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Abstract

Konstantinos Gerasimidis, Department of Human | - Gtratified and precision nutrition refers to disease management or prevention of
Nutrition, School of Medicine, University of . K . . K o
Glasgow, Level 3, New Lister Bldg, Glasgow disease onset, based on dietary interventions tailored to a person's characteristics,
Royal Infirmary, Glasgow G31 2ER, UK. biology, gut microbiome, and environmental exposures. Such treatment models
Email: Konstantinos gerasimidis @glasgow.acuk | may |ead to more effective management of inflammatory bowel disease (IBD) and
Funding information reduce risk of disease development. This societal position paper aimed to report
None advances made in stratified and precision nutritional therapy in IBD. Following a
structured literature search, limited to human studies, we identified four relevant
themes: (a) nutritional epidemiology for risk prediction of IBD development, (b) food-
based dietary interventions in IBD, (c) exclusive enteral nutrition (EEN) for Crohn's
disease (CD) management, and (d) pre- and probiotics for IBD management. There
is scarce literature upon which we can make recommendations for precision or
stratified dietary therapy for IBD, both for risk of disease development and disease
management. Certain single-nucleotide polymorphisms related to polyunsaturated
fatty acid (PUFA) metabolism may modify the effect dietary PUFA have in
increasing the risk of IBD development. Non-colonic CD, mild-to-moderate CD, and
high microbiota richness may predict success of EEN and may be used both for
prediction of treatment continuation, but also for early cessation in nonresponders.
There is currently insufficient evidence to make recommendations for precision or
stratified dietary therapy for patients with established IBD. Despite the great interest
in stratified and precision nutrition, we currently lack data to support conclusive
recommendations. Replication of early findings by independent research groups
and within structured clinical interventions is required.

KEYWORDS

exclusive enteral nutrition (EEN), inflammatory bowel disease (IBD), precision nutrition, prediction,
stratified nutrition

1 | INTRODUCTION

What is Known
Diet has long been implicated in the pathogenesis of

inflammatory bowel disease (IBD), although this relation- * Diet has long been implicated in the patho-

ship is complex and difficult to decipher.” There is a wealth
of past and ongoing research in diet associating with IBD,
spanning from nutritional epidemiology, preclinical studies
in animal simulant models of the disease, and more recent
clinical trials." Epidemiology points to potentially harmful
and beneficial nutrients, from a Western and Mediterra-
nean type, respectively, modifying risk of development of
IBD." Likewise, animal experiments implicate food indus-
trialization and food additives in the instigation of gut
inflammation, whereas clinical trials with dietary interven-
tions have produced thus far variable signals of clinical
effectiveness.’

Despite the major advances modern medicine has
made in the treatment of patients with IBD, a significant
proportion of patients will not respond to contemporary
drug therapies. Likewise, response to a drug or dietary
treatment can be variable and often depends on the
measure or biomarker of disease activity used.? A prime
example is the use of exclusive enteral nutrition (EEN) in
the management of active Crohn's disease (CD). While
all patients with CD will receive the exact same treatment
for the same length of time, clinical response, improve-
ment of plasma and gut specific disease biomarkers, and
mucosal healing vary considerably among patients.>~”

genesis of inflammatory bowel disease (IBD),
although this relationship is complex and
difficult to decipher.

Epidemiology points to potentially harmful and
beneficial nutrients, from a Western and
Mediterranean type diets, respectively, modify-
ing risk of development of IBD.

What is New

There is currently no data to propose modifiers
of the influence of dietary factors in increasing
risk of developing IBD. The only exception is for
single-nucleotide polymorphisms related to
polyunsaturated fatty acid metabolism, which
needs replication in independent cohorts.
There is currently no evidence to make
recommendations for precision or stratified
dietary therapy for patients with established
IBD. Laboratories and commercial enterprises
offering such services to people with IBD
should be mandated to provide the evidence
base supporting their commercial services.
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Such observations suggest that clinical medicine should
be moving from the “one size fits all’ to a stratified or
individualized treatment paradigm.

Stratified or precision medicine is a novel concept of
disease management where one uses patient informa-
tion, a priori, to decide about the optimal treatment for
this group (stratification) or individual patient (preci-
sion). A patient's prognostic information can span from
disease-specific information (e.g., disease severity or
phenotype) and environmental determinants of treat-
ment response (e.g., habitual diet, exposure to sun-
light), to the use of a person's omics repertoire including
genetic traits, microbiome signatures and immunophe-
notype, or even the interactions of these parameters. In
future, integration of machine learning, bioinformatics
tools, and advances in systems biology may leverage
opportunities to guide treatment decisions, and there-
fore a more personalized, efficacious, and cost-
effective approach to patient care. Typical examples
include thiopurine methyltransferase activity and
NUDT15 polymorphisms predicting thiopurine-induced
myelosuppression,®® the overexpression of oncostatin
M and Triggering Receptor Expressed on Myeloid cells
1 (TREM1) measured before commencing therapy
predicting reduced anti-TNF agent response,'®'" and
the association of HLA-DQ1*05 genotype with immu-
nogenicity to anti-TNF agents.'? Likewise, studies have
used microbiota signatures to predict treatment suc-
cess to biologics in adult IBD, and identified pretreat-
ment organisms associated with disease remission;
hence suggesting that classification and prediction
models based on microbiota may be another means
for monitoring disease and treatment response.’®'*
Such models may also assist in the development and
testing of more precise approaches for microbiome
manipulation and might eventually lead to more
effective management of CD and other forms of IBD.

As we move forward in this area of stratified and
precision medicine, it is important to review the current
evidence to unveil data which suggest that responses
to dietary therapies in IBD can be predicted in certain
groups or that the relationships between dietary factors
and the risk of developing IBD depends on a person's
intrinsic characteristics or environmental factors. This
societal position paper aims to answer the critical
question of whether we are currently in a position to
predict which groups (stratified nutrition) or individual
patients (precision nutrition) are less or more likely to
respond to dietary therapies, or whether dietary factors
interact with a person's environment and whole body
biology in increasing risk of IBD development. The
position paper is a joint contribution of ESPGHAN
members from the ESPGHAN Special Interest Group in
Basic and Translational Research, members of the IBD
Porto Working Group and Allied Health Professionals;
all sharing common interest in stratified and precision
nutrition in IBD.

2 | METHODS

A literature search was conducted on the MEDLINE/
PubMed database using the following keywords:
(“inflammatory bowel disease*” OR “IBD” OR “Crohn*”
OR “ulcerative colitis”) AND (“food” OR “nutri*” OR
“diet™ OR “probiotic*” OR “prebiotic*” OR “synbiotic*”
OR “feeds”). The search was conducted in May 2022,
limited to articles published after 1990 (Figure 1).
Search strategy was not limited to a specific age group,
nor to specific species (e.g., humans) to mitigate the
risk of excluding relevant literature. After duplicate
removal, a total of 17,358 published papers were
identified. This list was subsequently screened by three
authors (F. G., B. T., K. G. k.) who performed a second
level filtering using the title and abstract of each paper
and with the help of the online tool rayyan.ai (https://
www.rayyan.ai/). In this second step, case reports,
letters, editorials, narrative reviews, studies performed
exclusively on animal or in vitro models, errata and
corrigenda, articles not fully available in English,
abstracts, and communications from conferences,
were excluded. Inclusion criteria were restricted to
selection of original articles reporting studies con-
ducted in humans, exclusively, or in conjunction with
animal and in vitro experiments. Additional original
papers were identified by screening the reference lists
of systematic reviews and meta-analyses. Subse-
quently, eligible articles were assigned to one of the
four thematic groups: (a) nutritional epidemiology for
prediction of risk of developing IBD, (b) food-based
dietary interventions for IBD management, (c) EEN for
CD management, and (d) use pre- and probiotics for
IBD management.

The assignment of papers to their respective
thematic groups was performed by all three author-
screeners on the first 200 entries of the 17,358
retrieved papers. Discrepancies in the selection and/
or labeling were discussed to ensure that all three
authors would adopt the same consistent strategy. At
a final step, each of the three authors cross-checked
the selection of included papers and thematic group
assignment of another, and conflicts were resolved
through discussion of all three authors together and
when no consensus was reached with the input of the
project leader (K. G.). This strategy generated a short-
list of 886 papers where at least two of the three
agreed upon. Two hundred and two articles were
assigned to more than one of the thematic groups. In
the third and final step, the list of 886 articles was
distributed across the Authors, who were split into four
groups to work on each of the four thematic areas.
Each author read the full text of the selected articles
assigned and extracted the relevant data when
appropriate. Approval from an institutional review
board or ethics committee was not applicable to this
review work.
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(A)  MEDLINE via PubMed 05/03/2022, 17.00 CET

#1 = ("inflammatory bowel disease*" OR IBD OR Crohn* OR "ulcerative colitis") — 129,882
#2 = (food OR nutri* OR diet" OR probiotic* OR prebiotic* OR synbiotic* OR feeds) — 2,456,415
#1 AND #2 — 19,043
#1 AND #2 AND (1990:2022[pdat]) — 17,372
downloaded results combined in EndNote, after duplicates removed — 17,358
(B) Literature search on PubMed,
after duplicates removed in EndNote
n=17,358
g

done at www.rayyan.ai

n=13,730

After manual duplicate removal and pre-screening,

Records removed

n= 3628
’ - reviews, n = 3152
- editorials/ letters/ errata, n = 111
- non-English publications, n = 353
- case reports, n= 12

-

validation

Pilot screening of the first 200 records by all three investigators & cross-

Split into three equal parts,

s 2 SIS

each screened by title and abstract
individually by one investigator

n=4510 n=4510

Records excluded

n=4510 n= 12,844

screening investigator

Cross-validating the individually-made inclusion decisions by another

Included
n =632

Included
n =635 [

Included
n=531

o— B —U

Included records,
accepted by at least two investigators
n = 886

Assignment to four thematic groups (overlapping records n= 138)

Food-based dietary
interventions
n =363

Nutritional epidemioclogy
n =253

Prebiotics and
probiotics
n=138

Exclusive enteral nutrition
n =264

—E—

L

Included in the narrative review
after full-text screening within the thematic group

Food-based dietary
interventions
n=4

Mutritional epidemiology
n=3

Prebiotics and
probiotics
n=3

Exclusive enteral nutrition
n= 20

FIGURE 1
literature.

3 | NUTRITIONAL EPIDEMIOLOGY

Several environmental risk factors have been investi-
gated with regard to development of IBD, including
cigarette smoking, infections, exposure to antibiotics,
breast feeding, nutritional status, and composition of
diet.’® Although results among studies are inconsistent
and evidence remains inconclusive, a western-type diet
with high intake of saturated fat, refined carbohydrates,
red and processed meat, ultra-processed food, and low
intake of fruits, vegetables, fiber, and fish is generally

Flowchart of literature strategy search. (A) Literature search steps and (B) Cleaning and thematic categorisation of eligibile

associated with increased risk of developing IBD."'%16
Whether the relationship between a dietary component
and risk of developing IBD can be modified by genetic,
microbial, and other factors has been addressed by
very few studies. From the 253 papers identified as
potentially relevant, only three were eligible for inclu-
sion (Table 1).

Interactions between single-nucleotide polymor-
phisms of pro- and anti-inflammatory cytokine genes
and the type of dietary fat in modulating disease activity
in CD patients were explored. A high intake of
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saturated and monounsaturated fats, as well as a high
n-6/n-3 polyunsaturated fatty acids (PUFA) ratio
were associated with higher disease activity (i.e.,
Harvey—Bradshaw index), but mainly in patients carry-
ing the variant alleles of the 857 TNF-a polymorphism
(OR=6.0; 95% Cl=1.4-26.2; OR=5.17; 95% Cl=
1.4-19.2; OR =5.92; 95% Cl=1.3-26.5, respectively)
and the 174 IL-6 polymorphism (OR=2.95; 95%
Cl=1.0-9.1; OR=3.21; 95% Cl=1.0-10.4, respec-
tively).' In the same study, low intake of n-3 PUFA
and high n-6/n-3 PUFA ratio in patients with the TNF
857 polymorphism were associated with higher disease
activity (OR =3.6; 95% Cl=1.0-13.0; OR=5.92; 95%
Cl=1.3-26.5, respectively); hence suggesting a syn-
ergism between single-nucleotide polymorphisms and
the effect of fat intake on disease activity."”
Ananthakrishnan et al., examined the interaction
among genetic variations in enzymes involved in PUFA
metabolism, dietary intake of n—-3 and n-6 PUFA, and
risk of disease development in women with CD and
UC."® In UC patients, an intake of n-3/n-6 PUFA
above the median, showed a trend toward reduced risk
of UC (OR=0.71, 95% CI: 0.47-1.09, p=0.11).
Nonetheless, high n-3/n-6 PUFA intake in the diet
was associated with a reduced risk of UC in individuals
with the GG/AG genotype at a single-nucleotide
polymorphism in CYP4F3 (OR: 0.57, 95% CI:
0.32-0.99), involved in dampening proinflammatory
response via its ability to inactivate leukotriene B4, but
not those with the AA genotype (OR: 0.95, 95% CI:
0.47-1.93)."® In the same study, no interactions
between diet with genetic markers were identified for
CD. Likewise, in a case-control study, children with CD
with a higher dietary ratio of n-6/n-3 were susceptible
to CD if they were also carriers of specific variants of
the CYP4F3 and FADS2 genes involved in PUFA
metabolism."® Collectively, these studies suggest the
possibility of a PUFA metabolic status that facilitates
chronic inflammation in response to dietary intake of
these fatty acids; however, independent replication is
required and confirmation of causality of these obser-
vations within intervention studies is also needed.

4 | EEN

EEN is the primary induction treatment for children with
mild to moderate luminal CD.?° Treatment with EEN
results in high rates of clinical response and remission
and is paralleled by biochemical remission too, but in a
smaller proportion of patients.?’ Its near absent side
effect profile supported by its ability to promote
mucosal healing and “reverse” stenosis in some
patients, as well as providing parallel nutritional
rehabilitation, make it an attractive treatment option.
Major barriers in the use of EEN include the monotony
of the dietary regime with taste fatigue, increased social

isolation, and the frequent need for tube feeding; hence
the significant commitment and resource needed to
support its use.?” Therefore, EEN would be best
tailored to patients for whom an effective outcome
could be predicted before or shortly after commencing
its use. Studies which explored elements of EEN
treatment stratification or precision are summarized in
Table 2. From the 264 papers identified as potentially
relevant, only 20 were deemed eligible for inclusion.

4.1 | Clinical and laboratory parameters
The “simplest” way to predict response to EEN and
stratify treatment, is to use clinical parameters. Disease
phenotype has been analyzed by several research
groups. Inflammatory disease behavior (Paris B1)%®
rather than complex (fibrostenotic or penetrating; B2/
B3) disease behavior has a more favorable response
profile.?#° In contrast, colonic disease®*?®?’ and the
presence of perianal disease are both associated with
a lower rate of EEN response.?®?® Small bowel
disease, particularly disease affecting the ileum®3%3'
has been associated with better response than isolated
colonic, but in contrast, disease in the proximal small
bowel has been associated with worse outcomes.?®
The data are however inconsistent with some of the
differences possibly explained by varying phenotype
definitions and sample size.®'™>* While EEN treatment
courses of different length are used clinically (2-12
weeks), an EEN course of more than 6 weeks has been
shown to be more successful than shorter courses.®*
Younger age, in children, and lower lean body mass at
baseline, have both been linked to improved
outcomes.?6:27:3%

Clinical markers have also been used as predictors
of EEN efficacy. Normal albumin levels at baseline and
reduction of fecal calprotectin halfway through an EEN
course,*?® both as absolute value and degree of
change from baseline, have been proposed as predic-
tors of response. A subsequent study showed associa-
tion of both with clinical remission at EEN completion
but with lower accuracy.®® In a Spanish-wide study,
children with CD with a weighed pediatric CD activity
index <57.5, fecal calprotectin <500pug/g, CRP >
15mg/L, and ileal involvement, tended to respond
better to EEN.%° Likewise, an Italian study in children
with CD found that a lower PCDAI, younger age and
male gender, at the point of treatment, were predictors
of EEN response.®® In a recent study in China, the
simple endoscopic score for CD was negatively
associated with mucosal healing at EEN completion
(OR=1.40 95% Cl=1.12-1.67, p<0.001) and at
1-year post-EEN follow-up (OR=1.33, 95% ClI=
1.12-1.58, p =0.001). The authors recommended that
children with CD with a simple endoscopic score for CD
cut-off value > 11.5 should be treated with biologics.®”
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=0.006
0.02
32/39,

714, 50%), versus ileal

0.003

0.021)

(n=11/14, 92%) and ileocolonic (n

colonic disease (n
82%) (p

(1.58-9.62), p
Colonic involvement: 3.1 (1.39-6.9), p

Lower clinical remission rates in patients with

Penetrating behavior; RR (95% CI): 3.89
Previous surgery: 2.48 (1.16-5.33), p

Significant results

Predictors assessed
Disease location

measurements
Clinical remission:
PCDAI <20

Outcome

Intervention/
maintenance,
follow-up:
3-232 months

exposure
8-week EEN

45,

11-62 year
65 children,

median age: 13.6

Subjects
Age range:
N

Male: N

Study design
Prospective

(Continued)

Rectum,
Sci, 2005

publication year
2006

Author, journal,

Afzal et al.,

Dis Colon
Dig Dis

mass index; MEN, maintenance enteral nutrition; NMR, nuclear magnetic resonance; OR, odds radio; PCDAI, pediatric Crohn's disease activity index; RF, random forest; RR, relative risk; SES, simple endoscopic score;

ESR, erythrocyte sedimentation rate; FCAL, fecal calprotectin; HBI, Harvey—Bradshaw index; Hgb, hemoglobin; HPLC, high performance liquid chromatography; HR, hazard ratio; IQR, interquartile range; LBMI, lean body
TPN, total parenteral nutrition; wPCDAI, weighted PCDAI.

Abbreviations: Alb, albumin; AUC, area under the curve; CD, Crohn's disease; CDAI, Crohn's disease activity index; Cl, confidence interval; CRP, C-reactive protein; EEN, exclusive enteral nutrition; EN, enteral nutrition;

TABLE 2

4.2 | Microbiome

The interaction of EEN and the microbiome has been
widely studied®®™*° (Table 2). A change in microbial
a diversity (measured by Shannon index) has been
linked with response to EEN in two studies. In the study
by Hart et al., patients who were in remission at EEN
completion (Week 8) had a significantly higher Shan-
non diversity score at Week 2 compared to nonre-
sponders.*® This finding was replicated by Tang et al.
at the same time points with no effect noted from
diversity at baseline.*’ Another study suggested that
baseline microbial community structure (8 diversity,
Bray—Curtis dissimilarity) and the fecal metabolomic
profile of patients, assessed by NMR, but not
a-diversity were linked to EEN response.*? Bacterial
organisms identified as predictors of nonresponse to
EEN included Dorea longicatena, Blautia obeum, and
Bifidobacterium longum.*®> Two small studies from the
same groups found that pretreatment microbiome
signatures were associated with sustained clinical
remission at 12 weeks after completion of EEN
treatment.*>%* A composite index of abundance,
richness and disease location was found to be the
best predictor of response to EEN.*3

4.3 | Genetic markers

Frivolt et al., demonstrated significant differences in
relapse rates up to 12 months after a 6-8 week course
of EEN, based on analysis of the three common
mutations in the NOD2/CARD15 CD susceptibility
gene.®® In 48 patients with a 91% response rate to
EEN, mutations did not predict response to EEN itself,
only relapse rate up to a year. Those carrying the
genotype R702W or G908R had a 92% relapse by a
year compared to a lower relapse in those with 1007fs
mutation or none of the three common mutations at all
(60% and 50%, respectively). The 1007fs mutation is
strongly associated with the presence of ileal disease
which may add some biological plausibility to the
finding although the numbers of patients were small
and without replication this is a finding of unknown
significance.

5 | FOOD-BASED DIETARY
THERAPIES

Over the past four decades, there have been several
attempts to develop new dietary therapies to induce
and maintain disease remission. A recent literature
review in 2021 identified 24 different dietary therapies
proposed for the management of IBD," with at least
three more therapies proposed since then. Most of the
studies reported summary data regarding response to
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treatment assessed either with disease activity indices,
disease biomarkers or endoscopic findings." There is
currently no consensus or consistent data to favor one
dietary regimen over another; perhaps with the excep-
tion for the CD exclusion diet coupled with 50% partial
enteral nutrition (PEN) and daily intake of five
mandatory food (CDED&PEN).*> This dietary regime
aims to improve gut inflammation in patients with CD by
minimizing the intake of dietary components which
cause dysbiosis and negatively impact intestinal
immunity. Data from two retrospective studies from
the same research group demonstrated that the
efficacy of CDED&PEN might be dependent on
baseline disease severity.*®*” In their first study, the
baseline PCDAI (without height) scores were signifi-
cantly lower in children with CD who achieved clinical
remission following a 6-week CDED&PEN course,
compared to those who failed to achieve remission
(PCDAI, mean = SD; clinical remission: 26.1 £9 vs. no
remission: 32+9, p=0.013).*” In their second study,
CDED&PEN was not effective in treating patients who
lost response to biologics and presented with severe
CD (HBI = 13) at study enroliment.*® Patients achieving
remission at Week 3 of their course were more likely to
achieve remission at week 6 (OR: 6.37, 95% CI:
1.6-25, p =0.008), after multivariable analysis.

Certain individuals develop IgG antibodies to
specific food consumption, the significance of which
remains unclear. In an RCT, CD patients who followed
a diet which excluded food in which they presented an
elevated lIgG4 response showed a more favorable
change in CD activity index and quality of life scores,
but no difference in objective laboratory biomarkers
(e.g., fecal calprotectin and CRP) than those who
followed a sham diet.*® Similar findings were reported
by another study in China.*®

For the remaining dietary therapies reported in the
literature, predictors of treatment effectiveness were
not explored. This may represent a level of uncertainty
on the effectiveness of these dietary therapies, but also
the fact that it is difficult to discern treatment failure
from noneffective treatment, or poor adherence to the
diet, particularly in broad exclusion dietary therapies
where dietary intake and food diversity are variable
between and within participants. We have not identified
any published studies which aimed to deliver a certain
dietary regime tailored upon the microbial signatures of
host immunophenotype, genetic markers, or disease
characteristics.

6 | PREBIOTICS & PROBIOTICS

The human gut microbiota is composed of thousand
different organisms with a large functional diversity that
surpasses the human gene pool.*° Like other non-
communicable diseases, the gut microbiota has been

implicated in the underlying etiology of IBD.>" Repro-
ducible evidence shows that the gut microbiota in
patients with IBD presented a loss of functional and
taxonomic diversity, enrichment of putative pathogens
and pathobionts, and a parallel depletion of health-
promoting species, including fiber-fermenting bacte-
ria.®" Upon these observations, previous and current
research aimed to improve disease outcomes in all age
IBD using microbiota modifying treatments like probio-
tics and prebiotics.

Overall, the data are negative and there is no
supportive evidence on the use of either probiotics® or
prebiotics in the management or active CD or CD in
remission. In patients with UC, data are inconsistent for
prebiotics.>® Low-certainty evidence suggests that
certain probiotics (Escherichia coli Nissle 1917) may
induce clinical remission in active UC when compared
to placebo.>*

There are very few studies published on the use
of prebiotics/probiotics and predictors of effective-
ness in IBD, and in those studies which did so, no
significant interactions were observed. For example,
Lactobacillus johnsonii LA1 failed to significantly
reduce risk of endoscopic recurrence 6-months after
surgery for CD, and treatment effect was not
modified when adjusted for smoking habit, CRP
level and type of resection.®® This was also the case
in another study where use of Saccharomyces
boulardii failed to prolong CD remission in steroid
or salicylate induced remission; albeit nonsmokers
given S. boulardii were less likely to experience a
relapse of CD than nonsmokers given placebo.®®
Valcheva et al. assessed the effect of supplementa-
tion with two different doses of an oligofructose-
enriched inulin supplement (7.5 and 15g) on
markers of disease activity in patients with UC.
Neither baseline microbiota composition nor base-
line SCFA levels could successfully predict
response to treatment.®’

7 | CONCLUSIONS

Considering the currently (limited) available literature
presented within this manuscript (Figure 2), we
conclude that:

e There is currently no robust data to propose
modifiers of the influence of dietary factors in
increasing risk of developing IBD. The only exception
is for single-nucleotide polymorphism related to
PUFA metabolism; findings of which still need
replication in independent groups.

* There is currently no evidence to make recommen-
dations for precision or stratified dietary therapy for
patients with established IBD. Laboratories and
commercial enterprises offering such services to
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FIGURE 2 Summary of available literature on implications for precision and stratified nutrition and dietary therapy in inflammatory bowel
disease. EEN, exclusive enteral nutrition; IBD, inflammatory bowel disease; PUFA, polyunsaturated fatty acid.

people with IBD are mandated to provide the
evidence base supporting their commercial services.

* Disease factors (e.g., ileal disease involvement),
mild/moderate disease activity, and microbial signa-
tures (e.g., high bacterial richness) may be used to
predict success of EEN, but also for early cessation
in nonresponders. Confirmation of these findings in
independent research, in clinical practice setting and
within RCTs is required.

8 | FUTURE RESEARCH

In evolving the field of stratified and precision nutrition
in IBD, it is of crucial importance that we first unravel
the complex interaction of food causing and treating
IBD. Only then, it will be possible to distinguish
between responders and nonresponders to a certain
dietary therapy. In addition to this, future research
should leverage existing ‘omics technologies, system
biology and artificial intelligence to unravel the complex
relationships between host genetics, biology, immuno-
phenotype, and gut microbiome with response to a
dietary therapy. For the latter to happen, it is important
we move away from subjective clinical disease scores,
which are inherent to placebo effect and assessor bias,
to more objective disease biomarkers which better
reflect inflammatory activity in the lumen (e.g., fecal
calprotectin) or endoscopy and novel composite indi-
ces.’® The imperative is to prospectively collect

appropriate dietary intake information, not just using
conventional dietary assessment methodology but also
supported by novel more objective biomarkers of food
intake and dietary adherence,®*®° to build these
associations. Typical examples include the detection
of gluten immunogenic peptide in feces as a marker of
compliance to gluten free dietary therapies, including
EEN,>® measurement of PUFA in erythrocyte mem-
branes to indicate medium/long-term intake of these
fatty acids,®’ or even measurements of micronutrients
in blood which may be better biomarkers to indicate
body levels than dietary assessment®?®® and novel
‘omics based technologies coupled with artificial intelli-
gence.®* Hypotheses generated within such research
need further confirmation within independent studies
and within RCT, where identified predictors are
modified before treatment initiation and treatment
effectiveness is monitored and compared between
groups; hence establishing causal associations. A
prime example might be preconditioning or preoptimi-
zation of gut microbiome before EEN initiation using
microbial therapeutics like antibiotics, prebiotics, or
certain diets. Easy to measure clinical or modifiable
parameters are likely to be the most translatable into
clinical practice and for bedside use, than complex
multiomics technologies. The advantage new biomar-
kers have to offer against routine biomarkers and
disease characteristics is important to justify. Alterna-
tively, wearable devices with passive data acquisition
and monitoring, or home biomarker testing may help to
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identify individual responses to food and provide an
alternative avenue to precision nutrition.®®

In conclusion, while there is a great interest to stratified
and precision nutrition from patients, their healthcare
providers, and commercial enterprises, we currently lack
data to make any such recommendations.
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