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Abstract

Background and Aims: Diet plays an integral role in the modulation of the intestinal environment, with the potential to be modified for man-
agement of individuals with inflammatory bowel disease [IBD]. It has been hypothesised that poor ‘Western-style’ dietary patterns select for a
microbiota that drives IBD inflammation and, that through dietary intervention, a healthy microbiota may be restored. This study aimed to sys-
tematically review the literature and assess current available evidence regarding the influence of diet on the intestinal microbiota composition
in IBD patients, and how this may affect disease activity.

Methods: MEDLINE, EMBASE, Scopus, Web of Science, and Cochrane Library were searched from January 2013 to June 2023, to identify
studies investigating diet and microbiota in IBD.

Results: Thirteen primary studies met the inclusion criteria and were selected for narrative synthesis. Reported associations between diet and
microbiota in IBD were conflicting due to the considerable degree of heterogeneity between studies. Nine intervention studies trialled specific
diets and did not demonstrate significant shifts in the diversity and abundance of intestinal microbial communities or improvement in disease
outcomes. The remaining four cross-sectional studies did not find a specific microbial signature associated with habitual dietary patterns in IBD
patients.

Conclusions: Diet modulates the gut microbiota, and this may have implications for IBD; however, the body of evidence does not currently sup-
port clear dietary patterns or food constituents that are associated with a specific microbiota profile or disease marker in IBD patients. Further
research is required with a focus on robust and consistent methodology to achieve improved identification of associations.
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1. Introduction in microbial diversity.® Microbial dysbiosis has been shown
to perturb intestinal barrier integrity, which facilitates the
translocation of potentially antigenic microbiota and diet-
derived components into the underlying mucosa, thus
driving an aberrant immune response and an ongoing in-
flammatory cycle.”

IBD patients often exhibit intestinal microbiota com-
position which significantly differs to that of healthy indi-
viduals.>"" Although a specific pattern of dysbiosis in IBD
patients has not been established, numerous studies have re-
ported a decrease in the abundances of bacterial taxa within
the phyla Firmicutes®'>!3 and Bacteroides,”!* and an increase
in Proteobacteria.'>'7 Furthermore, diet may also exert func-
tional changes to the microbiota by facilitating the production
of metabolites such as short chain fatty acids [SCFAs] which
are known to have an immune regulatory role and serve as
a primary energy source for intestinal epithelial cells.!® This
underscores diet as a key modifiable factor that can directly
influence the GI environment.

Inflammatory bowel diseases [IBD] encompass a collection
of chronic, relapsing-remitting disorders of the gastrointes-
tinal [GI] tract, characterised by an inflammatory process
that requires extensive medical and surgical management.
Crohn’s disease [CD] and ulcerative colitis [UC] are the two
most prevalent manifestations of IBD and affect up to 0.5%
of the global population.'? Although the aetiology of IBD
is yet to be fully elucidated, the current pathogenesis para-
digm involves a complex interplay between multiple factors,
including genetic susceptibility and environmental triggers.’
Among these environmental exposures, diet may be a key
driver of intestinal inflammation, as it plays a fundamental
role in modulating the intestinal milieu and physiology,
with modifications to diet strongly influencing the intestinal
microbiota composition and function.** Excessive changes
to the intestinal microbiota may result in a disrupted equi-
librium between commensal and harmful microbes, often
referred to as ‘dysbiosis’ and characterised by a reduction
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The efficacy of exclusive enteral nutrition [EEN] [which
replaces solid foods with a nutritionally complete liquid
formula for up to 8 weeks] in paediatric patients with active
CDY provides the strongest evidence for the link between
dietary exposure and disease.?*! However, EEN is under-
used in adult populations??> due to unpalatability, low toler-
ability and poor compliance with such a restrictive diet.?%*
Therefore, dietary approaches that allow access to whole
foods, to maximise food variety, while optimally mitigating
symptoms need to be explored. To date, evidence regarding
the implementation of predefined diets [ie, dietary regimens
that involve a significant restriction or complete exclusion
of one or more suspect food groups] for ameliorating the
course of IBD is conflicting and inconsistent.?»*> Many pa-
tients perceive diet to be an initiating factor in their disease
or in evoking relapse, and have long sought dietary advice
as part of IBD management.?* However, there is still no
consensus nor clear indications toward an optimal dietary
therapy beyond healthy eating guidelines, due to limited
available research data.?”

The Western-style dietary pattern is considered a predom-
inant trigger implicated in the development of IBD, how-
ever, the specific dietary components responsible are yet to
be identified.?®* This dietary pattern, which is typically de-
void in fibre from fruits and vegetables and rich in saturated
fat and digestible carbohydrates, tends to evoke dysbiosis
[reduced microbial diversity], resulting in dysregulated pro-
duction of SCFAs by bacteria in the gut, which has pro-
found effects on maintaining intestinal homeostasis.3%3!
Additionally, this diet facilitates the expansion and activity
of colonic mucus-degrading bacteria, which drives intes-
tinal inflammation and gut barrier impairment.’* Dietary
therapy has the potential to manipulate the gut microbiota
to restore a healthy profile and alleviate intestinal inflam-
mation in IBD patients. Therefore, the impact of diet on the
intestinal microbiota and its potential to shift the future
course of the disease should be considered when developing
nutritional guidelines for IBD patients. An updated 2022
systematic review and meta-analysis analysed 27 controlled
trials of solid food diets for the induction or maintenance
of remission in IBD, and concluded that currently available
evidence remains low.3* Moreover, this study did not con-
sider the potential impact of modulation of the intestinal
microbiota, through diet, on disease outcomes. Given this
knowledge gap, the aim of this review is to describe rela-
tionships between whole-food dietary exposure and the in-
testinal microbiota in adult patients with IBD, and whether
this influences disease activity.

2. Methods

A systematic literature review was conducted in agreement
with the Preferred Reporting Items for Systematic reviews
and Meta-Analyses [PRISMA] guidelines®* and by using the
PRISMA 2020 Checklist [Supplementary Table S1]. Details
of the methods, including the search strategy, eligibility cri-
teria, extraction process, and analysis, were registered with
the International Prospective Register of Systematic Reviews
[registration no. CRD42022292986; http://www.crd.york.
ac.uk/PROSPERO].* The PICOS [Participants, Interventions,
Comparisons, Outcomes and Study design] model was used
to define the research question [Supplementary Table S2].

2.1. Search strategy

A systematic literature search was performed in the elec-
tronic databases MEDLINE, EMBASE, Cochrane Library,
Scopus, and Web of Science, using a combination of free-
text words, medical subject headings [MeSH] terms, and
synonyms relevant to this review, with the assistance of
two experienced research librarians [AS and JB]. Our
search strategy included terms related to [i] inflammatory
bowel diseases, [ii] microbiome/microbiota, and [iii] diet/
food/nutrition [Supplementary Table S3]. To ensure the
studies reflected contemporary microbiome sequencing
techniques, the search strategy was restricted to those
published after the completion of the first phase of the
Human Microbiome Project in June 2012, which charac-
terised the microbial communities from five major sites
of the human body including the GI tract.’*3” The data-
bases were searched from January 1, 201 to June 6, 2023,
and limited to the English language, as translation services
were not available. Abstracts, review articles, editorials,
case reports, case series, theses, and study protocols were
excluded.

2.2. Study selection

Search results were collated and merged into the reference
management software EndNote 20 [Thompson Reuters],
and de-duplicated before uploading to Covidence system-
atic review software [Veritas Health Innovation, Melbourne,
Australia; https://www.covidence.org]. Title and abstract
screening were conducted by two reviewers [CN and JP
or KD], with conflicts resolved by third reviewer [JP or
KD]. Full-text articles were retrieved and uploaded into
Covidence for full-text review by two reviewers [CN and
KD], with conflicts resolved by third reviewer [JP or ECH].
Studies were included if they complied with each of the
following inclusion criteria: [i] inclusion of adult patients
[>18 years of age] with IBD of any type; [ii] study of the
effect of diet [either using a dietary intervention or exam-
ining habitual diet] on the composition of the intestinal
microbiota; and [iii] measurement of microbiota compos-
ition by 16S or shotgun metagenomic sequencing. Studies
solely investigating the following were excluded: [i] paedi-
atric populations [<18 years of age]; [ii] enteral nutrition;
[iii] animal studies; [iv] use of other microbiota sequencing
techniques.

2.3. Data extraction

Relevant data were manually extracted from eligible studies
by one author [CN] into tabular form. Data extracted in-
cluded: demographic characteristics of the participants [eg,
age, sex, IBD type, and degree of disease activity]; outcomes
specific to each study [eg, changes in GI symptoms, clinical
disease activity, quality of life, and inflammatory markers];
study design [eg, location, type of design, number of partici-
pants]; characteristics of diet [eg, type of dietary intervention
or habitual diet intake, comparator, study duration, details of
baseline, washout and end of study periods, dietary assess-
ment methods, outcomes]; microbiota composition [eg, spe-
cimen type, sample site, DNA extraction method, sequencing
techniques, changes in alpha and beta diversity and relative
microbial abundances] [Supplementary Table S2]. Data ex-
traction was checked by a second reviewer [KD or GDE or
ECH or GMW].
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2.4. Risk of bias assessment

Quality appraisal of all included studies was undertaken to
reduce the risk of bias [Supplementary Table S4]. Risk of bias
was independently assessed during the selection of studies by
two reviewers [CN and JP] using the Joanna Brigg’s Institute
[JBI] critical appraisal tools for randomised controlled trials
[RCTs] [13 criteria], and quasi-experimental [nine criteria]
and cross-sectional studies [eight criteria].?® JBI includes ques-
tions about suitability of the study sample and selection, de-
scription of subjects and setting, completeness of presented
data and analysis, appropriateness of measuring the condi-
tion, and identification of confounding factors.

2.5. Data availability statement

The data underlying this article are available in the article and
in its online Supplementary material.

3. Results

The systematic search identified 10 372 records, of which
4330 were removed due to duplication. The remaining 6042
records were screened on title and abstract and 5999 were
excluded. The remaining 43 studies were assigned to full-text
screening, of which 13%-°! were found to comply with the
eligibility criteria and were included in the review [Figure 1].

3.1. Risk of bias

Overall, 100% [7 = 9] of the intervention studies [ = 7 RCTs
and 7 =2 quasi-experimental]****=! met at least 60%
[8/13 and 7/9, respectively] of the JBI study quality criteria
[Supplementary Table S4]. RCTs scored poorly for criteria re-
lating to blinding of participants and evaluators to allocation

Records identified through Records excluded
g database searching — (n=4,330)
g (n=10,372) Reason: duplicate
=
U
e
Ll
Records screened Records excluded
(Title and abstract) L (n=15,999)
%D (n =6,042) Reason: Irrelevant
e
5
[95]
Full-text articles excluded
(n = 30)
Full-text articles assessed for Reasons:
eligibility — > | Wrong publication type (7 = 10)
> : . .
o] (n=43) No microbiome sequencing data
E (n=7)
= Wrong dietary intervention (7 = 4)
= Wrong sequencing method (7 = 2)
Wrong population (7 = 2)
— Wrong study design (17 = 1)
) No dietary data (7 = 1
2 Studies included ip qualitative Dlipligte (n :(;13) )
= synthesis
—E (n=13)
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and/or treatment, due to the nature of food-based dietary
interventions. Of cross-sectional studies,*** 75% [n = 3 of
4] satisfied at least five of eight items, with one study scoring
as low as two of eight. For 50% [n =2 of 4]** of these,
potential biases stemmed from the lack of validated or reli-
able measures and neglecting to identify and adjust for con-
founding factors. According to these assessments, the overall
methodological quality of included studies was deemed to be
moderate.

3.2. General study characteristics

Geographically, six of the 13 studies included patients from
North America, #4451 five from FEurope,**** and
three from Asia*>* [Table 1]. The publication dates ranged
from 2019 to 2023. Of the included studies, nine were ex-
perimental, of which six were RCTs,* % and two were
non-randomised interventions.***! The remaining four studies
were of cross-sectional design. Of the seven randomised trials,
two were single-blinded, one adopted a parallel cross-over de-
sign, and two were open-label trials.

Five of the nine experimental studies investigated UC, two
studies referred to CD, and two examined both disease types
[Table 1]. Three of the four observational studies reported
on both disease types and healthy controls [HC], and one
was performed in a UC cohort only. The population analysed
in the research studies included a total of 3427 individuals
with IBD: 1878 diagnosed with CD and 1549 with UC, with
sample sizes ranging between 15 and 1202 participants. All
studies included both male and female participants, with the
mean ages ranging from 29 to 53 years. Healthy mixed-sex
cohorts were included in three of the four cross-sectional
studies [total 7 = 228], with participant mean ages ranging
from 48 to 55 years.

Figure 1 Flow diagram depicting records identified, included, and excluded for review and the reasons for exclusion.
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Table 2 Summary of findings: dietary characteristics, and outcomes of cross-sectional studies.

First author, year  Diet type/ Dietary assessment Dietary Food data analysis Dietary outcomes [CD, UC, or HC]
ample size methosd data time
point
Schreiner 2019 Vegetarian diet ~ Self-report question- Annual Not applicable Not assessed
a CD,n =33 naire follow-up
UC,n=19
Gluten-free diet  As above As above Not applicable Not assessed
CD, 7 = 31
UG, 7 =26
Non-vegetarian ~ As above As above Not applicable Not assessed
CD, 7 = 660
UC, n =542
Non-gluten As above As above Not applicable Not assessed
free diet
CD, 7 = 642
UC, 7 =524
Weng 20204 Habitual diet CNHS2010-F 1 year prior 1. China Nutrition Society | daily intake of vegetables”
CD,n=173 nutrient tables | fish and shellfish”
UC, n=107 2. National Institute of Nu- 1 intake of eggs”
trition and Food Safety 1 milk and dairy products [yoghurt]
food nutrition calculator  compared with HC, especially in CD
Habitual diet As above As above As above As above
HC,n =42
Teofani 20224 Habitual diet Questionnaire modified Not re- Not applicable | fruits, vegetables, and legumes”
CD,n =52 by an anamnestic ported | dairy products®
UC, 7 =358 interview according | cereals”
to the Italian diet compared with HC, especially in CD
and lifestyle habits
Habitual diet As above As above
HC, 7 = 42
Berbisa 2022 Habitual diet FFQ 3 months Not applicable Resembled a Western diet pattern.
[Faroese prior 1 dairy starch, meat, vegetables,
diet] fruits, coffee, or tea, sweets, pro-
UG, n =41 cessed meats [cold meat cuts]
| Traditional Faroese foods [eg,
fermented lamb, dried fish, pilot
whale meat, and blubber]
Habitual diet As above As above Not applicable No differences in the pattern of
[Faroese eating habits as above
diet]
HC, 7 = 144

CD, Crohn’s disease; UC, ulcerative colitis; HC, healthy controls; CNHS2010-F, 2010 Chinese Residents of Nutrition and Health Status Monitoring Semi-

Quantitative Food Questionnaire; FFQ, Food Frequency Questionnaire.

For this study, Schreiner ef al., the questionnaire assessed dietary habits, not intake.

“Indicates statistically significant p-values [p <0.05].

3.3. Cross-sectional studies’ characteristics and
outcomes

The four cross-sectional studies investigated habitual dietary
habits of IBD patients and healthy individuals [Table 2]. Three
of the four studies evaluated the normal or habitual diet of
IBD patients compared with healthy participants. The dietary
assessment methods used were unique between studies and
the food data analysis tools used were not reported in any of
the studies except for Weng et al.* This study demonstrated
significantly lower intake of vegetables, fish, and shellfish,
and higher intake of eggs, milk, and dairy products, in a co-
hort of IBD patients compared with HC, especially in CD
patients. Comparing with HC, Teofani et al.*” also reported
significantly lower intake of vegetables, legumes, fruits, and
cereals, and high intakes of dairy products in IBD patients.
Conversely, Berbisa et al.** did not find any significant differ-
ences in the patterns of eating habits between UC patients and

HC, with both groups consuming a Western-style dietary pat-
tern. Schreiner et al.* investigated restrictive dietary habits
of IBD patients, and defined the participants as either being
vegetarian, non-vegetarian [meat-eating], gluten-free diet,
or non-gluten-free, based on the frequency of their meat or
gluten consumption, respectively. However, this study did not
further analyse differences in intakes of specific dietary com-
ponents between groups.

3.4. Dietary interventions’ characteristics and
outcomes

A total of nine unique dietary patterns was identified across
the nine diet intervention studies [Table 3]. These included
a Mediterranean diet [MD], low FODMAP diet, sham [low
FODMAP] diet, low fat diet [LFD], improved standard
American diet [iSAD], specific carbohydrate diet [SCD], IBD-
anti-inflammatory diet [I[BD-AID],UC exclusion diet [UCED],
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and standard-of-care [SOC] diet. The majority of intervention
studies had two trial arms,*-*>* except for one single-arm
study’! and one with three trial arms* which included pa-
tients who underwent faecal transplant [FT] using microbiota
obtained from healthy donors. The duration of the dietary
interventions ranged from 7 days to 12 weeks. Disease states
varied considerably within and between studies, from quies-
cent to active or mild to moderate or severe. Dietary data were
captured at different time points and frequencies throughout
the trials from baseline to end of trial. The dietary assess-
ment and food analysis methods used to obtain information
on dietary intake were highly variable. Three studies applied
food diaries,’**** four studies used diet adherence question-
naires,**#3#-50 and five studies administered 24-h food recall
questionnaires,*0:41:49-51

The diet protocol inclusion and restrictions highlight that
some dietary modifications centred around the restriction of
specific dietary components, and others were focused on the
complete exclusion of single or multiple food groups. Most
studies [z = 7 of 9] implemented increased intakes of fruits,
vegetables, and fibre and restricted consumption of certain
meats such as red and processed meats. Five studies reduced
the intake of specific dietary fats**#344451 [eg animal fat, sat-
urated and unsaturated fat, and omega 6:3 ratio], and four of
these studies restricted consumption of food additives such as
emulsifiers.*>#4%51 The impact of a 12-week Mediterranean-
inspired diet, which is chiefly characterised by increased in-
take of plant-based foods and limited consumption of red and
processed meat, was investigated by Zhang et al.,** Lewis et
al.,*' and Haskey et al.* All three studies reported significant
increase in the consumption of fruits and vegetables from
baseline to end of trial in IBD participants, with Lewis et
al. and Haskey et al. also noting significant improvement in
diet quality and adherence in the MD groups compared with
the habitual diet groups. Similar results were observed in the
SCD arm as the MD arm by Lewis et al.;, however, the ad-
herence rates for both diets were insufficient [64% and 68%,
respectively].

By contrast, Strauss et al.”° trialled an 8-week MD diet with
a special focus on reducing sulphur intake in UC patients, but
found no significant differences in sulphur consumption and
diet quality between the MD group and those consuming a
habitual diet. A 4-week low-fat diet by Fritsch et al.** led to a
significant reduction in total fat [saturated and unsaturated]
and omega 6:3 ratio in UC patients, and had a similar high
adherence rate [87%] as the comparator iSAD group [85%].
Similarly, Cox et al.?* reported high compliance with a 4-week
low FODMAP diet [88%] in UC patients, as well as signifi-
cant reductions in FODMAP, protein, fat, and sugar intake
compared with a sham diet. The UCED diet used by Shabat et
al.,” which restricted total protein and fat [especially satur-
ated fats] from animal sources as well as food additives, dem-
onstrated the highest adherence rate [100%] after 8 weeks.
Olendzki et al’! trialled an 8-week IBD-AID diet in UC pa-
tients which also involved limiting consumption of ‘adverse
foods’ such as animal protein and fat, and food additives
from processed foods, while increasing intake of ‘beneficial
foods’ eg, fruits, vegetables, and omega-3. This study did not
measure diet adherence or quality, but a significant increase in
consumption of prebiotics, probiotics, and ‘beneficial foods’,
and decrease in consumption of ‘adverse foods’ according to
the diet protocol [Table 3], was reported at the end of the trial
compared with baseline [habitual diet].

Although studies investigating enteral nutrition was an ex-
clusion criterion in the literature search process, Sahu et al.*
was included in this review due to the comparator group
receiving standard-of-care IBD diet. The SOC diet involved
a normal whole-food diet coupled with dietary counselling
about calorie and protein intake, which was found to be com-
parable to exclusive enteral nutrition [EEN] in UC patients;
however, corticosteroid failure occurred in more patients in
the EEN group compared with SOC.

3.5. Changes in Gl symptoms and quality of life

Only two of the nine intervention studies evaluated GI symp-
toms using a range of validated tools [Table 4]. Lewis et al.*!
reported significant symptom improvement in CD patients on
both the MD and SCD diets from screening to Week 6, but
this change did not significantly differ between the treatment
arms. In contrast, Cox et al.*® showed that a low FODMAP
diet was significantly more effective in facilitating symptom
relief, with reductions in bloating and flatulence severity
and daily stool frequency, compared with the sham [low
FODMAP] diet. This improvement in symptoms was defined
by the reduction in IBS severity scoring system, and when pa-
tients were stratified by IBD type, this was more prominent
in UC.

These same two studies®*! and Fritsch et al.*° also reported
on the impact of diet on the quality of life [QoL] of patients
using a variety of validated methods [Table 4]. Lewis et al.*!
showed that both the MD and SCD diets resulted in a signifi-
cant QoL improvement in a cohort of CD patients at the end
of the trial compared with baseline. However, no difference
was seen when the two groups were compared. The iSAD diet
investigated by Fritsch et al. also improved the overall QoL
in IBD patients, but to a lesser extent than its low-fat diet
comparator. When stratified by IBD subtypes, this effect was
observed in UC but not in the CD group. The MD diet* also
led to an improvement in QoL, represented by a significant re-
lief in some bowel symptoms of UC patients when compared
with the habitual diet group. The low FODMAP diet used by
Cox et al.,” but not the sham diet, also led to better health-
related quality of life [HR-QoL] when CD and UC were ana-
lysed together, but not separately.

3.6. Changes in clinical activity and inflammatory
markers

To measure the effect of diet on disease activity, researchers
mainly used scores such as the Harvey-Bradshaw [HBI],
Partial Mayo Score [PMS], IBD Control Questionnaire,
and Simple Clinical Colitis Activity Index [SCCAI], and ob-
jective markers such as C-reactive protein [CRP] and faecal
calprotectin [FC] [Table 5]. Notably, eight out of nine studies
used FC testing with a significant reduction in FC concentra-
tion only being observed in UC patients who were on EEN*
and in CD patients who were on an SCD diet.*! Similarly,
most studies also measured CRP and found no difference in
levels following the diets except for the UC patients in the
EEN group, where a reduction in CRP concentration was ob-
served after just 5 days of the 7-day trial.

Cox et al.*® did not display any changes in disease activity in
any of the parameters measured other than the UC subgroup
demonstrating a greater patient-perceived control of IBD
following a low FODMAP diet. Levels of pro-inflammatory
cytokines were quantified by Fritsch et al.** and Olendzki et
al’'; however, neither study detected significant differences
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Table 6. Continued

Analysis pipeline and

Variable
regions

Platform

Profiling

Extraction method

Sample collection and

storage

Collection time

points

Tissue site

Specimen
type

First author,

year

taxonomic database

approach

amplified

16S Illumina MiSeq V3-V4 Not reported

DNeasy PowerSoil Pro

OMNIgene Gut Stool

Single time point

Not applicable

Stool

Berbisa 20224

kit [Qiagen]

Microbiome Kit

[Genotek]; - 20 °C
2-mL microfuge tubes

16S IonTorrent Per- V5-Vé QIIME 1.9.1 pipeline

Prep DNA/RNA Mini

Single time point

Biopsy Ileum, rectum;

Schreiner

Greengenes database

sonal Genome
Machine

Kit [Qiagen]

containing RNAlater
[Sigma-Aldrich]; -20°C

inflamed and
non-inflamed

2019%

IHMS SOP, International Human Microbiome Standards Standard Operating Procedure; NCBI, National Centre for Biotechnology Information; THSTI, Translational Health Sciences and Technology Institute;

QIIME, Quantitative Insights Into Microbial Ecology; SGB, Species-level Genome Bins; PSP, Pre-analytical Sample Processing.

C. Nieva et al.

Changes in relative microbial abundance were meas-
ured in 11 of the 13 included studies [Supplementary Tables
S5 and S6]. Cox et al.’® analysed stool samples at the end
of a low FODMAP diet and only recorded a significant de-
crease in Faecalibacterium prausnitzii and changes in three
Bifidobacterium species, namely a decrease in Bifidobacterium
adolescentis and dentium and an increase in Bifidobacterium
longum; however, these significant differences were not
evident at the genus level. Similarly, Lewis et al.*' also ob-
served a reduction in Faecalibacterium prausnitzii following
an SCD diet intervention compared with an MD diet, and
noted an increase in the family Enterobacteriaceae and lower
Eubacterium eligens and rectale. Haskey et al.** found that spe-
cies primarily belonging to the phylum Firmicutes, including
Ruminococcus, Flavonifractor, Clostridium, Lactococcus,
and Blautia A spp., were most positively associated with an
MD diet. The most negatively associated species belonged
to a mixture of phyla including Firmicutes, Actinobacteria,
and Bacteriodota, with Bifidobacterium, Blautia, Veillonella,
Streptococcus, and Massilioclostridium spp. being the most
abundant. It is worth noting that Strauss et al.*° also exam-
ined changes in microbial taxa; however, the profiles were as-
sociated with changes in FC levels rather than relating to the
MD diet.

The low-fat diet by Fritsch et al.** identified significant al-
terations in the faecal microbiota of UC participants at the
phylum level, with an enrichment of Bacteroidetes and de-
pletion of Actinobacteria reported after a LFD, whereas no
changes in these phyla were observed with iSAD. Higher
Prevotella and Faecalibacterium prausnitzii were also reported
after an LFD compared with iSAD. The anti-inflammatory
diet by Olendzki et al.’! led to increased abundance of
SCFA-producing bacteria belonging to Clostridia class at the
species level, with Roseburia hominis being the most dom-
inant in the stool samples of all IBD subjects, as well as in
CD participants only. UC patients exhibited high abun-
dances of Faecalibacterium prausnitzii, Eubacterium eligens,
Coprococcus come, and multiple Bacteroides spp., whereas
overall, Parabacteroides distasonis was consistently depleted
in all IBD participants during the IBD-AID intervention.
Conversely, Sahu et al.** only yielded significant increases in
the genera Bifidobacterium and Anaerosinus, and a decline
in Catenibacterium in the faecal samples of UC patients who
received SOC relative to those who were on EEN. In the study
by Zhang et al.,** no significant microbial differences were
found in the stool of CD patients eating a habitual diversi-
fied diet or a non-diversified diet when compared with their
respective baseline samples. At baseline, significantly higher
Proteobacteria [Escherichia Shigella] and Paraprevotella, and
lower Faecalibacterium were reported in the diversified diet
group compared with its counterpart. However, the opposite
trend was observed in the non-diversified diet groups after
being prescribed a Mediterranean-inspired diet at Weeks 4
and 12.

Of the cross-sectional studies, Schreiner et al.*¢ identified
significantly lower mucosal abundance of Barnesiellaceae
family, Clostridiales order, and genera within the phylum
Firmicutes such as Ruminococcus and Faecalibacterium
prausnitzii, in IBD participants who were gluten-free com-
pared with those consuming a regular diet. Representative
genera from Bacteroidetes were also reduced in the gluten-
free CD participants. By contrast, vegetarian UC pa-
tients had a higher abundance of Firmicutes including
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Blautia, Coprococcus, Dorea, and Ruminococcus, whereas
Faecalibacterium prausnitzii was found to be lower when
compared with meat-eating [regular diet] participants. When
comparing CD and UC patients on a normal diet with HC,
Teofani et al.’ only reported significantly higher levels of
faecal Atopobiaceae and Enterobacteriaceae in IBD, whereas
Berbisd et al.* found significantly increased abundance of
families and genera belonging to the phylum Verrucomicrobia,
such as Akkermansiaceae and Veillonellaceae, in the stool
of UC participants. Of the included studies, Weng et al.*®
identified the highest number of differentially abundant
taxa [primarily at the class, order, and family levels] in the
microbiota of IBD patients and HC, using a combination of
mucosal and faecal samples. This study found significant en-
richment of numerous bacteria belonging mainly to the phyla
Proteobacteria, Actinobacteria, Acidobacteria, Deinococcota,
Deferribacterota, and Fusobacteria, in both the CD and the
UC patient samples, whereas HC only displayed a high abun-
dance of Firmicutes. When sample source was considered,
Weng et al.*® found that there was a significantly more abun-
dant mucosa-associated microbiota compared with the faecal
communities in both UC and CD patient samples.

4. Discussion

The current systematic review of 13 studies indicated in-
consistent associations between diet and microbiota in IBD.
Overall, this study collated information from a total of 1775
IBD participants who were on a habitual diet and 469 IBD
participants who received a predefined dietary intervention.
The primary feature of the types of diets trialled focused on
the reduction of foods suspected of triggering inflammation,
such as animal fat, red and processed meat, alcohol, and food
additives [eg, emulsifiers and artificial sweeteners], with an
emphasis on increased intake of fresh fruits and vegetables,
and fibre. #4434 Others excluded carbohydrates respon-
sible for fuelling microbial overgrowth and inducing func-
tional symptoms.®>*! Of the nine intervention studies, only
four studies demonstrated positive changes in either GI
symptoms or QoL. Cox et al.’’ assessed the impact of a low
FODMAP diet on IBD patients with persistent GI symptoms,
which met the Rome III criteria for IBS and found improve-
ment in symptom scores and QoL, which is consistent with
previous studies.’*** However, a potential limitation of this
study is the inability to differentiate between IBD and IBS-
associated mediators of non-specific symptoms. As there is a
high co-prevalence of IBD and IBS,*” dietary changes may be
alleviating IBS rather than IBD symptoms; therefore measures
of disease severity are needed. Lewis et al.*! demonstrated im-
provement in symptoms with both the SCD and MD diets,
but neither diet was superior over the other in inducing symp-
tomatic remission in CD patients. This may be due to similar-
ities between the interventions, namely the emphasis on fresh
fruits and vegetables, and the ratio of monounsaturated to
polyunsaturated fatty acid consumption. The beneficial ef-
fect of an MD diet is supported by Haskey et al.* through
the achievement of reduced bowel symptoms in UC patients
following the intervention. Fritsch et al.** also reported im-
provement in clinical symptoms and QoL with a low-fat diet,
and to a lesser extent awith n improved Western diet [iSAD
diet], in UC patients. However, a higher fibre intake was also
reinforced in both diets, and therefore, it is unclear whether
these responses were a product of a low-fat or a high-fibre

content. Dietary components that have been reported to pre-
vent or induce IBD get confused with factors that may assist
in management. Findings from this review indicate the poten-
tial for diet modulation to substantially improve symptoms
and QoL.

Remarkably, a UC-specific exclusion diet by Shabat et al.*
induced endoscopic remission and mucosal healing [regarded
as the optimal outcome in IBD research]*® in patients, which
was highest among participants who were on the diet alone
compared with those who either followed an exclusion
or habitual diet but also underwent FT. The impact of this
diet on the microbiota composition of these patients would
have been enlightening, but this study only characterised the
microbiota profile of the healthy faecal donors at pre-baseline
and not the UC patients, which is a major limitation of this
work. Moreover, the pre-conditioning diet provided to the
donors was different from the exclusion diet prescribed to the
UC patients, so it is difficult to draw conclusions regarding
its efficacy. In concert, findings by Cox et al.*” and Shabat
et al.¥ suggest that complete dietary exclusion of specific food
groups may have a more potent effect than a mere reduc-
tion of intake. However, improvements in clinical symptoms
and QoL following a low-fat diet by Fritsch et al.** indicate
that this may be dependent on the type of dietary component
restricted.

With regards to the intestinal microbiota, none of the inter-
vention or observational studies exhibited changes in alpha
diversity metrics post-diet, and a significantly lower beta di-
versity was only observed in two of the four cross-sectional
studies investigating habitual diets in IBD patients compared
with non-IBD HCs. In agreement with findings from another
trial in IBS patients,” Cox et al.’ also reported increased
abundance of faecal Bifidobacteria longum and adolescentis
and lower total Faecalibacterium prausnitzii following a low
FODMAP diet compared with sham diet. Lewis et al.*!' also
reported decreased Faecalibacterium prausnitzii abundance in
response to SCD.

Although SCD and low FODMAP dietary approaches
have distinct principles, both diets target dietary carbohy-
drates. A low FODMAP diet excludes specific fermentable
carbohydrates, whereas the more restrictive SCD prohibits
consumption of disaccharides and complex carbohydrates
known to support the growth of beneficial bacteria like
Faecalibacterium prausnitzii.®® The reduction in dietary sub-
strate with either low FODMAP or SCD may account for
the decrease in their population compared with the other
diets that showed an increase in Faecalibacterium prausnitzii
abundance. Halmos et al.®* have shown a dysbiotic pat-
tern in quiescent CD patients, whereby the relative abun-
dances of butyrate-producing Clostridium cluster XIVa
[phylum Firmicutes] and mucus-associated Akkermansia
muciniphila [phylum Verrucomicrobia] were lower and the
mucus-degrading Ruminococcus torques higher, in the low
FODMAP diet compared with a typical Australian diet.":*?

This is further corroborated by Png et al.,** and together
suggests that a restricted FODMAP intake may promote an
unfavourable GI tract environment and predispose the in-
testinal mucosa to inflammation. Whereas a low FODMAP
diet is recommended for managing individuals with IBS,
the efficacy of this treatment in patients with quiescent IBD
with concurrent IBS-like symptoms is controversial and is
yet to established. Overall, four studies*##%° featured the
MD, which broadly appears to have positive associations
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with bacteria within the dominant Firmicutes phylum, such
as Faecalibacterium, Clostridium, and Blautia, consistently
found to be significantly depleted in the gut of IBD patients,®**
indicating that diet is imperative in shifting the intestinal mi-
crobial dysbiosis towards a balanced community.

In a similar vein, Olendzki et al.’' also showed that the IBD-
AID can also favour these commonly diminished Firmicutes,
including potent butyrate-producing species Roseburia
hominis, Faecalibacterium prausnitzii, and Eubacterium
eligens,which have been reported to have an anti-inflammatory
capacity.®>*¢ In line with previous studies, Berbisd et al.*’ re-
ported reduced abundance of mucus-fortifying bacteria
Akkermansia in UC patients compared with healthy subjects;
however, it is uncertain whether this is a cause or consequence
of disease.?”%® The absence of Akkermansia may be due to de-
creased mucins in UC patients.®® Recent research demonstrated
that oral supplementation of Akkermansia muciniphila in
mice counteracted the low-grade intestinal inflammation and
alterations in species composition that are otherwise induced
by consumption of the emulsifiers carboxylmethylcellulose
[CMC] and polysorbate 80 [P80].7° Degradation of colonic
mucin as a primary energy source by this bacterium results
in the synthesis of SCFAs such as propionate and acetate,®”
which have anti-inflammatory effects and are vital substrates
for maintaining intestinal barrier integrity.”! Propionate and
acetate, along with butyrate, are also produced during anaer-
obic bacterial fermentation of non-digestible carbohydrates
such as dietary fibre and resistant starch.’' In IBD patients,
a significant depletion in dominant butyrate-producing bac-
teria such as Faecalibacterium prausnitzii and Roseburia
intestinalis has been noted.®*”> Furthermore, SCFA concen-
trations may be associated with disease activity, as adult pa-
tients with active IBD have been found to have significantly
reduced levels of butyric, acetic, and propionic acids in the
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faeces compared with healthy subjects.®>”> Given the ability
of these SCFAs to influence the intestinal microbiota compos-
ition and function, investigation into metabolomics in future
studies is needed. A schematic representation of significant
changes relating to symptoms or QoL, and microbiota diver-
sity and relative abundance found in IBD participants, based
on dietary interventions is provided [Figure 2].

This systematic review has notable limitations that war-
rant discussion. First, the retrieved studies were substan-
tially heterogeneous in terms of design, participants, dietary
intervention type, duration, and outcomes, which prohibited
a meta-analysis. The relatively small sample size of the in-
cluded studies makes it challenging to draw generalisable
conclusions from results. Poor dietary data reporting was
highly prevalent, culminating from the lack of unified stand-
ards to assess dietary intake. Inadequate recording of back-
ground and diet information throughout the study periods
further affected our ability to describe changes attributed to
diet. Given that the study location of the included studies
was divided between North America, Northern Europe, and
Asia, regional diet variations are another potential source of
heterogeneity in findings, adding to the layers of complexity
and challenge in IBD research. Variations in culture, dietary
beliefs and practices, culinary preferences, and food avail-
ability and accessibility, have an impact on dietary patterns
based on geographical location. Although elements of the
Western diet are most prevalent in North America [USA and
Canada] and Northern Europe [UK and Denmark], there
can be significant variations within countries. For example,
an American diet consists of larger portions and excess
sugar compared with the UK,”* and other parts of Northern
Europe, such as the Faroe Islands [Denmark], include a
mix of traditional foods [eg, dried fish, whale, and blubber]
within their diet.* In contrast to Western diets, which often

Dietary interventions trialled in IBD
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Figure 2 Schematic representation, summarising significant changes in symptoms or quality of life [blue] and microbiota diversity and relative
abundances [purple] found in IBD patients post-dietary intervention [green] trial. IBD, inflammatory bowel disease; FODMAP fermentable
oligosaccharides, disaccharides, monosaccharides, and polyols; Qol, quality of life; sIgA, serum immunoglobulin A; IBS, irritable bowel syndrome.
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emphasise wheat-based products [eg, bread and pasta], red
meat, and dairy, Asian diets typically incorporate rice as
dietary staple as well as a greater range of plant-based foods
leg, vegetables, tofu, soy products, and spices].”>7¢ Food
preparation techniques also differ between regions, wherein
roasting, frying, and baking are more prevalent in Western
countries whereas Asian populations tend to prefer cooking
methods like steaming and stir-frying, which can greatly
influence food composition and content.”®”” Regional diet
variations are therefore important to consider in IBD re-
search, as they not only impede the identification of con-
sistent dietary triggers, but can also influence the degree
to which individuals adhere to a specific dietary pattern or
intervention, and lead to variabilities in baseline compos-
ition of the gut microbiota.”®

The area of microbiome research is rapidly evolving. As a
result, there are limitations to the methodological approaches
undertaken in this field. To date, 16S rRNA-based methods
have been more commonly employed to analyse the micro-
biota, and this was used in eight of the 13 studies included
in this review. However, due to the lack of species-level sen-
sitivity of 16S amplicon sequencing, future studies should
focus on using whole metagenome sequencing techniques to
evaluate the effect of diet on individual species. The origin
of microbial sampling is also important to consider for in-
testinal microbiota profiling, as faecal samples cannot accur-
ately reveal the alterations of intestinal microbiota, whereas
biopsy samples provide a more precise reflection of mucosa-
associated microbiota.” As such, this review is limited by the
fact that only two of the 13 studies examined the microbiota
using tissue samples. Seven*®#44547-4951 of the 12 studies that
examined faecal microbiota used samples obtained using
at-home self-collection kits provided to participants, and
four studies®*'* did not specify how stool samples were
collected. One study®® required participants to undergo base-
line and end-of-trial endoscopic assessment, and although
stool specimens were collected at these time points, it was
unclear whether these were spontaneously passed or stool as-
pirate samples. Microbial profiles from aspirate samples can
vary significantly from faecal profiles from the sample indi-
vidual,”# and therefore is important to consider the type of
stool specimen analysed when interpreting and comparing
study results. Furthermore, the great variability in the sample
collection and extraction methods used, as well as the ana-
lysis pipelines and taxonomic databases referred to between
the studies, may also impact on the outcomes. The duration
of a dietary intervention is another limiting factor that can
possibly explain some of the difficulty in detecting compos-
itional changes in the microbiota, with the longest interval
being described as 12 weeks, 3%+ and as short as 1 week
in one study.®

Whereas direct effects of diet on the microbiota are likely
observable within days,* short-term dietary changes lead to
immediate but transient shifts which may not necessarily
reflect sustained improvements in IBD symptoms. The type
and intensity of a dietary intervention can also determine
the extent to which the microbiota is altered, as studies have
demonstrated that some diets, such as those with substantial
modification in fibre content, macronutrient ratio, or ‘bene-
ficial foods’ [eg, prebiotics, probiotics, or fermented foods],
may have more profound effects on certain microbial popula-
tions.*$! Longer interventions, spanning weeks to months, are
likely required for observing significant and stable responses

of the microbiota to a dietary intervention, and in turn,
microbiome-mediated effects on host disease, phenotype, or
biomarkers.?> Consequently, this study highlights the consid-
erable potential for future research in diet-microbiota inter-
actions in IBD.

4.1. Conclusion

This systematic review suggests that current evidence re-
garding the modulatory effect of a specific dietary pattern,
intervention, or constituents, on the intestinal microbiota
and disease course of IBD patients is rather limited. The in-
cluded studies were highly variable and changes in the diver-
sity and abundance of intestinal microbial communities in
IBD patients post-diet intervention, were minimal. Dietary
patterns including the low FODMAP and low fat diets were
associated with improvements in disease severity and QoL,
but these were not necessarily associated with microbiota
profiles, and therefore conclusions regarding diet-microbiota
interactions in IBD are limited. Greater consistency in dietary
and microbiota assessment methods and future studies that
focus on similar interventions are necessary to identify sig-
natures and predict diet-induced microbiota responses.
Understanding precisely how to modulate the microbiota
composition, metabolism, and function through a dietary
approach could allow the development of personalised IBD
dietary recommendations.
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