbread [42].

Hallert et al. conducted a study in 2003 on 32 patients with inactive UC that were given 60 g
of oat bran daily for 12 weeks. The researchers observed an increase of 30% of butyrate in feces in
week 4 which implies increased restoration of intestinal homeostasis and gut barrier function [43,44].
Another trial by Bo Liu et al. in 2015 studied the effects of oat beta-glucans (3G) which is present in high
concentrations in oat bran. The study was performed on 80 mice, in which 60 mice had colitis induced
using dextran sulfate sodium (DSS). Twenty mice were not induced with DSS, these, being the control
group. The next 20 were given DSS only. The third group of 20 mice were given DSS and low dose
of BG (500 mg/kg) and the remaining 20 were given DSS and a high dose of G (1000 mg/kg) [45].
The observed findings showed that clinical symptoms, such as less weight loss, diarrhea and colon
shortening was significantly reduced in mice that were given 3G.

A study in 2014 conducted by Faghfoori tested the effects of barley foodstuff supplementation in
patients with inactive UC through a randomized control group study with a duration of 2 months.
This supplementation resulted in a decreased mean serum level of CRP, and symptom improvements,
such as reducing abdominal pain and cramping [46]. In 2002, Kanauchi et al. studied the effects of
germinated barley foodstuff and observed a decrease in clinical activity index scores and an increase in
Bifidobacterium concentrations in feces which have been found to aid intestinal microbial homeostasis [47].
This study was conducted on 18 patients, 11 receiving the drug.

The above-mentioned fibers seen in Table 3 have shown a positive effect on the symptoms of
IBD patients. Substances such as fructans, psyllium, oat bran, and barley foodstuff have decreased
the gastrointestinal symptoms in tested patients, alleviating discomfort, and improving quality of life.
The results of these studies have also demonstrated a decrease in disease activity and its progression.
Continued research is necessary to reach a consensus about the ideal dosing of these substances to
achieve optimal results and to potentially consider this addition to treatment guidelines in the future.

Table 3. Summary of trials examined for effectiveness of Fibers on IBD.

Number of

Trial Author . Substance Tested Duration Results/p-Value
Patients
Chicory fructan Decreased disease activity,
Benjamin et al., 2011 103 patients with supplementation 4 week increased fecal bifidobacterial
[38] active CD Synergy 1 © cexs counts, and dendritic cell
product 15 g/day response (p < 0.05).
Synergy 1©), Decrease in dyspeptic
19 patients administered in symptoms, decrease in
Casellas etal,, 2007 [40] with UC the dose of 4 grams, 14 days calprotectin on day 7
3 times daily (p < 0.05).
Fernandez-Banaresetal., 102 patients Psyllium 10 g, 1 vear , iﬁm};a;afl;res;{at;?rfl
1999 [41] with UC twice daily e CIMISSION as mes €
(p =0.67).
. Psyllium (3.52 g Improved gastrointestinal
Hallert et al., 1991 [42] 29 people with UC ispaghula husk) 4 months symptoms (p < 0.001).
. . Increased restoration of
Hallert et al., 2003 [43] 32. patu.znts with 60 g of (?at 12 weeks intestinal homeostasis and gut
inactive UC bran daily

barrier function (p < 0.05).
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Table 3. Cont.

Trial Author Num'ber of Substance Tested Duration Results/p-Value
Patients
Barley foodstuff
Faghfoori et al., 2014 46 patients with supplementation Decreas?d CRE,
S 2 months and symptoms improvements
[46] inactive UC 30 grams, (p = 0.017)
3 times daily) p=000
Decrease in clinical disease
Germinated barle activity and increase in
Kanauchi et al., 2002 18 patients with Y Bifidobacterium numbers in
foodstuff 4 weeks e .
[47] moderate UC . feces, aiding intestinal
(20-30 grams daily) . . .
microbial homeostasis
(p < 0.05).
Clinical symptoms such as
Oat beta-glucans, weight loss, diarrhea
Liu et al., 2015 [45] 80 mice 500 mg/kg /day 7 days and colon shortening
or 1000 mg/kg/day significantly reduced
(p < 0.05).

5. The Impact of Fatty Acids on IBD Pathogenesis

Omega 3 and Omega 6 fatty acids are very important substances in human diet; however,
there seems to be some discrepancy between their consumption. Linoleic acid has been consumed in
higher amounts since the last century, which has been tied to some increase in the prevalence of CD
and UC. On the other hand, higher amounts of docosahexaenoic acid (DHA) and eicosapentaenoic acid
(EPA) is considered helpful. They have shown to replace arachidonic acid and inhibit pro-inflammatory
mediator production, being indispensable to resolving inflammation processes. These acids are directly
related to improved blood lipid levels and attenuation of inflammation processes seen in inflammatory
diseases. The anti-inflammatory actions may be associates with their ability or change cell composition
of the cell membrane, which in turn, alleviates symptoms and discomfort related to IBD [48].

In 2018, Scaioli et al., a study was conducted as a randomized controlled trial, involving 60 UC
patients above 18 years of age. Patients undergoing this study had a Mayo score/Disease Activity
Index (DAI) score more than 2 and fecal calprotectin above/equal to 150 ng/g. They were in continuous
therapy for 3 months or more. This randomized controlled trial, had the patients divided into two
groups: one with EPA-FFA (eicosapentaenoic acid as free fatty acid) of 500mg 2x/day and the other
placebo lasting for 6 months. Clinical remission was noted at 6 months after commencing therapy
in 76% of the EPA-FFA group compared to the 50% in the placebo group (p = 035). Calprotectin
levels were also significantly reduced (63% in the treated group, p < 001) [49]. Prossomariti et al.
tested the same supplementation and had similar results [50]. A cohort study published in 2014,
reported a significant relationship between DHA intake and the development of CD. Chan et al.
reported a decrease in new CD cases, equivalent to 4 individuals/100,000 inhabitants/year, exhibiting
a positive correlation [51]. A double-blind, placebo-controlled, randomized trial conducted by
Bassaganya-Riera et al. demonstrated that the use of 6 grams/day for 12 weeks of CLA (conjugated
linoleic acid) reduced the production of TNF-&, IFN-y, IL-17, lymph proliferation and significant drop
in CDAI at week 12 (p = 0.013) [52]. These reductions suggest the down-regulation of pro-inflammatory
cytokines leading to lower CDAI score and progress towards remission.

In 2005, Seidner et al., conducted a double-blind placebo-controlled study on 86 patients with
mild to moderate UC. Patients were divided into a control group (50 patients) which received a liquid
supplementation based on sucrose and the active substance group (36 patients) which received 2.5 g of
EPA and 1.0 g of DHA per day for 6 months. Since both groups were suffering from active UC, they were
also taking corticosteroids symptomatically. The study resulted in no significant difference between
both groups; however, the group receiving EPA and DHA were less likely to take steroids, and did not
exceed baseline dose during the study (p < 0.001) [53]. A study by Feagan et al., in 2008, tested 365
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adult patients in remission of inactive CD, treating them with enteric coated capsules with 2-2.4 g of
EPA and 0.6-1 g of DHA per day. The placebo group received MCT (medium-chain triglyceride oil).
Patients were not permitted to use any other medications. The results showed that the relapse rate was
lower (36.1% relapse rate), than the placebo group (35.7% relapse rate) (p = 0.30) [54].

In general, the fatty acids in question, listed in Table 4, have shown to be associated with clinical
remission and decreased disease activity. They have shown to help reduce the use of corticosteroids
throughout the duration of the disease, which has long-term benefits. The use of fatty acid additives
in diet could prove to be an effective complementary treatment to current therapies. Although more
studies need to be conducted to evaluate the most effective dosage and long-term effectiveness,
the studies suggest a potential, viable alternative or additive to current medication.

Table 4. Summary of trials examined for effectiveness of Fatty Acids on IBD.

Trial Author Num‘ber of Substance Tested Duration Results/p Value
Patients
EPA-FFA (eicosapentaenoic Clinical remission was noted
Scaioli et al., 2018 [49] 60 UC patients acid as free fatty acid), 6 months  in 50% compared to placebo
of 500 mg 2x/day (p = 035).
Reduced mucosal
. . inflammation, promoted
Prossomariti et al., 20 patients EPA-FFa 2 g/daily 3 months goblet cell differentiation,
2017 [50] with UC . .
and modulated intestinal
microbiota.

229, 705 patients A significant relationship

Chan et al.,, 2014 [51] across 9 DHA intake and risk of CD 7 years between DHA intake
European centers and the development of CD
P was noted.

Reduced the production of
TNEF-o, IFN-y, IL-17, lymph
12 weeks proliferation and significant
drop in CDAI at week 12
(p =0.013).

EPA and DHA group were
2.5 g of EPA and 1.0 g of DHA 6 months less likely to take steroids
per day and did not exceed baseline
dose (p < 0.001).

13 patients with
mild to moderate
CD

Bassaganya-Riera et al.,
2012 [52]

6 g/day of CLA (conjugated
linoleic acid)

Seidner et al., 2005 [53] 50 patients

365 adult patients Enteric coated capsules with
Feagan et al., 2008 [54] in remission of 2-2.4 g of EPA and 0.6-1 g of 4 years
active CD DHA per day

Relapse rate was lower (36.1%)
in control group (p = 0.30).

6. The Impact of Low FODMAP Diet on IBD Pathogenesis

As IBD has become a more prevalent problem in the Western world, many scientists have been
studying various diets to potentially find a way to ease patient’s lifestyle and progression of disease.
Many substances have been advised against by physicians worldwide, such as coffee, spicy foods,
alcohols as they have been noted to worsen patient’s condition and decrease comfort. With this
being said, there are some substances that have been noted to ameliorate the quality of life in IBD
patients by reducing their IBS-like symptoms. It is estimated that more than 30% of patients with IBD
have concomitant IBS and that functional gastrointestinal symptoms are observed approximately 3
times more frequently in patients with IBD compared to the general population [55,56]. Specific diets
have been put together and may be recommended to these patients, including beneficial substances.
Such a popular diet is known as a low fermentable oligo-, di-, mono-saccharide and polyol diet
(low FODMAP diet).

Low FODMAP diet is a dietary restriction of fermentable oligosaccharides, disaccharides,
monosaccharides, and polyols, referred to as “FODMAPs”. These are short-chain, highly
fermentable and poorly absorbed carbohydrates that lead to intestinal dysbiosis, injury/inflammation,
excess gas formation and luminal distension through bacterial fermentation, and water secretion [57].
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The following foods are recommended when following a low FODMAP diet: meat, poultry, fish,
eggs, lactose-free dairy, gluten-free grains (i.e., rice), fruit (i.e., bananas), vegetables (i.e., spinach),
most nuts, most spices and herbs. Avoiding foods that have high lactose content, legumes, garlic,
and onion. Patients are recommended to follow strict dietary restrictions for the first 4-6 weeks before
introducing some FODMAPs and closely monitoring any change in symptoms to arrive at an optimal
level of FODMAP restrictions to best suit their individual needs [58] A study published in 2017 by
Pederson et al. studied the effects of a low FODMAP diet on 78 adult patients with IBD and IBS-like
symptoms. After 6 weeks, the low FODMAP diet group showed a significant reduction in IBS
symptoms and a higher score in a questionnaire regarding their quality of life (p < 0.01) [59]. Cox et al,,
conducted another study in 2017 on 32 patients with IBD who also had functional gastrointestinal
symptoms, functional bloating, or functional diarrhea. Patients were randomly divided into groups
receiving a carbohydrate (fructan, galacto-oligosaccharides (GOS) or sorbitol) or the placebo group
receiving glucose. The participants had to drink a challenge drink once daily for 3 days followed by
a “washout” period lasting 4 days minimum. They would then be required to drink one of the other
substances in the same protocol until all substances were consumed. Gastrointestinal symptoms
and stool output were recorded before each challenge was begun and right after it was completed.
Once all four challenges and the final washout period were completed, the noted symptoms were
analyzed and these are the results: fewer patients reported amelioration of gastrointestinal symptoms
(62.1%), compared to the group consuming glucose (89.7%) (p = 0.033). There was also a greater severity
of pain (p = 0.004), bloating (p = 0.002), flatulence (p = 0.004) and fecal urgency (p = 0.014) on the final
day of the fructan challenge compared to glucose [60]. Similarly, Prince et al. found a significant
increase in numbers of patients reporting satisfactory relief of symptoms with the implementation of
a low FODMAP diet. (p < 0.001) [61].

The evidence regarding the effectiveness of a low FODMAP diet is compelling, showing a positive
correlation between low FODMAP and reduction in clinical gastrointestinal symptoms and discomfort,
as can be seen in Table 5. This, of course, will lead to an increased quality of life. It is important to
note as well that as inflammation and intestinal injury occurrences decrease, the long-term effects
are less dramatic and life altering. Although the studies show a positive effect, they also conclude
that this diet is very specific to each individual, as each patient can tolerate different amounts of
FODMAPs and thus, have different symptom relief. The guidance of a clinical dietician would prove to
be beneficial and would help patients reach an optimal level which would best fit their everyday needs.

Table 5. Summary of trials examined for effectiveness of Low FODMAP diet on IBD.

Trial Author Number of Patients Substance Tested Duration Results/p-Value

Pederson et al., 2017 78 patients with IBD . Significant reduction in IBS
[59] and IBS-like symptoms Low FODMAP diet 6 weeks symptoms (p < 0.01).

Greater severity of pain
(p = 0.004), bloating (p = 0.002),
Cox et al., 2017 [60] 32 patients with IBD Carbohydrates ~4 weeks  flatulence (p = 0.004), and fecal
urgency (p = 0.014)
were noted.

Significant and large increase
Prince et al., 2016 [61] 88 patients with IBD Low FODMAP diet 6 weeks in relief of baseline symptoms
(p <0.001).

7. Conclusions

Most substances reviewed showed a positive effect on patients with IBD and their clinical
symptoms. Fibers have also shown similar results. Those fibers, such as fructans, psyllium, oat bran,
and barley foodstuff have relieved some gastrointestinal symptoms that have been associated with
IBD, this has improved patient’s quality of life. The fatty acids reviewed have proved to be effective in
decreasing corticosteroid use among may IBD patients. Probiotics have shown some promising results;
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however, more testing is required to provide definite results. Lastly, low FODMAP diets have also
shown a very positive effect in decreasing uncomfortable gastrointestinal symptoms.

Many patients reached some remission, and those that did not, did not have any worsening
progression of disease. This suggests that in the worst-case scenario, there is no negative effect
after implementing these substances into the diet. However, that being said, there is a need for
further studies to gauge the right amount of each substance to generate the highest yielding results.
Implementing fibers, polyphenols, and fatty acids, as well as keeping a low-saccharide diet for those
patients with CD and UC can improve quality of life and invoke clinical remission. Some polyphenols,
specifically curcumin and resveratrol, have proved to decrease disease activity in studies reviewed.
This may also be a cheaper option to some of the current therapies on the market, or may also be used in
conjunction with therapies to help with symptoms and clinical remission. Regardless of the substance,
diets and implementation of these substances should be done with the guidance of a dietician or doctor
familiar with the effects. This will also allow for the proper dosage to achieve optimal treatment results.

Author Contributions: B.M., M.W. contributed to data analysis, interpretation of findings, and drafting the article.
M.M.S., N.A.H. participated in data collection and drafting article, M.S., critical revision and final approval.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Centers for Disease Control and Prevention. Available online: https://www.cdc.gov/features/inflammatory-
bowel-disease/index.html (accessed on 16 November 2019).

2. World Gastroenterology Organization. Available online: https://www.worldgastroenterology.org/guidelines/
global-guidelines/inflammatory-bowel-disease-ibd/inflammatory-bowel-disease-ibd-english (accessed on
16 November 2019).

3. Bowel Disease Research Foundation. Available online: https://bdrf.org.uk/bowel-disease/ibd/ (accessed on
16 November 2019).

4. Yu, Y.R,; Rodriguez, J.R. Clinical Presentation of Crohn’s, Ulcerative Colitis, and Indeterminate Colitis:
Symptoms, Extraintestinal Manifestations, and Disease Phenotypes. Semin Pediatr Surg. 2017, 2, 349-355.
[CrossRef]

5. Flynn, S; Eisenstein, S. Inflamatorry Bowel Disease Presentation and Diagnosis. Surg. Clin. N. Am. 2019,
99, 1051-1062. [CrossRef] [PubMed]

6.  Singh, S.; Chowdhry, M.; Umar, S.; Bilal, M.; Clarke, K. Variations in the medical treatment of inflammatory
bowel disease among gastroenterologists. Gastroenterol. Rep. 2017, 6, 61-64. [CrossRef] [PubMed]

7. Langhorst, ].; Elsenbruch, S.; Koelzer, J.; Rueffer, A.; Michalsen, A.; Dobos, G.J. Noninvasive Markers in
the Assessment of Intestinal Inflammation in Inflammatory Bowel Diseases: Performance of Fecal Lactoferrin,
Calprotectin, and PMN-Elastase, CRP, and Clinical Indices. Am. ]. Gastroenterol. 2008, 103, 162-169.
[CrossRef]

8. Knight-Sepulveda, K.; Kais, S.; Santaolalla, R.; Abreu, M.T. Diet and Inflammatory Bowel Disease.
Gastroenterol. Hepatol. 2015, 11, 511-520.

9.  Peterson, D.A.; Frank, D.N.; Pace, N.R.; Gordon, ].I. Metagenomic Approaches for Defining the Pathogenesis
of Inflammatory Bowel Diseases. Cell Host Microbe 2008, 3, 417—-427. [CrossRef]

10. Lupp, C.; Robertson, M.L.; Wickham, M.; Sekirov, I.; Champion, O.L.; Gaynor, E.C.; Finlay, B.B. Host-Mediated
Inflammation Disrupts the Intestinal Microbiota and Promotes the Overgrowth of Enterobacteriaceae.
Cell Host Microbe 2007, 2, 119-129. [CrossRef]

11. Kurakawa, T.; Ogata, K.; Matsuda, K.; Tsuji, H.; Kubota, H.; Takada, T.; Kado, Y.; Asahara, T.; Takahashi, T.;
Nomoto, K. Diversity of Intestinal Clostridium coccoides Group in the Japanese Population, as Demonstrated
by Reverse Transcription-Quantitative PCR. PLoS ONE 2015, 10, e0126226. [CrossRef]

12.  Wang, W,; Chen, L.; Zhou, R.; Wang, X.; Song, L.; Huang, S.; Wang, G.; Xia, B.; Forbes, B.A. Increased
Proportions of Bifidobacterium and the Lactobacillus Group and Loss of Butyrate-Producing Bacteria in
Inflammatory Bowel Disease. J. Clin. Microbiol. 2013, 52, 398—406. [CrossRef]


https://www.cdc.gov/features/inflammatory-bowel-disease/index.html
https://www.cdc.gov/features/inflammatory-bowel-disease/index.html
https://www.worldgastroenterology.org/guidelines/global-guidelines/inflammatory-bowel-disease-ibd/inflammatory-bowel-disease-ibd-english
https://www.worldgastroenterology.org/guidelines/global-guidelines/inflammatory-bowel-disease-ibd/inflammatory-bowel-disease-ibd-english
https://bdrf.org.uk/bowel-disease/ibd/
http://dx.doi.org/10.1053/j.sempedssurg.2017.10.003
http://dx.doi.org/10.1016/j.suc.2019.08.001
http://www.ncbi.nlm.nih.gov/pubmed/31676047
http://dx.doi.org/10.1093/gastro/gox005
http://www.ncbi.nlm.nih.gov/pubmed/29479445
http://dx.doi.org/10.1111/j.1572-0241.2007.01556.x
http://dx.doi.org/10.1016/j.chom.2008.05.001
http://dx.doi.org/10.1016/j.chom.2007.06.010
http://dx.doi.org/10.1371/journal.pone.0126226
http://dx.doi.org/10.1128/JCM.01500-13

Nutrients 2020, 12, 1423 12 of 14

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Dalmasso, ].D.G.; Delmas, G.D.A.R.B.J. Escherichia coli: The Good, the Bad and the Ugly. Clin. Microbiol.
Open Access 2015, 4, 1-3. [CrossRef]

Dore, M.P,; Rocchi, C.; Longo, N.P,; Scanu, A.M.; Vidili, G.; Padedda, F,; Pes, G.M. Effect of Probiotic Use
on Adverse Events in Adult Patients with Inflammatory Bowel Disease: A Retrospective Cohort Study.
Probiotics Antimicrob. Proteins 2019, 12, 152-159. [CrossRef] [PubMed]

Tursi, A.; Brandimarte, G.; Papa, A.; Giglio, A.; Elisei, W.; Giorgetti, G.M.; Forti, G.; Morini, S.; Hassan, C.;
Pistoia, M.A.; et al. Treatment of Relapsing Mild-to-Moderate Ulcerative Colitis With the Probiotic VSL#3
as Adjunctive to a Standard Pharmaceutical Treatment: A Double-Blind, Randomized, Placebo-Controlled
Study. Am. ]. Gastroenterol. 2010, 105, 2218-2227. [CrossRef] [PubMed]

Fedorak, R.; Feagan, B.G.; Hotte, N.; Leddin, D.; Dieleman, L.A.; Petrunia, D.M.; Enns, R.; Bitton, A.;
Chiba, N.; Paré, P; et al. The Probiotic VSL#3 Has Anti-inflammatory Effects and Could Reduce Endoscopic
Recurrence After Surgery for Crohn’s Disease. Clin. Gastroenterol. Hepatol. 2015, 13, 928-935.e2. [CrossRef]
[PubMed]

Abraham, B.; Quigley, E.M. Probiotics in Inflammatory Bowel Disease. Gastroenterol. Clin. N. Am. 2017,
46, 769-782. [CrossRef]

Marteau, P.; Lemann, M.; Seksik, P.; Laharie, D.; Colombel, J.E,; Bouhnik, Y.; Cadiot, G.; Soule, J.C.;
Bourreille, A.; Metman, E.; etal. Ineffectiveness of Lactobacillus johnsonii LA1 for prophylaxis of postoperative
recurrence in Crohn’s disease: A randomised, double blind, placebo controlled GETAID trial. Gut 2006,
55, 842-847. [CrossRef]

Matthes, H.; Krummenerl, T.; Giensch, M.; Wolff, C.; Schulze, J. Clinical trial: Probiotic treatment of acute
distal ulcerative colitis with rectally administered Escherichia coli Nissle 1917 (EcN). BMC Complement.
Altern. Med. 2010, 10, 13. [CrossRef]

Cardona, F.; Andres-Lacueva, C.; Tulipani, S.; Tinahones, E]J.; Queipo-Ortufio, M.I. Benefits of polyphenols
on gut microbiota and implications in human health. . Nutr. Biochem. 2013, 24, 1415-1422. [CrossRef]
Scalbert, A.; Johnson, I.; Saltmarsh, M. Polyphenols: Antioxidants and beyond. Am. ]. Clin. Nutr. 2005,
81,2155-217S. [CrossRef]

Del Bo’, C.; Bernardi, S.; Marino, M.; Porrini, M.; Tucci, M.; Guglielmetti, S.; Cherubini, A.; Carrieri, B.;
Kirkup, B.; Kroon, P.A,; et al. Systematic Review on Polyphenol Intake and Health Outcomes: Is there
Sufficient Evidence to Define a Health-Promoting Polyphenol-Rich Dietary Pattern? Nutrients 2019, 11, 1355.
[CrossRef]

Scarano, A.; Butelli, E.; De Santis, S.; Cavalcanti, E.; Hill, L.; De Angelis, M.; Giovinazzo, G.; Chieppa, M.;
Martin, C.; Santino, A. Combined Dietary Anthocyanins, Flavonols, and Stilbenoids Alleviate Inflammatory
Bowel Disease Symptoms in Mice. Front. Nutr. 2018, 4, 1-10. [CrossRef]

Romier, B.; Schneider, Y.-J.; Larondelle, Y.; During, A. Dietary polyphenols can modulate the intestinal
inflammatory response. Nutr. Rev. 2009, 67, 363-378. [CrossRef] [PubMed]

Stan, M.; Voicu, S.N.P,; Caruntu, S.; Nica, I.C.; Olah, N.; Burtescu, R.; Balta, C.; Rosu, M.; Herman, H.;
Hermenean, A.; et al. Antioxidant and Anti-Inflammatory Properties of a Thuja occidentalis Mother Tincture
for the Treatment of Ulcerative Colitis. Antioxidants 2019, 8, 416. [CrossRef]

Dodda, D.; Chhajed, R.; Mishra, J. Protective effect of quercetin against acetic acid induced inflammatory
bowel disease (IBD) like symptoms in rats: Possible morphological and biochemical alterations. Pharmacol.
Rep. 2014, 66, 169-173. [CrossRef] [PubMed]

Singla, V.; Mouli, V.P; Garg, S.K.; Rai, T.; Choudhury, B.N.; Verma, P.; Deb, R.; Tiwari, V.; Rohatgi, S.;
Dhingra, R.; et al. Induction with NCB-02 (curcumin) enema for mild-to-moderate distal ulcerative
colitis—A randomized, placebo-controlled, pilot study. J. Crohns Colitis 2014, 8, 208-214. [CrossRef]
[PubMed]

Lang, A.; Salomon, N.; Wu, J.C; Kopylov, U.; Lahat, A.; Har-Noy, O.; Ching, J.Y.; Cheong, PK;
Avidan, B.; Gamus, D.; et al. Curcumin in Combination With Mesalamine Induces Remission in Patients
With Mild-to-Moderate Ulcerative Colitis in a Randomized Controlled Trial. Clin. Gastroenterol. Hepatol.
2015, 13, 1444-1449.el. [CrossRef] [PubMed]

Kedia, S.; Bhatia, V.; Thareja, S.; Garg, S.; Mouli, V.P; Bopanna, S.; Tiwari, V.; Makharia, G.; Ahuja, V. Low
dose oral curcumin is not effective in induction of remission in mild to moderate ulcerative colitis: Results
from a randomized double blind placebo controlled trial. World ]. Gastrointest. Pharmacol. Ther. 2017,
8, 147-154. [CrossRef]


http://dx.doi.org/10.4172/2327-5073.1000195
http://dx.doi.org/10.1007/s12602-019-9517-0
http://www.ncbi.nlm.nih.gov/pubmed/30685823
http://dx.doi.org/10.1038/ajg.2010.218
http://www.ncbi.nlm.nih.gov/pubmed/20517305
http://dx.doi.org/10.1016/j.cgh.2014.10.031
http://www.ncbi.nlm.nih.gov/pubmed/25460016
http://dx.doi.org/10.1016/j.gtc.2017.08.003
http://dx.doi.org/10.1136/gut.2005.076604
http://dx.doi.org/10.1186/1472-6882-10-13
http://dx.doi.org/10.1016/j.jnutbio.2013.05.001
http://dx.doi.org/10.1093/ajcn/81.1.215S
http://dx.doi.org/10.3390/nu11061355
http://dx.doi.org/10.3389/fnut.2017.00075
http://dx.doi.org/10.1111/j.1753-4887.2009.00210.x
http://www.ncbi.nlm.nih.gov/pubmed/19566597
http://dx.doi.org/10.3390/antiox8090416
http://dx.doi.org/10.1016/j.pharep.2013.08.013
http://www.ncbi.nlm.nih.gov/pubmed/24905324
http://dx.doi.org/10.1016/j.crohns.2013.08.006
http://www.ncbi.nlm.nih.gov/pubmed/24011514
http://dx.doi.org/10.1016/j.cgh.2015.02.019
http://www.ncbi.nlm.nih.gov/pubmed/25724700
http://dx.doi.org/10.4292/wjgpt.v8.i2.147

Nutrients 2020, 12, 1423 13 of 14

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Salehi, B.; Mishra, A.P.,; Nigam, M.; Sener, B.; Kilic, M.; Sharifi-Rad, J.; Fokou, P.V.T.; Martins, N.; Sharifi-Rad, J.
Resveratrol: A Double-Edged Sword in Health Benefits. Biomedicines 2018, 6, 91. [CrossRef]

Samsamikor, M.; Daryani, N.E.; Asl, PR; Hekmatdoost, A. Resveratrol Supplementation
and Oxidative/Anti-Oxidative Status in Patients with Ulcerative Colitis: A Randomized, Double-Blind,
Placebo-controlled Pilot Study. Arch. Med. Res. 2016, 47, 304-309. [CrossRef]

Hanai, H; lida, T.; Takeuchi, K.; Watanabe, F.; Maruyama, Y.; Andoh, A.; Tsujikawa, T.; Fujiyama, Y.;
Mitsuyama, K.; Sata, M.; et al. Curcumin Maintenance Therapy for Ulcerative Colitis: Randomized,
Multicenter, Double-Blind, Placebo-Controlled Trial. Clin. Gastroenterol. Hepatol. 2006, 4, 1502—1506.
[CrossRef]

Wong, C.; Harris, PJ.; Ferguson, L.R. Potential Benefits of Dietary Fibre Intervention in Inflammatory Bowel
Disease. Int. ]. Mol. Sci. 2016, 17, 919. [CrossRef]

Alimentarius Commission. Guidelines on Nutrition Labelling CAC/GL 2-1985 as Last Amended 2010;
Joint FAO/WHO Food Standards Programme; Secretariat of the Codex Alimentarius Commission, FAO:
Rome, Italy, 2010.

Triggs, C.M.; Munday, K.; Hu, R.; Fraser, A.G.; Gearry, R.B.; Barclay, M.L.; Ferguson, L.R. Dietary factors
in chronic inflammation: Food tolerances and intolerances of a New Zealand Caucasian Crohn’s disease
population. Mutat. Res. Mol. Mech. Mutagen. 2010, 690, 123-138. [CrossRef] [PubMed]

Harris, PJ.; Ferguson, L.R. Wheat and Rice in Disease Prevention and Health: Benefits, Risks, and Mechanisms
of Whole Grains in Health Promotion; Watson, R., Preedy, V., Zibadi, S., Eds.; Academic Press: Amsterdam,
The Netherlands, 2014; pp. 201-210.

Basford, P.; Longcroft-Wheaton, G.; Bhandari, P. ASGE Technology Committee reviews on real-time
endoscopic assessment of the histology of diminutive colorectal polyps, and high-definition
and high-magnification endoscopes. Gastrointest. Endosc. 2015, 82, 1139-1140. [CrossRef] [PubMed]
Benjamin, J.L.; Hedin, C.R.; Koutsoumpas, A.; Ng, S.C.; McCarthy, N.E.; Hart, A.L.; Kamm, M.A.;
Sanderson, J.D.; Knight, S.C.; Forbes, A.; et al. Randomised, Double-Blind, Placebo-Controlled Trial
of Fructo-Oligosaccharides in Active Crohn’s Disease. Gut 2011, 60, 923-929. [CrossRef] [PubMed]

De Preter, V,; Joossens, M.; Ballet, V.; Shkedy, Z.; Rutgeerts, P.; Vermeire, S.; Verbeke, K. Metabolic Profiling of
the Impact of Oligofructose-Enriched Inulin in Crohn’s Disease Patients: A Double-Blinded Randomized
Controlled Trial. Clin. Transl. Gastroenterol. 2013, 4, €30. [CrossRef] [PubMed]

Casellas, F; Borruel, N.; Torrejon, A.; Varela, E; Antolin, M.; Guarner, F; Malagelada, J.-R. Oral
oligofructose-enriched inulin supplementation in acute ulcerative colitis is well tolerated and associated
with lowered faecal calprotectin. Aliment. Pharmacol. Ther. 2007, 25, 1061-1067. [CrossRef] [PubMed]
Fernandez-Banares, F.; Hinojosa, ]J.; Sanchez-Lombrana, J.; Navarro, E.; Martinez-Salmeron, J.;
Garcia-Puges, A.; Gonzalez-Huix, F; Riera, J.; Gonzalez-Lara, V.; Dominguez-Abascal, F,; et al. Randomized
Clinical Trial of Plantago Ovata Seeds (Dietary Fiber) As Compared With Mesalamine in Maintaining
Remission in Ulcerative Colitis. Am. . Gastroenterol. 1999, 94, 427-433. [CrossRef]

Hallert, C.; Kaldma, M.; Petersson, B.G. Ispaghula Husk May Relieve Gastrointestinal Symptoms in Ulcerative
Colitis in Remission. Scand. . Gastroenterol. 1991, 26, 747-750. [CrossRef]

Hallert, C.; Bjorck, I.; Nyman, M.; Pousette, A.; Granno, C.; Svensson, H. Increasing Fecal Butyrate in
Ulcerative Colitis Patients by Diet: Controlled Pilot Study. Inflamm. Bowel Dis. 2003, 9, 116-121. [CrossRef]
Venegas, D.P; De La Fuente, M.K; Landskron, G.; Gonzélez, M.].; Quera, R.; Dijkstra, G.; Harmsen, H.].M.;
Faber, K.N.; Hermoso, M.A. Short Chain Fatty Acids (SCFAs)-Mediated Gut Epithelial and Immune
Regulation and Its Relevance for Inflammatory Bowel Diseases. Front. Immunol. 2019, 10, 277. [CrossRef]
Liu, B,; Lin, Q.; Yang, T.; Zeng, L.; Shi, L.; Chen, Y.; Luo, F. Oat 3-glucan ameliorates dextran sulfate sodium
(DSS)-induced ulcerative colitis in mice. Food Funct. 2015, 6, 3454-3463. [CrossRef]

Faghfoori, Z.; Shakerhosseini, R.; Navai, L.; Somi, M.H.; Nikniaz, Z.; Abadi, A. Effects of an Oral
Supplementation of Germinated Barley Foodstuff on Serum CRP Level and Clinical Signs in Patients
with Ulcerative Colitis. Heal. Promot. Perspect. 2014, 4, 116-121.

Kanauchi, O.; Suga, T.; Tochihara, M.; Hibi, T.; Naganuma, M.; Homma, T.; Asakura, H.; Nakano, H.;
Takahama, K.; Fujiyama, Y.; et al. Treatment of ulcerative colitis by feeding with germinated barley foodstuff:
First report of a multicenter open control trial. J. Gastroenterol. 2002, 37, 67-72. [CrossRef]

Barbalho, S.M.; Goulart, R.D.A.; Quesada, K.; Bechara, M.D.; Carvalho, A.D.C.A.D. Inflammatory bowel
disease: Can omega-3 fatty acids really help? Ann. Gastroenterol. 2016, 29, 37—43. [PubMed]


http://dx.doi.org/10.3390/biomedicines6030091
http://dx.doi.org/10.1016/j.arcmed.2016.07.003
http://dx.doi.org/10.1016/j.cgh.2006.08.008
http://dx.doi.org/10.3390/ijms17060919
http://dx.doi.org/10.1016/j.mrfmmm.2010.01.020
http://www.ncbi.nlm.nih.gov/pubmed/20144628
http://dx.doi.org/10.1016/j.gie.2015.05.039
http://www.ncbi.nlm.nih.gov/pubmed/26614165
http://dx.doi.org/10.1136/gut.2010.232025
http://www.ncbi.nlm.nih.gov/pubmed/21262918
http://dx.doi.org/10.1038/ctg.2012.24
http://www.ncbi.nlm.nih.gov/pubmed/23303175
http://dx.doi.org/10.1111/j.1365-2036.2007.03288.x
http://www.ncbi.nlm.nih.gov/pubmed/17439507
http://dx.doi.org/10.1111/j.1572-0241.1999.872_a.x
http://dx.doi.org/10.3109/00365529108998594
http://dx.doi.org/10.1097/00054725-200303000-00005
http://dx.doi.org/10.3389/fimmu.2019.00277
http://dx.doi.org/10.1039/C5FO00563A
http://dx.doi.org/10.1007/BF03326417
http://www.ncbi.nlm.nih.gov/pubmed/26752948

Nutrients 2020, 12, 1423 14 of 14

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Scaioli, E.; Sartini, A.; Bellanova, M.; Campieri, M.; Festi, D.; Bazzoli, F.; Belluzzi, A. Eicosapentaenoic
Acid Reduces Fecal Levels of Calprotectin and Prevents Relapse in Patients with Ulcerative Colitis.
Clin. Gastroenterol. Hepatol. 2018, 16, 1268-1275.€2. [CrossRef] [PubMed]

Prossomariti, A.; Scaioli, E.; Piazzi, G.; Fazio, C.; Bellanova, M.; Biagi, E.; Candela, M.; Brigidi, P;
Consolandi, C.; Balbi, T.; et al. Short-term treatment with eicosapentaenoic acid improves inflammation
and affects colonic differentiation markers and microbiota in patients with ulcerative colitis. Sci. Rep. 2017,
7,7458. [CrossRef] [PubMed]

Chan, S.S.M.; Luben, R.N; Olsen, A; Tjenneland, A.; Kaaks, R.; Lindgren, S.; Grip, O.; Bergmann, M.M.;
Boeing, H.; Hallmans, G.; et al. Association between high dietary intake of the n—3 polyunsaturated fatty
acid docosahexaenoic acid and reduced risk of Crohn’s disease. Aliment. Pharmacol. Ther. 2014, 39, 834-842.
[CrossRef]

Bassaganya-Riera, J.; Hontecillas, R.; Horne, W.T.; Sandridge, M.; Herfarth, H.; Bloomfeld, R.; Isaacs, K.L.
Conjugated linoleic acid modulates immune responses in patients with mild to moderately active Crohn’s
disease. Clin. Nutr. 2012, 31, 721-727. [CrossRef]

Seidner, D.L.; Lashner, B.A.; Brzezinski, A.; Banks, P.L.; Goldblum, J.; Fiocchi, C.; Katz, J.; Lichtenstein, G.R.;
Anton, PA; Kam, L.Y;; et al. An oral supplement enriched with fish oil, soluble fiber, and antioxidants for
corticosteroid sparing in ulcerative colitis: A randomized, controlled trial. Clin. Gastroenterol. Hepatol. 2005,
3, 358-369. [CrossRef]

Feagan, B.G.; Sandborn, W.J.; Mittmann, U.; Bar-Meir, S.; D'Haens, G.; Bradette, M.; Cohen, A.; Dallaire, C.;
Ponich, T.P.; McDonald, ] W.D.; et al. Omega-3 Free Fatty Acids for the Maintenance of Remission in Crohn
Disease. JAMA 2008, 299, 1690-1697. [CrossRef]

Halpin, SJ.; Ford, A.C. Prevalence of Symptoms Meeting Criteria for Irritable Bowel Syndrome in Inflammatory Bowel
Disease: Systematic Review and Meta-Analysis. Am. ]. Gastroenterol. 2012, 107, 1474-1482. [CrossRef]

Farrokhyar, F.; Marshall, ] K.; Easterbrook, B.; E Irvine, J. Functional gastrointestinal disorders and mood
disorders in patients with inactive inflammatory bowel disease: Prevalence and impact on health. Inflamm.
Bowel Dis. 2006, 12, 38-46. [CrossRef] [PubMed]

Barrett, ].S.; Gearry, R.B.; Muir, ].G.; Irving, PM.; Rose, R.; Rosella, O.; Haines, M.L.; Shepherd, S.; Gibson, P.R.
Dietary poorly absorbed, short-chain carbohydrates increase delivery of water and fermentable substrates to
the proximal colon. Aliment. Pharmacol. Ther. 2010, 31, 874-882. [CrossRef] [PubMed]

Weber, A.T.; Shah, N.D.; Sauk, J.; Limketkai, B.N. Popular Diet Trends for Inflammatory Bowel Diseases:
Claims and Evidence. Curr. Treat. Options Gastroenterol. 2019, 17, 564-576. [CrossRef] [PubMed]

Pedersen, N.; Ankersen, D.; Felding, M.; Wachmann, H.; Végh, Z.; Molzen, L.; Burisch, J.; Andersen, J.R.;
Munkholm, P. Low-FODMAP diet reduces irritable bowel symptoms in patients with inflammatory bowel
disease. World . Gastroenterol. 2017, 23, 3356-3366. [CrossRef]

Cox, S.R; Prince, A.C.; Myers, C.E.; Irving, PM.; Lindsay, J.O.; E Lomer, M.C.; Whelan, K. Fermentable
Carbohydrates [FODMAPs] Exacerbate Functional Gastrointestinal Symptoms in Patients With Inflammatory
Bowel Disease: A Randomised, Double-blind, Placebo-controlled, Cross-over, Re-challenge Trial. ]. Crohns
Colitis 2017, 11, 1420-1429. [CrossRef]

Prince, A.C.; Myers, C.E; Joyce, T.; Irving, P.; E Lomer, M.C.; Whelan, K. Fermentable Carbohydrate
Restriction (Low FODMAP Diet) in Clinical Practice Improves Functional Gastrointestinal Symptoms in
Patients with Inflammatory Bowel Disease. Inflamm. Bowel Dis. 2016, 22, 1129-1136. [CrossRef]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.cgh.2018.01.036
http://www.ncbi.nlm.nih.gov/pubmed/29391271
http://dx.doi.org/10.1038/s41598-017-07992-1
http://www.ncbi.nlm.nih.gov/pubmed/28785079
http://dx.doi.org/10.1111/apt.12670
http://dx.doi.org/10.1016/j.clnu.2012.03.002
http://dx.doi.org/10.1016/S1542-3565(04)00672-X
http://dx.doi.org/10.1001/jama.299.14.1690
http://dx.doi.org/10.1038/ajg.2012.260
http://dx.doi.org/10.1097/01.MIB.0000195391.49762.89
http://www.ncbi.nlm.nih.gov/pubmed/16374257
http://dx.doi.org/10.1111/j.1365-2036.2010.04237.x
http://www.ncbi.nlm.nih.gov/pubmed/20102355
http://dx.doi.org/10.1007/s11938-019-00248-z
http://www.ncbi.nlm.nih.gov/pubmed/31705371
http://dx.doi.org/10.3748/wjg.v23.i18.3356
http://dx.doi.org/10.1093/ecco-jcc/jjx073
http://dx.doi.org/10.1097/MIB.0000000000000708
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	The Impact of Probiotics on IBD Pathogenesis 
	The Impact of Polyphenols on IBD Pathogenesis 
	The Impact of Fiber on IBD Pathogenesis 
	The Impact of Fatty Acids on IBD Pathogenesis 
	The Impact of Low FODMAP Diet on IBD Pathogenesis 
	Conclusions 
	References

