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Malnutrition is observed more frequently in patients with inflammatory bowel disease (IBD) than in the general population
and associated with adverse clinical outcomes. This study aimed to review the current knowledge regarding the efficacy of
dietary and nutritional intervention in IBD patients. Exclusive enteral nutrition might be inferior to corticosteroid treatment in
adults with active Crohn’s disease (CD) but might even be superior considering the adverse effects of corticosteroid treatment
in children. Total parenteral nutrition has no advantage over enteral nutrition, which is considered a more physiologic modality
in organ function. Current guidelines do not yet recommend w3-polyunsaturated fatty acid supplementation for the prevention
and maintenance of remission in IBD patients. Dietary fiber supplementation could be effective in the relief of symptoms and
maintenance of remission in ulcerative colitis (UC). Although vitamin D may be favorable to clinical course of IBD and bone
density. Probiotic supplementation has proven to be effective in preventing and treating pouchitis for UC but is less effective in
treating CD. Nutritional interventions not only correct nutritional deficiencies but also improve symptoms and clinical courses
of the disease. Hence, nutritional approaches need to be developed to significantly evaluate the effectiveness of dietary inter-

ventions used to treat IBD. (Intest Res 2019;17:463-475)
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INTRODUCTION

Inflammatory bowel disease (IBD) is a chronic and relapsing
inflammatory disorder of the GI tract. Although the exact patho-
physiology of IBD remains unknown, it has been widely ac-
knowledged that multifactorial etiologies including interac-
tion between genetic and environmental factors can contrib-
ute to its pathogenesis. Regarding environmental factors, ac-
cumulating data have proven that various nutritional compo-
nents in diet can play a significant role in the development and
clinical course of IBD."” Dietary nutrients alter the composi-
tion of the gut microbiota and intestinal permeability, influenc-
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ing the interaction between the host and gut microbiota.”
Malnutrition, which refers to nutritional deficiencies or im-
balances, has been observed in up to 75% of adults with active
IBD and in up to 33% of those with remission status," imply-
ing that malnutrition occurs more frequently in IBD patients
than in the general population. Malnutrition in IBD is caused
by poor nutritional intake due to anorexia or diet intolerance,
increased energy requirements due to the presence of inflam-
matory conditions, GI losses, nutrient malabsorption, or inter-
action between nutrients and pharmaceutical agents.”
Malnutrition in IBD has been associated with several ad-
verse clinical outcomes. IBD patients with nutritional deficien-
cies may present with higher mortality rate, length of stay in
the hospital, infectious rate, and even thromboembolic events
than those without nutritional deficiencies.”® Furthermore,
undernutrition in patients with postoperative conditions has
been associated with increased complications such as anasto-
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motic leakage and breakdown, infection including sepsis and
pneumonia, prolonged hospitalization, and increased mortal-
ity

Nutritional approach is important in the management of
IBD patients. Nevertheless, pharmacotherapy has been the
mainstay treatment of IBD. Pharmacological approach has
clearly been considered a potential approach for both the in-
duction and maintenance of clinical remission, but it could
lead to adverse clinical outcomes and refractory period. Al-
though nutritional approach has proven to be a key strategy
for the successful management of IBD, most gastroenterolo-
gists pay less attention and provide little dietetic advice and
nutritional education to IBD patients because of insufficient
time in counseling IBD patients in routine clinical practice
and the low-quality and inconclusive evidence-based nutri-
tional recommendations that are often due to conflicting re-
sults. On the contrary, most IBD patients are interested in diet
modification for the improvement of symptoms and frequent-
ly ask for nutritional advice.

This study aimed to promote awareness regarding the ben-
eficial effects of nutritional therapy influencing the course of
IBD to gastroenterologists. We will review the current knowl-
edge regarding the efficacy of dietary and enteral intervention
in IBD patients.

ENTERAL NUTRITION

Exclusive enteral nutrition (EEN) is a nutritional treatment
that provides the whole nutritional requirements of patients
with complete liquid formula via a feeding tube or orally. Al-
though the complete mechanisms of EEN remain unknown,
EEN is thought to be mediated by immunomodulation, reduc-
tion of intestinal inflammation, and modification of the micro-
biota and improvement of nutritional status."” EEN therapy
potentially decreases systemic pro-inflammatory cytokines
such as interleukin (IL)-6, IL-8, and TNF-o associated with CD
and increases circulating anti-inflammatory cytokines such as
transforming growth factor p.'""'* These systemic effects may
result in a decrease in serum inflammatory markers, including
CRP and ESR, which is observed prior to the improvement of
measurements, reflecting nutritional condition after starting
EEN."” Anti-inflammatory reaction induced by EEN that local-
ly and directly affects the intestinal mucosa could lead to the
restoration of epithelial barrier function, which decreases in-
testinal permeability and antigenic load.""'"> EEN might alter
the diversity and composition of metabolomics in the gut mi-
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crobiome and consequently improve intestinal dysbiosis, which
plays a potential role in the pathogenesis of CD."*""

Since the 1970s, the time when EEN was initially used, there
have been several studies evaluating the effect of EEN on IBD.
These studies mostly demonstrated that compared with corti-
costeroid treatment, EEN has at least equal effects in the in-
duction of remission and leads to better improvements in en-
doscopic mucosal healing during the active stage of pediatric
CD."'**! Objective measures, such as body weight, lean mass,
anemia, albumin, iron, several micronutrient deficiencies, and
even growth marker (insulin-like growth factor 1), of nutrition-
al status in the serum improve in EEN treatment.”*’ Further-
more, EEN treatment instead of corticosteroid treatment in
the induction period of clinical remission prevents the occur-
rence of various adverse effects of corticosteroid. Growth im-
pairment and maturation failure of secondary sexual charac-
teristic are considered as the most serious complications of
corticosteroid treatment in pediatric CD. There is a significant
difference in the reduction of linear growth failure between
EEN and corticosteroid treatment (26% vs. 7%, P=0.02) fol-
lowing the induction in pediatric CD during a 2-year follow-
up.” Compared with corticosteroid treatment, EEN induction
therapy over a 6-year follow-up period is more effective in achi-
eving early remission without an increased need for biologic
therapy or surgical intervention.”” The latest prospective study
focusing on long-term outcomes reported that compared with
those treated with corticosteroids at 78 weeks, pediatric CD
patients treated with EEN had more favorable prognosis in
growth status measured by reduction of mean height Z scored
and better remission rate.” Therefore, several guidelines, in-
cluding the European Crohn'’s and Colitis Organisation and the
European Society for Parenteral and Enteral Nutrition (ESPEN),
recommend EEN as the first-line treatment modality in chil-
dren and adolescents with active CD.**** Although the ability
of EEN to induce clinical remission in CD has been established,
EEN as a therapy for the maintenance of remission for a pro-
longed period is not yet determined and has been known to
be ineffective for UC.”

The enteral formulas were classified as elemental (free ami-
no acids), semi-elemental (peptides or protein hydrolyzed),
and polymeric (whole proteins) according to the form of pro-
tein. The elemental formula is unnecessary to degradation and
digestion prior to absorption, whereas the polymeric requires
this process, but is more palatable and has favorable flavor. A
Meta-analysis of 11 trials (n=378) demonstrated the absence
of difference in the induction of remission in CD when com-
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paring the efficacy of elemental versus non-elemental formu-
las." Protein composition as a nitrogen source does not influ-
ence the effectiveness of enteral nutrition (EN) in the treatment
of active CD." An analysis of 7 trials, including 209 patients
treated with EN formulas with different fat contents (low fat
[<20g/1,000 kcal] vs. high fat [>20 g/1,000 kcal]), demonstrat-
ed the absence of difference in remission rates."* Very low-fat
content (<3 g/1,000 kcal) and very low long-chain triglycer-
ides demonstrated higher remission rates than the higher con-
tent EN formulas. The quantity or type of fat might affect the
therapeutic potential of EN.

Most of the trials with adult CD patients showed that corti-
costeroid was more beneficial than EEN." There results are
based on the fact that EEN is more adherent in pediatric CD
and is significantly effective in the early course of the disease.””
Poor adherence could be the main barrier in achieving suc-
cessful EEN therapy. A total of 41% of adults with CD receiving
EEN treatment withdrew from this therapy, with even signifi-
cantly higher dropout rate than those receiving corticosteroid."
These findings could also be supported by the previous stud-
ies stating that new-onset adult CD had similar efficacy be-
tween EEN therapy and corticosteroid treatment.” EEN has a
lower efficacy in distal diseases such as colonic or perianal in-
volvement and more beneficial effects in possibly small bowel
involvement than corticosteroid treatment.'*” Hence, EEN
might be helpful in the management of adult CD with certain
condition, e.g, newly diagnosed or involved only in small bowel.

EN has also been used for the maintenance of remission in
CD patients. However, the quantitative assessment of studies
was insignificant due to the short duration of intervention, in-
sufficient follow-up period, and small sample size.” EEN ther-
apy has the following disadvantages for the maintenance of
remission: patients' low adherence to EEN caused by poor pal-
atability of the EN formula and inability to continue solid-free
diet for a prolonged period.

Interestingly, EN in addition to standard medical treatment
could be applicable to adult CD. A meta-analysis of 4 studies
(n=342) revealed that the remission rate was significantly high-
er (P<0.01) in patients receiving EN therapy in combination
with infliximab (109/157, 69.4%) than in those receiving inflix-
imab monotherapy (84/185, 45.4%).” Furthermore, 74.5% of
patients receiving both EN and infliximab therapies and 49.2%
of patients receiving infliximab monotherapy remained in re-
mission status after 1 year (P<0.01). In the recent trial com-
prising complicated adults with CD with fistulas, strictures, or
abscesses, 12 weeks of EEN could achieve full clinical remis-
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sion in 80.5%, fistula closure in 75%, and resolution of intra-
abdominal abscess in 76% of patients.” Another study report-
ed marked improvement in inflammatory bowel strictures
with clinical remission in 81.4% of patients and 331% increase
in cross-sectional area of the lumen.” The efficacy of EEN in
adult IBD might result in positive outcomes in the preopera-
tive setting and prevent postoperative complications.""' The
valuable role of EEN remains significant in adult CD based on
accumulating evidence and knowledge. The EEN as one of
non-pharmacological approach should be attempted consid-
ering individual situations in adult IBD in distinction from pe-
diatric CD. Further studies in adults are required to evaluate
the potential roles of EEN in the management of CD.

PARENTERAL NUTRITION

Total parenteral nutrition (TPN) is a therapeutic option for
achieving bowel rest, correction of nutritional deficiency, and
removal of dietary antigen-stimulating mucosal immune sys-
tem." Recently, interest in the role of TPN, such as being a treat-
ment option, is scarce because TPN has not been found to be
effective as a primary therapy for the induction and mainte-
nance of remission in IBD."'

Intervention trials evaluating the effect of TPN in IBD pa-
tients were conducted mainly in the 1980s.”"" Achieving re-
mission rate greater than 80% and avoiding surgical treatment
are considered the initial effects of TPN, but delayed relapse is
commonly developed after cessation of TPN." There was no
significant difference in the effects of TPN, partial parenteral
nutrition (PN) with supplementary EN, and PN with normal
diet.” Additionally, there were no significant differences in the
remission rate between TPN and EN." TPN is rather expen-
sive, with infection and thromboembolism due to venous
catheter and hepatobiliary complication being considered in-
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dependent risk factors.” TPN is ineffective in treating pa-

tients with severe UC."*

Therefore, this modality should be
restricted to IBD patients with insufficient oral or tube feeding
due to the dysfunction of the GI tract or to CD patients with
short bowel syndrome, with several surgery, with obstructed
bowel where there is no possibility of placement of a feeding
tube beyond the obstruction or where this has failed, or with
complications such as a proximal fistula and/or a high-output
intestinal fistula or anastomotic leak.”

Preoperative TPN improves body weight and serum albu-
min in CD patients and decreases postoperative complications
in IBD patients with severe malnutrition despite the limitation
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of retrospective studies.” ™ Conversely, other studies found
that preoperative TPN had little beneficial effects on postop-
erative morbidity and mortality, prolonged hospitalization,
and was significantly prevalent in sepsis.” Current guidelines
recommend that PN in the perioperative period in IBD patients
should be usually used as a supplementary therapy to EN and
should only be used if EN is contraindicated due to intestinal
obstructions or ileus, severe shock, and intestinal ischemia or
if EN is not possible in the absence of access, severe vomiting,
or diarrhea.” Based on the studies that have been currently
conducted, it was known that TPN has lesser advantages than
EN, which is considered a more physiologic modality in organ
function as regards mucosal healing, maintenance of remis-
sion, and surgical treatment. However, TPN was still the pre-
ferred treatment modality in real clinical practice to supply
nutrients, improve intestinal permeability and fistula healing,
and reduce inflammation. Hence, additional studies are re-
quired to determine the exact role of perioperative PN in IBD
patients, although it is difficult to consider TPN as a single ther-
apeutic modality for disease control.

OMEGA-3 POLYUNSATURATED FATTY ACIDS

Polyunsaturated fatty acids (PUFAs) of the ©3 series, mainly
found in dietary fish oils, are essential nutrients because they
cannot be produced by humans.” Epidemiological studies
and several randomized controlled trials (RCTs) demonstrate
a positive association between the consumption of ®3-PUFAs
and improvements in various inflammatory conditions com-
pared with the consumption of ®6-PUFA with pro-inflamma-
tory effects.”” Molecules synthesized from w3-PUFAs are able
to not only play a protective role against inflammatory response
but also resolve existing inflammatory reactions mediated by
specialized proresolving mediators such as resolvins, protec-
tins, and maresins.” It has been significantly considered that
the administration of @3-PUFA may be beneficial to IBD pa-
tients. However, there have been conflicting results in clinical
and experimental studies focusing on the development of
clinical outcomes of IBD.

Various studies of experimental colitis models have shown
that ®3-PUFA had protective effects in decreasing colonic
damage and inflammation.”* Based on these evidences, sev-
eral epidemiological studies and clinical trials in humans have
been conducted on the roles of ®3-PUFA for the prevention
and treatment of IBD. Regarding the development of IBD, epi-
demiological studies showed that there was a significant strong
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association between consumption of lower ratio of ©6/®3-
PUFA and decreased incidence of UC, but not CD.**** Several
intervention trials revealed that there was significantly protec-
tive association between m3-PUFA and risk of IBD.”* On the
contrary, some studies failed to determine any significant as-
sociation between »3-PUFA intake and development of IBD.”"**
The latest meta-analysis of observational studies showed that
dietary 3-PUFA consumption obtained from fish was inverse-
ly related to the risk of CD.*” Moreover, there was a strong in-
verse association between dietary 3-PUFA and the risk of
UC.” With respect to ®3-PUFA as an IBD therapy, previous
large multicenter RCTs revealed that daily administration of
4-g w3-PUFA is not beneficial in preventing disease relapse.”
Meta-analysis of RCTs demonstrated that ®3-PUFA supple-
mentation was probably ineffective for the maintenance of re-
mission in IBD.""™ Nevertheless, the intervention study re-
vealed that higher ratio diet of ®3/w6-PUFA in IBD patients
for 18 months was significantly effective in the maintenance
of remission.” Another study found that UC patients who con-
sumed higher ®3-PUFA levels using salmon had better activity
index measured using the simple clinical colitis activity index
score than those who did not consume higher ®3-PUFA levels.”

Although experiments of animal models show the signifi-
cant efficacy of 3-PUFA, clinical trials in human demonstrate
its weak evidence of benefits in clinical courses of IBD patients.
These conflicting results might be due to inconsistency in study
design such as various formulations and doses of ®3-PUFA,
heterogeneity of food intake for a whole day, duration of study,
and compliance of patients. Whether ©3-PUFA has clinical
benefits in IBD remains less evident; therefore, current guide-
lines do not recommend ®3-PUFA supplementation for the
prevention and maintenance of remission in IBD patients.”
Clinical decisions regarding ®3-PUFA supplementation in
treating IBD patients should be taken into consideration con-
sidering the available evidences. Although the current state of
knowledge is insufficient to support a clear recommendation
for the usual use of ©3-PUFA in IBD patients, emerging stud-
ies suggest its potential benefits.

FIBER

Fermentable fiber resistant to digestion and absorption in the
small bowel is mostly in soluble form and can the colon and
metabolize into short-chain fatty acids (SCFAs) by colonic mi-
crobiome.™ SCFAs have been recognized as energy substrates
of colon cells, contributing to their homeostasis, and they trig-
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ger the anti-inflammatory properties in immune cells such as
macrophages and dendritic cell by stimulating the differentia-
tion of regulatory T cells.”™ Moreover, SCFAs enhance intesti-
nal epithelial barrier function by reinforcing the integrity of
epithelial tight junction.” Bacterial by-products derived from
dietary fiber remodel the composition of the gut microbiome,
which improves intestinal dysbiosis.” Thus, SCFAs have been
investigated for their anti-inflammatory activity. IBD patients
have significantly lower levels of SCFAs, including butyrate
and acetate, than do healthy subjects.”’ Butyrate, which is a
major type of SCFAs, is an important protective factor against
colorectal cancer and might play a protective role against the
development of IBD.*"**

Increased SCFA production from fiber supplementation re-
duces intestinal inflammation in patients with active CD.” An
RCT of 105 UC patients with remission status was conducted,
and it compared the dietary fiber obtained from Plantago ova-
ta seeds, mesalamine, and dietary fiber plus mesalamine in

¥ There was no

the maintenance of remission for 12 months.
difference in relapse rates between the dietary fiber and me-
salamine groups (40% vs. 35%), with even the lowest relapse
rates being observed in both groups (30%). This study con-
cluded that dietary fiber might be as effective as mesalamine
in maintaining remission in UC.

Because there is still insufficient clinical evidence that sup-
ports the efficacy of dietary fiber for the maintenance of re-
mission in IBD, current guidelines do not recommend high-fi-
ber diet supplementation.” Although dietary fiber supplemen-
tation may enhance anti-inflammatory effects, recent guide-
lines and systematic review have demonstrated that evidences
for the efficacy of fiber in IBD are only limited.” It might be ex-
plained by 2 reasons even if speculated without the complete
understanding of the action mechanism.”* One reason is
that efficacy of dietary fiber localizes only to the colon because
SCFAs, by-product obtained from fiber fermentation, were
mostly formed in the colon where the abundant gut microbio-
ta exist. Thus, dietary fiber may be less efficient in CD patients
with small bowel involvement. This reason is supported by the
result of the previous studies with fiber intervention stating
that UC patients had better positive effects in dietary fiber sup-

% It was well-established that

plementation than CD patients.
all UC patients have only large bowel with continuous involve-
ment starting with proctitis, but approximately greater than
one-quadrant of CD patients have their disease localized in
the small intestine only. Another reason is that the composi-

tional changes of high dietary fiber supplementation do not
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necessarily mean functional changes available to attenuate in-
testinal inflammation.” In IBD patients with actively inflamed
intestinal mucosa, alteration of metabolic activities and com-
position of the gut microbiota might be unable to utilize the
fermentation effects of dietary fiber.”® Previous study dem-
onstrated that the benefits of a high-fiber diet could be deter-
mined according to the presence of bacteria that are able to
digest fiber such as Prevotella in the gut microbiota.” It im-
plies that the benefit of dietary fiber may more effectively play
arole in inflammation relapse than that of existing treatment
modality.”

Even though reduction in the intake of fiber could result in
dysbiosis by altering the gut microbiota, IBD patients who
have intestinal stricture or stenosis are often advised to restrict
fiber from their diet for low-residue diet as the management of
active flare status.”* This clinical practice might be originat-
ing from preconceived frameworks that a low-fiber diet con-
tributes to decreased risk of bowel obstruction by keeping low
volume and frequency of stool. However, there is insufficient
credible evidence for this recommendation. CD patients who
consume low-residue diet might improve their disease activity
index.” Previous prospective trial in patients with active CD
found that there was no significant difference between the
low-residue diet and unrestricted diet group in several clinical
outcomes, including complication, hospitalization, surgery,
postoperative recurrence, and nutritional parameters.” More-
over, low-fiber diet leads to adverse clinical outcomes of IBD,
and high-fiber diet may improve bowel function and quality of
life; additionally, fiber supplementation could contribute to fa-
vorable outcomes in the maintenance of remission.””*" There-
fore, fiber restriction is recommended in patients with a high
risk of obstruction due to intestinal narrowing or strictures
only for short-term, and prolonged fiber restriction should not
be considered.” The efficacy of fiber in IBD is entirely not yet
understood, and current progressive trials have demonstrated
that fiber supplementation could have significant benefits on
the relief of symptoms and maintenance of remission. This ac-
cumulated evidence would support the assumption that fiber
supplementation plays an important role in IBD manage-
ment.

VITAMIN D
IBD patients have greater vitamin D deficiency than the gen-

eral population.” The prevalence of vitamin D deficiency rang-
es from 16% to 90%, and CD seems to be more prevalent than
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UC.*"™ Vitamin D, which has an impact on bone density re-
duction, is of significant practical interest. The pathogenesis of
bone density reduction in IBD is multifactorial including re-
current and chronic steroid use, insufficient intake of dietary
calcium and vitamin D, and low BMI. Several pro-inflammato-
ry cytokines derived from inflammatory reaction itself such as
TNF-a can lead to osteopenia."”' Hence, decreased bone densi-
ty, presenting as osteopenia or osteoporosis in IBD patients,
could be considered as an extraintestinal manifestation and
drug-induced complication. Recent retrospective study
showed that clinical factors associated with vitamin D defi-
ciency in IBD patients are small bowel involvement or resec-
tion in CD and higher disease activity index in UC and identi-
fied that CD patients receiving anti-TNF-o treatment had sig-
nificantly higher vitamin D level than those not receiving anti-
TNF-o treatment.'”

Moreover, vitamin D is involved in anti-inflammatory pro-
cess and suppresses inflammatory cascade and reduces inju-
ry in the epithelial cell by increasing its resistance against irri-
tants in the intestinal mucosa."'” Additionally, vitamin D en-
hances the repair in the intestinal mucosal barrier and leads to
amore rich and diverse composition of the gut microbiome.' '™
A previous women cohort study provided the evidence of this
protective role of vitamin D by identifying that the incidence
of CD development significantly decreased in those with high-
estvitamin D level." 25-Hydroxy vitamin D (25(OH)D) is one
form of vitamin D that is absorbed from diet in the small intes-
tine and synthesized in the skin as mediated by light exposure.
25(OH)D is recognized as both a major circulating metabolite
of vitamin D and stored form in adipose tissue and liver and
" The beneficial effects of
vitamin D on IBD have been documented. A previous study
reported that IBD patients with serum 25(OH)D <20 ng/mL
had higher risk of surgery and hospitalization than those with

used to indicate vitamin D status.

serum 25(OH)D >20 ng/mL."" Furthermore, the normaliza-
tion of 25(OH)D in IBD patients with an initial level <30 ng/

% Recent

mL could reduce the risk of IBD-related surgery.
meta-analysis study involving 18 RCTs with a total of 908 IBD
patients showed that vitamin D supplementation reduced the
relapse rate more significantly than the control, but there were
no significant differences between low- and high-dose vitamin
D treatment."” In a recent study with 40,000 IU cholecalciferol
supplementation weekly for 8 weeks, patients with active UC
had significant improvement in inflammatory markers, in-
cluding reduction of fecal calprotectin and CRP and increase
of albumin and abundance of fecal microbiota, whereas those
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with inactive UC or non-IBD controls did not change.
study demonstrated that IBD patients with vitamin D defi-
ciency immediately discontinued the anti-TNF-a therapy due
to loss of response, implying that vitamin D supplementation
should be considered in maintaining the response to IBD ther-
apy.""' Another study of IBD patient receiving anti-TNF-a. re-
ported that those with normal levels of vitamin D at the begin-
ning of anti-TNF-o therapy had a 2.64 increased odds ratio of
successful remission in 3 months compared with those with
low levels of vitamin D.""* In a study of 2,809 IBD patients with
a median of 11-year follow-up, those with vitamin D deficien-
cy more frequently have colorectal cancer than those without
vitamin D deficiency, and 1 ng/mL increase in serum 25(OH)
D level could lead to 8% reduction in the occurrence of colorec-
tal cancer."”

Although vitamin D deficiency in IBD is common, clinical
manifestations associated with low bone mineral density de-
velop silently and remain a subclinical symptom in most cas-
es. Therefore, insufficient established data regarding the con-
sequences and frequency because of heterogeneity in diag-
nostic criteria, measurement tool, and study population were
observed. The available studies have an inconsistent design,
which varies from 1,000 to 300,000 IU in vitamin D doses, oral
or intramuscular route, or from 3 months to 5 years in admin-

istration duration.'*'"’

Moreover, the widely accepted cutoff
level of vitamin D deficiency remains unclear. The optimal dos-
age of supplementation needed to prevent vitamin D deficien-
cy remains under discussion. There is a wide dosing range of
recommended vitamin D supplementation among several
guidelines, ranging from 400 TU to 10,000 TU daily."*

Vitamin D may be beneficial in the development and clini-
cal course of IBD and occurrence of complications related to
bone density. Currently, high-quality and large-sized RCT for
appropriate vitamin D therapy in IBD patients is insufficient.
Thus, no guideline has found explicit regimen including ap-
propriate doses, supplementation route, and kind of substrate
to maximize the benefits of vitamin D in IBD patients. Never-
theless, based on expert opinion, it is recommended that IBD
patients should maintain a vitamin D level >75 nmol/L in the
serum, which is assessed by regular checkup, for the improve-
ment of disease-related prognosis.” Improvement of vitamin
D status through intended supplementation is being increas-
ingly recognized as an indispensable approach for the appro-
priate treatment of IBD patients.
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PROBIOTICS

Prebiotics are nondigestible ingredients in food that are bene-
ficial in the composition of GI microbiota by fermentation."”
Probiotics contain live microorganisms that provide beneficial
effect on the host’s health. Prebiotic supplementation modu-
lates the endogenous microbiota by stimulating the growth of
selective bacteria mediated by substrates such as galacto-oli-
gosaccharides, whereas probiotic supplementation aims to
provide exogenous bacteria in the luminal microflora. Health
benefits obtained from prebiotic or probiotic consumption
mean that a restrictive number of beneficial microbial species
stimulate functional activity and are becoming more abundant.

Recently, intestinal microflora participates in the pathophysi-
ology of IBD through the immunoregulatory function.'® Alter-
ation in the composition and function of the gut microbiota,
namely dysbiosis, could lead to the stimulation of inflamma-
tory response, dysfunction of the intestinal epithelium, and in-

creased mucosa permeability.'"

Dysbiosis was defined as an
imbalance in the intestine between the protective (e.g, Lacto-
bacillus and Bifidobacterium species) and harmful (e.g, mu-
cosa-associated Escherichia coli) gut microbiomes.' Probiot-
ic supplementation to modulate dysbiosis might be a thera-
peutic option for managing the disease course in IBD patients.
Little is known about prebiotic use in IBD due to insufficient
studies. Most studies on prebiotics were conducted in a small
study population and reported conflicting results."*'

Probiotics seem to be able to alter the clinical course of IBD
patients based on clinical practice and available studies. A pre-
vious study with positive effect for CD patients showed that
those receiving mesalamine with Saccharomyces boulardii,
known as a nonpathogenic yeast, had significantly lower re-
lapse rate than those receiving mesalamine alone (6.25% vs.
37.5%), and this species may represent a useful modality in

122

the maintenance of CD. = However, in the majority of studies,
there is no strong evidence that confirmed the usefulness of
probiotic strains in the management of CD. Meta-analysis stud-
ies showed that the beneficial effect of probiotics in CD re-
mains uncertain in both the induction and maintenance of re-
mission.'” Another current meta-analysis study supported
the assumption that the combination of S. boulardii, Lactoba-
cillus, and VSL#3 probiotics in CD was marginally significant
(P=0.057) with efficacy.” The efficacy obtained from probi-
otics is strain specific; hence, meta-analysis comparing studies
using widely dissimilar probiotics might be difficult when draw-
ing firm conclusions. Hence, further well-designed studies are
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required to clarify the efficacy of probiotics in CD.

Probiotic supplementation for therapeutic manipulation of
the gut microbiota has proven more valuable in the manage-
ment of UC. The current meta-analysis study investigated the
effect of probiotic supplementation on inflammatory marker
in IBD."” Probiotics had significant effects on serum CRP re-
duction (P=0.002) and TNF-o (P<0.001), whereas it had no
significant effects on IL-10 (P=0.24) and IL-6 (P=0.88). Two
recent meta-analysis studies reported that probiotics may be
as effective as mesalamine in preventing relapses in UC and
VSL#3 in particular may be effective in the induction of remis-
C.*"* VSL#3 contains a total of
4% 10" colony-forming units consisting of 8 lactic acid bacte-

sion in patients with active U

ria including 4 strains of Lactobacilli (Lactobacillus paracasei,
L. plantarum, L. acidophilus, and L. delbrueckii), 3 strains of
Bifidobacteria (Bifidobacterium longum, B. infantis, and B.
breve), and 1 strain of Streptococcus thermophilus. In a large
study comparing the efficacy between E. coli Nissle 1917 and
mesalazine 1,500 mg in maintaining remission for 12 months,
the probiotic preparation of E. coli Nissle 1917 showed equiva-
lent efficacy and safety.'” E. coli Nissle 1917 is a nonpathogen-
ic E. coli that colonizes the intestine and inhibits the growth of
enteropathogenic and other enteric bacteria.'”

The most guaranteed effects of probiotics in IBD have been
the prevention and treatment of pouchitis after ileal pouch-

anal anastomosis (IPAA) for UC."”

A previous international
multicenter study in patients with recurrent refractory pou-
chitis reported that maintenance of remission was 85% in the
high-dose VSL#3 group of 6 g once daily and 6% in placebo.'”
The prophylactic effect of probiotic therapy to pouchitis was
shown in a study of patients receiving either VSL#3 or placebo
for 12 months." A total of 10% of patients (2/20) treated with
probiotics and 40% of patients (8/20) treated with placebo
had the onset of acute pouchitis, where probiotic therapy could
be effective in the prevention of pouchitis. Probiotic strains
such as L. rhamnosus GG are also beneficial in preventing pou-
chitis."”

The ESPEN guidelines published in 2018 recommend pro-
biotic therapy using E. coli Nissle 1917 or VSL#3 for the induc-
tion and maintenance of remission in patients with mild-to-
moderate UC but not in active CD.* VSL#3 was also recom-
mended in antibiotic-unresponsive pouchitis and primary
and secondary prevention of pouchitis in patients with IPAA.
Probiotics containing other bacterial strains were not neces-
sarily considered.

The specific strain, duration, frequency, and dose of probiot-
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ic therapy should be established to achieve optimal efficacy.
Additionally, when considering highly various interactions be-
tween the host and gut microbiota, individual strategies that
modulate dysbiosis present a challenge. Hence, further stud-
ies are required to evaluate the efficacy of probiotics and sup-
ply tailored therapies in IBD patients.

CONCLUSIONS

It is clear that nutritional approaches play a valuable role in
managing IBD patients; hence, such approaches need to be
developed to significantly evaluate the effectiveness of dietary
interventions used to treat IBD. Malnutrition in IBD patients
has been insufficiently recognized, resulting in the underesti-
mation and suboptimal treatment of malnutrition to date. Nu-
tritional interventions not only correct nutritional deficiencies
but also improve symptoms and clinical courses of the dis-
ease. The multidisciplinary team, comprising dietarians, IBD
nurse specialists, and gastroenterologists, may play a vital role
in the nutritional approach for IBD patients.

FINANCIAL SUPPORT

The author received no financial support for the research,
authorship, and/or publication of this article.

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article was
reported.

AUTHOR CONTRIBUTION
Writing and approval of final manuscript: Yoon YJ.
ORCID

Yoon]JY https://orcid.org/0000-0002-5280-0443

REFERENCES

1.Lee D, Albenberg L, Compher C, et al. Diet in the pathogene-
sis and treatment of inflammatory bowel diseases. Gastroen-
terology 2015;148:1087-1106.

2. Reddavide R, Rotolo O, Caruso MG, et al. The role of diet in
the prevention and treatment of Inflammatory Bowel Dis-

470

INTESTINAL RESEARCH

eases. Acta Biomed 2018;89(Suppl 9):60-75.

3. Sdez-Gonzalez E, Mateos B, Lopez-Munoz P, et al. Bases for
the adequate development of nutritional recommendations
for patients with inflammatory bowel disease. Nutrients 2019;
11:1062.

4. Filippi J, Al-Jaouni R, Wiroth JB, Hébuterne X, Schneider SM.
Nutritional deficiencies in patients with Crohn’s disease in
remission. Inflamm Bowel Dis 2006;12:185-191.

5. Vadan R, Gheorghe LS, Constantinescu A, Gheorghe C. The
prevalence of malnutrition and the evolution of nutritional
status in patients with moderate to severe forms of Crohn’s
disease treated with Infliximab. Clin Nutr 2011;30:86-91.

6. Abraham C, Medzhitov R. Interactions between the host in-
nate immune system and microbes in inflammatory bowel
disease. Gastroenterology 2011;140:1729-1737.

7. Bernstein CN, Blanchard JE Houston DS, Wajda A. The inci-
dence of deep venous thrombosis and pulmonary embolism
among patients with inflammatory bowel disease: a popula-
tion-based cohort study. Thromb Haemost 2001;85:430-434.

8. Nguyen GC, Munsell M, Harris ML. Nationwide prevalence
and prognostic significance of clinically diagnosable protein-
calorie malnutrition in hospitalized inflammatory bowel dis-
ease patients. Inflamm Bowel Dis 2008;14:1105-1111.

9. Card T, Hubbard R, Logan RE Mortality in inflammatory bow-
el disease: a population-based cohort study. Gastroenterolo-
gy 2003;125:1583-1590.

10. Ashton JJ, Gavin J, Beattie RM. Exclusive enteral nutrition in
Crohn’s disease: evidence and practicalities. Clin Nutr 2019;
38:80-89.

11. de Jong NS, Leach ST, Day AS. Polymeric formula has direct
anti-inflammatory effects on enterocytes in an in vitro model
of intestinal inflammation. Dig Dis Sci 2007;52:2029-2036.

12. Fell JM. Control of systemic and local inflammation with trans-
forming growth factor beta containing formulas. JPEN J Par-
enter Enteral Nutr 2005;29(4 Suppl):S126-S128.

13. Grover Z, Muir R, Lewindon P. Exclusive enteral nutrition in-
duces early clinical, mucosal and transmural remission in
paediatric Crohn’s disease. ] Gastroenterol 2014;49:638-645.

14. Sanderson IR, Boulton P, Menzies I, Walker-Smith JA. Improve-
ment of abnormal lactulose/rhamnose permeability in active
Crohn’s disease of the small bowel by an elemental diet. Gut
1987;28:1073-1076.

15. Levine A, Wine E. Effects of enteral nutrition on Crohn’s dis-
ease: clues to the impact of diet on disease pathogenesis. In-
flamm Bowel Dis 2013;19:1322-1329.

16. Kaakoush NO, Day AS, Leach ST, Lemberg DA, Mitchell HM.

www.irjournal.org



INTESTINAL RESEARCH

17.

18.

19.

20.

21.

22.

23.

24,

26.

27.

Reduction in gut microbial diversity as a mechanism of ac-
tion of exclusive enteral nutrition. Am J Gastroenterol 2016;
111:1033.

Gerasimidis K, Bertz M, Hanske L, et al. Decline in presump-
tively protective gut bacterial species and metabolites are
paradoxically associated with disease improvement in pedi-
atric Crohn’s disease during enteral nutrition. Inflamm Bow-
el Dis 2014;20:861-871.

Narula N, Dhillon A, Zhang D, Sherlock ME, Tondeur M, Zach-
os M. Enteral nutritional therapy for induction of remission
in Crohn’s disease. Cochrane Database Syst Rev 2018;4:CD
000542.

Swaminath A, Feathers A, Ananthakrishnan AN, Falzon L, Li
Ferry S. Systematic review with meta-analysis: enteral nutri-
tion therapy for the induction of remission in paediatric Crohn’s
disease. Aliment Pharmacol Ther 2017;46:645-656.

Fell JM, Paintin M, Arnaud-Battandier E et al. Mucosal heal-
ing and a fall in mucosal pro-inflammatory cytokine mRNA
induced by a specific oral polymeric diet in paediatric Crohn’s
disease. Aliment Pharmacol Ther 2000;14:281-289.

Grover Z, Burgess C, Muir R, Reilly C, Lewindon PJ. Early mu-
cosal healing with exclusive enteral nutrition is associated
with improved outcomes in newly diagnosed children with
luminal Crohn’s disease. ] Crohns Colitis 2016;10:1159-1164.
Bannerjee K, Camacho-Hiibner C, Babinska K, et al. Anti-in-
flammatory and growth-stimulating effects precede nutri-
tional restitution during enteral feeding in Crohn disease. ]
Pediatr Gastroenterol Nutr 2004;38:270-275.

Berni Canani R, Terrin G, Borrelli O, et al. Short- and long-term
therapeutic efficacy of nutritional therapy and corticosteroids
in paediatric Crohn’s disease. Dig Liver Dis 2006;38:381-387.

Gerasimidis K, Talwar D, Duncan A, et al. Impact of exclusive
enteral nutrition on body composition and circulating mi-
cronutrients in plasma and erythrocytes of children with ac-
tive Crohn'’s disease. Inflamm Bowel Dis 2012;18:1672-1681.

. Gerasimidis K, Barclay A, Papangelou A, et al. The epidemi-

ology of anemia in pediatric inflammatory bowel disease:
prevalence and associated factors at diagnosis and follow-up
and the impact of exclusive enteral nutrition. Inflamm Bowel
Dis 2013;19:2411-2422.

Grover Z, Lewindon P. Two-year outcomes after exclusive
enteral nutrition induction are superior to corticosteroids in
pediatric Crohn’s disease treated early with thiopurines. Dig
Dis Sci 2015;60:3069-3074.

Connors ], Basseri S, Grant A, et al. Exclusive enteral nutrition
therapy in paediatric Crohn’s disease results in long-term

www.irjournal.org

https://doi.org/10.5217/ir.2019.00078 « Intest Res 2019;17(4):463-475

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

avoidance of corticosteroids: results of a propensity-score
matched cohort analysis. ] Crohns Colitis 2017;11:1063-1070.
Cohen-Dolev N, Sladek M, Hussey S, et al. Differences in out-
comes over time with exclusive enteral nutrition compared
with steroids in children with mild to moderate Crohn’s dis-
ease: results from the GROWTH CD Study. J Crohns Colitis
2018;12:306-312.

Ruemmele FM, Veres G, Kolho KL, et al. Consensus guide-
lines of ECCO/ESPGHAN on the medical management of
pediatric Crohn’s disease. ] Crohns Colitis 2014;8:1179-1207.
Forbes A, Escher J, Hébuterne X, et al. ESPEN guideline: clini-
cal nutrition in inflammatory bowel disease. Clin Nutr 2017;
36:321-347.

Gonzélez-Huix E Fernandez-Banares E Esteve-Comas M, et
al. Enteral versus parenteral nutrition as adjunct therapy in
acute ulcerative colitis. Am J Gastroenterol 1993;88:227-232.
Shivashankar R, Lewis JD. The role of diet in inflammatory
bowel disease. Curr Gastroenterol Rep 2017;19:22.

Green N, Miller T, Suskind D, Lee D. A review of dietary ther-
apy for IBD and a vision for the future. Nutrients 2019;11:947.
Okada M, Yao T, Yamamoto T, et al. Controlled trial compar-
ing an elemental diet with prednisolone in the treatment of
active Crohn'’s disease. Hepatogastroenterology 1990;37:72-
80.

Teahon K, Bjarnason I, Pearson M, Levi AJ. Ten years experi-
ence with an elemental diet in the management of Crohn'’s
disease. Gut 1990;31:1133-1137.

Akobeng AK, Zhang D, Gordon M, MacDonald JK. Enteral
nutrition for maintenance of remission in Crohn’s disease.
Cochrane Database Syst Rev 2018;8:CD005984.

Nguyen DL, Palmer LB, Nguyen ET, McClave SA, Martindale
RG, Bechtold ML. Specialized enteral nutrition therapy in
Crohn’s disease patients on maintenance infliximab therapy:
ameta-analysis. Therap Adv Gastroenterol 2015;8:168-175.
Yang Q, Gao X, Chen H, et al. Efficacy of exclusive enteral nu-
trition in complicated Crohn’s disease. Scand J Gastroenterol
2017;52:995-1001.

Hu D, RenJ, Wang G, et al. Exclusive enteral nutritional thera-
py can relieve inflammatory bowel stricture in Crohn’s dis-
ease. ] Clin Gastroenterol 2014;48:790-795.

Heerasing N, Thompson B, Hendy P, et al. Exclusive enteral
nutrition provides an effective bridge to safer interval elec-
tive surgery for adults with Crohn’s disease. Aliment Pharma-
col Ther 2017;45:660-669.

Zheng XB, Peng X, Xie XY, et al. Enteral nutrition is associated
with a decreased risk of surgical intervention in Crohn’s dis-

471



Jin Young Yoon ¢ Nutritional approach as therapeutic manipulation in IBD

42.

43.

44.

46.

47.

48.

49.

50.

51

53.

54.

472

ease patients with spontaneous intra-abdominal abscess.
Rev Esp Enferm Dig 2017;109:834-842.

Scolapio JS. The role of total parenteral nutrition in the man-
agement of patients with acute attacks of inflammatory bow-
el disease. ] Clin Gastroentero 1999;29:223-224.

Dickinson RJ, Ashton MG, Axon AT, Smith RC, Yeung CK,
Hill GL. Controlled trial of intravenous hyperalimentation
and total bowel rest as an adjunct to the routine therapy of
acute colitis. Gastroenterology 1980;79:1199-1204.

Miiller JM, Keller HW, Erasmi H, Pichlmaier H. Total paren-
teral nutrition as the sole therapy in Crohn’s disease: a pro-
spective study. BrJ Surg 1983;70:40-43.

. Ostro MJ, Greenberg GR, Jeejeebhoy KN. Total parenteral

nutrition and complete bowel rest in the management of
Crohn’s disease. JPEN J Parenter Enteral Nutr 1985;9:280-287.
Mclntyre PB, Powell-Tuck J, Wood SR, et al. Controlled trial
of bowel rest in the treatment of severe acute colitis. Gut 1986;
27:481-485.

Greenberg GR, Fleming CR, Jeejeebhoy KN, Rosenberg IH,
Sales D, Tremaine WJ. Controlled trial of bowel rest and nu-
tritional support in the management of Crohn’s disease. Gut
1988;29:1309-1315.

Richman E, Rhodes JM. Review article: evidence-based di-
etary advice for patients with inflammatory bowel disease.
Aliment Pharmacol Ther 2013;38:1156-1171.

Triantafillidis JK, Papalois AE. The role of total parenteral nu-
trition in inflammatory bowel disease: current aspects. Scand
J Gastroenterol 2014;49:3-14.

Egberg MD, Galanko JA, Barnes EL, Kappelman MD. Throm-
botic and infectious risks of parenteral nutrition in hospital-
ized pediatric inflammatory bowel disease. Inflamm Bowel
Dis 2019;25:601-609.

Gouma DJ, von Meyenfeldt ME Rouflart M, Soeters PB. Pre-
operative total parenteral nutrition (TPN) in severe Crohn’s
disease. Surgery 1988;103:648-652.

. Han PD, Burke A, Baldassano RN, Rombeau JL, Lichtenstein

GR. Nutrition and inflammatory bowel disease. Gastroenter-
ol Clin North Am 1999;28:423-443.

Lashner BA, Evans AA, Hanauer SB. Preoperative total par-
enteral nutrition for bowel resection in Crohn’s disease. Dig
Dis Sci 1989;34:741-746.

Duvall MG, Levy BD. DHA- and EPA-derived resolvins, pro-
tectins, and maresins in airway inflammation. Eur ] Pharma-
col 2016;785:144-155.

. Baker EJ, Miles EA, Burdge GC, Yaqoob P, Calder PC. Metab-

olism and functional effects of plant-derived omega-3 fatty

56.

57.

58.

59.

60.

61.

62.

63.

64.

66.

67.

INTESTINAL RESEARCH

acids in humans. Prog Lipid Res 2016;64:30-56.

Martindale RG, Warren MM, McClave SA. Does the use of
specialized proresolving molecules in critical care offer a
more focused approach to controlling inflammation than
that of fish oils? Curr Opin Clin Nutr Metab Care 2016;19:
151-154.

Mbodji K, Charpentier C, Guérin C, et al. Adjunct therapy of
n-3 fatty acids to 5-ASA ameliorates inflammatory score and
decreases NF-kappaB in rats with TNBS-induced colitis. J
Nutr Biochem 2013;24:700-705.

Nieto N, Torres MI, Rios A, Gil A. Dietary polyunsaturated
fatty acids improve histological and biochemical alterations
in rats with experimental ulcerative colitis. ] Nutr 2002;132:
11-19.

Borniquel S, Jadert C, Lundberg JO. Dietary conjugated lin-
oleic acid activates PPARgamma and the intestinal trefoil
factor in SW480 cells and mice with dextran sulfate sodium-
induced colitis. ] Nutr 2012;142:2135-2140.

Arita M, Yoshida M, Hong S, et al. Resolvin E1, an endoge-
nous lipid mediator derived from omega-3 eicosapentaenoic
acid, protects against 2,4,6-trinitrobenzene sulfonic acid-in-
duced colitis. Proc Natl Acad Sci U S A 2005;102:7671-7676.
Ibrahim A, Aziz M, Hassan A, et al. Dietary alpha-linolenic
acid-rich formula reduces adhesion molecules in rats with
experimental colitis. Nutrition 2012;28:799-802.

Tyagi A, Kumar U, Santosh VS, Reddy S, Mohammed SB,
Ibrahim A. Partial replacement of dietary linoleic acid with
long chain n-3 polyunsaturated fatty acids protects against
dextran sulfate sodium-induced colitis in rats. Prostaglandins
Leukot Essent Fatty Acids 2014;91:289-297.

IBD in EPIC Study Investigators, Tjonneland A, Overvad K, et
al. Linoleic acid, a dietary n-6 polyunsaturated fatty acid, and
the aetiology of ulcerative colitis: a nested case-control study
within a European prospective cohort study. Gut 2009;58:
1606-1611.

Ananthakrishnan AN, Khalili H, Konijeti GG, et al. Long-term
intake of dietary fat and risk of ulcerative colitis and Crohn’s
disease. Gut 2014;63:776-784.

. Ananthakrishnan AN, Khalili H, Song M, et al. High school

diet and risk of Crohn’s disease and ulcerative colitis. Inflamm
Bowel Dis 2015;21:2311-2319.

Maconi G, Ardizzone S, Cucino C, Bezzio C, Russo AG, Bian-
chi Porro G. Pre-illness changes in dietary habits and diet as
a risk factor for inflammatory bowel disease: a case-control
study. World J Gastroenterol 2010;16:4297-4304.

Reif S, Klein I, Lubin E Farbstein M, Hallak A, Gilat T. Pre-ill-

www.irjournal.org



INTESTINAL RESEARCH

68.

69.

70.

71.

72.

73.

74.

76.

7.

78.

79.

ness dietary factors in inflammatory bowel disease. Gut 1997;
40:754-760.

John S, Luben R, Shrestha SS, Welch A, Khaw KT, Hart AR.
Dietary n-3 polyunsaturated fatty acids and the aetiology of
ulcerative colitis: a UK prospective cohort study. Eur J Gas-
troenterol Hepatol 2010;22:602-606.

Mozaffari H, Daneshzad E, Larijani B, Bellissimo N, Azad-
bakht L. Dietary intake of fish, n-3 polyunsaturated fatty ac-
ids, and risk of inflammatory bowel disease: a systematic re-
view and meta-analysis of observational studies. Eur J Nutr.
[published online ahead of print January 24, 2019]. https://
doi.org/10.1007/s00394-019-01901-0.

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 trials. JAMA 2008;299:1690-
1697.

Lev-Tzion R, Griffiths AM, Leder O, Turner D. Omega 3 fatty
acids (fish oil) for maintenance of remission in Crohn’s dis-
ease. Cochrane Database Syst Rev 2014;(2):CD006320.
Turner D, Shah PS, Steinhart AH, Zlotkin S, Griftiths AM. Main-
tenance of remission in inflammatory bowel disease using
omega-3 fatty acids (fish oil): a systematic review and meta-
analyses. Inflamm Bowel Dis 2011;17:336-345.

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

Uchiyama K, Nakamura M, Odahara S, et al. N-3 polyunsatu-
rated fatty acid diet therapy for patients with inflammatory
bowel disease. Inflamm Bowel Dis 2010;16:1696-1707.

. Grimstad T, Berge RK, Bohov P, et al. Salmon diet in patients

with active ulcerative colitis reduced the simple clinical coli-
tis activity index and increased the anti-inflammatory fatty
acid index: a pilot study. Scand J Clin Lab Invest 2011;71:68-
73.

Vinolo MA, Rodrigues HG, Nachbar RT, Curi R. Regulation of
inflammation by short chain fatty acids. Nutrients 2011;3:858-
876.

Kim S, Kim JH, Park BO, Kwak YS. Perspectives on the thera-
peutic potential of short-chain fatty acid receptors. BMB Rep
2014;47:173-178.

Singh N, Gurav A, Sivaprakasam §, et al. Activation of Gpr109a,
receptor for niacin and the commensal metabolite butyrate,
suppresses colonic inflammation and carcinogenesis. Im-
munity 2014;40:128-139.

Saeedi BJ, Kao DJ, Kitzenberg DA, et al. HIF-dependent regu-
lation of claudin-1 is central to intestinal epithelial tight junc-

www.irjournal.org

https://doi.org/10.5217/ir.2019.00078 « Intest Res 2019;17(4):463-475

80.

81.

82.

83.

84.

86.

87.

88.

89.

90.

91.

92.

tion integrity. Mol Biol Cell 2015;26:2252-2262.

Holscher HD. Dietary fiber and prebiotics and the gastroin-
testinal microbiota. Gut Microbes 2017;8:172-184.
Huda-Faujan N, Abdulamir AS, Fatimah AB, et al. The impact
of the level of the intestinal short chain fatty acids in inflam-
matory bowel disease patients versus healthy subjects. Open
Biochem J 2010;4:53-58.

Hague A, Singh B, Paraskeva C. Butyrate acts as a survival
factor for colonic epithelial cells: further fuel for the in vivo
versus in vitro debate. Gastroenterology 1997;112:1036-1040.
Benjamin JL, Hedin CR, Koutsoumpas A, et al. Randomised,
double-blind, placebo-controlled trial of fructo-oligosaccha-
rides in active Crohn’s disease. Gut 2011;60:923-929.
Fernandez-Banares F, Hinojosa J, Sanchez-Lombrana JL, et
al. Randomized clinical trial of Plantago ovata seeds (dietary
fiber) as compared with mesalamine in maintaining remis-
sion in ulcerative colitis. Spanish Group for the Study of Crohn's
Disease and Ulcerative Colitis (GETECCU). Am ] Gastroen-
terol 1999;94:427-433.

. Wedlake L, Slack N, Andreyev HJ, Whelan K. Fiber in the treat-

ment and maintenance of inflammatory bowel disease: a
systematic review of randomized controlled trials. Inflamm
Bowel Dis 2014;20:576-586.

Sugihara K, Morhardt TL, Kamada N. The role of dietary nu-
trients in inflammatory bowel disease. Front Immunol 2019;
9:3183.

Bartel G, Weiss I, Turetschek K, et al. Ingested matter affects
intestinal lesions in Crohn’s disease. Inflamm Bowel Dis 2008;
14:374-382.

Morgan XC, Tickle TL, Sokol H, et al. Dysfunction of the in-
testinal microbiome in inflammatory bowel disease and treat-
ment. Genome Biol 2012;13:R79.

Davenport M, Poles J, Leung JM, et al. Metabolic alterations
to the mucosal microbiota in inflammatory bowel disease.
Inflamm Bowel Dis 2014;20:723-731.

Kovatcheva-Datchary P, Nilsson A, Akrami R, et al. Dietary fi-
ber-induced improvement in glucose metabolism is associ-
ated with increased abundance of prevotella. Cell Metab 2015;
22:971-982.

Silveira ALM, Ferreira AVM, de Oliveira MC, et al. Preventive
rather than therapeutic treatment with high fiber diet attenu-
ates clinical and inflammatory markers of acute and chronic
DSS-induced colitis in mice. Eur J Nutr 2017;56:179-191.
Vanhauwaert E, Matthys C, Verdonck L, De Preter V. Low-
residue and low-fiber diets in gastrointestinal disease man-
agement. Adv Nutr 2015;6:820-827.

473



Jin Young Yoon ¢ Nutritional approach as therapeutic manipulation in IBD

93. Zhang Y], Li S, Gan RY, Zhou T, Xu DP, Li HB. Impacts of gut
bacteria on human health and diseases. Int ] Mol Sci 2015;16:
7493-7519.

94. Levenstein S, Prantera C, Luzi C, D’'Ubaldi A. Low residue or
normal diet in Crohn’s disease: a prospective controlled study
in Italian patients. Gut 1985;26:989-993.

95. Brotherton CS, Taylor AG, Bourguignon C, Anderson JG. A
high-fiber diet may improve bowel function and health-relat-
ed quality of life in patients with Crohn disease. Gastroenter-
ol Nurs 2014;37:206-216.

96. Chiba M, Tsuji T, Nakane K, Komatsu M. High amount of di-
etary fiber not harmful but favorable for Crohn disease. Perm
J2015;19:58-61.

97. Hwang C, Ross V, Mahadevan U. Popular exclusionary diets
for inflammatory bowel disease: the search for a dietary cul-
prit. Inflamm Bowel Dis 2014;20:732-741.

98. Fletcher J. Vitamin D deficiency in patients with inflammato-
ry bowel disease. Br ] Nurs 2016;25:846-851.

99. Nielsen OH, Rejnmark L, Moss AC. Role of vitamin D in the
natural history of inflammatory bowel disease. ] Crohns Coli-
tis 2018;12:742-752.

100. Fletcher J, Cooper SC, Ghosh S, Hewison M. The role of vita-
min D in inflammatory bowel disease: mechanism to man-
agement. Nutrients 2019;11:1019.

101. Ghosh S, Cowen S, Hannan W]J, Ferguson A. Low bone min-
eral density in Crohn’s disease, but not in ulcerative colitis, at
diagnosis. Gastroenterology 1994;107:1031-1039.

102. Schéiffler H, Schmidt M, Huth A, Reiner J, Glass A, Lamprecht
G. Clinical factors are associated with vitamin D levels in IBD
patients: a retrospective analysis. ] Dig Dis 2018;19:24-32.

103.Liu PT, Stenger S, Li H, et al. Toll-like receptor triggering of a
vitamin D-mediated human antimicrobial response. Science
2006;311:1770-1773.

104. Ananthakrishnan AN. Vitamin D and inflammatory bowel
disease. Gastroenterol Hepatol (N'Y) 2016;12:513-515.

105.Zhao H, Zhang H, Wu H, et al. Protective role of 1,25(0OH)2
vitamin D3 in the mucosal injury and epithelial barrier dis-
ruption in DSS-induced acute colitis in mice. BMC Gastroen-
terol 2012;12:57.

106. Ananthakrishnan AN, Khalili H, Higuchi LM, et al. Higher
predicted vitamin D status is associated with reduced risk of
Crohn’s disease. Gastroenterology 2012;142:482-489.

107.Rosen C]J. Clinical practice: vitamin D insufficiency. N Engl J
Med 2011;364:248-254.

108. Ananthakrishnan AN, Cagan A, Gainer VS, et al. Normaliza-
tion of plasma 25-hydroxy vitamin D is associated with re-

474

INTESTINAL RESEARCH

duced risk of surgery in Crohn’s disease. Inflamm Bowel Dis
2013;19:1921-1927.

109.LiJ, Chen N, Wang D, Zhang J, Gong X. Efficacy of vitamin D
in treatment of inflammatory bowel disease: a meta-analysis.
Medicine (Baltimore) 2018;97:e12662.

110. Garg M, Hendy P, Ding JN, Shaw S, Hold G, Hart A. The effect
of vitamin D on intestinal inflammation and faecal microbio-
ta in patients with ulcerative colitis. ] Crohns Colitis 2018;12:
963-972.

111.Zator ZA, Cantu SM, Konijeti GG, et al. Pretreatment 25-hy-
droxyvitamin D levels and durability of anti-tumor necrosis
factor-a therapy in inflammatory bowel diseases. JPEN J Par-
enter Enteral Nutr 2014;38:385-391.

112. Winter RW, Collins E, Cao B, Carrellas M, Crowell AM, Ko-
rzenik JR. Higher 25-hydroxyvitamin D levels are associated
with greater odds of remission with anti-tumour necrosis
factor-alpha medications among patients with inflammatory
bowel diseases. Aliment Pharmacol Ther 2017;45:653-659.

113. Ananthakrishnan AN, Cheng SC, Cai T, et al. Association be-
tween reduced plasma 25-hydroxy vitamin D and increased
risk of cancer in patients with inflammatory bowel diseases.
Clin Gastroenterol Hepatol 2014;12:821-827.

114.Kabbani TA, Koutroubakis IE, Schoen RE, et al. Association
of vitamin D level with clinical status in inflammatory bowel
disease: a 5-year longitudinal study. Am ] Gastroenterol 2016;
111:712-719.

115. Sharifi A, Hosseinzadeh-Attar MJ, Vahedi H, Nedjat S. A ran-
domized controlled trial on the effect of vitamin D3 on in-
flammation and cathelicidin gene expression in ulcerative
colitis patients. Saudi ] Gastroenterol 2016;22:316-323.

116.Hlavaty T, Krajcovicova A, Payer J. Vitamin D therapy in in-
flammatory bowel diseases: who, in what form, and how much?
J Crohns Colitis 2015;9:198-209.

117.Lichtenstein L, Avni-Biron I, Ben-Bassat O. Probiotics and
prebiotics in Crohn’s disease therapies. Best Pract Res Clin
Gastroenterol 2016;30:81-88.

118. Sartor RB. Microbial influences in inflammatory bowel dis-
eases. Gastroenterology 2008;134:577-594.

119.Nishida A, Inoue R, Inatomi O, Bamba S, Naito Y, Andoh A.
Gut microbiota in the pathogenesis of inflammatory bowel
disease. Clin J Gastroenterol 2018;11:1-10.

120.Ng SC, Hart AL, Kamm MA, Stagg AJ, Knight SC. Mechanisms
of action of probiotics: recent advances. Inflamm Bowel Dis
2009;15:300-310.

121. Bindels LB, Delzenne NM, Cani PD, Walter J. Towards a more
comprehensive concept for prebiotics. Nat Rev Gastroenter-

www.irjournal.org



INTESTINAL RESEARCH

ol Hepatol 2015;12:303-310.

122. Guslandi M, Mezzi G, Sorghi M, Testoni PA. Saccharomyces
boulardii in maintenance treatment of Crohn’s disease. Dig
Dis Sci 2000;45:1462-1464.

123.Derwa Y, Gracie DJ, Hamlin PJ, Ford AC. Systematic review
with meta-analysis: the efficacy of probiotics in inflammato-
ry bowel disease. Aliment Pharmacol Ther 2017;46:389-400.

124. Ganji-Arjenaki M, Rafieian-Kopaei M. Probiotics are a good
choice in remission of inflammatory bowel diseases: a meta
analysis and systematic review. ] Cell Physiol 2018;233:2091-
2103.

125.1saacs K, Herfarth H. Role of probiotic therapy in IBD. Inflamm
Bowel Dis 2008;14:1597-1605.

126.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;

www.irjournal.org

https://doi.org/10.5217/ir.2019.00078 « Intest Res 2019;17(4):463-475

53:1617-1623.

127.Nguyen N, Zhang B, Holubar SD, Pardi DS, Singh S. Treat-
ment and prevention of pouchitis after ileal pouch-anal anas-
tomosis for chronic ulcerative colitis. Cochrane Database
Syst Rev 2019;5:CD001176.

128.Mimura T, Rizzello E Helwig U, et al. Once daily high dose
probiotic therapy (VSL#3) for maintaining remission in re-
current or refractory pouchitis. Gut 2004;53:108-114.

129. Gionchetti P, Rizzello E Helwig U, et al. Prophylaxis of pou-
chitis onset with probiotic therapy: a double-blind, placebo-
controlled trial. Gastroenterology 2003;124:1202-1209.

130. Gosselink MP, Schouten WR, van Lieshout LM, Hop WC, La-
man JD, Ruseler-van Embden JG. Delay of the first onset of
pouchitis by oral intake of the probiotic strain Lactobacillus
rhamnosus GG. Dis Colon Rectum 2004;47:876-884.

475



