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Abstract

Introduction

Anorexia nervosa is a common eating disorder, with a lifetime prevalence of
0,8-6,3% in women and 0,1-0,3% in men. Recently, increasing literature has
emerged on insights regarding the gastrointestinal microbiome in these pa-
tients. Scientific studies suggest a potential link between the composition
of this microbiome and psychological traits such as body dissatisfaction, as
well as the influence of this composition on weight evolution.

Objectives

This systematic literature review aims to present the available informa-
tion on the gastrointestinal microbiome in patients with anorexia nervosa.
Based on these findings, future research may focus on potentially external-
ly modulating the gastrointestinal microbiome to enhance treatment and/
or weight gain.

Introduction

Anorexia nervosa (AN) is a common eating disorder,
affecting 0.8-6.3% of women and 0.1-0.3% of men
worldwide at some point in their lives (1). In Belgium,
data from 2022-2023 indicate that 13% of the popu-
lation aged 10 to 64 years exhibits disordered eating
behaviour, with the highest prevalence (18%) among
adolescent girls (2). Despite growing knowledge about
anorexia nervosa, it remains one of the most lethal
psychiatric disorders, with an average mortality rate
of 5% within the first four years after diagnosis (3). AN
is characterized by an intense fear of gaining weight,
a severely distorted body image and low self-esteem.
These factors result in insufficient energy intake, lead-
ing to significantly low body weight relative to age,
sex, growth trajectory and physical health. Two sub-
types of anorexia nervosa can be distinguished: the
restrictive type and the binge-eating/purging type. The

Methodology

The articles included in this literature review were obtained by consulting
scientific databases (PubMed, Embase, CINAHL, and Google Scholar). Out
of the 1.189 resulting articles, a selection procedure led to the inclusion of
fourteen articles in this review.

Results

This literature review shows that the gastrointestinal microbiome of patients
with anorexia nervosa at the time of diagnosis exhibits reduced richness
(Chao1 index, alpha diversity) and an altered composition (beta diversity)
compared to healthy individuals. After treatment, alpha-diversity seems to
be increased. The microbiome composition evolves but does not normalize
after treatment. The altered microbiome composition appears to have sig-
nificant implications regarding weight gain.

Conclusions
This literature review highlights a clear deviation in both the composition
and richness of the gastrointestinal microbiome in patients with anorex-
ia nervosa compared to healthy individuals. External modulation of the
microbiome offers a potential complementary therapeutic approach for
these patients.

restrictive type is defined by weight loss resulting from
strict dieting, fasting and/or excessive physical activi-
ty. In contrast, the binge-eating/purging type involves
recurrent episodes of binge eating and/or purging be-
haviours (e.g., vomiting or the use of laxatives) (4).
Scientific studies have reported associations between
the abundance of specific microorganisms and psy-
chological traits related to anorexia nervosa, such as
body dissatisfaction and a drive for thinness (4, 5).
These findings offer new perspectives on the potential
interaction between disordered eating behaviour and
the gastrointestinal microbiome in patients with ano-
rexia nervosa. The gastrointestinal microbiome refers
to the community of microorganisms residing in the
gut, which plays a crucial role in digestion, immunity
and other psychological processes (6). The interac-
tion between gut microorganisms and brain function
can be explained by the gut-brain axis. This refers
to a bidirectional communication system between
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the gut and the brain. The gastrointestinal microbi-
ome can influence brain function through various
mechanisms, including the production of short-chain
fatty acids and the synthesis of neurotransmitters.
Conversely, signals from the brain can also influence
gastrointestinal function and the composition of gut
microorganisms (7). The gastrointestinal microbiome
can be evaluated using various parameters. For the
purposes of this literature review, alpha and beta di-
versity are key concepts. Alpha diversity describes the
microbial composition within a single individual (8).
Higher alpha diversity indicates a greater number of
species, a more balanced distribution and/or greater
phylogenetic diversity (i.e. how evolutionarily distinct
the species are from one another) (8). This can be as-
sessed using measures such as the Shannon Index
(to evaluate the distribution) and the Chaol Index (to
estimate species richness) (9). Research has shown
that a less balanced distribution of microorganisms
is associated with more severe depressive symptoms
(10). This suggests that an increase in alpha diversi-
ty among patients could be associated with clinical
improvement. Conversely, beta diversity compares
the microbiome composition between individuals. It
reflects how distinct the gut microbial communities
are between different people (8). A reduction in beta
diversity between a healthy population and a patient
group may indicate a shift in the microbial composi-
tion of patients toward the profile of healthy people.
The aim of this literature review is to synthesize the
current knowledge on the gastrointestinal microbi-
ome in patients with anorexia nervosa. By critically
analysing and comparing the existing literature, valu-
able insight may be identified for future research and
potential therapeutic applications.

Materials and Methods
Protocol

This systematic review was conducted in accordance
with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (11).
The primary objective of this review was to synthesize
findings from studies investigating the gastrointestinal
microbiome in patients with anorexia nervosa. In the
included studies, the gastrointestinal microbiome was
assessed through stool sample analyses from both
patient (AN) and healthy control populations (HC).

Stool analyses

Most of the included studies employed Polymerase
Chain Reaction (PCR) to analyse stool samples, spe-
cifically targeting the 16S or 23S rRNA gene. This
technique uses the enzyme DNA polymerase, which
synthesizes a complementary DNA strand based on
an existing DNA template. Once amplification is com-
plete, the DNA can be further analysed to identify the
specific microorganisms present in the microbiome
of the examined samples (12). In addition, Fouladi et
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al. utilized next-generation sequencing (NGS), specif-
ically shotgun-metagenomic-sequencing (13). This
analytical method involves extracting DNA from all
cells within a community, fragmenting it into smaller
pieces, and then individually sequencing and analys-
ing these fragments (14).

Search strategy and study selection

A literature search was conducted to identify relevant
articles for this review. For this purpose, database-spe-
cific search strings were developed, and the databases
were consulted on October 18, 2024. The databases
used for this review were PubMed, Embase, CINAHL
and Google Scholar. The formulation of search strings
was guided by Emtree (Embase) and MeSH (PubMed).
Based on the synonym lists and hierarchical term
structures provided by these tools, relevant alterna-
tive terms were identified and incorporated. These
search strings were subsequently adapted to the syn-
tax requirements of each database to yield the most
relevant results (see supplementary material).

Inclusion and Exclusion criteria

The inclusion criteria for this review were all studies
that were performed in humans with anorexia nervo-
sa and studied the gastrointestinal microbiome using
stool samples. Studies were excluded based on the
following criteria: (a) study design: review articles or
study protocols without results; (b) population: ani-
mal or in vitro models, or studies with a sample size
smaller than five participants; (c) scope: insufficient
specificity regarding the research topic; (d) accessi-
bility; full-text not available.

Data extraction

Data extraction was performed manually by the re-
searchers. The following information was collected:
population characteristics (e.g., mean age, mean
BMI, gender, sample size), method of faecal analysis,
diagnostic criteria, reported findings related to the
gastrointestinal microbiome, and relevant interpreta-
tions or recommendations.

Primary outcome

The primary outcome of this systematic review was
to synthesize reported findings regarding the gas-
trointestinal microbiome in patients with anorexia
nervosa, both at the time of diagnosis and after treat-
ment. For this purpose, the microbiome of patients at
diagnosis was compared with that of healthy individ-
uals. Additionally, changes in the microbiome during
treatment were assessed by comparing the gastroin-
testinal microbiome of patients after treatment with
that at the time of diagnosis.
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Identification of studies via databases and registers

Studies screened on title and [ | Excluded on title and abstract (n

Duplicates removed (n = 422)

= 592)

Excluded (n = 166):

- Review studies (n = 100)

Study without results (n = 3)

- Cohort <5 participants (n = 4)

- Invitro / animal research (n = 7)
- Not focused on AN (n = 48)

- No full text available (n = 3)

- Notin English (n = 1)

FIGURE 1: PRISMA flowchart.
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Results

Study selection

The initial search across PubMed, Embase, CINAHL
and Google Scholar yielded a total of 1,189 records.
Afterremoving duplicates (n=422) and screening titles
and abstracts, the full texts of the remaining articles
were assessed for eligibility. Based on the pre-de-
fined exclusion criteria, 166 articles were excluded
during the full-text screening phase. Additionally, five
relevant studies were identified through reference
tracking of review articles. A detailed overview of the
selection process is presented in the PRISMA flow
chart (Figure 1).

254

Study characteristics

In total, fourteen studies were included in this system-
aticreview. Forthe diagnosis of anorexia nervosa, most
studies employed the fifth edition of the Diagnostic
and Statistical Manual of Mental Disorders (DSM-
5) (4). Exceptions include the studies by Kleiman et
al., Armougom et al., and Morita et al., which utilized
DSM-4 criteria (15-18). In the study by Mérkl et al., the
diagnosis was established based on the International
Statistical Classification of Diseases and Related
Health Problems, 10th revision (ICD-10) (19, 20).
When studies distinguished between the restrictive
and binge-purge subtypes of anorexia nervosa, only
data pertaining to the restrictive subtype were includ-
ed in this review. The majority of the included studies
focused exclusively on female patients and healthy fe-
male controls, which aligns with the epidemiological



TABLE 2: Alpha and beta diversity in AN (diagnosis) compared to HC.

Author Publication year Population Stool analysis Results
) Alpha diversity Beta diversity

Monteleone et al. (22) 2020 21/20 16S PCR

Monteleone et al. (21) 2021 17/20 16S PCR

Kleiman et al. (15) 2015 16/12 16S PCR

Yuan et al. (23) 2022 30/30 16S PCR

Schulz et al. (25) 2020 19/20 16S PCR

Morkl et al. (19) 2017 18/26 16S PCR

Mack et al. (24) 2016 55/55 16S PCR

Borgo et al. (26) 2017 15/15 16S PCR

Andreani et al. (27) 2024 57/34 16S PCR

Prochazkova et al. (28) 2021 52/67 16S PCR

Fanetal. (5) 2023 77/70 16S PCR /

Fouladi et al. (13) 2022 93/98 NGS /

Alpha diversity (CHAO1-index)

Trend towards higher alpha diversity in AN (diagnosis) compared to HC

No difference reported

Trend towards lower alpha diversity in AN (diagnosis) compared to HC

Alpha diversity is significantly lower in AN (diagnosis) compared to HC

B

®

ta diversity

Microbiome composition differs between AN and HC

Microbiome composition is significantly different between AN and HC

pattern of anorexia nervosa. Table 1 summarizes the
characteristics of the included studies, including BMI
(Body Mass Index) age and illness/treatment duration.

Gut microbiome of AN (diagnosis) compared to HC

The results concerning alpha and beta diversity from
twelve included studies are summarized in Table
2. Two studies were excluded from this table due to
the absence of explicit reporting on these outcome
measures (16, 17). Table 2 is organized according to
findings related to alpha-diversity in terms of richness,
specifically based on the Chaol index. This method
of organization places the three top-listed studies in
the table as those that reported a significantly low-
er alpha-diversity in patients with anorexia nervosa
compared to healthy controls (15, 21, 22). Four stud-
ies subsequently reported a trend towards a lower
alpha-diversity among patients, while one study re-
ported no difference between the two groups (19,
23-26). Toward the bottom of the table, two studies
reported an increase in alpha diversity in patients with
anorexia nervosa relative to healthy individuals (27,
28). Finally Table 2 ends with two articles that did not
report explicit findings regarding alpha-diversity, but
that nonetheless provided relevant data on beta di-
versity (5, 13). Since the studies were sorted based

on the results of the Chao1 index, beta diversity find-
ings appear in a non-systematic order within the table.
Nevertheless, Table 2 shows that in all twelve studies,
the composition of the gastrointestinal microbiome
(beta diversity) was found to differ — significantly or
non-significantly — between patients with anorexia
nervosa at the time of diagnosis and healthy controls.
In addition, Figure 2 presents a concise summary of
the relative abundance of specific microorganisms
(families, genera, classes and phyla) in the gut micro-
biome of patients with anorexia nervosa compared
to healthy controls. In line with Table 2, these data
refer to the period around the time of diagnosis of
the patients with anorexia nervosa. Figure 2 reveals
that most of included microorganisms were found in
lower abundance in the gut microbiome of patients
compared to controls. Notably, all these included
microorganisms that showed reduced presence in
patients belonged to the Firmicutes phylum. In con-
trast, a few microorganisms from the Bacteroidota
phylum were found in higher abundance in patients
relative to healthy individuals. Fan et al. also reported
several noteworthy correlations between specific mi-
croorganisms and psychological characteristics (5).
For example, the absolute abundance of the genus
Parasutterella was positively correlated with body dis-
satisfaction. Due to the selection procedure applied
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Phylum

Firmicutes.

Class Clostridia

Negativicutes Erysipelotrichia

Order Lachnospirales

Family Lachnospiraceae

Agathobacter Dorea Blautia

Genus Roseburia Fusicatenibacter

Phylum Bacteroidota

Class Bacteroidia

Order Bacteroidales

Family Rikenellaceae Bacteroidaceae Tannerellaceae
Genus Alistipes Bacteroides Parabacteroides

Eubacteriales Veillonellales Erysipelotrichales

Oscillospiraceae Veillonellaceae Erysipelotrichaceae

—

Faecalibacterium

Ruminococcus Gemmiger Dialister

Not investigated

Higher abundance in AN (diagnosis) compared to HC

Lower abundance in AN (diagnosis) compared to HC

FIGURE 2: Abundances of microorganisms AN (diagnosis) compared to HC.

to determine which microorganisms were included in
Figure 2, Parasutterella was not included. However,
this genus was investigated by Monteleone et al.
and Monteleone et al., both of which found a higher
abundance of Parasutterella in patients with anorexia
nervosa at the time of diagnosis compared to healthy
controls (21, 22).

Gul microbiome of AN (after treatment)
compared to AN (diagnosis)

Table 3 includes data from the seven studies that also
conducted analyses after a defined treatment period.
Thestructure ofthetablefollowsthe samelogicas Table
2, with studies ordered based on the changes in alpha
diversity related to richness (Chaol index) between
the time of diagnosis and after treatment. At the top of
Table 3 are two studies reporting a significant increase
in alpha diversity of patients after treatment compared
to the diversity levels of these patients at the time of
diagnosis (24, 25). These are followed by two studies
that reported a non-significant increase and two that
observed a decrease in alpha diversity post-treatment
(15, 22, 27, 28). The table ends with one study that did
not provide explicit information on the Chao1 index but
still contained relevant data regarding beta diversity
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(13). Furthermore, this table also clearly presents the
data related to beta diversity. Only one study did not
find changes in the composition of the gut microbi-
ome after treatment compared to the gut microbiome
at the time of diagnosis (25). Additionally, the study by
Prochazkova et al. did not report explicit findings on
compositional changes of the gut microbiome in pa-
tients with anorexia nervosa (28). The remaining five
studies uniformly indicate that the composition of the
gut microbiome undergoes changes during the course
of treatment (13, 15, 22, 24, 27). Consistent to Figure
2, the data in Figure 3 provides relevant insights into
the abundance of specific microorganisms before
and after treatment. Figure 3 demonstrated that mi-
croorganisms belonging to the phylum Firmicutes
are present in higher abundance following treatment,
compared to their abundance at diagnosis. In contrast,
the abundance of Alistipes and Bacteroides — both be-
longing to the phylum Bacteroidota — decreased over
the course of treatment.

Discussion
This systematic review highlights consistent differ-

ences in both the richness and composition of the
gastrointestinal microbiome between patients with



TABLE 3: Alpha and beta diversity in AN (after treatment, t,) compared to AN (diagnosis, t,).

Author Publication year | Population Stool analysis Results
AN (t5/t) Alpha diversity Beta diversity
Schulz et al. (25) 2020 19/19 16S
Mack et al. (24) 2016 55/44 16S
Monteleone et al. (22) 2020 21/16 16S
Kleiman et al. (15) 2015 16/10 168
Andreani et al. (27) 2024 57/50 16S
Prochazkova et al. (28) 2021 52/52 16S /
Fouladi et al. (13) 2022 93/78 NGS /

Alpha diversity (CHAO1-index)

Alpha diversity increased significantly in AN
(after treatment) compared to AN (diagnosis)

Trend towards higher alpha diversity in AN
(after treatment) compared to AN (diagnosis)

Trend towards lower alpha diversity in AN (after
treatment) compared to AN (diagnosis)

anorexia nervosa and healthy individuals, as well as
within the patient group. This raises the question of
whether well-founded hypotheses can be developed
concerning the abundance of specific microorganisms
in relation to the stage of iliness and the treatment tra-
jectory in patients with anorexia nervosa.

Gut microbiome at the time of diagnosis

The included studies show that the alpha diversity
based on richness (Chao1 index) of the gastrointes-
tinal microbiome is generally lower in patients with
anorexia nervosa at the time of diagnosis compared to
healthy individuals. Furthermore, this review indicated
thatthe composition (beta diversity) of the microbiome
also differs — either significantly or non-significantly —
between patients at diagnosis and healthy controls.
These microbiome alterations are also reflected in the
analysis of the abundance of various microbial taxa. In
addition, the findings suggest a potential correlation
between a reduced abundance of microorganisms
belonging to the phylum Firmicutes and anorexia ner-
vosa, particularly at the time of diagnosis. Conversely,
microorganisms belonging to the phylum Bacteroidota
appear to be more abundant in patients compared to
healthy controls. This suggests a possible associa-
tion between Bacteroidota abundance and anorexia
nervosa. Moreover, two studies report an increased
presence of the genus Parasutterella in patients with
anorexia nervosa relative to healthy individuals (21,
22). This microorganism has been linked to body
dissatisfaction (5). Given its elevated abundance in
patients with anorexia nervosa, Parasutterella might
be hypothesized to play a role in disturbances in body
image perception, which may have implications for
the recovery process.

Beta diversity

The difference in microbiome composition
between AN and HC decreases after
treatment, but does not fully recover

The microbiome composition remains equally
different between AN and HC after treatment

Gut microbiome after treatment

Comparing the composition and richness of the gas-
trointestinal microbiome in patients at the time of
diagnosis with analyses conducted after treatment
yields several noteworthy findings. Primarily, the ma-
jority of included studies report an increase in alpha
diversity, as well as a shift in the microbiome compo-
sition (beta diversity) towards a profile more closely
resembling that of healthy individuals. However, no
study demonstrated that the microbiome composition
of patients post-treatment becomes fully comparable
to that of the healthy control group. Changes in the
gastrointestinal microbiome composition following
treatment are also reflected in the abundance analysis
of specific microorganisms. These analyses show that
the genera Alistipes, Bacteroides and Parabacteroides,
as well as the phylum Bacteroidota, are less abundant
in the microbiome of the patients after treatment. In
line with the hypothesis suggested above — that micro-
organisms belonging to the phylum Bacteroidota may
be associated with anorexia nervosa — these microor-
ganisms are indeed found in reduced abundance after
treatment and subsequent weight gain in patients.
These findings suggest a potential relationship be-
tween microorganisms of the order Bacteroidales and
the health and weight status of patients with anorexia
nervosa. Furthermore, this study shows that microor-
ganisms belonging to the phylum Firmicutes are less
abundant in the gastrointestinal microbiome of these
patients at diagnosis. After treatment, the abundance
of these microorganisms increases. These obser-
vations also support a possible correlation between
microbial composition and the nutritional and weight
status of patients.
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Phylum

Firmicutes

Class Clostridia

Negativicutes Erysipelotrichia

Order Lachnospirales

Family Lachnospiraceae

Agathobacter Dorea Blautia

Genus Roseburia Fusicatenibacter

Phylum Bacteroidota

Class Bacteroidia

Order Bacteroidales

Family Rikenellaceae

Tannerellaceae

Parabacteroides

Bacteroidaceae

Genus Alistipes Bacteroides

Eubacteriales Veillonellales Erysipelotrichales

Oscillospiraceae

—

Faecalibacterium

Veillonellaceae Erysipelotrichaceae

Ruminococcus Gemmiger Dialister

Not investigated

Higher abundance in AN (after treatment) compared to AN (diagnosis)

Lower abundance in AN (after treatment) compared to AN (diagnosis)

FIGURE 3: Abundance of microorganisms in AN (after treatment, t,) compared to AN (diagnosis, t,).

Key insights

The study conducted by Menni et al., investigating
a population of healthy women, reports an asso-
ciation between the families Oscillospiraceae and
Lachnospiraceae and reduced long-term weight-gain,
whereas the genus Bacteroides is linked to an in-
creased risk of weight gain (29). When these findings
are considered alongside the results of this literature
review regarding the microbiome at diagnosis, a pos-
sible connection emerges. This review reports an
elevated abundance of Bacteroides in patients with
anorexia nervosa at the time of diagnosis. Given that
Bacteroides has been associated with a higher risk of
weight gain, it is plausible that this increased presence
reflects a physiological response aimed at promoting
weight gain in response to undernutrition. Conversely,
several genera within the families Oscillospiraceae and
Lachnospiraceae are found to be reduced at diagno-
sis, which might similarly be explained as a protective
mechanism of the body in response to the underweight
status. These hypotheses are further supported by the
study of de Clercq et al., which demonstrated that fae-
cal microbiota transplantation with a high abundance
of the phylum Bacteroidota and a lower abundance
of Firmicutes resulted in significant weight gain (30).
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After treatment, when patients typically exhibit less
severe underweight, a decreased abundance of mi-
croorganisms belonging to the phylum Bacteroidota
and an increased abundance of those belonging to
Firmicutes are reported. These findings could also
be interpreted within the framework of the aforemen-
tioned hypothesis, suggesting that at this stage, the
body may have less need to actively stimulate weight
gain. When comparing the findings of this systemat-
ic review with recent data from healthy individuals,
the study by Yamamoto-Wada et al. provides crucial
insights (31). This study, which excluded individu-
als with underlying diseases, demonstrated that the
gut microbiota of underweight women (BMI < 17.5)
differs significantly from that of normal-weight con-
trols. Specifically, the underweight group exhibited a
significantly lower alpha diversity. Although it should
be noted that Yamamoto-Wada et al. utilized differ-
ent diversity metrics than the Chao1 index employed
in the current review — precluding a direct statisti-
cal comparison — the overarching trend consistently
points toward reduced alpha diversity in low-BMI pop-
ulations. Furthermore, the underweight group in their
study showed a decreased abundance of taxa such as
Dorea, Fusicatenibacter and Agathobacter. This aligns
with the lower abundance of these bacteria observed



in patients with anorexia nervosa at the time of diag-
noses, as discussed previously. These results allow
us to cautiously suggest that certain microbial alter-
nations are indeed linked to low body weight itself.

Strengths and limitations

A key strength of this systematic review is the com-
parison of findings from fourteen individual studies,
providing a broader and deeper understanding of
the gastrointestinal microbiome’s composition and
dynamics in patients with anorexia nervosa. This
collective approach enhances the relevance of the
findings and increases the likelihood of identifying
consistent patterns, enabling better-supported hy-
potheses and informing future clinical research.
However, several limitations should be considered
when interpreting the results. The selection of the
fourteen articles was based on strict exclusion cri-
teria, which may have omitted relevant studies. For
example, non-English publications were excluded,
potentially overlooking important data from countries
with different dietary cultures that could influence mi-
crobiome composition and diversity. Furthermore,
animal studies were excluded, possibly missing val-
uable mechanistic insights. Additionally, the included
studies vary in methodology, timing of sample collec-
tion, exclusion criteria, and potentially participants’
diets, limiting comparability and reducing the over-
all reliability of combined conclusions. Most studies
focused exclusively on female patients and controls,
leaving possible sex differences underexplored. Only
one study examined long-term microbiome chang-
es, restricting conclusions about sustained effects.
Finally, two studies — Andreani et al. and Prochazkova
et al. — reported findings on alpha diversity at diag-
nosis and after treatment that contradict the other
studies (27, 28). This may indicate the influence of
other confounding factors, although no clear differ-
ences explaining these discrepancies were identified.

Clinical implementation

An underexplored aspect in current research on the
gastrointestinal microbiome in patients with ano-
rexia nervosa is the potential interaction between
different types of food and the abundance of specific
microorganisms. Scientific studies suggest a shift in
microbial abundance in a direction that, based on the
aforementioned hypotheses, would be favourable to
promote weight gain in these patients when following
a protein-rich or fat-rich diet (32-34). Conversely, a car-
bohydrate-rich diet might potentially limit weight gain
(35). Considering that standard hypercaloric nutrition-
al supplementation derives approximately half of its
energy from carbohydrates, it could be suggested that
this composition may not be optimal for stimulating
weight gain in this patient population when taking the
suggested microbiome’s response into account (36).
Regarding the effect of enteral nutrition on the gastro-
intestinal microbiome, no definitive conclusions can

yet be drawn, as studies in patients with Crohn’s dis-
ease have produced conflicting results (37). However,
one study suggests that industrially prepared enteral
nutrition may be favourable for promoting weight gain
than blended diet when considering the microbiome’s
impact (38). A critical examination of the impact of
various kinds of nutrition — whether standard diet,
medical supplementation or enteral feeding — on the
microbiome could provide valuable insights. A better
understanding of the interplay between different types
of food or nutrients and the gastrointestinal microbi-
ome, combined with the aforementioned hypotheses,
could contribute to more targeted treatment strate-
gies and potentially shorten the recovery process.

Conclusion

This systematic review examined the relationship be-
tween the gastrointestinal microbiome and anorexia
nervosa. The included studies indicate that patients
with anorexia nervosa exhibit, at diagnosis, reduced
microbial richness (Chaol index, alpha diversity) and
an altered composition (beta diversity) of the gastroin-
testinal microbiome compared to healthy individuals.
Consistent with these findings, clear differences were
also reported in the abundance of various microorgan-
isms. Furthermore, this review shows that both the
richness and composition of the microbiome undergo
significant changes throughout treatment. Generally,
this results in increased microbial richness and shifts
in composition. However, these changes do not lead
to a full normalization of the gastrointestinal microbi-
ome toward the profile observed in healthy individuals.
Additionally, Fan et al. demonstrated associations be-
tween specific microorganisms and psychological
traits such as body dissatisfaction and the drive for
thinness (5). Moreover, scientific research points to a
potential influence of the gastrointestinal microbiome
composition on weight evolution (29, 30). This review
highlights the importance of the gastrointestinal mi-
crobiome as a promising yet underexplored factor
in the treatment of anorexia nervosa. The observed
microbial differences and their changes during treat-
ment suggest a possible link to weight gain. Focused
research on this relationship and intervention possi-
bilities through nutrition could represent a crucial step
toward improving therapeutic approaches.
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Supplementary file: search strategy

PUBMED
Subject 1

(“Feeding and Eating disorders”[MeSH] OR “Eating dis-
orders”[tiab] OR “Eating disorder”[tiab] OR “Pathologic
Eating Behavior’[tiab] OR “Disordered Eating
Behavior”[tiab] OR “Disordered Eating Behaviour”[tiab]
OR  “Disordered Eating”[tiab] OR  "Anorexia
Nervosa”[MeSH] OR “Anorexia”[tiab] OR “Anorexia
Nervosa”[tiab] OR “Binge-Eating Disorder’[MeSH]
OR “Binge-Eating Disorder”[tiab] OR “Binge eating
syndrome”[tiab] OR “Binge-eating syndrome”[tiab]
OR “Bulimia Nervosa”’[MeSH] OR “Bulimia”[tiab] OR
“Bulimia Nervosa’[tiab])

Subject 2

“Gastrointestinal Microbiome”[MeSH] OR
“Gastrointestinal Microbiome”[tiab] OR “Gastrointestinal
Flora”[tiab] OR “Gastrointestinal Microflora”[tiab] OR
“Gut Microbiome™[tiab] OR “Gut Microflora”[tiab] OR “Gut
Microbiota”[tiab] OR “Gut bacteria”[tiab] OR “Intestinal
Flora"[tiab] OR “Intestine Flora”[tiab] OR “Intestinal
Microbiome”[tiab] OR “Intestinal Microbiota”[tiab] OR
“Intestinal Microflora”[tiab] OR “bowel microbiota”[tiab]
OR “Gastro Intestinal Flora”[tiab] OR “Gastrointestinal
Microbiota”[tiab] OR “gastrointestinal tract flora”[tiab]
OR “Gastrointestine Flora”[tiab] OR “Gastrointestine
tract flora”[tiab] OR “Intestinal bacteria”[tiab] OR
“Intestinal Bacterial Flora”[tiab] OR “Intestinal Canal
Flora”[tiab] OR “Intestine Microbial Flora”[tiab] OR
“Intestine Microflora”[tiab]

Combination:
(subject 1) AND (subject 2)

(“Feeding and Eating disorders”[MeSH] OR “Eating dis-
orders”[tiab] OR “Eating disorder”[tiab] OR “Pathologic
Eating Behavior’[tiab] OR “Disordered Eating
Behavior”[tiab] OR “Disordered Eating Behaviour”[tiab]
OR  “Disordered Eating”[tiab] OR  "Anorexia
Nervosa”[MeSH] OR “Anorexia”[tiab] OR “Anorexia
Nervosa”[tiab] OR “Binge-Eating Disorder’[MeSH]
OR “Binge-Eating Disorder”[tiab] OR “Binge eating
syndrome”[tiab] OR “Binge-eating syndrome”[tiab]
OR “Bulimia Nervosa”[MeSH] OR “Bulimia”[tiab]
OR "Bulimia Nervosa”[tiab]) AND (“Gastrointestinal
Microbiome”[MeSH] OR “Gastrointestinal
Microbiome”[tiab] OR “Gastrointestinal Flora"[tiab]
OR “Gastrointestinal Microflora”[tiab] OR “Gut
Microbiome”[tiab] OR “Gut Microflora”’[tiab] OR “Gut
Microbiota”[tiab] OR “Gut bacteria”[tiab] OR “Intestinal
Flora”[tiab] OR “Intestine Flora”[tiab] OR “Intestinal
Microbiome”[tiab] OR “Intestinal Microbiota”[tiab]
OR “Intestinal Microflora”[tiab] OR “bowel micro-
biota”[tiab] OR “Gastro Intestinal Flora”[tiab] OR
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"“Gastrointestinal Microbiota”[tiab] OR “gastrointesti-
nal tract flora”[tiab] OR “Gastrointestine Flora”[tiab]
OR “Gastrointestine tract flora”[tiab] OR “Intestinal
bacteria”[tiab] OR “Intestinal Bacterial Flora”[tiab] OR
“Intestinal Canal Flora”[tiab] OR “Intestine Microbial
Flora”[tiab] OR “Intestine Microflora”[tiab])

EMBASE
Subject 1

‘eating disorder’/exp OR ‘eating disorder’:ti,ab,kw OR
‘eating disorders’:ti,ab,kw OR ‘pathologic eating behav-
jor’:ti,ab,kw OR ‘pathologic eating behaviour’:ti,ab,kw
OR ‘disordered eating behaviour’:ti,ab,kw OR ‘dis-
ordered eating behavior’ti,ab,kw OR ‘disordered
eating’:ti,ab,kw OR ‘anorexia nervosa’/exp OR ‘an-
orexia nervosa’ti,ab,kw OR ‘anorexia’:ti,ab,kw OR
‘binge eating disorder’/exp OR ‘binge eating disor-
der’:ti,ab,kw OR ‘binge eating syndrome’:ti,ab,kw OR
‘binge-eating syndrome’:ti,ab,kw OR ‘binge-eating dis-
order’:ti,ab,kw OR ‘bulimia’/exp OR ‘bulimia’:ti,ab,kw
OR ‘bulimia nervosa':ti,ab,kw

Subject 2

‘intestine flora’exp OR ‘intestine flora:ti,ab,kw OR
‘bowel microbiota’:ti,ab,kw OR ‘gastrointestinal flo-
ra’:tiabkw OR ‘gastro intestinal flora"ti,ab,kw OR
‘gastrointestinal microbiome’:ti,ab,kw OR ‘gastroin-
testinal microbiota’:ti,ab,kw OR ‘gastrointestinal tract
flora':ti,ab,kw OR ‘gastrointestine flora’ti,ab,kw OR
‘gastrointestine tract flora’ti,ab,kw OR ‘gut bacte-
ria":ti,ab,kw OR ‘gut microbiota’:ti,ab,kw OR ‘intestinal
bacteria’:ti,ab,kw OR ‘intestinal bacterial flora’:ti,ab,kw
OR ‘intestinal flora:ti,ab,kw OR ‘intestinal canal flo-
ra:tiabkw OR ‘intestinal microbiota’:ti,ab,kw OR
‘intestinal microflora’:ti,ab,kw OR ‘intestine microbial
flora':ti,ab,kw OR ‘intestine microflora’:ti,ab,kw OR ‘in-
testine flora’:ti,ab,kw

Combination:
(subject 1) AND (subject 2)

(‘eating disorder’/exp OR ‘eating disorder’:ti,ab,kw OR
‘eating disorders’:ti,ab,kw OR ‘pathologic eating behav-
ior’:ti,ab,kw OR ‘pathologic eating behaviour’:ti,ab,kw
OR ‘disordered eating behaviour’:ti,ab,kw OR ‘dis-
ordered eating behavior’ti,abkw OR ‘disordered
eating’:ti,ab,kw OR ‘anorexia nervosa’/exp OR ‘anorexia
nervosa’:ti,ab,kw OR ‘anorexia’:ti,ab,kw OR ‘binge eat-
ing disorder’/exp OR ‘binge eating disorder’:ti,ab,kw
OR ‘binge eating syndrome’:ti,ab,kw OR ‘binge-eating
syndrome’:ti,ab,kw OR ‘binge-eating disorder’:ti,ab,kw
OR ‘bulimia’/exp OR ‘bulimia’:ti,ab,kw OR ‘bulimia
nervosa’:ti,ab,kw) AND (‘intestine flora’/exp OR ‘intes-
tine flora’:ti,ab,kw OR ‘bowel microbiota’:ti,ab,kw OR



‘gastrointestinal flora’:ti,ab,kw OR ‘gastro intestinal flo-
ra’:ti,ab,kw OR ‘gastrointestinal microbiome':ti,ab,kw
OR ‘gastrointestinal microbiota’ti,ab,kw OR ‘gas-
trointestinal tract flora:ti,abkw OR ‘gastrointestine
flora':ti,ab,kw OR ‘gastrointestine tract flora’:ti,ab,kw
OR ‘gut bacteria’:ti,ab,kw OR ‘gut microbiota’:ti,ab,kw
OR ‘intestinal bacteria”:ti,ab,kw OR ‘intestinal bac-
terial flora’ti,ab,kw OR ‘intestinal flora:ti,ab,kw OR
‘intestinal canal flora’:ti,ab,kw OR ‘intestinal micro-
biota':ti,ab,kw OR ‘intestinal microflora’ti,ab,kw OR
‘intestine microbial flora’:ti,ab,kw OR ‘intestine micro-
flora':ti,ab,kw OR ‘intestine flora’:ti,ab,kw)

CINAHL

Advanced Search: EBSCOhost (e-bronnen.be) -
database: ‘CINAHL Plus with Full Text’

Subject 1

(MH “eating disorders”) OR (MM "“eating disorders”)
OR (Tl "eating disorders”) OR (TI “eating disorder”)
OR (AB “eating disorders”) OR (AB “eating disorder”)
OR (Tl “pathological eating behavior”) OR (Tl “patho-
logical eating behaviour”) OR (AB “pathological eating
behavior”) OR (AB “pathological eating behaviour”)
OR (TI “disordered eating behavior”) OR (TI “disor-
dered eating behaviour”) OR (AB “disordered eating
behavior”) OR (AB “disordered eating behaviour”) OR
(Tl "disordered eating”) OR (AB “disordered eating”)
OR (MH "anorexia”) OR (MH “anorexia nervosa”) OR
(MM “anorexia”) OR (MM “anorexia nervosa”) OR (Tl
“anorexia”) OR (Tl “anorexia nervosa”) OR (AB “an-
orexia”) OR (AB “anorexia nervosa”) OR (MH “binge
eating disorder”) OR (MM “binge eating disorder”)
OR (TI “binge eating disorder”) OR (Tl “binge-eating
disorder”) OR (Tl “binge eating syndrome”) OR (TI
“binge-eating syndrome”) OR (AB “binge eating syn-
drome”) OR (AB “binge-eating syndrome”) OR (AB
“binge eating disorder”) OR (AB “binge-eating disor-
der”) OR (MH “bulimia”) OR (MH “bulimia nervosa”)
OR (MM “bulimia”) OR (MM “bulimia nervosa”) OR (TI
“bulimia”) OR (TI “bulimia nervosa”) OR (AB “bulim-
ia”) OR (AB "“bulimia nervosa”)

Subject 2

(MH “gut microbiota”) OR (MM “gut microbiota”) OR
(Tl “gut microbiota”) OR (AB “gut microbiota”) OR
(TI “intestine flora”) OR (AB “intestine flora”) OR (Tl
“bowel microbiota”) OR (AB “bowel microbiota”) OR
(Tl “gastrointestinal flora”) OR (AB “gastrointestinal
flora”) OR (Tl “gastrointestinal microbiome”) OR (AB
"“gastrointestinal microbiome”) OR (Tl “gastrointesti-
nal microbiota”) OR (AB “gastrointestinal microbiota”)
OR (TI "gastrointestinal tract flora”) OR (AB "gastro-
intestinal tract flora”) OR (Tl “gastrointestine flora”)
OR (AB "gastrointestine flora”) OR (Tl “gastrointestine
tract flora”) OR (AB “gastrointestine tract flora”) OR
(Tl "gut bacteria”) OR (AB “gut bacteria”) OR (Tl “in-
testinal bacteria”) OR (AB “intestinal bacteria”) OR (T

“intestinal bacterial flora”) OR (AB “intestinal bacterial
flora”) OR (Tl “intestinal flora”) OR (AB “intestinal flo-
ra”) OR (Tl “intestinal canal flora”) OR (AB “intestinal
canal flora”) OR (Tl “intestinal microflora”) OR (AB “in-
testinal microflora”) OR (Tl “intestine microbial flora”)
OR (AB “intestine microbial flora”) OR (Tl “intestine
microflora”) OR (AB “intestine microflora™)

Combination:
(subject 1) AND (subject 2)

((MH “eating disorders”) OR (MM “eating disorders”)
OR (Tl “eating disorders”) OR (Tl “eating disorder”)
OR (AB “eating disorders”) OR (AB “eating disorder”)
OR (Tl “pathological eating behavior”) OR (Tl “patho-
logical eating behaviour”) OR (AB “pathological eating
behavior”) OR (AB “pathological eating behaviour”)
OR (TI “disordered eating behavior”) OR (TI “disor-
dered eating behaviour”) OR (AB “disordered eating
behavior”) OR (AB “disordered eating behaviour”) OR
(Tl "disordered eating”) OR (AB “disordered eating”)
OR (MH "anorexia”) OR (MH “anorexia nervosa”) OR
(MM “anorexia”) OR (MM “anorexia nervosa”) OR (Tl
“anorexia”) OR (Tl “anorexia nervosa”) OR (AB “an-
orexia”) OR (AB “anorexia nervosa”) OR (MH “binge
eating disorder”) OR (MM “binge eating disorder”)
OR (TI “binge eating disorder”) OR (Tl “binge-eating
disorder”) OR (Tl “binge eating syndrome”) OR (Tl
“binge-eating syndrome”) OR (AB “binge eating syn-
drome”) OR (AB "binge-eating syndrome”) OR (AB
“binge eating disorder”) OR (AB “binge-eating disor-
der”) OR (MH “bulimia”) OR (MH “bulimia nervosa”)
OR (MM “bulimia”) OR (MM “bulimia nervosa”) OR
(TI "bulimia”) OR (TI “bulimia nervosa”) OR (AB “bu-
limia”) OR (AB “bulimia nervosa”)) AND ((MH “gut
microbiota”) OR (MM “gut microbiota”) OR (Tl “gut
microbiota”) OR (AB “gut microbiota”) OR (Tl “intes-
tine flora”) OR (AB “intestine flora”) OR (Tl “bowel
microbiota”) OR (AB “bowel microbiota”) OR (Tl “gas-
trointestinal flora”) OR (AB “gastrointestinal flora”)
OR (TI "“gastrointestinal microbiome”) OR (AB “gas-
trointestinal microbiome”) OR (Tl “gastrointestinal
microbiota”) OR (AB "gastrointestinal microbiota”)
OR (TI “gastrointestinal tract flora”) OR (AB “gastro-
intestinal tract flora”) OR (TI “gastrointestine flora”)
OR (AB "gastrointestine flora”) OR (TI “gastrointestine
tract flora”) OR (AB “gastrointestine tract flora”) OR
(TI “gut bacteria”) OR (AB “gut bacteria”) OR (Tl “in-
testinal bacteria”) OR (AB “intestinal bacteria”) OR (Tl
“intestinal bacterial flora”) OR (AB “intestinal bacterial
flora”) OR (Tl “intestinal flora”) OR (AB “intestinal flo-
ra”) OR (Tl “intestinal canal flora”) OR (AB “intestinal
canal flora”) OR (Tl “intestinal microflora”) OR (AB “in-
testinal microflora”) OR (Tl “intestine microbial flora”)
OR (AB “intestine microbial flora”) OR (Tl “intestine
microflora”) OR (AB “intestine microflora™))
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