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Abstract

Background. Anorexia nervosa (AN) is an eating disorder manifested by extremely low body
weight and a disturbed perception of the patient's own body. Genetic predisposition and
psychological factors are considered the most important causes. However, it has been suggested
that altered intestinal microbiota composition and microbial metabolite profiles may contribute

to the pathogenesis or persistence of AN.

Aim. The aim of this review is to present current knowledge on the role of short-chain fatty
acids (SCFAs) and the potential of oral butyrate supplementation in the treatment of patients
with AN.

Material and methods. We conducted a narrative review by searching the Scopus, PubMed,
and Web of Science databases up to April 2026 for studies addressing AN, the microbiota, and
SCFAs.


https://orcid.org/0009-0002-1651-018X
https://orcid.org/0009-0005-8850-3925

Results. The reviewed studies indicate that AN is associated with gut microbiota dysbiosis,
altered microbial metabolite profiles, and reduced concentrations of SCFAs, particularly
butyrate. SCFAs play an important role in maintaining intestinal homeostasis, regulating
appetite, and supporting gut-brain axis communication. Butyrate contributes to intestinal
barrier integrity and promotes anti-inflammatory pathways. Its reduced availability has been
associated with impaired intestinal permeability, low-grade systemic inflammation,
neurotransmitter imbalance, increased severity of psychiatric symptoms, and disturbances in

eating behavior.

Conclusions. Current evidence suggests that AN is associated with gut microbiota dysbiosis,
reduced levels of SCFAS, and low-grade inflammation, all of which may contribute to disease
pathophysiology and psychiatric symptom severity. Due to the recognized involvement of
SCFA:s in intestinal homeostasis and gut—brain axis signaling, enteral butyrate administration
may represent a promising adjunctive therapy in AN. However, because only a limited number
of studies have been initiated and no trial results are currently available, further research is

needed.

Key words: anorexia nervosa, intestinal microbiota, gut-brain axis, dysbiosis, short-chain fatty

acids, butyrate, postbiotic

1. Introduction

Anorexia nervosa (AN) is a psychiatric disease classified as an eating disorder
characterized by severe weight loss, a strict, extremely low-calorie diet, fear of gaining weight,
disturbed perception of the body, and high psychiatric comorbidity (Korten et al., 2025,
Prochazkova et al., 2025). This disorder is a serious clinical concern due to its highest mortality
rate among all mental illnesses. It is a challenge for doctors of different specialties, including
psychiatry, gastroenterology, and intensive care medicine. Psychotherapy is important to reach
an understanding with the patient and begin effective cooperation in recovery, but AN is
increasingly no longer considered a purely psychiatric disease. The exact mechanism of AN
development remains unclear, but its complex etiology probably also includes genetic,
environmental, and, as it has been recently investigated, metabolic factors (Ghenciulescu et al.,
2021, Korten et al., 2025).



Recently, interest in microbiota has increased greatly, and many studies have emerged
confirming its impact on various aspects of the body's functioning, e.g., digestion, appetite,
satiety, and also mood and behavior. That is why attempts are being made to support the
treatment of mental illnesses from the gut by influencing the composition of the microbiota.
Studies have demonstrated significant differences in the composition of gut microbiota and
microbial metabolites in people with AN compared to healthy individuals (Ghenciulescu et al.,
2021, Prochazkova et al., 2019).

In this review, we will focus on the validity of oral butyrate supplementation in the

treatment of anorexia nervosa (AN).

2. Research materials and methods

We searched literature up to April 2026 from databases PubMed, Scopus, Web of Science and
Google Scholar using combinations of the keywords, such as “anorexia nervosa” and
“microbiota” or “short-chain fatty acid” or "SCFA” or “butyric acid” or “butyrate” or
“postbiotic”. We preferred human studies in our analysis, but we also included animal studies

if they delivered valuable information. Exclusion criteria included non-English publications.
3.1. Anorexia nervosa and microbiota connection

The gut microbiota refers to all the microorganisms that inhabit the human digestive tract. It
consists of numerous species of bacteria, protozoa, fungi, archaea, and viruses, which together
create a rich ecosystem and exist in symbiosis with the human body, influencing many
metabolic and immunological processes. (Garcia et al., 2023, van de Wouw et al., 2017). The
vast majority of studies on the connection between anorexia and microbiota have been
published in the last 10 years. These studies indicate an association of anorexia nervosa and
abnormalities in the microbiome composition, and that is why AN is increasingly defined as a

metabo-psychiatric disease (Garcia et al., 2023).

The intestinal microbiota is connected to the brain through the microbiota-gut-brain axis. This
term refers to communication and interaction between those organs, and microbiota is
considered to play the main role in this context, influencing the CNS through neuroimmune and
neuroendocrine mechanisms. This occurs via numerous biochemical substances produced by
microorganisms, such as short-chain fatty acids (SCFAS), neurotransmitters, hormones, bile
acids, tryptophan metabolites, and immune system intermediates (Garcia et al., 2023,

Prochazkova et al., 2021, Wagner-Skacel et al., 2020). The main microbial metabolites include



SCFAs: acetate, propionate, and butyrate. They are produced by the fermentation of indigestible
carbohydrates by the colon microbiota (Navarro-Tapia et al., 2021). Some of them may
penetrate into the blood and then through the blood-brain barrier into the brain tissue and thus
affect the central nervous system and cognitive functions (Prochazkova et al., 2021). Some
SCFAs can stimulate enterochromaffin cells, which, together with the activity of gut bacteria,
are necessary for the production and metabolism of essential neurotransmitters such as gamma-
aminobutyric acid (GABA) and serotonin (Lodovico et al., 2021). Therefore, changes in
patients' gut microbiota and its metabolites may have important implications for brain
functioning. It is suspected that dysbiosis is one of the factors causing mental illnesses. (Marano
et al., 2025b, Smitka et al., 2021, Trinh et al.,2023).

The microbiota-gut-brain axis also influences the regulation of eating behavior, but the exact
mechanisms are unknown (Wei et al., 2022, Li et al., 2024). Various microbial metabolites are
involved, among the most important are SCFAs and their derivatives (Navarro-Tapia et al.,
2021). These substances can affect the systems regulating satiety, insulin pathways, appetite,
and the perception of specific nutrients, and thus modify eating behavior (Scala et al., 2025,
van de Wouw et al., 2017). Jensen et al. reported that SCFASs can decrease ghrelin levels in both
animals and humans (Jensen 2020). Gamma-aminobutyric acid (GABA) produced by
Bacteroides stimulates appetite by inhibiting the secretion of satiety hormones, thereby
increasing food intake (Frank et al., 2001, Li et al., 2024). Akkermansia muciniphila may
influence feeding behavior by modulating gut peptides, producing SCFAs, particularly
propionate, which regulates satiety (Navarro-Tapia et al., 2021). Accordingly, an altered
intestinal microbiome, and consequently altered composition of the metabolites it produces,
may disturb hunger-satiety regulation, and thus be one of the causes of eating disorders (Li et
al., 2024, Marano et al., 2025a, Navarro-Tapia et al., 2021). That is why we should consider
adding microbiota-targeted strategies: probiotic and fecal microbiota transplantation, and also

postbiotic supplementation to standard psychiatric treatment of AN.

3.2. Dysbiosis in AN patients

There are some studies that have revealed that AN patients had lower species diversity in their
intestine compared to the healthy control group (Carbone et al., 2020, Ghenciulescu et al., 2021,
Marano et al., 2025b, Wei et al., 2022, Landini et al., 2023). Differences were observed in the
measurements of the a-diversity in stool samples. A decrease in alpha-diversity is considered a
feature of dysbiosis and is also observed in malnutrition, obesity, and inflammatory bowel

disease (Ghenciulescu et al., 2021). Many researchers have confirmed the negative impact of
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microbiota from AN patients in animal experiments (Fan et al., 2023, Hata et al., 2019, Zheng
et al., 2016). Germ-free mice after fecal microbiota transplantation from AN patients began to
exhibit symptoms characteristic of the disease, including weight loss, compared with mice
transplanted with microbiota from healthy donors. However, Glenny et al. showed a constant
level of tissue deposition in mice before and after FMT, so more research is still needed to
confirm this precisely due to differences in results and methods of the studies (Glenny et al.,
2021).

Impaired gut microbiota may have an impact on brain functioning. According to Scala et al.,
changes in the microbiome were associated with symptoms of anxiety and depression due to
neurotransmitter imbalances. Landini et al. reported that drastic dietary changes can
significantly impact the composition of the intestinal microbiota, and the resulting dysbiosis
may contribute to the development or persistence of conditions associated with AN, including
anxiety, depression, disturbances in appetite regulation and gastrointestinal issues (Dhopatkar
et al.,, 2023, Landini et al., 2023). Although we do not know exactly whether AN causes
dysbiosis through fasting or whether dysbiosis precedes the AN development and is a risk factor
for the disease (Dhopatkar et al., 2023), dysbiosis itself and its direct complications in the form

of microbial metabolites imbalances are worth trying to treat.
3.3. SCFA-producing bacteria and SCFA levels in AN

The importance of individual types of bacteria constituting the intestinal microbiota and their
metabolites was also investigated. Many studies have shown that patients with AN have lower

levels of SCFAs in their stool samples compared to controls.

Prochazkova et al. detected a decreased level of butyrate and acetate in AN patients’ stool
samples (Prochazkova et al., 2021). Borgo et al. reported that Clostridium, Roseburia, and
Ruminococcus were depleted in examined AN patients according to observed reduction in the
level of total SCFA, butyrate, and propionate (Borgo et al. 2017). Morita et al. found that
patients’ acetic acid and propionic acid levels were significantly lower than in the control group
(Morita et al., 2015). Speranza et al. observed significantly reduced butyrate and propionate
fecal concentrations in AN patients (Speranza et al., 2018). Mack et al. reported a lower level
of butyrate-producing Roseburia in AN patients and its correlation with the level of butyrate in
each studied group. AN patients had comparable concentrations of total SCFA, acetate,
propionate, and butyrate, but had increased concentrations of total branched-chain fatty acids
(BCFA) and valerate concentrations. Therefore, the BCFA ratio to total SCFA was higher than



in the control group, and the butyrate and propionate ratio to the total SCFA was lower, which
might be caused by a higher proportion of protein and a lower proportion of carbohydrates in
the diet of AN patients (Mack et al., 2016). Elevated levels of protein-derived fermentation
metabolites, including BCFAs, together with disturbances in fatty acid composition, may
adversely affect intestinal function and gastrointestinal motility (Navarro-Tapia et al., 2021).
According to Speranza et al., limited starch intake significantly reduced the numbers of the
butyrate-producing species, with a simultaneous reduction in the butyrate levels in the feces.
Reduced fecal SCFA excretion is suspected to be a compensatory mechanism for lower energy
and carbohydrate intake (Speranza et al., 2018). Xu et al. reported that AN patients, both in the
active phase of the disease and after treatment, had significantly lower plasma concentrations
of butyric acid, but in contrast to Mack et al., isobutyric and isovaleric acid plasma
concentrations compared to the control group were also lower (Xu et al., 2022). Carbone et al.
and Igudesman et al. also reported lower levels of fecal SCFAs in AN patients compared to
controls and suggested a link with reduced butyrate-producing Roseburia, carbohydrate-
fermenting genera Ruminococcus and Clostridium (Carbone et al., 2020, Igudesman et al.,
2019).

Overall, current evidence consistently indicates that AN is associated with reduced SCFA
availability and alterations in SCFA-producing gut microbiota.

3.4. Consequences of decreased SCFA levels

Microbial metabolites play a role in maintaining intestinal homeostasis. SCFAs are essential
for keeping the integrity and tightness of the mucosa. The main one, butyrate, is a source of
energy for colonocytes and is essential for the immunological aspect of the mucosal barrier
(Borgo et al., 2017). It has an impact on immunological processes in the intestines: regulates
Claudin-1 and synaptopodin expression, affects macrophages, reduces the amount of pro-
inflammatory cytokines (such as IL-6 and IL-12) and induces those with anti-inflammatory
activity (1L-10), thus exerting an anti-inflammatory effect, and also inhibits oncogenic
pathways (Nikolova 2021, Zhao 2024). Moreover, butyrate limits the growth of pathogenic
bacteria such as E. coli and Salmonella by affecting the metabolism of colonocytes and causing

a state of epithelial hypoxia (Zhao 2024).

Butyrate deficiency is associated with inflammation and damage to the intestinal barrier.
Reduced abundance of carbohydrate-fermenting bacteria, such as Roseburia, causes

multiplication of mucin-degrading microorganisms and slows down the intestinal transit, which



leads to destruction of the protective mucus layer. The resulting increase in intestinal
permeability allows for penetration of the bacterial products into the blood circulation, causing
disturbance of the immune response, low-grade systemic inflammation, which is increasingly
recognized as a factor contributing to mental pathology, sepsis, or chronic diseases
(Ghenciulescu et al., 2021, Lodovico et al., 2021, Prochazkova et al., 2019).

Many studies confirm the importance of SCFAs, whose low levels are associated with
depressive and anxiety symptoms. According to Borgo et al., butyrate concentrations are
inversely correlated with depression and anxiety levels (Borgo et al. 2017). Lodovico et al.
reported that this so-called “sickness behaviour” occurs in 80% of people with eating disorders.
It may be related to persistent low-grade inflammation and neurotransmitter imbalance
modulated by changes in the availability of SCFA (Lodovico et al., 2021, Scala et al., 2025).

There are also indications that SCFAs influence the production of gut hormones related to
nutrition, and thus the regulation of appetite and energy metabolism. Scala et al. reported that
SCFAs can modulate insulin pathways and thus affect eating behaviours (Scala et al., 2025). In
the study by Borgo et al., propionate concentrations correlated directly with insulin levels
(Borgo et al., 2017). According to Xu et al., plasma concentrations of SCFA are correlated to
BMI (Xu et al., 2022). Similarly, Lodovico et al. reported a positive correlation between BMI
and butyrate-producing bacteria (Lodovico et al., 2021).

Therefore, when butyrate levels are reduced due to altered microbiota composition, especially
decreased abundance of butyrate-producing species, there is a possibility of low-grade
inflammation, disturbances in appetite, and psychiatric symptoms. Each of these conditions
may be one of the causes of AN onset or its resistance to treatment (Lodovico et al., 2021, Zhao
2024).

3.5. Treatment of AN

Standard treatment includes refeeding, although it remains uncertain whether this intervention
is sufficient to restore intestinal microbiota composition and microbial metabolite levels.
According to some researchers, the presence of macronutrients in the diet can significantly
reduce dysbiosis (Carbone et al., 2020), but according to other studies, regaining pre-illness
body weight does not equate to regaining species diversity among commensal microorganisms.
Alpha diversity appears to improve after short-term weight regain, but beta diversity remains
unchanged (Marano et al., 2025b). Similarly, Mack et al. reported that in the studied AN

patients, as body weight increased, microbial richness increased, but disturbances in gut



microbiome and SCFA profiles, as well as a range of gastrointestinal symptoms, did not subside
(Mack et al., 2016). Other researchers also report that patients who have partially regained their
body weight still have disturbed microbiota composition and insufficient levels of SCFAs and
neurotransmitters (Prochazkova et al., 2021). This disruption of intestinal microbial
homeostasis may be the reason why AN recurs so frequently - in 40% of patients, symptoms of
anorexia nervosa persist even after 10 years of treatment (Landini et al., 2023). Furthermore,
the introduction of a high-calorie diet in patients is often associated with symptoms from the
gastrointestinal tract, such as constipation, gastric and duodenal ulcers (Ghenciulescu et al.,
2021), but also pancreatitis and ischaemia (Jafar et al., 2021). This may also be caused by
dysbiosis, as a sudden change in the gut environment (introduction of a high-calorie diet) may
be too drastic for the poorly differentiated and unstable intestinal ecosystem (Landini et al.,
2023). Thus, persistent gastrointestinal symptoms despite weight regain may indicate ongoing
disturbances in microbial homeostasis, and restoration of this balance may be essential for

preventing these ailments and, most importantly, future relapses.

In general, in less severe cases, changing eating habits is likely sufficient, but in recurrent cases
or with extreme presentation, supporting this process with additional treatment methods, such
as microbiome-based interventions, including probiotics, fecal microbiota transplants, and

postbiotic supplementation, may prove to be crucial (Smitka et al., 2021).

3.6. SCFA supplementation

A reduced abundance of butyrate-producing bacteria has also been observed in patients with
inflammatory bowel disease compared with healthy individuals. These findings support the role
of butyrate in maintaining intestinal barrier integrity, as demonstrated in experimental studies,
and further emphasize its anti-inflammatory properties. Consequently, the overall capacity of
the gut microbiota to produce butyrate may be more clinically relevant than the relative
abundance of specific bacterial taxa at the species, family, or phylum level (Morkl et al., 2018).
SCFA supplementation represents a microbiota-targeted intervention aimed at restoring
intestinal homeostasis. At present, butyrate supplementation is not considered a standard
therapeutic approach for anorexia nervosa, and clinical evidence supporting its efficacy remains
unavailable, as only two ongoing studies have been initiated and no results have yet been
published (Quagebeur et al., 2023, AN-BUTIX trial). Nevertheless, butyrate supplementation
has been investigated in disorders such as irritable bowel syndrome and inflammatory bowel

disease, both of which, similarly to AN, are associated with impaired intestinal barrier integrity.
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Researchers reported that this therapy can be effective in relieving gastrointestinal symptoms
and has a positive impact on the mucosal barrier. Butyrate supplementation has been shown to
beneficially influence the composition of the gut microbiota by increasing the abundance of
bacterial groups associated with SCFA production, including Lachnospiraceae, Clostridia, and
the Ruminococcus gauvreauii. These microbes play an important role in breaking down dietary
fibers and generating SCFA that support intestinal balance. Through these shifts in microbial
populations, butyrate may help strengthen the intestinal barrier and promote a more regulated
immune response with reduced inflammatory activity, which was also observed in the reduction
of inflammatory markers such as calprotectin and C-reactive protein (Cristofori et al., 2025,

Serrano-Ferndndez et al., 2025).

Collectively, these changes are associated with improved gut function, decreased intestinal

leakage, reduced inflammation, and its consequences.

4. Discussion

In diseases associated with intestinal barrier dysfunction, SCFA supplementation has been
shown to exert beneficial effects by enhancing barrier integrity and reducing inflammation. Due
to the reduced SCFA levels observed in patients with anorexia nervosa (AN), and considering
that some symptoms of AN may be partially related to impaired intestinal permeability and
subsequent low-grade inflammation, butyrate supplementation may represent a reasonable
adjunctive therapeutic approach. This rationale is further supported by the ability of butyric
acid to nourish colonocytes and improve intestinal barrier function, modulate immune
responses and inflammatory activity, as well as potentially influence neurotransmitter balance
and gut-brain axis signaling, which may contribute to the alleviation of psychiatric symptoms.
Additionally, increasing the concentration of butyrate in the intestine will reduce the ratio of
BCFA to total SCFA, which may translate into alleviation of symptoms associated with

impaired intestinal motility.

There are currently no studies with published results on SCFA supplementation in AN. Notably,
even studies specifically investigating SCFA alterations in anorexia nervosa do not discuss oral
SCFA or butyrate supplementation as a therapeutic approach. Current research primarily
concentrates on microbiota-targeted interventions, including probiotic supplementation and
fecal microbiota transplantation, aimed at restoring a healthy gut microbial composition.
Considering the established role of microbial metabolites in maintaining intestinal homeostasis

and mediating gut-brain axis signaling, a more direct strategy to enhance their systemic
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availability—namely, exogenous administration of SCFAs—may also represent a promising
therapeutic approach. Because only a limited number of studies have been initiated and no
completed clinical trials are currently available, further research is required to better establish
the potential therapeutic value of SCFA supplementation in anorexia nervosa. Additional
studies are also needed to clarify the specific roles of individual SCFAs and their effects on gut
microbiota composition, intestinal function, appetite regulation, and gut-brain axis

communication.
5. Conclusions

Accumulating evidence indicates that AN is associated with gut microbiota dysbiosis,
contributing to alterations in both the composition and concentration of microbial metabolites
within the gastrointestinal tract. In particular, individuals with AN have been reported to exhibit
reduced levels of SCFAs, including butyrate. Given the key role of butyrate in maintaining
intestinal homeostasis and the involvement of SCFAs in appetite regulation, these alterations
may be clinically significant, especially in light of the reported association between butyrate
levels and the severity of psychiatric symptoms. Furthermore, low-grade systemic
inflammation has been described in AN and may represent an additional factor contributing to
disease pathophysiology. In light of the beneficial effects of SCFA supplementation reported
in conditions such as irritable bowel syndrome and ulcerative colitis, enteral administration of
SCFAs may constitute a potential adjunctive therapeutic strategy in AN. However, evidence in
this field remains limited, as only a small number of studies have been initiated and no

completed clinical trials are currently available.
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