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ABSTRACT

Inflammatory bowel diseases (IBD) are characterized by cumbersome symptoms with varying severity.
However, regardless of the intensity of disease activity the patients may experience extraintestinal
manifestations which further deteriorate the patients’ quality of life. According to the literature, nearly half
of the patients with IBD will develop at least one extraintestinal manifestation in their lifespan. Apart from
the most common and often well-surveilled such as articular, ocular, dermatologic or hepatic entities, the
neurological and psychiatric ones are often disregarded or not sought. We reviewed the latest literature on
the most frequent disorders occurring in patients with IBD covering these two fields.

Key words: inflammatory bowel disease — Crohn’s disease — ulcerative colitis — neurological disorders -
psychiatric disorders.

Abbreviations: BD: bipolar disorder; CD: Crohn’s disease; CIDP: chronic inflammatory demyelinating
polyneuropathy; CNS: central nervous system; CVT: cerebral venous thrombosis; FMT: fecal microbiota
transplantation; GI: gastrointestinal; IBD: inflammatory bowel diseases; IFN: interferon; LPS:
lipopolysaccharide; MG: myasthenia gravis; MRI: magnetic resonance imaging; MS: multiple sclerosis; PN:
peripheral neuropathy; TLR: Toll-like receptor; TNF-a: tumor necrosis factor a; UC: ulcerative colitis; VN:

vague nerve.

INTRODUCTION

Inflammatory bowel
diseases (IBD) are a group
of gastrointestinal (GI) tract
diseases of multifactorial
etiology consisting mainly
of Crohn’s disease (CD) and
ulcerative colitis (UC). Patients
with IBD experience the
periods of exacerbations and
remissions. Several groups of
drugs serve as treatment options
in patients with IBD, namely
5-aminosalycilic acid derivates,
steroids, immunosuppressive
agents and biological therapy.
Main symptoms including
bloody diarrhea and abdominal
pain negatively influence
the patients’ quality of life.
Additionally, extraintestinal
manifestations from other

organs can appear in the course of disease, such as skin,
respiratory tract, musculoskeletal system, ocular system.
According to the literature, up to 47% of patients with IBD
experience at least one extraintestinal manifestation [1]. While
arthritis, uveitis or some skin lesions are often observed in
patients with IBD, the neurological and psychiatric events are
generally neglected by physicians. Several symptoms covering
these areas may precede the occurrence of development of
severe debilitation disorders (such as demyelinating diseases)
or the relapse of disease. In this review we aimed to collectively
describe the most common neurological and psychiatric
disorders associated with IBD, explain their pathophysiology
and treatment options.

NEUROLOGICAL MANIFESTATIONS

The prevalence of neurologic and neuromuscular
manifestations of IBD varies between the studies due to
diverse inclusion and definition criteria. In a large retrospective
register-based study performed by Lossos et al. [2] neurological
involvement is reported in 3% of cases of IBD. In another study
67% of patients with CD and 53% of patients with UC had
neurologic disorders [3].
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The pathogenesis of neurologic disorders associated with
IBD is not fully identified and involves several mechanisms.
The most common are immunologic abnormalities, but
prothrombotic states, malabsorption and nutritional
deficiencies, metabolic agents, iatrogenic complications of
medical and surgical treatment of IBD as well as the brain-gut
axis interactions were also reported [4].

As every extraintestinal manifestation of IBD does,, the
neurologic symptoms in IBD may precede the onset of GI
signs, appear concurrently or during the course of disease.
Moreover, the presence of neurological signs may exacerbate
during the flare or evolve independently from intestinal
manifestation without responding to the treatment for the
underlying disease [3, 5].

It is crucial to separate immune and nonimmune causes
directly related to IBD from other mechanisms, such as
secondary drug-induced and other approaches in treatment.
Moreover, it has to be noted that there is an IBD-independent
group of immune-mediated diseases that can coexist with
IBD in greater prevalence than patients without IBD. We
focused on the IBD-related neurological pathologies. The
summary of pathogenetic factors leading to the development
of neurological events is shown in Fig. 1.

Polyneuropathy

Peripheral neuropathy (PN) is one of the most common
neurological conditions described in both CD and UC and
it occurs in higher incidence in IBD than in the normal
population [6, 7]. Several types of polyneuropathies have been
described in IBD patients. Studies reported demyelinating
or axonal involvement of peripheral nerves, including
autonomic neuropathy, sensory polyneuropathy, acute and
chronic inflammatory demyelinating polyneuropathy (CIDP),
mononeuropathy (such as carpal tunnel syndrome), multifocal
neuropathy, cranial neuropathy and plexopathy [5]. Its
frequency remains indeterminate and its ranges differ between
0.25% and 35.7% in different studies [2, 8]. In the study carried
out in Greece [9], out of 45 patients with IBD two patients
presented neurological abnormalities: one patient had a history

Brain- gut axis
interactions

Malabsorption

Metabolic
agents

Nutritional
deficiencies

Pathogenesis of
neurologic events in IBD

Immunological
abnormalities

of acute motor sensory polyneuropathy complicating UC and
one patient with mild incidental carpal tunnel syndrome.

The pathophysiology underlying the neuropathy in
IBD patients remains uncertain and include immunologic
anomalies, drug exposure and nutritional deficiencies.
Results obtained by Nemati et al. [10] supported immune-
based theory by achieving clinical response in patient with
CD treated with intravenous immunoglobulin at the dose
of 2 g/kg administered twice daily. The clinical response was
defined as a relief of all subjective symptoms in response to
treatment. Noteworthy, two hallmarks of IBD pathogenesis:
intestinal dysbiosis and loss of mucosal integrity in GI tract
were found to be implicated in the neuropathy [11]. Although
data on microbial-induced neurological disorder in IBD is
lacking, Didesch et al. [12] reported that a 71-year-old man
with Clostridioides difficile infection who underwent the fecal
transplantation developed acute demyelinating sensorimotor
polyneuropathy, which supports the theory of cross-reaction of
pathogenic anti-gut antibodies against neural surface antigens
and the molecular mimicry process. Intestinal homeostasis is
characterized by a diverse, stable microbiota. The gut receives
regulatory signals from the central nervous system (CNS) and
vice versa. The term gut-brain axis thus describes an integrative
physiology concept that incorporates all, including afferent and
efferent neural, endocrine, nutrient and immunological signals
between the CNS and GI system [13]. The core feature of this
concept is bi-directional interaction with diverse mechanisms
guiding each direction of effects.

Other studies that evaluated the IBD patients with axonal
as well as demyelinating polyneuropathy showed clinical
response to immunotherapy. While T cells are clearly involved
in the pathogenesis of demyelinating neuropathies, the
relationship between axonal damage and the immune system
remains unclear, although supported by the observed clinical
improvement with immunomodulatory therapies [14, 15].
In the study carried out in Brazil [15], immunomodulatory
therapy was given to treat 33 patients with IBD-related
PN, including 18 patients with CD and 15 patients with
UC. Different agents such as intravenous immunoglobulin,
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Fig. 1. Summary of pathogenetic factors leading to the development of neurological events in IBD
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prednisone, fludarabine, cyclophosphamide, azathioprine,
etanercept and/ or plasmapheresis. Immunotherapy of PN led
to major improvement in 38%, moderate improvement in 38%,
mild improvement in 13% and no response in 13% of patients
with CD. Conversely, a major improvement was found in 11%,
moderate improvement in 56% and mild improvement in 33%
of UC patients with PN [15].

Such discrepancies in achieving the clinical response
among different studies may arise from various immune
processes involved in neuropathy: primary to IBD, secondary
to gut microbiota or coincidence of an autoimmune
polyneuropathy. A few cases of chronic inflammatory
demyelinating polyneuropathy have been reported, but
patients developed their symptoms during the treatment of
CD, making it difficult to determine if the cause is primary
to CD or secondary iatrogenic complication. Kim et al. [16]
described a case of CIDP-like neuropathy in patient who had
3 episodes of motor weakness as the initial presentation of
concealed appendiceal CD. Although 3 doses of intravenous
immunoglobulin treatment (0.4 g/kg per day for 5 days)
influenced the clinical course of the patient, there was only
minimal response. The neurological symptoms and abnormal
electrophysiologic findings gradually improved after surgical
removal of the peri-appendiceal abscess therapy. The appendix
is known as an immunological organ, and it may have variable
effects on immunologic disease such as IBD and neuropathy.

Cerebrovascular Complications

Studies have shown a clear correlation between IBD
and the prothrombotic state [17, 18]. In clinical studies the
combined prevalence of arterial and venous thrombosis in IBD
population is estimated between 1% and 7.7%, while in autopsy
studies it increases to 39% [19, 20]. Schneiderman et al. [20]
showed thrombus formation in the small arteries and veins in
the pathological examination of the brain tissue of patients with
IBD who suffered from a cerebrovascular event. This clinical
and pathological observations suggest that in situ thrombosis of
arteries and veins is responsible for cerebrovascular occlusion
in CD and UC.

The clinical, pathological and hematological findings
demonstrate that IBD can be accompanied by a hypercoagulable
state that predisposes to stroke [21]. Although, deep vein
thrombosis and pulmonary embolism are the most common
thromboembolic complications the cerebrovascular disorders
also occur, and they are probably underestimated. They may
manifest as cerebral venous thrombosis or ischemic arterial
stroke.

Cerebral venous thrombosis (CVT) is a fatal extraintestinal
manifestation of IBD, that is very rarely reported worldwide
and is associated with high morbidity and mortality [22]. The
new-onset headache is the most common and sometimes
only presenting symptom and has been reported in nearly
90% of patients with CVT. Further increased intracranial
hypertension may cause vomiting, diplopia, visual impairment,
confusion, decreased level of consciousness and altered mental
status. Focal neurological deficit and seizures may suggest the
presence of venous infarction and hemorrhagic conversion
[23]. These signs can occur from 2 months to 17 years after
the first flare of IBD [6]. Cerebral venous thrombosis appears

to be more common in UC, but increased risk in those with
CD remains [24]. The risk of thrombosis increases during the
disease exacerbations [25]. Inflammatory bowel diseases are
also a risk factor for recurrent venous thromboembolism [26].
There are no significant differences between IBD-related
and non-IBD related CVT in terms of clinical or radiological
description, prognosis, or treatment [27]. Imaging studies can
confirm the diagnosis of CVT. Defilippis et al. [28] reported six
patients presenting with hours to days of headache and were
diagnosed with CVT on head computed tomography, magnetic
resonance imaging (MRI) or magnetic resonance venography
of the brain. Both, MRI and magnetic resonance venography
are gold standards for diagnosis of CVT that allow direct
visualization of the thrombus. The most common locations for
CVT were the sagittal and the transverse sinus [28].
Similarly, to other inflammatory disease, IBD are associated
with enhanced pro-coagulative activity including initiation of
the coagulation process, reduction of natural anticoagulant
mechanisms, impairment of fibrinolysis, thrombocytosis,
reactivity and disorder of the endothelium function [29].
Although an active disease is particularly associated with
increased risk of complications, some cases of CVT have
been described during the remission [30, 31]. The risk of
thromboembolism in IBD patients is higher than in other
autoimmune diseases without gut involvement, which seems to
be a specific feature of IBD [26]. Miehsler et al. [32] estimated
the prevalence of thromboembolism in coeliac disease at 1%,
rheumatoid arthritis at 3.8%. Meanwhile, in IBD 6.2% patients
had a history of radiologically proven thromboembolism.
The search for possible genetic promoters of thrombotic
manifestations of IBD including the carriage of factor V
Leiden, G20210A prothrombin, methylene tetrahydrofolate
reductase mutations has provided negative results [26]. Besides
deficiencies of vitamins involved in the proper regulation of
coagulation homeostasis, such as vitamin B, vitamin B,
folic acid, and hyperhomocysteinemia [33, 34], the alteration
of intestinal barrier function may be a cofactor promoting a
procoagulative state in IBD [35]. The defective intestinal barrier
integrity also was found to be implicated in the development
of venous thrombosis through higher circulating levels of
lipopolysaccharides (LPS) and increased expression of Toll-
like receptor (TLR) 4. In the study, carried out by Pastorelli
et al. [35], circulating LPS were measured and found higher
concentrations of this bacterial component in the sera of IBD
patients. Consistent with the data previously presented by
Candia et al. [36] IBD patients also presented higher serum
levels of TLR2, as a sign of innate immune activation. High
levels of soluble TLR2 may reflect the activation of innate
inflammatory responses. Lipopolysaccharides levels correlated
with the serum concentrations of TLR4, which is the innate
immune receptor deputed to LPS recognition [35]. This may
be a sign of an increased expression and activation of TLR4,
because of LPS binding. Apart from a modest correlation
between LPS and C-reactive protein levels, LPS, TLR2 and
TLR4 concentrations did not appear to be influenced by
biochemical and clinical disease activity, suggesting that their
levels may be influenced majorly by intestinal permeability.
Also, both, TLR2 and TLR4 are expressed by platelets and
endothelial cells and binding of their respective ligands
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causes the procoagulatory activation of these cell populations.
TLR2 signaling in platelets leads to a thrombo-inflammatory
response, through the activation of phosphoinositide 3-kinase,
cyclooxygenase, and purinergic P2Y1 and P2Y12 receptors and
alpha-granule release, whereas LPS-TLR4 binding enhances
classical agonist-induced platelet aggregation. The TLR2
and TLR4 signaling on endothelial cells strongly activates
NF-«B leading to the release of proinflammatory mediators,
which can activate the coagulation cascade. Nonetheless,
the pathogenesis of atherosclerotic plaques is mediated by
the presence of activated macrophages within the plaque,
which also respond vigorously to TLR stimulation releasing
proinflammatory cytokines [36]. Treatment of CVT in
patients with IBD assimilates the standard approach in this
thrombotic event. Low molecular weight heparin, intravenous
heparin, vitamin K antagonists are the medications of choice.
The debate on the use of corticosteroids in patients with
CVT or patients who underwent the thrombotic event is still
ongoing. Despite the reduction of the procoagulant activity
in IBD by ameliorating the inflammation, the intravenous
steroids administered intravenously showed to be a risk of
thromboembolism [37]. Thus, patients with IBD and high
accumulative risk of thrombotic event should be closely
monitored while introduced with systemic steroids especially
in high doses and might be the candidates for short-term
anticoagulant prophylaxis.

Demyelinating Diseases

Demyelinating diseases are rarely encountered in patients
with IBD and can be subdivided into those driven by a
primary autoimmune process, of which multiple sclerosis
(MS) is the most common finding, and treatment-associated
demyelinating disorders arising in the context of biologic
therapy. The symptoms of MS vary between the patients and can
affect any part of the neurological system. The main complaints
include fatigue, difficulty walking, vision problems, numbness
or tingling in different parts of the body, muscle stiffness and
spasms and problems with balance and coordination. The onset
of MS may either precede the occurrence of IBD or may appear
during the disease [38]. Diagnosis of MS in a patient with IBD
can be cumbersome due to the high prevalence of nonspecific
white matter changes and other biologic agent-associated
demyelinating disorders. Nonspecific T2 white matter changes
on MRI are frequently seen in adult patients with IBD [39].

The association between MS and IBD has long been
suspected [38, 40]. Studies have demonstrated that the risk of
CD was increased by 1.4-fold in the first-degree relatives of MS
patients and the risk of MS was increased by 1.7 fold in IBD
patients [41]. Coexistence of IBD and MS is highly plausible
and recently has gained support from genome-wide association
studies. Cotsapas et al. [42] have identified numerous,
replicable, genetic associations between common single
nucleotide polymorphisms and risk of common autoimmune
and inflammatory diseases including MS and CD.

Multiple sclerosis and IBD share similar epidemiology, age
of presentation, clinical course and geographic distribution.
However, the pathophysiological relationship between these
diseases remains unclear. Sheffield et al. [43] reported extensive
perivenular demyelination and astrocytosis in monkeys
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suffering from CD and CU, possibly due to perivenular edema.
Additionally, IBD may be classified as a chronic variant of a
predemyelinating state that can trigger demyelinating episodes.
Inflammatory bowel diseases were also associated with
other chronic inflammatory diseases suggesting a common
immunologic etiology. Bernstein et al. [44] support the genome
scan study, which suggested that chronic immune diseases
genetically clustered together [45]. The increased risk for either
CD or UC in patients with diagnoses of other inflammatory
diseases such as MS support this hypothesis. Treatments
that inhibit tumor necrosis a (TNF-a) including infliximab
and adalimumab are associated with peripheral and central
demyelinating disorders and those therapies are contraindicated
for patients with coexistence of IBD and MS [46].

Moreover, it is possible that the association between IBD
and MS is mutual. In recent years, the role of microbiome
in the pathogenesis of MS has been proposed. Patients with
MS showed higher frequency of antibody responses against
the GI antigens compared with healthy subjects [47]. It is
not clear if high frequency of GI antibodies (against gliadin,
tissue transglutaminase, intrinsic factor, parietal cells and
Saccharomyces cerevisiae) observed in demyelinating diseases
is due to shared pathogenesis or coexistence. Whether
the increased GI antibody responses are associated with
altered microbiota and GI-associated T cell responses needs
further investigation. Nevertheless, the high frequency of GI
complaints in patients with GI antibodies may also reflect
the abnormal functioning of the alimentary tract. Banati et
al. [47] also found GI antibodies in MS with a heterogenous
immunological background. Active MS lesions show
inflammatory changes suggestive of a combined attack by
autoreactive T and B lymphocytes against brain white matter.
These pathogenic immune cells derive from progenitors that
are normal, innocuous components of the healthy immune
repertoire but become auto-aggressive upon pathological
activation. The stimuli triggering this autoimmune conversion
have been commonly attributed to environmental factors, in
particular microbial infection. Berer et al. [48] showed that
the commensal gut flora, in the absence of pathogenic agents,
may result in myelin-specific CD4+ T cells activation that is
associated with the relapsing of experimental autoimmune
encephalomyelitis.

Treatment of MS in patients with IBD can be challenging
due to the necessity of careful choice of drugs. Patients with
either disease respond to steroids; however given the increasing
number of patients with steroid dependence escalation of the
therapy is sometimes needed. TNF-a antibodies generally
have no impact in patients with MS, while interferons (IFNs)
could even worsen the course of IBD [49]. Natalizumab was
found to be very effective in both diseases, however its’ utility
in patients with IBD is questioned due to the potential of
developing leukoencephalopathy [50]. The therapy in patients
with both diseases should be personally tailored and adverse
events closely monitored.

Epilepsy

Epilepsy is a multifactorial neurological disease,
characterized by recurrent spontaneous seizures. The
pathogenesis of epilepsy (epileptogenesis) is related to diverse
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factors, including genetic predisposition, developmental
dysfunction and neurological insult, which contribute to
morphological synaptic changes and hyper-excitable neuronal
transmission [51]. Although the cellular and molecular
pathogenic mechanisms are not clear, it is postulated that
focal or systemic unregulated inflammatory processes lead
to aberrant neural connectivity and the hyper-excitable
neuronal network, which mediate the onset of epilepsy [52-
54]. The presence of peripheral inflammation, due to systemic
inflammatory diseases such as systemic lupus erythematosus,
rheumathoid arthritis or IBD, has the potential capacity to
damage the blood-brain barrier and initiate or aggravate
epileptogenesis [54]. Accordingly, it was reported that
intestinal inflammation in animal epilepsy models lowers
seizure threshold, most likely by increasing levels of circulating
cytokines and other inflammatory mediators [55, 56]. The
link between the intestinal dysbiosis and epilepsy was also
found. Medel-Matus et al. [57] showed that fecal microbiota
transplantation (FMT) from stressed rats to naive rats induced
pro-epileptic effects while FMT from naive rats to stressed rats
reduced the rate of epileptic events.

Despite those animal models findings, it is commonly
accepted, that seizures during IBD are a consequence of
metabolic and structural causes, rather than a manifestation of
IBD itself [58]. Disorders such as dyselectrolytemia, infection
or CVT, as well as medication toxicity are mentioned as
triggering factors responsible for epileptic seizures in patients
with IBD [59-61].

In the literature, available data on the prevalence of epilepsy
among IBD patients is limited. According to different studies,
epilepsy occurs in 1.1-5.9% of patients with CD [62, 63]
and in 0.9% of patients with UC [58]. A study conducted by
Kelleci et al. [64] in a group of 41 patients with CD revealed
that electroencephalography (EEG) abnormalities were
significantly higher in the CD group (16/41 patients, 39%)
(p=0.001) than in the control group of 39 healthy individuals,
where no abnormalities were detected. In the CD group
epileptiform abnormalities were detected in 3 patients (7.0%),
while one patient had a medical history of seizures (2.4%).
What is interesting is that patients with EEG abnormalities
had no infectious disease nor organic anomalies and did not
use any medications that could lower the seizure threshold at
the time of EEG examination.

Treatment of epilepsy in patients with IBD follows general
rules and guidelines in treating this entity. However, given the
significance of the gut microbiota in the pathogenesis of various
neurological diseases including epilepsy the modulation of the
microbial composition in treating the drug-resistant epileptic
patients is being widely studied. Ketogenic diet (KD) covering
high proportion of fat and low carbohydrate, use of pro- and
prebiotics, antibiotics or even FMT can be future methods
of choice in hard-to-treat patients with epilepsy [65, 66].
Nevertheless, utilization of these methods in the treatment of
IBD are controversial as the results of studies are sparse and
are not recommended in regular treatment. Moreover, vague
nerve (VN) stimulation used in the treatment of epilepsy has
a potential of being another therapeutical option for patients
with IBD as it was shown in mouse model of colitis [67] and
in 2 pilot studies [68-70].

Myasthenia Gravis

Myasthenia gravis (MG) is associated with both UC and
CD. The connection between IBD and MG seems to be related
to the abnormal T-lymphocyte function and production of
acetylcholine receptor antibodies, secondary to autoimmune
dysregulation [71]. Myasthenia gravis is also associated with
other autoimmune disorders including alopecia, lichen planus,
vitiligo or systemic lupus erythematosus [71]. The relationship
between thymus abnormalities, characteristic for MG, and IBD
was also described. The lack of age-related involution of the
thymus, observed in patients with MG, seems to be related to
UC as well. T-cells obtained from the thymus of patients with
MG and UC present similarly reduced ratios of suppressor
(CD8+) to helper (CD4+) T- cells, compared with control
group [72, 73].

The immunological link between MG and IBD is underlined
by case reports of patients undergoing surgical treatment.
Finnie et al. [74] reported a case of a female patient, who
developed both MG and CD, complicated by perineal abscesses
and fistulas, after total colectomy. Due to MG unresponsiveness
to pharmacological treatment, a thymectomy was performed,
which subsequently improved the course of CD. In contrast,
the case of a patient with both MG and UC presented by
Gower-Rousseau et al. [75], demonstrated regression of MG
symptoms following proctocolectomy.

Myasthenia gravis may occur in its ocular or generalized
form, including symptoms such as paresis, dysphagia, dysarthria
or fatigability. Foroozan and Sambursky [76] reported a case of a
21-year-old male with a medical history of UC, focal segmental
glomerular sclerosis and primary sclerosing cholangitis, who
presented ocular symptoms of MG: binocular diplopia and ptosis
of the left upper eyelid. Laboratory evaluation revealed a positive
acetylcholine receptor antibody. The symptoms resolved one
month later after treatment with plasmapheresis, azathioprine,
prednisone and pyridostigmine. A case report of two patients
with co-morbid MG in a Brazilian cohort of patients with
IBD has been published by Gondim et al. [77]. First patient, a
40-year-old man diagnosed with CD developed quadriparesis,
bilateral ptosis, dysphagia and dysarthria after total colectomy.
The second patient, a 41-year-old woman, diagnosed with
UC and primary sclerosing cholangitis, manifested speech
impairment and ptosis. In both cases, symptoms quickly
progressed in a few weeks. Myasthenia gravis was diagnosed
and confirmed by abnormal repetitive nerve stimulation and
elevated anti-acetylcholine receptor antibody level. Both patients
were successfully treated using pyridostigmine and prednisone.

Although simultaneous occurrence of these two
autoimmune diseases is quite uncommon, it is important
to notice, that ocular, bulbar or limb symptoms may be the
initial manifestation of MG in IBD patients, in particular after
changes in the immunosuppressive treatment was made.

PSYCHRIATIC DISORDERS

The increased frequency of certain psychiatric disorders
among patients with IBD is observed. The fact that the majority
of patients with IBD are young, socially, and professionally
active people implies a negative impact on their mental health
further deteriorating the quality of the patients’ life [78, 79]. The
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development of mental problems amid people suffering from
IBD is triggered by many factors and interactions between the
GI tract, immunological system, and nervous system such as
impaired balance of the immune molecules, oxidative stress,
innervation of the vague nerve and impairment of the intestinal
barrier (Fig. 2). The cascade of abnormal events and disturbances
on cellular level add up to each other and effects seem to be
similar in most of the chronic diseases, such as CD and UC.
Comorbidities may significantly affect the severity of IBD, which
induces frequent relapses and increased risk of developing the
psychiatric events. Conversely, it was proved that patients with
IBD and psychiatric disorders develop exacerbations more
often and time between relapses was shorter than patients
without these comorbidities [80]. It seems to be a constant
and interplaying process. On the other hand, the symptoms of
mental disorders among patients with IBD are often neglected
and overlooked [81]. The increasing knowledge of triggering
factors, mutual relations between the pathophysiology of
inflammation and mental disorders may help find the proper
way to appropriately evaluate the patients, meet their psychical
expectations and prevent them from developing such disorders.

Anxiety and Depression
Anxiety and depression are the most common manifestations
of mental disorders diagnosed in patients with IBD [80-82].

Depending on studies, up to 27% of patients with IBD may
suffer from depression compared to 12% of healthy controls
[83]. The incidence rate of depression after first, third and sixth
year of diagnosis is estimated at 2.7%, 5.2%, 8% for CD and
2.6%, 6.6%, 10.8% for UC respectively [84]. In case of anxiety
the incidence rate in these timelines was 3.0%, 6.9%, 11.5%
for CD and 4.2%, 9.9%, 16.7% for UC, respectively [84]. It was
reported that the frequency of anxiety among IBD patients
reaches 35% during remission and increases to 80% during
flares [81].

Depression is a common and serious mood disorder. It
causes severe symptoms that impairs patient’s perception
and everyday functions such as sleeping, eating, and working
[85]. The usual symptoms of depression are lack of energy,
anhedonia, low mood, sleep disturbances and a presence of
suicide thoughts is sometimes observed [85]. Anxiety is a state
of mind characterized by feeling worries and constant tension.
Moreover, if symptoms are severe and persistent, The patient
may suffer from an anxiety disorder. This term refers to serious
psychiatric conditions such as generalized anxiety disorder,
panic disorders or attacks, phobias, and social anxiety disorder
[86]. The unpredictability of the course of the disease, necessity
of complex pharmacological treatment, fear about the possible
surgery are only some of the difficulties the IBD patient has
to confront during his lifespan [87]. The discrepancies in the
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Fig. 2. Scheme depicting the pathomechanisms which may result in the occurrence of psychiatric

disorders in IBD
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incidence rate observed in studies can emerge from different
scales used by investigators or lack oft a full, well-conducted
psychiatric interview [88]. Routinely, there is no mandatory
screening test for mental disorders in patient with IBD.

There are few studies showing the clear connection between
anxiety or depression and IBD [79]. The authors observed a
higher rate of developing anxiety or depression especially in
IBD patients with an aggressive course of the disease. Many
patients with CD suffer from ongoing intestinal inflammation,
experience fistulizing course of the disease and 2/3 of them
require surgery during the lifespan [89]. Accordingly, UC
patients with aggressive course of the disease are likely to be
operated on in 1/3 of cases, especially those with acute severe
colitis [89]. Among these groups, in as many as 16% of patients
with CD and 11% of patients with UC the onset of depression
or anxiety can occur [89]. Conversely, the depression itself
exacerbates symptoms and increases the risk of surgery [78].
It was also proved that depression and anxiety increased the
necessity of taking steroids in patients with UC and CD, as
well as taking immunomodulators and anti-TNF-a therapy
in the latter [78]. Simultaneously, mental disorders decrease
the effectiveness of immune treatment and increase the risk
of therapeutic failure, which is often the case with infliximab
[79]. The fear of living with intestinal stoma and increased
risk of cancer during the lifetime burdened psychiatric health
even in quiescent disease [89]. Panara et al. [80] also showed
that female gender, aggressive course of disease, necessity to
receive immunological treatment and age more than 40 were
risk factors for developing anxiety or depression. Possible
predictive factors for the assessment of the risk of depression
and anxiety were high or constantly increasing value of
erythrocyte sedimentation rate and a high daily dose of steroids
intake [90]. Tendency to suicidal thoughts and suicide also
seem to be increased among IBD patient [78]. According to
Zhang et al. [88] females with IBD have higher risk of death
from suicide than males. In the study performed by Mahadev et
al. [91] 13% of 69 patients with CD declared suicidal thoughts
or suicidal attempt. Despite the vast knowledge in the field
the question whether the depression is directly associated
with more severe course of the disease remains unanswered.
Recent meta-analysis [92] found no connection between the
depression and disease activity in pooled analysis (HR 1.04,
95%CI: 0.97-1.12) and only CD-specific studies exerted this
relation. Given the importance of mental health in patients with
chronic disorders there is a desperate need for clear elucidation
of this phenomenon.

Bipolar Disorder

Bipolar disorder (BD) is a mental disease that causes
periods of depression and abnormally elevated moods [93].
Results on BD incidence in IBD patients are confusing. Some
studies showed that IBD patients exhibit a lower chance of
developing BD than general population [83]. On the contrary,
Eaton et al. [94] demonstrated a higher risk of developing BD in
patients with IBD. Moreover, CD patients have increased risk of
BD in the first four and five years following the diagnosis (1.9%)
and also 5 years after diagnosis (1.8%) [94]. Interestingly,
antibodies against Saccharomyces cerevisiae have been detected
in the blood samples of patient with CD and BD [95], which

suggests that there is a significant role of immunological
response against intestinal antigens, and it may have a role in
the pathogenesis of BD [95].

Other Psychiatric Diseases

Patients with IBD are at a higher risk of developing panic
generalized anxiety syndrome, panic disorder and obsessive-
compulsive disorders than the general population. In the
Manitoba IBD cohort study the prevalence rates of these
disorders were estimated at 13.4%, 8.0%, 2.8%, respectively
[83]. Furthermore, the results of the named study showed
that patients suffering from anxiety and mood disorders had
earlier onset of IBD [83].

The incidence rate of schizophrenia was higher among
patients with immune-based diseases overall, but not in smaller
cohorts [96]. Another study based on analysis of 2,419 deaths
from UC and 2,399 from CD found that among the UC group
10 patients were diagnosed with schizophrenia and this number
was significantly higher than the expected occurrence which
was estimated at 2.18 [97]. Ulcerative colitis patient cohorts
did not differ from the matched cohort. Interestingly, in older
age the prevalence of psychiatric comorbidities is increased,
excluding schizophrenia [98]. Another study found no evidence
of increased risk of schizophrenia for CD and UC patients [99].

Similarity in the Pathogenesis of IBD and Selected
Psychiatric Disorders

It is known that the depression and anxiety are associated
with chronic imbalance between the inflammatory triggers
and anti-inflammatory cytokines [100]. Significant evidence
proves that similar processes co-occur in pathogenesis of
depression, anxiety and IBD. It was observed that the level
of several interleukins (IL) and cytokines, including IL-1,
IL-6,1L-17, IL-22, IL-23, TNF-a, [FN- y in patients with IBD
and patients with depression or anxiety is higher than in the
general population [100, 101]. The production of acute-phase
proteins, components C3c and C4 of complement system is
also increased in depressive patients and IBD patients [78,
82, 101] Both these populations of patients exhibit decreased
level of anti-inflammatory cytokines such as transforming
growth factor p and IL-10 [101]. Pro-inflammatory cytokines,
especially IFN-y induces the activation of indoleamine
2,3-dioxygenase leading to breakdown of the tryptophan in
kynurenine pathway reducing the availability of serotonin.
Toxic metabolites of tryptophan such as kynurenine, kynurenic
acid and quinolinic acid induce anxiety and depression [102].
Accordingly, patients with IBD have a lower level of tryptophan
than normal population due to the increased activity of
indoleamine 2,3-dioxygenase which increases the tryptophan
catabolism [102]. Moreover, it was observed that the level of
tryptophan catabolites positively correlates with disease activity
[101, 102]. In conclusion, chronic shortage of tryptophan and
overproduction of its metabolites can lead to a relapse of the
IBD and increase the risk of depression and anxiety.

The next common pathogenetic factor of depression and
IBD is the increased level of free oxygenic and nitric radicals
such as lipid peroxidase, hydrogen peroxide. Impairment of
the balance between reactive oxygen species and antioxidants
produces oxidative stress [101, 103]. Decreased levels of
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antioxidative enzymes such as glutathione, superoxide
dismutase in blood of IBD patient can lead to impairment of
balance of pro-inflammatory molecules in the gut. Similar
changes were observed among patients with depression
[101, 103]. Presence of the free radicals is also considered
as one of the causative factor of autoimmunization found
in IBD patients and patients with depression. Free radicals
can modify epitopes on cells and provoke auto-aggressive
response of the immune system [100].

Recently VN innervation has been also considered as an
important factor in maintaining the balanced immunological
response [82, 104]. It may play a significant role in immune
activation in the GI tract, and it can lead to the chronic process
of inflammation. Vague nerve releases acetylcholine which
interacts with specific a-7 nicotine receptor [78, 104, 105]. This
cholinergic anti-inflammatory pathway weakens the immune
cells activation and helps to maintain the homeostasis. The
vagotomy impairs the balance, whereas VN stimulation can
decrease inflammation and help restore the homeostasis [104].
Chronic irritation of intestines leads to stimulation of the
afferent fibers of VN. This process inhibits dopamine system
and increase the risk of developing depression [78]. Moreover,
another effect of vagal innervation is the exacerbation of pain
sensation evoked by visceral hypersensitivity of the intestines
also observed during the remission. Visceral hypersensitivity
may be caused by impaired interactions between the CNS and
the peripheral system [106].

The role of gut microbiota in the modulation of the brain-
gut axis is also a very significant pathogenic mechanism of
depression. Communication between the gut and the brain is
bidirectional. The gut flora produces neuroactive molecules
which can affect the nervous system including VN. The
central nervous system also produces hormones through
hypothalamic-pituitary-adrenal axis and induces changes
in intestinal microbiota and the structure of the intestinal
barrier during stressful situations [107]. Impairment of the
intestinal barrier in patients with IBD play a significant role
in the pathogenesis of the depression. Increased permeability
leads to infiltration of the bacteria, induction of immunological
response and induces dysbiosis. Mucosal biopsy of patient
with UC showed an increased level of Acinetobacteria and
Proteobacteria and decreased level of Bacteroides compared
to their healthy siblings. Patients with UC and CD have also
a reduced complexity of phylum Firmicutes [101]. Increased
permeability in the GI tract can lead to local endotoxemia
increased level of LPS and LPS-binding protein. High blood
level of LPS in mice leads to development of the “sickness
behavior” and even depression. [101,108]. Sickness behavior
in animals is also induced by an increased level of TNF-a and
IL-1B [108].

Treatment

Diagnostic process and treatment of any mental disorder in
agroup of IBD patients can be challenging. However, screening
of mental disorders should be part of every IBD assessment and
recent guidelines have pointed out the importance of screening
for depression and anxiety [109]. Usually, the Hospital Anxiety
and Depression scale is suggested [109]. It seems to be necessary
to explain to the patient the link between depression and
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anxiety and show them therapeutical options. Studies showed
that behavioral therapy is very effective, usually combined with
some medication. Among young patient and especially children
cognitive behavioral therapy can be useful [109].

As for drugs, selective serotonin reuptake inhibitors (SSRI)
have been used with satisfying results, especially in CD patients.
After 6 months of antidepressant treatment including SSRI,
selective noradrenaline reuptake inhibitors (SNRI) or two of
them, patients improved in the symptoms of depression and also
in the disease activity of CD [110]. Fluoxetine and citalopram
have also proved to help patients with concomitant depression
decrease the number of IBD relapses [109, 111]. However,
SRRIs and SNRIs have many dose-related side effects. The most
frequent adverse effects for SNRI are nausea and vomiting, while
diarrhea is more common after SSRI administration [112].
Tricyclic antidepressants reduce the pain and hyperalgesia and
decrease the stimulation of afferent fibers of myenteric plexus
[82, 112]. Moreover, in some antidepressants the adjuvant
anti-inflammatory effect is suspected [113, 114]. Animal
studies showed the anti-inflammatory activity of lithium;
when administered at the dose of 20 mg/kg intraperitoneally,
twice daily for 7 consecutive days soothed the inflammation,
decreased the myeloperoxidase activity, and the colonic TNF-a
level in the chemically induced mouse model of colitis [114].
Probiotics seem to play significant role in the therapy of IBD
as well as depression. Some studies showed that administering
the combination of Lactobacilli, Bifidobacteria and Streptococcus
salivarius may help prevent relapses of pouchitis. Moreover,
Escherichia coli Nissle 157 may play a role in maintaining
remission in UC patient [115]. Furthermore, administering
Lactobacillus helveticus R0052 and Bifidobacterium longum
to healthy adults for 30 days reduced psychological stress and
decreased the risk of depression [116]. There is no drug of
choice for psychiatric comorbidities in IBD and the influence
on the course of the diseases of those substances is still to be
verified. Nevertheless, every psychotropic drug can be used if its
effectiveness and safety is adequate. Additionally, IBD patients
should be provided with psychiatric support.

CONCLUSIONS

In this review we presented the most common neurological
and psychiatric entities which may co-exist with IBD. Due to
multifactorial pathogenesis of IBD, most of the extraintestinal
manifestations share the pathological features with UC and
CD. Mild neurological and psychiatric symptoms may occur
in the course of IBD. Sometimes they may be a first sign of
the development of extraintestinal manifestations. However,
the physicians have to stay alert to the possible deleterious
effects of used drugs on the organism inducing neurological or
psychiatric events. Although they are sometimes disregarded
by the physician the basic and psychiatric examination should
be a routine management in both the outpatient clinic and in
the hospital.

Conlflicts of interest: None to declare.

Author’s contribution: P.G., A.S. and P.D. collected and analyzed
the data. PG., A.S., PD. and A.FE wrote the manuscript. A.F.



Neurological and psychiatric manifestations in IBD

115

revised the paper. All the authors approved the final version of the
manuscript.

Acknowledgement: This work was supported by the grant from the
Medical University of Lodz (503/1-002-01/503-11-001-19-00).

REFERENCES

1. Greuter T, Vavricka SR. Extraintestinal manifestations in inflammatory
bowel disease - epidemiology, genetics, and pathogenesis. Expert Rev
Gastroenterol Hepatol 2019;13:307-317. doi:10.1080/17474124.2019.1
574569

2. Lossos A, River Y, Eliakim A, Steiner I. Neurologic aspects of
inflammatory bowel disease. Neurology 1995;45:416-421. doi:10.1212/
wnl.45.3.416

3. Moris G. Inflammatory bowel disease: An increased risk factor for
neurologic complications. World ] Gastroenterol 2014;20:1228-1237.
doi:10.3748/wjg.v20.15.1228

4. Bonaz BL, Bernstein CN. Brain-gut interactions in inflammatory
bowel disease. Gastroenterology 2013;144:36-49. doi:10.1053/j.
gastro.2012.10.003

5. Zois CD, Katsanos KH, Kosmidou M, Tsianos EV. Neurologic
manifestations in inflammatory bowel diseases: Current knowledge
and novel insights. ] Crohn’s Colitis 2010;4:115-124. doi:10.1016/j.
crohns.2009.10.005

6. Benavente L, Moris G. Neurologic disorders associated with
inflammatory bowel disease. Eur J Neurol 2011;18:138-143.
doi:10.1111/j.1468-1331.2010.03095.x

7. Ferro JM, Oliveira SN, Correia L. Neurologic manifestations of
inflammatory bowel diseases. Handb Clin Neurol 2014;120:595-605.
doi:10.1016/b978-0-7020-4087-0.00040-1

8. Babali A, Terzoudi A, Vadikolias K, et al. Peripheral neuropathy
electrophysiological screening in inflammatory bowel disease.
Eur J Gastroenterol Hepatol 2013;25:539-542. doi:10.1097/
meg.0b013e32835ceca6

9. Garcia-Cabo C, Moris G. Peripheral neuropathy: An underreported
neurologic manifestation of inflammatory bowel disease. Eur J Intern
Med 2015;26:468-475. doi:10.1016/j.¢jim.2015.07.013

10. Nemati R, Mehdizadeh S, Salimipour H, et al. Neurological
manifestations related to Crohn’s disease: a boon for the workforce.
Gastroenterol Rep 2019;7:291-297. doi:10.1093/gastro/gox034

11. Wang Y, Kasper LH. The role of microbiome in central nervous
system disorders. Brain Behav Immun 2014;38:1-12. doi:10.1016/j.
bbi.2013.12.015

12. Didesch MM, Averill A, Oh-Park M. Peripheral Neuropathy After Fecal
Microbiota Transplantation for Clostridium difficile Infection: A Case
Report. PM R 2016;8:813-816. doi:10.1016/j.pmrj.2016.01.009

13. Romijn JA, Corssmit EP, Havekes LM, Pijl H. Gut-brain axis.
Curr Opin Clin Nutr Metab Care 2008;11:518-521. doi:10.1097/
mco.0b013e328302c9b0

14. Spagnoli C, Pisani F, Di Mario F et al. Peripheral neuropathy and
gastroenterologic disorders: An overview on an underrecognized
association. Acta Biomed 2018;89:22-32. doi:10.23750/abm.
v89i9-5.7956

15. Gondim FAA, Brannagan TH 3rd, Sander HW, Chin RL, Latov N.
Peripheral neuropathy in patients with inflammatory bowel disease.
Brain 2005;128:867-879. doi:10.1093/brain/awh429

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Kim S, Kang SJ, Oh KW, et al. Chronic inflammatory demyelinating
polyneuropathy-like neuropathy as an initial presentation of Crohn’s
disease. BMC Neurol 2015;15:48. doi:10.1186/s12883-015-0302-8
Fumery M, Xiaocang C, Dauchet L, Gower-Rousseau C, Peyrin-Biroulet
L, Colombel JE. Thromboembolic events and cardiovascular mortality in
inflammatory bowel diseases: a meta-analysis of observational studies.
J Crohns Colitis 2014;8:469-479. doi:10.1016/j.crohns.2013.09.021
Grainge MJ, West ], Card TR. Venous thromboembolism during active
disease and remission in inflammatory bowel disease: a cohort study.
Lancet 2010;375:657-663. doi:10.1016/50140-6736(09)61963-2
Webberley MJ, Hart MT, Melikian V. Thromboembolism in
inflammatory bowel disease: Role of platelets. Gut 1993;34:247-251.
doi:10.1136/gut.34.2.247

Schneiderman JH, Sharpe JA, Sutton DMC. Cerebral and retinal
vascular complications of inflammatory bowel disease. Ann Neurol
1979;5:331-337. doi:10.1002/ana.410050405

Jackson LM, O’Gorman PJ, O’Connell J, Cronin CC, Cotter KP,
Shanahan F. Thrombosis in inflammatory bowel disease: Clinical
setting, procoagulant profile and Factor V Leiden. Q/M 1997;90:83-188.
doi:10.1093/qjmed/90.3.183

Cho YH, Chae MK, Cha JM, et al. Cerebral venous thrombosis in a
patient with Crohn’s disease. Intest Res 2016;14:96-101. doi:10.5217/
ir.2016.14.1.96

Lee J, Hwang SW, Lee ], et al. A case of ulcerative colitis presenting with
cerebral. Intest Res 2018;16:306-311. doi:10.5217/ir.2018.16.2.306
Casella G, Tontini GE, Bassotti G, et al. Neurological disorders and
inflammatory bowel diseases. World ] Gastroenterol 2014;20:8764—
8782. doi:10.3748/wjg.v20.i27.8764

Karmiris K, Bossuyt P, Sorrentino D, et al. Cerebrovascular events in
inflammatory bowel disease patients treated with anti-tumour necrosis
factor alpha agents. ] Crohns Colitis 2015;9:382-389. doi:10.1093/ecco-
jecljjvo42

Novacek G, Weltermann A, Sobala A, et al. Inflammatory bowel disease is
arisk factor for recurrent venous thromboembolism. Gastroenterology
2010;139:779-787.el. doi:10.1053/j.gastro.2010.05.026

Cognat E, Crassard I, Denier C, Vahedi K, Bousser MG. Cerebral
venous thrombosis in inflammatory bowel diseases: eight cases and
literature review. Int J Stroke 2011;6:487-492. doi:10.1111/j.1747-
4949.2011.00620.x

DeFilippis EM, Barfield E, Leifer D, et al. Cerebral venous thrombosis
in inflammatory bowel disease. J] Dig Dis 2015;16:104-108.
doi:10.1111/1751-2980.12212

Magro E Soares B, Fernandes D. Venous thrombosis and prothrombotic
factors in inflammatory bowel disease. World ] Gastroenterol
2014;20:4857-4872. doi:10.3748/wjg.v20.117.4857

Orfei M, Gasparetto M, Torrente F. Headache and inflammatory
bowel disease: Think cerebral vein! BM] Case Rep 2019;12:€227228.
doi:10.1136/bcr-2018-227228

Houissa F, Salem M, Bouzaidi S, et al. Cerebral thrombosis in
inflammatory bowel disease: A report of four cases. ] Crohns Colitis
2011;5:249-252. doi:10.1016/j.crohns.2010.12.010

Miehsler W, Reinisch W, Valic E, et al. Is inflammatory bowel disease
an independent and disease specific risk factor for thromboembolism?
Gut 2004;53:542-548. doi:10.1136/gut.2003.025411

Oldenburg B, Fijnheer R, van der Griend R, vanBerge-Henegouwen
GP, Koningsberger JC. Homocysteine in inflammatory bowel disease:
a risk factor for thromboembolic complications? Am J Gastroenterol
2000;95:2825-2830. doi:10.1111/j.1572-0241.2000.03193.x

] Gastrointestin Liver Dis, March 2022 Vol. 31 No 1: 107-118


https://dx.doi.org/10.1080/17474124.2019.1574569
https://dx.doi.org/10.1080/17474124.2019.1574569
https://dx.doi.org/10.1212/wnl.45.3.416
https://dx.doi.org/10.1212/wnl.45.3.416
https://dx.doi.org/10.3748/wjg.v20.i5.1228
https://dx.doi.org/10.1053/j.gastro.2012.10.003
https://dx.doi.org/10.1053/j.gastro.2012.10.003
https://dx.doi.org/10.1016/j.crohns.2009.10.005
https://dx.doi.org/10.1016/j.crohns.2009.10.005
https://dx.doi.org/10.1111/j.1468-1331.2010.03095.x
https://dx.doi.org/10.1016/b978-0-7020-4087-0.00040-1
https://dx.doi.org/10.1097/meg.0b013e32835ceca6
https://dx.doi.org/10.1097/meg.0b013e32835ceca6
https://dx.doi.org/10.1016/j.ejim.2015.07.013
https://dx.doi.org/10.1093/gastro/gox034
https://dx.doi.org/10.1016/j.bbi.2013.12.015
https://dx.doi.org/10.1016/j.bbi.2013.12.015
https://dx.doi.org/10.1016/j.pmrj.2016.01.009
https://dx.doi.org/10.1097/mco.0b013e328302c9b0
https://dx.doi.org/10.1097/mco.0b013e328302c9b0
https://dx.doi.org/10.23750/abm.v89i9-s.7956
https://dx.doi.org/10.23750/abm.v89i9-s.7956
https://dx.doi.org/10.1093/brain/awh429
https://dx.doi.org/10.1186/s12883-015-0302-8
https://dx.doi.org/10.1016/j.crohns.2013.09.021
https://dx.doi.org/10.1016/S0140-6736(09)61963-2
https://dx.doi.org/10.1136/gut.34.2.247
https://dx.doi.org/10.1002/ana.410050405
https://dx.doi.org/10.5217/ir.2016.14.1.96
https://dx.doi.org/10.5217/ir.2016.14.1.96
https://dx.doi.org/10.5217/ir.2018.16.2.306
https://dx.doi.org/10.3748/wjg.v20.i27.8764
https://dx.doi.org/10.1093/ecco-jcc/jjv042
https://dx.doi.org/10.1093/ecco-jcc/jjv042
https://dx.doi.org/10.1053/j.gastro.2010.05.026
https://dx.doi.org/10.1111/j.1747-4949.2011.00620.x
https://dx.doi.org/10.1111/j.1747-4949.2011.00620.x
https://dx.doi.org/10.1111/1751-2980.12212
https://dx.doi.org/10.3748/wjg.v20.i17.4857
https://dx.doi.org/10.1136/bcr-2018-227228
https://dx.doi.org/10.1016/j.crohns.2010.12.010
https://dx.doi.org/10.1136/gut.2003.025411
https://dx.doi.org/10.1111/j.1572-0241.2000.03193.x

116

Gluch et al.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Oldenburg B, Van Tuyl BAC, Van Der Griend R, Fijnheer R, Van Berge
Henegouwen GP. Risk factors for thromboembolic complications in
inflammatory bowel disease: The role of hyperhomocysteinaemia. Dig
Dis Sci 2005;50:235-240. doi:10.1007/s10620-005-1588-y

Pastorelli L, Dozio E, Pisani LF, et al. Procoagulatory state in
inflammatory bowel diseases is promoted by impaired intestinal
barrier function. Gastroenterol Res Pract 2015;2015:189341.
doi:10.1155/2015/189341

Candia E, Diaz-Jiménez D, Langjahr P, et al. Increased production of
soluble TLR2 by lamina propria mononuclear cells from ulcerative
colitis patients. Immunobiology 2012;217:634-642. doi:10.1016/j.
imbio.2011.10.023

Stolz E, Klotzsch C, Schlachetzki F, Rahimi A. High-dose
corticosteroid treatment is associated with an increased risk of
developing cerebral venous thrombosis. Eur Neurol 2003;49:247-248.
doi:10.1159/000070197

Kimura K, Hunter SF, Thollander MS, et al. Concurrence of
inflammatory bowel disease and multiple sclerosis. Mayo Clin Proc
2000;75:802-806. doi:10.4065/75.8.802

Chen M, Lee G, Kwong LN, Lamont S, Chaves C. Cerebral White
Matter Lesions in Patients with Crohn’s Disease. ] Neuroimaging
2012;22:38-41. doi:10.1111/j.1552-6569.2010.00538.x

Alkhawajah MM, Caminero AB, Freeman HJ, Oger JJE. Multiple
sclerosis and inflammatory bowel diseases: what we know and
what we would need to know! Mult Scler 2013;19:259-265.
doi:10.1177/1352458512461393

Gupta G, Gelfand JM, Lewis JD. Increased risk for demyelinating
diseases in patients with inflammatory bowel disease. Gastroenterology
2005;129:819-826. doi:10.1053/].gastro.2005.06.022

Cotsapas C, Voight BE, Rossin E, et al. Pervasive sharing of genetic effects
in autoimmune disease. PLoS Genet 2011;7:¢1002254. doi:10.1371/
journal.pgen.1002254

Sheffield WD, Squire RA, Strandberg JD. Cerebral venous
thrombosis in the rhesus monkey. Vet Pathol 1981;18:326-334.
doi:10.1177/030098588101800305

Bernstein CN, Wajda A, Blanchard JE The clustering of other chronic
inflammatory diseases in inflammatory bowel disease: A population-
based study. Gastroenterology 2005;129:827-836. doi:10.1053/j.
gastro.2005.06.021

Becker KG, Simon RM, Bailey-Wilson JE, et al. Clustering of non-major
histocompatibility complex susceptibility candidate loci in human
autoimmune diseases. Proc Natl Acad Sci U S A 1998;95:9979-9984.
doi:10.1073/pnas.95.17.9979

Thomas CW Jr, Weinshenker BG, Sandborn WJ. Demyelination during
anti-tumor necrosis factor a therapy with infliximab for Crohn’s disease.
Inflamm Bowel Dis 2004;10:28-31. doi:10.1097/00054725-200401000-
00004

Banati M, Csecsei P, Koszegi E, et al. Antibody response against
gastrointestinal antigens in demyelinating diseases of the central
nervous system. Eur ] Neurol 2013;20:1492-1495. doi:10.1111/
ene.12072

Berer K, Mues M, Koutrolos M, et al. Commensal microbiota and myelin
autoantigen cooperate to trigger autoimmune demyelination. Nature
2011;479:538-541. doi:10.1038/nature10554

Schott E, Paul F, Wuerfel JT, et al. Development of ulcerative colitis in
a patient with multiple sclerosis following treatment with interferon
beta la. World J Gastroenterol 2007;13:3638-3640. doi:10.3748/wjg.
v13.i26.3638

] Gastrointestin Liver Dis, March 2022 Vol. 31 No 1: 107-118

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Nelson SM, Nguyen TM, McDonald JW, MacDonald JK. Natalizumab
for induction of remission in Crohn’s disease. Cochrane Database Syst
Rev 2018;8:CD006097. doi:10.1002/14651858.CD006097.pub3
Rakhade SN, Jensen FE. Epileptogenesis in the immature brain:
emerging mechanisms. Nat Rev Neurol 2009;5:380-391. doi:10.1038/
nrneurol.2009.80

Musto AE, Gjorstrup P, Bazan NG. The omega-3 fatty acid-derived
neuroprotectin D1 limits hippocampal hyperexcitability and seizure
susceptibility in kindling epileptogenesis. Epilepsia 2011;52:1601-1608.
doi:10.1111/j.1528-1167.2011.03081.x

Musto A, Rosencrans R, Walker C, et al. Dysfunctional epileptic
neuronal circuits and dysmorphic dendritic spines are mitigated by
platelet-activating factor receptor antagonism. Sci Rep 2016;6:30298.
doi:10.1038/srep30298

Rana A, Musto AE. The role of inflammation in the development of
epilepsy. ] Neuroinflammation 2018;15:144. doi:10.1186/512974-018-
1192-7

Riazi K, Galic MA, Kuzmiski JB, Ho W, Sharkey KA, Pittman QJ.
Microglial activation and TNFalpha production mediate altered CNS
excitability following peripheral inflammation. Proc Natl Acad Sci U
S A 2008;105:17151-17156. doi:10.1073/pnas.0806682105

De Caro C, Leo A, Nesci V, et al. Intestinal inflammation increases
convulsant activity and reduces antiepileptic drug efficacy in a mouse
model of epilepsy. Sci Rep 2019;9:13983. doi:10.1038/541598-019-50542-0
Medel-Matus JS, Shin D, Dorfman E, Sankar R, Mazarati A. Facilitation
of kindling epileptogenesis by chronic stress may be mediated by
intestinal microbiome. Epilepsia Open 2018;3:290-294. doi:10.1002/
epi4.12114

Lossos A, River Y, Eliakim A, Steiner I. Neurologic aspects of
inflammatory bowel disease. Neurology 1995;45:416-421. doi:10.1212/
wnl.45.3.416

Delgado MG, Vega ], Santamarta E, Caminal L. Complex partial
status epilepticus in a patient with Crohn’s disease. BMJ Case Rep
2013;2013:bcr2013200503. doi:10.1136/bcr-2013-200503

Brigo F, Bongiovanni LG, Cerini R, Manganotti P, Storti M, Fiaschi
A. Infliximab-related seizures: a first case study. Epileptic Disord
2011;13:214-217. doi:10.1684/epd.2011.0439

Jain KK. Drug-induced seizures. In: Drug-Induced Neurological
Disorders. Seattle, WA: Hogrefe & Huber; 1996:107-135.

Ong MS, Kohane I, Cai T, Gorman MP, Mandl KD. Population-level
evidence for an autoimmune etiology of epilepsy. JAMA Neurol
2014;71:569-574. doi:10.1001/jamaneurol.2014.188

Devinsky O, Schein A, Najjar S. Epilepsy associated with systemic
autoimmune disorders. Epilepsy Curr 2013;13:62-68. doi:10.5698/1535-
7597-13.2.62

Kelleci UA, Calhan T, Sahin A, et al. Electroencephalography
Findings in Crohn’s Disease. Clin EEG Neurosci 2019;50:129-133.
doi:10.1177/1550059418767589

Ding M, Lang Y, Shu H, Shao J, Cui L. Microbiota-Gut-Brain Axis and
Epilepsy: A Review on Mechanisms and Potential Therapeutics. Front
Immunol 2021;12:742449. doi:10.3389/fimmu.2021.742449

Lopez Gonzalez FJ, Rodriguez Osorio X, Gil-Nagel Rein A,
et al. Drug-resistant epilepsy: definition and treatment
alternatives. Neurologia 2015;30:439-446. doi:10.1016/j.nr1.2014.04.012
Nunes NS, Chandran P, Sundby M, et al. Therapeutic ultrasound
attenuates DSS-induced colitis through the cholinergic anti-
inflammatory pathway. EBioMedicine 2019;45:495-510. doi:10.1016/j.
ebiom.2019.06.033


https://dx.doi.org/10.1007/s10620-005-1588-y
https://dx.doi.org/10.1155/2015/189341
https://dx.doi.org/10.1016/j.imbio.2011.10.023
https://dx.doi.org/10.1016/j.imbio.2011.10.023
https://dx.doi.org/10.1159/000070197
https://dx.doi.org/10.4065/75.8.802
https://dx.doi.org/10.1111/j.1552-6569.2010.00538.x
https://dx.doi.org/10.1177/1352458512461393
https://dx.doi.org/10.1053/j.gastro.2005.06.022
https://dx.doi.org/10.1371/journal.pgen.1002254
https://dx.doi.org/10.1371/journal.pgen.1002254
https://dx.doi.org/10.1177/030098588101800305
https://dx.doi.org/10.1053/j.gastro.2005.06.021
https://dx.doi.org/10.1053/j.gastro.2005.06.021
https://dx.doi.org/10.1073/pnas.95.17.9979
https://dx.doi.org/10.1097/00054725-200401000-00004
https://dx.doi.org/10.1097/00054725-200401000-00004
https://dx.doi.org/10.1111/ene.12072
https://dx.doi.org/10.1111/ene.12072
https://dx.doi.org/10.1038/nature10554
https://dx.doi.org/10.3748/wjg.v13.i26.3638
https://dx.doi.org/10.3748/wjg.v13.i26.3638
https://dx.doi.org/10.1002/14651858.CD006097.pub3
https://dx.doi.org/10.1038/nrneurol.2009.80
https://dx.doi.org/10.1038/nrneurol.2009.80
https://dx.doi.org/10.1111/j.1528-1167.2011.03081.x
https://dx.doi.org/10.1038/srep30298
https://dx.doi.org/10.1186/s12974-018-1192-7
https://dx.doi.org/10.1186/s12974-018-1192-7
https://dx.doi.org/10.1073/pnas.0806682105
https://dx.doi.org/10.1038/s41598-019-50542-0
https://dx.doi.org/10.1002/epi4.12114
https://dx.doi.org/10.1002/epi4.12114
https://dx.doi.org/10.1212/wnl.45.3.416
https://dx.doi.org/10.1212/wnl.45.3.416
https://dx.doi.org/10.1136/bcr-2013-200503
https://dx.doi.org/10.1684/epd.2011.0439
https://dx.doi.org/10.1001/jamaneurol.2014.188
https://dx.doi.org/10.5698/1535-7597-13.2.62
https://dx.doi.org/10.5698/1535-7597-13.2.62
https://dx.doi.org/10.1177/1550059418767589
https://dx.doi.org/10.3389/fimmu.2021.742449
https://dx.doi.org/10.1016/j.nrl.2014.04.012
https://dx.doi.org/10.1016/j.ebiom.2019.06.033
https://dx.doi.org/10.1016/j.ebiom.2019.06.033

Neurological and psychiatric manifestations in IBD

117

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Bonaz B. Is-there a place for vagus nerve stimulation in inflammatory
bowel diseases? Bioelectron Med 2018;4:4. doi:10.1186/s42234-018-
0004-9

Morris GL 3rd, Mueller WM. Long-term treatment with vagus nerve
stimulation in patients with refractory epilepsy. The Vagus Nerve
Stimulation Study Group E01-E05. Neurology 1999;53:1731-1735.
doi:10.1212/wnl.53.8.1731

Elliott RE, Rodgers SD, Bassani L, et al. Vagus nerve stimulation
for children with treatment-resistant epilepsy: a consecutive
series of 141 cases. ] Neurosurg Pediatr 2011;7:491-500.
doi:10.3171/2011.2.PEDS10505

Zois CD, Katsanos KH, Kosmidou M, Tsianos EV. Neurologic
manifestations in inflammatory bowel diseases: current knowledge
and novel insights. ] Crohns Colitis 2010;4:115-124. doi:10.1016/j.
crohns.2009.10.005

Tsuchiya M, Asakura H, Yoshimatsu H. Thymic abnormalities and
autoimmune diseases. Keio ] Med 1989;38:383-402. doi:10.2302/
kjm.38.383

Mizuno Y, Muraoka M, Shimabukuro K, et al. Inflammatory bowel
diseases and thymus disorder: reactivity of thymocytes with monoclonal
antibodies. Bull Tokyo Dent Coll 1990;31:137-141.

Finnie IA, Shields R, Sutton R, Donnelly R, Morris AL Crohn’s disease
and myasthenia gravis: a possible role for thymectomy. Gut 1994;35:278-
279. doi:10.1136/gut.35.2.278

Gower-Rousseau C, Reumaux D, Bellard M, Delecourt L, Ribet M,
Colombel JE. Remission of myasthenia gravis after proctocolectomy in
a patient with ulcerative colitis. Am ] Gastroenterol 1993;88:1136-1138.
Foroozan R, Sambursky R. Ocular myasthenia gravis and inflammatory
bowel disease: a case report and literature review. Br ] Ophthalmol
2003;87:1186-1187. doi:10.1136/bj0.87.9.1186

Gondim Fde A, de Oliveira GR, Aratjo DF, Souza MH, Braga LL,
Thomas FP. Two patients with co-morbid myasthenia gravis in a
Brazilian cohort of inflammatory bowel disease. Neuromuscul Disord
2014;24:999-1002. doi:10.1016/j.nmd.2014.06.434

Nowakowski J, Chrobak AA, Dudek D. Psychiatric illnesses in
inflammatory bowel diseases - psychiatric comorbidity and biological
underpinnings. Psychiatr Pol 2016;50:1157-1166. doi:10.12740/
pp/62382

Graff LA, Walker JR, Bernstein CN. Depression and anxiety
in inflammatory bowel disease: a review of comorbidity and
management. Inflamm Bowel Dis 2009;15:1105-1118. doi:10.1002/
ibd.20873

Panara AJ, Yarur AJ, Rieders B, et al. The incidence and risk factors for
developing depression after being diagnosed with inflammatory bowel
disease: a cohort study. Aliment Pharmacol Ther 2014;39:802-810.
doi:10.1111/apt.12669

Bannaga AS, Selinger CP. Inflammatory bowel disease and anxiety:
links, risks, and challenges faced. Clin Exp Gastroenterol 2015;8:111-
117. doi:10.2147/ceg.s57982

Sajadinejad MS, Asgari K, Molavi H, Kalantari M, Adibi P. Psychological
issues in inflammatory bowel disease: an overview. Gastroenterol Res
Pract 2012;2012:106502. doi:10.1155/2012/106502

Walker JR, Ediger JP, Graff LA, 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.
doi:10.1111/§.1572-0241.2008.01980.x

Choi K, Chun J, Han K, et al. Risk of anxiety and depression in patients
with inflammatory bowel disease: A nationwide, population-based
study. ] Clin Med 2019;8:654. doi:10.3390/jcm8050654

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

98.

99.

100.

101.

102.

Kanter JW, Busch AM, Weeks CE, Landes SJ]. The nature of clinical
depression: Symptoms, syndromes, and behavior analysis. Behav Anal
2008;31:1-21. doi:10.1007/bf03392158

Tuma AH, Maser JD. Anxiety and the anxiety disorders. New York:
Routledge; 2019. doi:10.4324/9780203728215

Bennebroek Evertsz’ F, Thijssens NA, Stokkers PC, et al. Do
Inflammatory Bowel Disease patients with anxiety and depressive
symptoms receive the care they need? ] Crohns Colitis 2012;6:68-76.
doi:10.1016/j.crohns.2011.07.006

Zhang C, Byrne G, Lee T, Singer J, Giustini D, Bressler B. Incidence of suicide
in inflammatory bowel disease: A systematic review and meta-analysis. |
Can Assoc Gastroenterol 2018;1:107-114. doi:10.1093/jcag/gwy025
Ananthakrishnan AN, Gainer VS, Cai T, et al. Similar risk of depression
and anxiety following surgery or hospitalization for Crohn’s disease and
ulcerative colitis. Am J Gastroenterol 2013;108:594-601. doi:10.1038/
2jg.2012.471

Clark JG, Srinath AL, Youk AOet al. Predictors of depression in youth
with Crohn disease. ] Pediatr Gastroenterol Nutr 2014;58:569-573.
doi:10.1097/mpg.0000000000000277

Mahadev S, Young JM, Selby W, Solomon M]J. Self-reported depressive
symptoms and suicidal feelings in perianal Crohn’s disease. Colorectal
Dis 2012;14:331-335. doi:10.1111/j.1463-1318.2011.02613.x

Alexakis C, Kumar S, Saxena S, Pollok R. Systematic review with meta-
analysis: the impact of a depressive state on disease course in adult
inflammatory bowel disease. Aliment Pharmacol Ther 2017;46:225-235.
doi:10.1111/apt.14171

Grunze H. Bipolar disorder. In: Zigmond M]J, Rowland LP, Coyle JT,
eds. Neurobiology of brain disorders. Academic Press 2015:655-673.
Eaton WW, Pedersen MG, Nielsen PR, Mortensen PB. Autoimmune
diseases, bipolar disorder, and non-affective psychosis. Bipolar Disord
2010;12:638-646. doi:10.1111/j.1399-5618.2010.00853.x

Severance EG, Gressitt KL, Yang S, et al. Seroreactive marker for
inflammatory bowel disease and associations with antibodies to
dietary proteins in bipolar disorder. Bipolar Disord 2014;16:230-240.
doi:10.1111/bdi.12159

Marrie RA, Walld R, Bolton JM, et al. Increased incidence of psychiatric
disorders in immune-mediated inflammatory disease. ] Psychosom Res
2017;101:17-23. doi:10.1016/j.jpsychores.2017.07.015

. Cucino C, Sonnenberg A. The comorbid occurrence of other diagnoses

in patients with ulcerative colitis and Crohn’s disease. Am ] Gastroenterol
2001;96:2107-2112. doi:10.1111/j.1572-0241.2001.03943 .x

Bernstein CN, Hitchon CA, Walld R, et al. Increased burden of
psychiatric disorders in inflammatory bowel disease. Inflamm Bowel
Dis 2019;25:360-336. doi:10.1093/ibd/izy235

West ], Logan RE, Hubbard RB, Card TR. 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. doi:10.1111/j.1365-2036.2006.02720.x

Berk M, Williams L], Jacka FN, et al. So depression is an inflammatory
disease, but where does the inflammation come from? BMC Med
2013;11:200. doi:10.1186/1741-7015-11-200

Martin-Subero M, Anderson G, Kanchanatawan B, Berk M, Maes M.
Comorbidity between depression and inflammatory bowel disease
explained by immune-inflammatory, oxidative, and nitrosative
stress; tryptophan catabolite; and gut-brain pathways. CNS Spectr
2016;21:184-198. doi:10.1017/s1092852915000449

Gupta NK, Thaker Al, Kanuri N, et al. Serum analysis of tryptophan
catabolism pathway: correlation with Crohn’s disease activity. Inflamm
Bowel Dis 2012;18:1214-1220. doi:10.1002/ibd.21849

] Gastrointestin Liver Dis, March 2022 Vol. 31 No 1: 107-118


https://dx.doi.org/10.1186/s42234-018-0004-9
https://dx.doi.org/10.1186/s42234-018-0004-9
https://dx.doi.org/10.1212/wnl.53.8.1731
https://dx.doi.org/10.3171/2011.2.PEDS10505
https://dx.doi.org/10.1016/j.crohns.2009.10.005
https://dx.doi.org/10.1016/j.crohns.2009.10.005
https://dx.doi.org/10.2302/kjm.38.383
https://dx.doi.org/10.2302/kjm.38.383
https://dx.doi.org/10.1136/gut.35.2.278
https://dx.doi.org/10.1136/bjo.87.9.1186
https://dx.doi.org/10.1016/j.nmd.2014.06.434
https://dx.doi.org/10.12740/pp/62382
https://dx.doi.org/10.12740/pp/62382
https://dx.doi.org/10.1002/ibd.20873
https://dx.doi.org/10.1002/ibd.20873
https://dx.doi.org/10.1111/apt.12669
https://dx.doi.org/10.2147/ceg.s57982
https://dx.doi.org/10.1155/2012/106502
https://dx.doi.org/10.1111/j.1572-0241.2008.01980.x
https://dx.doi.org/10.3390/jcm8050654
https://dx.doi.org/10.1007/bf03392158
https://dx.doi.org/10.1016/j.crohns.2011.07.006
https://dx.doi.org/10.1093/jcag/gwy025
https://dx.doi.org/10.1038/ajg.2012.471
https://dx.doi.org/10.1038/ajg.2012.471
https://dx.doi.org/10.1097/mpg.0000000000000277
https://dx.doi.org/10.1111/j.1463-1318.2011.02613.x
https://dx.doi.org/10.1111/apt.14171
https://dx.doi.org/10.1111/j.1399-5618.2010.00853.x
https://dx.doi.org/10.1111/bdi.12159
https://dx.doi.org/10.1016/j.jpsychores.2017.07.015
https://dx.doi.org/10.1111/j.1572-0241.2001.03943.x
https://dx.doi.org/10.1093/ibd/izy235
https://dx.doi.org/10.1111/j.1365-2036.2006.02720.x
https://dx.doi.org/10.1186/1741-7015-11-200
https://dx.doi.org/10.1017/s1092852915000449
https://dx.doi.org/10.1002/ibd.21849

118

Gluch et al.

103.

104.

105.

106.

107.

108.

109.

Rezaie A, Parker RD, Abdollahi M. Oxidative stress and pathogenesis
of inflammatory bowel disease: an epiphenomenon or the cause? Dig
Dis Sci 2007;52:2015-2021. doi:10.1007/s10620-006-9622-2

Matteoli G, Boeckxstaens GE. The vagal innervation of the gut
and immune homeostasis. Gut 2013;62:1214-1222. doi:10.1136/
gutjnl-2012-302550

Ghia JE, Blennerhassett P, Collins SM. Impaired parasympathetic
function increases susceptibility to inflammatory bowel disease in
a mouse model of depression. J Clin Invest 2008;118:2209-2218.
doi:10.1172/jci32849

Ceuleers H, Van Spaendonk H, Hanning N, et al. Visceral
hypersensitivity in inflammatory bowel diseases and irritable bowel
syndrome: the role of proteases. World ] Gastroenterol 2016;22:10275-
10286. doi:10.3748/wjg.v22.147.10275

Carabotti M, Scirocco A, Maselli MA, Severi C. The gut-brain axis:
interactions between enteric microbiota, central and enteric nervous
systems. Ann Gastroenterol 2015;28:203-209.

Dantzer R, O’Connor JC, Freund GG, Johnson RW, Kelley KW. From
inflammation to sickness and depression: when the immune system
subjugates the brain. Nat Rev Neurosci 2008;9:46-56. doi:10.1038/
nrn2297

Keefer L, Kane SV. Considering the bidirectional pathways between
depression and IBD: recommendations for comprehensive IBD
care. Gastroenterol Hepatol (N Y) 2017;13:164-169.

] Gastrointestin Liver Dis, March 2022 Vol. 31 No 1: 107-118

110.

111.

112.

113.

114.

115.

116.

Yanartas O, Kani HT, Bicakci E, et al. The effects of psychiatric treatment
on depression, anxiety, quality of life, and sexual dysfunction in
patients with inflammatory bowel disease. Neuropsychiatr Dis Treat
2016;12:673-683. doi:10.2147/ndt.s106039

Goodhand JR, Greig FIS, Koodun Y, et al. Do antidepressants influence
the disease course in inflammatory bowel disease? A retrospective case-
matched observational study. Inflamm Bowel Dis 2012;18:1232-1239.
doi:10.1002/ibd.21846

Filipovic BR, Filipovic BE. Psychiatric comorbidity in the treatment
of patients with inflammatory bowel disease. World ] Gastroenterol
2014;20:3552-3563. doi:10.3748/wjg.v20.113.3552

Iskandar HN, Cassell B, Kanuri N, et al. Tricyclic antidepressants for
management of residual symptoms in inflammatory bowel disease. J Clin
Gastroenterol 2014;48:423-429. doi:10.1097/mcg.0000000000000049
Daneshmand A, Mohammadi H, Rahimian R, et al. Chronic lithium
administration ameliorates 2, 4, 6-trinitrobenzene sulfonic acid-induced
colitis in rats; potential role for adenosine triphosphate sensitive
potassium channels. ] Gastroenterol Hepatol 2011;26:1174-1181.
doi:10.1111/j.1440-1746.2011.06719.x

Sartor RB. Probiotic therapy of intestinal inflammation and
infections. Curr Opin Gastroenterol 2005;21:44-50.

Huang R, Wang K, Hu J. Effect of Probiotics on Depression: A Systematic
Review and Meta-Analysis of Randomized Controlled Trials. Nutrients
2016;8:483. doi:10.3390/nu8080483


https://dx.doi.org/10.1007/s10620-006-9622-2
https://dx.doi.org/10.1136/gutjnl-2012-302550
https://dx.doi.org/10.1136/gutjnl-2012-302550
https://dx.doi.org/10.1172/jci32849
https://dx.doi.org/10.3748/wjg.v22.i47.10275
https://dx.doi.org/10.1038/nrn2297
https://dx.doi.org/10.1038/nrn2297
https://dx.doi.org/10.2147/ndt.s106039
https://dx.doi.org/10.1002/ibd.21846
https://dx.doi.org/10.3748/wjg.v20.i13.3552
https://dx.doi.org/10.1097/mcg.0000000000000049
https://dx.doi.org/10.1111/j.1440-1746.2011.06719.x
https://dx.doi.org/10.3390/nu8080483

