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Abstract

Individuals living with inflammatory bowel disease are at a heightened risk of develop-
ing certain psychiatric disorders and the gut-brain axis has been proposed as a potential
contributor. In the context of the relationship between inflammatory bowel disease and psy-
chiatric disorders, this comprehensive review examines the influence of the gut-brain axis
by addressing (i) psychiatric comorbidity, (ii) the role of the gut microbiome and its metabo-
lites, (iii) therapeutic approaches for depression and anxiety, and (iv) psychosocial stressors
and microbiome interactions. There is a bidirectional relationship between inflammatory
bowel disease and psychiatric conditions, particularly anxiety and depression, which arises
from a complex interplay of genetic susceptibility, dysregulation of the gut-brain axis, and
neuroimmune processes. Disturbances in gut microbiome composition represent a core
mechanism underlying psychiatric comorbidities related to inflammatory bowel disease,
although a substantial body of the current knowledge is derived from preclinical models.
The integration of microbiome-based therapies into routine clinical practice is still in its
early stages, which highlights the need for further research to establish their safety and
effectiveness. A deeper understanding of the differences between Crohn’s disease and
ulcerative colitis is also pivotal for interpreting therapeutic responses. Ultimately, innova-
tions in nutritional psychiatry and precision medicine hold promise for improving the lives
of patients affected by these physical and mental comorbid conditions.

Keywords: inflammatory bowel disease; Crohn’s disease; ulcerative colitis; gut-brain
axis; gut microbiome; microbial metabolites; psychiatric disorders; anxiety; depression;
therapeutic approaches

1. Introduction

W) Check for updates . . . . . ..
Autoimmune diseases comprise a heterogeneous group of chronic systemic conditions
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breakdown of immunological tolerance. Understanding the mechanisms underlying this
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loss of tolerance is essential for elucidating the pathophysiology of autoimmune diseases [2].
This article is an open access article

distributed under the terms and Their development is complex and multifactorial, influenced by genetic susceptibility, al-

conditions of the Creative Commons ~ terations in immune regulation, and environmental determinants such as lifestyle habits,
Attribution (CC BY) license. dietary factors, and pharmacological exposures [3].

Psychiatry Int. 2026, 7, 52 https:/ /doi.org/10.3390/psychiatryint7020052


https://crossmark.crossref.org/dialog?doi=10.3390/psychiatryint7020052&domain=pdf&date_stamp=2026-03-02
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/psychiatryint
https://www.mdpi.com
https://orcid.org/0000-0002-4699-3031
https://orcid.org/0000-0002-2174-0652
https://doi.org/10.3390/psychiatryint7020052

Psychiatry Int. 2026, 7, 52

2 0f 47

Immune-mediated inflammatory diseases constitute a group of chronic disorders
driven by aberrant immune responses and sustained inflammation. This category encom-
passes conditions such as multiple sclerosis, rheumatoid arthritis, and inflammatory bowel
disease (IBD) [4]. IBD is a relapsing autoimmune disorder that includes Crohn’s disease
(CD) and ulcerative colitis (UC). It primarily affects the gastrointestinal (GI) tract and
results from a complex interplay between genetic susceptibility, environmental exposures,
and alterations in the gut microbiome (GM) [5]. Over recent decades, both the incidence
and prevalence of IBD have shown an increasing trend and are expected to continue rising
through 2050, with disease onset most commonly occurring between the second and fourth
decades of life [6,7]. For instance, the predicted incidence of IBD in various geographical
contexts exhibited notable fluctuations: (i) in Canada, ranging from 0.65% in 2014 to 0.83%
in 2025, 0.96% in 2035, and 1.05% in 2043; (ii) in Denmark, from 0.86% in 2014 to 1.19% in
2025, 1.44% in 2035, and 1.59% in 2043; and (iii) in Scotland, from 0.74% in 2014 to 1.04%
in 2025, 1.32% in 2035, and 1.51% in 2043 [6]. Importantly, individuals with IBD often
experience fatigue, anxiety, and depression during active disease phases, with some of these
symptoms being perceived as more burdensome than diarrhea, flatulence, or pain [8,9]. In
fact, these manifestations represent the most frequent extraintestinal symptoms associated
with IBD and occur independently of direct GI involvement [10-12].

The Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition, Text Revision
(DSM-5-TR) [13] defines depressive disorders as conditions characterized by a persistent
sad, empty, or irritable mood, accompanied by cognitive and somatic changes that substan-
tially impair daily functioning. Major depressive disorder (MDD) is diagnosed when indi-
viduals exhibit at least five characteristic symptoms, which may include depressed mood,
loss of interest or pleasure (i.e., anhedonia), significant fluctuations in weight, psychomotor
agitation or retardation, persistent fatigue or diminished energy, feelings of worthlessness
or excessive guilt, sleep disturbances such as insomnia or hypersomnia, reduced concentra-
tion or decisiveness, and recurrent thoughts of death or suicidal ideation [13]. As in IBD,
the etiology and pathogenesis of depression is multifactorial, influenced by an interplay of
psychological, biochemical, genetic, and social determinants [14].

Individuals living with IBD are at a heightened risk of developing certain mental
disorders, particularly depression and anxiety, partly as a result of the chronic course of the
condition and the ongoing need to implement coping and self-management strategies [15].
Nevertheless, elevated rates of depression and anxiety have been documented even in
the years preceding an IBD diagnosis, implying that such psychiatric manifestations are
not uniquely reactive to the burden of chronic illness [15,16]. Thus, they may also reflect
underlying dysregulation of physiological pathways common to both conditions [15,16].
Evidence from retrospective cohort studies further indicates that the presence of depression
increases the subsequent risk of developing IBD, whereas antidepressant use appears to
mitigate this risk [16]. In turn, pharmacological treatments typically prescribed for IBD
have also been shown to alleviate depressive symptoms [17].

Disruptions in the GM constitute another factor strongly implicated in the pathogene-
sis of IBD. In this respect, several review studies have documented an increased abundance
of pathogenic bacterial taxa, such as Escherichia coli and Klebsiella spp., accompanied by a
notable depletion of beneficial microorganisms, including Clostridium spp. and Bacteroides
fragilis, in individuals with IBD [18-21]. In addition to bacteria, both viral and fungal
communities contribute to disease modulation. Indeed, certain viruses have been shown to
exert anti-inflammatory or protective effects [22], whereas others, such as norovirus, can
aggravate intestinal inflammation [23]. Regarding the fungal domain, increased coloniza-
tion by Malassezia restricta has been linked to the exacerbation of IBD symptoms in murine
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models [24]. Conversely, supplementation with Saccharomyces cerevisiae has demonstrated
preventive and therapeutic benefits, attenuating UC manifestations in mice [25].

Within the conceptual framework of the gut-brain axis (GBA), evidence has revealed
both phenotypic correlations and shared genetic factors linking IBD to various psychiatric
disorders [26]. Communication within the GBA appears to be influenced by numerous
biological and environmental agents, which collectively play a pivotal role in mediating
the bidirectional interactions between the gut and the central nervous system (CNS) [27].
Proposed mechanisms underlying this relationship include the activation of neuroinflam-
matory pathways, disruption of blood-brain barrier (BBB) integrity, and alterations in
GM composition [28]. In recent years, considerable research has focused on elucidating
the connections between IBD and psychiatric disorders, between psychiatric disorders
and GM dysbiosis, and between GM dysbiosis and IBD [29-32]. In this context, evidence
suggest that perturbations in the GBA may partially contribute to the elevated comorbidity
observed between GI disorders and psychiatric disorders [33,34].

The relationship between psychiatric disorders and IBD appears to be multifaceted,
bidirectional, and is not yet fully understood. Inflammatory activity, GM disturbances, and
adverse effects of pharmacological treatments may constitute key factors influencing the
psychological well-being of individuals with IBD [35]. Given the notably high prevalence
of depression and anxiety within this population, current clinical guidelines could benefit
from explicit recommendations for the routine evaluation and management of mental
health issues in IBD patients. Consequently, systematic monitoring for mood disorders in
IBD should be integrated into a multidisciplinary approach to patient care. This compre-
hensive review examines the contribution of the GBA to the relationship between IBD and
psychiatric disorders by addressing (i) psychiatric comorbidity in IBD, (ii) the role of the
GM and its metabolites in IBD and psychiatric disorders, (iii) therapeutic approaches for
depression and anxiety in IBD, and (iv) psychosocial stressors and microbiome interactions
in IBD.

2. Method

A non-systematic narrative approach was adopted to integrate a wide range of litera-
ture addressing multiple facets of the topic under examination. The literature search was
conducted using the PubMed, Scopus, and Web of Science databases, without temporal
or language restrictions. In addition, reference lists from relevant articles were reviewed
to identify further studies of interest. The selection process consisted of two steps. First,
titles and abstracts were screened to exclude studies deemed irrelevant. Subsequently, the
full texts of the remaining articles were reviewed, and only those that met the established
criteria were retained. The inclusion criteria focused on studies exploring the relationship
between IBD and psychiatric comorbidities, the influence of the GBA in this relationship,
mechanisms linking GM dysbiosis to psychiatric disorders, therapeutic approaches for
anxiety and depression in the context of IBD, and psychosocial factors associated with
IBD. Exclusion criteria encompassed studies that did not involve IBD patients or were not
directly or indirectly relevant to the relationship between IBD, psychiatric conditions, and
the GBA. Theses, conference abstracts, and letters were also excluded. Given the narrative
nature of this review, no formal analysis of study quality was conducted. Data extracted
from the selected studies were synthesized and organized into thematic sections, providing
structure to the review.

3. Psychiatric Comorbidity in IBD

As previously noted, research has reported a higher prevalence of neuropsychiatric
disorders among individuals with IBD, ranging from mild depressive symptoms to se-
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vere forms of schizophrenia and dementia. However, estimates of these prevalence rates
vary across studies. As outlined by Fousekis et al. [36], the spectrum of mental health
conditions associated with IBD can be classified into four main categories: (i) psychi-
atric disorders, including depression, anxiety, bipolar disorder (BD), and schizophrenia;
(ii) dementias, such as Alzheimer’s disease (AD), Parkinson’s disease (PD), and vascular
dementia; (iii) autism spectrum disorders (ASD); and (iv) genetic syndromes, such as Down,
Turner, and Williams syndromes.

A systematic review has shown that individuals with IBD exhibit a higher prevalence
of anxiety and depression compared to the general population, with reported rates of
19.1% versus 9.6% for anxiety and 21.2% versus 13.4% for depression, respectively [37].
These rates were reported to be notably elevated during periods of active disease. Risk
factors contributing to depression in IBD patients include age, disease severity, lifestyle,
socioeconomic and sociodemographic characteristics, family history, and environmental
stressors (e.g., the COVID-19 lockdown) [38—40]. Furthermore, various studies indicate
that suicidal ideation occurs in approximately 6% of patients with IBD [41,42]. In turn, the
association between BD and IBD remains inconsistent. A population-based cohort study
conducted in the United States and New Zealand reported lower rates of BD among IBD
patients compared with controls [43]. In contrast, a cross-sectional study in Taiwan found an
increased likelihood of BD in IBD patients [44], while a national cohort study in Denmark
observed elevated risk only in patients with CD [45]. Regarding schizophrenia, two
Canadian cohort studies reported higher incidence rate ratios among IBD patients relative
to age- and sex-matched controls, although findings were not entirely consistent [4,46].
Conversely, a general population-based study in the United Kingdom found no evidence
of an increased risk of schizophrenia in patients with CD or UC compared with the general
population [47].

A systematic review and meta-analysis conducted by Barberio et al. [10], which
included subgroup analyses based on country, gender, location and activity of the disease,
and the methods used to define anxiety and depression, reported a high prevalence of
psychiatric symptoms among patients with IBD. Approximately one-third of patients
exhibited anxiety symptoms, while around one-quarter experienced depression symptoms.
It is important to note that the prevalence of depression in IBD may be underestimated,
as overlapping symptoms such as fatigue, sleep disturbances, or somatic complaints can
resemble active GI disease or other psychiatric comorbidities, potentially resulting in
misdiagnosis or delays in recognition. This diagnostic complexity likely contributes to
the variability noted across studies and underscores the importance of implementing
standardized screening protocols in clinical practice. In a separate review, Arp et al. [48]
identified 69 studies encompassing an average cohort size of 60,114 patients. Pooled
prevalence estimates indicated that mood disorders affected 10% of patients, anxiety
disorders 12%, substance misuse 3%, personality disorders 3%, psychotic disorders 2%;
behavioral disorders 1%, developmental disorders 1%, and emotion-related disorders
with onset typically during childhood 1%. Moreover, seven studies reported an increased
risk of suicide in patients with IBD relative to control populations. More recently, a
systematic review including 26 studies confirmed a significantly higher overall prevalence
of psychiatric comorbidities in IBD patients compared with the general population. Meta-
analytic results revealed significant associations between IBD and depression and anxiety.
A significant association was also observed for BD, although notable heterogeneity was
reported. In contrast, only three studies addressed the relationship between schizophrenia
and IBD, yielding heterogeneous and inconclusive findings [49]. Table 1 summarizes the
prevalence of psychiatric disorders in patients with IBD.
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Table 1. Prevalence of psychiatric disorders in patients with IBD.

Study/Country Study Design IBD Subjects IBD Diagnosis Effects Estimates (95% CI)
. D:IRR =1.58[1.41-1.76]
. N =6119 IBD patients
Bernstein et al., . N7 o 10 A:IRR =1.39[1.26-1.53]
2019 [46]/Canada Retrospective cohort %Oﬁltrol. N1630,573 ICD-9-CM/ICD-10-CA codes BD: IRR = 1.82 [1.44-2.30]
ollowup tUyears S:IRR = 1.64 [0.95-2.84]
Bernstein et al N =4623 IBD patients
i Retrospective cohort Control: N =22,207 ICD-9-CM/ICD-10-CA codes BD: OR =1.68
2021 [50]/Canada
Follow up 16 years
. . N =701BD patients D: PHQ-9/HAM-D D:OR=94
Bhamre et al., 2018 [51]/India Prospective case—control Control: N = 100 A:SCL-A20/HAM-A A:OR=11.17
. . N =2,235,226 IBD patients D: questionnaire on any . _
Bhandarietal., 2017 [52] /USA  Retrospective cohort Control: N = 190,269,933 depressive symptoms D:OR=3.1
D:OR =1.4and 1.5 after
. . : L N =22,103 IBD patients 10 years
Bisgaard etal, Nationwide population Control: N = 110,515 ICD-10 codes A:OR=14and 13 after
2023 [53]/Denmark based cohort
Follow up 9.7-10 years 10 years
BD:OR=0.9

Blackwell et al., 2021 [54] /UK
and Denmark

Nested case-control

N =10,829 patients with UC, N
=4531 patients with CD,
Control: N =15,360

Follow up 7.4 years

Codes from CPRD

D:OR=1.47UC;OR=1.41CD

Choi etal., 2019 [55] /Korea

Nationwide population-
based cohort

N =15,569 IBD patients
Control: N =46,707
Follow up 6 years

ICD-10 codes

D: OR =2.06 CD; OR=1.93 UC
A:HR =1.58[1.43-1.74] CD;
HR =1.58[1.38-1.82] UC

Cooney etal., 2024 [56] /UK

Retrospective, observa-
tional study

N =3898 IBD patients
Control: N =15,571

ICD-10 codes

D: aHR = 1.34 [1.16-1.56]
A:aHR =1.25[1.06-1.48]
BD: aHR = 0.74 [0.34, 1.59]

Fuller-Thomson et al.,

N =269 IBD patients

2015 [57]/Canada Cross-sectional survey Control: N = 22,522 GAD A:OR=2.18
. N =61 patients with UC,and N . _
i{oezrznandez Camba etal, Cross-sectional survey =36 patients with CD DASS-21 D: OR=2.46
[58]/Spain Control: N =596 A:OR=1.35
N =19,011 IBD patients . . . . _
Irving etal., 2021 [59] /UK Retrospective cohort Control: N = 76,044 AI}I%E ;’thg;i:ahdated in UK E: 8Il§ B % ‘I)é
Follow up 1 year p y . o
Kao etal., 2019 [44]/ Taiwan Cross-sectional survey 2]013;5210 II\]]?’ :D&a:t;ggt ts ICD-9-CM codes BD: OR =2.10
Kim et al., 2023 [60] /Korea Retrospective cohort go?l(?fffp?éf;]za}; 2t1ents ICD-10 codes D:OR=1.39
Larussaetal, 2020 [61]/Italy  Cross-sectional survey N=143 patients withUCand ¢ g1y 1yApg B-1PQ D:OR =245

N =59 patients with CD

Liu et al., 2025 [38]/UK

Prospective cohort from a
UK biobank

N =2851 patients with UC and
N =1200 patients with CD
Control: N = 394,851

Follow up 13,6 years

ICD-10 codes

PDs: HR =1.21[1.11-1.33] UC;
HR=1.15[1.01-1.31]CD

Ludvigssonetal.,
2021 [62]/Sweden

Nationwide population-
based cohort

N =69,865 IBD patients
Control: N =3,472,913
Follow up 8 years

National patient register

D:HR=14[1.4-15]
A:HR=1.3[1.3-14]
BD:HR =1.1[1.1-1.2]

Ma etal., 2023 [39]/UK

Prospective cohort from a
UK biobank

N =3561IBD patients
Control: N =493,573
Follow up 13.3 years

ICD-10 codes

D: HR =1.56 [1.39-1.76]
overall, HR = 1.54 [1.25-1.90]
CD,HR =1.52[1.30-1.78] UC

Marrie et al., 2017 [4]/Canada

Retrospective cohort

N =6119 IBD patients
Control: N =97,727
Follow up 23 years

ICD-9-CM/ICD-10-CA codes

D:IRR = 1.71 [1.64-1.79]
A:IRR = 1.34 [1.29-1.40]
BD: IRR = 1.68 [1.52-1.85]
S:IRR =1.32 [1.03-1.69]

Marrie etal., 2018 [63]/Canada

Retrospective cohort

N =8695 IBD patients
Control: N =43,465
Follow up 12.6 years

Validated case definitions

D:OR=145
A:OR=1.26
BD:OR =1.44

Roderburg et al.,
2024 [64]/Germany

Retrospective cohort

N =9073 patients with UC and
N = 6761 patients with CD
Control: N =31,728

Follow up 5 years

ICD-10 codes

D:HR=1.4CD; HR=1.32UC
A:HR=121CD;HR=1.28UC

Tarar et al., 2022 [65]/USA

Retrospective cohort

N =192,724 IBD patients
Control: N = 12,848,266

ICD-10 codes

D: OR=1.28CD; OR=1.55UC
A:OR =14 overall
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Table 1. Cont.
Study/Country Study Design IBD Subjects IBD Diagnosis Effects Estimates (95% CI)
Thavamani et al., N = 58,020 IBD patients D:OR =3.94

2019 [66]/USA

Retrospective case-control

Control: N =11,316,450 SNOMED-CT A:OR=4.05

Umar etal., 2022 [67] /UK

Retrospective cohort

D:IRR =1.36 [1.31-1.42]
overall, HR = 1.36 [1.26-1.47]
N =48,799 IBD patients THIN CD,HR=1.30[1.23-1.36] UC
Control: N =190,075 A:IRR=1.17[1.11-1.24]
overall, HR =1.38 [1.16-1.65]
CD,HR=1.26[1.07-1.47] UC

Vigod et al., 2019 [68]/Canada

Retrospective cohort

N =37211BD patients ICD-9-CM/ICD-10-CA codes,  D:HR=1.12[1.05-1.23] CD,
Control: N =58,020 DSM-IV HR =1.12[1.05-1.20] UC

Zhang et al., 2022 [69]/ Taiwan

N =4221BD patients

Retrospective cohort Control: N = 2148 Depressive disorder D:OR =943

Follow up 11 years

D, depression; A, anxiety; BD, bipolar disorder; S, schizophrenia; PDs, psychiatric disorders; OR, odds ratio; HR,
hazard ratio; aHR, adjusted hazard ratio; IRR, incidence rate ratio; CD, Crohn'’s disease; UC, ulcerative colitis;
ICD, International Classification of Diseases; DSM, Diagnostic and Statistical Manual of Mental Disorders; PHQ-9,
patient health questionnaire-9; HAM-D, Hamilton depression scale; SCL-A20, symptom checklist anxiety scale;
HAM-A, Hamilton anxiety scale; CPRD, Clinical Practice Research Datalink; GAD, generalized anxiety disorder;
SNOMED-CT, Systematized Nomenclature of Medicine-Clinical Terms; THIN, The health improvement network;
S-IBDQ, short inflammatory bowel disease questionnaire; HADS, hospital anxiety and depression scale; B-IPQ,
brief illness perception questionnaire; DASS-21, depression anxiety stress scales-short form.

Research has reported that children with ASD frequently experience GI symptoms,
including diarrhea, constipation, abdominal pain, and bloating, particularly among those
exhibiting more pronounced behavioral challenges such as social withdrawal, sleep distur-
bances, and self-injurious behaviors [70]. A meta-analysis found that children with ASD
have three times higher risk of GI symptoms compared to neurotypical peers [71]. More
recently, four case—control studies have shown an increased prevalence IBD in individuals
with ASD in comparison to matched controls [72]. In a population-based study including
over 48,000 children with ASD, both CD and UC were more prevalent in the ASD cohort
compared with control populations [73]. In addition, a retrospective analysis across four
Boston hospitals reported a higher prevalence of IBD among hospitalized children with
ASD compared with the general inpatient population (0.83% vs. 0.54%) [74].

The elevated risk of dementia among patients with IBD points to be multifactorial,
involving chronic systemic inflammation, accelerated atherosclerosis, and hypercoagulable
states [36]. Evidence suggests that persistent inflammation may accelerate the progression
of AD through BBB disruption and microglial activation [75]. Moreover, the GBA may play
a role in the development of PD in IBD patients. In this respect, animal models indicate
that alterations in the GM can trigger PD pathology [76], and epidemiological evidence
has linked GI infections to an increased risk of PD [77]. IBD has also been associated with
heightened risk of thromboembolic events and stroke, likely driven by hyperhomocysteine-
mia, thrombocytosis, coagulation anomalies, and hyperlipidemia, thereby contributing to
the onset of vascular dementia [78]. Notably, vascular dementia accounts for approximately
15% of all dementia cases [79].

3.1. Association Between Psychiatric Comorbidities and IBD Activity

As previously noted, psychiatric comorbidities, especially anxiety and depression,
are prevalent among individuals with IBD. Indeed, estimates suggest that approximately
20-30% of patients with IBD experience mood disturbances, with the occurrence of psychi-
atric disorders tending to rise in conjunction with periods of active intestinal inflamma-
tion [80]. For this reason, considerable research has focused on the potential link between
psychiatric disorders and the activity of IBD. In general terms, evidence indicates a positive
association between active IBD and the presence of depressive or anxiety symptoms, with
higher disease activity tending to correlate with increased prevalence and severity of psy-
chiatric comorbidities. Moreover, several studies have proposed that depressive symptoms
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may unfavorably influence the disease trajectory [81,82], contributing to poorer clinical out-
comes. Some investigations have further indicated that active disease serves as a significant
predictor of depression [83,84]. In addition, Chan et al. [85] reported a relationship between
depressive symptom severity and IBD-related functional impairment. In contrast, Fairbrass
et al. [86] observed that patients exhibiting persistently elevated anxiety or depression
scores showed greater healthcare resource use, although this was not accompanied by a
higher risk of future adverse disease events. Other studies failed to establish a consistent
temporal association between psychiatric symptoms and disease activity [83-85]. Interest-
ingly, Jordi et al. [81] identified allelic variants of two single nucleotide polymorphisms
(SNPs) that were inversely correlated with depressive symptoms, one of which was also
linked to lower IBD activity. In early stages of IBD, factors associated with anxiety included
female sex, a diagnosis of CD, and stressful life events prior to diagnosis, while the only
variable related to depressive symptoms was the presence of medical comorbidities [87].
Furthermore, in a large retrospective observational study comprising 3898 individuals with
IBD aged between 5 and 25 years, Cooney et al. [56] demonstrated that patients with IBD
exhibited a significantly increased risk of developing several psychiatric conditions. Specif-
ically, adjusted hazard ratios (aHR) indicated elevated risks for anxiety, depression, eating
disorders, post-traumatic stress disorder, self-harm, and sleep disturbances. The subgroup
analysis revealed that male patients aged 12-17 years and those diagnosed with CD had the
greatest susceptibility to new-onset mental health conditions. In line with these findings,
Rasmussen et al. [88] reported that both CD and UC are associated with a heightened
likelihood of psychiatric morbidity, largely attributable to a greater incidence of emotional
disorders and increased use of psychotropic medications. In contrast, Askar et al. [89] found
no significant association between the severity of depression and anxiety and the severity
of UC or CD. These results could be attributed to differences in the studied populations
and in the methods employed to assess mental health conditions [89]. Table 2 summarizes
several studies exploring the connection between depressive and anxious symptomatology
and IBD activity.

Table 2. Studies on the connection between depression and anxiety symptoms and IBD activity.

Study/Country Study Design Population Diagnostic Methods Results/Outcomes
Although the prevalence of depression or
. N =105 patients (23 with anxiety in patients was high (56.1% and 37.1%,
Askaretal., Cross-sectional . SCIDI, HAM-D, . .
2021 [89]/Egypt observational study CD and 82 with UC) and HAM-A respectively), there was no correlation between

Mean age: 33.2 years

both the severity of depression and anxiety and
the severity of IBD, either UC or CD.

Bernabeu et al.,
2024 [87]/Spain

Prospective, multi-center,
observational study

N =156 patients (80 with
CD and 76 with UC)
Mean age: 42.3 years

HADS, IBDQ-32, and PSS

A total of 37.2% of patients exhibited symptoms
of anxiety, while 17.3% exhibited symptoms of
depression. Quality of life was impaired in
30.1% of patients. Factors associated with
anxiety in the early stages of IBD included
being female and having CD. The only factor
related to depression was the presence of
comorbidity. Impaired quality of life was
associated with being female and experiencing
previous stressful life events.

Byrneetal.,,
2017 [83]/Canada

Retrospective
chart review

N =327 patient chart with
CDand UC
Age: >18 years

PHQ-9, GAD-7, or by
diagnosis through
psychiatric interview

Rates of depression and anxiety were 25.8% and
21.2%, with 30.3% of patients suffering from
depression and/or anxiety. Disease activity was
significantly related to depression and/or to
anxiety. Females were more likely to
experience anxiety.
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Table 2. Cont.

Study/Country

Study Design

Population

Diagnostic Methods

Results/Outcomes

Cadogan etal.,
2025 [90]/Canada

Cross-sectional study

N =154 patients with
IBD (63% CD)
Age: >18 years

SCIDIand
DSM-5 categorization

Of 154 IBD participants, 57% had at least one
psychiatric comorbidity with 27% having more
than one psychiatric diagnosis. The prevalence
was MDD (41.7%), anxiety disorders (39.6),
SUD (16.2%), PTSD (5.3%), OCD (4.9%), and BD
(2.0%). Of those with >1 psychiatric disorder >
70% had MDD and a comorbid anxiety disorder.
Individuals with one or more psychiatric
comorbidities were more likely to be current
smokers and to exhibit higher IBD activity
scores compared to those without

psychiatric comorbidities.

Chanetal.,
2017 [85]/Singapore

Cross-sectional study

N =200 patients (95 with
CD and 105 with UC)
Age: >18 years

IBD-DI, HADS, and IBDQ

Symptoms related to anxiety and depression
were common in this cohort of IBD and were
strongly associated with IBD-related disability.

N = 3898 patients

IBD patients were significantly more likely to
develop new PTSD, eating disorders, self-harm,
sleep disturbance, depression, anxiety, and any

Cooney et al. Retrospective . e .
, . ’ with IBD ICD-10 mental health condition. Male IBD patients
2024[561/UK observational study Age: 5-25 years aged 12 to 17 years, and patients with CD seem
to exhibit the highest risk for the onset of new
mental disorders.
Fairbrass et al., Longitudinal study. N;hlfgg patients HADS, PHQ-12, and SIBDQ v(\jlgize:ll?; SZ;\;SSI;EE?CSSS:; a:znrﬁi)rﬁealliile‘:ly
2023 [86] /UK Follow up for 12 months VAV o >18 vears ! ! to be referred to a gastroenterologist or IBD
8¢ b nurse specialist in the outpatient clinic.
The prevalence of anxiety /depression
_ . . symptoms in IBD patients was 33.1%. Those
Gaoetal., N =341 patients (221 with with CD experiencing these symptoms tended

2021 [91]/China

Cross-sectional study

CD and 120 with UC)
Mean age: 33 years

HADS

to show higher endoscopic severity scores
compared to those without anxiety
or depression.

Garcia-Alanis et al.,
2021 [92] /Mexico

Cross-sectional study

N =104 patients (12 with
CD and 92 with UC)
Mean age: 41.8 years

IBDQ-32 and SCID-I

The prevalence of any major mental disorder in
IBD patients was 56.7%, with specific rates for
anxiety (44.2%), mood disorders (27.9%), SUD
(12.2%), and other psychiatric conditions
(17.3%). From total, 29.8% of the patients
presented three or more comorbid diagnoses.
SUD was associated with lower digestive
quality. MDD, social phobia, PTSD, and GAD
were found to be significantly related to lower
life quality.

Jordietal.,
2022 [81]/Switzerland

Prospective cohort study

N = 1973 patients (1137 with
CD and 836 with UC)
Age: 24.6-50 years

HADS

The prevalence of depression was found to be
high in IBD patients, with active disease further
increasing the risk for depression. Conversely,
depressive symptoms also independently
increased the risk for IBD flare-ups over time
and appear to have a negative impact on
various disease outcomes. In addition, the
alleles of two SNPs (1s588765-TC, rs2522833 C
allele) were found to be negatively associated
with depressive symptoms in IBD patients, with
the 5588765-TC allele combination also linked
to lower IBD activity.

Nadeem et al.,
2024 [93]/USA

Retrospective, co-
hort study

N = 69,105 patients
with IBD
Age: >18 years

ICD-10

Patients with active IBD were significantly
more likely to develop MDD, anxiety, BD,
alcohol use disorder, opiate use disorder,
ADHD, and OCD. In addition, these patients
were also more likely to use a wide range of
psychotropic drugs, such as antidepressants,
antipsychotics, anxiolytics, sedatives,
hypnotics, mood stabilizers, stimulants, and
medications employed for SUD.

Oyamaetal.,
2022 [82]/Japan

Case—control study based
in a nationwide database

N =159,481 patients
(78,230 with CD and
81,251 with UC)
Age: >18 years

ICD-10

The study found an association between a more
severe clinical course of UC and depression.
This finding suggests that depression could be
related to increased disease activity in patients
with UC, but the causal relationship remains
unclear. In the analysis of CD, only steroid
treatments were found to be associated

with depression.
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Table 2. Cont.

Study/Country Study Design Population Diagnostic Methods Results/Outcomes
Patients with CD diagnosed before the age of
18 had an increased risk of anxiety (IRR = 1.58),
_ . . while those diagnosed between the ages of
. . . N'=4904 patients with CD, 18 and 24 faced a higher risk of both anxiety and
Nationwide register- N =5794 with UC, and K R R X
Rasmussen et al., . _ mood disorders. Patients with UC diagnosed
based retrospective N = 94,802 matched references ICD-10 K50 and K51 codes . .
2025 [88]/Denmark ; before age 18 also showed a higher risk of
cohort study Age: <25 years and follow . h Overall. pati ‘HhC
up until 30 years anxiety (IRR =1.39). verall, patients with CD
P and UC are at an elevated risk for mental health
conditions, particularly emotional disorders,
and have higher rates of psychotropic drug use.
Among 717 participants with clinical activity
. . oo . data and 187 with both clinical and biochemical
nggottl etal, Prospective longitudinal N'= 804 IBD patients HADS and PHQ-15 activity data, the rates of adverse outcomes
2025 [94] /UK study. Follow-up 5 years Mean age: 44 years ) L ; : ..
were higher with increasing disease activity and
greater psychological comorbidity.
A percentage of 19.8% participants had at least
one anxiety-related disorder, while 11.1% were
diagnosed with a depressive disorder. Active
Tribbick etal., Outpatient cohort N =811IBD patients HADS, Manitoba Index,and ~ IBD was related to higher prevalence rates of
2015 [95]/ Australia P Mean age: 35 years MINI both anxiety and depression. GAD was the

most common anxiety-related condition
(14.8%), and MDD was the most common
depressive condition (6.2%).

van den Brink et al.,
2018 [84]/The
Netherlands

Prospective cohort study

Mild anxiety or depressive symptoms were
present in 35.2% of patients, while severe
symptoms were reported in 12.4%. Elevated
symptoms of anxiety (28.3%), depression
(2.9%), or both (15.8%) were observed, with no
significant differences between adolescents
(10-17 years) and young adults (18-25 years).
Active disease significantly predicted
depressive symptoms. Female, active disease,
and a shorter disease duration significantly
predicted anxiety and /or depressive
symptoms.

N =3741BD patients

Age: 10-25 years HADS and SCARED

SCID-], Structured Clinical Interview for DSM-IV; HAM-D, Hamilton Depression Scale; HAM-A, Hamilton Anxi-
ety Scale; PHQ, Patient Health Questionnaire; GAD-7, Generalized Anxiety Disorder-7 self-report questionnaire;
IBD-D], IBD-Disability Index; HADS, Hospital Anxiety and Depression Scale; IBDQ, IBD questionnaire; SIBDQ,
short IBD questionnaire; SNPs, single nucleotide polymorphisms; ICD-10, International Classification of Diseases,
10th Revision; SCARED, Screen for Child Anxiety-related Disorders; MINI, Mini-International Neuropsychiatric
Interview; IRR, incidence rate ratio; PSS, Perceived Stress Scale; PTSD, posttraumatic stress disorder; MDD, major
depressive disorder; GAD, generalized anxiety disorder; SUD, substance use disorder; BD, bipolar disorder; OCD,
obsessive-compulsive disorder; ADHD, attention deficit hyperactivity disorder; DSM, Diagnostic and Statistical
Manual of Mental Disorders; CD, Crohn’s disease; UC, ulcerative colitis.

In summary, the prevalence of depression in IBD varied across studies, with estimates
ranging from 11.1% to 56.1% [89,95]. Similarly, anxiety prevalence ranged from 17.3%
to 44.2% [87,92]. Despite the high rates of these mood disorders, the existing literature
suggested a potential link between anxiety, depression, and IBD flare-ups. Several factors
were identified as contributing to the risk of depression and anxiety in patients with CD
and UC, including gender [83,87], quality of life [92], genetic influences [81], medication
use [93], and age [56,84,88].

3.2. Genetic and Genomic Correlates of Anxiety and Depression in IBD

Evidence suggests that first-degree relatives of individuals diagnosed with CD or UC
face a markedly increased risk of developing these disorders themselves [96]. Similarly,
anxiety disorders tend to occur within families, with heritability estimates indicating that
individuals with an affected relative are four to six times more likely to experience an
anxiety disorder [97]. The potential genetic interplay between IBD and mood or anxiety
disorders remains complex, underscoring the importance of clinical cohort studies aimed
at clarifying the genetic correlations underlying the comorbidity between IBD and psychi-
atric disorders [98]. Supporting this notion, a population-based cohort study including
more than 2.19 million Swedish children born between 1991 and 2011 and their parents
demonstrated that offspring of parents diagnosed with anxiety or stress-related disorders
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exhibited a modestly increased risk of developing IBD [99]. Nevertheless, the observational
nature of such cohort studies makes it difficult to rule out residual confounding, which lim-
its the ability to infer direct causality. Despite this, advances in next-generation sequencing
and genomic research now provide powerful tools for elucidating the genetic features of
these associations.

The coexistence of IBD with anxiety and depression has been established in both
experimental and clinical contexts. In preclinical research, one study utilizing a murine
model of dextran sulfate sodium (DSS)-induced colitis analyzed forebrain tissue through
RNA sequencing to explore molecular mechanisms underlying this association. Path-
way enrichment analysis identified multiple inflammation-related processes, including
those involving the IL-17 signaling cascade, modulation of the inflammatory response,
and antimicrobial peptide activity. Notably, genes linked to neuroinflammation, such as
prostaglandin-endoperoxide synthase 2 (Ptgs2), 5100 calcium-binding proteins SI00A8 and
S5100A9, and lipocalin 2 (Lcn2), were significantly upregulated in DSS-treated mice [100].
Building on these findings, subsequent RNA-sequencing research revealed that Lcn2 ex-
pression was markedly elevated in the paraventricular thalamic nucleus (PVT) of mice
exhibiting DSS-induced depressive-like phenotypes. Importantly, targeted silencing of
Lcn2 within the PVT was found to alleviate these depressive behaviors, suggesting a poten-
tial mechanistic link between intestinal inflammation, neuroinflammatory signaling, and
mood regulation [101].

In a clinical study, transcriptomic profiles from 630 IBD samples retrieved from the
Gene Expression Omnibus (GEO) database were examined to identify differentially ex-
pressed genes (DEGs) exhibiting significant dysregulation compared to healthy controls.
Cross-comparison of these DEGs with a curated set of 153 genes previously associated
with depression revealed 33 hub genes that may contribute to the molecular mechanisms
underlying the comorbidity of depression and IBD [102]. In another clinical study, patients
with IBD presenting depressive symptoms displayed notably reduced expression of two
genes related to circadian rhythm in peripheral blood samples compared to IBD patients
without mood disturbances. Specifically, circadian locomotor output cycles kaput (CLOCK)
and nuclear receptor subfamily 1 group D member 1 (NR1D1) [103]. Parallel research
has focused on identifying molecular signatures common to both IBD and MDD through
integrative analyses of DEGs, aiming to clarify the shared biological pathways that may
underpin this bidirectional relationship [104,105].

Genome-wide association studies (GWAS) represent an essential component of modern
genomics, providing a powerful approach for identifying genetic variants linked to complex
phenotypes across the entire genome. Using this methodology, Shaw et al. [106] revealed
significant genetic correlations between IBD and psychiatric traits, particularly those related
to anxiety and depression. Complementary bidirectional Mendelian randomization (MR)
analyses further clarified the causal direction of this relationship. In this respect, genetic
liability to IBD did not appear to increase the risk of MDD, but the reverse association
(i.e., genetic predisposition to depression influences IBD susceptibility) was statistically
significant [107]. Consistent with these findings, a separate investigation reported that
individuals carrying a higher genetic risk for depression had an increased likelihood of
developing IBD. In contrast, reverse MR analyses revealed no significant causal effect of
genetic susceptibility to IBD, or to its subtypes, on depression risk [108].

Also in the context of depression, GWAS analyses of 44 SNPs identified enrichment
across 19 biological pathways, many of which were linked to immune regulation and
pro-inflammatory cytokine signaling [109]. In a MR study focused on candidate genes, a
functional SNP located in the promoter region of the IL6R gene was found to influence
circulating levels of C-reactive protein (CRP) and interleukin-6 (IL-6), as well as the severity
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of depressive symptoms in a large population-based cohort [110]. Moreover, integrative
analyses combining GWAS data with human brain proteomic profiling implicated genetic
variation in P2RX7, which encodes the purinergic receptor P2X7, as a contributor to the
pathophysiology of depression [111]. The biological significance of P2RX7 extends beyond
neuropsychiatric pathways, as this receptor modulates activation of the NOD-, LRR-, and
pyrin domain-containing protein 3 (NLRP3) inflammasome, which constitutes an essential
regulator of innate immune responses that has also been implicated in the pathogenesis of
IBD [112].

A loss-of-function SNP in the PTPN2 gene, known for its regulatory role in T cell
signaling and immunological processes, has been implicated in the pathogenesis of both
IBD and psychiatric disorders. Within T cells, PTPN2 acts as a negative regulator of antigen
receptor signaling by dephosphorylating kinases associated with the T cell receptor (TCR)
complex. In addition to this function, PTPN?2 is central for maintaining intestinal epithelial
integrity, modulating cytokine signaling, and orchestrating T cell differentiation [113].
In experimental studies using PTPN2-deficient mouse models, the absence of this gene
resulted in impaired insulin secretion and a pronounced reduction in the central release
of key neurotransmitters, including norepinephrine, dopamine, and serotonin (5-HT),
culminating in alterations consistent with anxiety-like behavioral phenotypes [114].

Lasconi et al. [115] noted a potential shared genetic basis between IBD and depression,
emphasizing the central involvement of the hypothalamus and the hypothalamic—pituitary—
adrenal (HPA) axis in this connection. Utilizing publicly available GWAS datasets related
to both depression and IBD, the authors identified significant genetic correlations between
the two conditions, supporting the existence of overlapping genetic determinants and sug-
gesting a mechanistic link between intestinal inflammation and mood dysregulation. Their
analysis further revealed that IBD-associated genetic variants were enriched within open
chromatin regions of hypothalamic-like neurons and colonoids, implicating hypothalamic
pathways in the genetic susceptibility to IBD. Notably, several genes located in hypotha-
lamic cells and associated with IBD risk were found to participate in stress-response
signaling, including cAMP-responsive element modulator (CREM), ciliary neurotrophic
factor (CNTF), and Ras homolog family member A (RHOA). CREM encodes a protein
that modulates stress-related transcriptional activity, CNTF constitutes a neurotrophic
factor released during acute stress that is essential for cortical norepinephrine synthesis
and HPA axis regulation, and RHOA contributes to the modulation of social stress and
depressive-like behaviors by influencing dendritic remodeling within motivational and
reward-related neuronal circuits [115]. In addition, a recent integrative study combining
gene expression profiling with proteomic analyses identified four genes that appear to
play central roles in both IBD and MDD. Specifically, hepatocyte growth factor (HGF),
secreted protein acidic and cysteine-rich (SPARC), a disintegrin and metalloproteinase
12 (ADAM12), and matrix metallopeptidase 8 (MMPS) were highlighted as key biomarkers
involved in inflammatory signaling and immune dysregulation. These findings provide
insights on molecular pathways that may link IBD and psychiatric disorders, reinforcing
the concept of shared immunological mechanisms that contribute to the pathophysiology
of both conditions [104]. Thus, building on the aforementioned, the accumulated evidence
indicates that clinical cohort studies and genetic investigations together offer more robust
support for a causal effect of depression on the development of IBD, whereas genetic data
substantiating a direct causal influence of IBD on depression remain relatively scarce.

3.3. Neurofunctional and Morphological Alterations During IBD

Neuroimaging research has aimed to determine whether individuals with IBD exhibit
structural brain alterations compared to healthy controls. Such changes may include varia-
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tions in regional brain volumes, although research has also been focused on determining
differences in neural activity patterns. Most of this research has been carried out in patients
with quiescent disease, largely because corticosteroids, which is the primary treatment for
disease flares, are known to exert neuropsychiatric side effects and can influence brain
morphology [116].

One of the earliest investigations reporting functional brain alterations in UC em-
ployed functional magnetic resonance imaging (fMRI) during a task involving emotionally
salient visual stimuli [117]. Patients with UC demonstrated reduced blood oxygen level-
dependent (BOLD) responses in the amygdala, thalamus, and cerebellum when exposed to
emotionally charged images, suggesting diminished sensitivity to emotional content. More
recently, a study integrating structural MRI with resting-state fMRI identified modifications
in frontotemporal networks among remitted patients with UC or CD [118]. Interestingly;
these network alterations appeared more pronounced in UC than CD, potentially reflecting
differences in disease localization that may influence gut-brain signaling and central pro-
cessing pathways. A separate study of a German UC cohort revealed decreased gray matter
volume in the frontal cortex and anterior insula compared to healthy controls [119], findings
that align with observations from CD populations [120]. However, other investigations
failed to detect significant gray matter changes [121], which may be attributable to differ-
ences in previous disease activity or limited sample sizes. In a small-scale study involving
nine CD patients, Gray et al. [122] examined the effects of anti-TNF-« therapy on brain
function using fMRI and psychological assessments conducted before and after treatment.
Administration of anti-TNF-« agents was associated with reduced visceral sensitivity and
enhanced cognitive-affective processing, accompanied by functional changes in limbic
regions, particularly the amygdala [122].

Although most neuroimaging research has focused on patients with quiescent IBD,
studies investigating brain activity in individuals with active disease remain limited. For
example, a fMRI study of patients with mild to moderately active UC who had not used
corticosteroids in the preceding six months revealed altered activation within the limbic
system, particularly in the hippocampus and frontal cortical regions, as well as disrupted
functional connectivity between these areas [123]. These neural alterations were associated
with deficits in working memory, attention, and executive function, consistent with the
established cognitive roles of the affected brain regions. Similarly, Thapaliya et al. [124]
assessed brain morphology in patients with active CD, including both those receiving
immunosuppressive therapy and those in remission. Compared with healthy controls,
patients exhibited reductions in gray and white matter volumes and cortical thickness,
particularly within the left motor cortex. Conversely, increases in gray or white matter
volume were observed in regions such as the right orbitofrontal cortex and left anterior
cingulate cortex. Notably, many of these morphological alterations appeared independent
of current disease activity, suggesting that they may represent chronic, enduring changes
rather than transient effects of inflammation. However, within the same cohort, CD patients
experiencing abdominal pain or extraintestinal manifestations demonstrated region-specific
gray matter reductions and cortical thinning compared to patients without such symptoms,
indicating that greater disease severity may exacerbate structural brain alterations [124].

An important consideration is whether the structural and functional brain alterations
observed in patients with IBD are influenced by comorbid conditions, particularly disorders
of gut-brain interaction (DGBIs). DGBIs encompass a range of GI disorders, with irritable
bowel syndrome (IBS) being the most prevalent and clinically relevant in this context, as
many IBD patients either meet criteria for IBS or exhibit IBS-like symptoms [125]. A recent
meta-analysis reported that approximately 32.5% of IBD patients in remission experienced
symptoms consistent with IBS [126]. Patients with IBS frequently display psychiatric
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comorbidities and neuropsychological changes that resemble those seen in IBD, including
abnormalities in brain regions and networks involved in salience detection, emotional
arousal, central autonomic regulation, and executive and sensorimotor processing [127].
Meta-analytic comparisons of depression prevalence and severity between IBS and IBD
populations indicate that while rates of depression are similar, IBD patients often experience
more severe depressive and anxiety symptoms [128,129]. Moreover, Gracie et al. [130]
found that IBD patients presenting with IBS symptoms had significantly higher Hospital
Anxiety and Depression Scale (HADS) scores for anxiety and depression, as well as elevated
somatization scores, compared with IBD patients without IBS-like symptoms, suggesting
that overlapping gut-brain dysfunction may exacerbate psychiatric burden.

4. The Role of the GM and Its Metabolites in IBD and Psychiatric Disorders

The GBA underlies bidirectional communication between the CNS and the GI tract,
mediated through neural, hormonal, metabolic, immune, and microbial pathways [27].
Alterations in GM composition, such as those observed in IBD, can influence brain function
and behavior. Growing evidence suggests that dysregulation within the GBA contributes
to the pathophysiology of IBD and psychiatric disorders individually, but also to their
frequent comorbidity [30].

4.1. GM Alterations in IBD

Recent research has highlighted the role of the GM in modulating peripheral inflamma-
tion in IBD and also in influencing CNS function. IBD is commonly associated with reduced
microbial diversity and an overrepresentation of potentially pathogenic taxa, including
members of the families Bacteroidaceae and Enterobacteriaceae, as well as the genus Fusobac-
terium. In contrast, levels of beneficial commensal bacteria are frequently diminished,
particularly those from the families Lachnospiraceae, Clostridiaceae, and Ruminococcaceae, as
well as species of the genera Bacteroides and Bifidobacterium [131,132].

Dysbiosis in both CD and UC is characterized by reduced microbial diversity com-
pared with a healthy GM, as well as by distinct compositional shifts across multiple
taxonomic levels. At the phylum level, disease-associated patterns typically include de-
creased Bacillota and increased Pseudomonadota [133]. Notably, beneficial species such
as Bifidobacterium longum, Eubacterium rectale, Faecalibacterium prausnitzii, and Roseburia
intestinalis are markedly depleted in CD and UC, whereas potentially pathogenic bacteria,
including Bacteroides fragilis, are enriched in abundance and growth rate [20]. Additional
overrepresented taxa in IBD patients include E. coli, Ruminococcus gnavus, Collinsella spp.,
Blautia spp., Fusobacterium spp., and Veillonella spp. [134-142]. In contrast, reductions in
genera such as Akkermansia and Eubacterium have also been reported [136,141], highlighting
the dual pattern of loss of protective microorganisms and expansion of potentially harmful
species in IBD-associated dysbiosis.

Several studies have reported distinct GM profiles between CD and UC [134,138,142].
In CD, reductions are commonly observed in the families Christensenellaceae and Cori-
obacteriaceae, as well as in genera including Clostridium, Coprococcus, Faecalibacterium, Ru-
minococcus, Prevotella, Parabacteroides, Lachnospira, and Roseburia [136,138-142]. In contrast,
increased abundance has been reported for genera such as Enterococcus, Klebsiella, Cetobac-
terium, Dialister, Actinomyces, Sutterella, and Actinobacillus, as well as for species including
Enterocloster clostridioformis (formerly Clostridium clostridioforme), Bacteroides fragilis, and
Ruminococcus torques [134,136,138-141,143]. In UC, certain genera, including Bifidobac-
terium, Clostridium, Bacillus, Peptostreptococcus, and Odoribacter, typically present increased
abundance [134,138,142,144,145], whereas Faecalibacterium and Parabacteroides tend to be
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decreased [142,145]. These findings indicate disease-specific microbial signatures that may
reflect differences in pathophysiology and gut-immune interactions between CD and UC.

Certain bacterial genera and species have been associated with disease activity in
IBD and may hold potential for therapeutic intervention. Xu et al. [146] reported that
Roseburia intestinalis abundance is significantly decreased in the gut of patients with UC
during active disease but that it increases following remission. Supplementation with R.
intestinalis has been shown to help restore gut microbial homeostasis, in part by promoting
short-chain fatty acid (SCFA) production and supporting functional recovery of the GI tract.
Recent evidence suggests that the dysbiotic alterations observed in the GM of CD and UC
patients are linked to depressive symptoms and changes in neural activity, indicating that
microbial imbalance may impact the GBA more broadly [147]. For instance, UC patients
with comorbid depression exhibit reduced microbial diversity and abundance, as well as
shifts in dominant taxa such as Bacillota, Pseudomonadota, and Clostridia, compared to
UC patients without depression [148]. Similarly, Phocaeicola (formerly Bacteroides) vulgatus
is less abundant in IBD patients experiencing depressive symptoms compared to those
without [149]. In a DSS-induced colitis mouse model, administration of P. vulgatus resulted
in lower disease activity scores, reduced weight loss, and longer colon length compared
to untreated DSS mice. Notably, P. vulgatus also alleviated depression-like behaviors in
both DSS-induced colitis and LPS-induced depression models [149]. Furthermore, in
hyperlipidemic rats, P. vulgatus contributed to the degradation of complex carbohydrates,
SCFA production, and improvement of lipid metabolic disorders, thereby supporting gut
health and metabolic regulation [150].

Bacteriophages consist of viruses that specifically infect bacteria and play a pivotal
role in maintaining the stability of microbial communities and in shaping GM composition.
The most commonly studied groups include Caudovirales, Microviridae, crAssphages,
and Gubaphages [151,152]. Several studies of the gut virome have reported a marked
increase in viral abundance, predominantly bacteriophages, in patients with IBD [23,153].
Interestingly, this expansion in phage populations does not appear to correlate directly
with shifts in bacterial composition [154,155]. In both UC and CD patients, elevated levels
of Caudovirales have been observed in the intestinal mucosa compared to healthy controls.
However, this is accompanied by reductions in viral diversity, evenness, and richness,
affecting both Caudovirales and the virome [156,157]. On the other hand, some studies
analyzing fecal samples have found no significant differences in the virome between CD
patients and controls [136,158]. Methodological variations in virus particle enumeration
likely contribute to these inconsistencies, highlighting the need for standardized approaches
in gut virome research.

The gut mycobiome in IBD also exhibits dysbiosis, typically characterized by reduced
fungal diversity and an increased Basidiomycota/Ascomycota ratio [159,160]. In both UC
and CD patients, a decrease in Saccharomyces cerevisiae and an increase in several Candida
species, including C. albicans, C. tropicalis, and C. glabrata, have been reported [161-163].
Additional alterations include increased abundance of the family Cystofilobasidiaceae and de-
creased abundance of genera such as Leptosphaeria and Trichosporon [163,164]. Interestingly,
in pediatric IBD, S. cerevisiae appears to be more abundant, as well as other yeast species
such as Clavispora lusitaniae, C. utilis, C. albicans, and Kluyveromyces marxianus, with higher
levels correlating with greater disease severity [160].

4.2. Gut Microbiome Dysbiosis in Psychiatric Disorders

The GM has been increasingly recognized as a key regulator of psychiatric conditions,
including anxiety and depression [31]. Preclinical evidence indicates that the absence of
gut microbiota can attenuate depressive-like behaviors [165]. Furthermore, fecal microbiota
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transplantation (FMT) from patients with MDD into microbiota-depleted animals has been
shown to induce depression-like behavioral and physiological changes, providing strong
support for a causal role of dysbiotic gut microbiota in the development of depressive
symptoms [165-167]. Research has documented substantial alterations in gut microbial
composition in individuals with depression. For instance, Naseribafrouei et al. [168]
observed an increase in bacteria of the order Bacteroidales and a decrease in members of
the Lachnospiraceae family. Jiang et al. [169] reported a negative correlation between fecal
microbial diversity and the severity of MDD symptoms, identifying higher abundances
of the genera Gelria, Turicibacter, Anaerofilum, Paraprevotella, Holdemania, and Eggerthella,
whereas Prevotella and Dialister were diminished in depressed subjects. Similarly, Aizawa
et al. [170] found reduced levels of Bifidobacterium and Lactobacillus in the GM of depressed
individuals compared to controls. In socially defeated mouse models, decreases in Doreq,
Ruminococcus, and Akkermansia, together with increases in Parabacteroides, Prevotella, and
members of the phylum Actinomycetota, were reported [171]. Human cohort studies also
corroborate these findings. Valles-Colomer et al. [172] identified an overall reduction in
microbial load in depressed participants, classifying them into an enterotype characterized
by lower abundances of Faecalibacterium, Dialister, and Coprococcus. More recently, Knuesel
and Mohajeri [167] observed a marked reduction in GM diversity in depressed individuals,
with increased representation of Bifidobacteriaceae and Bacteroides, and decreased levels of
Ruminococcaceae, Faecalibacterium, and Roseburia.

Certain gut microorganisms have also been implicated in stress-induced anxiety
and generalized anxiety disorder (GAD), which constitutes a condition associated with
impairments in social and occupational functioning [173]. Jiang et al. [174] observed
that individuals with GAD exhibited reduced abundances of Faecalibacterium, E. rectale,
Lachnospira, Butyricicoccus, and Sutterella, which are microorganisms known for their role
in producing SCFAs. The depletion of these SCFA-producing bacteria is considered a
pivotal factor supporting the monoamine hypothesis in the context of both anxiety and
depression [175].

4.3. Microbial Metabolites

SCFAs, including butyrate, acetate, and propionate, represent one of the most exten-
sively studied classes of microbial metabolites. These compounds are generated through
the fermentation of dietary fibers in the gut and act as important signaling molecules, influ-
encing the epigenome and activating G-protein-coupled receptors such as free fatty acid
receptor 2 (FFAR2) and free fatty acid receptor 3 (FFAR3) [176]. Through these pathways, SC-
FAs modulate diverse physiological processes, including glucagon-like peptide-1 (GLP-1)
secretion, body weight regulation, and GI transit time. In addition, SCFAs impact his-
tone deacetylase (HDAC) inhibition, gene expression, cellular proliferation, and immune
function [177]. Butyrate, in particular, has been shown to exert protective effects against
colitis by regulating regulatory T cells (Tregs) and enhancing macrophage antibacterial
activity [178,179]. From a mechanistic perspective, butyrate stimulates intestinal gluco-
neogenesis (IGN) gene expression through a cAMP-dependent pathway, whereas propi-
onate engages FFAR3-mediated signaling within a gut-brain neural circuit to activate
IGN genes [180]. Moreover, butyrate serves as a primary energy source for colonocytes
and enterocytes, while propionate is efficiently utilized for hepatic gluconeogenesis [181].
In line with these findings, Sun et al. [182] reported that oral administration of butyrate
ameliorated colitis severity in DSS-treated mice by promoting IL-10 production from T
cells, highlighting its potential therapeutic value in IBD. These results are consistent with
earlier studies demonstrating reduced colonic inflammation and diminished neutrophil
infiltration following butyrate treatment [183].
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In addition to SCFAs, the GM plays a pivotal role in the production of tryptophan-
derived metabolites, such as indole, 5-HT, and kynurenine (KYN), which have been shown
to be altered during IBD [184]. The interactions between tryptophan metabolism, intestinal
inflammation, and barrier function exert both local and systemic effects, including neurobe-
havioral manifestations commonly observed in depression [185]. It has been proposed that
kynurenine pathway metabolites, which possess neuromodulatory properties, influence
depressive symptoms by modulating glutamatergic NMDA receptor activity, a key reg-
ulator of neuroplasticity and cognitive function. Overactivation of NMDA receptors has
been linked to impaired hippocampal neurogenesis and neuronal atrophy, mechanisms
that have been shown to contribute to the pathophysiology of depression [186].

In a metabolomics investigation, Franzosa et al. [134] identified several molecular
species that are enriched in IBD, including sphingolipids, carboximidic acids, bile acids,
triterpenoids, lactate, and long-chain fatty acids. These compounds are implicated in
various intestinal processes, including cell membrane integrity, fatty acid metabolism,
and intracellular signaling pathways. Notably, polyunsaturated long-chain fatty acids
(PUFAs), such as eicosatrienoic acid and docosapentaenoic acid, are elevated in the gut
of IBD patients. Their increased levels may reduce microbial diversity due to inherent
bactericidal activity, while also influencing immune modulation and inflammatory signal-
ing [187]. Caprylic acid, which constitutes a medium-chain fatty acid, exhibits antibacterial
and antiviral effects and can be generated in the GI tract through anaerobic fiber fer-
mentation or derived from dietary intake [134]. Recent multi-omics analyses suggest
that the GM and its metabolites may contribute to neuropsychiatric comorbidities in UC.
Specifically, patients with UC experiencing anxiety or depression showed diminished mi-
crobial richness and diversity, accompanied by compositional shifts in gut taxa, compared
to UC patients without such symptoms [188]. Corresponding alterations were also ob-
served in the serum metabolome and proteome, including reductions in 2’-deoxy-D-ribose,
4-hydroxybenzoate, and L-pipecolic acid. Administration of these metabolites in a mouse
model of colitis prevented the development of depression-like behaviors [188]. Similarly, p-
hydroxyphenylacetic acid, which is the main metabolite of Prevotella vulgatus, demonstrated
the ability to mitigate depressive symptoms in experimental colitis models [149].

4.4. The Role of the GM in IBD-Related Depression and Anxiety

From a clinical perspective, depressive episodes have been linked to impaired reg-
ulation of the HPA axis, which modulates the adaptive response to stress within the
organism [189]. Abnormal HPA axis signaling is implicated in the development and pro-
gression of mood disorders, often manifesting as elevated cortisol levels and increased
pro-inflammatory mediators, which contribute to a chronic inflammatory state [166]. Ex-
perimental research in animal models has further highlighted a strong connection between
HPA axis responsiveness and GM composition. For instance, germ-free (GF) mice exhibit
exaggerated corticosterone and adrenocorticotropic hormone responses to stress compared
with conventionally raised, pathogen-free mice [190]. The absence of a commensal GM in
GF mice is associated with an underdeveloped immune system and heightened sensitivity
to environmental stressors [191]. Moreover, stress has been shown to compromise intestinal
barrier integrity, facilitating bacterial translocation across the mucosa and enabling direct
interactions with immune cells and neurons within the enteric nervous system (ENS) [192].

Several studies have explored the pathways linking the GM to the HPA axis [189,193].
One proposed mechanism suggests that dysbiosis within the GM may promote increased
release of pro-inflammatory cytokines, such as IL-13, IL-6, and TNF-«. This amplified
cytokine signaling can, in turn, drive heightened activation of the HPA axis, potentially ele-
vating the susceptibility to anxiety and depressive symptoms in patients with IBD [194,195].
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Although evidence from rodent models underscores the bidirectional influence between
the GM and HPA axis function, research in humans examining the role of HPA axis activity
as a mediator between psychiatric disorders and GM alterations remain limited.

In terms of depression pathophysiology, several studies have reported alterations
in GM composition [196,197], frequently observing an increased abundance of pro-
inflammatory taxa, such as Enterobacteriaceae [169], as well as reduced levels of SCFA-
producing bacteria, including Faecalibacterium [198], both of which have been linked to
more severe depressive symptomatology. Qin et al. [199] identified several notable associa-
tions between IBD and specific GM changes that correlated with the presence of depressive
symptoms. Specifically, depression was linked to altered abundances of Desulfovibrionaceae,
Ruminococcaceae, Clostridium, and Akkermansia, as well as to shifts within the phyla Desul-
fobacterota and Myxococcota (formerly Deltaproteobacteria). In CD, higher depression
scores were associated with reduced levels of Lachnospiraceae, Eubacterium, Roseburia, and
Ruminococcus, as well as with increased Bifidobacterium abundance [200]. Conversely, in
UG, elevated depressive symptom scores were associated with decreased prevalence of
Erysipelotrichaceae, Lachnospira, Blautia, Phascolarctobacterium, and Streptococcus, as well as
with higher levels of Desulfovibrio [200]. Notably, Scaldaferri et al. [201] reported that in-
creased Blautia and Streptococcus abundances were most strongly correlated with depressive
symptoms in IBD patients. A growing body of research has also documented an elevated
prevalence of Streptococcus in individuals with depression [197,202], and this genus has
been shown to produce 5-HT [203], implicating it in depression pathophysiology in the con-
text of IBD. Furthermore, in UC, depressive symptoms have been associated with reduced
levels of Enterobacteriaceae [201]. This family contributes substantially to SCFA production
through carbohydrate fermentation, which is a process that stimulates 5-HT synthesis in
enterochromaffin cells. Upon activation, these cells release 5-HT, which engages receptors
on enteric neurons [204]. Therefore, reductions in Enterobacteriaceae may decrease 5-HT
availability, potentially exacerbating depressive symptoms in the context of IBD [205,206].
However, given the conflicting findings in the literature, including reports of increased
Enterobacteriaceae in MDD [196,207], further research is required to clarify the precise role of
this bacterial family in depression pathophysiology.

Regarding anxiety symptoms, research has identified a relationship between decreased
gut microbial alpha diversity and lower abundances of Fusobacterium with heightened
anxiety severity in patients with UC [200,208]. Humbel et al. [200] further described
multiple taxonomic shifts within the phyla Bacillota, Bacteroidota, and Pseudomonadota,
noting that diminished representation of species within these groups correlated with
more pronounced anxiety symptoms in individuals with IBD. Evidence also suggests that
FMT may improve psychological well-being in patients with IBS by increasing beneficial
Bacteroidota and by reducing potentially pathogenic Enterobacteriaceae [209]. In line with
this, Scaldaferri et al. [201] reported that elevated Enterobacteriaceae abundance was linked
to increased anxiety in IBD, a relationship also observed in patients with GAD [210]. More
recently, Joo et al. [211] demonstrated positive associations between Enterobacterales and
Enterococcaceae and the severity of anxiety and depressive symptoms in UC. Experimental
administration of Enterococcus mundtii, which is a member of the Enterococcaceae family,
was shown to decrease levels of the anti-depressive neuropeptide Y in the colon, plasma,
and hippocampus of mice, an effect that corresponded with the emergence of anxiety- and
depression-like behaviors [211].

4.5. Dietary Influence on IBD and Mental Health

Dietary factors play a pivotal role in shaping both physical and mental health. Con-
sumption of a Western diet, which is high in fats and sugars, has been shown to negatively
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impact GM composition, promoting the growth of microbial species linked to an increased
risk of IBD [212-214]. The concept of “immunonutrition” encompasses the influence of
dietary components on various aspects of the immune system and the GM [215]. Within the
GI tract, nutrients can modulate mucosal barrier integrity, enhance cellular defense mecha-
nisms, and regulate local inflammatory responses [216,217]. Maintaining a nutritionally
balanced diet is thus essential for supporting a healthy GM, preserving intestinal barrier
function, and promoting immune tolerance [218,219]. In contrast, diets high in refined
grains, processed foods, and sugars (e.g., Western dietary patterns) are associated with
reduced microbial diversity, which may contribute to increased intestinal permeability and
chronic inflammation [220-222].

In individuals consuming a nutritionally balanced diet, rich in high-fiber vegetables,
whole grains, and omega-3 fatty acids, intestinal homeostasis appears to be supported by
the production of microbial metabolites, particularly SCFAs. These metabolites contribute
to gut barrier integrity by providing energy to colonic epithelial cells and enhancing the
activity of regulatory T cells [218,223-225]. SCFAs can be metabolized locally by colono-
cytes or absorbed into systemic circulation, where they interact with G protein-coupled
receptors GPR41 and GPR43, promoting protective immune responses through epithelial
cytokine and chemokine signaling [226]. Butyrate, in particular, serves as a key energy
source for colonocytes and exhibits potent anti-inflammatory properties [227], while also
demonstrating immunoregulatory, anti-obesity, antidiabetic, cardiovascular-protective,
and neuroprotective effects [228]. SCFA regulation has been proposed as a mechanistic
link between the GM and depression, highlighting the potential of GM modulation as a
therapeutic strategy for mood disorders [169,229,230]. Multi-omics research has further
identified specific bacterial species that exert positive effects on mental health, such as
Bacteroides uniformis, Roseburia inulinivorans, E. rectale, and F. prausnitzii [231,232]. Indeed,
these bacterial species support mental health via SCFA production and also by modulating
amino acid metabolism, taurine levels, and cortisol pathways, all of which are closely
connected to the pathophysiology of depression, anxiety, and related neuropsychiatric
conditions [233-235]. Given the limitations of conventional pharmacotherapies and psy-
chotherapies for psychiatric disorders, these insights underscore the potential of microbiota-
and nutrient-based interventions within the framework of nutritional psychiatry as com-
plementary strategies to support mental health [233,236].

An unhealthy diet has been shown to result in GM dysbiosis, which can subse-
quently impair intestinal barrier function, trigger systemic inflammation, disrupt glucose
metabolism, and induce a state of chronic low-grade mucosal inflammation [221,237]. Re-
cent research has highlighted the pivotal role of epithelial cell metabolism in regulating the
GM, particularly in controlling overgrowth of E. coli [238]. Under physiological conditions,
colonocytes primarily rely on butyrate as an energy source. Butyrate metabolism is associ-
ated with increased oxygen consumption, creating a hypoxic environment at the luminal
surface that favors the growth of strict anaerobic bacteria from the phylum Bacillota [239].
In contrast, intestinal inflammation reduces the abundance of Bacillota, lowering butyrate
production. In the absence of butyrate, colonocytes shift to glucose fermentation into
lactate for energy, increasing intracellular oxygen levels. This rise in oxygen alters the
local microbial environment, depleting strict anaerobes and promoting the expansion of
facultative anaerobes such as pathogenic E. coli, which is a pattern commonly observed
in the GM of patients with IBD [240,241]. In turn, diets rich in fiber and fermented foods
have been proposed to support both physical and mental health [242], although clinical
evidence for their efficacy specifically in IBD populations is still needed. Figure 1 presents
the bidirectional communication between the brain—gut connectomes in IBD.
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Figure 1. Bidirectional communication between the brain-gut connectomes in IBD. HPA:

hypothalamic—pituitary—-adrenal axis; SNS: sympathetic nervous system; SCFAs: short-chain fatty
acids; PUFAs: polyunsaturated fatty acids; KYN: kynurenine; 5-HT: serotonin; LPS: lipopolysaccha-
rides; BAs: bile acids.

5. Therapeutic Approaches for Depression and Anxiety in IBD

The coexistence of IBD with anxiety and depression has become a growing focus of
research, leading to the exploration of effective treatment strategies for these comorbid
conditions. Current therapeutic approaches primarily include psychological therapies,
pharmacological interventions, and treatments aimed at modulating the GM. Furthermore,
emerging evidence suggests that lifestyle interventions, such as dietary modifications
and physical activity, may offer additional benefits in managing anxiety and depression
associated with IBD [98].

5.1. Psychological Approaches

Currently, third-wave psychological therapies, which have evolved from traditional
cognitive behavioral therapy (CBT), aim to enhance psychological well-being through
approaches such as acceptance and commitment therapy (ACT), mindfulness-based in-
terventions (MBI), and other techniques emphasizing metacognitive processes [243-245].
Accumulating evidence indicates that these therapies can effectively alleviate anxiety and
depressive symptoms in individuals with IBD. Nevertheless, their impact on the pathophys-
iology or progression of the underlying disease remains a topic of ongoing investigation.

A meta-analysis evaluating CBT indicated that this intervention significantly decreased
anxiety and depression scores while enhancing quality of life in patients with IBD [246]. In
a randomized clinical trial (RCT), group-based CBT mitigated psychological symptoms
and also led to reductions in the CD Activity Index and CRP levels [247]. Another RCT
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assessed the COMPASS program, which constitutes a CBT-based intervention customized
for chronic conditions, to determine its effectiveness in reducing psychological distress.
Compared to a standard care support group, participants in the COMPASS intervention
demonstrated a marked reduction in distress. Since the study population consisted of
individuals with IBD, these findings suggest that such cognitive-behavioral strategies may
alleviate anxiety and depressive symptoms in this patient group. However, it is important
to note that COMPASS is not specifically designed for IBD [248]. Moreover, evidence
indicates that CBT may have limited effectiveness in reducing anxiety or stress in patients
in remission and that improvements in depressive symptoms are often transient [249].

In contrast, ACT appears to exert more robust effects. A RCT comparing ACT with CBT
found that ACT significantly alleviated both anxiety and depressive symptoms, whereas
CBT showed efficacy only for depression [250]. Another study comparing ACT with a
psychoeducation control group reported a marked reduction in Depression Anxiety and
Stress Scale scores in the ACT cohort [251]. Despite these promising results, the impact of
ACT on anxiety and depression in patients with IBD has been inconsistent. For instance,
an RCT involving 122 patients with quiescent or mildly active IBD demonstrated that
ACT significantly improved depressive symptoms compared to standard care, but anxiety
levels remained largely unchanged [252]. Conversely, a one-day ACT intervention for IBD
patients led to a reduction in anxiety scores for 79% of participants, which decreased from
a baseline of 6.9 to 4.3 at the three-month follow-up, while depression scores exhibited a
non-significant downward trend [253]. Luo et al. [98] proposed that such inconsistencies
might arise due to variations in intervention duration, disease activity, or assessment
methodologies. Thus, these findings suggest that the effectiveness of ACT in addressing
anxiety and depression may depend on study design and patient population characteristics.

Recent research into MBI remain relatively limited in both scope and rigor. A meta-
analysis indicated that MBI can produce short-term reductions in CRP levels among patients
with IBD. However, the effects on anxiety and depressive symptoms were not statistically
significant [254]. On the other hand, a small-scale study suggested that virtual mindfulness-
based stress reduction could lower scores on the Patient Health Questionnaire-Somatic,
Anxiety, and Depressive Symptoms Scale from 11.2 to 6.4 while enhancing quality of
life. Nevertheless, the small sample size of the study (N = 16) and its high attrition rate
(only 7 participants finished the program) undermine the reliability of these findings [255].
Another recent meta-analysis reported that MBI confer lasting improvements in depressive
symptoms and quality of life, although no significant benefits were observed for anxiety or
physical disease outcomes [256].

In general terms, current evidence regarding the effectiveness of psychological inter-
ventions in improving outcomes for patients with IBD remains mixed. Measures commonly
used to assess IBD status include both self-reported disease activity indices and objective
biomarkers of inflammation. A meta-analysis of 28 RCTs reported that psychological inter-
ventions were associated with reductions in inflammatory markers, such as CRP and fecal
calprotectin [257]. Conversely, a later meta-analysis incorporating 25 RCTs found that these
interventions did not significantly affect disease activity indices in patients with quiescent
IBD, nor did they lower the likelihood of relapse [258]. This discrepancy between findings
may stem from the exclusion of studies that relied on patient-reported clinical measures.
In line with this notion, a cohort study following 760 IBD patients for up to 6.5 years
indicated that individuals experiencing active disease and psychological symptoms faced a
heightened risk of disease progression [259]. Thus, if psychological interventions primarily
alleviate anxiety and depressive symptoms without exerting a direct impact on the under-
lying IBD, managing these comorbidities may require supplementary strategies, including
pharmacological treatment.
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5.2. Pharmacological Approaches

Antidepressant drugs constitute therapeutic options for disorders involving the GBA,
offering benefits that extend beyond mood regulation to include improvements in GI
function [260]. These agents are well established in the management of depression, anxiety,
and various chronic pain conditions. Although large-scale RCTs in patients with IBD
are still lacking, available evidence suggests that selective serotonin reuptake inhibitors
(SSRIs), serotonin-norepinephrine reuptake inhibitors (SNRIs), and tricyclic antidepressants
(TCAs), particularly when combined with psychotherapeutic interventions, may alleviate
symptoms of anxiety and depression in this population [261,262].

A number of clinical trials have examined the role of SSRIs in managing GI distur-
bances [263]. However, their efficacy in IBS remains a matter of debate, as findings across
studies have been inconsistent. Research indicates that SSRIs confer certain therapeutic
advantages for individuals with IBD. SSRIs effectively alleviate a range of depressive
symptoms, including low mood, irritability, feelings of worthlessness, anxiety, and sleep
disturbances [264]. Overall, SSRIs are regarded as well-tolerated pharmacologic agents.
Nevertheless, as with many antidepressant classes, they have been linked to activation
phenomena and, particularly at higher doses, to an increased risk of suicidal ideation [265].

SNRIs constitute a later generation of antidepressant agents that act by inhibiting
presynaptic reuptake of both 5-HT and norepinephrine, thereby enhancing postsynaptic
receptor activation [266]. This dual mechanism contributes to their therapeutic efficacy
in treatment-resistant depression, anxiety disorders, and chronic pain syndromes. Their
clinical benefits are well established, and their side-effect profile parallels that of SSRIs
and TCAs, with most adverse events being mild in nature [264]. In a prospective RCT
involving patients with IBD and comorbid anxiety or depression, venlafaxine, which is a
prototypical SNRI, was shown to significantly lower HADS scores and also to reduce IBD
activity indices and serum inflammatory markers over a six-month treatment period [267].
Similarly, a meta-analysis encompassing 13 studies and 884 participants found that an-
tidepressant therapy not only yielded greater reductions in depressive and anxiety scores,
but also improved disease activity outcomes compared with controls [268]. Moreover,
a large-scale epidemiological study involving 403,665 individuals reported that a prior
history of depression was associated with an elevated risk of developing IBD. Notably,
this risk appeared to be attenuated among those receiving antidepressant treatment for
depression [16].

Despite the well-recognized adverse effect profile associated with TCAs, evidence
suggests that they may provide therapeutic benefit in the management of functional GI
disorders. In a survey conducted in Australia examining antidepressant use among indi-
viduals with IBD, approximately one-third of respondents reported taking these agents,
including TCAs [261]. In this context, the primary motivation for prescribing TCAs typi-
cally relates to comorbid depression or anxiety, but their use for somatic or GI symptoms
remains relatively uncommon. Notably, a retrospective analysis found that high-dose TCA
therapy for depression was linked to fewer disease flares, a reduced need for endoscopic
evaluations, and decreased corticosteroid utilization [269]. Mirtazapine, classified as a
noradrenergic and specific serotonergic antidepressant (NaSSA), exerts its pharmacological
actions through multiple receptor pathways. Specifically, antagonizing postsynaptic 5-HT,
and 5-HTj3 receptors, inhibiting presynaptic «y-adrenergic receptors, and displaying strong
Hj-histaminergic and moderate muscarinic receptor blockade. Among patients unable to
tolerate SSRIs, mirtazapine has demonstrated treatment response rates between 50% and
73%. Recent research has indicated its potential utility in IBS, particularly in cases char-
acterized by diarrhea and coexisting depressive or anxiety symptoms [270]. Preliminary
findings further suggest that, in cases in which patients can tolerate common side effects
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such as sedation and weight gain, mirtazapine exerts moderate antidepressant effects and
may additionally alleviate nausea and vomiting [262].

Ustekinumab is a monoclonal antibody directed against interleukins 12 and 23 that
has been introduced as an effective biologic therapy for IBD. Findings from two RCTs
demonstrated that ustekinumab improved disease activity in patients with moderate-to-
severe active CD and also significantly reduced anxiety and depressive symptoms [271,272].
Similarly, clinical research has shown that vedolizumab and anti-tumor necrosis factor
(anti-TNF) agents, such as infliximab and adalimumab, can ameliorate both psychological
distress and GI manifestations in individuals with CD and UC [17,273]. A meta-analysis
further supported these findings, reporting significant reductions in depressive symptom
scores following IBD-specific treatment in the absence of psychotropic medication, although
improvements in anxiety did not reach statistical significance [274]. Overall, evidence
indicates that biological and targeted therapies for IBD may exert beneficial effects on
comorbid emotional disorders. However, the magnitude of improvement in depression and
anxiety appears to vary across studies. Luo et al. [98] proposed that such discrepancies may
arise from differences in study design, sample size, therapeutic regimen, or the complex
pathophysiology underlying anxiety and depressive symptoms in IBD. Table 3 summarizes
key studies evaluating therapeutic approaches for anxiety and depression among patients
with IBD.

Table 3. Studies (2017-2024) on therapeutics for anxiety and depression in patients with IBD.

Study/Country Treatment Subjects Effects on Depression Effects on Anxiety
Psychotherapy
Chappell et al., 2024 [255] /Canada MBI/Multicenter single-arm IBD patients MBI + MBI +
Ewais etal., 2019 [256]/ Australia MBI/Meta-analysis IBD patients MBI: + MBI: —
Hou etal., 2017 [253]/USA ACT/1-day workshop IBD patients ACT: — ACT: +
Kalogeropoulou etal., . . . .
2025 [247] / Greece CBT/Prospective RCT IBD patients CBT: + CBT: +
CBT: — CBT: —
Kok et al., 2023 [249] /UK CBT, MBI, ACT /Practical guide IBD patients MBI: + MBI: —
ACT: + ACT: —
Naude et al., 2023 [254] / Australia and . .
New Z[ealz]in d MBI/Meta-analysis IBD patients MBI: — MBI: —
Naude et al., 2024 [250]/ Australia and . CBT: + CBT: —
New Zealand CBT, ACT/RCT IBD patients ACT: + ACT: +
Romano et al., 2024 [251]/ Australia and ACT/RCT IBD patients ACT: + ACT: +
New Zealand
Wang et al., 2023 [246] /PR. China CBT/Meta-analysis IBD patients CBT: + CBT: +
Wynne et al., 2019 [252] /Ireland ACT/RCT IBD patients ACT: + ACT: —
Pharmacotherapy
Panés et al., 2023 [271]/ Ustekinumab/Open-label .
12 European countries multicenter RCT CD patients * *
Stevens etal., 2017 [17]/USA Vedolizumab and anti-TNF/Prospective IBD patients + +
cohort study
Zhang etal., 2018 [273] /PR. China Infliximab / Prospective cohort study CD patients + +
Zhao etal., 2022 [274]/PR. China Standard medical IBD patients + -

therapy /Meta-analysis

CBT, cognitive behavioral therapy; MBI, mindfulness-based intervention; ACT, acceptance and commitment
therapy; IBD, inflammatory bowel disease; CD, Crohn’s disease; RCT, randomized controlled trial. Positive sign:
improvement of symptoms. Negative sign: no improvement of symptoms, limited effectiveness, or results that
are not statistically significant.

5.3. Microbiota-Targeted Approaches

Preclinical evidence has demonstrated the therapeutic potential of probiotics in allevi-
ating colitis-related pathology and reducing anxiety-or depression-like behaviors in murine
models of intestinal inflammation [275,276]. Despite these promising findings, human data
remain comparatively scarce. Hassan et al. [277] summarized clinical trials investigating
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probiotic use in IBD up to 2022, concluding that probiotic supplementation may attenuate
IBD-associated depressive symptoms and enhance overall psychological well-being [277].

Administration of the Bifidobacterium bifidum strain G9-1 was shown to significantly
decrease anxiety scores in patients with quiescent CD [278]. Although prebiotics and synbi-
otics have demonstrated beneficial effects on mood regulation and the reduction in anxiety
and depression in other clinical contexts [279,280], their specific efficacy in individuals with
comorbid IBD remains to be clearly defined. Interestingly, certain bacterial species typically
regarded as probiotics, such as Enterococcus faecium and Pediococcus acidilactici, have been
reported to exacerbate anxiety and depressive symptoms in IBD patients when excessive
proliferation occurs, underscoring the importance of microbial balance [281].

Compared with probiotics and prebiotics, FMT represents a more intensive therapeutic
approach, as it involves the transfer of an entire microbial community rather than isolated
bacterial strains. Preclinical evidence has shown that fecal microbiota derived from patients
with IBD and comorbid depression can induce anxiety- and depression-like behaviors when
transplanted into mice. Notably, these behavioral alterations were reversed when animals
subsequently received FMT from healthy donors [282]. Clinical research supports these
preclinical findings. In a randomized trial involving 272 individuals with UC, repeated
FMT administered via gastroscopy at three-week intervals using stool from sex-matched,
healthy adolescent donors led to significant reductions in both anxiety and depression
scores compared with placebo. Participants also exhibited improvements in GI symptoms,
including diarrhea and abdominal discomfort, as well as lower scores on standardized
self-rating scales for anxiety and depression [283]. Similarly, a smaller clinical investigation
reported comparable antidepressant effects of FMT in patients with IBD [284]. Although
large-scale RCTs remain limited, current evidence highlights the potential of FMT as a
therapeutic strategy for addressing psychological comorbidities in IBD. These findings
underscore the potential of the GM as a modifiable factor in the bidirectional relationship
between intestinal inflammation and mood disorders.

6. Psychosocial Stressors and Microbiome Interactions in IBD

Living with IBD can be viewed as carrying a burden that causes the organism to betray
the individual in the most private ways, with societal perceptions potentially exacerbating
feelings of shame and devaluation. Patients with IBD commonly report a wide range
of distressing and debilitating symptoms, with bowel urgency, diarrhea, incontinence,
abdominal pain, and lack of energy constituting particularly burdensome physical com-
plaints [8,285]. Moreover, psychological manifestations such as embarrassment, fear, anger,
and worry further compound overall symptom distress and contribute substantially to
perceived disease burden [8]. Within this context, stigma may intensify the physical and
psychological burden of IBD by socially devaluing affected individuals, intersecting with
other identity factors such as ethnicity or socioeconomic status, restricting access to care,
and amplifying distress, thereby reinforcing both the perceived and actual impact of the
disease [286].

Stigma has traditionally been conceptualized as a socially devalued attribute linked
to a particular condition and often associated with reduced social status [287]. Corrigan
and Watson [288] identify three interrelated elements in stigma: (i) stereotypes, which
are oversimplified and generally negative societal beliefs that induce rapid judgments
about certain individuals or groups; (ii) prejudice, referring to the adverse emotional
responses triggered by these stereotypes; and (iii) discrimination, encompassing behaviors
that lead to social exclusion or marginalization of those who are stigmatized. In turn,
Pryor and Reeder [289] categorize stigma into four forms: (i) public stigma, encompassing
societal attitudes and behaviors toward affected individuals; (ii) self-stigma, constituting
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the internalization of these societal prejudices; (iii) stigma by association, consisting of the
negative consequences experienced by those connected to stigmatized individuals; and
(iv) structural stigma, which reflects institutional, cultural, and ideological mechanisms
that sustain and reinforce stigmatized statuses. Building on the aforementioned, health-
related stigma can be defined as a process in which individuals or groups experience,
perceive, or anticipate social exclusion, rejection, blame, or devaluation stemming from
unjustified negative social judgments linked to their identification with a specific health
condition [286].

IBD is particularly susceptible to stigma due to its embarrassing symptoms and his-
torical psychosomatic framing, with internalized stigma potentially exerting the greatest
negative impact on physical, psychological, and self-management outcomes [290]. Negative
disease perceptions and concerns about public reactions, including fear of bowel accidents,
are common among patients and have been associated with poorer psychosocial adjust-
ment [291]. This can be explained on the basis that IBD involves symptoms that are socially
fraught, such as defecation and flatulence, which are frequently perceived as undesirable
at a societal level [292]. Indeed, deeply ingrained social conventions toward feces often
evoke feelings of disgust and revulsion [293,294]. In turn, incontinence-related symptomes,
including fecal incontinence, are often experienced as shameful and stigmatizing, leading
individuals to limit disclosure to healthcare providers and avoid social situations [295,296].
Moreover, GI flatus also provoke embarrassment and social discomfort due to their audible
and olfactory effects, which cause individuals to suppress their natural expression [297].
These socially sensitive symptoms may trigger avoidance behaviors by others, such as
reluctance to engage in close physical contact or share meals. Thus, despite being conceal-
able, the unpredictable nature of IBD flares can produce visible, disruptive, and socially
challenging manifestations, such as increased frequency and urgency to defecate, which in-
terfere with daily activities and social participation. In this respect, societal norms demand
complete control over bodily functions in adulthood, and lapses in such control can result
in stigmatization, adversely impacting patient adaptation to the disease [298].

Stigma related to IBD can be complex, with individuals fluctuating along a continuum
between feeling stigmatized and integrated, influenced by disease activity, social environ-
ment, and personal coping strategies [299,300]. Due to the largely invisible nature of IBD,
individuals often face difficult decisions regarding self-disclosure, balancing anticipated
negative social responses with the potential benefits of sharing their condition [300]. Dis-
closure of IBD constitutes a pivotal factor in mitigating stigma, with greater openness and
knowledge about the disease associated with reduced social stigma, particularly among
young adults [301]. However, dietary behaviors and GI symptoms, such as flatulence and
fecal malodor, further contribute to perceived stigma and influence social participation, as
patients often modify their diet to minimize embarrassing symptoms [302]. Importantly,
young populations with IBD have reported bullying as a consequence of their stigmatized
condition [299]. At the same time, young populations who experience bullying are more
likely to develop IBS [303]. This reciprocal relationship highlights a troubling cycle, as
bullying victimization has been linked to humiliation, which is an emotion characterized
by the internalization of a devalued self-image [304]. Young individuals with IBD might be
particularly vulnerable to this emotional dynamic, as the socially stigmatized aspects of
their condition can intensify the degree to which they internalize negative perceptions of
themselves. Moreover, humiliation has been associated with negative outcomes such as psy-
chopathologies, feelings of helplessness, suicidal ideation, and avoidant tendencies [304]. In
this context, avoidant coping strategies might mediate the relationship between self-blame
attributions and psychological adjustment, with higher disease severity exacerbating mal-
adaptive coping and poor psychological outcomes [305]. These mental health consequences
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may indicate the presence of psychiatric comorbidities, which can be further compounded
by the stigma related to mental illness, a factor that is often overlooked and can hinder
recovery, discourage help-seeking, and restrict access to essential resources [306]. In turn,
adolescence represents a critical period of vulnerability marked by increased curiosity
and openness to novel experiences [307], which may lead some adolescents with IBD to
engage in maladaptive coping strategies, such as the use of over-the-counter drugs (e.g.,
antidiarrheal medications, sedative antihistamines) or other substances to alleviate both
the physical and psychosocial discomfort associated with their condition, potentially re-
sulting in additional health complications [308,309]. These outcomes may be particularly
pronounced in adolescents with IBD, as the complexity of pediatric-onset disease increases
their vulnerability to adverse physical and mental health outcomes [310].

Discriminatory experiences have been increasingly recognized as potent psychosocial
stressors that activate multiple physiological systems, including immune, cardiovascular,
and metabolic pathways, thereby promoting a state of persistent inflammation and systemic
dysregulation [311]. In addition, individuals reporting high levels of discrimination exhibit
alterations in GM composition, including reduced abundance of beneficial taxa such as
Prevotella and Ruminococcaceae, which are important producers of SCFAs that maintain gut
barrier integrity and modulate immune homeostasis [312]. At the same time, high dis-
crimination has been associated with increased microbial richness and significant shifts in
beta diversity, indicating that stress-related environmental factors may drive compensatory
restructuring within the microbial ecosystem. These GM alterations are accompanied by
distinctive transcriptional profiles, particularly in genes linked to environmental sensing
and metabolic pathways, which suggests functional consequences for host physiology [312].
Furthermore, chronic psychosocial stress may compromise intestinal barrier function, re-
sulting in increased permeability that facilitates translocation of bacterial products and
toxins into systemic circulation, thereby amplifying inflammatory responses [313,314].

Exposure to early-life stress (ELS) increases the risk of developing psychopathology
later in life. However, the impact of ELS on the GM and its potential contribution to mental
health outcomes remains incompletely understood [315]. In turn, although the precise role
of the GM in shaping stress responses during early-life stages has not been fully elucidated,
several studies have linked psychosocial stress to changes in the abundance of genera such
as Veillonella, Prevotella, and Coprococcus in infants and adolescents [316,317]. Conversely,
taxa including Phascolarctobacterium and Anaerotruncus tend to decrease in abundance under
stress or psychopathological conditions, potentially reflecting the depletion of beneficial
commensals associated with stress exposure [318,319]. The early establishment of microbial
communities is pivotal for the concurrent development of the immune system and the
maturation of the gut and its associated metabolic functions [320,321]. Disruptions in GM
composition during this period can interfere with developmental programming, potentially
resulting in long-term physiological alterations and increased susceptibility to disease [322].
Several early-life factors have been associated with IBD development, including prenatal
exposure to antibiotics, maternal smoking, and breastfeeding practices [323,324]. Infants
born to mothers with IBD exhibit increased abundance of members of the phylum Pseu-
domonadota and decreased bifidobacterial populations during the first three months of
life [325]. However, the directionality of these associations remains unclear, as persistent
inflammation in IBD patients may influence GM composition rather than dysbiosis being
the primary causal factor [326]. Overall, these insights suggest that psychosocial expe-
riences and early-life microbial exposures might simultaneously contribute to IBD risk
and progression.
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7. Discussion

Although the link between IBD and psychiatric disorders is increasingly recognized,
the mechanisms underlying this association remain incompletely understood. A compre-
hensive understanding of the psychiatric consequences of IBD requires a holistic assessment
of its psychosocial dimensions. Importantly, differences between CD and UC extend beyond
their anatomical and pathological features to encompass distinct psychological experiences.
In CD, the presence of transmural inflammation, strictures, and fistulas contributes to a
disease course marked by uncertainty and chronicity, which are factors that can heighten
stress levels and exacerbate psychiatric symptoms [327]. In contrast, UC, which is typically
confined to the colon, often follows a more predictable trajectory, resulting in a different
psychological burden [328]. These distinctions emphasize the necessity for individualized
management strategies that address both the GI and psychosocial dimensions of IBD. The
heterogeneity of these conditions complicates efforts to establish universal psychological
profiles, as patient experiences and mental health outcomes vary widely across disease
types and severities [329].

Evidence provides substantial support to the notion that chronic intestinal inflamma-
tion in IBD can induce alterations within the CNS, thereby contributing to the emergence
of psychiatric symptoms. This association points to a biological foundation for the comor-
bidity between IBD and mental health disorders, suggesting that inflammatory processes
may play a direct role in shaping neuropsychiatric outcomes. Nevertheless, additional
studies are required to delineate the specific neuroinflammatory pathways involved and
to determine how these mechanisms might be therapeutically modulated. In parallel,
the persistent psychological stress associated with living with IBD can exacerbate psychi-
atric manifestations through HPA axis dysregulation. Recent research indicates that both
chronic inflammation and stress-related neuroendocrine disturbances act synergistically,
amplifying vulnerability to anxiety and depression in affected individuals [330]. This
interplay highlights the importance of adopting an integrative framework that considers
both biological and psychosocial contributors to psychiatric comorbidity. Moreover, psy-
chological resilience and adaptive coping mechanisms constitute factors that may diminish
the adverse neuropsychological effects of inflammation and represent promising targets for
future therapeutic interventions.

Elucidating causal relationships between IBD and psychiatric comorbidities is compli-
cated by substantial inter-individual variability. Anxiety and depression are the most fre-
quently reported psychiatric disorders in IBD populations, with prevalence rates markedly
exceeding those observed in the general population [55,62,65]. Less common, but still wor-
thy of consideration, are conditions such as BD and schizophrenia [4,46,55]. This diversity
in psychiatric presentations highlights the need for individualized approaches to under-
standing and managing mental health in IBD. In this context, research has underscored the
significant role of genetic factors in the development of IBD. A recent review examining
the genetic and epigenetic etiology of IBD as provided valuable insights into the key genes
associated with the condition [331]. For instance, the NOD2 gene has been recognized as a
susceptibility factor for CD, with specific mutations linked to an increased risk of develop-
ing the condition. In addition, polymorphisms at the IL23R locus, particularly rs11209026,
have been found to be associated with a reduced risk of CD, as well as with an elevated
risk of UC in Caucasian populations. The ATG16L1 gene, which plays a crucial role in
autophagy, has also been implicated in susceptibility to CD. Furthermore, certain variants
in the CARD?9 gene, including rs10870077, rs10781499, and rs4077515, have been associated
with an increased risk of IBD, whereas other CARDS9 variants, such as rs141992399 and
1s200735402, have been shown to provide a protective effect against IBD. The LRRK2 gene
mutation has been linked to CD, where it results in heightened activation of intestinal
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dendritic cells, leading to increased expression and release of pro-inflammatory molecules
such as IL-2 and TNF-«. Notably, inhibition of LRRK2 has been observed to reduce the
production of these pro-inflammatory cytokines in CD patients. In turn, increased activa-
tion of the STAT3 gene has been detected in intestinal epithelial cells in active CD, while
the expression of the TL1A gene has been shown to correlate with levels of inflammation
in IBD [331]. Research also highlights a notable overlap between IBD and psychiatric
disorders, particularly anxiety and depression [332,333]. The genetic underpinnings of this
correlation may be explained by two key factors: (i) the presence of shared genetic risk
factors [334], with certain genetic variants potentially predisposing individuals to both IBD
and psychiatric conditions, and (ii) inflammation [192,335], in which chronic inflammation
among IBD patients has been shown to negatively affect brain function and mood regu-
lation, potentially leading to the manifestation of psychiatric symptoms. Given that the
precise nature of this correlation remains to be fully understood, the interaction between
genetic predisposition, immune response, and mental health is an area of ongoing research.

A further challenge arises from the lack of standardized diagnostic criteria for psy-
chiatric comorbidities in IBD. Although anxiety and depression are often assessed using
self-report instruments, consensus on the most reliable and valid tools for evaluating
psychiatric symptoms in the context of chronic GI disease is lacking. Developing and
validating instruments specifically customized for IBD populations is pivotal to improve di-
agnostic precision and guide personalized interventions. In addition, self-report measures
may inadequately capture the complexity of psychiatric symptoms in IBD, as overlapping
somatic symptoms, such as fatigue and pain, are common to both GI disease and mood
disorders [8,9,12]. Longitudinal studies that systematically monitor both GI and psychiatric
symptom trajectories are essential to clarify temporal relationships and potential causative
pathways. Such research can reveal whether psychiatric symptoms precede, coincide
with, or follow IBD flares. Emerging tools in big data analytics and real-time symptom
monitoring offer promising approaches to capture this temporal complexity [336]. Comple-
mentary advances in neuroimaging and biomarker identification may further elucidate the
mechanistic links between IBD and mental health. For instance, functional MRI studies
have demonstrated altered brain connectivity in IBD patients, particularly in networks
implicated in mood regulation and stress response, providing compelling evidence of GBA
involvement [337]. Nevertheless, trends regarding IBD and mental health may differ by
age, with adolescents and older individuals potentially experiencing distinct psychiatric
impacts, and gender differences adding further complexity to the clinical landscape. Thus,
addressing the aforementioned challenges will require a multidisciplinary approach. In this
respect, emerging research is shaping the study of IBD-related psychopathology. Integrating
routine psychological screening into standard clinical care could facilitate early identifica-
tion of at-risk patients, enabling timely intervention. Furthermore, future investigations
should focus on establishing standardized diagnostic frameworks and evidence-based
therapeutic approaches for psychiatric disorders in the context of IBD. By elucidating the
multifaceted interactions between intestinal inflammation and mental health, clinicians
and researchers will be able to improve both physical and psychological outcomes for
patients. The evolving research landscape offers promising opportunities to deepen our
understanding of the complex interplay between IBD and psychopathology, potentially
informing more precise and effective clinical management strategies. Figure 2 presents
traditional and emerging research areas in IBD psychopathology.
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Figure 2. Traditional and emerging research areas in IBD psychopathology.

To fully realize the therapeutic potential of emerging interventions in IBD, rigorous
RCTs involving larger and more diverse patient populations are essential. Among these
interventions, GM modulators, including probiotics and FMT, have shown considerable
promise in infection prevention and neuroprotective effects. In this context, psychobiotics,
defined as probiotics, prebiotics, and synbiotics that confer health benefits to individ-
uals with psychiatric disorders, have demonstrated promising potential efficacy across
various psychiatric conditions, particularly in the management of stress, anxiety, and de-
pression [338,339]. Nevertheless, as research in this field progresses, there is a growing need
for further studies to elucidate their underlying mechanisms of action, identify the most
effective bacterial strains, and establish optimal treatment parameters. Thus, it is plausible
to assert that the integration of microbiome-based therapies into routine clinical practice is
still in its early stages, highlighting the need for further research to establish their safety
and effectiveness. A deeper understanding of the differences between CD and UC is also
pivotal for interpreting therapeutic responses. For instance, FMT has demonstrated efficacy
in multiple RCTs for UC, but comparable benefits have not been observed in CD [340,341].
Future research should therefore focus on elucidating the mechanisms underlying these
divergent responses to microbiome-based interventions across IBD subtypes, which could
inform more precise and effective treatment strategies.

The exploration of nutritional psychiatry and nutritional psychology is critical for
identifying dietary patterns and specific nutrients that may facilitate the alleviation of the
mental health burden associated with IBD [236,329]. Other pathologies, such as obesity and
type 2 diabetes mellitus, also involve significant metabolic disruptions, with evidence sug-
gesting that altered GM and its metabolites (e.g., SCFAs) play a crucial role in modulating
overall health through mechanisms involving the GBA [342,343]. Dietary habits exert a pro-
found influence on GM composition, which in turn modulates inflammatory processes and
impacts mental well-being. Integrating nutritional strategies into IBD management offers
the potential for a personalized strategy addressing both GI and psychological dimensions
of the disease [344]. Individual variability in response to dietary and microbiome-targeted
interventions highlights the necessity of such customized approaches. Advances in micro-
biome research have revealed that genetic, environmental, and lifestyle factors contribute
to differential responses to dietary modulation. For instance, certain individuals may expe-
rience marked improvements in gut health and psychological outcomes following probiotic
supplementation [345], whereas others may exhibit limited response due to differences in
baseline GM composition or genetic predispositions [346,347]. In addition, the increasing
use of complementary and alternative medicine (e.g., herbal products) among elderly IBD
patients highlights the need for careful consideration of potential drug-herb interactions,
which may lead to adverse effects due to polypharmacy and the presence of comorbidities
in this population [348]. The intake of probiotics is also increasing in popularity. However,
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it is crucial to consider their safety, particularly in vulnerable populations, due to concerns
about potential adverse effects, drug interactions, and long-term safety, which require
further research and monitoring [349]. Similarly, other microbial therapeutic tools, such
as FMT, also require caution. In this respect, adverse events associated with FMT can
be influenced by factors such as stool bank practices, delivery routes, and the success of
donor microbial engraftment [350]. In turn, the long-term consequences of donor micro-
bial engraftment may include a range of health issues, such as increased susceptibility to
infections, obesity, immune-mediated disorders, and even IBD [350]. Precision nutrition,
which involves customizing dietary recommendations based on personal biomarkers, mi-
crobiome profiles, and metabolic phenotyping, holds promise for becoming an integral
component of IBD clinical practice [351]. The adoption of these individualized strategies
by healthcare providers may enhance understanding of the complex interactions between
diet, the GM, and mental health, ultimately facilitating the development of more effective,
targeted interventions for patients with IBD [352].

CBT and MBI have been shown to effectively alleviate psychological distress in pa-
tients with IBD [353]. These therapeutic approaches can be complemented by targeted
dietary strategies aimed at reducing inflammation and supporting gut health. For instance,
mindfulness-based eating practices may be incorporated into nutritional interventions
to encourage healthier food choices and mitigate stress. Similarly, cognitive and behav-
ioral techniques can help patients to manage food-related anxiety that may exacerbate GI
symptoms [354]. Future research should explore the synergistic potential of combining
psychological therapies with nutrition-based interventions, assessing their integrated im-
pact on both GI and mental health outcomes. Such an approach could optimize overall
patient well-being, potentially reducing the need for separate treatments for the GI and
psychological aspects of IBD.

Anti-tumor necrosis factor-alpha (anti-TNF-«) therapy, which constitutes a key ap-
proach for the management of IBD, has also been associated with improvements in mental
health. Research has reported significant reductions in anxiety and depressive symptoms
following anti-TNF-« treatment, effects that are likely mediated by decreased systemic
inflammation and improved disease control [355]. These findings highlight the dual po-
tential of anti-TNF-o therapy in addressing both the GI and psychological dimensions of
IBD. Nevertheless, the long-term impact of these treatments on mental health outcomes
remains incompletely understood, and inter-individual variability in response requires
further investigation to clarify sustained benefits and optimize patient care.

Precision medicine offers significant promise for advancing the management of psy-
chiatric comorbidities in IBD. Progress in genomics and biomarker research may enable the
early identification of patients at heightened risk for developing mental health complica-
tions [356]. For instance, genetic studies have highlighted polymorphisms in inflammatory
pathway genes, including IL-13 and TNF-«, as contributors both to IBD severity and sus-
ceptibility to depression [357]. By customizing interventions according to the genetic and
microbiome profile of an individual, clinicians may deliver more precise and effective treat-
ments. In addition, the integration of advanced technologies, such as machine learning and
artificial intelligence (AI), further enhances this precision approach. Al-powered analysis
of large-scale datasets, such as electronic health records and patient-reported outcomes, can
reveal novel patterns and predictors of psychiatric comorbidities [358]. Such data-driven
strategies may also inform the selection of optimal therapeutic interventions and facilitate
real-time monitoring of disease progression, ultimately supporting more personalized and
effective patient care.

Although the present narrative review provides a comprehensive synthesis of the
influence of the GBA on the relationship between IBD and psychiatric disorders, including
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interventions targeting IBD-related psychiatric comorbidities, several limitations should be
acknowledged. First, the inherent heterogeneity of IBD, encompassing diverse phenotypes,
variable disease severity, and differential treatment responses, poses challenges for general-
izing findings. Second, the lack of standardized assessment tools for psychiatric symptoms
across studies introduces variability in reported outcomes, complicating comparisons and
synthesis. Third, intervention studies often face limitations related to small sample sizes,
heterogeneous populations, and differences in study design, while the scarcity of robust
longitudinal and interventional research further restricts the ability to extrapolate findings
across CD and UC subtypes. Finally, as a narrative approach, this review is subject to po-
tential selection bias, lacks formal risk-of-bias evaluation, and does not include quantitative
synthesis, all of which may limit the generalizability of the conclusions.

8. Conclusions

There is a bidirectional relationship between IBD and psychiatric conditions, particu-
larly anxiety and depression, which arises from a complex interplay of genetic susceptibility,
GBA dysregulation, and neuroimmune processes. Disturbances in GM composition repre-
sent a core mechanism underlying IBD psychiatric comorbidities, although a substantial
body of the current knowledge is derived from preclinical models. Consequently, there
is a need for large-scale RCTs to confirm the translational relevance of these findings in
human populations. As personalized medicine continues to advance, integrating genomic
information, microbiome profiling, and lifestyle factors may enable more individualized
management strategies that address both the physical and psychological complexities
of IBD. Nevertheless, challenges such as disease heterogeneity, variability in psychiatric
symptom presentation, and the lack of standardized diagnostic tools remain as significant
barriers. Ongoing interdisciplinary collaboration and rigorous research will be essential
for developing customized interventions that effectively target both GI and mental health
outcomes. In essence, the future of IBD-psychopathology research is characterized by both
substantial promise and considerable challenges. Innovations in microbiome science, nutri-
tional psychiatry, collaborative care, and precision medicine provide options to improve the
lives of patients affected by these comorbid conditions. Realizing this potential will require
sustained investment in multidisciplinary research and the establishment of standardized
clinical protocols to guide integrated care.
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ACT Acceptance and commitment therapy
Al Artificial intelligence
ASD Autism spectrum disorders
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BBB Blood-brain barrier
CBT Cognitive behavioral therapy

CD Crohn’s disease
CI 95% Confidence interval
CNS Central nervous system

CRP C-reactive protein

DEGs Differentially expressed genes
DGBIs  Disorders of gut-brain interaction
DSS Dextran sulfate sodium

ENS Enteric nervous system

FFAR2  Free fatty acid receptor 2

FFAR3  Free fatty acid receptor 3

fMRI Functional magnetic resonance imaging
FMT Fecal microbiota transplantation
GAD General anxiety disorder

GBA Gut-brain axis

GF Germ-free
GLP-1  Glucagon-like peptide-1
GM Gut microbiome

GMMs  Gut microbiota modulators

GI Gastrointestinal

GWAS  Genome-wide association studies
HDAC Histone deacetylase

HPA Hypothalamic—pituitary—adrenal
5-HT Serotonin

IBD Inflammatory bowel disease

IBS Irritable bowel syndrome

KYN Kynurenine

MBI Mindfulness-based intervention
MDD Major depressive disorder

MR Mendelian randomization

OR Odds ratio

PUFAs Polyunsaturated long-chain fatty acids
PVT Paraventricular thalamic nucleus
RCT Randomized clinical trial

SCFAs  Short-chain fatty acids

SNPs Single nucleotide polymorphisms
SNRIs  Serotonin and norepinephrine reuptake inhibitors
SSRIs Serotonin reuptake inhibitors
TCAs  Tricyclic antidepressants

ucC Ulcerative colitis

References

1. Pisetsky, D.S. Pathogenesis of autoimmune disease. Nat. Rev. Nephrol. 2023, 19, 509-524. [CrossRef]

2. Yasmeen, E; Pirzada, R.H.; Ahmad, B.; Choi, B.; Choi, S. Understanding Autoimmunity: Mechanisms, Predisposing Factors, and
Cytokine Therapies. Int. ]. Mol. Sci. 2024, 25, 7666. [CrossRef]

3. Kumar, M; Yip, L.; Wang, F,; Marty, S.E.; Fathman, C.G. Autoimmune disease: Genetic susceptibility, environmental triggers, and
immune dysregulation. Where can we develop therapies? Front. Immunol. 2025, 16, 1626082. [CrossRef] [PubMed]

4. Marrie, R.A.; Walld, R.; Bolton, ].M.; Sareen, J.; Walker, J.R.; Patten, S.B.; Singer, A.; Lix, L.M.; Hitchon, C.A; El-Gabalawy, R.;
et al. Increased incidence of psychiatric disorders in immune-mediated inflammatory disease. J. Psychosom. Res. 2017, 101, 17-23.
[CrossRef]

5. Chang, ].T. Pathophysiology of inflammatory bowel diseases. N. Engl. ]. Med. 2020, 383, 2652-2664. [CrossRef] [PubMed]

https:/ /doi.org/10.3390/ psychiatryint7020052


https://doi.org/10.1038/s41581-023-00720-1
https://doi.org/10.3390/ijms25147666
https://doi.org/10.3389/fimmu.2025.1626082
https://www.ncbi.nlm.nih.gov/pubmed/40852720
https://doi.org/10.1016/j.jpsychores.2017.07.015
https://doi.org/10.1056/NEJMra2002697
https://www.ncbi.nlm.nih.gov/pubmed/33382932
https://doi.org/10.3390/psychiatryint7020052

Psychiatry Int. 2026, 7, 52 32 of 47

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Hracs, L.; Windsor, ].W.; Gorospe, J.; Cummings, M.; Coward, S.; Buie, M.].; Quan, J.; Goddard, Q.; Caplan, L.; Markovinovi¢,
A.; et al. Global evolution of inflammatory bowel disease across epidemiologic stages. Nature 2025, 642, 458—-466. [CrossRef]
[PubMed]

Wang, S.; Dong, Z.; Wan, X. Global, regional, and national burden of inflammatory bowel disease and its associated anemia,
1990 to 2019 and predictions to 2050: An analysis of the global burden of disease study 2019. Autoimmun. Rev. 2024, 23, 103498.
[CrossRef]

Farrell, D.; McCarthy, G.; Savage, E. Self-reported Symptom Burden in Individuals with Inflammatory Bowel Disease. J. Crohns
Colitis 2016, 10, 315-322. [CrossRef]

Uhlir, V,; Stallmach, A.; Grunert, P.C. Fatigue in patients with inflammatory bowel disease-strongly influenced by depression and
not identifiable through laboratory testing: A cross-sectional survey study. BMC Gastroenterol. 2023, 23, 288. [CrossRef]
Barberio, B.; Zamani, M.; Black, C.J.; Savarino, E.V.; Ford, A.C. Prevalence of symptoms of anxiety and depression in patients with
inflammatory bowel disease: A systematic review and meta-analysis. Lancet Gastroenterol. Hepatol. 2021, 6, 359-370. [CrossRef]
Bisgaard, T.H.; Allin, K.H.; Keefer, L.; Ananthakrishnan, A.N.; Jess, T. Depression and anxiety in inflammatory bowel disease:
Epidemiology, mechanisms and treatment. Nat. Rev. Gastroenterol. Hepatol. 2022, 19, 717-726. [CrossRef]

Borren, N.Z.; van der Woude, C.J.; Ananthakrishnan, A.N. Fatigue in IBD: Epidemiology, pathophysiology and management. Nat.
Rev. Gastroenterol. Hepatol. 2019, 16, 247-259. [CrossRef]

American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders: DSM-5 TR™, 5th ed.; American Psychiatric
Association: Washington, DC, USA, 2022.

Shadrina, M.; Bondarenko, E.A.; Slominsky, P.A. Genetics factors in major depression disease. Front. Psychiatry 2018, 9, 334.
[CrossRef] [PubMed]

Di Petrillo, A.; Favale, A.; Onali, S.; Kumar, A.; Abbracciavento, G.; Fantini, M.C. Interplay Between Depression and Inflammatory
Bowel Disease: Shared Pathogenetic Mechanisms and Reciprocal Therapeutic Impacts—A Comprehensive Review. ]. Clin. Med.
2025, 14, 5522. [CrossRef] [PubMed]

Frolkis, A.D.; Vallerand, L.A.; Shaheen, A.-A.; Lowerison, M.W.; Swain, M.G.; Barnabe, C.; Patten, S.B.; Kaplan, G.G. Depression
increases the risk of inflammatory bowel disease, which may be mitigated by the use of antidepressants in the treatment of
depression. Gut 2019, 68, 1606-1612. [CrossRef] [PubMed]

Stevens, B.W.; Borren, N.Z.; Velonias, G.; Conway, G.; Cleland, T.; Andrews, E.; Khalili, H.; Garber, ].G.; Xavier, R.J.; Yajnik, V.;
et al. Vedolizumab therapy is associated with an improvement in sleep quality and mood in inflammatory bowel diseases. Dig.
Dis. Sci. 2017, 62, 197-206, Erratum in Dig. Dis. Sci. 2017, 62, 552. [CrossRef]

Cortes, M.; Olate, P; Rodriguez, R.; Diaz, R.; Martinez, A.; Hernandez, G.; Sepulveda, N.; Paz, E.A.; Quinones, ]J. Human
Microbiome as an Immunoregulatory Axis: Mechanisms, Dysbiosis, and Therapeutic Modulation. Microorganisms 2025, 13, 2147.
[CrossRef]

Palmela, C.; Chevarin, C.; Xu, Z.; Torres, J.; Sevrin, G.; Hirten, R.; Barnich, N.; Ng, S.C.; Colombel, J.F. Adherent-Invasive
Escherichia coli in Inflammatory Bowel Disease. Gut 2018, 67, 574-587. [CrossRef]

Qiu, P; Ishimoto, T,; Fu, L.; Zhang, J.; Zhang, Z.; Liu, Y. The Gut Microbiota in Inflammatory Bowel Disease. Front. Cell Infect.
Microbiol. 2022, 12, 733992. [CrossRef]

San-Martin, M.I.; Chamizo-Ampudia, A.; Sanchiz, A_; Ferrero, M.A; Martinez-Blanco, H.; Rodriguez-Aparicio, L.B.; Navasa, N.
Microbiome Markers in Gastrointestinal Disorders: Inflammatory Bowel Disease, Colorectal Cancer, and Celiac Disease. Int. ].
Mol. Sci. 2025, 26, 4818. [CrossRef]

Adiliaghdam, E; Amatullah, H.; Digumarthi, S.; Saunders, T.L.; Rahman, R.U.; Wong, L.P; Sadreyev, R.; Droit, L.; Paquette, J.;
Goyette, P.; et al. Human Enteric Viruses Autonomously Shape Inflammatory Bowel Disease Phenotype Through Divergent
Innate Immunomodulation. Sci. Immunol. 2022, 7, eabn6660. [CrossRef]

Tarris, G.; de Rougemont, A.; Charkaoui, M.; Michiels, C.; Martin, L.; Belliot, G. Enteric Viruses and Inflammatory Bowel Disease.
Viruses 2021, 13, 104. [CrossRef]

Limon, J.].; Tang, J.; Li, D.; Wolf, A.J.; Michelsen, K.S.; Funari, V.; Gargus, M.; Nguyen, C.; Sharma, P.,; Maymi, V.L; et al. Malassezia
Is Associated with Crohn’s Disease and Exacerbates Colitis in Mouse Models. Cell Host Microbe 2019, 25, 377-388.e6. [CrossRef]
Hu, Q.; Yu, L.; Zhai, Q.; Zhao, ]J.; Tian, F. Anti-Inflammatory, Barrier Maintenance, and Gut Microbiome Modulation Effects of
Saccharomyces cerevisise QHNLDSL1 on DSS-Induced Ulcerative Colitis in Mice. Int. J. Mol. Sci. 2023, 24, 6721. [CrossRef]

Gong, W.; Guo, P; Li, Y,;; Liu, L.; Yan, R.; Liu, S.; Wang, S.; Xue, F; Zhou, X.; Yuan, Z. Role of the gut-brain axis in the shared
genetic etiology between gastrointestinal tract diseases and psychiatric disorders: A genome-wide pleiotropic analysis. JAMA
Psychiatry 2023, 80, 360-370. [CrossRef] [PubMed]

Petracco, G.; Faimann, I.; Reichmann, F. Inflammatory bowel disease and neuropsychiatric disorders: Mechanisms and emerging
therapeutics targeting the microbiota-gut-brain axis. Pharmacol. Ther. 2025, 269, 108831. [CrossRef] [PubMed]

Abautret-Daly, A Dempsey, E.; Parra-Blanco, A.; Medina, C.; Harkin, A. Gut-brain actions underlying comorbid anxiety and
depression associated with inflammatory bowel disease. Acta Neuropsychiatr. 2018, 30, 275-296. [CrossRef] [PubMed]

https:/ /doi.org/10.3390/ psychiatryint7020052


https://doi.org/10.1038/s41586-025-08940-0
https://www.ncbi.nlm.nih.gov/pubmed/40307548
https://doi.org/10.1016/j.autrev.2023.103498
https://doi.org/10.1093/ecco-jcc/jjv218
https://doi.org/10.1186/s12876-023-02906-0
https://doi.org/10.1016/S2468-1253(21)00014-5
https://doi.org/10.1038/s41575-022-00634-6
https://doi.org/10.1038/s41575-018-0091-9
https://doi.org/10.3389/fpsyt.2018.00334
https://www.ncbi.nlm.nih.gov/pubmed/30083112
https://doi.org/10.3390/jcm14155522
https://www.ncbi.nlm.nih.gov/pubmed/40807142
https://doi.org/10.1136/gutjnl-2018-317182
https://www.ncbi.nlm.nih.gov/pubmed/30337374
https://doi.org/10.1007/s10620-016-4356-2
https://doi.org/10.3390/microorganisms13092147
https://doi.org/10.1136/gutjnl-2017-314903
https://doi.org/10.3389/fcimb.2022.733992
https://doi.org/10.3390/ijms26104818
https://doi.org/10.1126/sciimmunol.abn6660
https://doi.org/10.3390/v13010104
https://doi.org/10.1016/j.chom.2019.01.007
https://doi.org/10.3390/ijms24076721
https://doi.org/10.1001/jamapsychiatry.2022.4974
https://www.ncbi.nlm.nih.gov/pubmed/36753304
https://doi.org/10.1016/j.pharmthera.2025.108831
https://www.ncbi.nlm.nih.gov/pubmed/40023320
https://doi.org/10.1017/neu.2017.3
https://www.ncbi.nlm.nih.gov/pubmed/28270247
https://doi.org/10.3390/psychiatryint7020052

Psychiatry Int. 2026, 7, 52 33 of 47

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Andoh, A.; Nishida, A. Alteration of the Gut Microbiome in Inflammatory Bowel Disease. Digestion 2023, 104, 16-23. [CrossRef]
Atanasova, K.; Knodler, L.L.; Reindl, W.; Ebert, M.P.; Thomann, A.K. Role of the gut microbiome in psychological symptoms
associated with inflammatory bowel diseases. Semin. Immunopathol. 2025, 47, 12. [CrossRef]

Borrego-Ruiz, A.; Borrego, J.J. An updated overview on the relationship between human gut microbiome dysbiosis and psychiatric
and psychological disorders. Prog. Neuropsychopharmacol. Biol. Psychiatry 2024, 128, 110861. [CrossRef]

Caruso, R.; Lo, B.C.; Nunez, G. Host-microbiota interactions in inflammatory bowel disease. Nat. Rev. Immunol. 2020, 20, 411-426.
[CrossRef]

Han, L.; Zhao, L.; Zhou, Y.; Yang, C.; Xiong, T.; Lu, L.; Deng, Y.; Luo, W.; Chen, Y.; Qiu, Q.; et al. Altered metabolome and
microbiome features provide clues in understanding irritable bowel syndrome and depression comorbidity. ISME ]. 2022, 16,
983-996. [CrossRef]

Person, H.; Keefer, L. Psychological comorbidity in gastrointestinal diseases: Update on the brain-gut-microbiome axis. Prog.
Neuropsychopharmacol. Biol. Psychiatry 2021, 107, 110209. [CrossRef]

Kuznicki, P.; Kempinski, R.; Neubauer, K. The emerging role of mood disorders in inflammatory bowel diseases. Adv. Clin. Exp.
Med. 2020, 29, 1505-1510. [CrossRef]

Fousekis, F.S.; Katsanos, A.H.; Kourtis, G.; Saridi, M.; Albani, E.; Katsanos, K.H.; Christodoulou, D.K. Inflammatory Bowel
Disease and Patients With Mental Disorders: What Do We Know? |. Clin. Med. Res. 2021, 13, 466-473. [CrossRef]
Mikocka-Walus, A.; Knowles, S.R.; Keefer, L.; Graff, L. Controversies revisited: A systematic review of the comorbidity of
depression and anxiety with inflammatory bowel diseases. Inflamm. Bowel Dis. 2016, 22, 752-762. [CrossRef]

Liu, K;; Jin, W,; Ying, Z; Fan, J.; Sheng, X,; Tang, C.; Zhou, D.; Guo, J.; Chen, G.; Bai, R. Inflammatory bowel disease, age of
its onset and incident psychiatric disorders: The role of post-IBD lifestyle and medications. J. Affect. Disord. 2025, 385, 119420.
[CrossRef]

Ma, S.; Wang, W.; Gong, Q.; Xiang, D.; Yao, L.; Xu, S.; Xie, X.; Wang, H.; Wang, G.; Yang, ].; et al. Inflammatory bowel disease and
the long-term risk of depression: A prospective cohort study of the UK biobank. Gen. Hosp. Psychiatry 2023, 82, 26-32. [CrossRef]
[PubMed]

Sempere, L.; Bernabeu, P.; Cameo, J.; Gutierrez, A.; Laveda, R.; Garcia, M.F; Aguas, M.; Zapater, P; Jover, R.; Ruiz-Cantero, M.T,;
et al. Evolution of the emotional impact in patients with early inflammatory bowel disease during and after Covid-19 lockdown.
Gastroent. Hepat-Barc. 2022, 45, 123-133. [CrossRef] [PubMed]

Butwicka, A.; Olén, O.; Larsson, H.; Halfvarson, J.; Almqvist, C.; Lichtenstein, P.; Serlachius, E.; Frisén, L.; Ludvigsson, J.F.
Association of Childhood-Onset Inflammatory Bowel Disease With Risk of Psychiatric Disorders and Suicide Attempt. JAMA
Pediatr. 2019, 173, 969-978. [CrossRef] [PubMed]

Santa, A.; Szanto, K.J.; Sarlos, P.; Miheller, P.; Farkas, K.; Molnar, T. Letter: Suicide risk among adult inflammatory bowel disease
patients. Aliment. Pharmacol. Ther. 2020, 51, 1213-1214. [CrossRef]

Walker, J.R.; Ediger, ].P.; Graff, L.A.; Greenfeld, ].M.; Clara, I.; Lix, L.; Rawsthorne, P.; Miller, N.; Rogala, L.; McPhail, C.M.;
et al. The Manitoba IBD cohort study: A population-based study of the prevalence of lifetime and 12-month anxiety and mood
disorders. Am. J. Gastroenterol. 2008, 103, 1989-1997. [CrossRef]

Kao, L.T.; Lin, H.C.; Lee, H.C. Inflammatory bowel disease and bipolar disorder: A population-based cross-sectional study. J.
Affect. Disord. 2019, 247, 120-124. [CrossRef]

Eaton, W.W.; Pedersen, M.G.; Nielsen, PR.; Mortensen, P.B. Autoimmune diseases, bipolar disorder, and non-affective psychosis.
Bipolar Disord. 2010, 12, 638—-646. [CrossRef]

Bernstein, C.N.; Hitchon, C.A.; Walld, R.; Bolton, ].M.; Sareen, J.; Walker, J.R.; Graff, L.A_; Patten, S.B.; Singer, A.; Lix, LM.; et al.
Increased burden of psychiatric disorders in inflammatory bowel disease. Inflamm. Bowel Dis. 2019, 25, 360-368. [CrossRef]
West, J.; Logan, R.F.,; Hubbard, R.B.; Card, T.R. Risk of schizophrenia in people with coeliac disease, ulcerative colitis and Crohn’s
disease: A general population-based study. Aliment. Pharmacol. Ther. 2006, 23, 71-74. [CrossRef]

Arp, L.; Jansson, S.; Wewer, V.; Burisch, J. Psychiatric Disorders in Adult and Paediatric Patients With Inflammatory Bowel
Diseases—A Systematic Review and Meta-Analysis. ]. Crohns Colitis 2022, 16, 1933-1945. [CrossRef] [PubMed]

Massironi, S.; Pigoni, A.; Vegni, E.A.M.; Keefer, L.; Dubinsky, M.C.; Brambilla, P.; Delvecchio, G.; Danese, S. The Burden of
Psychiatric Manifestations in Inflammatory Bowel Diseases: A Systematic Review With Meta-analysis. Inflamm. Bowel Dis. 2025,
31, 1441-1459. [CrossRef] [PubMed]

Bernstein, C.N.; Hitchon, C.A.; Walld, R.; Bolton, ] M.; Lix, L.M.; El-Gabalawy, R.; Sareen, J.; Singer, A.; Katz, A.; Marriott, J.;
et al. The impact of psychiatric comorbidity on health care utilization in inflammatory bowel disease: A population-based study.
Inflamm. Bowel Dis. 2021, 27, 1462-1474. [CrossRef] [PubMed]

Bhamre, R.; Sawrav, S.; Adarkar, S.; Sakaria, R.; Bhatia, J.B. Psychiatric comorbidities in patients with inflammatory bowel disease.
Indian |. Gastroenterol. 2018, 37, 307-312. [CrossRef] [PubMed]

https:/ /doi.org/10.3390/ psychiatryint7020052


https://doi.org/10.1159/000525925
https://doi.org/10.1007/s00281-025-01036-x
https://doi.org/10.1016/j.pnpbp.2023.110861
https://doi.org/10.1038/s41577-019-0268-7
https://doi.org/10.1038/s41396-021-01123-5
https://doi.org/10.1016/j.pnpbp.2020.110209
https://doi.org/10.17219/acem/127676
https://doi.org/10.14740/jocmr4593
https://doi.org/10.1097/MIB.0000000000000620
https://doi.org/10.1016/j.jad.2025.119420
https://doi.org/10.1016/j.genhosppsych.2023.03.002
https://www.ncbi.nlm.nih.gov/pubmed/36924701
https://doi.org/10.1016/j.gastrohep.2021.03.004
https://www.ncbi.nlm.nih.gov/pubmed/34023470
https://doi.org/10.1001/jamapediatrics.2019.2662
https://www.ncbi.nlm.nih.gov/pubmed/31424531
https://doi.org/10.1111/apt.15708
https://doi.org/10.1111/j.1572-0241.2008.01980.x
https://doi.org/10.1016/j.jad.2019.01.014
https://doi.org/10.1111/j.1399-5618.2010.00853.x
https://doi.org/10.1093/ibd/izy235
https://doi.org/10.1111/j.1365-2036.2006.02720.x
https://doi.org/10.1093/ecco-jcc/jjac095
https://www.ncbi.nlm.nih.gov/pubmed/35775920
https://doi.org/10.1093/ibd/izae206
https://www.ncbi.nlm.nih.gov/pubmed/39270637
https://doi.org/10.1093/ibd/izaa310
https://www.ncbi.nlm.nih.gov/pubmed/33274369
https://doi.org/10.1007/s12664-018-0870-9
https://www.ncbi.nlm.nih.gov/pubmed/30196516
https://doi.org/10.3390/psychiatryint7020052

Psychiatry Int. 2026, 7, 52 34 of 47

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Bhandari, S.; Larson, M.E.; Kumar, N.; Stein, D. Association of inflammatory bowel disease (IBD) with depressive symptoms in
the United States population and independent predictors of depressive symptoms in an IBD population: A NHANES Study. Gut
Liver 2017, 11, 512-519. [CrossRef]

Bisgaard, T.H.; Poulsen, G.; Allin, K.H.; Keefer, L.; Ananthakrishnan, A.N.; Jess, T. Longitudinal trajectories of anxiety, depression,
and bipolar disorder in inflammatory bowel disease: A population-based cohort study. EClinicalMedicine 2023, 59, 101986.
[CrossRef] [PubMed]

Blackwell, J.; Saxena, S.; Petersen, I.; Hotopf, M.; Creese, H.; Bottle, A.; Alexakis, C.; Pollok, R.C.; POP-IBD Study Group.
Depression in individuals who subsequently develop inflammatory bowel disease: A population-based nested case-control study.
Gut 2021, 70, 1642-1648. [CrossRef]

Choi, K,; Chun, J.; Han, K,; Park, S.; Soh, H.; Kim, J.; Lee, J.; Lee, H.J.; Im, J.P; Kim, J.S. Risk of Anxiety and Depression in Patients
with Inflammatory Bowel Disease: A Nationwide, Population-Based Study. J. Clin. Med. 2019, 8, 654. [CrossRef]

Cooney, R.; Tang, D.; Barrett, K.; Russell, R.K. Children and Young Adults With Inflammatory Bowel Disease Have an Increased
Incidence and Risk of Developing Mental Health Conditions: A UK Population-Based Cohort Study. Inflamm. Bowel Dis. 2024, 30,
1264-1273. [CrossRef] [PubMed]

Fuller-Thomson, E.; Lateef, R.; Sulman, J. Robust association between inflammatory bowel disease and generalized anxiety
disorder: Findings from a Nationally Representative Canadian Study. Inflamm. Bowel Dis. 2015, 21, 2341-2348. [CrossRef]
Herndndez Camba, A.; Ramos, L.; Madrid Alvarez, M.B.; Pérez-Méndez, L.; Nos, P; Herndndez, V.; Guerra, L; Jiménez, N.;
Lorente, R.; Sierra-Ausin, M.; et al. Psychosocial impact of the COVID-19 pandemic on patients with inflammatory bowel disease
in Spain. A post lockdown reflection. Gastroenterol. Hepatol. 2022, 45, 668—676. [CrossRef]

Irving, P; Barrett, K.; Nijher, M.; de Lusignan, S. Prevalence of depression and anxiety in people with inflammatory bowel disease
and associated healthcare use: Population-based cohort study. Evid. Based Ment. Health 2021, 24, 102-109. [CrossRef]

Kim, S.; Lee, S.; Han, K.; Koh, S.J.; Im, J.P; Kim, ].S.; Lee, H.]. Depression and anxiety are associated with poor outcomes in
patients with inflammatory bowel disease: A nationwide population-based cohort study in South Korea. Gen. Hosp. Psychiatry
2023, 81, 68-75. [CrossRef]

Larussa, T.; Flauti, D.; Abenavoli, L.; Boccuto, L.; Suraci, E.; Marasco, R.; Imeneo, M.; Luzza, F. The reality of patient-reported
outcomes of health-related quality of life in an Italian cohort of patients with inflammatory bowel disease: Results from a
cross-sectional study. J. Clin. Med. 2020, 9, 2416. [CrossRef] [PubMed]

Ludvigsson, J.E; Olén, O.; Larsson, H.; Halfvarson, J.; Almqvist, C.; Lichtenstein, P.; Butwicka, A. Association Between
Inflammatory Bowel Disease and Psychiatric Morbidity and Suicide: A Swedish Nationwide Population-Based Cohort Study
with Sibling Comparisons. J. Crohns Colitis 2021, 15, 1824-1836. [CrossRef]

Marrie, R.A.; Walld, R.; Bolton, ].M.; Sareen, J.; Walker, ].R.; Patten, S.B.; Singer, A.; Lix, L.M.; Hitchon, C.A.; El-Gabalawy, R.; et al.
Psychiatric comorbidity increases mortality in immune-mediated inflammatory diseases. Gen. Hosp. Psychiatry 2018, 53, 65-72.
[CrossRef]

Roderburg, C.; Yaqubi, K.; Konrad, M.; May, P.; Luedde, T.; Kostev, K.; Loosen, S.H. Association between inflammatory bowel
disease and subsequent depression or anxiety disorders—A retrospective cohort study of 31,728 outpatients. J. Psychiatr. Res.
2024, 169, 231-237. [CrossRef] [PubMed]

Tarar, Z.1.; Zafar, M.U.; Farooq, U.; Ghous, G.; Aslam, A.; Inayat, F.; Ghouri, Y.A. Burden of depression and anxiety among
patients with inflammatory bowel disease: Results of a nationwide analysis. Int. J. Colorectal Dis. 2022, 37, 313-321. [CrossRef]
Thavamani, A.; Umapathi, K.K.; Khatana, J.; Gulati, R. Burden of psychiatric disorders among pediatric and young adults with
inflammatory bowel disease: A population-based analysis. Pediatr. Gastroenterol. Hepatol. Nutr. 2019, 22, 527-535. [CrossRef]
Umar, N.; King, D.; Chandan, J.S.; Bhala, N.; Nirantharakumar, K.; Adderley, N.; Zemedikun, D.T.; Harvey, P.; Trudgill, N. The
association between inflammatory bowel disease and mental ill health: A retrospective cohort study using data from UK primary
care. Aliment. Pharmacol. Ther. 2022, 56, 814-822. [CrossRef]

Vigod, S.N.; Kurdyak, P.; Brown, HK.; Nguyen, G.C.; Targownik, L.E.; Seow, C.H.; Kuenzig, M.E.; Benchimol, E.I. Inflammatory
bowel disease and new-onset psychiatric disorders in pregnancy and post partum: A population-based cohort study. Gut 2019,
68, 1597-1605. [CrossRef] [PubMed]

Zhang, B.; Wang, H.E.; Bai, YM.; Tsai, S.J.; Su, T.P,; Chen, T.J.; Wang, Y.P.; Chen, M.H. Bidirectional association between
inflammatory bowel disease and depression among patients and their unaffected siblings. |. Gastroenterol. Hepatol. 2022, 37,
1307-1315. [CrossRef] [PubMed]

Restrepo, B.; Angkustsiri, K.; Taylor, S.L.; Rogers, S.J.; Cabral, J.; Heath, B.; Hechtman, A.; Solomon, M.; Ashwood, P.; Amaral,
D.G.; et al. Developmental-behavioral profiles in children with autism spectrum disorder and co-occurring gastrointestinal
symptoms. Autism Res. 2020, 13, 1778-1789. [CrossRef]

McElhanon, B.O.; McCracken, C.; Karpen, S.; Sharp, W.G. Gastrointestinal symptoms in autism spectrum disorder: A meta-
analysis. Pediatrics 2014, 133, 872-883. [CrossRef]

https:/ /doi.org/10.3390/ psychiatryint7020052


https://doi.org/10.5009/gnl16347
https://doi.org/10.1016/j.eclinm.2023.101986
https://www.ncbi.nlm.nih.gov/pubmed/37197708
https://doi.org/10.1136/gutjnl-2020-322308
https://doi.org/10.3390/jcm8050654
https://doi.org/10.1093/ibd/izad169
https://www.ncbi.nlm.nih.gov/pubmed/37603846
https://doi.org/10.1097/MIB.0000000000000518
https://doi.org/10.1016/j.gastrohep.2021.08.007
https://doi.org/10.1136/ebmental-2020-300223
https://doi.org/10.1016/j.genhosppsych.2023.01.015
https://doi.org/10.3390/jcm9082416
https://www.ncbi.nlm.nih.gov/pubmed/32731482
https://doi.org/10.1093/ecco-jcc/jjab039
https://doi.org/10.1016/j.genhosppsych.2018.06.001
https://doi.org/10.1016/j.jpsychires.2023.11.026
https://www.ncbi.nlm.nih.gov/pubmed/38048672
https://doi.org/10.1007/s00384-021-04056-9
https://doi.org/10.5223/pghn.2019.22.6.527
https://doi.org/10.1111/apt.17110
https://doi.org/10.1136/gutjnl-2018-317610
https://www.ncbi.nlm.nih.gov/pubmed/30630948
https://doi.org/10.1111/jgh.15855
https://www.ncbi.nlm.nih.gov/pubmed/35434839
https://doi.org/10.1002/aur.2354
https://doi.org/10.1542/peds.2013-3995
https://doi.org/10.3390/psychiatryint7020052

Psychiatry Int. 2026, 7, 52 35 of 47

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Doshi-Velez, F,; Avillach, P; Palmer, N.; Bousvaros, A.; Ge, Y.; Fox, K.; Steinberg, G.; Spettell, C.; Juster, I.; Kohane, I. Prevalence of
inflammatory bowel disease among patients with autism spectrum disorders. Inflamm. Bowel Dis. 2015, 21, 2281-2288. [CrossRef]
[PubMed]

Lee, M.; Krishnamurthy, J.; Susi, A.; Sullivan, C.; Gorman, G.H.; Hisle-Gorman, E.; Erdie-Lalena, C.R.; Nylund, C.M. Association
of autism spectrum disorders and inflammatory bowel disease. J. Autism Dev. Disord. 2018, 48, 1523-1529. [CrossRef] [PubMed]
Kohane, I.S.; McMurry, A.; Weber, G.; MacFadden, D.; Rappaport, L.; Kunkel, L.; Bickel, J.; Wattanasin, N.; Spence, S.; Murphy,
S.; et al. The co-morbidity burden of children and young adults with autism spectrum disorders. PLoS ONE 2012, 7, e33224.
[CrossRef]

Calsolaro, V.; Edison, P. Neuroinflammation in Alzheimer’s disease: Current evidence and future directions. Alzheimers Dement.
2016, 12, 719-732. [CrossRef] [PubMed]

Matheoud, D.; Cannon, T.; Voisin, A.; Penttinen, A.M.; Ramet, L.; Fahmy, A.M.; Ducrot, C.; Laplante, A.; Bourque, M.].; Zhu, L.;
et al. Intestinal infection triggers Parkinson’s disease-like symptoms in Pink1(-/-) mice. Nature 2019, 571, 565-569. [CrossRef]
Nerius, M.; Doblhammer, G.; Tamguney, G. GI infections are associated with an increased risk of Parkinson’s disease. Gut 2020,
69, 1154-1156. [CrossRef]

Katsanos, A.H.; Kosmidou, M.; Giannopoulos, S.; Katsanos, K.H.; Tsivgoulis, G.; Kyritsis, A.P,; Tsianos, E.V. Cerebral arterial
infarction in inflammatory bowel diseases. Eur. |. Intern. Med. 2014, 25, 37-44. [CrossRef]

O’Brien, ].T.; Thomas, A. Vascular dementia. Lancet 2015, 386, 1698-1706. [CrossRef]

Bartocci, B.; Dal Buono, A.; Gabbiadini, R.; Busacca, A.; Quadarella, A.; Repici, A.; Mencaglia, E.; Gasparini, L.; Armuzzi, A.
Mental Illnesses in Inflammatory Bowel Diseases: Mens sana in corpore sano. Medicina 2023, 59, 682. [CrossRef]

Jordi, S.B.U.; Lang, B.M.; Auschra, B.; von Kénel, R.; Biedermann, L.; Greuter, T.; Schreiner, P.; Rogler, G.; Krupka, N.; Sulz, M.C.;
et al. Depressive symptoms predict clinical recurrence of inflammatory bowel disease. Inflamm. Bowel Dis. 2022, 28, 560-571.
[CrossRef]

Oyama, H.; Moroi, R.; Tarasawa, K.; Shimoyama, Y.; Naito, T.; Sakuma, A.; Shiga, H.; Kakuta, Y.; Fushimi, K.; Fujimori, K; et al.
Depression is associated with increased disease activity in patients with ulcerative colitis: A propensity score-matched analysis
using a nationwide database in Japan. JGH Open 2022, 6, 876-885. [CrossRef]

Byrne, G.; Rosenfeld, G.; Leung, Y.; Qian, H.; Raudzus, J.; Nunez, C.; Bressler, B. Prevalence of Anxiety and Depression in Patients
with Inflammatory Bowel Disease. Can. |. Gastroenterol. Hepatol. 2017, 2017, 6496727. [CrossRef]

Van den Brink, G.; Stapersma, L.; Vlug, L.E.; Rizopolous, D.; Bodelier, A.G.; van Wering, H.; Hurkmans, PC.W.M,; Stuyt, R.J.L.;
Hendriks, D.M.; van der Burg, J.A.T; et al. Clinical disease activity is associated with anxiety and depressive symptoms in
adolescents and young adults with inflammatory bowel disease. Aliment. Pharmacol. Ther. 2018, 48, 358-369. [CrossRef] [PubMed]
Chan, W,; Shim, H.H.; Lim, M.S.; Sawadjaan, FL.B.; Isaac, S.P.; Chuah, S'W.; Leong, R.; Kong, C. Symptoms of anxiety and
depression are independently associated with inflammatory bowel disease-related disability. Dig. Liver Dis. 2017, 49, 1314-1319.
[CrossRef]

Fairbrass, K.M.; Guthrie, E.A ; Black, C.J.; Selinger, C.P,; Gracie, D.J.; Ford, A.C. Characteristics and effect of anxiety and depression
trajectories in inflammatory bowel disease. Am. J. Gastroenterol. 2023, 118, 304-316. [CrossRef] [PubMed]

Bernabeu, P,; Belén-Galipienso, O.; van-der Hofstadt, C.; Gutiérrez, A.; Madero-Veldzquez, L.; Garcia Del Castillo, G.; Garcia-
Sepulcre, M.E,; Aguas, M.; Zapater, P.; Rodriguez-Marin, J.; et al. Psychological burden and quality of life in newly diagnosed
inflammatory bowel disease patients. Front. Psychol. 2024, 15, 1334308. [CrossRef]

Rasmussen, J.; Hansen, A.S.K.; Nergard, B.M.; Nielsen, R.G.; Qvist, N.; Beggild, H.; Fonager, K. Mental Health Disorders in
Patients with Inflammatory Bowel Disease Onset in Childhood or Youth—A Nationwide Cohort Study from Denmark. Clin.
Epidemiol. 2025, 17, 177-192. [CrossRef] [PubMed]

Askar, S.; Sakr, M.A.; Alaty, W.H.A.; Aufa, O.M.; Kamel, S.Y.; Eltabbakh, M.; Sherief, A.F.; Shamkh, M.A.A.; Rashad, H. The
psychological impact of inflammatory bowel disease as regards anxiety and depression: A single-center study. Middle East Curr.
Psychiatry 2021, 28, 73. [CrossRef]

Cadogan, K.; Marrie, R.A.; Graff, L.A.; El Gabalawy, R.; Enns, M.W.; Bolton, J.M.; Sareen, J.; Bernstein, C.N. The Spectrum of
Psychiatric Comorbidity in Individuals With Inflammatory Bowel Disease. Crohns Colitis 360 2025, 7, otaf035. [CrossRef]

Gao, X.; Tang, Y,; Lei, N.; Luo, Y.; Chen, P; Liang, C.; Duan, S.; Zhang, Y. Symptoms of anxiety/depression is associated with
more aggressive inflammatory bowel disease. Sci. Rep. 2021, 11, 1440. [CrossRef]

Garcia-Alanis, M.; Quiroz-Casian, L.; Castafieda-Gonzalez, H.; Arguelles-Castro, P.; Toapanta-Yanchapaxi, L.; Chiquete-Anaya, E.;
Sarmiento-Aguilar, A.; Bozada-Gutiérrez, K.; Yamamoto-Furusho, ] K. Prevalence of mental disorder and impact on quality of life
in inflammatory bowel disease. Gastroenterol. Hepatol. 2021, 44, 206-213. [CrossRef] [PubMed]

Nadeem, A.; Donohue, S.; Shah, FZ,; Perez, ].A.; Harper, E.; Sinh, P,; Padival, R.; Cooper, G.; Katz, ].; Cominelli, F.; et al. Early
Onset Active Inflammatory Bowel Disease Is Associated With Psychiatric Comorbidities: A Multi-Network Propensity-Matched
Cohort Study. Crohns Colitis 360 2024, 7, otae066. [CrossRef] [PubMed]

https:/ /doi.org/10.3390/ psychiatryint7020052


https://doi.org/10.1097/MIB.0000000000000502
https://www.ncbi.nlm.nih.gov/pubmed/26218138
https://doi.org/10.1007/s10803-017-3409-5
https://www.ncbi.nlm.nih.gov/pubmed/29170940
https://doi.org/10.1371/journal.pone.0033224
https://doi.org/10.1016/j.jalz.2016.02.010
https://www.ncbi.nlm.nih.gov/pubmed/27179961
https://doi.org/10.1038/s41586-019-1405-y
https://doi.org/10.1136/gutjnl-2019-318822
https://doi.org/10.1016/j.ejim.2013.08.702
https://doi.org/10.1016/S0140-6736(15)00463-8
https://doi.org/10.3390/medicina59040682
https://doi.org/10.1093/ibd/izab136
https://doi.org/10.1002/jgh3.12836
https://doi.org/10.1155/2017/6496727
https://doi.org/10.1111/apt.14832
https://www.ncbi.nlm.nih.gov/pubmed/29897134
https://doi.org/10.1016/j.dld.2017.08.020
https://doi.org/10.14309/ajg.0000000000002063
https://www.ncbi.nlm.nih.gov/pubmed/36227779
https://doi.org/10.3389/fpsyg.2024.1334308
https://doi.org/10.2147/CLEP.S491881
https://www.ncbi.nlm.nih.gov/pubmed/40027400
https://doi.org/10.1186/s43045-021-00154-0
https://doi.org/10.1093/crocol/otaf035
https://doi.org/10.1038/s41598-021-81213-8
https://doi.org/10.1016/j.gastrohep.2020.06.025
https://www.ncbi.nlm.nih.gov/pubmed/33041086
https://doi.org/10.1093/crocol/otae066
https://www.ncbi.nlm.nih.gov/pubmed/39749210
https://doi.org/10.3390/psychiatryint7020052

Psychiatry Int. 2026, 7, 52 36 of 47

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

Riggott, C.; Fairbrass, K.M.; Gracie, D.].; Ford, A.C. Cumulative Impact of Clinical Disease Activity, Biochemical Activity and
Psychological Health on the Natural History of Inflammatory Bowel Disease During 8 Years of Longitudinal Follow-Up. Aliment.
Pharmacol. Ther. 2025, 61, 1635-1648. [CrossRef] [PubMed]

Tribbick, D.; Salzberg, M.; Ftanou, M.; Connell, WR.; Macrae, F.; Kamm, M.A; Bates, G.W.; Cunningham, G.; Austin, D.W,;
Knowles, S.R. Prevalence of mental health disorders in inflammatory bowel disease: An Australian outpatient cohort. Clin. Exp.
Gastroenterol. 2015, 8, 197-204. [CrossRef]

Moller, ET.; Andersen, V.; Wohlfahrt, J.; Jess, T. Familial risk of inflammatory bowel disease: A population-based cohort study
1977-2011. Am. ]. Gastroenterol. 2015, 110, 564-571. [CrossRef]

Shimada-Sugimoto, M.; Otowa, T.; Hettema, ].M. Genetics of anxiety disorders: Genetic epidemiological and molecular studies in
humans. Psychiatry Clin. Neurosci. 2015, 69, 388—401. [CrossRef]

Luo, K.; Zhang, M.; Tu, Q.; Li, J.; Wang, Y.; Wan, S.; Li, D.; Qian, Q.; Xia, L. From gut inflammation to psychiatric comorbidity:
Mechanisms and therapies for anxiety and depression in inflammatory bowel disease. J. Neuroinflamm. 2025, 22, 149. [CrossRef]
Nevriana, A.; Pierce, M.; Abel, K.M.; Rossides, M.; Wicks, S.; Dalman, C.; Kosidou, K. Association between parental mental illness
and autoimmune diseases in the offspring—A nationwide register-based cohort study in Sweden. J. Psychiatr. Res. 2022, 151,
122-130. [CrossRef]

Talley, S.; Valiauga, R.; Anderson, L.; Cannon, A.R.; Choudhry, M.A.; Campbell, E.M. DSS-induced inflammation in the colon
drives a proinflammatory signature in the brain that is ameliorated by prophylactic treatment with the SI00A9 inhibitor
paquinimod. |. Neuroinflamm. 2021, 18, 263. [CrossRef]

Chen, Y.; Zheng, D.; Wang, H.; Zhang, S.; Zhou, Y.; Ke, X.; Chen, G. Lipocalin 2 in the Paraventricular Thalamic Nucleus
Contributes to DSS-Induced Depressive-Like Behaviors. Neurosci. Bull. 2023, 39, 1263-1277. [CrossRef]

Ning, L.; Wang, X.; Xuan, B.; Ma, Y; Yan, Y.; Gao, Z.; Tong, T.; Cui, Z.; Chen, H.; Li, X,; et al. Identification and investigation of
depression-related molecular subtypes in inflammatory bowel disease and the anti-inflammatory mechanisms of paroxetine.
Front. Immunol. 2023, 14, 1145070. [CrossRef]

Sochal, M.; Binienda, A.; Ditmer, M.; Matecka-Wojciesko, E.; Biatasiewicz, P; Fichna, J.; Talar-Wojnarowska, R.; Gabryelska, A.
Correlations between the symptoms of insomnia, depression, sleep quality, antitumor necrosis factor therapy, and disrupted
circadian clock gene expression in inflammatory bowel disease. Pol. Arch. Intern. Med. 2023, 133, 16487.

Hu, C; Ge, M;; Liu, Y,; Tan, W.; Zhang, Y.; Zou, M,; Xiang, L.; Song, X.; Guo, H. From inflammation to depression: Key biomarkers
for IBD-related major depressive disorder. J. Transl. Med. 2024, 22, 997. [CrossRef]

Shi, J.; Wu, Q.; Sang, M.; Mao, L. Common regulatory mechanisms mediated by cuproptosis genes in inflammatory bowel disease
and major depressive disorder. Genes 2025, 16, 339. [CrossRef]

Shaw, V.R.; Byun, J.; Pettit, RW.; Hou, ] K,; Walsh, KM.; Han, Y.; Amos, C.I. An Atlas Characterizing the Shared Genetic
Architecture of Inflammatory Bowel Disease with Clinical and Behavioral Traits. Inflamm. Bowel Dis. 2024, 30, 884-893. [CrossRef]
Zhou, S.; Zi, J.; Hu, Y.; Wang, X.; Cheng, G.; Xiong, J. Genetic correlation, pleiotropic loci and shared risk genes between major
depressive disorder and gastrointestinal tract disorders. J. Affect. Disord. 2025, 374, 84-90. [CrossRef] [PubMed]

Luo, J.; Xu, Z.; Noordam, R.; van Heemst, D.; Li-Gao, R. Depression and inflammatory bowel disease: A bidirectional two-sample
Mendelian randomization study. J. Crohns Colitis 2022, 16, 633-642. [CrossRef] [PubMed]

Wray, N.R; Ripke, S.; Mattheisen, M.; Trzaskowski, M.; Byrne, E.M.; Abdellaoui, A.; Adams, M.].; Agerbo, E.; Air, TM.; Andlauer,
T.M.E; et al. Genome-wide association analyses identify 44 risk variants and refine the genetic architecture of major depression.
Nat. Genet. 2018, 50, 668-681. [CrossRef] [PubMed]

Khandaker, G.M.; Zammit, S.; Burgess, S.; Lewis, G.; Jones, P.B. Association between a functional interleukin 6 receptor genetic
variant and risk of depression and psychosis in a population-based birth cohort. Brain Behav. Immun. 2018, 69, 264-272. [CrossRef]
Wingo, T.S.; Liu, Y.; Gerasimov, E.S.; Gockley, J.; Logsdon, B.A.; Duong, D.M.; Dammer, E.B.; Lori, A.; Kim, PJ.; Ressler, K.J.; et al.
Brain proteome-wide association study implicates novel proteins in depression pathogenesis. Nat. Neurosci. 2021, 24, 810-817.
[CrossRef]

Ramachandran, R.; Manan, A.; Kim, J.; Choi, S. NLRP3 inflammasome: A key player in the pathogenesis of life-style disorders.
Exp. Mol. Med. 2024, 56, 1488-1500. [CrossRef]

Flosbach, M.; Oberle, S.G.; Scherer, S.; Zecha, J.; von Hoesslin, M.; Wiede, F.; Chennupati, V.; Cullen, ].G.; List, M.; Pauling, J.K,;
et al. PTPN2 Deficiency Enhances Programmed T Cell Expansion and Survival Capacity of Activated T Cells. Cell Rep. 2020,
32, 107957. [CrossRef]

Li, Y.; Wang, N.; Pan, J.; Wang, X.; Zhao, Y.; Guo, Z. Hippocampal mirna-144 modulates depressive-like behaviors in rats by
targeting ptplb. Neuropsychiatr. Dis. Treat. 2021, 17, 389-399. [CrossRef]

Lasconi, C.; Pahl, M.C.; Cousminer, D.L.; Doege, C.A.; Chesi, A.; Hodge, K.M.; Leonard, M.E.; Lu, S.; Johnson, M.E.; Su, C.; et al.
Variant-to-gene-mapping analyses reveal a role for the hypothalamus in genetic susceptibility to inflammatory bowel disease.
Cell. Mol. Gastroenterol. Hepatol. 2021, 11, 667-682. [CrossRef]

https:/ /doi.org/10.3390/ psychiatryint7020052


https://doi.org/10.1111/apt.70068
https://www.ncbi.nlm.nih.gov/pubmed/40057941
https://doi.org/10.2147/CEG.S77567
https://doi.org/10.1038/ajg.2015.50
https://doi.org/10.1111/pcn.12291
https://doi.org/10.1186/s12974-025-03476-6
https://doi.org/10.1016/j.jpsychires.2022.04.017
https://doi.org/10.1186/s12974-021-02317-6
https://doi.org/10.1007/s12264-023-01047-4
https://doi.org/10.3389/fimmu.2023.1145070
https://doi.org/10.1186/s12967-024-05758-8
https://doi.org/10.3390/genes16030339
https://doi.org/10.1093/ibd/izad269
https://doi.org/10.1016/j.jad.2025.01.048
https://www.ncbi.nlm.nih.gov/pubmed/39800072
https://doi.org/10.1093/ecco-jcc/jjab191
https://www.ncbi.nlm.nih.gov/pubmed/34739073
https://doi.org/10.1038/s41588-018-0090-3
https://www.ncbi.nlm.nih.gov/pubmed/29700475
https://doi.org/10.1016/j.bbi.2017.11.020
https://doi.org/10.1038/s41593-021-00832-6
https://doi.org/10.1038/s12276-024-01261-8
https://doi.org/10.1016/j.celrep.2020.107957
https://doi.org/10.2147/NDT.S263079
https://doi.org/10.1016/j.jcmgh.2020.10.004
https://doi.org/10.3390/psychiatryint7020052

Psychiatry Int. 2026, 7, 52 37 of 47

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

Van der Meulen, M.; Amaya, ].M.; Dekkers, O.M.; Meijer, O.C. Association between use of systemic and inhaled glucocorticoids
and changes in brain volume and white matter microstructure: A cross-sectional study using data from the UK Biobank. BM]
Open 2022, 12, €062446. [CrossRef]

Agostini, A.; Filippini, N.; Cevolani, D.; Agati, R.; Leoni, C.; Tambasco, R.; Calabrese, C.; Rizzello, F.; Gionchetti, P.; Ercolani, M.;
et al. Brain functional changes in patients with ulcerative colitis: A functional magnetic resonance imaging study on emotional
processing. Inflamm. Bowel Dis. 2011, 17, 1769-1777. [CrossRef]

Thomann, A.K.; Schmitgen, M.M.; Kmuche, D.; Ebert, M.P.; Thomann, P.A.; Szabo, K.; Gass, A.; Griebe, M.; Reindl, W.; Wolf,
R.C. Exploring joint patterns of brain structure and function in inflammatory bowel diseases using multimodal data fusion.
Neurogastroenterol. Motil. 2021, 33, e14078. [CrossRef] [PubMed]

Ohlmann, H.; Koenen, L.R.; Labrenz, E; Engler, H.; Theysohn, N.; Langhorst, J.; Elsenbruch, S. Altered Brain Structure in Chronic
Visceral Pain: Specific Differences in Gray Matter Volume and Associations With Visceral Symptoms and Chronic Stress. Front.
Neurol. 2021, 12, 733035. [CrossRef] [PubMed]

Bao, C.H,; Liu, P; Liu, H.R.; Wu, L.Y; Shi, Y.; Chen, W.E; Qin, W.; Lu, Y;; Zhang, ].Y.; Jin, X.M.; et al. Alterations in brain grey
matter structures in patients with Crohn’s disease and their correlation with psychological distress. J. Crohns Colitis 2015, 9,
532-540. [CrossRef] [PubMed]

Agostini, M.; Moja, L.; Banzi, R.; Pistotti, V.; Tonin, P; Venneri, A.; Turolla, A. Telerehabilitation and recovery of motor function: A
systematic review and meta-analysis. J. Telemed. Telecare 2015, 21, 202-213. [CrossRef]

Gray, M.A.; Chao, C.Y,; Staudacher, H.M.; Kolosky, N.A.; Talley, N.J.; Holtmann, G. Anti-TNF« therapy in IBD alters brain activity
reflecting visceral sensory function and cognitive-affective biases. PLoS ONE 2018, 13, e0193542. [CrossRef] [PubMed]

Fan, W.; Zhang, S.; Hu, J; Liu, B.; Wen, L.; Gong, M.; Wang, G.; Yang, L.; Chen, Y.; Chen, H.; et al. Aberrant Brain Function in
Active-Stage Ulcerative Colitis Patients: A Resting-State Functional MRI Study. Front. Hum. Neurosci. 2019, 13, 107. [CrossRef]
Thapaliya, G.; Eldeghaidy, S.; Asghar, M.; McGing, J.; Radford, S.; Francis, S.; Moran, G.W. The relationship between Central
Nervous System morphometry changes and key symptoms in Crohn’s disease. Brain Imaging Behav. 2023, 17, 149-160. [CrossRef]
Szatwiniska, P.; Wtodarczyk, J.; Spinelli, A ; Fichna, J.; Wlodarczyk, M. IBS-Symptoms in IBD Patients-Manifestation of Concomi-
tant or Different Entities. J. Clin. Med. 2020, 10, 31. [CrossRef]

Fairbrass, K.M.; Costantino, S.J.; Gracie, D.J.; Ford, A.C. Prevalence of irritable bowel syndrome-type symptoms in patients with
inflammatory bowel disease in remission: A systematic review and meta-analysis. Lancet Gastroenterol. Hepatol. 2020, 5, 1053-1062.
[CrossRef]

Mayer, E.A.; Ryu, H.J.; Bhatt, R.R. The neurobiology of irritable bowel syndrome. Mol. Psychiatry 2023, 28, 1451-1465. [CrossRef]
[PubMed]

Geng, Q.; Zhang, Q.E.; Wang, F.; Zheng, W.; Ng, C.H.; Ungvari, G.S.; Wang, G.; Xiang, Y.T. Comparison of comorbid depression
between irritable bowel syndrome and inflammatory bowel disease: A meta-analysis of comparative studies. . Affect. Disord.
2018, 237, 37-46. [CrossRef] [PubMed]

Marrie, R.A,; Graff, L.A ; Fisk, ].D.; Patten, S.B.; Bernstein, C.N. The Relationship Between Symptoms of Depression and Anxiety
and Disease Activity in IBD Over Time. Inflamm. Bowel Dis. 2021, 27, 1285-1293. [CrossRef]

Gracie, D.J.; Williams, C.J.; Sood, R.; Mumtaz, S.; Bholah, M.H.; Hamlin, P.J.; Ford, A.C. Negative Effects on Psychological Health
and Quality of Life of Genuine Irritable Bowel Syndrome-type Symptoms in Patients With Inflammatory Bowel Disease. Clin.
Gastroenterol. Hepatol. 2017, 15, 376-384.e5. [CrossRef]

Dahal, R.H,; Kim, S.; Kim, Y.K.; Kim, E.S.; Kim, J. Insight into Gut Dysbiosis of Patients with Inflammatory Bowel Disease and
Ischemic Colitis. Front. Microbiol. 2023, 14, 1174832. [CrossRef]

Mentella, M.C.; Scaldaferri, F; Pizzoferrato, M.; Gasbarrini, A.; Miggiano, G.A.D. Nutrition, IBD and Gut Microbiota: A Review.
Nutrients 2020, 12, 944. [CrossRef]

Jacobs, ].P.; Goudarzi, M.; Singh, N.; Tong, M.; McHardy, I.H.; Ruegger, P.; Asadourian, M.; Moon, B.H.; Ayson, A.; Borneman, J.;
et al. A Disease-Associated Microbial and Metabolomics State in Relatives of Pediatric Inflammatory Bowel Disease Patients. Cell.
Mol. Gastroenterol. Hepatol. 2016, 2, 750-766. [CrossRef]

Franzosa, E.A.; Sirota-Madi, A.; Avila-Pacheco, J.; Fornelos, N.; Haiser, H.]J.; Reinker, S.; Vatanen, T.; Hall, A.B.; Mallick, H.;
Mclver, L.J.; et al. Gut Microbiome Structure and Metabolic Activity in Inflammatory Bowel Disease. Nat. Microbiol. 2019, 4,
293-305. Correction in Nat. Microbiol. 2019, 4, 898. [CrossRef] [PubMed]

Kandasamy, S.; Letchumanan, V.; Hong, K.W.; Chua, K.O.; Ab Mutalib, N.S.; Ng, A.L.O.; Ming, L.C.; Lim, H.X; Thurairajasingam,
S.; Law, J.W.F,; et al. The Role of Human Gut Microbe Ruminococcus gnavus in Inflammatory Diseases. Prog. Microbes Mol. Biol.
2023, 6, 12672-12677. [CrossRef]

Lewis, ].D.; Chen, E.Z.; Baldassano, R.N.; Otley, A.R.; Griffiths, A.M.; Lee, D.; Bittinger, K.; Bailey, A.; Friedman, E.S.; Hoffmann,
C.; et al. Inflammation, Antibiotics, and Diet as Environmental Stressors of the Gut Microbiome in Pediatric Crohn’s Disease. Cell
Host Microbe 2015, 18, 489-500. [CrossRef] [PubMed]

https:/ /doi.org/10.3390/ psychiatryint7020052


https://doi.org/10.1136/bmjopen-2022-062446
https://doi.org/10.1002/ibd.21549
https://doi.org/10.1111/nmo.14078
https://www.ncbi.nlm.nih.gov/pubmed/33368950
https://doi.org/10.3389/fneur.2021.733035
https://www.ncbi.nlm.nih.gov/pubmed/34744973
https://doi.org/10.1093/ecco-jcc/jjv057
https://www.ncbi.nlm.nih.gov/pubmed/25895879
https://doi.org/10.1177/1357633X15572201
https://doi.org/10.1371/journal.pone.0193542
https://www.ncbi.nlm.nih.gov/pubmed/29518097
https://doi.org/10.3389/fnhum.2019.00107
https://doi.org/10.1007/s11682-022-00742-6
https://doi.org/10.3390/jcm10010031
https://doi.org/10.1016/S2468-1253(20)30300-9
https://doi.org/10.1038/s41380-023-01972-w
https://www.ncbi.nlm.nih.gov/pubmed/36732586
https://doi.org/10.1016/j.jad.2018.04.111
https://www.ncbi.nlm.nih.gov/pubmed/29758449
https://doi.org/10.1093/ibd/izaa349
https://doi.org/10.1016/j.cgh.2016.05.012
https://doi.org/10.3389/fmicb.2023.1174832
https://doi.org/10.3390/nu12040944
https://doi.org/10.1016/j.jcmgh.2016.06.004
https://doi.org/10.1038/s41564-018-0306-4
https://www.ncbi.nlm.nih.gov/pubmed/30531976
https://doi.org/10.36877/pmmb.a0000396
https://doi.org/10.1016/j.chom.2015.09.008
https://www.ncbi.nlm.nih.gov/pubmed/26468751
https://doi.org/10.3390/psychiatryint7020052

Psychiatry Int. 2026, 7, 52 38 of 47

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

Lin, S.; Zhang, X.; Zhu, X,; Jiao, J.; Wu, Y.; Li, Y.; Zhao, L. Fusobacterium nucleatum Aggravates Ulcerative Colitis through Promoting
Gut Microbiota Dysbiosis and Dysmetabolism. J. Periodontol. 2023, 94, 405—418. [CrossRef]

Lloyd-Price, ].; Arze, C.; Ananthakrishnan, A.N.; Schirmer, M.; Avila-Pacheco, J.; Poon, TW.; Andrews, E.; Ajami, N.J.; Bonham,
K.S.; Brislawn, C.J.; et al. Multi-Omics of the Gut Microbial Ecosystem in Inflammatory Bowel Diseases. Nature 2019, 569, 655-662.
[CrossRef]

Nishino, K.; Nishida, A.; Inoue, R.; Kawada, Y.; Ohno, M.; Sakai, S.; Inatomi, O.; Bamba, S.; Sugimoto, M.; Kawahara, M.; et al.
Analysis of Endoscopic Brush Samples Identified Mucosa-Associated Dysbiosis in Inflammatory Bowel Disease. J. Gastroenterol.
2018, 53, 95-106. [CrossRef]

Pascal, V.; Pozuelo, M.; Borruel, N.; Casellas, F.; Campos, D.; Santiago, A.; Martinez, X.; Varela, E.; Sarrabayrouse, G.; Machiels, K.;
et al. A Microbial Signature for Crohn’s Disease. Gut 2017, 66, 813-822. [CrossRef]

Pittayanon, R.; Lau, ].T.; Leontiadis, G.I; Tse, E; Yuan, Y.; Surette, M.; Moayyedj, P. Differences in Gut Microbiota in Patients With
vs Without Inflammatory Bowel Diseases: A Systematic Review. Gastroenterology 2020, 158, 930-946.el. [CrossRef]

Yilmaz, B.; Juillerat, P.; Qyas, O.; Ramon, C.; Bravo, ED.; Franc, Y.; Fournier, N.; Michetti, P.; Mueller, C.; Geuking, M.; et al.
Microbial Network Disturbances in Relapsing Refractory Crohn’s Disease. Nat. Med. 2019, 25, 323-336, Correction in Nat. Med.
2019, 25, 701. [CrossRef]

Hu, J.; Cheng, S.; Yao, J.; Lin, X,; Li, Y.; Wang, W.; Weng, ].; Zou, Y.; Zhu, L.; Zhi, M. Correlation between Altered Gut Microbiota
and Elevated Inflammation Markers in Patients with Crohn’s Disease. Front. Immunol. 2022, 13, 947313. [CrossRef]

Do, K.H.; Ko, S.H.; Kim, K.B.; Seo, K.; Lee, W.K. Comparative Study of Intestinal Microbiome in Patients with Ulcerative Colitis
and Healthy Controls in Korea. Microorganisms 2023, 11, 2750. [CrossRef]

Zakerska-Banaszak, O.; Tomczak, H.; Gabryel, M.; Baturo, A.; Wolko, L.; Michalak, M.; Malinska, N.; Mankowska-Wierzbicka, D.;
Eder, P.; Dobrowolska, A.; et al. Dysbiosis of Gut Microbiota in Polish Patients with Ulcerative Colitis: A Pilot Study. Sci. Rep.
2021, 11, 2166. [CrossRef]

Xu, E; Cheng, Y,; Ruan, G.; Fan, L.; Tian, Y.; Xiao, Z.; Chen, D.; Wei, Y. New pathway ameliorating ulcerative colitis: Focus on
Roseburia intestinalis and the gut-brain axis. Therap. Adv. Gastroenterol. 2021, 14, 17562848211004469. [CrossRef]

Shin, S.Y.; Kim, Y.; Kim, W.S.; Moon, ].M.; Lee, KM.; Jung, S.A.; Park, H.; Huh, E.Y.; Kim, B.C.; Lee, S.C.; et al. Compositional
changes in fecal microbiota associated with clinical phenotypes and prognosis in Korean patients with inflammatory bowel
disease. Intest. Res. 2023, 21, 148-160. [CrossRef] [PubMed]

Chen, D.L.; Dai, Y.C.; Zheng, L.; Chen, Y.L.; Zhang, Y.L.; Tang, Z.P. Features of the gut microbiota in ulcerative colitis patients
with depression: A pilot study. Medicine 2021, 100, e24845. [CrossRef] [PubMed]

Wu, X.; Xu, J; Li, J.; Deng, M.; Shen, Z.; Nie, K.; Luo, W.; Zhang, C.; Ma, K.; Chen, X; et al. Bacteroides vulgatus alleviates
dextran sodium sulfate-induced colitis and depression-like behaviour by facilitating gut-brain axis balance. Front. Microbiol. 2023,
14,1287271. [CrossRef] [PubMed]

Xu, M.; Lan, R.; Qiao, L.; Lin, X.,; Hu, D.; Zhang, S.; Yang, J.; Zhou, J.; Ren, Z.; Li, X.; et al. Bacteroides vulgatus Ameliorates Lipid
Metabolic Disorders and Modulates Gut Microbial Composition in Hyperlipidemic Rats. Microbiol. Spectr. 2023, 11, e0251722.
[CrossRef]

Cao, Z.; Sugimura, N.; Burgermeister, E.; Ebert, M.P,; Zuo, T.; Lan, P. The Gut Virome: A New Microbiome Component in Health
and Disease. EBioMedicine 2022, 81, 104113. [CrossRef]

Tiamani, K.; Luo, S.; Schulz, S.; Xue, J.; Costa, R.; Khan Mirzaei, M.; Deng, L. The Role of Virome in the Gastrointestinal Tract and
Beyond. FEMS Microbiol. Rev. 2022, 46, fuac027. [CrossRef]

Dehghani, T.; Gholizadeh, O.; Daneshvar, M.; Nemati, M.M.; Akbarzadeh, S.; Amini, P.; Afkhami, H.; Kohansal, M.; Javanmard,
Z.; Poortahmasebi, V. Association Between Inflammatory Bowel Disease and Viral Infections. Curr. Microbiol. 2023, 80, 195.
[CrossRef]

Gogokhia, L.; Buhrke, K.; Bell, R.; Hoffman, B.; Brown, D.G.; Hanke-Gogokhia, C.; Ajami, N.J.; Wong, M.C.; Ghazaryan, A;
Valentine, ].F; et al. Expansion of Bacteriophages Is Linked to Aggravated Intestinal Inflammation and Colitis. Cell Host Microbe
2019, 25, 285-299.e8. [CrossRef]

Shuwen, H.; Kefeng, D. Intestinal Phages Interact with Bacteria and Are Involved in Human Diseases. Gut Microbes 2022, 14,
2113717. [CrossRef]

Cao, Z.; Fan, D,; Sun, Y;; Huang, Z; Li, Y,; Su, R.; Zhang, F,; Li, Q.; Yang, H.; Zhang, E; et al. The Gut Ileal Mucosal Virome
Is Disturbed in Patients with Crohn’s Disease and Exacerbates Intestinal Inflammation in Mice. Nat. Commun. 2024, 15, 1638.
[CrossRef]

Zuo, T,; Lu, X.J.; Zhang, Y.; Cheung, C.P; Lam, S.; Zhang, F.; Tang, W.; Ching, ].Y.L.; Zhao, R.; Chan, PK.S,; et al. Gut Mucosal
Virome Alterations in Ulcerative Colitis. Gut 2019, 68, 1169-1179. [CrossRef] [PubMed]

Ding, Y.; Wan, M,; Li, Z.; Ma, X.; Zhang, W.; Xu, M. Comparison of the Gut Virus Communities between Patients with Crohn’s
Disease and Healthy Individuals. Front. Microbiol. 2023, 14, 1190172. [CrossRef]

https:/ /doi.org/10.3390/ psychiatryint7020052


https://doi.org/10.1002/JPER.22-0205
https://doi.org/10.1038/s41586-019-1237-9
https://doi.org/10.1007/s00535-017-1384-4
https://doi.org/10.1136/gutjnl-2016-313235
https://doi.org/10.1053/j.gastro.2019.11.294
https://doi.org/10.1038/s41591-018-0308-z
https://doi.org/10.3389/fimmu.2022.947313
https://doi.org/10.3390/microorganisms11112750
https://doi.org/10.1038/s41598-021-81628-3
https://doi.org/10.1177/17562848211004469
https://doi.org/10.5217/ir.2021.00168
https://www.ncbi.nlm.nih.gov/pubmed/35692191
https://doi.org/10.1097/MD.0000000000024845
https://www.ncbi.nlm.nih.gov/pubmed/33607855
https://doi.org/10.3389/fmicb.2023.1287271
https://www.ncbi.nlm.nih.gov/pubmed/38033588
https://doi.org/10.1128/spectrum.02517-22
https://doi.org/10.1016/j.ebiom.2022.104113
https://doi.org/10.1093/femsre/fuac027
https://doi.org/10.1007/s00284-023-03305-0
https://doi.org/10.1016/j.chom.2019.01.008
https://doi.org/10.1080/19490976.2022.2113717
https://doi.org/10.1038/s41467-024-45794-y
https://doi.org/10.1136/gutjnl-2018-318131
https://www.ncbi.nlm.nih.gov/pubmed/30842211
https://doi.org/10.3389/fmicb.2023.1190172
https://doi.org/10.3390/psychiatryint7020052

Psychiatry Int. 2026, 7, 52 39 of 47

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

Beheshti-Maal, A.; Shahrokh, S.; Ansari, S.; Mirsamadi, E.S.; Yadegar, A.; Mirjalali, H.; Zali, M.R. Gut Mycobiome: The Probable
Determinative Role of Fungi in IBD Patients. Mycoses 2021, 64, 468—476. [CrossRef]

Sokol, H.; Leducq, V.; Aschard, H.; Pham, H.P; Jegou, S.; Landman, C.; Cohen, D.; Liguori, G.; Bourrier, A.; Nion-Larmurier, L;
et al. Fungal Microbiota Dysbiosis in IBD. Gut 2017, 66, 1039-1048. [CrossRef] [PubMed]

Catalan-Serra, I.; Thorsvik, S.; Beisvag, V.; Bruland, T.; Underhill, D.; Sandvik, A K.; Granlund, A.V.B. Fungal Microbiota
Composition in Inflammatory Bowel Disease Patients: Characterization in Different Phenotypes and Correlation with Clinical
Activity and Disease Course. Inflamm. Bowel Dis. 2024, 30, 1164-1177, Correction in Inflamm. Bowel Dis. 2024, 30, 876. [CrossRef]
Jangi, S.; Hsia, K.; Zhao, N.; Kumamoto, C.A.; Friedman, S; Singh, S.; Michaud, D.S. Dynamics of the Gut Mycobiome in Patients
With Ulcerative Colitis. Clin. Gastroenterol. Hepatol. 2024, 22, 821-830.e7. [CrossRef]

Liguori, G.; Lamas, B.; Richard, M.L.; Brandi, G.; da Costa, G.; Hoffmann, TW.; Di Simone, M.P.; Calabrese, C.; Poggioli, G.;
Langella, P; et al. Fungal Dysbiosis in Mucosa-Associated Microbiota of Crohn’s Disease Patients. J. Crohns Colitis 2016, 10,
296-305. [CrossRef]

Zhang, L.; Zhan, H.; Xu, W,; Yan, S.; Ng, S.C. The Role of Gut Mycobiome in Health and Diseases. Ther. Adv. Gastroenterol. 2021,
14,17562848211047130. [CrossRef]

Zheng, P.; Zeng, B.; Zhou, C.; Liu, M,; Fang, Z.; Xu, X.; Zeng, L.; Chen, J.; Fan, S.; Du, X,; et al. Gut microbiome remodeling
induces depressive-like behaviors through a pathway mediated by the host’s metabolism. Mol. Psychiatry 2016, 21, 786-796.
[CrossRef] [PubMed]

Kelly, J.R.; Borre, Y.; O’ Brien, C.; Patterson, E.; El Aidy, S.; Deane, J.; Kennedy, PJ.; Beers, S.; Scott, K.; Moloney, G.; et al.
Transferring the blues: Depression-associated gut microbiota induces neurobehavioural changes in the rat. J. Psychiatr. Res. 2016,
82,109-118. [CrossRef]

Knuesel, T.; Mohajeri, M.H. The Role of the Gut Microbiota in the Development and Progression of Major Depressive and Bipolar
Disorder. Nutrients 2021, 14, 37. [CrossRef]

Naseribafrouei, A.; Hestad, K.; Avershina, E.; Sekelja, M.; Linlokken, A.; Wilson, R.; Rudi, K. Correlation between the human fecal
microbiota and depression. Neurogastroenterol. Motil. 2014, 26, 1155-1162. [CrossRef] [PubMed]

Jiang, H.; Ling, Z.; Zhang, Y.; Mao, H.; Ma, Z.; Yin, Y.; Wang, W.; Tang, W.; Tan, Z.; Shi, J.; et al. Altered fecal microbiota
composition in patients with major depressive disorder. Brain Behav. Immun. 2015, 48, 186-194. [CrossRef] [PubMed]

Aizawa, E.; Tsuji, H.; Asahara, T.; Takahashi, T.; Teraishi, T.; Yoshida, S.; Ota, M.; Koga, N.; Hattori, K.; Kunugi, H. Possible
association of Bifidobacterium and Lactobacillus in the gut microbiota of patients with major depressive disorder. . Affect. Disord.
2016, 202, 254-257. [CrossRef]

McGaughey, K.D.; Yilmaz-Swenson, T.; Elsayed, N.M.; Cruz, D.A.; Rodriguiz, R.M.; Kritzer, M.D.; Peterchev, A.V.; Roach, J;
Wetsel, W.C.; Williamson, D.E. Relative abundance of Akkermansia spp. and other bacterial phylotypes correlates with anxiety-
and depressive-like behavior following social defeat in mice. Sci. Rep. 2019, 9, 3281. [CrossRef]

Valles-Colomer, M.; Falony, G.; Darzi, Y.; Tigchelaar, E.F.,; Wang, J.; Tito, R.Y.; Schiweck, C.; Kurilshikov, A.; Joossens, M.;
Wijmenga, C.; et al. The neuroactive potential of the human gut microbiota in quality of life and depression. Nat. Microbiol. 2019,
4, 623-632. [CrossRef]

Bear, T.; Dalziel, J.; Coad, J.; Roy, N.; Butts, C.; Gopal, P. The Microbiome-Gut-Brain Axis and Resilience to Developing Anxiety or
Depression under Stress. Microorganisms 2021, 9, 723. [CrossRef]

Jiang, H.Y,; Zhang, X.; Yu, Z.H.; Zhang, Z.; Deng, M.; Zhao, ].H.; Ruan, B. Altered gut microbiota profile in patients with
generalized anxiety disorder. |. Psychiatr. Res. 2018, 104, 130-136. [CrossRef]

Liu, Y;; Zhao, J.; Guo, W. Emotional Roles of Mono-Aminergic Neurotransmitters in Major Depressive Disorder and Anxiety
Disorders. Front. Psychol. 2018, 9, 2201. [CrossRef]

Ney, L.M.; Wipplinger, M.; Grossmann, M.; Engert, N.; Wegner, V.D.; Mosig, A.S. Short chain fatty acids: Key regulators of the
local and systemic immune response in inflammatory diseases and infections. Open Biol. 2023, 13, 230014. [CrossRef]
Borrego-Ruiz, A.; Borrego, J.J. Epigenetic Mechanisms in Aging: Extrinsic Factors and Gut Microbiome. Genes 2024, 15, 1599.
[CrossRef]

Fernando, M.R.; Saxena, A.; Reyes, J.L.; McKay, D.M. Butyrate enhances antibacterial effects while suppressing other features of
alternative activation in IL-4-induced macrophages. Am. ]. Physiol. Gastrointest. Liver Physiol. 2016, 310, G822-G831. [CrossRef]
[PubMed]

Hodgkinson, K.; El Abbar, F.; Dobranowski, P.; Manoogian, J.; Butcher, J.; Figeys, D.; Mack, D.; Stintzi, A. Butyrate’s role in
human health and the current progress towards its clinical application to treat gastrointestinal disease. Clin. Nutr. 2023, 42, 61-75.
[CrossRef] [PubMed]

Zhang, D,; Jian, Y.P; Zhang, Y.N.; Li, Y,; Gu, L.T.; Sun, H.H.; Liu, M.D.; Zhou, H.L.; Wang, Y.S.; Xu, Z.X. Short-chain fatty acids in
diseases. Cell Commun. Signal. 2023, 21, 212. [CrossRef] [PubMed]

Lange, O.; Proczko-Stepaniak, M.; Mika, A. Short-Chain Fatty Acids-A Product of the Microbiome and Its Participation in
Two-Way Communication on the Microbiome-Host Mammal Line. Curr. Obes. Rep. 2023, 12, 108-126. [CrossRef]

https:/ /doi.org/10.3390/ psychiatryint7020052


https://doi.org/10.1111/myc.13238
https://doi.org/10.1136/gutjnl-2015-310746
https://www.ncbi.nlm.nih.gov/pubmed/26843508
https://doi.org/10.1093/ibd/izad289
https://doi.org/10.1016/j.cgh.2023.09.023
https://doi.org/10.1093/ecco-jcc/jjv209
https://doi.org/10.1177/17562848211047130
https://doi.org/10.1038/mp.2016.44
https://www.ncbi.nlm.nih.gov/pubmed/27067014
https://doi.org/10.1016/j.jpsychires.2016.07.019
https://doi.org/10.3390/nu14010037
https://doi.org/10.1111/nmo.12378
https://www.ncbi.nlm.nih.gov/pubmed/24888394
https://doi.org/10.1016/j.bbi.2015.03.016
https://www.ncbi.nlm.nih.gov/pubmed/25882912
https://doi.org/10.1016/j.jad.2016.05.038
https://doi.org/10.1038/s41598-019-40140-5
https://doi.org/10.1038/s41564-018-0337-x
https://doi.org/10.3390/microorganisms9040723
https://doi.org/10.1016/j.jpsychires.2018.07.007
https://doi.org/10.3389/fpsyg.2018.02201
https://doi.org/10.1098/rsob.230014
https://doi.org/10.3390/genes15121599
https://doi.org/10.1152/ajpgi.00440.2015
https://www.ncbi.nlm.nih.gov/pubmed/27012776
https://doi.org/10.1016/j.clnu.2022.10.024
https://www.ncbi.nlm.nih.gov/pubmed/36502573
https://doi.org/10.1186/s12964-023-01219-9
https://www.ncbi.nlm.nih.gov/pubmed/37596634
https://doi.org/10.1007/s13679-023-00503-6
https://doi.org/10.3390/psychiatryint7020052

Psychiatry Int. 2026, 7, 52 40 of 47

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

Sun, M.; Wu, W,; Chen, L.; Yang, W.; Huang, X.; Ma, C.; Chen, E; Xiao, Y.; Zhao, Y.; Ma, C.; et al. Microbiota-derived short-chain
fatty acids promote Th1 cell IL-10 production to maintain intestinal homeostasis. Nat. Commun. 2018, 9, 3555. [CrossRef]

Jangi, S.; Moyer, J.; Sandlow, S.; Fu, M.; Chen, H.; Shum, A.; Hsia, K.; Cersosimo, L.; Yeliseyev, V.; Zhao, N.; et al. Microbial
butyrate capacity is reduced in inflamed mucosa in patients with ulcerative colitis. Sci. Rep. 2024, 14, 3479. [CrossRef] [PubMed]
Agus, A ; Planchais, J.; Sokol, H. Gut Microbiota Regulation of Tryptophan Metabolism in Health and Disease. Cell Host Microbe
2018, 23, 716-724. [CrossRef]

Correia, A.S.; Vale, N. Tryptophan Metabolism in Depression: A Narrative Review with a Focus on Serotonin and Kynurenine
Pathways. Int. J. Mol. Sci. 2022, 23, 8493. [CrossRef]

Lai, W.; Huang, Z; Li, S.; Li, X.G.; Luo, D. Kynurenine pathway metabolites modulated the comorbidity of IBD and depressive
symptoms through the immune response. Int. Immunopharmacol. 2023, 117, 109840. [CrossRef]

Delmas, D.; Aires, V. Polyunsaturated Fatty Acids: New Molecular Mechanisms and Nutritional Therapeutic Challenges.
Nutrients 2025, 17, 588. [CrossRef]

Yuan, X.; Chen, B.; Duan, Z,; Xia, Z.; Ding, Y.; Chen, T.; Liu, H.; Wang, B.; Yang, B.; Wang, X.; et al. Depression and anxiety in
patients with active ulcerative colitis: Crosstalk of gut microbiota, metabolomics and proteomics. Gut Microbes 2021, 13, 1987779.
[CrossRef]

Foster, ].A.; Rinaman, L.; Cryan, J.F. Stress & the gut-brain axis: Regulation by the microbiome. Neurobiol. Stress 2017, 7, 124-136.
[CrossRef] [PubMed]

Armario, A.; Belda, X.; Gagliano, H.; Fuentes, S.; Molina, P; Serrano, S.; Nadal, R. Differential Hypothalamic-pituitary-adrenal
Response to Stress among Rat Strains: Methodological Considerations and Relevance for Neuropsychiatric Research. Curr.
Neuropharmacol. 2023, 21, 1906-1923. [CrossRef]

Wahl, A.; Yao, W.; Liao, B.; Chateau, M.; Richardson, C.; Ling, L.; Franks, A.; Senthil, K.; Doyon, G.; Li, F; et al. A germ-free
humanized mouse model shows the contribution of resident microbiota to human-specific pathogen infection. Nat. Biotechnol.
2024, 42,905-915. [CrossRef] [PubMed]

Ge, L.; Liu, S,; Li, S,; Yang, J.; Hu, G.; Xu, C.; Song, W. Psychological stress in inflammatory bowel disease: Psychoneuroimmuno-
logical insights into bidirectional gut-brain communications. Front. Immunol. 2022, 13, 1016578. [CrossRef] [PubMed]
Frankiensztajn, L.M.; Elliott, E.; Koren, O. The microbiota and the hypothalamus-pituitary-adrenocortical (HPA) axis, implications
for anxiety and stress disorders. Curr. Opin. Neurobiol. 2020, 62, 76-82. [CrossRef]

Han, SK.; Kim, ] K.; Park, H.S.; Shin, Y.J.; Kim, D.H. Chaihu-Shugan-San (Shihosogansan) alleviates restraint stress-generated
anxiety and depression in mice by regulating NF-«B-mediated BDNF expression through the modulation of gut microbiota. Chin.
Med. 2021, 16, 77. [CrossRef]

Misiak, B.; Loniewski, I.; Marlicz, W.; Frydecka, D.; Szulc, A.; Rudzki, L.; Samochowiec, J. The HPA axis dysregulation in severe
mental illness: Can we shift the blame to gut microbiota? Prog. Neuropsychopharmacol. Biol. Psychiatry 2020, 102, 109951. [CrossRef]
Sanada, K.; Nakajima, S.; Kurokawa, S.; Barcel6-Soler, A.; Ikuse, D.; Hirata, A.; Yoshizawa, A.; Tomizawa, Y.; Salas-Valero, M.;
Noda, Y.; et al. Gut microbiota and major depressive disorder: A systematic review and meta-analysis. ]. Affect. Disord. 2020, 266,
1-13. [CrossRef]

Simpson, C.A.; Diaz-Arteche, C.; Eliby, D.; Schwartz, O.S.; Simmons, J.G.; Cowan, C.5S.M. The gut microbiota in anxiety and
depression—A systematic review. Clin. Psychol. Rev. 2021, 83, 101943. [CrossRef]

Liu, P; Liu, Z.; Wang, ].; Wang, ].; Gao, M.; Zhang, Y.; Yang, C.; Zhang, A.; Li, G; Li, X,; et al. Immunoregulatory role of the gut
microbiota in inflammatory depression. Nat. Commun. 2024, 15, 3003. [CrossRef]

Qin, X,; Pan, C.; Cai, Q.; Zhao, Y.; He, D.; Wei, W.; Zhang, N.; Shi, S.; Chu, X.; Zhang, F. Assessing the effect of interaction
between gut microbiome and inflammatory bowel disease on the risks of depression. Brain Behav. Immun. Health 2022, 26, 100557.
[CrossRef]

Humbel, F; Rieder, ].H.; Franc, Y.; Juillerat, P.; Scharl, M.; Misselwitz, B.; Schreiner, P.; Begré, S.; Rogler, G.; von Kéanel, R.; et al.
Association of Alterations in Intestinal Microbiota With Impaired Psychological Function in Patients With Inflammatory Bowel
Diseases in Remission. Clin. Gastroenterol. Hepatol. 2020, 18, 2019-2029.e11. [CrossRef] [PubMed]

Scaldaferri, F.; D’Onofrio, A.M.; Calia, R.; Di Vincenzo, E; Ferrajoli, G.F,; Petito, V.; Maggio, E.; Pafundi, P.C.; Napolitano, D.; Masi,
L.; et al. Gut Microbiota Signatures Are Associated With Psychopathological Profiles in Patients With Ulcerative Colitis: Results
From an Italian Tertiary IBD Center. Inflamm. Bowel Dis. 2023, 29, 1805-1818. [CrossRef] [PubMed]

Barandouzi, Z.A.; Starkweather, A.R.; Henderson, W.A.; Gyamfi, A.; Cong, X.S. Altered Composition of Gut Microbiota in
Depression: A Systematic Review. Front. Psychiatry 2020, 11, 541. [CrossRef]

Cryan, J.F; Dinan, T.G. Mind-altering microorganisms: The impact of the gut microbiota on brain and behaviour. Nat. Rev.
Neurosci. 2012, 13, 701-712. [CrossRef] [PubMed]

Zhuang, M.; Shang, W.; Ma, Q.; Strappe, P.; Zhou, Z. Abundance of Probiotics and Butyrate-Production Microbiome Manages
Constipation via Short-Chain Fatty Acids Production and Hormones Secretion. Mol. Nutr. Food Res. 2019, 63, €1801187. [CrossRef]

https:/ /doi.org/10.3390/ psychiatryint7020052


https://doi.org/10.1038/s41467-018-05901-2
https://doi.org/10.1038/s41598-024-54257-9
https://www.ncbi.nlm.nih.gov/pubmed/38347087
https://doi.org/10.1016/j.chom.2018.05.003
https://doi.org/10.3390/ijms23158493
https://doi.org/10.1016/j.intimp.2023.109840
https://doi.org/10.3390/nu17030588
https://doi.org/10.1080/19490976.2021.1987779
https://doi.org/10.1016/j.ynstr.2017.03.001
https://www.ncbi.nlm.nih.gov/pubmed/29276734
https://doi.org/10.2174/1570159X21666221129102852
https://doi.org/10.1038/s41587-023-01906-5
https://www.ncbi.nlm.nih.gov/pubmed/37563299
https://doi.org/10.3389/fimmu.2022.1016578
https://www.ncbi.nlm.nih.gov/pubmed/36275694
https://doi.org/10.1016/j.conb.2019.12.003
https://doi.org/10.1186/s13020-021-00492-5
https://doi.org/10.1016/j.pnpbp.2020.109951
https://doi.org/10.1016/j.jad.2020.01.102
https://doi.org/10.1016/j.cpr.2020.101943
https://doi.org/10.1038/s41467-024-47273-w
https://doi.org/10.1016/j.bbih.2022.100557
https://doi.org/10.1016/j.cgh.2019.09.022
https://www.ncbi.nlm.nih.gov/pubmed/31546058
https://doi.org/10.1093/ibd/izad091
https://www.ncbi.nlm.nih.gov/pubmed/37280117
https://doi.org/10.3389/fpsyt.2020.00541
https://doi.org/10.1038/nrn3346
https://www.ncbi.nlm.nih.gov/pubmed/22968153
https://doi.org/10.1002/mnfr.201801187
https://doi.org/10.3390/psychiatryint7020052

Psychiatry Int. 2026, 7, 52 41 of 47

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

Dicks, L.M.T. Our Mental Health Is Determined by an Intrinsic Interplay between the Central Nervous System, Enteric Nerves,
and Gut Microbiota. Int. J. Mol. Sci. 2023, 25, 38. [CrossRef]

Radjabzadeh, D.; Bosch, J.A.; Uitterlinden, A.G.; Zwinderman, A.H.; Ikram, M.A.; van Meurs, ].B.].; Luik, A.I; Nieuwdorp, M,;
Lok, A.; van Duijn, C.M.; et al. Gut microbiome-wide association study of depressive symptoms. Nat. Commun. 2022, 13, 7128.
[CrossRef]

Xiao, S.; Yang, Z.; Yan, H.; Chen, G.; Zhong, S.; Chen, P; Zhong, H.; Yang, H.; Jia, Y.; Yin, Z,; et al. Gut proinflammatory bacteria
is associated with abnormal functional connectivity of hippocampus in unmedicated patients with major depressive disorder.
Transl. Psychiatry 2024, 14, 292. [CrossRef]

Thomann, A K.; Wiistenberg, T.; Wirbel, ].; Knoedler, L.L.; Thomann, P.A.; Zeller, G.; Ebert, M.P; Lis, S.; Reindl, W. Depression
and fatigue in active IBD from a microbiome perspective—A Bayesian approach to faecal metagenomics. BMC Med. 2022, 20, 366.
[CrossRef] [PubMed]

Guo, Q,; Lin, H.; Chen, P; Tan, S.; Wen, Z,; Lin, L.; He, J.; Wen, J.; Lu, S. Dynamic changes of intestinal flora in patients with
irritable bowel syndrome combined with anxiety and depression after oral administration of enterobacteria capsules. Bioengineered
2021, 12, 11885-11897. [CrossRef] [PubMed]

Chen, Y.H,; Bai, ]J.; Wu, D,; Yu, SF; Qiang, X.L.; Bai, H.; Wang, H.N.; Peng, Z.W. Association between fecal microbiota and
generalized anxiety disorder: Severity and early treatment response. J. Affect. Disord. 2019, 259, 5666, Corrigendum in J. Affect.
Disord. 2020, 260, 489. [CrossRef]

Joo, M.K,; Lee, ].W.; Woo, ].H.; Kim, H.J.; Kim, D.H.; Choi, ]. H. Regulation of colonic neuropeptide Y expression by the gut
microbiome in patients with ulcerative colitis and its association with anxiety- and depression-like behavior in mice. Gut Microbes
2024, 16, 2319844. [CrossRef]

Preda, C.M.; Manuc, T.; Chifulescu, A.; Istratescu, D.; Louis, E.; Baicus, C.; Sandra, I.; Diculescu, M.M.; Reenaers, C.; van Kemseke,
C.; et al. Diet as an environmental trigger in inflammatory bowel disease: A retrospective comparative study in two European
cohorts. Rev. Esp. Enferm. Dig. 2020, 112, 440-447. [CrossRef]

Rostami, A.; White, K.; Rostami, K. Pro and anti-inflammatory diets as strong epigenetic factors in inflammatory bowel disease.
World . Gastroenterol. 2024, 30, 3284-3289. [CrossRef] [PubMed]

Shon, WJ.; Jung, M.H,; Kim, Y.; Kang, G.H.; Choi, E.Y.; Shin, D.M. Sugar-sweetened beverages exacerbate high-fat diet-induced
inflammatory bowel disease by altering the gut microbiome. J. Nutr. Biochem. 2023, 113, 109254. [CrossRef] [PubMed]

Aziz, T.; Hussain, N.; Hameed, Z.; Lin, L. Elucidating the role of diet in maintaining gut health to reduce the risk of obesity,
cardiovascular and other age-related inflammatory diseases: Recent challenges and future recommendations. Gut Microbes 2024,
16,2297864. [CrossRef]

Arjomand-Fard, N.; Bording-Jorgensen, M.; Wine, E. A Potential Role for Gut Microbes in Mediating Effects of Omega-3 Fatty
Acids in Inflammatory Bowel Diseases: A Comprehensive Review. Curr. Microbiol. 2023, 80, 363. [CrossRef]

Bullard, B.M.; VanderVeen, B.N.; McDonald, S.J.; Cardaci, T.D.; Murphy, E.A. Cross talk between the gut microbiome and host
immune response in ulcerative colitis: Nonpharmacological strategies to improve homeostasis. Am. J. Physiol. Gastrointest. Liver
Physiol. 2022, 323, G554-G561. [CrossRef]

Borrego-Ruiz, A.; Borrego, ].J. Human gut microbiome, diet, and mental disorders. Int. Microbiol. 2025, 28, 1-15. [CrossRef]
Schneider, E.; O'Riordan, K.J.; Clarke, G.; Cryan, J.F. Feeding gut microbes to nourish the brain: Unravelling the diet-microbiota-
gut-brain axis. Nat. Metab. 2024, 6, 1454-1478. [CrossRef]

Campmans-Kuijpers, M.J.; Dijkstra, G. Food and food groups in inflammatory bowel disease (IBD): The design of the Groningen
anti-inflammatory diet (GrAID). Nutrients 2021, 13, 1067. [CrossRef]

Malesza, 1.].; Malesza, M.; Walkowiak, J.; Mussin, N.; Walkowiak, D.; Aringazina, R.; Bartkowiak-Wieczorek, J.; Madry, E.
High-Fat, Western-Style Diet, Systemic Inflammation, and Gut Microbiota: A Narrative Review. Cells 2021, 10, 3164. [CrossRef]
[PubMed]

Ross, F.C.; Patangia, D.; Grimaud, G.; Lavelle, A.; Dempsey, E.M.; Ross, R.P.; Stanton, C. The interplay between diet and the gut
microbiome: Implications for health and disease. Nat. Rev. Microbiol. 2024, 22, 671-686. [CrossRef]

Borrego-Ruiz, A. Vegetarian and ketogenic diets: Their relationship with gut microbiome and mental health, and their clinical
applications. Food Nutr. Chem. 2025, 3, 278. [CrossRef]

Borrego-Ruiz, A.; Borrego, J.J. Nutraceuticals in Mental Health and Brain Function: Mechanisms of Action and Therapeutic
Potential. Int. . Mol. Sci. 2025, 26, 8849. [CrossRef] [PubMed]

Tan, J.; Taitz, J.; Sun, S.M.; Langford, L.; Ni, D.; Macia, L. Your Regulatory T Cells Are What You Eat: How Diet and Gut Microbiota
Affect Regulatory T Cell Development. Front. Nutr. 2022, 9, 878382. [CrossRef] [PubMed]

Mann, E.R.; Lam, Y.K,; Uhlig, H.H. Short-chain fatty acids: Linking diet, the microbiome and immunity. Nat. Rev. Immunol. 2024,
24,577-595. [CrossRef]

Salvi, P.S.; Cowles, R.A. Butyrate and the Intestinal Epithelium: Modulation of Proliferation and Inflammation in Homeostasis
and Disease. Cells 2021, 10, 1775. [CrossRef]

https:/ /doi.org/10.3390/ psychiatryint7020052


https://doi.org/10.3390/ijms25010038
https://doi.org/10.1038/s41467-022-34502-3
https://doi.org/10.1038/s41398-024-03012-9
https://doi.org/10.1186/s12916-022-02550-7
https://www.ncbi.nlm.nih.gov/pubmed/36244970
https://doi.org/10.1080/21655979.2021.1999374
https://www.ncbi.nlm.nih.gov/pubmed/34923901
https://doi.org/10.1016/j.jad.2019.08.014
https://doi.org/10.1080/19490976.2024.2319844
https://doi.org/10.17235/reed.2020.6552/2019
https://doi.org/10.3748/wjg.v30.i27.3284
https://www.ncbi.nlm.nih.gov/pubmed/39086746
https://doi.org/10.1016/j.jnutbio.2022.109254
https://www.ncbi.nlm.nih.gov/pubmed/36572070
https://doi.org/10.1080/19490976.2023.2297864
https://doi.org/10.1007/s00284-023-03482-y
https://doi.org/10.1152/ajpgi.00210.2022
https://doi.org/10.1007/s10123-024-00518-6
https://doi.org/10.1038/s42255-024-01108-6
https://doi.org/10.3390/nu13041067
https://doi.org/10.3390/cells10113164
https://www.ncbi.nlm.nih.gov/pubmed/34831387
https://doi.org/10.1038/s41579-024-01068-4
https://doi.org/10.18686/fnc278
https://doi.org/10.3390/ijms26188849
https://www.ncbi.nlm.nih.gov/pubmed/41009418
https://doi.org/10.3389/fnut.2022.878382
https://www.ncbi.nlm.nih.gov/pubmed/35529463
https://doi.org/10.1038/s41577-024-01014-8
https://doi.org/10.3390/cells10071775
https://doi.org/10.3390/psychiatryint7020052

Psychiatry Int. 2026, 7, 52 42 of 47

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244,

245.

246.

247.

248.

249.

Xiong, R.G.; Zhou, D.D.; Wu, S.X.; Huang, S.Y.; Saimaiti, A.; Yang, Z.].; Shang, A.; Zhao, C.N.; Gan, R.Y,; Li, H.B. Health Benefits
and Side Effects of Short-Chain Fatty Acids. Foods 2022, 11, 2863. [CrossRef]

Kunugi, H. Gut microbiota and pathophysiology of depressive disorder. Ann. Nutr. Metab. 2021, 77, 11-20. [CrossRef]

Wu, M.; Tian, T.; Mao, Q.; Zou, T.; Zhou, C.J.; Xie, J.; Chen, J.J. Associations between disordered gut microbiota and changes of
neurotransmitters and short-chain fatty acids in depressed mice. Transl. Psychiatry 2020, 10, 350. [CrossRef]

Hao, Z.; Meng, C.; Li, L.; Feng, S.; Zhu, Y,; Yang, ].; Han, L.; Sun, L.; Lv, W,; Figeys, D.; et al. Positive mood-related gut microbiota
in a long-term closed environment: A multiomics study based on the “Lunar Palace 365” experiment. Microbiome 2023, 11, 88.
[CrossRef]

Xiong, R.G.; Li, J.; Cheng, J.; Zhou, D.D.; Wu, S.X.; Huang, S.Y.; Saimaiti, A.; Yang, Z.J.; Gan, R.Y.; Li, H.B. The Role of Gut
Microbiota in Anxiety, Depression, and Other Mental Disorders as Well as the Protective Effects of Dietary Components. Nutrients
2023, 15, 3258. [CrossRef] [PubMed]

Adan, R.A.H.; van der Beek, E.M.; Buitelaar, ].K.; Cryan, ].F; Hebebrand, J.; Higgs, S.; Schellekens, H.; Dickson, S.L. Nutritional
psychiatry: Towards improving mental health by what you eat. Eur. Neuropsychopharmacol. 2019, 29, 1321-1332. [CrossRef]
[PubMed]

Bhattacharjee, A.; Prajapati, S.K.; Krishnamurthy, S. Supplementation of taurine improves ionic homeostasis and mitochondrial
function in the rats exhibiting post-traumatic stress disorder-like symptoms. Eur. J. Pharmacol. 2021, 908, 174361. [CrossRef]

Pu, J; Liu, Y,; Zhang, H.; Tian, L.; Gui, S.; Yu, Y.; Chen, X,; Chen, Y.; Yang, L.; Ran, Y.; et al. An integrated meta-analysis of
peripheral blood metabolites and biological functions in major depressive disorder. Mol. Psychiatry 2021, 26, 4265-4276. [CrossRef]
[PubMed]

Borrego-Ruiz, A.; Borrego, J.J. Nutritional Psychiatry: A novel approach to mental health disorders treatment. Actas Esp. Psiquiatr.
2025, 53, 443-445. [CrossRef]

Nufiez-Sanchez, M.A.; Melgar, S.; O’'Donoghue, K.; Martinez-Sanchez, M. A.; Ferndndez-Ruiz, V.E.; Ferrer-Gémez, M.; Ruiz-
Alcaraz, A.]J.; Ramos-Molina, B. Crohn’s Disease, Host-Microbiota Interactions, and Immunonutrition: Dietary Strategies Targeting
Gut Microbiome as Novel Therapeutic Approaches. Int. . Mol. Sci. 2022, 23, 8361. [CrossRef]

Viladomiu, M.; Metz, M.L.; Lima, S.F; Jin, W.B.; Chou, L.; Guo, C.J.; Diehl, G.E.; Simpson, K.W.; Scherl, E.J.; JRI Live Cell
Bank; et al. Adherent-invasive E. coli metabolism of propanediol in Crohn’s disease regulates phagocytes to drive intestinal
inflammation. Cell Host Microbe 2021, 29, 607-619.e8. [CrossRef]

Litvak, Y.; Byndloss, M.X.; Tsolis, R.M.; Bdumler, A.J. Dysbiotic Proteobacteria expansion: A microbial signature of epithelial
dysfunction. Curr. Opin. Microbiol. 2017, 39, 1-6. [CrossRef]

Byndloss, M.X.; Olsan, E.E.; Rivera-Chavez, F; Tiffany, C.R.; Cevallos, S.A.; Lokken, K.L.; Torres, T.P; Byndloss, A.].; Faber, E;
Gao, Y,; et al. Microbiota-activated PPAR-y signaling inhibits dysbiotic Enterobacteriaceae expansion. Science 2017, 357, 570-575.
[CrossRef]

Khalaf, R.; Sciberras, M.; Ellul, P. The role of the fecal microbiota in inflammatory bowel disease. Eur. |. Gastroenterol. Hepatol.
2024, 36, 1249-1258. [CrossRef]

Borrego-Ruiz, A.; Gonzélez-Domenech, C.M.; Borrego, J.J. The Role of Fermented Vegetables as a Sustainable and Health-
Promoting Nutritional Resource. Appl. Sci. 2024, 14, 10853. [CrossRef]

Hayes, S.C.; Hofmann, S.G. The third wave of cognitive behavioral therapy and the rise of process-based care. World Psychiatry
2017, 16, 245-246. [CrossRef]

Perkins, A.M.; Meiser-Stedman, R.; Spaul, S.W.; Bowers, G.; Perkins, A.G.; Pass, L. The effectiveness of third wave cognitive
behavioural therapies for children and adolescents: A systematic review and meta-analysis. Br. J. Clin. Psychol. 2023, 62, 209-227.
[CrossRef]

Wang, N.; Kong, ].Q.; Bai, N.; Zhang, H.Y.; Yin, M. Psychological interventions for depression in children and adolescents: A
bibliometric analysis. World J. Psychiatry 2024, 14, 467—-483. [CrossRef] [PubMed]

Wang, C.; Sheng, Y.; Yu, L.; Tian, E; Xue, Y.; Zhai, Q. Effects of cognitive behavioral therapy on mental health and quality of life
in inflammatory bowel disease patients: A meta-analysis of randomized controlled trials. Behav. Brain Res. 2023, 454, 114653.
[CrossRef]

Kalogeropoulou, M.; Karaivazoglou, K.; Konstantopoulou, G.; Vinni, E.; Sotiropoulos, C.; Tourkochristou, E.; Aggeletopoulou, L;
Lourida, T.; Labropoulou, E.; Diamantopoulou, G.; et al. The Impact of Group Cognitive Behavioral Psychotherapy on Disease
Severity and Psychosocial Functioning in Patients With Inflammatory Bowel Disease: A Randomized Controlled Study. . Crohns
Colitis 2025, 19, jjae144. [CrossRef]

Picariello, F.; Hulme, K.; Seaton, N.; Hudson, J.L.; Norton, S.; Wroe, A.; Moss-Morris, R. A randomized controlled trial of a digital
cognitive-behavioral therapy program (COMPASS) for managing depression and anxiety related to living with a long-term
physical health condition. Psychol. Med. 2024, 54, 1796-1809. [CrossRef]

Kok, K.B.; Byrne, P; Ibarra, A.R.; Martin, P.; Rampton, D.S. Understanding and managing psychological disorders in patients
with inflammatory bowel disease: A practical guide. Frontline Gastroenterol. 2023, 14, 78-86. [CrossRef]

https:/ /doi.org/10.3390/ psychiatryint7020052


https://doi.org/10.3390/foods11182863
https://doi.org/10.1159/000518274
https://doi.org/10.1038/s41398-020-01038-3
https://doi.org/10.1186/s40168-023-01506-0
https://doi.org/10.3390/nu15143258
https://www.ncbi.nlm.nih.gov/pubmed/37513676
https://doi.org/10.1016/j.euroneuro.2019.10.011
https://www.ncbi.nlm.nih.gov/pubmed/31735529
https://doi.org/10.1016/j.ejphar.2021.174361
https://doi.org/10.1038/s41380-020-0645-4
https://www.ncbi.nlm.nih.gov/pubmed/31959849
https://doi.org/10.62641/aep.v53i2.1920
https://doi.org/10.3390/ijms23158361
https://doi.org/10.1016/j.chom.2021.01.002
https://doi.org/10.1016/j.mib.2017.07.003
https://doi.org/10.1126/science.aam9949
https://doi.org/10.1097/MEG.0000000000002818
https://doi.org/10.3390/app142310853
https://doi.org/10.1002/wps.20442
https://doi.org/10.1111/bjc.12404
https://doi.org/10.5498/wjp.v14.i3.467
https://www.ncbi.nlm.nih.gov/pubmed/38617982
https://doi.org/10.1016/j.bbr.2023.114653
https://doi.org/10.1093/ecco-jcc/jjae144
https://doi.org/10.1017/S0033291723003756
https://doi.org/10.1136/flgastro-2022-102094
https://doi.org/10.3390/psychiatryint7020052

Psychiatry Int. 2026, 7, 52 43 of 47

250.

251.

252.

253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

Naude, C.; Skvarc, D.; Maunick, B.; Evans, S.; Romano, D.; Chesterman, S.; Russell, L.; Dober, M.; Fuller-Tyszkiewicz, M.; Gearry,
R.; etal. Acceptance and Commitment Therapy for Adults Living With Inflammatory Bowel Disease and Distress: A Randomized
Controlled Trial. Am. . Gastroenterol. 2024, 120, 1839-1851. [CrossRef] [PubMed]

Romano, D.; Chesterman, S.; Fuller-Tyszkiewicz, M.; Evans, S.; Dober, M.; Gearry, R.; Gibson, PR.; Knowles, S.; McCombie, A;
Eric, O,; et al. Feasibility, Acceptability, and Preliminary Efficacy of Acceptance Commitment Therapy for Adults Living With
Inflammatory Bowel Disease and Distress. Inflamm. Bowel Dis. 2024, 30, 911-921. [CrossRef] [PubMed]

Wynne, B.; McHugh, L.; Gao, W.; Keegan, D.; Byrne, K.; Rowan, C.; Hartery, K.; Kirschbaum, C.; Doherty, G.; Cullen, G.;
et al. Acceptance and Commitment Therapy Reduces Psychological Stress in Patients With Inflammatory Bowel Diseases.
Gastroenterology 2019, 156, 935-945.e1. [CrossRef]

Hou, J.K,; Vanga, RR.; Thakur, E.; Gonzalez, I; Willis, D.; Dindo, L. One-Day Behavioral Intervention for Patients With
Inflammatory Bowel Disease and Co-Occurring Psychological Distress. Clin. Gastroenterol. Hepatol. 2017, 15, 1633-1634.
[CrossRef]

Naude, C.; Skvarc, D.; Knowles, S.; Russell, L.; Evans, S.; Mikocka-Walus, A. The effectiveness of mindfulness-based interventions
in inflammatory bowel disease: A systematic review & Meta-Analysis. ]. Psychosom. Res. 2023, 169, 111232. [CrossRef] [PubMed]
Chappell, K.D.; Meakins, D.; Marsh-Joyal, M.; Bihari, A.; Goodman, K.J.; Le Melledo, ].M.; Lim, A.; Peerani, F.; Kroeker, K.I
Integrating virtual Mindfulness-Based stress reduction into inflammatory bowel disease care: Mixed methods feasibility trial.
JMIR Form. Res. 2024, 8, e53550. [CrossRef] [PubMed]

Ewais, T.; Begun, J.; Kenny, M.; Rickett, K.; Hay, K.; Ajilchi, B.; Kisely, S. A systematic review and meta-analysis of mindfulness
based interventions and yoga in inflammatory bowel disease. J. Psychosom. Res. 2019, 116, 44-53. [CrossRef] [PubMed]

Seaton, N.; Hudson, J.; Harding, S.; Norton, S.; Mondelli, V.; Jones, A.S.K.; Moss-Morris, R. Do interventions for mood improve
inflammatory biomarkers in inflammatory bowel disease?: A systematic review and meta-analysis. EBioMedicine 2024, 100, 104910.
[CrossRef]

Riggott, C.; Mikocka-Walus, A.; Gracie, D.J.; Ford, A.C. Efficacy of psychological therapies in people with inflammatory bowel
disease: A systematic review and meta-analysis. Lancet Gastroenterol. Hepatol. 2023, 8, 919-931. [CrossRef]

Fairbrass, K.M.; Gracie, D.J.; Ford, A.C. Relative Contribution of Disease Activity and Psychological Health to Prognosis of
Inflammatory Bowel Disease During 6.5 years of Longitudinal Follow-Up. Gastroenterology 2022, 163, 190-203e5. [CrossRef]
Mikocka-Walus, A.; Ford, A.C.; Drossman, D.A. Antidepressants in inflammatory bowel disease. Nat. Rev. Gastroenterol. Hepatol.
2020, 17,184-192. [CrossRef]

Goodhand, J.R.; Greig, E1.; Koodun, Y.; McDermott, A.; Wahed, M.; Langmead, L.; Rampton, D.S. Do antidepressants influence
the disease course in inflammatory bowel disease? A retrospective case-matched observational study. Inflamm. Bowel Dis. 2012,
18, 1232-1239. [CrossRef]

Thorkelson, G.; Bielefeldt, K.; Szigethy, E. Empirically supported use of psychiatric medications in adolescents and adults with
IBD. Inflamm. Bowel Dis. 2016, 22, 1509-1522. [CrossRef]

Ostovaneh, M.R,; Saeidi, B.; Hajifathalian, K.; Farrokhi-Khajeh-Pasha, Y.; Fotouhi, A.; Mirbagheri, S.S.; Emami, H.; Barzin, G,;
Mirbagheri, S.A. Comparing omeprazole with fluoxetine for treatment of patients with heartburn and normal endoscopy who
failed once daily proton pump inhibitors: Double-blind placebo-controlled trial. Neurogastroenterol. Motil. 2014, 26, 670-678.
[CrossRef]

Nawaz, A.; Mamoon, B.; Batool, T.E.; Khattak, M.I.; Amir, F,; Akbar, A.; Khan, S. Advances in Antidepressant Therapy: Comparing
the Efficacy of Selective Serotonin Reuptake Inhibitors (SSRIs), Serotonin-Norepinephrine Reuptake Inhibitors (SNRIs), and
Novel Agents. Cureus 2024, 16, €76318. [CrossRef]

Luft, M.J.; Lamy, M.; DelBello, M.P.; McNamara, R.K.; Strawn, ].R. Antidepressant-Induced Activation in Children and Adoles-
cents: Risk, Recognition and Management. Curr. Probl. Pediatr. Adolesc. Health Care 2018, 48, 50-62. [CrossRef]

Fanelli, D.; Weller, G.; Liu, H. New Serotonin-Norepinephrine Reuptake Inhibitors and Their Anesthetic and Analgesic Consider-
ations. Neurol. Int. 2021, 13, 497-509. [CrossRef] [PubMed]

Li, L.; Zhang, C. Venlafaxine Attenuated the Cognitive and Memory Deficit in Mice Exposed to Isoflurane Alone. Front. Neurol.
2021, 12, 591223. [CrossRef] [PubMed]

Wang, G.H.; Li, P; Wang, Y.; Guo, J.; Wilson, D.L.; Lo-Ciganic, W.H. Association between Antidepressants and Dementia Risk in
Older Adults with Depression: A Systematic Review and Meta-Analysis. J. Clin. Med. 2023, 12, 6342. [CrossRef]

Iskandar, H.N.; Cassell, B.; Kanuri, N.; Gyawali, C.P.; Gutierrez, A.; Dassopoulos, T.; Ciorba, M.A.; Sayuk, G.S. Tricyclic
antidepressants for management of residual symptoms in inflammatory bowel disease. ]. Clin. Gastroenterol. 2014, 48, 423-429.
[CrossRef]

Akama, F.; Mikami, K.; Watanabe, N.; Kimoto, K.; Yamamoto, K.; Matsumoto, H. Efficacy of Mirtazapine on Irritable Bowel
Syndrome with Anxiety and Depression: A Case Study. J. Nippon Med. Sch. 2018, 85, 330-333. [CrossRef] [PubMed]

https:/ /doi.org/10.3390/ psychiatryint7020052


https://doi.org/10.14309/ajg.0000000000003032
https://www.ncbi.nlm.nih.gov/pubmed/39162706
https://doi.org/10.1093/ibd/izad122
https://www.ncbi.nlm.nih.gov/pubmed/37477361
https://doi.org/10.1053/j.gastro.2018.11.030
https://doi.org/10.1016/j.cgh.2017.05.022
https://doi.org/10.1016/j.jpsychores.2023.111232
https://www.ncbi.nlm.nih.gov/pubmed/36990003
https://doi.org/10.2196/53550
https://www.ncbi.nlm.nih.gov/pubmed/38709548
https://doi.org/10.1016/j.jpsychores.2018.11.010
https://www.ncbi.nlm.nih.gov/pubmed/30654993
https://doi.org/10.1016/j.ebiom.2023.104910
https://doi.org/10.1016/S2468-1253(23)00186-3
https://doi.org/10.1053/j.gastro.2022.03.014
https://doi.org/10.1038/s41575-019-0259-y
https://doi.org/10.1002/ibd.21846
https://doi.org/10.1097/MIB.0000000000000734
https://doi.org/10.1111/nmo.12313
https://doi.org/10.7759/cureus.76318
https://doi.org/10.1016/j.cppeds.2017.12.001
https://doi.org/10.3390/neurolint13040049
https://www.ncbi.nlm.nih.gov/pubmed/34698218
https://doi.org/10.3389/fneur.2021.591223
https://www.ncbi.nlm.nih.gov/pubmed/33708168
https://doi.org/10.3390/jcm12196342
https://doi.org/10.1097/MCG.0000000000000049
https://doi.org/10.1272/jnms.JNMS.2018_85-53
https://www.ncbi.nlm.nih.gov/pubmed/30568059
https://doi.org/10.3390/psychiatryint7020052

Psychiatry Int. 2026, 7, 52 44 of 47

271.

272.

273.

274.

275.

276.

277.

278.

279.

280.

281.

282.

283.

284.

285.

286.

287.

288.

289.

290.

291.

292.
293.

294.
295.

Panés, J.; Vermeire, S.; D'Haens, G.R.; Danese, S.; Magro, F.; Nazar, M.; Le Bars, M.; Lahaye, M.; Ni, L.; Bravata, I; et al.
Ustekinumab improves health-related quality of life in patients with moderate-to-severe Crohn’s disease: Results up to Week 104
of the STARDUST trial. United Eur. Gastroenterol. J. 2023, 11, 410-422. [CrossRef]

Peyrin-Biroulet, L.; Vermeire, S.; D’'Haens, G.; Panés, J.; Dignass, A.; Magro, E; Nazar, M.; Le Bars, M.; Lahaye, M.; Ni, L.; et al.
Clinical trial: Clinical and endoscopic outcomes with ustekinumab in patients with Crohn’s disease: Results from the long-term
extension period of STARDUST. Aliment. Pharmacol. Ther. 2024, 59, 175-185. [CrossRef]

Zhang, M.; Zhang, T.; Hong, L.; Zhang, C.; Zhou, ].; Fan, R.; Wang, L.; Wang, Z.; Xu, B.; Zhong, ]. Improvement of psychological
status after infliximab treatment in patients with newly diagnosed Crohn'’s disease. Patient Prefer. Adherence 2018, 12, 879-885.
[CrossRef] [PubMed]

Zhao, E.; Yu, Q.; Ali, AL; Mu, Y;; Shi, Y; Zhu, L. Effects of standard treatments on depressive/anxiety symptoms in patients with
inflammatory bowel disease: A systematic review and meta-analysis. Gen. Hosp. Psychiatry 2022, 74, 118-125. [CrossRef]

Chen, T.; Wang, R.; Duan, Z.; Yuan, X,; Ding, Y.; Feng, Z.; Bu, F; Liu, L.; Wang, Q.; Zhou, ].; et al. Akkermansia muciniphila Protects
Against Psychological Disorder-Induced Gut Microbiota-Mediated Colonic Mucosal Barrier Damage and Aggravation of Colitis.
Front. Cell. Infect. Microbiol. 2021, 11, 723856. [CrossRef]

Yoo, J.W,; Shin, Y.J.; Ma, X; Son, Y.H.; Jang, HM.; Lee, C.K,; Kim, D.H. The Alleviation of Gut Microbiota-Induced Depression
and Colitis in Mice by Anti-Inflammatory Probiotics NK151, NK173, and NK175. Nutrients 2022, 14, 2080. [CrossRef] [PubMed]
Hassan, W.N.M.; Al-Kaabi, M.M.; Akram, N.N.; Kassim, M.A.K; Pantazi, A.C. Probiotics for inflammatory bowel disease; A deep
dive into their impact on disease course and associated health risks. Curr. Med. Chem. 2024, 31, 4807-4825. [CrossRef] [PubMed]
Tomita, T.; Fukui, H.; Okugawa, T.; Nakanishi, T.; Mieno, M.; Nakai, K.; Eda, H.; Kitayama, Y.; Oshima, T.; Shinzaki, S.; et al. Effect
of Bifidobacterium bifidum G9-1 on the Intestinal Environment and Diarrhea-Predominant Irritable Bowel Syndrome (IBS-D)-like
Symptoms in Patients with Quiescent Crohn’s Disease: A Prospective Pilot Study. J. Clin. Med. 2023, 12, 3368. [CrossRef]

Liu, R.T.; Walsh, R.F.L.; Sheehan, A.E. Prebiotics and probiotics for depression and anxiety: A systematic review and meta-analysis
of controlled clinical trials. Neurosci. Biobehav. Rev. 2019, 102, 13-23. [CrossRef]

Ribera, C.; Sdnchez-Orti, J.V.; Clarke, G.; Marx, W.; Morkl], S.; Balanza-Martinez, V. Probiotic, prebiotic, synbiotic and fermented
food supplementation in psychiatric disorders: A systematic review of clinical trials. Neurosci. Biobehav. Rev. 2024, 158, 105561.
[CrossRef] [PubMed]

Jang, HM.; Kim, ].K.; Joo, M.K.; Shin, YJ.; Lee, K.E.; Lee, C.K.; Kim, H.J.; Kim, D.H. Enterococcus faecium and Pediococcus acidilactici
deteriorate Enterobacteriaceae-induced depression and colitis in mice. Sci. Rep. 2022, 12, 9389, Correction in Sci Rep. 2023, 13, 12997.
[CrossRef]

Jang, HM.; Kim, J.K,; Joo, M.K.; Shin, Y.J.; Lee, C.K.; Kim, H.J.; Kim, D.H. Transplantation of fecal microbiota from patients with
inflammatory bowel disease and depression alters immune response and behavior in recipient mice. Sci. Rep. 2021, 11, 20406.
[CrossRef]

Shang, S.; Zhu, J.; Liu, X.; Wang, W.; Dai, T.; Wang, L.; Li, B. The Impacts of Fecal Microbiota Transplantation from Same Sex on
the Symptoms of Ulcerative Colitis Patients. Pol. J. Microbiol. 2023, 72, 247-268. [CrossRef]

Kilingarslan, S.; Evrensel, A. The effect of fecal microbiota transplantation on psychiatric symptoms among patients with
inflammatory bowel disease: An experimental study. Actas Esp. Psiquiatr. 2020, 48, 1-7. [PubMed]

Farrell, D.; Savage, E. Symptom Burden: A Forgotten Area of Measurement in Inflammatory Bowel Disease. Int. ]. Nurs. Pract.
2012, 18, 497-500. [CrossRef] [PubMed]

Weiss, M.G.; Ramakrishna, J.; Somma, D. Health-related stigma: Rethinking concepts and interventions. Psychol. Health Med.
2006, 11, 277-287. [CrossRef] [PubMed]

Goffman, E. Stigma: Notes on the Management of Spoiled Identity; Prentice-Hall: Englewood Cliffs, NJ, USA, 1963.

Corrigan, PW.; Watson, A.C. Understanding the impact of stigma on people with mental illness. World Psychiatry 2002, 1, 16-20.
Pryor, ].B.; Reeder, G.D. HIV-related stigma. In HIV/AIDS in the Post-HAART Era: Manifestations, Treatment, and Epidemiology; Hall,
J.C., Hall, B.J., Cockerell, C.J., Eds.; PMPH-USA: Shelton, CT, USA, 2011; pp. 790-806.

Taft, T.H.; Keefer, L. A systematic review of disease-related stigmatization in patients living with inflammatory bowel disease.
Clin. Exp. Gastroenterol. 2016, 9, 49-58. [CrossRef]

Polak, E.J.; O’Callaghan, F.; Oaten, M. Perceptions of IBD within patient and community samples: A systematic review. Psychol.
Health 2020, 35, 425-448. [CrossRef]

Weinberg, M.; Williams, C.F. Fecal matters: Habitus, embodiments, and deviance. Soc. Probl. 2005, 52, 315-336. [CrossRef]
Butcher, L. Psychological issues surrounding faecal incontinence: Experiences of patients and nurses. Br. |. Community Nurs. 2020,
25,34-38. [CrossRef]

Norton, C. Nurses, bowel continence, stigma, and taboos. J. Wound Ostomy Continence Nurs. 2004, 31, 85-94.

Drennan, V.; Goodman, C.; Norton, C.; Wells, A. Incontinence in women prisoners: An exploration of the issues. J. Adv. Nurs.
2010, 66, 1953-1967. [CrossRef]

https:/ /doi.org/10.3390/ psychiatryint7020052


https://doi.org/10.1002/ueg2.12384
https://doi.org/10.1111/apt.17751
https://doi.org/10.2147/PPA.S156883
https://www.ncbi.nlm.nih.gov/pubmed/29872273
https://doi.org/10.1016/j.genhosppsych.2020.06.002
https://doi.org/10.3389/fcimb.2021.723856
https://doi.org/10.3390/nu14102080
https://www.ncbi.nlm.nih.gov/pubmed/35631220
https://doi.org/10.2174/0109298673314861240429072352
https://www.ncbi.nlm.nih.gov/pubmed/38693730
https://doi.org/10.3390/jcm12103368
https://doi.org/10.1016/j.neubiorev.2019.03.023
https://doi.org/10.1016/j.neubiorev.2024.105561
https://www.ncbi.nlm.nih.gov/pubmed/38280441
https://doi.org/10.1038/s41598-022-13629-9
https://doi.org/10.1038/s41598-021-00088-x
https://doi.org/10.33073/pjm-2023-025
https://www.ncbi.nlm.nih.gov/pubmed/32297646
https://doi.org/10.1111/j.1440-172X.2012.02063.x
https://www.ncbi.nlm.nih.gov/pubmed/23009379
https://doi.org/10.1080/13548500600595053
https://www.ncbi.nlm.nih.gov/pubmed/17130065
https://doi.org/10.2147/ceg.s83533
https://doi.org/10.1080/08870446.2019.1662014
https://doi.org/10.1525/sp.2005.52.3.315
https://doi.org/10.12968/bjcn.2020.25.1.34
https://doi.org/10.1111/j.1365-2648.2010.05377.x
https://doi.org/10.3390/psychiatryint7020052

Psychiatry Int. 2026, 7, 52 45 of 47

296.

297.

298.

299.

300.

301.

302.

303.

304.

305.

306.

307.

308.

309.

310.

311.

312.

313.

314.

315.

316.

317.

318.

319.

Rasmussen, J.L.; Ringsberg, K.C. Being involved in an everlasting fight—A life with postnatal faecal incontinence: A qualitative
study. Scand. ]. Caring Sci. 2010, 24, 108-115.

Pommergaard, H.C.; Burcharth, J.; Fischer, A.; Thomas, W.E.; Rosenberg, J. Flatulence on airplanes: Just let it go. N. Z. Med. ].
2013, 126, 68-74.

Dibley, L.; Norton, C.; Whitehead, E. The experience of stigma in inflammatory bowel disease: An interpretive (hermeneutic)
phenomenological study. J. Adv. Nurs. 2018, 74, 838-851.

Muse, K.; Johnson, E.; David, A.L. A feeling of otherness: A qualitative research synthesis exploring the lived experiences of
stigma in individuals with inflammatory bowel disease. Int. |. Environ. Res. Public Health 2021, 18, 8038. [CrossRef] [PubMed]
Harriman, E.; Jones, EW.; Duff, A. Disclosing inflammatory bowel disease: A systematic review and meta-synthesis exploring
the experience of, and barriers and facilitators to, self-disclosure. J. Clin. Psychol. Med. Settings 2025, 32, 526-548. [CrossRef]
[PubMed]

Rohde, J.A.; Wang, Y.; Cutino, C.M.; Dickson, B.K.; Bernal, M.C.; Bronda, S.; Liu, A.; Priyadarshini, S.I.; Guo, L.; Reich, ].S.; et al.
Impact of disease disclosure on stigma: An experimental investigation of college students’ reactions to inflammatory bowel
disease. J. Health Commun. 2018, 23, 91-97. [CrossRef]

Pueschel, L.; Nothacker, S.; Kuhn, L.; Wedemeyer, H.; Lenzen, H.; Wiestler, M. Exploring dietary- and disease-related influences
on flatulence and fecal odor perception in inflammatory bowel disease. J. Clin. Med. 2024, 14, 137. [CrossRef]

Kesuma, Y.; Sekartini, R.; Timan, 1.S.; Kurniawan, A.; Bardosono, S.; Firmansyah, A.; Vandenplas, Y. Irritable bowel syndrome in
Indonesian adolescents. J. Pediatr. 2021, 97, 197-203. [CrossRef] [PubMed]

Borrego-Ruiz, A.; Ferndndez, S. Humiliation and its relationship with bullying victimization: A narrative review. Psychol. Soc.
Educ. 2024, 16, 42-51. [CrossRef]

Voth, J.; Sirois, EM. The role of self-blame and responsibility in adjustment to inflammatory bowel disease. Rehabil. Psychol. 2009,
54,99-108. [CrossRef]

Borrego-Ruiz, A. Mental disorders and stigma: Contemporary perspectives on epidemiological burden and social impact. J. Clin.
Basic Psychosom. 2025. advance online publication. [CrossRef]

Borrego-Ruiz, A. Motivacién intrinseca y consumo de drogas: Una revisién de estudios sobre los motivos de curiosidad y
de expansién [Intrinsic motivation and drug consumption: A review of studies on curiosity and expansion motives]. Health
Addict./Salud Y Drog. 2024, 24, 47-67.

Abraham, O.; Chmielinski, ]. Adolescents” misuse of over-the-counter medications: The need for pharmacist-led intervention.
Innov. Pharm. 2018, 9, 1-7. [CrossRef]

Kirsch, D.E.; Lippard, E.T.C. Early life stress and substance use disorders: The critical role of adolescent substance use. Pharmacol.
Biochem. Behav. 2022, 215, 173360. [CrossRef]

Neiman, N.; Boothroyd, D.; Anjur, K.; Bensen, R.; Yeh, A.M.; Wren, A.V.A. Self-compassion in adolescents and young adults with
inflammatory bowel disease: Relationship of self-compassion to psychosocial and physical outcomes. Inflamm. Bowel Dis. 2025,
31, 1295-1305. [CrossRef] [PubMed]

Cuevas, A.G.; Ong, A.D.; Carvalho, K.; Ho, T.; Chan, SW.C.; Allen, ].D.; Chen, R.; Rodgers, J.; Biba, U.; Williams, D.R.
Discrimination and systemic inflammation: A critical review and synthesis. Brain Behav. Immun. 2020, 89, 465-479. [CrossRef]
Dong, T.S,; Shera, S.; Peters, K.; Gee, G.C.; Beltran-Sanchez, H.; Wang, M.C; Kilpatrick, L.A.; Zhang, X,; Labus, ].S.; Vaughan, A,;
et al. Experiences of discrimination are associated with microbiome and transcriptome alterations in the gut. Front. Microbiol.
2024, 15, 1457028. [CrossRef] [PubMed]

La Torre, D.; Van Oudenhove, L.; Vanuytsel, T.; Verbeke, K. Psychosocial stress-induced intestinal permeability in healthy humans:
What is the evidence? Neurobiol. Stress 2023, 27, 100579. [CrossRef]

Camilleri, M. Leaky gut: Mechanisms, measurement and clinical implications in humans. Gut 2019, 68, 1516-1526. [CrossRef]
[PubMed]

Borrego-Ruiz, A.; Borrego, ].J. Early life stress and gut microbiome dysbiosis: A narrative review. Stresses 2025, 5, 38. [CrossRef]
Mulder, R H.; Kraaij, R.; Schuurmans, I.K.; Frances-Cuesta, C.; Sanz, Y.; Medina-Gomez, C.; Duijts, L.; Rivadeneira, F; Tiemeier,
H.; Jaddoe, V.W,; et al. Early-life stress and the gut microbiome: A comprehensive population-based investigation. Brain Behav.
Immun. 2024, 118, 117-127. [CrossRef] [PubMed]

Reid, B.M.; Horne, R.; Donzella, B.; Szamosi, J.C.; Coe, C.L.; Foster, J.A.; Gunnar, M.R. Microbiota-immune alterations in
adolescents following early life adversity: A proof of concept study. Dev. Psychobiol. 2021, 63, 851-863. [CrossRef] [PubMed]
Kraaij, R.; Schuurmans, I.K.; Radjabzadeh, D.; Tiemeier, H.; Dinan, T.G.; Uitterlinden, A.G.; Hillegers, M.; Jaddoe, V.W.; Duijts, L.;
Moll, H; et al. The gut microbiome and child mental health: A population-based study. Brain Behav. Immun. 2023, 108, 188-196.
[CrossRef]

Michels, N.; Van de Wiele, T.; Fouhy, F; O’'Mahony, S.; Clarke, G.; Keane, J. Gut microbiome patterns depending on children’s
psychosocial stress: Reports versus biomarkers. Brain Behav. Immun. 2019, 80, 751-762. [CrossRef]

https:/ /doi.org/10.3390/ psychiatryint7020052


https://doi.org/10.3390/ijerph18158038
https://www.ncbi.nlm.nih.gov/pubmed/34360327
https://doi.org/10.1007/s10880-025-10079-z
https://www.ncbi.nlm.nih.gov/pubmed/40457133
https://doi.org/10.1080/10810730.2017.1392653
https://doi.org/10.3390/jcm14010137
https://doi.org/10.1016/j.jped.2020.02.001
https://www.ncbi.nlm.nih.gov/pubmed/32156535
https://doi.org/10.21071/pse.v16i2.17067
https://doi.org/10.1037/a0014739
https://doi.org/10.36922/JCBP025330062
https://doi.org/10.24926/iip.v9i3.979
https://doi.org/10.1016/j.pbb.2022.173360
https://doi.org/10.1093/ibd/izae170
https://www.ncbi.nlm.nih.gov/pubmed/39167919
https://doi.org/10.1016/j.bbi.2020.07.017
https://doi.org/10.3389/fmicb.2024.1457028
https://www.ncbi.nlm.nih.gov/pubmed/39512934
https://doi.org/10.1016/j.ynstr.2023.100579
https://doi.org/10.1136/gutjnl-2019-318427
https://www.ncbi.nlm.nih.gov/pubmed/31076401
https://doi.org/10.3390/stresses5020038
https://doi.org/10.1016/j.bbi.2024.02.024
https://www.ncbi.nlm.nih.gov/pubmed/38402916
https://doi.org/10.1002/dev.22061
https://www.ncbi.nlm.nih.gov/pubmed/33249563
https://doi.org/10.1016/j.bbi.2022.12.006
https://doi.org/10.1016/j.bbi.2019.05.024
https://doi.org/10.3390/psychiatryint7020052

Psychiatry Int. 2026, 7, 52 46 of 47

320.

321.

322.

323.

324.

325.

326.

327.

328.
329.

330.

331.

332.

333.

334.

335.

336.

337.

338.

339.

340.

341.

342.

Borrego-Ruiz, A.; Borrego, J.J. Early-life gut microbiome development and its potential long-term impact on health outcomes.
Microbiome Res. Rep. 2025, 4, 20. [CrossRef]

Nunez, H.; Nieto, P.A.; Mars, R.A.; Ghavami, M.; Sew Hoy, C.; Sukhum, K. Early life gut microbiome and its impact on childhood
health and chronic conditions. Gut Microbes 2025, 17, 2463567. [CrossRef]

Houghteling, P.D.; Walker, W.A. Why is initial bacterial colonization of the intestine important to infants” and children’s health? J.
Pediatr. Gastroenterol. Nutr. 2015, 60, 294-307. [CrossRef]

Lindoso, L.; Mondal, K.; Venkateswaran, S.; Somineni, H.K.; Ballengee, C.; Walters, T.D.; Griffiths, A.; Noe, ].D.; Crandall, W,;
Snapper, S.; et al. The effect of early-life environmental exposures on disease phenotype and clinical course of Crohn’s disease in
children. Am. J. Gastroenterol. 2018, 113, 1524-1529. [CrossRef]

Ortqvist, A K.; Lundholm, C.; Halfvarson, J.; Ludvigsson, J.F.; Almqvist, C. Fetal and early life antibiotics exposure and very early
onset inflammatory bowel disease: A population-based study. Gut 2019, 68, 218-225. [CrossRef]

Torres, J.; Hu, J.; Seki, A.; Eisele, C.; Nair, N.; Huang, R.; Tarassishin, L.; Jharap, B.; Cote-Daigneault, J.; Mao, Q.; et al. Infants
born to mothers with IBD present with altered gut microbiome that transfers abnormalities of the adaptive immune system to
germ-free mice. Gut 2020, 69, 42-51. [CrossRef]

Fritsch, ].; Abreu, M.T. The microbiota and the immune response: What is the chicken and what is the egg? Gastrointest. Endosc.
Clin. N. Am. 2019, 29, 381-393.

Le Berre, C.; Ananthakrishnan, A.N.; Danese, S.; Singh, S.; Peyrin-Biroulet, L. Ulcerative colitis and Crohn’s disease have similar
burden and goals for treatment. Clin. Gastroenterol. Hepatol. 2020, 18, 14-23. [CrossRef]

Gros, B.; Kaplan, G.G. Ulcerative colitis in adults: A review. JAMA 2023, 330, 951-965. [CrossRef]

Horovitz, O. Nutritional psychology and inflammatory bowel disease: A narrative review of gut-brain axis interactions. Front.
Nutr. 2025, 12, 1592528. [CrossRef]

Peppas, S.; Pansieri, C.; Piovani, D.; Danese, S.; Peyrin-Biroulet, L.; Tsantes, A.G.; Brunetta, E.; Tsantes, A.E.; Bonovas, S. The
Brain-Gut Axis: Psychological Functioning and Inflammatory Bowel Diseases. J. Clin. Med. 2021, 10, 377. [CrossRef]
Jarmakiewicz-Czaja, S.; Zieliiska, M.; Sokal, A; Filip, R. Genetic and Epigenetic Etiology of Inflammatory Bowel Disease: An
Update. Genes 2022, 13, 2388. [CrossRef]

Alemany, S.; Soler-Artigas, M.; Cabana-Dominguez, J.; Fakhreddine, D.; Llonga, N.; Vilar-Rib6, L.; Rodriguez-Urrutia, A.; Palacio,
J.; Gonzalez-Castro, A.M.; Lobo, B.; et al. Genome-wide multi-trait analysis of irritable bowel syndrome and related mental
conditions identifies 38 new independent variants. . Transl. Med. 2023, 21, 272. [CrossRef]

Eijsbouts, C.; Zheng, T.; Kennedy, N.A.; Bonfiglio, F.; Anderson, C.A.; Moutsianas, L.; Holliday, J.; Shi, J.; Shringarpure, S.;
23andMe Research Team; et al. Genome-wide analysis of 53,400 people with irritable bowel syndrome highlights shared genetic
pathways with mood and anxiety disorders. Nat. Genet. 2021, 53, 1543-1552. [CrossRef]

Smeland, O.B.; Kutrolli, G.; Bahrami, S.; Fominykh, V.; Parker, N.; Fuhrer, J.; Hindley, G.F.L.; Redevand, L.; Jaholkowski, P;
Tesfaye, M.; et al. A genome-wide analysis of the shared genetic risk architecture of complex neurological and psychiatric
disorders. Nat. Neurosci. 2025. advance online publication. [CrossRef]

Dragasevic, S.; Stankovic, B.; Kotur, N.; Sokic Milutinovic, A.; Nikolic, A.; Pavlovic, S.; Popovic, D. Psychological Distress Is
Associated With Inflammatory Bowel Disease Manifestation and Mucosal Inflammation. Inflamm. Bowel Dis. 2025, 31, 1567-1573.
[CrossRef]

Seyed Tabib, N.S.; Madgwick, M.; Sudhakar, P.; Verstockt, B.; Korcsmaros, T.; Vermeire, S. Big data in IBD: Big progress for clinical
practice. Gut 2020, 69, 1520-1532. [CrossRef]

Goodyear, B.G.; Heidari, E; Ingram, R.J.M.; Cortese, E; Sharifi, N.; Kaplan, G.G.; Ma, C.; Panaccione, R.; Sharkey, K.A.; Swain,
M.G. Multimodal Brain MRI of Deep Gray Matter Changes Associated With Inflammatory Bowel Disease. Inflamm. Bowel Dis.
2023, 29, 405-416. [CrossRef]

Borrego-Ruiz, A.; Borrego, ].J. Psicobiéticos: Una nueva perspectiva para el tratamiento del estrés, de la ansiedad y de la depresién
[Psychobiotics: A new perspective on the treatment of stress, anxiety, and depression]. Ansiedad Y Estrés/Anxiety Stress 2024, 30,
79-93. [CrossRef]

Borrego-Ruiz, A.; Borrego, J.J. Microbial therapeutic tools for human brain disorders: A current overview. Brain Disord. 2025,
19, 100262. [CrossRef]

Gautin, L.; Piceno, Y.; Fadrosh, D.; Lynch, K.; Zydek, M.; Kassam, Z.; LaMere, B.; Terdiman, ].; Ma, A.; Somsouk, M.; et al. Fecal
microbiota transplant for Crohn disease: A study evaluating safety, efficacy, and microbiome profile. United Eur. Gastroenterol. ].
2019, 7, 807-814. [CrossRef]

Malik, S.; Naqvi, S.A.A ; Shadali, A.H.; Khan, H.; Christof, M.; Niu, C.; Schwartz, D.A.; Adler, D.G. Fecal Microbiota Transplanta-
tion (FMT) and Clinical Outcomes Among Inflammatory Bowel Disease (IBD) Patients: An Umbrella Review. Dig. Dis. Sci. 2025,
70, 1873-1896. [CrossRef]

Agagtindiiz, D.; Icer, M.A.; Yesildemir, O.; Kogak, T.; Kocyigit, E.; Capasso, R. The roles of dietary lipids and lipidomics in
gut-brain axis in type 2 diabetes mellitus. J. Transl. Med. 2023, 21, 240. [CrossRef]

https:/ /doi.org/10.3390/ psychiatryint7020052


https://doi.org/10.20517/mrr.2024.78
https://doi.org/10.1080/19490976.2025.2463567
https://doi.org/10.1097/MPG.0000000000000597
https://doi.org/10.1038/s41395-018-0239-9
https://doi.org/10.1136/gutjnl-2017-314352
https://doi.org/10.1136/gutjnl-2018-317855
https://doi.org/10.1016/j.cgh.2019.07.005
https://doi.org/10.1001/jama.2023.15389
https://doi.org/10.3389/fnut.2025.1592528
https://doi.org/10.3390/jcm10030377
https://doi.org/10.3390/genes13122388
https://doi.org/10.1186/s12967-023-04107-5
https://doi.org/10.1038/s41588-021-00950-8
https://doi.org/10.1038/s41593-025-02090-2
https://doi.org/10.1093/ibd/izae180
https://doi.org/10.1136/gutjnl-2019-320065
https://doi.org/10.1093/ibd/izac089
https://doi.org/10.5093/anyes2024a11
https://doi.org/10.1016/j.dscb.2025.100262
https://doi.org/10.1177/2050640619845986
https://doi.org/10.1007/s10620-025-08946-8
https://doi.org/10.1186/s12967-023-04088-5
https://doi.org/10.3390/psychiatryint7020052

Psychiatry Int. 2026, 7, 52 47 of 47

343.

344.

345.

346.

347.

348.

349.

350.

351.

352.

353.

354.

355.

356.

357.

358.

Saban Giiler, M.; Arslan, S.; Agagtindiiz, D.; Cerqua, I.; Pagano, E.; Berni Canani, R.; Capasso, R. Butyrate: A potential mediator
of obesity and microbiome via different mechanisms of actions. Food Res. Int. 2025, 199, 115420. [CrossRef]

Hurtado-Lorenzo, A.; Honig, G.; Heller, C. Precision Nutrition Initiative: Toward Personalized Diet Recommendations for
Patients With Inflammatory Bowel Diseases. Crohns Colitis 360 2020, 2, otaa087. [CrossRef]

Madabushi, J.S.; Khurana, P.; Gupta, N.; Gupta, M. Gut biome and mental health: Do probiotics work? Cureus 2023, 15, e40293.
[CrossRef]

Hughes, R.L.; Kable, M.E.; Marco, M.; Keim, N.L. The Role of the Gut Microbiome in Predicting Response to Diet and the
Development of Precision Nutrition Models. Part II: Results. Adv. Nutr. 2019, 10, 979-998. [CrossRef]

Montgomery, T.L.; Kiinstner, A.; Kennedy, J.J.; Fang, Q.; Asarian, L.; Culp-Hill, R.; D’ Alessandro, A.; Teuscher, C.; Busch, H,;
Krementsov, D.N. Interactions between host genetics and gut microbiota determine susceptibility to CNS autoimmunity. Proc.
Natl. Acad. Sci. USA 2020, 117,27516-27527. [CrossRef]

Rahman, H.; Kim, M.; Leung, G.; Green, J.A.; Katz, S. Drug-Herb Interactions in the Elderly Patient with IBD: A Growing Concern.
Curr. Treat. Options Gastroenterol. 2017, 15, 618-636. [CrossRef]

Merenstein, D.; Pot, B.; Leyer, G.; Ouwehand, A.C; Preidis, G.A ; Elkins, C.A.; Hill, C.; Lewis, Z.T.; Shane, A.L.; Zmora, N.; et al.
Emerging Issues in Probiotic Safety: 2023 Perspectives. Gut Microbes 2023, 15, 2185034. [CrossRef]

Borrego-Ruiz, A.; Borrego, J.J. Fecal Microbiota Transplantation in Healthy Aging: Challenges and Prospects in Personalized
Medicine. J. Mol. Clin. Med. 2025, 8, 40022. [CrossRef]

Singh, VK.; Hu, X.H,; Singh, A K,; Solanki, M.K.; Vijayaraghavan, P.; Srivastav, R.; Joshi, N.K.; Kumari, M.; Singh, S.K.; Wang, Z.;
et al. Precision nutrition-based strategy for management of human diseases and healthy aging: Current progress and challenges
forward. Front. Nutr. 2024, 11, 1427608. [CrossRef]

Moggia, D.; Lutz, W.; Brakemeier, E.L.; Bickman, L. Treatment Personalization and Precision Mental Health Care: Where are we
and where do we want to go? Adm. Policy Ment. Health 2024, 51, 611-616. [CrossRef]

Ter Avest, M.M.; van Velthoven, A.S.M.; Speckens, A.E.M.; Dijkstra, G.; Dresler, M.; Horjus, C.S.; Rémkens, T.E.H.; Witteman, EM.;
van Dop, W.A.; Bredero, Q.M.; et al. Effectiveness of Mindfulness-Based Cognitive Therapy in reducing psychological distress
and improving sleep in patients with Inflammatory Bowel Disease: Study protocol for a multicentre randomised controlled trial
(MindIBD). BMC Psychol. 2023, 11, 183. [CrossRef]

Brewer, J.A.; Ruf, A; Beccia, A.L.; Essien, G.I; Finn, L.M.; van Lutterveld, R.; Mason, A.E. Can Mindfulness Address Maladaptive
Eating Behaviors? Why Traditional Diet Plans Fail and How New Mechanistic Insights May Lead to Novel Interventions. Front.
Psychol. 2018, 9, 1418. [CrossRef] [PubMed]

Siebenhtiner, A.R.; Rossel, ].B.; Schreiner, P.; Butter, M.; Greuter, T.; Krupka, N.; Jordi, S.B.U.; Biedermann, L.; Rogler, G.;
Misselwitz, B.; et al. Effects of anti-TNF therapy and immunomodulators on anxiety and depressive symptoms in patients with
inflammatory bowel disease: A 5-year analysis. Ther. Adv. Gastroenterol. 2021, 14, 17562848211033763. [CrossRef]

Mestrovic, A.; Perkovic, N.; Bozic, D.; Kumric, M.; Vilovic, M.; Bozic, J. Precision Medicine in Inflammatory Bowel Disease: A
Spotlight on Emerging Molecular Biomarkers. Biomedicines 2024, 12, 1520. [CrossRef]

Das, R.; Emon, M.P.Z.; Shahriar, M.; Nahar, Z.; Islam, S.M.A_; Bhuiyan, M.A; Islam, S.N.; Islam, M.R. Higher levels of serum
IL-1p and TNF-« are associated with an increased probability of major depressive disorder. Psychiatry Res. 2021, 295, 113568.
[CrossRef]

Zulgarnain, F,; Rhoads, S.F,; Syed, S. Machine and deep learning in inflammatory bowel disease. Curr. Opin. Gastroenterol. 2023,
39, 294-300. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/ psychiatryint7020052


https://doi.org/10.1016/j.foodres.2024.115420
https://doi.org/10.1093/crocol/otaa087
https://doi.org/10.7759/cureus.40293
https://doi.org/10.1093/advances/nmz049
https://doi.org/10.1073/pnas.2002817117
https://doi.org/10.1007/s11938-017-0154-y
https://doi.org/10.1080/19490976.2023.2185034
https://doi.org/10.31083/JMCM40022
https://doi.org/10.3389/fnut.2024.1427608
https://doi.org/10.1007/s10488-024-01407-w
https://doi.org/10.1186/s40359-023-01127-0
https://doi.org/10.3389/fpsyg.2018.01418
https://www.ncbi.nlm.nih.gov/pubmed/30250438
https://doi.org/10.1177/17562848211033763
https://doi.org/10.3390/biomedicines12071520
https://doi.org/10.1016/j.psychres.2020.113568
https://doi.org/10.1097/MOG.0000000000000945
https://doi.org/10.3390/psychiatryint7020052

	Introduction 
	Method 
	Psychiatric Comorbidity in IBD 
	Association Between Psychiatric Comorbidities and IBD Activity 
	Genetic and Genomic Correlates of Anxiety and Depression in IBD 
	Neurofunctional and Morphological Alterations During IBD 

	The Role of the GM and Its Metabolites in IBD and Psychiatric Disorders 
	GM Alterations in IBD 
	Gut Microbiome Dysbiosis in Psychiatric Disorders 
	Microbial Metabolites 
	The Role of the GM in IBD-Related Depression and Anxiety 
	Dietary Influence on IBD and Mental Health 

	Therapeutic Approaches for Depression and Anxiety in IBD 
	Psychological Approaches 
	Pharmacological Approaches 
	Microbiota-Targeted Approaches 

	Psychosocial Stressors and Microbiome Interactions in IBD 
	Discussion 
	Conclusions 
	References

