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Anti-inflammatory diet and inflammatory bowel disease:
what clinicians and patients should know?
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Current treatment for inflammatory bowel disease (IBD) includes the application of anti-inflammatory agents for the induc-
tion and remission of IBD. However, prolonged use of anti-inflammatory agents can exert adverse effects on patients. Recently,
formulated dietary approach in treating IBD patients is utilized to improve clinical activity scores. An alteration of gastrointes-
tinal microbiota through dietary therapy was found to reduce IBD and is recognized as a promising therapeutic strategy for
IBD. One of the recommended formulated diets is an anti-inflammatory diet (AID) that restricts the intake of carbohydrates
with modified fatty acids. This diet also contains probiotics and prebiotics that can promote balanced intestinal microbiota
composition. However, scientific evidences are limited to support this specific dietary regime in maintaining the remission and
prevention relapse of IBD. Therefore, this review aimed to summarize available data from various studies to evaluate the AID
diet effectiveness which will be useful for clinicians to manage their IBD patients by application of improved dietary therapy.

(Intest Res 2021;19:171-185)
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INTRODUCTION

Inflammatory bowel disease (IBD) is a chronic inflammatory
disorder of gastrointestinal tract which includes Crohn’s dis-
ease (CD) and ulcerative colitis (UC). For both CD and UC,
patients usually experience periods of remission and a flare-
up of the disease.' Currently, there is no cure for IBD,” and
available treatment approaches target to reduce inflammation
and prevent clinical symptoms and complications.” In the
United States, the disparity in treatment goals was observed
between the clinicians and patients, where 25% of clinicians
versus 2.5% of patients viewed the treatment is successful as
reflected by endoscopic remission.’
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Current treatments mostly involve the use of anti-inflam-
matory agents including corticosteroids, immunomodulators,
and biological agents.’” However, drug therapy leads to incon-
sistent health improvement and severe adverse effects.’
Hence, manipulation of gut microbiota through diet change is
a promising therapeutic strategy. This strategy can reduce in-
flammation by maintaining a healthy gut microbiota balance
while optimizing good nutrition.” The most well-studied di-
etary therapy for IBD is the use of exclusive enteral nutrition
(EEN) with elemental, semi-elemental, and defined formula
diets.” The EEN is recommended as the first-line therapy for
active CD patients as it can change the gut microbiota profile
and promote mucosal healing through anti-inflammatory ef-
fects.”

However, EEN have limitations in sustaining a long-term
maintenance therapy for IBD" and the liquid nutrition formu-
la lacks palatability." The limitations led to the introduction of
various oral formulated diets for IBD treatment. Even though
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patients seek dietary consultation with clinicians, whole food
diet-based therapies for CD and UC are pootly developed. As
previous studies showed that alteration of gut microbiota
composition plays a significant role in the pathogenesis of
IBD,"*" formulated diet known as anti-inflammatory diet
(AID) is of potential utilization. The IBD-AID was developed
based on the relationship established between gut microbiota
imbalance and intake of specific carbohydrates acting as sub-
strates for pathogenic bacteria in the gut." The AID diet was
reported to limit carbohydrates such as refined sugar, gluten-
based grains, and processed complex carbohydrates that can
enhance the growth of inflammatory bacteria in the digestive
tract."

Essentially, IBD-AID consisted of 5 basic components: (1)
consumption restriction of specific carbohydrates (e.g., lac-
tose, refined or processed complex carbohydrates); (2) inges-
tion of prebiotics, probiotics and foods that are rich in compo-
nents that can restore the balance of intestinal microbiota
(e.g, soluble fiber, leek, onions, fermented foods); (3) reduced
intake of total fat and saturated fatty acids and increased in-
take of omega-3 rich foods; (4) review of overall dietary pat-
tern, identification of patient’s intolerance and detection of
any lacking nutrients; or (5) modification of food texture (e.g,

Table 1. Phases of the IBD-AID
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cooked, homogenized, ground) to improve nutrient absorp-
tion in the gut."" Table 1 demonstrates the complexity of tex-
ture modification of foods depending on the severity of symp-
toms and patient’s tolerance. At the initial stage, soft foods
should be introduced followed by well-cooked foods and can
gradually revert to whole foods as the symptoms improve.

In the present review, the potential roles of AID as adjunc-
tive therapy for IBD efficient remission therapy. With increas-
ing patients’ interest in AID, it is imperative to understand the
effectiveness and limitation of this dietary intervention be-
sides providing information for clinicians to consult their pa-
tients through improved dietary therapy.

EFFECTIVENESS OF AID IN THE MANAGEMENT
OFIBD

Several studies showed anti-inflammatory foods can be bene-
ficial and/or detrimental in maintaining the remission and
prevention flares of IBD. In this review, information on AID
that include prebiotics and probiotics, omega-3 rich foods, re-
fined carbohydrates, gluten-based foods, lactose-based foods,
high-fat foods, low-fermentable oligosaccharide, disaccha-
ride, monosaccharide, and polyol (FODMAP) diet, and vita-

Phase Why should | be following this phase?

Examples of foods

. Soft foods, pureed foods, no seeds

Currently experiencing a flare, any bleeding, urgency
and high frequency of bowel movements or pain. This
phase is helpful for patients who have recently been
hospitalized. At this stage, you may not be able to
tolerate many foods, in part due to the texture of the

Smoothies, well-cooked whole (groats) or steel
cut oats, ground flax or chia seeds (if you can
tolerate ground seeds) pureed soups, pureed
vegetables, yogurt and miso (good sources of
probiotics), and ground lean meats.

food. This phase emphasizes soft and pureed foods
using a blender. Tolerance of foods are individualized.

[I. Soft textures, well-cooked, no
seeds. May still need to avoid stems,
choose floppy greens or other greens
depending on individual tolerance.

Symptoms have improved significantly, but are not
completely alleviated. You may be able to tolerate some
fiber but might still have trouble digesting foods high
in fiber and fat. More fibrous foods are added in this
phase, in the form of soft cooked vegetables and pureed
beans/lentils. Use the foods list as a guide to help you
advance to this stage. Remember to drink plenty of
water and increase probiotic foods (e.g., plain yogurt,

Soft greens (butter lettuce, cooked collard greens,
baby spinach without stems), well-cooked
lean meats, aged cheeses (Cheddar, Gruyere,
Manchego, Gouda and Parmesan-types like
Parmigiano-Reggiano and Grana Padano), nut
butters, tomatoes, pureed berries with seeds
strained out, and foods baked with IBD-AID
friendly flours (bean flours, nut flours).

aged cheese, fermented veggies, kefir, miso, microalgae,
pickles, honey, raw honey, fermented cabbage), when

adding fiber to your diet!

1. If in remission with no strictures,
can gradually go back to normal food
preparation. Can gradually increase

intact fiber intake. and solid.

Your symptoms are gone. You are feeling stronger and
are becoming more comfortable eating a greater variety
of foods. Your bowel movements are well controlled

Stir-fried vegetables, cruciferous veg like
cabbage, cauliflower, and broccoli, meats, citrus
fruits, whole beans, and whole nuts.

IBD, inflammatory bowel disease; AID, anti-inflammatory diet.
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min E supplementation is summarized and presented in Ta-

ble 2.

Table 2. Summary of Anti-Inflammatory Foods Studies
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Olendzki et al." demonstrated a promising retrospective

case series of AID as a treatment for IBD patients who did not

.. . No. of  Study .
. Anti-inflammatory diet . . Results on clinical
Study (year) Disease = iy G Study design IBD  duration ! n
food . outcomes
patients  (wk)
Ishikawa et al. (2003)* uc Fermented milk Randomized clinical trial " 52 Maintenance of remission
and prevention of relapse
Kato et al. (2004)* uc Fermented milk Randomized placebo 20 12 Induction of remission
control trial
Matsuoka et al. (2018)** uc Fermented milk Randomized double-blind 195 48 No effect on maintenance
study
Lorea Baroja et al. (2007)*® CDand UC  Yogurt Open-label study 20 4 Induction and maintenance
of remission
Shadnoush et al. (2013)®®  CD and UC Yogurt Interventional study 86 8 Maintenance of remission
Nyman et al. (2020)* uc QOat bran Randomized controlled 47 24 No significant difference on
study relapse rate
Hallert et al. (2003)% uc Oat bran Randomized control pilot 22 12 No signs of an increase in
study colitis relapse
Kanauchi et al. (2003)* uc Germinated barley Open trial, multicenter 21 24 Decrease in clinical activity
foodstuff index for long-term
administration
Hanai et al. (2004)” uc Germinated barley Open-label, non- 59 52 Decrease in the cumulative
foodstuff randomized trial recurrence rate
Faghfoori et al. (2014)** uc Germinated barley Open-label, randomized 46 8 Increased maintenance in
foodstuff control trial remission
Brotherton et al. (2014)*® CD Wheat bran cereal Randomized controlled 4 4 Increase in maintenance of
single-blinded trial remission
Grimstad et al. (2011)* uc Salmon fillet Interventional pilot study 12 8 Induction of remission
Scaioli et al. (2018)* uc Fish oil Placebo-controlled trial 60 36 Maintenance of remission
Yasueda et al. (2016)* CD Omega-3 emulsified Open-label clinical trial 6 4 Decrease the disease
formulation activity
Jones et al. (1985)* CDh Unrefined carbohydrates  Controlled trial 20 24 Relapse of disease
Ritchie et al. (1987)* CD Refined carbohydrates Randomized prospective 352 104 No effects on relapse
single-blind trial
Schreiner et al. (2019)* IBD Gluten-free diet Prospective cross- 1,223 - No significant difference on
sectional study disease activity
Tasson et al. (2017)”' CD Meat Cross-sectional study 103 52 Relapse of disease
Barnes et al. (2017)% uc Fatty acids prospective, multicenter, 412 - Increase disease flares
observational study
Prince et al. (2016)* CDand UC Low FODMAP diet Case note review study 88 6 Decreased disease severity
Cox et al. (2017)* CD and UC Low FODMAP diet Randomized, double- 32 3day  Worsened the
blind, placebo- gastrointestinal
controlled, cross-over, symptoms
re-challenge trial
Saw et al. (2019)” DSS-induced Vitamin E Clinical trial - 20day Improved disease severity

colitis mice

IBD, inflammatory bowel disease; UC, ulcerative colitis; CD, Crohn's disease; FODMAP, fermentable oligosaccharide, disaccharide, monosaccharide, and
polyol; DSS, dextran sulfate sodium.
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show any positive changes after pharmacological therapy and
for patients where treatment (e.g, anti-inflammatory drugs or
surgery) was not as effective. In the case series, 40 patients
were offered AID while 11 patients completed AID therapy
and contributed to the data required. All the patients experi-
enced an improvement in their symptoms and downscaled
their current medication therapy after adopting the diet for >4
weeks."! However, there is a limitation concerning small sam-
ple size and study design, Thus, randomized clinical trials are
needed to evaluate the efficacy of AID as adjunctive dietary
therapy for IBD.

1. Probiotics

Probiotics are live microorganisms and when administered in
adequate amounts, they can confer health benefits to the
host."” The effects of probiotics on the induction and mainte-
nance of UC and CD have been investigated in several inter-
ventional trials, however, the results are inconsistent. Kruis et
al.'* performed a double-blinded, double-dummy trial where
UC patients were randomized to either receive probiotic cap-
sules of Escherichia coli Nissle 200 mg once daily (n=162) or
mesalazine 500 mg medication three times daily (n=165) for
12 months. At the end of the study, patients were assessed
based on the histological, clinical and endoscopic activity in-
dices. It was found that the efficacy and safety of E. coli Nissle
were equivalent to the gold standard therapy (mesalazine) in
maintaining the remission in UC patients. A meta-analysis
conducted in 2014 which included 20 high-quality random-
ized control trials (RCTs) also showed probiotics could pre-
vent relapse of UC as effectively as mesalazine (relative risk
[RR], 1.0; 95% confidence interval [CI], 0.79-1.26)."

The efficacy of probiotics was recommended for adjuvant
use of multispecies probiotic VSL#3 that contains 4 strains of
Lactobacillus (L. casei, L. plantarum, L. acidophilus, and L. del-
brueckii subsp. bulgaricus), 3 strains of Bifidobacterium (B.
longum, B. breve, and B. infantis), and 1 strain of Streptococcus
(S salivarius subsp. thermophilus). For mild to moderately ac-
tive UC patients, a meta-analysis conducted showed that
VSL#3, when added to conventional therapy at a daily dose of
3.6x10"” CFU (colony forming unit), could achieve clinical re-
sponse and remission compared to the use of conventional
therapy alone."

In contrast, the Cochrane Collaboration review that includ-
ed 12 studies (n=1,473 participants) showed that the effec-
tiveness of probiotics in the management of UC patients re-
mains uncertain."” The review revealed no statistical differ-

174

INTESTINAL RESEARCH

ence in the clinical relapse (RR, 1.01; 95% CI, 0.84-1.22) and
maintenance of remission (RR, 1.06; 95% CI, 0.90-1.25) be-
tween probiotics and mesalazine." This could be due to the
small sample size used for clinical trials that limit the number
of data. Thus, no firm conclusion can be drawn on the efficacy
of probiotics in maintaining remission of UC.

Among CD patients, 2 meta-analyses failed to demonstrate
the efficacy of probiotics in the treatment of the disease.”*'
Shen et al.”’ reported that the supplementation with Lactoba-
cillus GG resulted in an increase in the relapse rate of CD
compared with placebo (RR, 1.68; 95% CI, 1.07-2.64). Similar-
ly, Rahimi et al.*' reported on negative findings of probiotics
efficacy in maintaining remission and preventing clinical and
endoscopic relapse among CD patients.

To date, most of the studies investigated on the use of di-
etary supplements (capsules, tablets, and powders) compared
with foods containing probiotics (yogurt, fermented and un-

! 1 this re-

fermented milk/dairy products, miso, tempeh).
view, 4 studies that reported on the beneficial consumption of
foods containing probiotics as a therapeutic strategy in the
management of IBD were included.”**

1) Fermented Milk Supplementation

Ishikawa et al.** conducted a clinical trial to compare a group
of UC patients provided with bifidobacteria supplemented
fermented milk (BFM, n=11) and a control group (n=10)
without supplementation of BEM, however, both groups re-
ceived standard medications as a part of treatment. The BEM
group (n=11) was prescribed with 100 mL/day of commer-
cially available BFM products containing B. breve, B. bifidum,
and L. acidophilus for a 1-year study period. Colonoscopy,
general blood marker test, and intestinal flora examination
were performed at the beginning of the trial and the end of the
study period. The exacerbation of symptoms was observed in
3 out of 11 subjects in the BEM group, and 9 out of 10 subjects
in the control group. The statistical findings indicated a cumu-
lative reduction of relapse rates in the BEM group (P<0.05).
However, the effectiveness of probiotic therapy among pa-
tients with active UC has not been investigated in a placebo-
controlled study.

In 2004, Kato et al.”* conducted another randomized place-
bo-controlled trial among outpatients and hospitalized active
UC patients from Nihon University School of Medicine, Tokyo,
Japan. Significant improvement in both clinical and endo-
scopic activity indexes of mild to moderately active UC pa-
tients was noted. The trial was conducted among a group of

www.irjournal.org



INTESTINAL RESEARCH

UC patients with BEM supplementation (n=10) containing B.
breve, B. bifidum, and Lactobacillus acidophilus, and a placebo
group (n=10) for 12 weeks.”” The BEM group received 100
mL/day of BFM besides ongoing conventional treatment. It
was concluded that BEM supplementation was safer and
more effective compared with only conventional treatment in
the management of active UC patients.” However, this is the
only pilot study available, hence more studies are required to
confirm the results.

In a more recent study, a similar therapeutic strategy with a
supplement that consisted of B. breve, B. bifidum, and L. aci-
dophilus demonstrated a minimum effect of BFM in main-
taining the remission of UC patients.”* A total of 195 patients
with quiescent UC was randomized into the BFM group (n=
98) and placebo group (n= 97). The BFM group was supple-
mented with 100 mL/day BFM for 48 days. At the end of the
study, the relapse-free survival analysis conducted showed no
significant difference between the BFM and placebo groups
(hazard ratio, 1.16; 95% CI, 0.63-2.14). No significant differ-
ence was also noted between the BFM group (22.7%) and the
placebo group (20.0%) for the incidence of relapse with P-val-
ue of 0.651.

2) Yogurt

Lorea Baroja et al.” conducted an open-label study involving
healthy (n=20) and IBD (n=20) subjects, with 15 and 5 of the
IBD patients diagnosed with CD and UC, respectively. All the

12‘3

subjects were supplemented with yogurt containing probiot-
ics namely L. reuteri and L. rhamnosus. After 30 days of treat-
ment, the CD4" CD25"" T cells proportion increased signifi-
cantly. Meanwhile, the proportion of myeloid dendritic cells
and tumor necrosis factor (TNF)-a /interleukin (IL)-12 mono-
cytes content reduced in both UC and DC patients.”
Similarly, an interventional study conducted by Shadnoush

26

et al.™ also revealed a positive effect of yogurt containing pro-
biotic consumption on UC patients. Effect of consuming about
250 g of yogurt containing Bifidobacterium and Lactobacillus

strains daily for 8 weeks were evaluated.”

Stool samples were
collected from the patients at the baseline and after the treat-
ment. The changes in stool specimens were measured using
Tagman real-time polymerase chain reaction method. The re-
sults showed an increase in the CFU means of Lactobacillus
and Bifidobacterium in the treatment group compared with
the placebo group.”

In summary, IBD patients should consider consuming sup-
plements or foods containing probiotics in their daily diet for

www.irjournal.org
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lower risk of IBD adverse effects. However, research on the ef-
fectiveness of probiotics as a treatment for IBD is limited and
emerging. As there were many variations among available
studies, further research is required to determine the most
suitable probiotic strains, dosing regimens of probiotics and
specific population of IBD patients who can benefit from pro-
biotic supplementation. Probiotics should be considered as a
part of a patient’s healthcare besides medications, nutritional
intervention, and lifestyle management.

2. Prebiotics

Prebiotics can be defined as selectively fermenting non-di-
gestible food ingredients or substances that can specifically
support the growth and activity of health-promoting bacteria
that can colonize the gastrointestinal tract.*” With an advanced
understanding of the interaction between diet, microbiome
and host, Bindels et al.** proposed a new definition of prebiot-
ic. Prebiotic was defined as a non-digestible compound that
can be metabolized by microorganisms in the gut which will
modulate the composition and activity of gut microbiota, thus
conferring a beneficial physiological effect on the host. How-
ever, the efficacy of prebiotics in IBD treatment is still unclear.

1) Oat Bran
Nyman et al* conducted a controlled multicenter study among
a group of adult patients with quiescent UC. In this study, UC
patients were randomized into an active group (n=67) that
received 60 g of oat bran equivalent to 20 g of dietary fiber/day
and a control group (n=63) that received a low-fiber wheat-
based products that provided 5 g dietary fiber/day.” After 24-
week of study, the oat bran group had significantly higher fecal
butyrate concentrations with gastrointestinal symptoms pre-
vented. However, the relapse rate was similar for both groups.
In a previous study, the effect of indirect intake of 60 g of oat
bran incorporated in bread which is equivalent to 20 g of di-
etary fiber/day by UC patients in remission (n=22) was as-

¥ The main outcome of this oat bran intervention was

sessed.
reflected by short-chain fatty acids concentration in the stools.
Fifteen subjects had a 36% increase in the fecal butyrate con-
centration within 4 weeks of intervention and the butyrate
concentration maintained throughout 12 weeks of the trial.
During the trial, no patients showed signs of disease flare but
significant improvement in IBD symptoms was noted as as-
sessed by the Seo activity index. This study demonstrated that
patients with quiescent UC should increase their fiber intake
with the consumption of a diet rich in oat bran. However, fur-
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ther studies are required to determine the long-term benefits
of using oat bran in maintenance therapy for UC patients.

2) Germinated Barley Foodstuff

Germinated barley foodstuff (GBF) is a type of prebiotic
which is composed of mainly fibers (cellulose, hemicellulose,
and lignin) and some proteins and lipids as dietary com-
pounds.” In 2003, Kanauchi et al.”* conducted a multicenter
open trial to investigate a long-term administration effect of
GBF on the treatment of active UC in addition to the standard
treatment. A total of 21 patients with mild to moderate UC re-
ceived 20-30 g of GBF for 24 weeks, resulting in a reduction of
clinical activity of disease especially the degree of visible blood
in stools and presence of nocturnal diarrhea compared with
the control group (P<0.05).”

The same group of researchers conducted another multi-
center trial in 2004 to investigate the efficacy of GBF for main-
tenance therapy among UC patients.” Patients were random-
ized into control group (n=37) and GBF group (n=22). For
the treatment group, patients received 20 g/day of GBF with
standard drug treatment, while the control group only re-
ceived the standard drug therapy. Response to treatment was
assessed by monitoring the clinical activity index and endo-
scopic score. In this trial, the recurrence rate was found to be
lower in the GBF group compared to that of the control group
with significantly higher clinical activity index at 3, 6, and 12
months of the trial were observed. The authors concluded that
GBEF is safe and effective to prolong the remission state in UC
patients.”

In a more recent open-labeled RCT study conducted in
2014, 41 patients (GBF group: n=20, control group: n=20)
with UC in the inactive state were involved.” The GBF group
patients received 30 g of GBE three times daily in addition to
conventional treatment for 2 months. A decrease in serum
level of C-reactive protein along with reduced gastrointestinal
symptoms such as abdominal pain and cramping were not-
ed.” Overall, intake of GBF in daily diet by UC patients
showed improvements in clinical disease activity.

3) Wheat Bran

Brotherton et al.” conducted an interview-based single-armed
study to evaluate the effect of wheat bran intake on CD pa-
tients health (n=7). Patients were instructed to consume a
half cup of whole wheat bran cereal daily, reduce the intake of
refined carbohydrate and maintain sufficient fluid intake. At
the end of the 4-week study, improvement in the clinical activ-
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ity scores as measured by the Harvey-Bradshaw index was re-
ported.” The authors concluded that consuming wheat bran
in daily diet is feasible for CD patients and no adverse effects
of the diet were reported.” However, the study has several
limitations such as the use of small sample size and lack of ob-
jective biological measures such as fecal inflammatory mark-
ers, calprotectin, and/or lactoferrin.

In summary, the incorporation of dietary prebiotics in the
treatment of IBD patients resulted in promising findings as re-
ported in small-scale studies. As prebiotics are easy to admin-
ister, inexpensive, and lack of adverse effects, IBD patients
should incorporate prebiotics t as an adjunct to their medical
treatment. However, more studies should be conducted to as-
sess the effectiveness of prebiotics in a larger randomized
controlled clinical studies for safe consumption of prebiotics
by IBD patients as an alternative to standard therapeutics
management of IBD. Furthermore, there is a need to further
understand the mechanism of prebiotics and their interac-
tions with the gut microbiota to identify specific prebiotics
that is effective in the treatment of IBD.

3. Omega-3 Fatty Acids

Many studies have shown the beneficial effects of omega 3
fatty acids (w3FA) which includes eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA) as adjunctive in the
treatment of IBD. However, there are many controversial ef-
fects of w3FA on CD or UG, that were related to the amount of
w3FA supplementation, variability in the sample size, and dif-
ferences of methodologies in clinical trials.”® The consumption
of w3FA was associated with anti-inflammatory properties
that can improve mucosal healing of intestines and alleviate
the active symptoms of IBD.” The intake of essential ©3FA can
be achieved by regular consumption of foods such as oily fish
(tuna, salmon, mackerel or sardine) or by supplementation
with fish or olive oil.

An interventional pilot trial was conducted to assess the ef-
ficacy of high consumption of salmon fillet regularly (600 g
per week) in mildly active UC patients (n=12) for 8 weeks.”
The efficacy of salmon fillet consumption was assessed using
a Simple Clinical Colitis Activity Index (SCCAI), sigmoidosco-
py, serum fecal calprotectin inflammatory markers, rectal bi-
opsy, and plasma fatty acid (FA) profile evaluation before and
after the dietary intervention. The findings revealed a reduc-
tion in the SCCAI and FA content in plasma and rectal speci-
men” which indicates the beneficial effects of salmon fillet
consumption on disease activity in patients with mild UC.*

www.irjournal.org
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In a different study by Scaioli et al,” a placebo-controlled
trial involving UC patients in remission was conducted to
evaluate the efficacy of EPA-free FA capsules supplement
(EPA-FFA) to reduce gut inflammation. In the study, patients
were randomly assigned into 2 groups which were (1) pa-
tients consuming capsules supplement with EPA-FFA, 500
mg, twice per day (n=30), and (2) placebo (n=30) for 6
months of the study period. Assessment of fecal calprotectin
and clinical parameters was performed at baseline of the
study, after 3 months, and after 6 months.”” Administration
capsules supplement of EPA-FFA for 6 months was found to
reduce calprotectin in fecal without adverse effects. EPA-FFA
was found to be beneficial in inducing and maintaining symp-
tom-free remission in patients with UC. However, further in-
vestigations involving a larger sample size are needed.

In another study, an open-label clinical trial was conducted
to investigate the safety and efficacy of w3 emulsified formula-
tion when consumed by CD patients in remission (n=5)." Pa-
tients were required to ingest one bottle (100 mL) of commer-
cially available 03 emulsifying test formulation daily for 28
days. The results showed that supplementation with the test
formulation is safe with minimal side effects. CD activity index
scores decreased after ingestion of one bottle of the test for-
mulation (containing 600 mg of EPA and 260 mg of DHA) and
blood tests revealed no serious adverse effects.’ However, this
study involved a small sample size which is insufficient to
completely elucidate the effects of the 03 emulsifying formu-
lation to maintain the remission state."

Although some clinical trials have demonstrated the effica-
cy of w3FA supplementation in the treatment of IBD, a review
by Lev-Tzion et al."" showed controversial effects of ©3FA. Lev-
Tzion et al."' systematically reviewed the safety and efficacy of
®3FA for maintaining remission in CD. Six studies were in-
cluded in the analysis with a total of 1,039 patients and the pri-
mary study outcome was relapse rate. Based on 2 large high-
quality studies included in the review, ©3FA was probably
found ineffective for the maintenance of remission in CD.

Controversial findings on the effects of w3FA as adjunctive
in the treatment of CD and UC could be due to the small num-
ber of patients, mode of supplementation consumption and
types of w3FA formulation used. Therefore, further research is
warranted to elucidate the influence of w3FA supplementa-
tion on the clinical course of the disease and to establish daily
recommended intake of w3FA for desirable induction of re-
mission and prevention of relapse in IBD.

www.irjournal.org
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4. Restriction of Refined Carbohydrates and Gluten-

Based Product Intake
Dietary surveys reported that about 10% of IBD was associat-
ed with sugary foods or refined carbohydrates which aggra-
vated IBD symptoms and trigger the relapse of the disease.”*
However, there is limited control data to support the impact of
exclusions diets of refined carbohydrates on IBD. In the pres-
ent review, few interventional studies that investigated the im-
pact of refined carbohydrates in comparison to control diet
for maintenance of remission in inactive CD patients were
summarized."""

Jones et al."* conducted a controlled trial involving inactive
CD patients (n=20) for a month trial. The study showed that
none out of 10 CD patients on unrefined carbohydrate fiber-
rich diet (control diet) remained in the remission state com-
pared with 7 out of 10 patients on the exclusion diet."' However,
the study failed to explain the methods used for random alloca-
tion concealment which could influence the study findings.

Another controlled trial was conducted by Ritchie et al.” to
assess the effects of 2 different diets namely refined carbohy-
drates and unrefined carbohydrates on CD patients (n=352).
Patients were randomized to consume either carbohydrate in
the refined form, e.g. rice and white flour (n=162) or carbohy-
drates in the natural unrefined state (n=190). Over the 2-year
trial, no clear differences were seen in the clinical course of
patients in both groups as assessed by gastrointestinal symp-
toms improvement, stool count, and weight changes."” How-
ever, there was a systematic error due to attrition bias as pa-
tients from the intervention group withdrew from the study by
4-fold compared to the control group due to non-compliance.

Besides refined carbohydrates, gluten intake is also restrict-
ed for IBD patients. Gluten is a protein mainly found in pro-
cessed wheat and related grain species (rye and barley). Wheat
products such as bread, cakes, and pastries commonly con-
tain gluten. A gluten-free diet (GFD) was associated with im-
proved symptoms in IBD patients, however, controlled trials
are limited to conclude the usefulness of this restrictive diet.
Schreiner et al.*® conducted a cross-sectional analysis involv-
ing IBD patients (n=1,254) where GFD was adopted by ap-
proximately 5% of patients, with most of them not being diag-
nosed with celiac disease.

Despite patients’ belief in a favorable clinical course of the
disease, Schreiner et al. could not objectify the impact of GFD
on the disease course. Herfarth et al."” demonstrated that
65.6% of IBD patients who attempted GFD described im-
provements in gastrointestinal symptoms and 38.3% reported
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with fewer or less severe flares of IBD. These 2 cross-sectional
analyses could not be used to conclude long-term effects of
GFD on the course of the disease.

5. Restriction of Lactose-Based Food Intake

Lactose is a type of sugar naturally found in milk and dairy
products that are hydrolyzed by lactase to be readily absorbed
in the intestine. Most of the studies that described the restric-
tion of lactose-based foods adopted by IBD patients are based
on cross-sectional analysis. Findings by Cohen et al.” as a re-
sult of an interview with CD patients (n=105) indicated sig-
nificant avoidance of milk consumption which was associated
with their beliefs that milk worsens their symptoms. In the
study, only 6 CD patients reported that the consumption of
milk does affect their symptoms.

In a study conducted in New Zealand to evaluate the effect
of dairy food intake in IBD patients (n=165), Nolan-Clark et
al.” reported that most the CD patients (67.3%) stated that the
consumption of dairy products had no adverse effect on self-
reported CD symptoms. Nevertheless, CD patients who expe-
rienced an adverse reaction after consuming products con-
taining milk reported that dairy products with high-fat content
(cream, ice-cream, and cheese) worsen the perceived CD

symptoms.

6. Reduction of High-Fat Food Intake

Dietary intake of high-fat foods mainly saturated fat (e.g, fatty
beef, lamb, pork, poultry with skin, deep-fried foods) and w6FA
rich foods (e.g, red meat, margarine, cooking oil) can induce
intestinal inflammation and growth of pathogenic bacteria
that can further stimulate the immune system towards a pro-
*IBD patients often modify their diets by
frequently avoiding fatty foods during the remission to pre-

inflammatory state.

vent the flares of the disease."

In a cross-sectional study, Tasson et al.”' analyzed the effect
of dietary intake among CD and UC patients in remission
(n=53) and active disease (n=50) states using 146-food items
self-administered food frequency questionnaire over a 1 year
of the study period. The outcomes of the clinical state of dis-
ease were assessed using fecal calprotectin. A positive associa-
tion between the risk of relapse and consumption of meat
(OR, 3.61; 95% CI, 1.15-11.38) was found which indicated the
detrimental effects of meat on disease relapse.

In another study, Barnes et al.”* conducted a prospective
observational study among UC patients in remission (n=412)
who were on aminosalicylates treatment to investigate the re-
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lationship between high dietary intake of specific fatty acids
with the risk of disease flares. The dietary intake was assessed
using a validated food frequency questionnaire at the baseline
and follow-up was performed for a year. The disease activity of
UC was assessed using the SCCAL The study demonstrated
that 11% (n=45) of UC patients experienced a flare of disease
within the 12-month study period. The output of multivariable
logistic regression analysis indicated that the higher the intake
of myristic acid (saturated fat commonly found in coconut oil,
palm oil, and dairy fats), the higher the odds of relapse (OR,
3.01;95% CI, 1.17-7.74).”

7. Low FODMAPs Diet

The FODMAP diet stands for fermentable oligosaccharide, di-
saccharide, monosaccharide, and polyol. FODMAP exclusion
diet in IBD patients was based on the notion that high ferment-
able carbohydrates (e.g., glucose, fructose, sucrose, lactose, or
polyols) are poorly absorbed in the intestinal tract, thus they
are rapidly fermented by gut bacteria giving rise to a high os-
motic load.”™”*

Prince et al.™* conducted a prospective case-note review to
determine the efficacy of a low FODMAP diet in the manage-
ment of functional-like gastrointestinal symptoms (FGS)
among IBD patients. In the study, IBD patients (n=88) were
advised to follow a diet low in FODMAP for a minimum of 6
weeks by a specialist gastrointestinal dietitian. About 78% of
patients reported improvement of their symptoms during fol-
low-up sessions as assessed by the Gastrointestinal Symp-
toms Rating Scale. Besides, a significant reduction (P<0.001)
in the severity of abdominal pain, heartburn, flatulence, bloat-
ing, bleaching, incomplete evacuation, and nausea was ob-
served. Not only that, improvements in stool consistency
(P=0.002) and frequency (P<0.001) was also assessed using
the Bristol Stool Form Scale.”

In a different study, Cox et al.” used a randomized, double-
blinded, placebo-controlled and re-challenge trial to evaluate
the effect of individual fermentable carbohydrates on the FGS
among IBD patients in remission (n=32) who were experi-
encing co-existence of FGS. The study reintroduced fructans
(12 g/day), galactooligosaccharides (6 g/day) and sorbitol (6
g/day) over a 3-day re-challenge period and glucose placebo
(12 g/day) while monitoring the gastrointestinal symptoms.
The RCT findings showed that the intake of fructans exacer-
bated the gastrointestinal symptoms of IBD patients com-
pared to placebo, galactooligosaccharides and sorbitol.”

www.irjournal.org
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8. Vitamin E Rich Foods Supplementation

Vitamin E is a group of phytochemicals which includes to-
copherols (TPs), tocotrienols (T3s), and their derivatives are
naturally derived from plant-based sources such as nuts,
seeds, green leafy vegetables and plant oils.” Vitamin E, a lip-
id-soluble antioxidant compound in a cellular membrane is
recognized to protect membrane lipids from lipid peroxida-
tion by scavenging the chain-carrying lipid peroxyl radicals57
and have prominent anti-inflammatory effects.”

In a study where dextran sulfate sodium (DSS)-induced UC
mice were used, the severity of IBD disease improved with the
supplementation of an oral tocotrienol-rich fraction (TRF) as
characterized by the reduction in the disease activity index
and histopathological inflammatory scoring.’” Supplementa-
tion of TRF (containing 70% of «T3, a dose of 150 mg/kg/day)
was compared against the a-tocopherol («TP; a dose of 150
mg/kg/day) for 20 days. TRF demonstrated anti-inflammatory

https://doi.org/10.5217/ir.2020.00035 « Intest Res 2021;19(2):171-185

and antioxidant properties as indicated by the reduction of in-
flammation and oxidative biomarkers including IL-6, IL-17,
TNF-a, myeloperoxidase (MPO), cyclooxygenase-2 (COX-2),
nitrite oxide (NO), malondialdehyde (MDA), and pNF-Kb.
Meanwhile, for treatment with o TP, the MPO and inflammato-
ry markers, no changes were observed.” The authors pro-
posed clinical study to be conducted to evaluate the effective-
ness of TRF among UC patients.

WHAT CLINICIANS SHOULD ADVISE THEIR
PATIENTS ON THE AID?

Table 3 summarizes the general recommended diet for IBD
patients including the specific recommendations for CD and
UC patients. However, there is limited information to guide
clinicians on the use of specific dietary therapy as an adjunc-
tive treatment for CD and UC.

Table 3. General Summary of Recommended Diet for CD and UC Patients

General aspects of the diet for IBD
1. Diet is highly individualized.

2. Eat smaller meals of high energy and nutrient density, consumed at frequent intervals.

3. Stay hydrated, drink a small amount of water throughout the day.

4. Maximize the energy and protein intake for maintenance of weight and replenishment of nutrients while tailoring to the patient's current bowel

function.

5. Encouraged to follow a normal diet as possible which is high quality and balanced whenever possible.

6. When the appetite is poor, food fortification or nutritional supplement use may be necessary.

7. During disease flares, the patient may need to eliminate foods that cause symptoms such as lactose-containing foods, high fiber foods, and high-

fat foods.

8. If lactose is avoided, encourage alternate high calcium and vitamin D food sources (tofu, collard greens, low lactose cheese or lactose-free milk,

fortified milk substitutes).

9. During a disease flare when the intake of low insoluble fiber is beneficial, consider the intake of fruits and vegetables that are easier to digest (e.g.,

soft, cooked, avoid the skins and seeds).
10. Avoid unnecessary dietary restrictions.

Dietary management of CD

1. For active CD, withdraw the normal diet for 2-4 weeks and replace it with liquid formula diet (elemental, peptide, or polymeric diets), or parenteral

nutrition can be used to induce remission in some of the patients.

2. For maintenance of remission state in CD, following the period of normal food withdrawer, the transition of normal foods need to be made with
care; foods should be reintroduced gradually for 2-4 weeks with the gradual cessation of the formula diet.

3. For CD patients with stricturing, a low insoluble fiber diet (e.g., less raw fruits and vegetables, wholegrain) may be helpful to lessen the symptoms

such as abdominal pain and diarrhea.

Dietary management of UC

1. For active UC, patients should be encouraged to reduce the foods that may increase the symptoms (e.g., insoluble fiber, concentrated sweets, high
fat, caffeine/alcohol, and sugar alcohol). Also, patients are encouraged to increase their fluid intake.

2. For the remission state of UC, patients should be encouraged to consume varied, well-balanced diet and avoid unnecessary food exclusion.

CD, Crohn's disease; UC, ulcerative colitis; IBD, inflammatory bowel disease.
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Patient’s perceptions of the benefits and harms of selected
foods can impact their choice of food intake which can further
influence their nutritional status. A majority of IBD patients
(~60%) perceived diet/food as the risk factor for the relapse of
IBD** Specifically, foods such as milk/dairy, fried foods/fatty
foods, spicy foods, vegetables, nuts, red meats, high fiber foods,
and coffee were frequently reported to worsen the IBD symp-
toms." IBD patients should focus on dietary pattern modifica-
tions compared to exclusion of specific foods particularly the
nutrient-dense foods.

As the IBD-AID requires the elimination of specific foods or
food groups, it may inadequately replete the nutrients defi-
ciencies especially for those IBD patients who are already at
the risk of malnutrition. Patients and clinicians should have
reservations about the practicality of AID to maintain the di-
etary therapy over a long period as AID could lead to financial
burden or reduction in overall calorie intake.

1. Potential Nutritional Inadequacy of AID
During dietary consultation, clinicians should carefully dis-
cuss with patients regarding insufficient nutrient intake. Mac-
ro- and micro-nutrient deficiencies can occur as a result of ex-
cessive self-imposed dietary restrictions of AID. First, IBD pa-
tients who strictly follow long-term restriction of processed
complex carbohydrates may be at risk of inadequate calorie
intake and weight loss.”

Secondly, excluding gluten-based products is one of the rec-

Table 4. What Should Clinicians Inform IBD Patients?

INTESTINAL RESEARCH

ommendations for AID. Nevertheless, it is not commonly ad-
vised as IBD patients may practice unnecessary exclusion and
perhaps confuse symptoms with food allergies.”” Gluten-based
cereals such as wholegrain-wheat based bread and brown rice
are the major source of dietary fiber, thus IBD patients who
practice GFD may be at risk of consuming inadequate fiber
intake.” Taetzsch et al.”" also found that healthy dietary rec-
ommendation developed with gluten-free menus have signifi-
cantly lower protein, magnesium, potassium, vitamin E, folate,
and sodium contents compared to gluten-containing menus.
Furthermore, recent surveys conducted on the nutritional qual-
ity of gluten-free products available in markets also showed
low content of protein with high fat and salt content compared
to their equivalent gluten-containing products.”

Thirdly, the restriction of lactose-based products as part of
AID has potential for the insufficient intake of calcium and vi-
tamin D. Vernia et al.* analyzed the means of the 22-item
quantitative questionnaire of calcium intake in 187 IBD pa-
tients and confirmed that the restriction of dairy products
contributed to a lower intake of calcium in IBD patients com-
pared to healthy controls. The main concern related to calci-
um and vitamin D deficiency is the adverse effect on bone
health. Restriction of the dairy product might impact negative-
ly on bone mineral density which in turn can increase the risk
of osteoporosis.” The restriction of dairy-based products also
contribute to inadequate intake of protein, potassium, vitamin
A, vitamin B ,, phosphorus, zinc and riboflavin.”

Dietary advice from clinicians to IBD patients

1. There is no specific diet for patients with IBD, some diets may be used to identify the trigger foods or relieve the symptoms.

2. Regardless of the diseases, advise the patients to not overly restrict their diet as adequate nutrition is important.

3. Itis important to eat a balanced diet by maintaining an adequate intake of protein, carbohydrate, and fat as well as vitamins and minerals.

4. It is important for patients to maintain a diverse and nutrient-rich diet as much as they can.

5. Eating a proper diet and maintaining good nutrition help the medications to become more effective, promoting healing and immunity, and may

alleviate some GI symptoms of IBD.

6. The diet should be individualized based on the disease that the patients have (e.g., UC vs. CD), disease activity (remission vs. flare), part of intestine
affected, any prior surgery, and individual caloric and nutritional requirements.

7. There is no need to avoid foods unless they worsen the symptoms.

8. IBD patients may consume a normal diet during remission state but may need to alter their diet during flares.

9. In order to identify the "problem foods," patients need to keep a record of foods eaten and then take note of when the symptoms occur.

10. If cutting down on foods make no difference to the symptoms, advise the patients to add them back into the diet to avoid missing out the

important nutrients.

IBD, inflammatory bowel disease; Gl, gastrointestinal; UC, ulcerative colitis; CD, Crohn's disease.
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2. Recommendations for IBD Patients question is “what to eat” which is the most difficult question to
IBD patients frequently request for recommendations about answer by many clinicians. In the present review, a general di-
food and diet besides disease improvement strategies during etary guideline for IBD patients is presented in Table 4. For cli-
consultations with their clinicians. The most encountered nicians, when advising patients on AID, it will be very helpful

Table 5. What IBD Patients Should Eat?

In general

IBD 1. Eat smaller meals or snacks at more frequent intervals (every 3 or 4 hours).*"

2. Eat a variety of foods based on local healthy eating guidelines.®
Dietary fiber

IBD 1. Decrease the amount of fiber during a disease flare such as seeds, nuts, green leafy vegetables, and whole-grains.**'”

2. During periods of no symptoms, slowly reintroduce high-fiber foods one at a time in small amounts.**”
CD  1.Consider limiting the intake of dietary fiber or fibrous foods for stricturing CD.*”
uc 1. A high-residue diet may be indicated in cases of ulcerative proctitis.”
Vegetables and fruits
IBD 1. Avoid vegetables that are gas-producing when the disease is active such as broccoli, cauliflower, cabbage.”
2. When experiencing a disease flare, cooked, pureed, and peeled fruits and vegetables are better-tolerated.*®”
Milk and dairy-based foods
IBD 1. Maintain dairy product intake unless the intolerance develops.”
2. Limit or eliminate the intake of milk and milk products if patients do not digest dairy foods well, or are lactose intolerant.**”
High-fat foods
IBD 1. Limit fats and oils to less than 8 teaspoons per day.”
2. If patients have diarrhea or bloating, reduce the fatty, greasy or fried foods.”
Carbohydrates
IBD  1.Reducing dietary fermentable oligosaccharides, disaccharides, and monosaccharides and polyols (FODMAPs) may reduce symptoms of IBD."
Meat or protein-based foods
IBD 1. Choose the lean source of protein such as fish, chicken, eggs, or tofu as it is may be more tolerable.”
2. Avoid fatty, greasy or highly processed meats such as sausages, nuggets.**”
3. Tender, well-cooked meat prepared without added fat.*®
Beverages

66,70

IBD 1. Drink enough fluids (at least 8 cups each day) to avoid dehydration.

2. Avoid high sugary drinks, sweet juices, caffeine, and alcohol when the disease is active. "

Probiotics

IBD 1. Eat foods with added probiotics and prebiotics.*®

CD 1. Probiotics should not be used in the treatment of active disease.”®

UC 1. Probiotic therapy can be considered for patients with mild to moderate UC.%
Dietary supplements

IBD 1. lIron supplementation is recommended in all IBD patients when iron deficiency anemia is present.*®

2. Calcium and vitamin D supplementation are encouraged for those on steroid therapy.**”
3. Folic acid supplementation for those treated with sulphasalazine.®

CD  1.Vitamin B,, supplementation with more than 20 cm distal ileum resection.*®

IBD, inflammatory bowel disease; CD, Crohn's disease; UC, ulcerative colitis.

Adapted from: clinical practice quidelines®™* and informal dietary suggestion.”” American Dietetic Association (ADA);*® World Gastroenterology Organization
(WGO0);” European Society for Clinical Nutrition and Metabolism (ESPEN);* British Dietetic Association (BDA);* Crohn's and Colitis Foundation of America
(CCFA).”
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to consider several factors including the severity of patient’s
current clinical conditions, assessment of nutritional status
before AID implementation, patient’s willingness to adhere
with AID for long-term, and also the feasibility of the AID itself
(e.g, cost of the specialty foods, food preparations constraints,
and challenges during social gathering). As there is no specific
diet designed to treat IBD, general diet for IBD patients as pro-
posed by medical societies in the form of clinical practice
guidelines related to IBD were summarized and presented in
Table 5.7

The elimination of specific foods from IBD-AID is often
manageable by patients but adding unfamiliar foods particu-
larly foods containing probiotics can be a huge barrier in
maintaining compliance which might be due to cultural diver-
sity of food choice. Clinicians also should be aware that all the
anti-inflammatory foods reviewed here do not apply for all
IBD patients. The intake of a particular food according to IBD-
AID can worsen clinical outcomes of some patients but may
be beneficial for other patients. Therefore, personalized diets
might be more effective in managing IBD and must be tai-
lored based on current therapy and the natural history of the
disease. Clinicians may instruct patients to be more vigilant of
their food intake and take note of any associated symptoms
by recording in food diaries. Personalized dietary modifica-
tions can identify specific triggers related to symptoms and
also empower patients with a sense of control over their symp-
toms.

IBD patients who intend to implement AID first should be
counselled on adequate calorie intake and emphasized on
macro-and micro-nutrients intake such as protein, iron, calci-
um, vitamins D, By, and A, folic acid, and zinc. Without proper
medical/dietitian’s advice, following the IBD-AID can predis-
pose patients into nutritional deficiencies. Dietary education
should emphasize on the importance of nutritional adequacy
for along-term.

Besides, alternative sources of dairy products with low lac-
tose content (e.g, fermented lactose-free yogurt and milk, al-
mond, rice or soy milk, and low-lactose cheese) can be sug-
gested by clinicians. Even if someone with IBD is also intoler-
ant to lactose, it is possible to safely consume certain dairy
products that contain minimum lactose content and a good
source of dietary calcium. Besides, the inclusion of other food
sources of calcium such as salmon, sardine, broccoli, green
leafy vegetables, tofu, and nuts can also help to boost the in-
take of calcium. Furthermore, incorporating calcium-fortified
products in the diet of IBD patients can result in a sub-optimal
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intake of other key nutrients such as protein, magnesium, po-
tassium, riboflavin and vitamin B..

Meanwhile, the restriction of gluten products should be ac-
companied by the consumption of well-balanced and nutri-
ent-dense foods. Clinicians should encourage patients to con-
sume various green leafy vegetables, asparagus, broccoli, cau-
liflower, lentils, meats, fish, and shellfish to obtain an adequate
intake of folic acid and iron. Also, incorporation of fruits, vege-
tables, and nuts can increase the intake of dietary fiber. Fur-
thermore, clinicians can guide their patients by recommend-
ing consumption of fortified or enriched gluten-free foods that
contain sub-optimal levels of vitamins and minerals. Dietary
supplements including iron, vitamin B;, and folate can be sug-
gested for IBD patients to prevent nutritional deficiency.

Not only that, it is very important for close monitoring dur-
ing the implementation of AID. Regular follow-up is advised
throughout the phase of food elimination and during the
phase of dietary modification. This is to individualize the nu-
tritional therapy of AID based on disease activity, comorbidi-
ties, and complications-related IBD. Clinicians should be able
to engage their patients in discussions to educate them on
AID.

CONCLUSIONS

This review highlights the implications of AID on clinical out-
comes of IBD patients. Lack of consistent data to support a
practical recommendation of AID in managing IBD patients
was noted due to various limitations present in previous re-
search. It is necessary for clinicians advising IBD patients to
have in-depth knowledge about the strengths and limitations
of the IBD-AID nutritional regime to ensure its effectiveness as
a therapeutic strategy. More prospective controlled clinical tri-
als are required to provide accurate dietary recommendations
to patients. This review is expected to assist clinicians to have
a better understanding of an AID as an adjunct to the limited
existing dietary recommendation for IBD.
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