JMIR RESEARCH PROTOCOLS Sarb et d

Protocol

Cognitive Dysfunction and Affective Mood Disorder Screening in
Patients With Chronic Inflammatory Bowel Disease: Protocol for
a Prospective Case-Control Study

Oliviu Florentiu Sarb!, MD; Vitdlie Vacaras!, MD, PhD; Adriana Sarb?, MD: Marialacobescu®, MD, PhD; Alina-loana
Tantau®, MD, PhD

1Department of Neuroscience, luliu Hatieganu University of Medicine and Pharmacy, Cluj-Napoca, Romania

2Department of Internal Medicine, Heart Institute, luliu Hatieganu University of Medicine and Pharmacy, Cluj-Napoca, Romania

3Department of Proteomics and Metabolomics, MEDFUTURE Research Center for Advanced Medicine, luliu Hatieganu University of Medicine and
Pharmacy, Cluj-Napoca, Romania

4Department of Internal Medicine, 4th Medical Clinic, luliu Hatieganu University of Medicine and Pharmacy, Cluj-Napoca, Romania

Corresponding Author:

Vitalie Vacaras, MD, PhD

Department of Neuroscience

luliu Hatieganu University of Medicine and Pharmacy
V Babes 43

Cluj-Napoca, 400347

Romania

Phone: 40 0728730373

Email: vvacaras@umfcluj.ro

Abstract

Background: Mild cognitive impairment (MCI) and Alzheimer's disease (AD) might be more frequent in patients with
inflammatory bowel disease (IBD), but the relationship between these 2 entities is yet to be entirely established. Certain blood
biomarkers (eg, serum amyloid A [SAA] and serum homocysteine [Hcy], which increase in IBD and MCI; brain-derived
neurotrophic factor [BDNF], which decreases in MCI and AD but is not clearly modified in IBD; and S100 calcium-binding
protein B [S100B], which increases in the blood-brain barrier and neuronal lesions) might predict the stage of MCI or dementia
or progression to a further state. The gut—brain axis (GBA) might be the key to the development of MCI in patients with IBD,
along with systemic inflammation and the possible and unknown adverse effects of disease-modifying medication.

Objective:  The aim of this study is to investigate whether GBA interactions play arolein MCI development in patients with
IBD.

Methods: A case-control study will be conducted on at least 100 patients diagnosed with IBD, matched with 100 healthy
individual controls. The matching will include sex, age, and education. Patients will be fully examined, and afull interview and
aneurological and cognitive examination will be performed. The primary clinical outcomeswill be cognitive test scores (Montreal
Cognitive Assessment, Trail Making Test, Digit Symbol Substitution Test, forward and backward digit span testing). Depression,
stress, and anxiety screening will also be performed. Blood samples from al participants will be collected, and aliquots will be
immediately stored in abiobank. Primary laboratory outcomeswill include serum level s of presumed cognitive dysfunction blood
biomarkers SAA, Hcy, S100B, and BDNF. Follow-up will be performed at 12, 24, 36, and 48 months.

Results: Data collection started in December 2021 and is ongoing. So far, 53 patients with IBD have been recruited and 50 HC
matched. Data collection should end in January 2030. Intermediary analysiswill be performed in April 2024. We expect patients
with IBD to have lower scores on cognitive testing and a positive correlation between disease length and cognitive impairment
level. In addition, the levels of stress, anxiety, and depression should be higher in the IBD group. The serum levels of the 4
biomarkers could correlate or anticorrel ate with cognitive scores and serve as predictive factorsfor MCI or dementia devel opment.
A higher level of education, a younger age, the absence of malabsorption, and good disease control might serve as protectors
against MCl.

Conclusions: GBA interactions, along with systemic inflammation and the adverse effects of medication, might be a cause of
MCI and AD development in patientswith IBD. Serum biomarkers could prove cheap and useful predictors of MCI development.
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Introduction

Background

Inflammatory bowel disease (IBD) is a group of chronic
conditions characterized by intestinal inflammation. The 2 most
common types of IBD are Crohn’s disease (CD) and ulcerative
colitis (UC) [1,2]. The exact mechanisms underlying the
development of IBD are yet to be fully understood, but they are
thought to be the result of a combination of genetic,
environmental, and immunological factors. IBD is believed to
be caused by an abnormal immune response that first appears
in the gut, where the body’simmune system mistakenly attacks
the antigens of the healthy gut bacteria, leading to intestinal
inflammation and damage to the intestinal barrier. Exposure to
certain environmental triggers, such as a diet high in animal
fats, smoking, and, most of all, bacterial or viral infections, may
increasetherisk of IBD. It isbelieved that theinterplay between
these factors leads to a self-perpetuating cycle of inflammation
and tissue damage, which contributes to the chronic nature of
IBD (a so-called vicious cycle). Systemic inflammation plays
arolein IBD pathogenesis, which is proven by the beneficial
effect of certain anti-inflammatory medications [3].

Clinical manifestations include common digestive symptoms,
such as abdominal pain and cramping, diarrhea (which might
be bloody), rectal bleeding, weight loss, fatigue, loss of appetite,
anemia, nauseaand vomiting, dehydration, and fever. In addition
to these digestive symptoms, patients with IBD may also
experience extraintestinal manifestations, such as joint pain,
skin rashes, eye inflammation, and liver disease. The severity
and frequency of symptomscan vary grestly between individuals
and can a so change over timein the sameindividual. CD carries
a higher risk of extraintestinal manifestations, often believed
to be caused by one of its pathogenic mechanisms or
malabsorption [1,2].

Mild cognitiveimpairment (MCI) refersto adeclinein cognitive
abilities that is greater than that in normal aging but certainly
not severe enough to interfere with daily life. MCI is often
considered atransitional stage between normal aging and more
severe forms of cognitive decline, such as dementia. MCI is
most commonly characterized by memory problems, such as
difficulty in recalling names and recent events, but it can also
involve problems with other cognitive abilities, such as
language, decision-making, and attention. The impairment of
daily activities is a key criterion to diagnosing dementia and
the difference between MCI and dementia [4]. Some of the
known risk factorsfor MCI include age, family history, certain
medical conditions, lifestylefactors (eg, smoking and excessive
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alcohol consumption), and certain medications [4]. There are
some modern theoriesthat imply inflammati on asamechanism
underlying cognitiveimpairment [5-8]. A diagnosisistypically
made based on athorough medical and neurological evaluation,
as well as a comprehensive assessment of the individua's
cognitive abilities. This may involve a battery of tests, such as
memory and language tests, as well as brain imaging studies.
The most important thing to do when a cognitive impairment
is suspected isfollow-up over time, as early intervention might
stop the progression of the disease [4]. MCI can sometimes
progressto Alzheimer’sdisease (AD) or other types of dementia,
depending on the cause, age, and other factors [9]. AD is a
progressive brain disorder that affects memory, thinking, and
behavior. It is the most common cause of dementia. The
symptoms of AD usualy start with mild memory loss but
eventually progress to affect thinking, communication, and the
ability to perform daily activities. As the disease progresses,
patients may becomeincreasingly dependent on othersfor their
care[10]. Some studies have revealed alink between IBD and
the development of AD [6,7,11,12]. Vascular dementiaisatype
of dementiathat occurs due to problemsin the blood supply to
thebrain. It iscaused by damage to the blood vessdl sthat deliver
oxygen and nutrients to the brain, leading to brain injury and
reduced brain function. It is often caused by conditions such as
stroke, high blood pressure, and heart disease. Risk factors for
vascular dementiainclude age, smoking, diabetes, and afamily
history of stroke or heart disease [13].

“Stress disorder” is a term used to describe a mental health
condition that can develop in response to atraumatic or stressful
event. Individuals may experience a range of symptoms,
including intrusive thoughts or memories of the traumatic event;
nightmares; and avoidance of people, places, or activities that
are associated with the trauma. They may also experience
physical symptoms, such asaracing heart, sweating, and muscle
tension [14]. “Anxiety disorder” isagenera term that refersto
agroup of mental health conditions characterized by excessive
and persistent feelings of worry, fear, and unease [15].
Depression is a mental heath condition characterized by
persistent feelings of sadness, hopel essness, and aloss of interest
in activitiesthat were once enjoyable. It isacommon and serious
condition that can have a significant impact on an individual’s
daily life and overall well-being. In addition to feelings of
sadness, depression can also cause a range of physica and
emotional symptoms, including fatigue, changesin appetiteand
sleep patterns, difficulty in concentrating, and thoughts of
self-harm or suicide. The exact cause of depressionisnot fully
understood, but it is believed to be related to a combination of
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genetic, biological, environmental, and psychological factors
[16-18].

Homocysteine (Hey) isan amino acid. Studies have shown that
individuals with IBD have higher serum concentrations of Hecy
compared to healthy controls (HC). The exact reason for this
association is not fully understood, but it may be related to
nutrient deficiencies caused by the inflammation and
malabsorption in the gut that often occur in IBD. There is
evidence to suggest that elevated levels of Hey in the blood are
associated with an increased risk of MCI and dementia. High
Hcy levels have been linked to damage of the blood vesselsin
the brain, leading to decreased blood flow and oxidative stress,
both of which can contribute to cognitive decline [19-23].

Serum amyloid A (SAA) is an acute-phase protein that is
produced by the liver in response to inflammation. Amyloid
proteins are abnormal fibrous proteins that can build up in
tissues and organs, leading to the formation of amyloid plagues.
In some cases, amyloid proteins can a so enter the bloodstream
and circulate in the body. Elevated levels of SAA can be an
indicator of various diseases, such as AD, systemic amyloidosis,
and hereditary transthyretin amyloidosis. Studies have shown
that SAA can induce neuroinflammation and damage neurons
in the brain, which may contribute to the development and
progression of AD. In addition, SAA has been found to
accumulate in the brain in the form of amyloid plaques, which
are a hallmark feature of AD. Thereis limited research on the
relationship between SAA levels and IBD. Some studies have
suggested that individuals with IBD may have elevated levels
of amyloid proteinsin their bloodstream, possibly asaresult of
chronic inflammation in the gut [24-29].

Brain-derived neurotrophic factor (BDNF) is a type of protein
that is important for the growth, maintenance, and survival of
neurons in the central nervous system. BDNF plays akey role
in processes such as neuroplasticity, learning, and memory
formation. Low levels of BDNF have been associated with
several neurological and psychiatric disorders, including
depression and AD. BDNF plays a role in the inflammation
associated with IBD. BDNF levels are modified in IBD, but
thereislittle evidence of the direction [30-33].
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S100 calcium-binding protein B (S100B) is a protein that is
found in avariety of tissues, including the brain, where it has
been implicated in several neurobiological processes, including
synaptic plasticity, neurogenesis, and neuroinflammation. High
serum S100B levels have been associated with a variety of
neurological disorders, including traumatic braininjury, stroke,
and neurodegenerative di seases. Studies have shown that S100B
levels are elevated in the blood and intestinal tissue of patients
with IBD, suggesting that the protein may play a role in the
development and progression of the disease. In addition, high
levels of S100B have been associated with increased
inflammation and oxidative stress [34].

In conclusion, IBD is a combination of intestinal barrier
dysfunction and intestinal and systemic inflammation. Due to
intestinal barrier dysfunction, the intestinal microbiome is
affected in the course of the disease or it is the cause of the
disease (IBD). Several studies have shown the relationship
between the gut—brain axis (GBA) and the development of
depression, affective mood disorders, and stress, which might
promote the development of cognitive impairment. Systemic
inflammation is known to increase cardiovascular risk, which
isarisk factor for cognitive impairment. Other risk factors, such
as smoking, alcohol consumption, and other diseases, aso
promote the devel opment of cognitiveimpairment. Some studies
have suggested a link between IBD and cognitive disorders,
whileother studieshaveindicated alink between mood disorders
and IBD, and still others have suggested a link between mood
disorders and cognitive disorders. Therefore, this might be a
vicious cycle.

In this study, blood biomarkers, such as SAA (an inflammatory
biomarker, a precursor of beta-amyloid plaques in the brain),
Hcy (a pro-inflammatory molecule increased in cognitive
disorders), S100B (a neuronal structural protein increased in
braininjury), and BDNF (decreased in cognitive disorders) were
selected in order to validate the hypothesis that these biomarkers
could be used as predictive factors for cognitive impairment
associated with IBD. Asasummary of the basic knowledge that
led to theideaof thisstudy, Figure 1 showsthe possibleimplied
mechanisms underlying the development of MCI in patients
with chronic IBD.

Figure 1. Possible mechanisms underlying the development of cognitive impairment associated with IBD. IBD: inflammatory bowel disease.
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Aim

Theaim of thisstudy isto investigate whether GBA interactions
play arole in the development of MCI in patients diagnosed
with IBD, mainly due to pathological changes at the intestinal
level (destruction of theintestinal barrier and pathogenic species

Table 1. Primary and secondary objectives.
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in the intestinal microbiome). Presumed cognitive dysfunction
blood biomarkers (SAA, Hcy, S100B, BDNF) will be used as
predictive factors for the development of MCI or dementiain
the study groups. The primary and secondary objectives of the
study can be reviewed in Table 1.

Objective type Description
Primary *  To describe the occurrence of MCI2in patients with MCI compared to HC?
*  To determine cognitive tests scores for the IBD® group compared to HC
*  To determine serum levels of SAAY, Hoy®, BDNF', and S10089 protein and their association with cognitive testing
scores compared to HC
«  To determine whether thereis any correlation between IBD duration, type, blood biomarkers and cognitive scores
Secondary To describe the progression of MCI during the follow-up period in both groups

To assess the occurrence of stress and anxiety disordersin the IBD group compared to HC

To assess the occurrence of depression in the IBD group compared to HC

To identify novel biological markers that can predict the stage of MCI or its progression in both groups
To quantify the quality of life of both groups

To identify risk factors for the development of MCI in both groups

To identify the comorbidities of participantsin both groups

To quantify the clinical activity scores of the IBD group during patient interviews

3\ CI: mild cognitive impairment.

bHc: healthy controls.

CIBD: inflammatory bowel disease.
dSAA: serum amyloid A.

€Hcy: homocysteine.

'BDNF: brain-derived neurotrophic factor.
95100B: S100 calcium-binding protein B.

Methods

Study Design

The study will be a single-center, prospective, observational,
analytic study with a group of at least 100 patients with a
diagnosis of certainty of IBD and a group of at least 100 HC.
The study is part of a PhD thesis, and funding was obtained
from the parent university.

Sites, Population, and Case and Control Definitions

The study will take place in Cluj-Napoca, Romania, in the
Clinical CF Hospital and the Regiona Ingtitute for
Gastroenterology and Hepatology “Octavian Fodor.” An
agreement was obtained from all the participant clinics.

https://www.researchprotocol s.org/2023/1/e50546

RenderX

Two separate groups consisting of at least 100 patients with
IBD and at least 100 HC will be recruited. The study will be
carried out from May 2021 to January 2030. The HC will be
matched with the patients with IBD based on age, sex, and
education.

Patients included in the case (IBD) group need to have a clear
diagnosis of IBD. For this, a histopathological examination
proof will be obtained from the databases of the participant
centers or from the personal records of the patients (if the site
does not have the original proof diagnosis).

The HC will be recruited from the day care hospital and
ambulatory. Their diagnosis must have never been IBD, and
they should be in good health at the moment of inclusion.

The inclusion criteria are listed in Table 2 and the exclusion
criteriain Table 3.
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Table 2. Inclusion criteria.

Study group Inclusion criteria

IBD? « Malesand females aged over 18 years
« Patientswith a confirmed IBD diagnosis

«  Written informed consent obtained
HCP « Malesand females aged over 18 years

« Good level of health
o Written informed consent obtained

&BD: inflammatory bowel disease.
bHc: healthy controls.
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Table 3. Exclusion criteria.

Exclusion criteria Details

Absolute exclusion criteria

Prior stroke or myocardial infarction
or cardiac arrest

Severe organ failure
Familial AD?

Concomitant past and current neurolog-
ical disorders

Pregnancy
Prior psychiatric disorders and chronic

use of neuroleptics and anticholinergic
medication

Unclear diagnosis

Involvement in clinical trias

Current and past history of neoplasia

Use of vitamin B12 and B9 supple-
ments

Short bowel syndrome

Diabetes mellitus

Hypothyroidism

Prior diagnosis of atrial fibrillation

Uncontrolled arterial hypertension

Relative exclusion criteria

Acute 1BDY flares

Age over 70 years

Patientswith known stroke and myocardial infarction are already known to have an accel erated cognitive
declinerate dueto avascular mechanism. Postanoxic encephalitis after cardiac arrest carries an additional
risk of cognitive decline.

Thisincludes the presence of end-stage respiratory, liver, rena, and cardiac diseases.

Patients with known familial AD develop the disease at an earlier age.

These include epilepsy, encephal opathy due to any cause, history of severe head trauma, history of en-
cephalitis, multiple sclerosis, Parkinson’s disease, brain tumor, and dementia due to any cause.

Pregnant women will not be included because they carry potentially other risks and might be stressed
about their situation.

Theseincludeall psychiatric pathologies, including depression, anxiety disorder, attention deficit hyper-
activity disorder, autism spectrum disorders, posttraumatic stress disorder, schizophrenia, personality
disorders, and alcohol and drug abuse. Also in this category is the use of neuroleptics, which are drugs
that decrease cerebral function, although they might interfere with cognitive testing, depending on dose.
Anticholinergic medication might slow cognitive functioning.

Patients with an unclear diagnosis will not be recruited as they might have a different pathol ogy.

Participationin clinical trialsfor medication might interfere with the study results because of the unknown
side effects of the medication or other factors.

Patients with neoplasms already have a poor performance status, and this might negatively influence the
results of this study. in addition, the medication might interfere with cognitive testing.

Vitamin B12 and B9 supplements might decrease serum levels of Hcyb.

Intestinal resection carries the risk of malabsorption and might be a cause of cognitive impairment.

Diabetes mellitus carries an additional risk of MCI®,
Hypothyroidism leads to decreased brain performance.

Patients with known atrial fibrillation are at greater risk of cognitive dysfunction due to microembolic
events.

Patients with uncontrolled hypertension carry an additional risk of cognitive dysfunction.

Acuteflaresinvolve aburden of stressand anxiety, which might lead to fal se-positive resultsin cognitive
testing. Patientswill beinformed of the possibility of inclusion, and if they agree, testing will be performed
after the acute flare is over.

Patients aged over 70 years might have age-related cognitive impairment, which might interfere with
the study results.

8AD: Alzheimer's disease.

bHcy: homocysteine.

°MCI: mild cognitive impairment.
4BD: inflammatory bowel disease.

Follow-up will be performed at 12, 24, and 36 months. A

Study Timeline systematization of the proceduresis presented in Table 4.

Patients will be recruited based on the inclusion and exclusion
criteria. The recruitment moment will be called “baseline”
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Table4. Study timeline.

Objective Timeline
Baseline 12-month follow-up 24-month follow-up  36-month follow-up

b — —

Eligibility assessment

X
o

Signing of informed consent form
Exclusion and inclusion criteriareassurance
Demographics

Relationship status

Short cognitive and affective questionnaire
Physical examination

M edlication assessment

Medical history assessment

Collection of blood sample and storage
Detailed risk factor questionnaire

Clinica disease activity score

Depression, stress, and anxiety screening

COVID-19 questionnaire

Quiality-of-life questionnaire
MOCA®
Mis?

TMTEA

X X X
xX X X

TMT-B
psst!
FDSTY
BDST"

ADL' questionnaires

X X X X X X X X X X X X X X X X X X X X X X X

X X X X X X X X X X

IADLI

ax: applicable.

b_: not applicable.

°MOCA: Montreal Cognitive Assessment.
dMis: memory impairment score.

STMT: Trail Making Test.

fDSST: Digit Symbol Substitution Test.
9FDST: forward digit span testing.

PBDST: backward digit span testing.

IADL: activities of daily living.

JIADL: Instrumental Activities of Daily Living.

participant. Participants will receive information about each

Procedures and Examinations test that will be conducted. The scales and questionnaires used
Clinical procedures and examinations will be performed in a in the study are listed in Table 5.

silent room so there is no disturbance to both examiner and
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Table 5. Scalesused in the study.
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Objective Scales

Assessment of |BD? severity

Assessment of quality of life

Assessment of depression, anxiety, and stress  Romanian DASSI-21
Cognitive assessment
Assessment of COVID-19

Assessment of ADLK

HBIP for patients with CDC and SCCAI9 for patients with UC®

Romanian WHOQOL-BREFf questionnaire

Romanian MOCA" 7.1, TMT-A and TMT-B, backward digit testing, forward digit testing, DsSTI
Short COVID-19 questionnaire

IADL! scale, Katz ADL scale

4BD: inflanmatory bowel disease.

bHBI: Harvey-Bradshaw Index.

CD: Crohn's disease.

dscCeAl: Simple Clinical Colitis Activity Index.
fUC: ulcerative colitis.

fWHOQOL-BREF: World Health Organization Quality of Life Brief Version.

9DASS: Depression-Anxiety-Stress Scale.
PMOCA: Montrea Cognitive Assessment.
ITMT: Trail Making Test.

IpssT: Digit Symbol Substitution Test.

KADL: activities of daily living.

IIADL: Instrumental Activities of Daily Living.

TheMontreal Cognitive Assessment (MOCA) 7.1 scaleincludes
the Trail Making Test (TMT), drawing, long-term memory
testing, verbal fluency tests, short-term memory recall testing,
calculus, and spatial and temporal orientation questions. The
maximum score obtained is 30 points. The normal rangeis>26
points. An additional point is given to patients who have an
education level of <12 years.

The memory impairment score (M1S) isderived from the MOCA
scale. The maximum score is 15 points. It derives from the
short-term memory recall test. Subjects have to recall 5 words
to gain points. If they recall the words spontaneously, 3 points
are awarded for each word. If any clueisprovided, 2 pointsare
awarded if theword isrecalled. If variants are provided, 1 point
is awarded if the word is recalled. No point is awarded if the
word is not recalled.

The TMT involvesthe subject drawing atrail between 2 points,
with the entire operation being timed. It has 2 different parts,
TMT-A and TMT-B. TMT-A involves drawing a continuous
line between numbers. TMT-B involves drawing a continuous
line, alternating letters and numbers. An example of the test is
provided before each part. TMT-A has a maximum time of 100
seconds, and 101 seconds means the subject hasfailed the test.
TMT-B has amaximum time of 300 seconds, and 301 seconds
means the subject has failed the test.

TheDigit Symbol Substitution Test (DSST) involvesthe subject
changing some numbers to symbols as specified in the legend
of the test. A training zone is first created. If the training is
completed, the subject is given 90 secondsto compl ete as many
substitutions as possible. Correct and incorrect answers are
counted.

https://www.researchprotocol s.org/2023/1/e50546

In forward digit span testing (FDST) and backward digit span
testing (BDST), the subject must recall the numbers provided
by the examiner in forward order and then in backward order.
FDST involves strings of numbersranging from 2 to 8 numbers,
and BDST involves strings of numbersranging from 2 numbers
to 7 numbers. Each string has 2 different variants, and the
subject must make a maximum of 1 mistake in these variants,
otherwise the test ends.

The Depression-Anxiety-Stress Scale (DASS) is a scale that
includes 21 questions split into 3 categories (depression, stress,
and anxiety), with 7 questions per category, the questionsbeing
interleaved. Each question hasascorefrom 0 to 3, and the result
ismultiplied by 2.

The Harvey-Bradshaw Index (HBI) and the Simple Clinical
Caolitis Activity Index (SCCAI) are used for screening the
subject. In this study, they are part of the inclusion criteria.

The quality-of-lifeinstruments availablein Romaniaarelimited;
therefore, the World Health Organization Quality of Life Brief
Version (WHOQOL-BREF) will be used in order to determine
thequality of life of our participants. The Instrumental Activities
of Dalily Living (IADL) is an 8-item scale that includes some
instrumental daily activities, and it isauseful and essential tool
for differentiating MCI from dementia. The Katzl ADL scale
isa6-item scale that includes casual daily activitiesand isalso
a useful and essentia tool for differentiating MCI from
dementia.

A blood sample will be obtained from each participant.
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Outcomes be useful for stratifying our participants; the expected answers

Thefirst to be mentioned are demographic variables, whichwill &€ presented in Teble 6.

Table 6. Demographic variables.

Demographic characteristics Expected answers

Education level Absolute number of years

Current living environment Rural, urban <10,000 inhabitants, urban 10,000-49,999 inhabitants, urban 50,000-99,999 inhabitants,
urban >100,000 inhabitants

Marital status Married, single, cohabitation, divorced, polygamy, widowed

Employment Employed full-time, employed part-time, freelancer, retired, student, trainee

Toxic working environment Yes, no, do not know

Night shifts Yes, no

Financia status Enough for aliving and saving, enough for aliving but not saving, not enough for aliving

Monthly wage (average per family member) <1500 lei (<USD 316.31), 1500-2500 lei (USD 316.31-527.18), 2500-3500 lei (USD 527.18-738.05),
3500-4500 lei (USD 738.05-948.93), >4500 lei (>USD 948.93)

Therelationship statusis important for affective mood but also
for cognitive functioning; therefore, 3 questions will be
answered by the participants, listed in Table 7.

Table 7. Current and past relationship data.

Question Expected responses
Married before diagnosis of IBD? Yes, no, not available
Relationship destabilization due to the disease Yes, and it caused abroken relationship or divorce; yes, but it did not cause abroken relationship

or divorce; no

Helped with the disease by the life partner Yes, no, not available

4BD: inflammatory bowel disease.

A short cognitive assessment will be performed in order to
accommodate the participantsin the subsequent questionnaires
and tests. Questions are mentioned in Table 8.

Table 8. Short cognitive (long-term memory) and affective assessment.

Question Expected responses
Trouble with memory in the past month Yes, occasionaly, no
Changes in personality Yes, no

Difficultiesin handling daily activities due to memory changes  Yes, no

Family history of dementia Yes, AD? yes, other dementia; no; do not know
Current president of Romania Correct or incorrect answer
The year of the Great Union in Romania Correct or incorrect answer
Naming a pencil Correct or incorrect answer
Naming a medical coat Correct or incorrect answer
Naming a clock Correct or incorrect answer

3AD: Alzheimer's disease.

A short clinical examination will be performed. A full history  scales used in the study, as mentioned in Table 10. Risk factor
of IBD will betaken. Variablesobtained arementionedin Table  assessment will also be performed (Table 11).
9. The HBI and SCCAI will be the clinical disease activity
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Table 9. Physical examination and past medical history.

Sarb et d

Variables Expected responses
Physical examination
Blood pressure Value (mmHg)

Pulse
Respiratory rate
Peripheric oxygenation percentage

Medication assessment

IBD? history assessment
Year of diagnosis

Montreal classification

Family history of IBD

Number of flaresin the past 12 months

Number of flares since diagnosis

Number of hospitalizationsfor flaresin the past 12 months
History of corticosteroid dependency

Duration of corticosteroid dependency (if the above answer
isyes)

Current medication
Past medication

Complications

Absolute number (beats/minute)
Absolute number (respirations/minute)
Value (%)

All concomitant medications used (international common names and dosing and
posology)

Absolute number

A-L-BP for CDC patients, E-S° for UC patients
Yes, no, do not know

Absolute number

Absolute number

Absolute number

Yes, no

Absolute number (months)

Name, dose, duration
Name, dose, duration

Enumeration

4BD: inflammatory bowel disease.

bA-L-B: onset (A), disease location (L), and disease behavior (B).

°CD: Crohn’s disease.
dE-S: extent (E) and severity (S).
€UC: ulcerative calitis.
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Table 10. Clinical disease activity score assessment.

Scales and items Scoring (points in parentheses)

HBI? (0-4 points=remission; 5-7 points=mild disease; 8-16 points=moder ate disease; >16 points=severe disease)

General hedlth Very well (0), slightly below par (1), poor (2), very poor (3), terrible (4)

Abdominal pain None (0), mild (1), moderate (2), severe (2)

Liquid or soft stools on the previous day Absolute number (1 point for each)

Abdomina mass None (0), dubious (1), definite (2), definite tender (3)

Complications Arthralgia(1), uveitis (1), erythemanodosum (1), aphthous ulcer (1), pyodermagangreno-

sum (1), anal fissure (1), new fistula (1), abscess (1)

ScCAIP (0-20 points; =5=active disease)

Bowel frequency 0-3 stools (0), 4-6 stools (1), 7-9 (stools 2), >9 stools (3)

Bowel frequency (night) 0 stools (0), 1-3 stools (1), 4-6 stools (2)

Urgency defecation No urgency (0), hurry (1), immediately (2), incontinence (3)

Blood in stool No blood (Op, traces (1), occasionaly frank (2), usualy frank (3)

General health Very well (0), slightly below par (1), poor (2), very poor (3), terrible (4)

Extracolonic manifestations No feature (0), 1 feature (1), 2 features (2), 3 features (3), 4 features (4), 5 features (5)

3HBI: Harvey-Bradshaw Index.
BSCCAI: Simple Clinical Colitis Activity Index.

Table 11. Risk factor questionnaire.

Detailed risk factor questionnaire Expected responses

Active smoker status Yes, no, ex-smoker

Number of smoking years Absolute number

Number of abstinence years Absolute number

Daily number of cigarettes Absolute number

Alcohol drinking rate Daily, 3-5times per week, 1-2 times per week, rarer, no drinking, other options (to be mentioned)
30 minutes of physical activity Daily, 5 times per week, rarer, no physical activity, other frequency (to be mentioned)
Dietary trend Nonspecific diet, vegetarian, vegan, flexitarian, colitis regimen, other (to be mentioned)
Number of sleeping hours per day (24 hours) Absolute number

Daytime tiredness Yes, no

Troubles with maintaining sleep Yes, no

Troubles with falling asleep Yes, no

A cognitive assessment must always be preceded by ascreening a diagnosis of cognitive dysfunction. Scales and their
of depression, anxiety, and stress becausethismay falsely create  interpretations can be seen in Table 12.
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Table 12. Depression, anxiety, and stress screening; COV1D-19 impact; current quality of life; and ADL® assessment.

Scales and items Expected responses
DASSP-21 scale (7 items each for depression, anxiety, and stress) Depression (0-9, 10-13, 14-20, 21-27, 228 points), anxiety (0-7, 8-9, 10-

14, 15-19, 220 points), stress (0-14, 15-18, 19-25, 26-33, =34 points)
COVID-19 impact questionnaire

Vaccination status Yes, no

COVID-19 vaccine (if the above answer is yes) BNT162b2, NJ-78436735 (Ad26.COV2.S), AZD1222 (ChAdOx1), mR-
NAC-1273, other (mentioned in the questionnaire)

Number of doses Absolute number

History of infection Yes, no, do not know

WHOQOL-BREF? Social relationships (4-20 points), environment (4-20 points), physical
health (4-20 points), psychological (4-20 points)

ADL
Katz ADL 0-6 points
IADL® 0-8 points

8ADL: activities of daily living.

bDASS: Depression Anxiety Stress Scale.

°mRNA: messenger ribonucleic acid.

dWHOQOL-BREF: World Health Organization Quality of Life Brief Version.
€IADL: Instrumental Activities of Daily Living

Cognitive assessment will include the baseline scales and
follow-up at 12 months. The scoring is shown in Table 13.
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Table 13. Cognitive assessment scoring.
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0-30 points: executive function (0-5 points), naming (0-3 points), memory (0-5 points), attention (0-6 points), cal-

culus (0-3 points), language (0-3 points), orientation (0-6 points), abstractization (0-2 points)

Timeline and scales Scoring
Basdline
MOCA?
MisP 0-15 points
BDSTS 0-14 points
FDsTY 0-16 points
TMTE-A 0-100 seconds (101 seconds means failed test)
TMT-B 0-300 seconds (301 seconds means failed test)
DssT!

90 incorrect answers)
12-month follow-up

MOCA

Absolute number of correct answers (maximum 90 correct answers), absol ute number of incorrect answers (maximum

0-30 points: executive function (0-5 points), naming (0-3 points), memory (0-5 points), attention (0-6 points), cal-

culus (0-3 points), language (0-3 points), orientation (0-6 points), abstractization (0-2 points)

MIS 0-15 points
24-month follow-up

MOCA

0-30 points: executive function (0-5 points), naming (0-3 points), memory (0-5 points), attention (0-6 points), cal-

culus (0-3 points), language (0-3 points), orientation (0-6 points), abstractization (0-2 points)

MIS 0-15 points
36-month follow-up

MOCA

0-30 points: executive function (0-5 points), naming (0-3 points), memory (0-5 points), attention (0-6 points), cal-

culus (0-3 points), language (0-3 points), orientation (0-6 points), abstractization (0-2 points)

MIS 0-15 points

48-month follow-up

0-30 points: executive function (0-5 points), naming (0-3 points), memory (0-5 points), attention (0-6 points), cal-

culus (0-3 points), language (0-3 points), orientation (0-6 points), abstractization (0-2 points)

MOCA

MIS 0-15 points

BDST 0-14 points

FDST 0-16 points

TMT-A 0-100 seconds (101 seconds means failed test)
TMT-B 0-300 seconds (301 seconds means failed test)
DSST

90 incorrect answers)

Absolute number of correct answers (maximum 90 correct answers), absol ute number of incorrect answers (maximum

3\OCA: Montreal Cognitive Assessment.
bmiIs: memory impairment score.

°BDST: backward digit span testing.
9FDST: forward digit span testing.

ETMT: Trail Making Test.

DssT: Digit Symbol Substitution Test.

Laboratory Procedures and Outcomes

We will obtain the serum from 5 mL of the blood sample of
each participant and quantitatively measure serum SAA, Hcy,
S100B, BDNF levels. The blood samples will be obtained at
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baseline. Other blood measurements will be performed at the
hospital’slaboratory as part of thevisit, and valueswill betaken
from the registry. All the necessary data that will be obtained
from blood testing are mentioned in Table 14.
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Table 14. Blood sample outcomes.
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Markers

Measurement unit

Presumed cognitive biomarkers (serum levels)
SAA?

Hcyb

BDNF®

s1008¢

mcg/mL
umol/L
ng/mL

mcg/mL

Common biomarkers (taken from the hospital registry from the baseline presentation period)

C-reactive protein
Total hemoglobin
Red blood cell count

Fecal calprotectin

Triglycerides

Total cholesterol

Low-density lipoprotein (LDL) cholesterol
High-density lipoprotein (HDL) cholesterol
LDL/HDL ratio
Neutrophile-to-lymphocyte (NLR) ratio
Erythrocyte sedimentation rate

Mean corpuscular volume (MCV)

Basal blood glucose

Fibrinogen

Lactate dehydrogenase (LDH)

Creatine kinase (CK)

CK-MB

mg/dL

g/dL
number/mm>
Hg/mg
mg/dL
mg/dL
mg/dL
mg/dL
fraction
fraction
mm/hour

%

mg/dL
mg/dL

1U/L

uU/L

% out of total CK

8SAA: serum amyloid A.

bHcy: homocysteine.

“BDNF: brain-derived neurotrophic factor.
451008 S100 calcium-bindi ng protein B.

Preparation of Serum Samples

The required materias are a serum collection vaccutainer, a
fixed-angle centrifuge for 15 mL tubes, 1.5 mL protein
low-binding tubes, 100-1000 L tips, and a cryogenic box.

For serum preparation, after the blood is collected, the tube will
be inverted gently, as indicated in the manufacturer's
instructions (in general 5-6 times). The tube will be then left,
as indicated in the manufacturer’s instructions (in general 30
minutes), at room temperature to form a blood clot. Next, the
tube will be centrifuged at 2000x g for 10 minutes at 4 °C, as
indicated in the manufacturer’s instructions, and 500 pL of

https://www.researchprotocol s.org/2023/1/e50546

serum will be aliquoted in 1.5 mL protein low binding tubes.
The serum aiquots will be immediately frozen at —80 °C until
use. No more than 2 freeze-thaw cycles will be allowed. The
tube with the blood clot will be discarded in a biohazard waste
container.

Absolute Quantification of Biomarkers

SAA, Hcy, S100B, and BDNF are biomarkers that will be
guantified from the serum samples using standardized
solid-phase sandwich enzyme-linked immunosorbent assay
(ELISA) kits. Table 15 presents the kits that will be used and
their related characteristics.
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Table 15. ELISA®kits to be used for biomarker quantification.
Biomarker  ELISA kit Serumvolumerequired (UL) Kit performance Assay duration (hours)
saaP Abclonal catalog # 100 Range:0.156-10 ng/mL 5.0
RK04228 or similar Sensitivity: <0.071 ng/mL
Specificity: 50 ng/mL
Intra-assay precision: CV°<10%
Interassay precision: CV<12%
Hcyd Assaygenie catalog # HU- 50 Range: 7.813-500 pmol/mL 25
F104768 or similar Sensitivity: <4.688 pmol/mL
Specificity: 50 ng/mL
Intra-assay precision: CV<8%
Interassay precision: CV<10%
S100B¢ Abclonal catalog # 100 Range: 46.9-3000 pg/ml 5.0
RK02234 or similar Sensitivity: <23.5 pg/mL
Specificity: 50 ng/mL
Intra-assay precision: CV<10%
Inter-assay precision: CV<15%
BDNF Abclonal catalog # 100 Range: 23.4-1500 pg/ml 5.0

RK 00074 or similar

Sensitivity: <6.3 pg/mL
Specificity: 50 ng/mL
Intra-assay precision: CV<10%
Interassay precision: CV<15%

3ELISA: enzyme-linked immunosorbent assay.
bSAA: serum amyloid A.

CV: coefficient of variation.

dHcy: homocysteine.

€S100B: S100 calcium-hinding protein B.
'BDNF: brain-derived neurotrophic factor.

Therequired materialsfor this procedure are the serum aliquots,
ice, a fixed-angle centrifuge for 2 mL tubes, 1.5 mL protein
low-binding tubes, tips, pipettes, 15 or 50 mL tubes (depending
on the ELISA kit instructions), a 96-well plate shaker (if
mentioned by the ELISA kit manufacturer), a 96-well plate
mixer with heating (if mentioned by the ELISA kit
manufacturer), and a multiplate reader.

Serum aliquots will be thawed on ice and then mixed gently.
Samples will be centrifuged at 13000x g for 2 minutes at 4°C
to remove the cell debris. The volume indicated in the kit
manufacturer’s protocol will be taken. The instructions will be
used for sample preparation and analysis. Measurements will
be made in duplicate.

Calculation of Results

The optical density (OD) of each well will be read using a
microplate reader set to 450 nm. The duplicate readingsfor each
standard, control, and sample will be averaged, and the average
0 standard OD will be subtracted. A standard curve will be
created by reducing the data using computer software capable
of generating a 4-parameter logistic (4-PL) curve fit. Sample
concentrations will be calculated from the equation. If samples
have been diluted, the concentration read from the standard
curve will be multiplied by the dilution factor.

https://www.researchprotocol s.org/2023/1/e50546

Power Calculation, Statistical Model, and Data
Analysis

Based on previous studies, the power of the study, with an a of
.05 and a power of 80%, the required number of cases and

controls is 52 and 26, respectively, for a mean differencein 2
points (SD 3.0) in MOCA scales.

Statistics will be computed using IBM SPSS software version
28.0.1 or newer. Descriptive anaysis of the baseline
characteristics of the overall population by gender, age, and
education will be conducted. Continuous variables will be
presented asthe mean (SD) or the median (IQR), and countable
datawill be presented as numbersand percentages. Comparisons
of groups will be conducted using the t-test or the Wilcoxon
rank-sum test based on the type of distribution of data and the
homogeneity of the variance. The chi-square test or the Fisher
exact probability method will be used for counting data, as

appropriate.

Multiple linear and logistica regression analyses will be
performed to evaluate the association between outcomes and
potential risk factorsidentified in the questionnaires. Participants
lost to follow-up will be treated as right-censored data. The
Pearson coefficient will be used to assessthe correl ation between
cognitive scores and serum levels of the studied biomarkers. A
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2-sided significance level of .05 will be used for all primary
and secondary analyses unless stated otherwise.

Ethical Consider ations

The protocol was approved by the Ethics Committees of the
luliu Hatieganu University of Medicine and Pharmacy,
Cluj-Napoca (# 52/28.02.2022), the Regiona Institute of
Gastroenterology and Hepatology “ Octavian Fodor” (# 10148/
11.10.2022), and the Clinical CF Hospital (# 14/13.07.2022).
It wasregistered with Clinical Trials (identifier NCT05760729).
The study will be conducted in accordance with the ethical
principles outlined in the current version of the Declaration of
Helsinki of 1975, revised in 2013, and all applicable local
regulatory requirements.

All participantswill be required to personally sign and date the
latest approved version of the informed consent form (ICF)
before any study specific procedures are performed. A written
version of the participant information and informed consent
will be presented to each participant, detailing no less than the
exact nature of the study, what it will involvefor the participant,
theimplications and constraints of the protocol, the known side
effectsand any risksinvolved in taking part, and the agreement
to use the datafor primary and secondary data analyses. It will
be clearly stated that the participant is free to withdraw from
the study at any time for any reason without prejudice to future
care, without affecting their legal rights, and with no obligation
to provide areason for withdrawal.

All participants will be allowed as much time as needed to
consider the information and an opportunity to question the
investigator or other independent partiesto decide whether they
will participatein the study. Written informed consent will then
be obtained by means of a participant-dated signature and a
dated signature of the person who presented and obtained the
informed consent. A copy of the signed informed consent will
be provided to each participant. The origina signed form will
be retained at the study site.

There will be no participation fee nor any payment to any
participant in the study.

Each participant will receive aunique number that will represent
their unique ID in the study. Their blood sample will carry the
same ID. The database will not include the name of the
participants, as they will be deidentified, but their initials and
national unique ID will be used to form a code (eg, John Doe
with the unique ID 43 will have the code JD_43).

Results

The collection of study data started in December 2021, and it
is currently ongoing. Since the start of the study, 53 patients
with IBD have been recruited and 50 HC were matched until
the moment of this paper being published. The blood samples
collected were stored according to the laboratory procedures.
Data collection should end in January 2030. Intermediary
analysis will be performed in April 2024 after the first 50
patients recruited go through the 12-month follow-up visit.
Recruitment will continue until the number of participants in
the IBD and HC groupsis met (n=100 for each group).

https://www.researchprotocol s.org/2023/1/e50546
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Discussion

Summary

Theaim of the study isto evaluate whether thereisacorrelation
between the level of the blood biomarkers studied (SAA, Hey,
S100B, and BDNF) and cognitive scores (MOCA, MIS, FDST,
BDST, TMT-A, TMT-B, DSST) in a period of 12-48 months
in patients with IBD compared to HC. Previous studies have
shown that patients with IBD have lower cognitive scores
compared to HC [3,5,8,9,11,12,35]. We expect similar results.
Multiple biomarkers have been found modified in patients with
MCI but also in patients with IBD; therefore, some reliable
biomarkers have been selected for analysis [19-34]. A positive
correlation between worse cognitive scores and elevated serum
levelsis expected to be found.

Per spectives and Clinical Implications

This study might serve as another “brick in the wall” for the
guestion of whether the GBA is involved in the devel opment
of MCI. If the results show a correlation between the clinical
onset and length of IBD and the risk of MCI devel opment, we
could rethink treatment strategies. Serum biomarkers could
prove auseful tool for stratifying the risk of MCI devel opment,
as their levels can be determined for all patients and the costs
are not high.

A possiblelink between IBD and M CI through the GBA should
be further investigated at the molecular level in order to find
the underlying pathogenic mechanism. According to the
diagnosis criteriaof AD, if we find a progression from MCI to
AD in patientswith IBD, perhapsaclinical study involving the
detection of abnormal proteins in the cephalorahidian fluid
obtained from a lumbar puncture could be performed in the
future. In addition, we could expect someclinical trialsinvolving
prevention of the progression from MCI to AD if some more
underlying pathogenic mechanisms are found. Furthermore,
clinical trials studying the possible prophylactic treatments for
the development of MCI must be performed in order to stop
thisinvalidating disease from affecting the population.

Strengths and Limitations

One of the biggest limitations nowadays is the fear of the
hospital, a so-called “syndrome” caused by the COVID-19
pandemic. However, this is overcome by the fact that many
patients require medical prescriptions monthly or at 2-3-month
intervals, so they have to visit the hospital. Language will be a
barrier in this study because there are many cognitive tests and
questionnaires that have never been validated clinically in
Romania, so we have a narrow range to pick from. Neither
telephonic nor video testing is avail able due to language issues.
Finance is aso a step-back in the development of this study,
but it will not limit the results, because it is a prospective and
screening study.

Risk of Bias

Therisks of bias are negligible because the tests used have clear
instructions and interpretations. However, there is a risk that
the participants might grow impatient and not correctly complete
the questionnaires or might rush them to finish them faster. To
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reduce the risk of bias, the participants will be taken to asilent
room and enough time will be provided for them to complete
the questionnaires and tests in the best-possible correctly. In
addition, clinical data will be obtained before laboratory
biomarkers are dosed, so we will not know the results—whether
they predict the development of MCI.

Risks and Side Effects

Therisks associated with this study are the risks of normal blood
collection, which is conducted anyway from time to time when
patients visit the hospital for their regular blood analysis. In
addition, almost all presentations at the hospital require blood
sample collection; therefore, the study should not carry an
additional risk. Other minor risks could be found in participants
with stress or anxiety, and the fact that they will beinterviewed
for depression, anxiety, stress, and cognitive function might
serve as an aggravating factor. Some patients might not take
the tests seriously and might score worse on cognitive testing.

Unexpected Findings

The results may be contrary to the aim of the study. To the best
of our knowledge, patients with IBD have a good level of
education and this might lead to better cognitive functioning.
In addition, patients with IBD are younger in age, and because
education is better nowadays, cognitive tests could show better
cognitive functioning among well-educated participants.
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Furthermore, maybe some treatments that are used to control
IBD serve as protective factors against MCI, or maybe other
medi cations might be arisk factor for the development of MCI.

Plan for Publication and Future Data Collection

Thefirst phase of the protocol will include 50 patientswith IBD
and 50 HC, who will be evaluated for 12 months, and the results
will be published. Furthermore, wewill start applying for others
grants in order to continue the clinical study. Details of the
enrolled participantswill be recorded in adatabase, and further
studieswill start based on the results of thefirst phase. Another
study based on the COVID-19 questionnaire will be conducted
with participants not included in this protocol (this study
includes just partial results). Next, a third study on the quality
of life and depression, anxiety, and stress screening will also
be conducted with participants not included in this protocol.
Finally, a fourth study including results from the first phase
with participants not included in this protocol will be conducted.

Conclusion

The GBA might be the link between IBD and the devel opment
of MCI associated with systemic inflammation. Mood disorders
can be aprodrome for the devel opment of cognitive dysfunction.
Serum biomarkers might serve as cheap predictive factors for
the development of MCI. Therapies might require adjustments
in order to prevent neurological complications of 1BD.

Wewould liketo thank all study participants, al clinicianswho answered the call of participating in this study, hospital management,
nurses, and al who have indirectly and directly facilitated this study. We would aso like to thank the following contributors:
Roxana Delia Zaharie, Stanciulescu Raluca, Mircea Vasile Milaciu, Lorena Ciumarnean.

This study was financed by the luliu Hatieganu University of Medicine and Pharmacy, Cluj-Napoca, Romania (grant numbers
881/46/12 January 2022 and 772/37/11 January 2023). A total financing of around 4800 euros (USD 5025.34) was obtained at
the moment of study publication.

Data Availability

Study data will be available upon reasonable request from the corresponding author. The data will not be published on a public
platform for ethical reasons. The pseudonymization of the participants will be removed from the database if arequest for access
isreceived.

Authors Contributions

OS contributed to the investigation, conceptualization, original draft preparation, funding acquisition, and visualization; VV,
methodology, data curation, and resources; AS, funding acquisition, visualization, investigation, and resources; Ml, software,
resources, project administration, and formal analysis;, and AIT, supervision, review and editing, validation, and project
administration.

Conflictsof Interest
None declared.

References

1. Maaser C, Sturm A, Vavricka S, Kucharzik T, Fiorino G, Annese V, European Crohn's and Colitis Organisation (ECCO),
European Society of Gastrointestinal and Abdominal Radiology (ESGAR). ECCO-ESGAR Guideline for Diagnostic
Assessment in IBD part 1: initial diagnosis, monitoring of known IBD, detection of complications. J Crohns Calitis 2019
Feb 01;13(2):144-164 [doi: 10.1093/ecco-jcc/jjy113] [Medline: 30137275]

2. SturmA, Maaser C, Caabrese E, Annese V, Fiorino G, Kucharzik T, European Crohn's and Colitis Organisation (ECCO),
European Society of Gastrointestinal and Abdominal Radiology (ESGAR)z. ECCO-ESGAR Guideline for Diagnostic

https://www.researchprotocols.org/2023/1/e50546 JMIR Res Protoc 2023 | vol. 12 | €50546 | p. 17

(page number not for citation purposes)


http://dx.doi.org/10.1093/ecco-jcc/jjy113
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30137275&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Sarb et d

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Assessment in IBD part 2: IBD scores and general principles and technical aspects. J Crohns Colitis 2019 Mar
26;13(3):273-284 [FREE Full text] [doi: 10.1093/ecco-jcc/jjy114] [Medline: 30137278]

Chavarria C, Casanova M, Chaparro M, Barreiro-de Acosta M, Ezquiaga E, Bujanda L, et al. Prevalence and factors
associated with fatigue in patients with inflammatory bowel disease: a multicentre study. J Crohns Colitis 2019 Aug
14;13(8):996-1002 [doi: 10.1093/ecco-jcc/jjz024] [Medline: 30721954]

Chen, Liang N, Li X, Yang S, Wang Y, Shi N. Diagnosis and treatment for mild cognitive impairment: a systematic
review of clinical practice guidelines and consensus statements. Front Neurol 2021 Oct 12;12:719849 [FREE Full text]
[doi: 10.3389/fneur.2021.719849] [Medline: 34712197]

Magalhdes CA, FerreiraCN, Loures CM, Fraga VG, Chaves AC, Oliveira ACR, et a. Leptin, hsCRP, TNF-a and IL-6
levelsfrom normal aging to dementia: relationship with cognitive and functional status. JClin Neurosci 2018 Oct;56:150-155
[doi: 10.1016/j.jocn.2018.08.027] [Medline: 30150062]

Shen X, NiuL, Wang Y, Cao X, LiuQ, Tan L, et a. Inflammatory markersin Alzheimer's disease and mild cognitive
impairment: ameta-analysisand systematic review of 170 studies. JNeurol Neurosurg Psychiatry 2019 May 10;90(5):590-598
[doi: 10.1136/jnnp-2018-319148] [Medline: 30630955]

Zhang B, Wang HE, Bai Y, Tsai S, Su T, Chen T, et al. Inflammatory bowel disease is associated with higher dementia
risk: anationwidelongitudinal study. Gut 2021 Jan 23;70(1):85-91 [doi: 10.1136/gutjnl-2020-320789] [Medline: 32576641]
SharmaN, Dhiman S, Bodh V, Sharma D, Sharma R, Sharma S, et al. Cognitive dysfunction in ulcerative colitis patients
in remission and its comparison with patients with irritable bowel syndrome and healthy controls. Indian J Gastroenterol
2021 Apr 08;40(2):169-175 [doi: 10.1007/s12664-020-01122-y] [Medline: 33417176]

Chen B, Cheng S, Lin H, Lee C, Chou C. Risk factors for the progression of mild cognitive impairment in different types
of neurodegenerative disorders. Behav Neurol 2018 Jun 05;2018:6929732-6929738 [ FREE Full text] [doi:
10.1155/2018/6929732] [Medline: 29971138]

Hort J, O'Brien JT, Gainotti G, Pirttila T, Popescu BO, Rektoroval, EFNS Scientist Panel on Dementia. EFNS guidelines
for the diagnosis and management of Alzheimer's disease. Eur J Neurol 2010 Oct;17(10):1236-1248 [doi:
10.1111/j.1468-1331.2010.03040.x] [Medline: 20831773]

Sun'Y, Geng J, Chen X, Chen H, Wang X, Chen J, et al. Association between inflammatory bowel disease and dementia:
alongitudinal cohort study. Inflamm Bowel Dis 2022 Oct 03;28(10):1520-1526 [ FREE Full text] [doi: 10.1093/ibd/izab300]
[Medline: 34849925]

Wang D, Zhang X, Du H. Inflammatory bowel disease: a potential pathogenic factor of Alzheimer's disease. Prog
Neuropsychopharmacol Biol Psychiatry 2022 Dec 20;119:110610 [doi: 10.1016/j.pnpbp.2022.110610] [Medline: 35908596]
Smith EE, Barber P, Field TS, Ganesh A, Hachinski V, Hogan DB, et al. Canadian Consensus Conference on Diagnosis
and Treatment of Dementia (CCCDTD)5: guidelinesfor management of vascular cognitiveimpairment. Alzheimers Dement
(N Y) 2020 Nov 11;6(1):e12056 [FREE Full text] [doi: 10.1002/trc2.12056] [Medline: 33209971]

Martin A, Naunton M, Kosari S, Peterson G, Thomas J, Christenson JK. Treatment guidelines for PTSD: a systematic
review. JClin Med 2021 Sep 15;10(18):4175 [FREE Full text] [doi: 10.3390/jcm10184175] [Medline: 34575284]
Eugenicos M, Ferreira N. Psychological factors associated with inflammatory bowel disease. Br Med Bull 2021 Jun
10;138(1):16-28 [FREE Full text] [doi: 10.1093/bmb/Idab010] [Medline: 34057462]

Mitchell AJ, Vaze A, Rao S. Clinical diagnosis of depression in primary care: a meta-analysis. Lancet 2009
Aug;374(9690):609-619 [doi: 10.1016/s0140-6736(09)60879-5]

Yates JA, Clare L, Woods RT, CFAS MRC. Subjective memory complaints, mood and MCI: afollow-up study. Aging
Ment Health 2017 Mar 02;21(3):313-321 [FREE Full text] [doi: 10.1080/13607863.2015.1081150] [Medline: 26329364]
Kunugi H. Gut microbiota and pathophysiology of depressive disorder. Ann Nutr Metab 2021 Jul 28;77 Suppl 2(Supp!.
2):11-20 [FREE Full text] [doi: 10.1159/000518274] [Medline: 34350881]

MaF, WuT, Zhao J, Ji L, Song A, Zhang M, et al. Plasma homocysteine and serum folate and vitamin B(12) levelsin mild
cognitive impairment and Alzheimer's disease: a case-control study. Nutrients 2017 Jul 08;9(7): 725 [FREE Full text] [doi:
10.3390/nu9070725] [Medline: 28698453]

Fahmy EM, Elfayoumy NM, Abdelalim AM, Sharaf SA, Ismail RS, Elshebawy H. Relation of serum levels of homocysteine,
vitamin B12 and folate to cognitive functions in multiple sclerosis patients. Int J Neurosci 2018 Sep 21;128(9):835-841
[doi: 10.1080/00207454.2018.1435538] [Medline: 29384421]

Zhou X, Wang Q, An B, Du Y, Zhao J, Song A, et a. Relationship between folate, vitamin B, homocysteine, transaminase
and mild cognitive impairment in China: a case-control study. Int JFood Sci Nutr 2020 May 07;71(3):315-324 [doi:
10.1080/09637486.2019.1648387] [Medline: 31387424]

Yeram N, Dalvi S, Mankeshwar R, Patil V, KaleV, Jagias K, et al. Relationship between cortisol, interleukin-6 and
homocysteine in Alzheimer's disease. Qatar Med J 2021;2021(33):1-10 [FREE Full text] [doi: 10.5339/gm|.2021.33]
[Medline: 34604020]

LauriolaM, D’ Onofrio G, Ciccone F, Germano C, CascavillaL, ParisF, et a. Relationship of homocysteine plasmalevels
with mild cognitive impairment, Alzheimer's disease, vascular dementia, psychobehavioral, and functional complications.
JAlzheimers Dis 2021 Jun 29;82(1):235-248 [doi: 10.3233/jad-210166]

https://www.researchprotocols.org/2023/1/e50546 JMIR Res Protoc 2023 | vol. 12 | €50546 | p. 18

(page number not for citation purposes)


https://doi.org/10.5167/uzh-181192
http://dx.doi.org/10.1093/ecco-jcc/jjy114
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30137278&dopt=Abstract
http://dx.doi.org/10.1093/ecco-jcc/jjz024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30721954&dopt=Abstract
https://europepmc.org/abstract/MED/34712197
http://dx.doi.org/10.3389/fneur.2021.719849
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34712197&dopt=Abstract
http://dx.doi.org/10.1016/j.jocn.2018.08.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30150062&dopt=Abstract
http://dx.doi.org/10.1136/jnnp-2018-319148
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30630955&dopt=Abstract
http://dx.doi.org/10.1136/gutjnl-2020-320789
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32576641&dopt=Abstract
http://dx.doi.org/10.1007/s12664-020-01122-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33417176&dopt=Abstract
https://doi.org/10.1155/2018/6929732
http://dx.doi.org/10.1155/2018/6929732
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29971138&dopt=Abstract
http://dx.doi.org/10.1111/j.1468-1331.2010.03040.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20831773&dopt=Abstract
https://europepmc.org/abstract/MED/34849925
http://dx.doi.org/10.1093/ibd/izab300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34849925&dopt=Abstract
http://dx.doi.org/10.1016/j.pnpbp.2022.110610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35908596&dopt=Abstract
https://europepmc.org/abstract/MED/33209971
http://dx.doi.org/10.1002/trc2.12056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33209971&dopt=Abstract
https://www.mdpi.com/resolver?pii=jcm10184175
http://dx.doi.org/10.3390/jcm10184175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34575284&dopt=Abstract
https://europepmc.org/abstract/MED/34057462
http://dx.doi.org/10.1093/bmb/ldab010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34057462&dopt=Abstract
http://dx.doi.org/10.1016/s0140-6736(09)60879-5
https://europepmc.org/abstract/MED/26329364
http://dx.doi.org/10.1080/13607863.2015.1081150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26329364&dopt=Abstract
https://doi.org/10.1159/000518274
http://dx.doi.org/10.1159/000518274
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34350881&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu9070725
http://dx.doi.org/10.3390/nu9070725
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28698453&dopt=Abstract
http://dx.doi.org/10.1080/00207454.2018.1435538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29384421&dopt=Abstract
http://dx.doi.org/10.1080/09637486.2019.1648387
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31387424&dopt=Abstract
https://europepmc.org/abstract/MED/34604020
http://dx.doi.org/10.5339/qmj.2021.33
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34604020&dopt=Abstract
http://dx.doi.org/10.3233/jad-210166
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Sarb et d

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

Ticines A, TanaC, Nouvenne A, Prati B, Lauretani F, Meschi T. Gut microbiota, cognitive frailty and dementiain older
individuals: a systematic review. Clin Interv Aging 2018 Aug;13:1497-1511 [doi: 10.2147/cia.s139163]

Jack CR, Wiste HJ, Therneau TM, Weigand SD, Knopman DS, Mielke MM, et a. Associations of amyloid, tau, and
neurodegeneration biomarker profiles with rates of memory decline among individuals without dementia. JAMA 2019 Jun
18;321(23):2316-2325 [FREE Full text] [doi: 10.1001/jama.2019.7437] [Medline: 31211344]

Serrano-Pozo A, Das S, Hyman BT. APOE and Alzheimer's disease: advancesin genetics, pathophysiol ogy, and therapeutic
approaches. Lancet Neurol 2021 Jan;20(1):68-80 [doi: 10.1016/s1474-4422(20)30412-9]

Xu M, He X, Huang P. The relationship between serum amyloid alevel and cognitive dysfunction in patients with vascular
dementia: preliminary findings. Biomed Res Int 2021;2021:6676144 [FREE Full text] [doi: 10.1155/2021/6676144]
[Medline: 33644229]

He X, Li L, Xian W, Li M, Zhang L, Xu J, et a. Chronic colitis exacerbates NL RP3-dependent neuroinflammation and
cognitive impairment in middle-aged brain. J Neuroinflammation 2021 Jul 06;18(1):153 [FREE Full text] [doi:
10.1186/s12974-021-02199-8] [Medline: 34229722]

Tran SM, Mohajeri MH. Therole of gut bacterial metabolitesin brain development, aging and disease. Nutrients 2021 Feb
25;13(3):732 [FREE Full text] [doi: 10.3390/nu13030732] [Medline: 33669008]

Kim BY, Lee SH, Graham PL, Angelucci F, LuciaA, Pareja-Galeano H, et al. Peripheral brain-derived neurotrophic factor
levelsin Alzheimer's disease and mild cognitive impairment: a comprehensive systematic review and meta-analysis. Mol
Neurobiol 2017 Nov 4;54(9):7297-7311 [doi: 10.1007/s12035-016-0192-9] [Medline: 27815832]

Miranda M, Morici JF, Zanoni MB, Bekinschtein P. Brain-derived neurotrophic factor: a key molecule for memory in the
healthy and the pathological brain. Front Cell Neurosci 2019 Aug 7;13:363 [FREE Full text] [doi: 10.3389/fncel.2019.00363]
[Medline: 31440144

Perta-Kgjan J, Wtoczkowska O, Ziota-Frankowska A, Frankowski M, Smith AD, de Jager CA, et a. Paraoxonase 1, B
vitamins supplementation, and mild cognitive impairment. J Alzheimers Dis 2021 Jun 01;81(3):1211-1229 [doi:
10.3233/jad-210137]

Sochal M, Matecka-Panas E, Gabryelska A, Fichna J, Talar-Wojnarowska R, Szmyd B, et a. Brain-derived neurotrophic
factor is elevated in the blood serum of Crohn's disease patients, but is not influenced by anti-TNF-a treatment-a pilot
study. Neurogastroenterol Motil 2021 Jun 31;33(6):€13978 [doi: 10.1111/nm0.13978] [Medline: 32869433]
Polyakova M, Mueller K, Arelin K, Lampe L, Rodriguez FS, Luck T, et a. Increased serum NSE and S100B indicate
neuronal and glial alterations in subjects under 71 years with mild neurocognitive disorder/mild cognitive impairment.
Front Cell Neurosci 2022 Jul 14;16:788150 [FREE Full text] [doi: 10.3389/fncel.2022.788150] [Medline: 35910248]
Zingel R, Bohlken J, Kostev K. Association between inflammatory bowel disease and dementia: a retrospective cohort
study. J Alzheimers Dis 2021 Apr 20;80(4):1471-1478 [doi: 10.3233/jad-210103]

Abbreviations

AD: Alzheimer's disease
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FDST: forward digit span testing

GBA: gut—brain axis

HBI: Harvey-Bradshaw Index

HC: healthy controls
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IADL: Instrumental Activities of Daily Living
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SCCAI: SimpleClinical Colitis Activity Index
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