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Abstract: IBD, encompassing CD and UC, are characterized by chronic gastrointestinal inflammation due to 
abnormal immune responses to gut microflora. The bidirectional communication between the gut and the 
brain, known as the GBA, is disrupted in IBD, leading to neurobiological imbalances and affective symptoms. 
Systemic inflammation in IBD affects the brain's inflammatory response system, hormonal axis, and BBB 
integrity, influencing gut microbiota and clinical responses to probiotics. This review aims to explore the links 
between dysregulations in the GBA, serum biomarkers, and the development of MCI and NDDs. The objective 
is to identify potential correlations and propose future research directions to understand the impact of altered 
microbiomes and intestinal barrier functions on NDDs. Studies suggest a potential link between IBD and 
extraintestinal complications such as MCI and NDDs. Mechanisms include systemic inflammation, BBB 
dysfunction, autoimmune responses, GBA dysfunction, medication effects, and comorbidities. Serum 
biomarkers, including vitamin D3, C-reactive protein, high-sensitivity C-reactive protein, vitamin B12, 
homocysteine, serum amyloid, neuron-specific enolase, neurofilament light chain, S100 proteins, brain-derived 
neurotrophic factor, IL-6, LP-2 associated phospholipase, prostaglandin E2, IL-1β, and TNF-α, have been 
investigated for their potential to predict MCI but current results are lacking clarity.  

Keywords: IBD; neurodegeneration; mild cognitive impairment; serum biomarker; systemic 
inflammation; gut-brain axis  

 

Inflammatory Bowel Diseases (IBD), Gut-Brain Axis (GBA) Interactions and Neurodegeneration 

Inflammatory bowel diseases (IBD) are chronic conditions characterized by repetitive episodes 
of inflammation in the gastrointestinal tract due to an abnormal immune response to gut microflora. 
The two main types of IBD are Crohn's disease (CD) and ulcerative colitis (UC). UC involves diffuse 
inflammation of the colonic mucosa, while CD results in transmural ulceration of any portion of the 
gastrointestinal tract, most often affecting the terminal ileum and colon [1].  

The gut-brain axis (GBA) refers to the bidirectional communication between the gut and the 
brain, which involves neural, hormonal, and immune pathways. This communication allows the 
brain to influence intestinal functions, including the gut microbiota, and vice versa [2]. 

IBDs are associated with systemic inflammation and alterations of the GBA. In IBD, the GBA is 
disrupted, leading to neurobiological imbalances and clinical affective and/or behavioral symptoms 
[3]. 
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Systemic inflammation in IBD can activate the inflammatory response system in the brain, the 
hypothalamic-pituitary-adrenal axis (HPAA), and brain areas implicated in altered behaviors. This 
can lead to changes in blood-brain barrier (BBB) integrity and an emerging role for gut microbiota 
and the clinical response to probiotics in IBD [4].  

Inflammation can also disrupt the balance of the gut microbiota, a condition known as dysbiosis. 
The dysbiosis affects the GBA and might lead to changes in brain function, resulting in altered 
HPAA[2,5]. This gives rise to an overall proinflammatory phenotype and dysregulated HPAA and 
serotonergic functioning [6]. Additionally, the gut microbiota produces various metabolites, such as 
short-chain fatty acids (SCFA), that can influence brain function. Changes in the production of these 
metabolites due to dysbiosis could therefore impact the brain[2]. 

In summary, systemic inflammation and alterations in the GBA play a significant role in the 
pathophysiology of IBD, affecting not only the gastrointestinal tract but also the brain and behavior 
[3–6]. 

Aim 

The purpose of this review is to identify some of the possible links between gut-brain axis 
dysregulations in terms of serum biomarkers and the development of mild cognitive impairment 
(MCI) and neurodegenerative diseases (NDDs) such as Alzheimer’s Disease (AD) or Parkinson’s 
Disease (PD) and what are the perspectives we could focus on near future to test those hypotheses. 
Actively knowing this, further research could focus more on the intestinal microbiome and other 
mechanisms to reduce the burden of neurodegenerative disease.  

Considering that nearly 2500 years ago Hippocrates had a dazzling statement declaring that ‘All 
disease begins in the gut’ without having any of our modern clinical and laboratory exploration 
techniques, we strongly believe that now it would be a great time we get a clear understanding of 
how the altered microbiome and intestinal barrier function might lead to the development of NDDs. 
Also, life expectancy has greatly increased in the last 100 years, Due to this, we have to actively think 
about the burden of NDDs because they will probably become more frequent due to life expectancy 
increase but also due to lifestyle modifications[7,8]. 

Methodology 

Articles were selected from the PubMed database by searching in the first time associations 
between [inflammatory bowel diseases], [inflammatory bowel disease], [IBD], [Crohn’s disease], 
[CD], [Ulcerative Colitis], [UC] and [serum biomarkers], [blood biomarkers]. Further on, biomarkers 
were screened if they associate with [neurodegeneration], [neurodegenerative diseases], [mild 
cognitive impairment], [Alzheimer’s Disease], [AD], [Alzheimer]. Combinations between all were 
also researched. Studies were chosen if the studied biomarker was both tested in IBD or MCI patients 
or both of them. Figure 1 synthetizes the methodology of research for this article.  
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Figure 1. Methodology of research. 

Neurodegeneration as an Extraintestinal Manifestation of IBD 

Several studies have been suggesting that MCI, multiple sclerosis (MS) and NDD could be 
extraintestinal complications of IBD [9–12]. Several mechanisms have been proposed for the link 
between IBD and further development of ND, such as systemic inflammation, BBB dysfunction, 
autoimmune mechanism, GBA dysfunction, the effects of medication and the effect of other 
comorbidities such as anxiety, depression, nutritional deficiencies, sleep disturbances or 
anemia[10,13,14]. There are also studies that suggested ND is not a direct cause of IBD because of the 
confounders and other concomitant pathologies [11,14,15]. Despite those results, IBD might still be 
risk factors for NDDs[9–12].  

Mild Cognitive Impairment: Definition, Risk Factors and Diagnosis 

MCI is a condition that involves a slight decline in cognitive abilities, such as memory, thinking, 
and reasoning, that is greater than what is expected with normal aging but not severe enough to be 
classified as dementia. People with MCI may experience memory problems, difficulty with decision-
making, and challenges with language or visual perception. MCI is considered a transitional stage 
between normal aging and dementia, and not all individuals with MCI will progress to dementia 
[16,17] 

MCI can be caused by a variety of factors. NDDs, such as AD, are often associated with MCI, 
and it can be a transitional stage between normal aging and dementia [17]. Vascular diseases that 
affect the blood supply to the brain can also lead to MCI [17]. Other potential causes include 
psychiatric conditions, certain medications, and diseases such as PD or LBD [17]. Additionally, 
traumatic brain injuries (TBI) and certain internal diseases can contribute to the development of MCI 
[17].  

There is no consensus on the general recommendation for screening for MCI in older adults. One 
study found no significant differences in health-related quality of life at 12 months after screening for 
MCI, and there was no empirical evidence that screening for MCI improves patient or caregiver 
outcomes or causes harm [18]. Another study suggested that cognitive testing should occur for older 
patients when there is a reason to suspect dementia, such as an informant history of cognitive or 
functional decline, clinical observation, or very old age [18].  
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The Presumed Link between IBD and MCI 

Studies have shown that people with IBD can exhibit cognitive deficits, particularly in attention 
and executive function, including working memory [20]. Another study found that patients with UC 
in remission showed impairments in cognitive functioning compared to healthy controls [21]. 

The exact causes of cognitive deficits in people with IBD are not fully understood, but several 
potential mechanisms have been proposed. One theory is that the gut-brain axis, which is the 
bidirectional communication between the gut and the brain, may play a role. Imbalances in the gut 
microbiota, which are common in IBD, could potentially affect brain function [22]. Chronic 
inflammation could also contribute to cognitive deficits by causing systemic inflammation that affects 
the brain [22]. Lastly, the adverse effects of disease-modifying medication used in IBD treatment 
could potentially contribute to cognitive impairment [32]. However, more research is needed to fully 
understand these mechanisms and their implications for the management of cognitive deficits in 
people with IBD [9,11,31,32] 

Gut Microbiome Alterations and MCI 

Alterations in the gut microbiome, a key component of the GBA, have been linked to NDDs. 
These alterations can influence the homeostasis of the central nervous system (CNS) through the 
modulation of the immune system and the production of molecules and metabolites [23]. Dysbiosis, 
or imbalance in the gut microbiota, has been associated with NDDs and is thought to contribute to 
their development and prognosis [24]. Inflammation-associated microbiome changes are particularly 
implicated in NDDs [24]. Moreover, the gut microbiota can interact with the brain through systemic 
chronic inflammation, which can impair the BBB and contribute to neuroinflammation, ND, and 
aging [25]. 

Some studies have shown alterations in the gut microbiota in individuals with MCI, including 
an increase in bacterial taxa such as Erysipelatoclostridiaceae, Erysipelotrichales, Patescibacteria, 
Saccharimonadales, and Saccharimonadia [26]. Another study identified Prevotella ruminicola, 
Bacteroides thetaiotaomicron, and Bacteroides xylanisolvens as taxa correlated with MCI [27]. On the 
other hand, the specific alterations in the gut microbiota associated with IBD were not provided in 
the given studies. But a study found that IBD patients with Cl. Difficile infection had more 
pronounced dysbiosis with higher levels of Ruminococcus gnavus and Enterococcus operational 
taxonomic units and lower levels of Blautia and Dorea operational taxonomic units [28]. Another 
study reported that IBD is associated with changes in bile acids, an important bacterial metabolite. 
Specifically, primary bile acids and conjugated bile acids are increased in fecal samples of IBD 
patients, while secondary bile acids are reduced [29]. Furthermore, a study found major differences 
in the gut microbiome between patients with and without a pathogen and IBD. In IBD, a higher 
proportion of patients without a pathogen required hospitalization and IBD therapies at flare and 
within the 2 years after flare, driven by a milder disease course in flares complicated by an E. Coli 
subtype or Norovirus [30]. 

Serum Biomarkers as Predictors for MCI 

Serum biomarkers can serve as predictors for MCI. Several studies have investigated the 
relationship between serum biomarkers, MCI and NDDs. For example, low levels of vitamin D have 
been associated with worse cognitive performance in PD patients [31]. Additionally, serum levels of 
neuron-specific enolase (NSE) have been correlated with cognitive status and neurocognitive 
outcomes in patients with TBI [32]. Serum biomarkers, such as Neurofilament Light Chain (NfL), 
have also been identified as predictors of disease progression in prodromal fronto-temporal dementia 
(FTD) [33].  

Vitamin D3 

Vitamin D3, also known as cholecalciferol, is a type of vitamin D that plays a crucial role in both 
the immune system and the CNS. In terms of immunity, vitamin D3 has immunomodulatory effects, 
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meaning it helps regulate the immune response. It can suppress excessive inflammation and promote 
immune tolerance, which is important for preventing autoimmune diseases. In the CNS, vitamin D3 
acts as a neurosteroid, meaning it affects brain development and function. It plays a role in 
neuroprotection, neurotrophic actions, and neurotransmission [34–36].  

Vitamin D deficiency has been associated with an increased risk of AD, PD, and MCI. Several 
studies have found that low levels of vitamin D are linked to an increased risk of developing AD and 
dementia [37]. Vitamin D deficiency has also been associated with reduced hippocampal volume and 
disrupted structural connectivity in patients with MCI [38]. Additionally, vitamin D supplementation 
has been shown to improve cognitive impairment and decrease the accumulation of amyloid-beta 
plaques, which are characteristic of AD [39]. 

In IBD, vitamin D deficiency is common and has been associated with increased inflammation 
and disease severity. Studies have shown that a significant proportion of IBD patients have vitamin 
D levels below the recommended range. For example, one study found that 58.6% of CD patients and 
44.6% of UC patients had vitamin D levels below 50 nmol/L, which is considered deficient. CD 
patients tend to have lower vitamin D levels compared to patients with irritable bowel syndrome 
(IBS). Certain clinical factors, such as disease location, disease activity, and the use of specific 
medications, can also affect vitamin D levels in IBD patients. Vitamin D supplementation may help 
improve gut health, rebalance gut microbiota, and reduce inflammation in people with UC [40–42]. 
There are not studies that specifically investigated the serum levels of vitamin D3 in patients with 
IBD and MCI.   

C reactive Protein and High-Sensivity C Reactive Protein 

C-reactive protein (CRP) is an acute-phase reactant protein produced by the liver in response to 
inflammation or infection. CRP plays a crucial role in the immune system by modulating the 
inflammatory response and promoting host defense against infections. It interacts with components 
of both the innate and adaptive immune systems, including complement proteins and Fc receptors 
on immune cells. In the CNS, CRP is constitutively expressed by microglial cells, astrocytes, and 
neurons, and its expression can be increased in response to inflammation. CRP in the CNS is involved 
in brain development, maintenance of normal brain homeostasis, and neuroinflammation. However, 
the exact mechanisms and functions of CRP in the CNS are still being studied [43,44]. High-sensivity 
CRP (hsCRP) is a more sensitive test that can detect even very low levels of inflammation. It is often 
used to assess cardiovascular risk, as even low levels of inflammation in blood vessels can contribute 
to the development of heart disease. hsCRP is measured using specialized assays that can detect CRP 
levels as low as 0.3 mg/L [45]. 

There is evidence suggesting that CRP and hsCRP may be associated with IBD and MCI. In IBD, 
CRP has been studied as a diagnostic and prognostic marker.  

Elevated CRP levels have been observed in patients with IBD, particularly in those with CD 
compared to UC [46]. Another study found that high CRP levels are associated with poor sleep 
quality in patients with IBD, independent of nocturnal symptoms[47].  Another study showed that 
CRP is associated with disease severity and levels of CRP and cytokines in patients with IBD [48].  

Studies have shown that higher hsCRP levels are associated with faster declines in cognitive 
function, including global cognitive scores, memory scores, and executive function scores [49]. 
Regarding MCI, a study has found that elevated CRP levels predict poorer cognition and increased 
dementia risk in cognitively healthy older adults [50]. Another study showed that higher baseline 
CRP levels are associated with poorer memory in elderly women [51]. A population-based case-
control study found that baseline hsCRP levels were significantly associated with both MCI and 
amnestic MCI [119]. Furthermore, elevated hsCRP levels detected five years before diagnosis were 
associated with an increased probability of MCI [52]. However a causal relationship between CRP 
levels and these conditions was not proven by none of the studies. There was no study that evaluated 
the serum levels of CRP and hsCRP and the development of MCI in the IBD population.  
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Vitamin B12 

Vitamin B12, also known as cobalamin, is an essential water-soluble vitamin that plays a crucial 
role in various bodily functions. It is necessary for the production of red blood cells, the maintenance 
of a healthy nervous system, and the metabolism of proteins and fats. Additionally, vitamin B12 
contributes to DNA synthesis and supports brain function. In terms of immunity, vitamin B12 is 
involved in the regulation of immune cell production and function, helping to maintain a balanced 
immune response. In the CNS, vitamin B12 is important for cellular function, especially for the 
production of myelin, which is essential for proper nerve signal transmission [53]. 

Vitamin B12 deficiency is common in patients with IBD, particularly in those with CD. Studies 
have shown that the prevalence of vitamin B12 deficiency in patients with Crohn's disease ranges 
from 15.6% to 33% [54,55]. The main reason for this deficiency is the involvement of the terminal 
ileum, where vitamin B12 is absorbed [56]. Ileal resections and disease activity are risk factors for 
vitamin B12 deficiency in patients with CD [56]. Low levels of vitamin B12 have been associated with 
cognitive impairment and an increased risk of MCI and dementia [57,58]. Vitamin B12 deficiency 
(<150 ρmol/L) has been specifically linked to cognitive impairment [57]. However, the efficacy of 
vitamin B12 therapy for cognitive impairment and dementia is still debated. Vitamin B12 
supplements have been shown to improve cognition in patients with pre-existing deficiency, but not 
in those without deficiency [57]. 

However, there is no proven role between the association of vitamin B12 deficiency in IBD 
patients and the development of MCI.  

Homocysteine 

Homocysteine is an amino acid that is involved in the methylation and sulfuration pathways 
and is derived from the metabolism of methionine, an essential amino acid. Elevated levels of 
homocysteine, known as hyperhomocysteinemia, have been associated with several disorders, 
including cardiovascular disease, NDDs, autoimmune disorders, and birth defects [59]. In terms of 
immunity, studies have shown that homocysteine can affect T-lymphocyte function. It has been 
found to promote T cell activation, differentiation, and activation-induced cell death [60]. These 
effects on immune function may contribute to age-related immune dysfunction and disease 
pathology. 

In the CNS, homocysteine has been implicated in the pathogenesis of various neurological 
diseases, including stroke, AD, PD, epilepsy, MS, and amyotrophic lateral sclerosis (ALS) [61].  

A study found that patients with IBD had significantly higher homocysteine levels compared to 
healthy individuals [62,63]. Elevated homocysteine levels have been associated with cognitive decline 
and an increased risk of dementia, including AD and also the progression from MCI to dementia [64–
68]. Additionally, supplementation with folic acid and vitamin B12, which can lower homocysteine 
levels, has shown potential benefits in improving cognitive performance in individuals with MCI 
[69]. There may not be sufficient evidence or specific studies addressing the simultaneous dosing of 
homocysteine in patients with MCI and IBD. 

Serum Amyloid 

Serum amyloid A (SAA) is an acute-phase protein that is produced by the liver in response to 
inflammation or infection. It plays a role in the immune response and lipid metabolism. SAA is 
involved in innate immunity by promoting the development of T helper 17 cells and modulating 
various leukocyte functions. It can also bind to lipids and phospholipids, forming nanoparticles and 
sequestering them. In the CNS, SAA levels have been found to be increased in certain neurological 
disorders, such as neuromyelitis optica (NMO) and atypical MS, suggesting a potential role in the 
pathogenesis of these conditions. However, the exact mechanisms and functions of SAA in the CNS 
are still being investigated [70,71]. 

Several studies have investigated the role of SAA as a biomarker for disease activity and mucosal 
inflammation in IBD. One study found that SAA levels correlated with mucosal inflammation in 
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patients with CD, even in those with normal CRP levels [72]. SAA has been implicated in NDDs. In 
AD, SAA has been shown to contribute to oxidative stress, mitochondrial dysfunction, impaired 
synaptic transmission, disruption of membrane integrity, and impaired axonal transport [73]. 
Additionally, SAA has been found to interact with other pathological proteins, such as beta-amyloid 
and alpha-synuclein, forming toxic heteroaggregates [74]. These findings suggest that SAA may play 
a role in the pathogenesis of neurodegenerative diseases. However, further research is needed to fully 
understand the mechanisms and potential therapeutic implications of SAA. 

Neuron Specific Enolase 

Neuron-specific enolase (NSE) is a glycolytic enzyme found in neurons and neuroendocrine 
cells. It's used as a marker for neuronal damage and is elevated in conditions like seizures, head 
injury, and autoimmune neurological diseases. NSE also plays a role in immunity, as its levels can 
indicate neuronal damage in various comas and autoimmune neurological diseases. In the CNS, NSE 
is a marker for synapse formation and can indicate neuronal lesions during various comas [75–77].  

It has been identified in the intestinal neuronal and neuroendocrine cells of patients with CD 
[78]. It plays a dual role in promoting both neuroinflammation and neuroprotection in 
neurodegenerative events. Elevated NSE can promote extracellular matrix degradation, 
inflammatory glial cell proliferation, and actin remodeling, thereby affecting migration of activated 
macrophages and microglia to the injury site and promoting neuronal cell death [79]. NSE can also 
control neuronal survival, differentiation, and regeneration [79] Studies have shown abnormalities in 
the enteric nervous system (ENS) in tissue samples from patients with IBD, with an increase in 
neuronal cell bodies, enteroglia, and interstitial cells of Cajal ICC in the deep muscular plexus of CD 
patients [80]. However, reduced NSE levels have been observed in chronic severe TBI, suggesting 
ongoing neurodegeneration and neuronal loss [80]. Therefore, NSE could be a reliable, quantitative, 
and specific marker of neuronal injury and neurodegeneration [80,81]. Worth to mention, is that NSE 
has been found to be elevated in children with Autistic Spectrum Disease, a condition that involves 
neurodevelopmental disorders and could potentially be influenced by the GBA [82]. 

Neurofilament Light Chain 

Neurofilament light chain (NfL) is a biomarker that can indicate neurodegeneration in various 
neurological disorders. NfL is a protein found in the axons of neurons, and its levels increase in the 
cerebrospinal fluid (CSF) and blood when there is axonal damage. Studies have shown that NfL levels 
are elevated in neurodegenerative diseases such as AD, PD, Huntington's disease (HD), and ALS. 
NfL can be used as a diagnostic, prognostic, and monitoring biomarker for these conditions. 
However, further research is needed to fully understand the relationship between NfL and 
neurodegeneration and to establish its clinical utility. [83,84] While NfL can indicate the presence of 
neurodegeneration, it does not provide information on the underlying cause, necessitating additional 
diagnostic tests [85]. There is no study that tested the serum or CSF level of NfL in patients with IBD. 

S100 Proteins 

S100 proteins are a family of small calcium-binding proteins that play important roles in various 
cellular processes such as calcium homeostasis, cell proliferation, apoptosis, differentiation, 
inflammation, and signal transduction. S100 proteins have been implicated in several diseases, 
including cancer, inflammatory disorders, neurological diseases, liver disease, and pulmonary 
diseases [86–88]. There is evidence to suggest that S100 proteins may play a role in both IBD and 
NDDs. In the context of IBD, S100B protein has been implicated in the onset and maintenance of 
inflammation in the gut [89]. It is believed to contribute to the regulation of inflammatory events in 
the gut and may have both trophic and toxic effects depending on its concentration [89]. In NDDs, 
S100B levels have been found to correlate with disease progression and severity [90]. High levels of 
S100B are suggestive of pathogenic processes in these diseases and may be involved in the activation 
of inflammatory pathways [91]. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 April 2024                   doi:10.20944/preprints202404.0135.v1



 8 

 

Brain Derived Neurotrophic Factor 

Brain-Derived Neurotrophic Factor (BDNF) is a molecule that plays a crucial role in neuronal 
survival, growth, and neurogenesis. Changes in BDNF levels and signaling pathways have been 
identified in several neurodegenerative diseases, including AD, PD, and HD, and have been linked 
with the symptoms and course of these diseases [92,93]. Lowering BDNF level mediates 
neurodegeneration of neurons, including dopaminergic neurons in PD [94]. Moreover, BDNF 
improves synaptic plasticity and contributes to long-lasting memory formation [95]. Several studies 
have shown that a high level of BDNF is associated with a lower risk for developing a 
neurodegenerative disease [95]. In IBS and IBD, BDNF plays a significant role in modulation of 
abdominal pain [96,97]. BDNF expression is found to be upregulated in the colonic mucosa of IBS 
patients, contributing to visceral hyperalgesia [97]. IBD patients often have sleep and mood disorders, 
and BDNF is shown to modulate interactions between the CNS and the gastrointestinal tract, possibly 
contributing to these psychological issues [98].  

IL-6 

Interleukin-6 (IL-6) is a cytokine that plays a role in cell signaling and communication within the 
immune system. It is produced by various cells, including immune cells, and is involved in regulating 
inflammation and immune responses. IL-6 has diverse functions and can influence the activity of 
different cell types, such as T cells, B cells, and macrophages. It is known to play a role in various 
physiological processes, including the immune response to infection, inflammation, and tissue repair. 
However, excessive or dysregulated production of IL-6 has been implicated in the pathogenesis of 
several diseases, including IBD and AD [99,100]. In a study investigating the association between IBD 
and the development of AD, it was found that IBD patients had a higher risk of developing AD 
compared to those without IBD. The study also found that higher levels of IL-6 were associated with 
an increased risk of cognitive impairment in IBD patients [101]. Additionally, another study 
examined the association between inflammatory markers and MCI in a population-based sample. It 
found that higher levels of CRP,  that is regulated by IL-6, were associated with an increased risk of 
MCI, particularly nonamnestic MCI [102]. 

LP-2 Associated Phospholipase 

LP2-associated phospholipase (SPLA2) is an enzyme that plays a role in various physiological 
and pathological processes, including inflammation and host defense mechanisms against bacteria. 
In the context of IBD, SPLA2 has been found to have increased mass concentrations in the serum and 
colonic mucosa of patients with CD. SPLA2 has also been implicated in the pathogenesis of AD and 
MCI, where it is associated with elevated levels of bacterial lipopolysaccharides and cyclooxygenases. 
In patients with CD, the mass concentration of group II phospholipase A2 is increased in both serum 
and colonic mucosa, and it is associated with the degree of inflammatory activity in the intestinal 
wall [103]. In the context of cognitive impairment, elevated levels of bacterial lipopolysaccharides 
and cyclooxygenases (COX1 and COX2) have been observed in the blood serum and CSF of patients 
with AD and MCI. LPSs positively correlate with LP2-associated phospholipase, Aβ-42, and tau, and 
negatively correlate with mental state. These findings suggest that LP2-associated phospholipase and 
LPSs may play a role in the pathogenesis of AD and MCI [104]. 

Prostaglandin E2 

Prostaglandin E2 (PGE2) is a type of prostaglandin, which is a group of lipid compounds 
involved in various physiological processes, including inflammation. PGE2 is produced in the body 
and plays a role in regulating inflammation, pain, and fever. In relation to IBD, studies have shown 
that PGE2 levels are increased in the inflamed mucosa of patients with IBD [105]. Regarding MCI and 
PGE2, there is limited direct evidence linking the two. However, PGE2 has been implicated in 
neuroinflammation, which is believed to play a role in the pathogenesis of AD [106]. PGE2 has been 
found to have complex actions on neural signaling and can influence the electrical activity of neurons 
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[107]. While the specific relationship between PGE2 and MCI is not well-established, it is possible 
that PGE2 may play a role in neuroinflammation, and neuronal dysfunction associated with cognitive 
impairment. 

IL-1β 

Interleukin-1 beta (IL-1β) is a cytokine that plays a crucial role in the inflammatory response. It 
is involved in various physiological and pathological processes, including immune regulation and 
inflammation. In the context of IBD, IL-1β has been implicated in the development and progression 
of the disease. Studies have shown increased IL-1β levels in the intestines of IBD patients, and 
blocking IL-1β activity has been found to reduce inflammation and improve symptoms in 
experimental colitis models [108,109]. In terms of MCI and AD, IL-1β has also been investigated. 
Elevated levels of IL-1β have been observed in the brains of AD patients, and it is believed to 
contribute to the neuroinflammation, and neuronal degeneration seen in the disease [110]. However, 
the relationship between IL-1β and cognitive function is complex, and conflicting results have been 
reported. Some studies suggest that IL-1β may impair cognitive function, while others show no effect 
or even a beneficial role [111,112]. Overall, IL-1β is a key player in the inflammatory response and 
has been implicated in both IBD and cognitive impairment. 

TNF- ɑ 

Tumor necrosis factor-alpha (TNF-α) is a pro-inflammatory cytokine that plays a crucial role in 
the pathogenesis of IBD and NDDs. It activates immune responses against infection, injury, or 
inflammation, and is involved in the regulation of various immune cells. TNF-α is also implicated in 
the regulation of T cell responses, including development, homeostasis, primary antigenic responses, 
apoptosis, effector functions, and memory cell formation. It is a key mediator of the innate immune 
response and has strong proinflammatory and immunomodulatory properties[112]. In patients with 
IBD, increased circulating TNF-α levels have been associated with the intensity of gastrointestinal 
symptoms and cognitive-affective biases [113]. A study on Chinese older adults found that IL-1β and 
IL-18, which are mediated by TNF-α, partially explain the association between vitamin D deficiency 
and MCI [114]. 

Conclusions 

Several biomarkers have been studies in the both IBD and MCI separately and some of them 
were chosen to be measured in order to see if they correlate with the intensity of MCI or if they predict 
the installment. However, much more studies are required to uncover the mechanisms between the 
MCI development in patients who suffer from IBD.  

Abbreviation list 

AD Alzheimer's Disease 
ALS Amyotrophic lateral sclerosis 
BBB Blood brain barrier 
BDNF Brain derived neurotrophic factor 
CD Crohn’s Disease 
CNS Central nervous system 
CRP C reactive protein 
CSF Cerebrospinal fluid 
ENS Enteric nervous system 
FTD Fronto-temporal dementia 
GBA Gut-brain axis 
HD Huntignton’s Disease 
HPAA  Hypothalamic-pituitary-adrenal axis 
IBDs Inflammatory bowel disease(s) 
IBS Irritable bowel syndrome 
IL-1β Interleukin-1 beta 
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IL-6 Interleukin 6 
LBD Lewy body dementia 
MCI Mild cognitive impairment 
MS Multiple sclerosis 
ND Neurodegeneration 
NDDs Neurodegenerative disease(s) 
NfL Neurofilament light chain 
NMO Neuromielytis optica 
NSE Neuron specific enoloase 
PD Parkinson’s Disease 
PGE2 Prostaglandin E2 
SAA Serum amyloid A 
SCFA Short chain fatty acids 
TBI Traumatic brain injury 
UC Ulcerative Colitis 
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