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MULTIPLE SCLEROSIS

ABOUT US

Journal of Multiple Sclerosis Research is the official open
access scientific publication of the Multiple Sclerosis Research
Association. This double-blind peer-reviewed journal is published
quarterly in April, August, and December.

The target audience of the Journal of Multiple Sclerosis Research
includes all health professionals working in the fields of multiple
sclerosis, neuromyelitis optica and spectrum diseases, and other
related diseases of the central nervous system.

Processing of articles and publication are free of charge. No fee is
requested from the authors at any point throughout the evaluation
and publication process. All manuscripts must be submitted via the
online submission system, which is available through the journal’s
web page.

The editorial processes are designed in accordance with
the guidelines of international organizations such as the
International Council of Medical Journal Editors (ICMJE)
(http://www.icmje.org) and the Committee on Publication Ethics
(COPE) (http://publicationethics.org).

All manuscripts should be submitted through the journal’s web
page at www.jmsres.com. Instructions for authors, technical
information, and other necessary forms can be accessed over
this web page. Authors are responsible for all contents of their
manuscript.

The mission of the Journal of Multiple Sclerosis Research is to
provide practical, timely, and relevant clinical and basic science
information to all health professionals and researchers working in
the field of multiple sclerosis.

The Journal of Multiple Sclerosis Research publishes original
research papers, interesting case reports, invasive procedures,
clinical and basic science review articles, editorials, and letters to
the editor, about multiple sclerosis and related topics, all of which
have the highest scientific and clinical value at an international
level.

Open Access Policy

The Journal of Multiple Sclerosis Research provides immediate
open access to its content on the principle that making research
freely available to the public supports a greater global exchange
of knowledge.

The Open Access Policy is based on the rules of the Budapest Open
Access Initiative (http://www.budapestopenaccessinitiative.org/).
“Open access” to peer-reviewed research literature means that
it is freely available on the Internet, permitting any user access
to the link with the full text of articles to read, download, copy,
distribute, print, search, crawl them for indexing, pass them as
data to software, or use them for any other lawful purpose without
financial, legal, or technical barriers, other than those inseparable
from gaining access to the Internet itself. The only constraint on
reproduction and distribution, and the only role for copyright in
this domain, should be to give authors control over their work’s
integrity and the right to be properly acknowledged and cited.

This work is licensed under a Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International License.

Address for Correspondence
Organization: Multiple Sclerosis Research Association

Address: Korutiirk Mah. V. Huseyin Ogiitcen Cad. No: 45/B D: 8
Balgova/izmir

Phone: (0232) 484 74 80
E-mail: info@msarastirmalaridernegi.com

Issuing Body
Galenos Yayinevi Tic. Ltd. Sti.

Molla Gurani Mah. Kagamak Sok. No: 21, 34093, Findikzade,
Istanbul, Turkiye

Phone: +90 212 621 99 25
Fax: +90 212 621 99 27
E-mail: info@galenos.com.tr

Copyright Notice

The Multiple Sclerosis Research Association holds the international
copyright of all the contents published in the Journal of Multiple
Sclerosis Research.

Republication and reproduction of images or tables in any
published material should be done with proper citation of the
source, providing author names, article title, journal title, year
(volume) and page of publication, and copyright year of the article.

The author(s) hereby affirms (affirm) that the manuscript submitted
is original, that all statement asserted as facts are based on the
author’s (authors’) careful investigation and research for accuracy,
that the manuscript does not, in whole or part, infringe any
copyright, that it has not been published in total or in part, and that
it is not being submitted or considered for publication in total or in
part elsewhere.

Completed Copyright Statement form should be submitted to the
online article system.

By signing this form,

1. Each author acknowledges that he/she participated in the work
substantially and is prepared to take public responsibility for the
work.

2. Each author further affirms that he/she has read and understands
the “Ethical Guidelines for Publication of Research.”

3. The author(s), in consideration for the acceptance of the
manuscript for publication, does (do) hereby assign and transfer
to the Journal of Multiple Sclerosis Research all the rights and
interest and the copyright of the work in its current form and in
any form subsequently revised for publication and/or electronic
dissemination.

Material Disclaimer

The author(s) is (are) responsible for the articles published in the
Journal of Multiple Sclerosis Research. The Editor, Editorial Board,
and Publisher do not accept any responsibility for the articles.
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INSTRUCTIONS TO AUTHORS

Journal of Multiple Sclerosis Research is the official open access
scientific publication organ of the Multiple Sclerosis Research
Association, with English as the journal’s publication language.

Journal of Multiple Sclerosis Research does not charge any fee for
article submission or processing and publication. Also, manuscript
writers are not paid by any means for their manuscripts.

The journal should be abbreviated as “J Mult Scler Res” when
referenced.

Journal of Multiple Sclerosis Research accepts invited review
articles, research articles, brief reports, case reports, letters to
the editor, and images that are relevant to the scope of multiple
sclerosis, neuromyelitis optica, and other related diseases of the
central nervous system on the condition that they have not been
previously published elsewhere. All manuscripts are subject to
editorial revision to ensure they conform to the style adopted by
the journal. There is a double-blind reviewing system.

The Editorial Policies and General Guidelines for manuscript
preparation specified below are based on “Recommendations
for the Conduct, Reporting, Editing, and Publication of Scholarly
Work in Medical Journals (ICMJE Recommendations)” by the
International Committee of Medical Journal Editors (2013, archived
at http://www.icmije.org).

Editorial Process

The manuscript submission and editorial review process are as
follows:

After receiving each manuscript, a checklist is completed by
the editorial assistant. The editorial assistant checks that each
manuscript contains all required components and adheres to the
author guidelines, after which time it will be forwarded to the editor
in chief. Following the editor in chief’s evaluation, each manuscript
is forwarded to the associate editor, who assigns reviewers.
The selected reviewers (at least three) will generally review all
manuscripts based on their relevant expertise. The associate editor
could also be assigned as a reviewer along with the reviewers.
After the reviewing process, all manuscripts are evaluated in the
editorial board meeting.

The Review Process

This journal applies double-blind review, which means that the
reviewers cover both the reviewer and the author identifications
throughout the review process.

Each manuscript submitted to the Journal of Multiple Sclerosis
Research is subject to an initial review by the editorial office to
determine if it is aligned with the journal’s aims and scope and
complies with essential requirements. Manuscripts (all double-
blind and peer-reviewed) sent for peer review will be assigned
to one of the journal’s associate editors, who is an expert on the
manuscript’s content. During the review, the statistics department
editor will evaluate articles that need detailed statistical evaluation.
All accepted manuscripts are subject to English language editing.
Once papers have been reviewed, the reviewers’ comments
are sent to the editor, who will make a preliminary decision on
the paper. At this stage, based on the feedback from reviewers,
manuscripts can be either accepted or rejected, or revisions can

be recommended. Following initial peer review, articles judged
worthy of further consideration often require revision. Revised
manuscripts generally must be received within 3 months from
the date of the initial decision and must include “point-to-point
response to the comments of reviewers” and a copy of the revised
text by highlighting the changes made in the revised manuscripts.
Extensions must be requested from the associate editor at least
2 weeks before the 3-month revision deadline expires; Journal
of Multiple Sclerosis Research will reject manuscripts received
beyond the 3-month revision deadline. Manuscripts with extensive
revision recommendations will be sent for further review (usually
by the same reviewers) upon their re-submission. When a
manuscript is finally accepted for publication, the technical editor
will make a final edit, and a marked-up copy will be e-mailed to
the corresponding author for review and for any final adjustments.

Preparation of Manuscript

Manuscripts should be prepared according to ICMJE guidelines
(http://www.icmije.org).

Original manuscripts require a structured abstract. Each section
of the structured abstract must be labelled with the appropriate
subheading (Objective, Materials and Methods, Results, and
Conclusion). Case reports require short unstructured abstracts,
whereas letters to the editor do not require an abstract. Research
or project support should be acknowledged as a footnote on the
title page.

Technical and other assistance should be provided on the title
page.

Preparation of research articles, systematic reviews, and meta-
analyses must comply with study design guidelines:

CONSORT statement for randomized controlled trials (Moher D,
Schultz KF, Altman D, for the CONSORT Group. The CONSORT
statement revised recommendations for improving the quality of
reports of parallel-group randomized trials. JAMA 2001;285:1987-
1991) (http://www.consort-statement.org/);

PRISMA statement of preferred reporting items for systematic
reviews and meta-analyses (Moher D, Liberati A, Tetzlaff J, Altman
DG, The PRISMA Group. Preferred Reporting Items for Systematic
Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med
2009;6(7):e1000097.) (http://www.prisma-statement.org/);

STARD checklist for the reporting of studies of diagnostic accuracy
(Bossuyt PM, Reitsma JB, Bruns DE, Gatsonis CA, Glasziou PP, Irwig
LM, et al., for the STARD Group. Toward complete and accurate
reporting of studies of diagnostic accuracy: the STARD initiative. Ann
Intern Med 2003;138:40-44.) (http://www.stard-statement.org/);

STROBE statement, a checklist of items that should be included in
reports of observational studies (http://www.strobe-statement.org/);

Meta-analysis of observational Studies in Epidemiology (MOOSE)
guidelines for meta-analysis and systemic reviews of observational
studies (Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of
observational studies in epidemiology: a proposal for reporting
MOOSE group. JAMA 2000;283:2008-2012).
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INSTRUCTIONS TO AUTHORS

References: References should be cited in the text, tables, and
figures with numbers in parentheses. References should be numbered
consecutively according to the order in which they first appear in
the text. All authors should be in the references. Journal of Multiple
Sclerosis Research research adheres to the NLM style.

Manuscript Format and Style
Writing rules

The submission should be split into separate files in the following
order:

a. Title

b. Main Document (English abstract and keywords-Turkish abstract
and keywords, main text, references, tables and figure explanations
should be included).

c. Figures, pictures and graphics files in .jpeg or .gif formats should be
uploaded separately.

d. Copyright Transfer Form and Authorship Contribution Form

e. Ethics committee approval form should be available for research
articles.

Title Page

Title: The title should provide important information regarding the
manuscript’s content. The title page should include the authors’
names, degrees, and institutional/professional affiliations, a short
title, abbreviations, keywords, financial disclosure statement, and
conflict of interest statement. If a manuscript includes authors from
more than one institution, each author’s name should be followed
by a superscript number corresponding to their institution, which
is listed separately. The contact information for the corresponding
author should also be provided, including name, e-mail address,
telephone, and fax numbers.

Running Head: The running head should not be more than 40
characters, including spaces, and should be located at the bottom
of the title.

Word Count: The word count does not include the abstract,
references, or figure/table legends. The word count must be noted
on the title page, along with the number of figures and tables.
Original articles should be less than 3000 words and include no
more than six figures, tables and 50 references.

Tables and figures: All tables and figures must be placed after the
text and must be labelled.

Data Sharing Policies: Data sharing policies concern the
minimal dataset that supports the central findings of a published
study. Generated data should be publicly available and cited in
accordance with the journal guidelines. Authors must inform the
journal about the tables and figures created.

The journal expects that data supporting the results in the paper
will be archived in an appropriate public repository. Authors are
required to provide a data availability statement to describe the
availability or the absence of shared data. When data have been
shared, authors are required to include a link to the used repository
in their data availability statement and to cite their shared

data. Journal of Multiple Sclerosis Research requests detailed
information from the authors regarding the data sharing policy.

Conflict of Interest Statement: To prevent potential conflicts of
interest from being overlooked, this statement must be included
in each manuscript. In case of conflicts of interest, every author
should complete the ICMJE general declaration form, which can
be obtained from http://www.icmje.org/coi_disclosure.pdf.

Abstract and Keywords: The second page should include an
abstract not exceeding 250 words. Moreover, as various electronic
databases integrate only abstracts into their index, important
findings should be presented in the abstract.

Abstract

The abstract should be short and factual. It should state the purpose
of the research briefly and should be structured according to the
following subheadings: Objective, Materials and Methods, Results, and
Conclusion. Abbreviations should be avoided and reference citations
are not permitted. References should be avoided, and nonstandard or
uncommon abbreviations should be avoided, but if essential they must
be defined at their first mention in the abstract itself. The clinical trial
number should be provided at the end of the abstract.

Objective: The abstract should state the objective (the purpose
of the study and hypothesis) and summarize the rationale for the
study.

Materials and Methods: Important methods should be written
respectively.

Results: Important findings and results should be provided here.

Conclusion: The study’s new and important findings should be
highlighted and interpreted.

Other types of manuscripts, such as case reports, reviews, and
others, will be published according to uniform requirements.

Keywords: Provide at least three keywords below the abstract
to assist indexers. Use terms from the Index Medicus Medical
Subject Headings List (for randomized studies, a CONSORT
abstract should be provided ( http://www.consort-statement.org ).

1. Original Articles:

An article is considered original research if;

It is the report of a study written by the researchers who actually did the
study.

The researchers describe their hypothesis or research question and the
purpose of the study.

The researchers detail their research methods.

The results of the research are reported.

The researchers interpret their results and discuss possible implications.
This is the most common type of journal manuscript used to
publish full data reports from research. It may be called an Original

Article, Research Article, Research, or just Article, depending on
the journal.
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INSTRUCTIONS TO AUTHORS

Original articles should have the following sections:

Introduction: The introduction should include an overview of
the relevant literature presented in summary form (one page),
and whatever remains interesting, unique, problematic, relevant,
or unknown about the topic must be specified. The introduction
should conclude with the rationale for the study and its design and
objective(s).

Materials and Methods: The selection of observational or
experimental participants, such as patients, laboratory animals,
and controls, must be clearly described, including inclusion and
exclusion criteria and a description of the source population.
Sufficiently detailed methods and procedures must be identified
to allow other researchers to reproduce the results. References to
established methods (including statistical methods) and to brief
modified methods and the rationale for using them and evaluation
of their limitations must be provided. All drugs and chemicals used,
including generic names, doses, and routes of administration, must
be identified. The section should include only information that was
available at the time the plan or protocol for the study was devised
on STROBE (http://www.strobe-statement.org).

Statistics: The statistical methods used in enough detail to enable
a knowledgeable reader with access to the original data to verify
the reported results must be described. Statistically important data
should be provided in the text, tables, and figures. Details about
randomization and the number of observations must be provided
as well, the treatment complications must be described, and all
computer programs used must be specified.

Results: Your results should be presented in logical sequence
in the text, tables, and figures. Not all the data provided in the
tables and/or figures in the text must be presented; Only important
findings, results, and observations should be emphasized and/
or summarized. For clinical studies, the number of samples,
cases, and controls included in the study should be provided.
Discrepancies between the planned number and the obtained
number of participants should be explained. Comparisons and
statistically important values (i.e., p-value and confidence interval)
should be provided.

Discussion: This section should include a discussion of the data.
New and important findings/results and the conclusions they lead
to should be emphasized. The conclusions should be linked with
the goals of the study, but unqualified statements and conclusions
not entirely supported by the data should be avoided. The detailed
findings/results should not be repeated; important findings/results
should be compared with those of similar studies in the literature,
along with a summary. In other words, similarities or differences in
the obtained findings/results with those previously reported should
be discussed.

Study Limitations: Limitations of the study should be detailed. In
addition, an evaluation of the implications of the obtained findings/
results for future research should be outlined.

Conclusion: The conclusion of the study should be highlighted.

2. CaseReports: Acasereportis adetailed report of the symptoms,
signs, diagnosis, treatment, and follow-up of an individual patient.
It usually describes an unusual or novel occurrence and remains
one of the cornerstones of medical progress and provides many

new ideas in medicine. Case reports should be structured as
follows:

Abstract: an unstructured abstract that summarizes the case
Introduction: a brief introduction (recommended length: 1-2 paragraphs)

Case Presentation: describes the case in detail, including the initial
diagnosis and outcome

Discussion: should include a brief review of the relevant literature and
how the presented case furthers our understanding to the disease
process

3. Review Articles: Review articles provide a comprehensive
summary of research on a certain topic and a perspective on the
state of the field and where it is heading. They are often written by
leaders in a particular discipline after an invitation from the editors
of a journal.

Review articles should include a conclusion in which a new
hypothesis or study about the subject may be posited. Methods
for literature search or level of evidence should not be published.
Authors who will prepare review articles should already have
published research articles on the relevant subject. There should
be a maximum of two authors for review articles.

4. Images: Authors can submit for consideration an illustration
and photos that are interesting, instructive, and visually attractive,
along with a few lines of explanatory text and references. No
abstract, discussion, or conclusion is required, but a brief title
should be included.

5. Letters to the Editor: A letter to the editor (sometimes
abbreviated LTTE or LTE) is a letter sent to a publication about
issues of concern from its readers. In academic publishing,
letters to the editor of an academic journal are usually open post-
publication reviews of a paper, often critical of some aspects of the
original paper. For letters to the editor, no abstract is required, but
a brief title should be included.

6. Invited Review Article: Invited review articles are comprehensive
analyses of specific topics in medicine, which are written upon
invitation due to extensive experience and publications of authors
on their view of the subjects. All invited review articles will also
undergo peer review prior to acceptance.

7. Editorial Comment: Editorial comments are a brief remark on
an article published in the journal by the viewer of their article or
by a relevant authority. Most comments are invited by the editor in
chief, but spontaneous comments are welcome. An abstract is not
required with this type of manuscripts.

References: References should be cited in the text, tables, and
figures with numbers in parentheses. References should be
numbered consecutively according to the order in which they first
appear in the text. All authors should be in the references. Journal
of Multiple Sclerosis Research research adheres to the NLM style.

https://www.nlm.nih.gov/bsd/uniform_requirements.html
Examples of References
1. List All Authors

Bonanni E, Tognoni G, Maestri M, Salvati N, Fabbrini M, Borghetti
D, DiCoscio E, Choub A, Sposito R, Pagni C, ludice A, Murri L.
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Sleep disturbancesin elderly subjects: an epidemiological survey in
an ltalian district. ActaNeurol Scand 2010;122:389-397.

2. Organization as Author

American Geriatrics Society 2015 Updated Beers Criteria Expert
panel. American geriatrics society 2015 updated Beer criteria for
potentially inappropriate medication use in older adults. J Am
Geriatr Soc 2015;63: 2227-2246.

3. Complete Book

Ham RJ, Sloane PD, Warshaw GA, Potter JF, Flaherty E. Ham’s
primary care geriatrics a case-based approach, 6th ed.
Philadelphia, Elsevier/Saunders, 2014.

4. Chapter in Book

BG Katzung. Special Aspects of Geriatric Pharmacology,
In:Bertram G. Katzung,Susan B. Masters, Anthony J. Trevor (Eds).
Basic and Clinical Pharmacology. 10th edition, Lange, Mc Graw
Hill, USA 2007, pp 983-90.

5. Abstract

Reichenbach S, Dieppe P, Nuesch E, Williams S, Villiger PM, Juni P.
Association of bone attrition with knee pain, stiffness and disability;
a cross sectional study. Ann Rheum Dis 2011;70:293-8. (abstract).

6. Letter to the Editor

Rovner B. The Role of the Annals of Geriatric Medicine and
Research as a Platform for Validating Smart Healthcare Devices for
Older Adults. Ann Geriatr. 2017;21:215-216.

7. Supplement

Garfinkel D. The tsunami in 21st century healthcare: The age-
related vicious circle of co-morbidity - multiple symptoms - over-
diagnosis - over treatment - polypharmacy [abstract]. J Nutr Health
Aging 2013;17(Suppl 1):224-227.

Tables, Graphics, Figures, and Images

Tables: Each table should be supplied on a separate file. Tables
should be numbered according to the order in which they appear
in the text, and a brief caption for each should be supplied. Each
column must have a short or abbreviated heading. Explanatory
statistical measures of variation, such as standard deviation or
standard error of the mean, must be written. Each table must be
cited in the text.

Figures: Figures should be professionally drawn and/or
photographed. Figures should be numbered according to the order
in which they appear in the text. Figures include graphs, charts,
photographs, and illustrations. Each figure should be accompanied
by a legend that does not exceed 50 words. Abbreviations must be
used only if they have been introduced in the text. Authors are also
required to provide the level of magnification for histological slides.
The internal scale must be explained, and the staining method used
must be identified. Figures should be submitted as separate files,
not in the text file. High-resolution image files are not preferred for
initial submission as the file sizes may be too large. The total file
size of the PDF for peer review should not exceed 5 MB.

Type of Article  Abstract | Word Number of Tables/
Count* | References Figures
Original Articles | 250 3000 50 5
Review Articles | 250 3500 100 5
Invited Review 250 3500 75 5
Article
Case Reports 100 1000 15 2
Images None 500 10 2
Letters to the None 600 10 1
Editor
Editorial None 1500 20 2
Comment
*Excludes abstract, acknowledgments, conflict of interest statement,
references and tables; maximum word counts.

Authorship

Each author should have participated sufficiently in the work to
assume public responsibility for the content. Any portion of a
manuscript that is critical to its main conclusions must be the
responsibility of at least one author. Please check the definition of
the role of authors and contributors in the following link:

http://www.icmje.org/recommendations/browse/roles-and-
responsibilities/defining-the-role-of-authors-and-contributors.
html.

Contributor’s Statement

All submissions should contain a contributor’s statement page.
Each manuscript should contain substantial contributions to idea
and design, acquisition of data, or analysis and interpretation
of findings. All persons designated as an author should qualify
for authorship, and all those that qualify should be listed. Each
author should have participated sufficiently in the work to take
responsibility for appropriate portions of the text.
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Psychiatric Disorders in Multiple Sclerosis
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TKahramanmaras Sutcu Imam University Faculty of Medicine, Department of Neurology, Kahramanmaras, Turkey
2Clinical Psychologist, Kahramanmaras, Turkey

Multiple sclerosis (MS) is an autoimmune, inflammatory, neurodegenerative disease of the central nervous system, characterised by demyelinisation
and axonal damage. The probability of MS patients experiencing psychiatric disorders is much greater than that of the population not diagnosed
with MS. The symptoms of MS, the side-effects of pharmacological treatments, family history, and psychosocial factors can cause the possibility of
psychiatric disorders developing, such as depression, anxiety, adjustment disorder, psychosis, bipolar mood disorder, chronic stress, and suicidal
thoughts. Literature search for original articles and review in the databases, including PubMed, Google scholar and Scopus from 1996 to 2021.
Studies suitable for the purpose of this review were selected and reported. The frequency of psychiatric disorders in MS and the radiological
findings in these cases were evaluated. Depression has been reported to be the psychiatric disorder with the highest prevalence as a comorbidity in
individuals diagnosed with MS. Depression affects an average of 30% of MS patients, which is a rate 2-5-fold higher than in the general population.
The presence of additional psychiatric diagnoses has a high prevalence in MS disease, but the majority are overlooked in the diagnosis and
treatment process.

Keywords: Anxiety, comorbiditiy, depression, multiple sclerosis, psychiatric disorders

Introduction caused an increase in Expanded Disability Status Scale scores,
and there was a two-way effect of psychiatric findings and
disability status on each other. The inflammatory process is the
key factor in the pathology of MS, and this has been associated

with depressive and bipolar mood disorders. An increase in

Multiple sclerosis (MS) is an autoimmune, inflammatory,
neurodegenerative disease of the central nervous system,
characterized by demyelination and axonal damage.
Approximately 2.8 million people worldwide have been
diagnosed with MS, and the highest frequency has been
determined in North America, Western Europe, and Australia.

MS generally emerges in early adulthood, progresses chronically

the inflammatory process and neurodegenerative process can
trigger depression (7-10).

The probability of patients with MS experiencing psychiatric

causing physical, psychological, and cognitive problems, and is
the most widely seen neurological disease (1-4).

A very wide range of symptoms may be seen in MS. Findings
in MS cases include gait impairment, loss of strength, spasticity,
urinary tract disorders, sexual dysfunction, fatigue, psychiatric
disorders, and cognitive changes (5,6).

The multidimensional symptomatology of MS is closely linked
to disability status, fatigue level, and emotional status. As a
result, the quality of life of patients with MS is adversely affected.
A previous study stated that the presence of psychiatric findings

disorders is much greater than that of the population without
MS. The symptoms of MS, side effects of pharmacological
treatment, family history, and psychosocial factors can
increase the risk of psychiatric disorders development, such
as depression, anxiety, adjustment disorder, psychosis, bipolar
mood disorder, chronic stress, and suicidal thoughts. In a meta-
analysis, which included 44,452 patients with MS and 220,849
healthy controls, the annual incidence was 979/100,000 for
depression, 638/100,000 for anxiety, 328/100,000 for bipolar
disorder, and 60/100,000 for schizophrenia in patients with MS,
which were higher than those in healthy controls (11-14).
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Many studies have supported the view that there could be a
connection between psychiatric disorders and lesions detected
in certain brain regions based on magnetic resonance imaging
(MRI) findings of patients with MS. In a previous study, follow-up
MRI of patients with psychiatric problems revealed white matter
hyperintensities on T2-weighted images, which are consistent
with MS in 0.83% of 2,783 patients. Frontal lobe lesions are
accompanied by mania, psychosis, and catatonic episodes in
patients with MS, and this finding is supported by previous
studies. More frontal lobe pathologies have been determined
in patients with MS and depression than in patients with MS
without depression (15-18).

Materials and Methods

The literature search for original and review articles in databases,
including PubMed, Google Scholar, and Scopus from 1996
to 2021, was conducted. PubMed and Scopus searched for
relevanct articles using the following medical topics terms
and keywords: “multiple sclerosis’, “psychiatric disorders’,
‘depression’,  “anxiety’, “bipolar disorders’, “schizophrenia’,
‘obsessive-compulsive disorders”. Studies that met the purpose
of this review were selected and reported. The frequency of
psychiatric disorders in MS and the radiological findings in
these cases were evaluated.

Combination of MS and Depression

Depression was reported to have the highest prevalence as
a comorbidity in individuals diagnosed with MS. Depression
affects an average of 30% of patients with MS, which is two-
to fivefold higher than that in the general population. Just as
depression may be seen during the clinical course of MS, it may
also occur as a side effect of pharmacological treatments.

The chronic structure of MS causing disability and negatively
affecting functionality and quality of life may be reasons
why depression is seen more widely in patients with MS
than in those with other neurological diseases. The World
Health Research of the World Health Organization stated that
depression seen as a comorbidity with a chronic disease causes
a greater disease burden and a higher rate of workforce loss
than a chronic disease alone or depression alone. In patients
with MS, depression affects their quality of life, fatigue level,
cognitive levels, physical disability, and sleep quality. Therefore,
to improve these symptoms, psychiatric treatments should be
administered to patients with MS and depression (19-22).

Many cross-sectional and longitudinal studies revealed that
depression in patients with MS negatively affects quality of life.
Ina study of 193 patients with MS, a high level of depression was
determined to significantly decrease the health-related quality
of life in these patients (23-25). It is thought that depression
triggers fatigue in patients with MS, and fatigue, which is seen
significantly in patients with MS, negatively affects cognitive
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functions, and this could trigger depressive symptoms. In short,
depressive symptoms and fatigue have a reciprocal effect on
each other, causing a vicious circle (26).

In a study of 126 patients with MS and 59 healthy controls, a
broad-diameter bilateral cortical atrophy was found to affect all
brain lobes in patients with MS, and this atrophy could have
caused depression (27). Feinstein et al. (28) examined patients
with both MS and depression and reported that T1 and T2 lesion
volume was greater in the left medial inferior prefrontal cortex,
the gray matter volume was lower, and the cerebrospinal fluid
volume in the left anterior temporal region was greater (29).

Lower white matter volume, a decrease in uncinate fascicle
fractional anisotropy, and lower resting-state functional
connectivity between the amygdala and frontal regions have
been determined in patients with both MS and depression than
in patients with MS not diagnosed with depression.

Combination of MS and Anxiety

Anxiety disorder affects an average of 22% of patients with MS,
which is threefold higher than that in the general population.
In patients with relapsing-remitting MS, attack, and remission
could be a significant cause of anxiety. As anxiety is together
with depression and increased physical disability in most cases,
it is associated with impaired functionality and accepted as a
trigger for an attack (30-32).

In quantitative volumetric MRI studies by Sobanski et al. (33),
with voxel-based morphometry, a significant decrease in gray
matter volume was found in the right midtemporal gyrus
(Brodmann area) (21) in patients with panic disorder compared
with healthy controls. Di Legge et al. (34) reported that in
patients with a clinically isolated syndrome, no correlation was
found between the initial anxiety points and number of Gd+
lesions and the total lesion burden (volume of T2 and T1 lesions)
in the first 6 months of clinical follow-up.

In patients with a chronic disorder that significantly disrupts
functionality, they may be more predisposed to anxiety and
thoughts of death than the healthy population. According to
the data of a 60-year longitudinal study, 291 of 1,388 patients
with MS died because of MS, and compared with the general
population, the life expectancy of patients with MS was 7 years
shorter, with an approximately threefold higher mortality rate.
In accordance with these data, a poor general health condition
is a factor increasing the level of concern about death (35).

Combination of MS and Bipolar Mood Disorder

Bipolar mood disorder is seen in approximately 13% of patients
with MS. The etiology of MS and bipolar disorder comorbidity
has not yet been fully clarified. A family history of bipolar
disorder is a major risk factor for the development of MS
and bipolar coexistence. Some studies have supported the
genetic transfer of both diseases. Previous studies have also
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shown genetic relationships between bipolar mood disorder
and MS in the human leukocyte antigen (HLA) DR2 gene and
mitochondrial transcriptomes (36-38).

Some of the pharmacological treatments used in MS
treatment may trigger episodes of bipolar mood disorder.
Steroid treatment was reported to cause manic attacks, and
pharmacological agents such as tizanidine, baclofen, and
dantrolene can cause hypomania.

Literature findings related to brain changes associated with
bipolar disorder are heterogeneous. While some studies aim to
determine the underlying objective biomarkers of this disease
such as functional and structural brain abnormalities, the
pathophysiology remains uncertain. Lorefice et al. (39) reported
no difference in the whole brain, white matter, and cortical
gray matter volumes between MS patients with and without
comorbid bipolar disorder, but in patients with MS and bipolar
disorder, the volumes of the putamen, nucleus accumbens, and
pallidus were lower.

Combination of MS and Psychotic Disorder

Psychosis affects approximately 4% of patients with MS, which
is two- to threefold higher than that in the general population.
Genetic and immunological causes have been the subject of
many studies of the relationship between schizophrenia and
MS, and studies have reported that immune system disorders
seen in the fetal period and early childhood increase the risk
of a psychiatric disorder (40,41). Clinically, there are common
directions for both diseases. Both diseases are seen more
often in young adults, there are periods of remission and
exacerbation in the clinical course, and immunologically, the
proinflammatory immune status is predominant.

Genome studies have determined serious intersections in
certain genes between schizophrenia and MS. Previous studies
have reported 21 independent loci with a connection to both
schizophrenia and MS, and there has been a focus on the
common points of similar HLA alleles in schizophrenia and MS
(42,43).

Feinstein et al. (44) reported that the psychotic group of patients
with MS tended to have higher total lesion points, especially
around periventricular areas, and lesions in areas specifically
around the temporal horn were more significant.

Combination of MS and Obsessive-compulsive Disorder

Obsessive-compulsive disorder (OCD) is seen in approximately
31% of MS patients, and the average prevalence in the general
population is 2%. Although no definitive information is related
to the etiology of OCD, serotonin and brain dysfunction could
influence the development of OCD (45-47). The MRI results
of patients with OCD without other neurological disease
have shown structural and/or functional abnormalities in the
frontostriatothalamic circuit, and this could be a marker that a

Inanc and Kaya. Psychiatric Disorders in Multiple Sclerosis

psychiatric disorder could be associated with an organic-based
cause. The functional interactions between cortical-cortical
and/or cortical-subcortical regions and brain white matter
abnormalities in MS may contribute to the pathogenesis of
OCD (48,49).

A study reported a decrease in gray matter volume in the
frontotemporal cortex, especially in the volume affecting the
right inferior frontal gyrus and the inferior and midtemporal
gyruses in patients with MS and OCD compared with patients
with MS without other psychiatric disorder (50). In a case study,
Douzenis et al. (51) reported that OCD symptoms seen after a
diagnosis of MS could be linked to MS plagque found in the right
parietal white matter (52).

Moreover, many studies have shown that autoimmunity also
influence the development of OCD, and this could support
the view that autoimmunity affects the occurrence of OCD in
patients with MS.

Conclusion

MS is an autoimmune disease that usually emerges in early
adulthood, has a course of attacks and remissions but in some
cases has a clinically progressive course, can cause disability,
and has a serious effect on functionality and quality of life.
Comorbid diseases are frequently seen together with MS as a
result of progression in the clinical course, that is, it is a cause of
disability and a side effect of pharmocological treatments, and
as a result of the increased disease burden.

Other psychiatric diagnoses have a high prevalence in MS, but
the majority are overlooked in the diagnosis and treatment
process. This results in negative outcomes in the clinical
course, functionality, and quality of life. During neurological
examinations, the decision for diagnosis and treatment methods
must be made based on the scores of neuropsychological tests
and MRI findings. In a multidisciplinary diagnosis and treatment
process, comorbid psychiatric disorders can be diagnosed
early. The early determination of psychiatric problems will
significantly contribute to the quality of life and prevention of
disease progression.
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Objective: One of the common complaints in patients with multiple sclerosis (MS) is fatigue. Studies have reported that 75-87% of patients
complain of fatigue. In our study, the possible relationship between fatigue severity and Helicobacter pylori (H. pylori) infection in patients with MS
was investigated.

Materials and Methods: The fatigue severity scale was applied to patients who presented to the neurology clinic during the study to assess
fatigue. The Beck Depression Inventory was used to evaluate depression, and the Epworth sleepiness scale was used to assess sleepiness. Serum
quantitative Immunoglobulin G (IgG) levels for H. pylori were measured using the enzyme-linked immunoassay. IBM SPSS Statistics version 26.0 was
used for analysis.

Results: The MS and control groups consisted of 105 and 79 people, respectively. H. pylori seropositivity was not significant in the intergroup
analysis. In the MS group, H. pylori IgG level was significantly higher in patients with fatigue than in patients without fatigue. The Beck Depression
Scale and Expanded Disability Status Scale scores were significantly higher in the MS group.

Conclusion: Individual, environmental, and developmental factors were thought to play a role in fatigue, which is common in patients with MS.
Another factor could be depression. In our study, H. pylori IgG levels were significantly higher in patients with fatigue in the MS group. This result
suggests that H. pylori may be a factor in the pathophysiology of fatigue.

Keywords: Fatigue, multiple sclerosis, Helicobacter pylori

that one wishes to voluntarily realize (6). Fatigue may be
due to the disease itself, or it may be caused by secondary
causes. Although its etiology is not exactly known, individual,
environmental, and developmental factors were thought to
play a role (7).

Introduction

Multiple sclerosis (MS) is a degenerative, autoimmune disease of
the central nervous system characterized by inflammation and
demyelination (1). Genetic and environmental factors that cause
immune defects are thought to lead to MS development (2).
Lesions known as MS plaques are associated with inflammation
and loss of axons, leading to signs involving the entire central
nervous system (3). MS is a heterogeneous disease and causes
clinical symptoms and signs depending on the involved regions,
which can be related to motor, coordination, sensory, and visual
pathways (4). Fatigue was reported to be an irritating symptom
that affected 50-80% of patients with MS (5).

Helicobacter pylori (H. pylori) is a Gram-negative bacterium that
exhibits broad-spectrum pathogenicity that is not limited to
the gastrointestinal tract, although it is mainly found in the
human stomach (8,9). Studies have shown that it is associated
with some diseases outside the gastrointestinal system, such as
migraine, coronary heart disease, cirrhosis, pancreatic cancer,
and stroke (10). Thus, this study aimed to contribute to the

Fatigue is defined as a subjective emotional state that is thought
to develop with different pathophysiological mechanisms in
MS and causes difficulty in initiating or maintaining an effort

etiology of fatigue by investigating the possible relationship
between fatigue, which is a very common complaint in patients
with MS, and H. pylori infection.
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Materials and Methods

This case-control study was conducted on patients who
applied to our clinic between January 2019 and September
2020. The study included a patient group diagnosed with MS
and clinically isolated syndrome according to the 2017 revised
McDonald criteria (11).The control group included patients who
stated that they were tired when presenting to the neurology
outpatient clinic, but did not have MS or any other known
chronic/acute disease diagnosis.

The Turkish version of the Fatigue Severity Scale (FSS) was
used to determine the fatigue levels of the patients (12). Each
question was scored between 1 (totally disagree) and 7 (totally
agree), and patients with an FSS score of >4 were considered
to have fatigue (13). The Beck Depression Inventory, whose
Turkish validity and reliability were confirmed, was used to
assess depression (14). Clinical disability status was evaluated
using the Expanded Disability Status Scale (EDSS) (15). Epworth
sleepiness scale (ESS) was used to assess sleepiness, with the
following scoring guide: 0-5, normal; 6-10, increased daytime
sleepiness; 11-12, moderate daytime sleepiness; 13-15,
moderate sleepiness; and 16-24, severe sleepiness. The Turkish
version of the ESS was used for evaluation (16). Patients’ blood
samples (5-10 mL) were obtained, and sera were separated with
3,350 g for 15 min by centrifugation. All samples were stored at
-80 °C until enzyme immunoassays (EIAs) were performed. H.
pylori Immunoglobulin G (IgG) levels were measured using Dia.
Pro HP IgG ELISA kit (Diagnostic Bioprobes Srl, Milano, Italy). EIAs
were performed according to the manufacturer’s instructions.
Assay washings were made using Biolek ELx50 microplate
washer, and microplate readings were performed using BioTek
EL800 (Biotek, Winooski, USA) devices. Samples with an IgG
level >5 arbU/mL were accepted as seropositive for H. pylori.

The exclusion criteria were as follows: pregnancy; demyelinating
diseases other than MS; recent use of amantadine, modafinil,
and corticosteroids; and psychotic disorder.

The study was conducted following the approval of the
Canakkale Onsekiz Mart University Clinical Research Ethics
Committee (decision number: 2018-20, date: 11.14.2018). All
patients were informed about the study and a written consent
form was signed by all participants.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics
version 26.0 (IBM Corp., Armonk, NY, USA). Normal distribution
was assessed using Kolmogorov-Smirnov test and Shapiro-Wilk-
Francia test. The Mann-Whitney U test and Monte Carlo test were
used to compare two independent groups. After controlling
for sex, the partial correlation test was used to examine it with
the EDSS score. Monte Carlo simulation technique, Pearson
chi-square, and Fisher-Freeman-Holton tests were used to
compare categorical variables. The ratios were compared with
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each other and expressed according to Benjamini-Hochberg
corrected p-value results. In the tables, quantitative variables are
presented as mean + standard deviation. Categorical variables
are indicated as n (%). Confidence analysis of the variables
was at the level of 95%, and p-value of <0.05 was considered
significant. All patients with MS who applied during the study
period were enrolled in the study, so the sample size was not
calculated.

Results

A total of 105 and 79 individuals were included in the patient
and control groups, respectively. The female-to-male ratio was
77:28 (73.3%) in the MS group and 50:29 (63.3%) in the control
group. The mean age values were 42.47+9.75 and 44.82+13.61
years for the MS and control groups, respectively. The groups
did not differ significantly in terms of age and sex. H. pylori
seropositivity was detected in 73 (69.5%) patients in the MS
group and 61 (77.2%) patients in the control group (Table 1).

No significant difference was found between the groups in
terms of H. pylori seropositivity. The Beck Depression and EDSS
scores were higher in the MS group than in the control group.
The ESS scores were not significant in the intergroup analysis
(Table 1). When MS and control groups were divided into two
groups according to the severity of fatigue, the mean age and
EDSS scores in patients with MS and fatigue were significantly
higher than in those in the group without fatigue (Table 2).

While a significant positive correlation was found between
EDSS scores and mean age, a significant negative correlation
was found with ESS score. No significant relationship was
noted between EDSS scores and H. pylori IgG levels and Beck
Depression Scale score (p=0.240, p=0.463) (Table 3).

Discussion

Fatigue significantly impairs the quality of life of patients with
MS. It is believed to be distinctly different from fatigue seen in
other chronic conditions described by healthy individuals, with
its frequency, severity, and long-term persistence. Moreover,
two-thirds of these patients stated fatigue as one of the three
worst symptoms of their illness (17).

In our study, 69% of the patients in the MS group had fatigue. FSS
scores were not significantly different in the analysis between
the control and MS groups. The EDSS scores in patients with
MS and fatigue were significantly higher than in those without
fatigue. These findings suggest that the fatigue that develops
in patients with MS is related to its unique characteristics and
impairs the quality of life.

Another factor that causes fatigue can be depression.
Depression can manifest itself in fatigue, and symptoms can
be confused with fatigue. This makes it difficult to distinguish
depressive symptoms from MS-related fatigue (18). Depression
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Table 1. Clinical characteristics of the study group

Control group

(n=79)

Patient group
(n=105)

Age median (Q1/Q3) 44.5 (36/51) 46 (40/51) 43 (33/51) 0.134
Sex, n (%) 0.151°
Female 127 (69.0) 50 (63.3) 77 (73.3)

Male 57 (31.0) 29 (36.7) 28 (26.7)

Helicobacter pylori, median (Q1/Q3) 41.65(13.6/72.2) 53.5(11.8/84.9) 37.4(17.1/62) 0.427¢
Helicobacter pylori presence, n (%) 0.315°
Positive 50(27.2) 18 (22.8) 32(30.5)

Negative 134 (72.8) 61(77.2) 73 (69.5)

Fatigue, n (%) 0.095°
Non-fatigue 73(39.7) 37 (46.8) 36 (34.3)

Fatigue 111 (60.3) 42 (53.2) 69 (65.7)

Beck, n (%) 0.036"
Minimal depression 61 (33.2) 21 (26.6) 40 (38.1) ns
Mild depression 86 (46.7) 46 (58.2) 40 (38.1) 0,007
Moderate depression 36 (19.6) 12(15.2) 24 (22.9) ns
Severe depression 1(0.5) 0(0.0) 1(1.0) ns
Epworth, n (%) 0.318°
Rare 135(73.4) 61(77.2) 74 (70.5)

Often 49 (26.6) 18 (22.8) 31(29.5)

EDSS, median (Q1/Q3) 0(0/2) 0(0/0) 1(0.5/4.5) <0.001"

“Mann-Whitney U test (Monte Carlo), PPearson chi-square test (Monte Carlo), “Fisher-Freeman-Halton test (Monte Carlo); post hoc test: Benjamini-Hochberg
correction, Q1: 25" percentile; Q3, 75t percentile, ns: Not significant, EDSS: Expanded Disability Status Scale

is seen in up to 50% of patients with MS (19). In this study, Beck
Depression and EDSS scores were significantly higher in the MS
group than in the control group.

H. pyloriis found in >50% of humans in the gastric mucosa (20).
Studies have shown thatitis associated with neurodegenerative
diseases (21). Some studies have investigated the serology of
MS and H. Pylori; however, conflicting and limited data have
been published regarding the correlation between H. Pylori
seropositivity and MS (22-24). H. pylori is quite high in the
population and can become chronic. In addition to chronic
diseases, H. pylori is also known to affect the development
of anemia, peptic ulcer, and cancer (25). Various hypotheses
such as bacterial translocation and gut microbiota dysbiosis
have been put forward to explain the possible mechanism of
fatigue (26,27). The relationship between fatigue and immuno-
inflammatory pathways has begun to attract more attention
from clinicians. Fatigue is a common complaint in other
chronic diseases and gastrointestinal diseases besides MS.
Thus, H. pylorimay need to be investigated as a cause of fatigue,
especially in patients with chronic diseases, who were selected
in our study (28).

To our knowledge, no other study has shown the relationship
between H. pylori seropositivity and fatigue symptoms in

38

patients with MS. In our study, we found H. pylori seropositivity
in 73 (69.5%) patients in the MS group and 61 (77.2%) patients
in the control group. No significant relationship was found
between the two groups.

To our best knowledge, no study has included the relationship
between H. pylori seropositivity and fatigue symptoms in
patients with MS. According to our results, H. pylori was
seropositive in 73 (69.5%) patients in the MS group and 61
(77.2%) patients in the control group, and no significant
relationship was found between the two groups. In our study,
we investigated the relationship between the presence of
fatigue and H. pylori levels in patients with MS.

The H. pylorigG levels in patients with fatigue were significantly
higher than in those without fatigue. Thus, patients with MS
and fatigue should be screened for H. pylori and treated if
necessary. However, considering the limitations of our study,
we believe that multicenter studies with more patient groups
will be needed.

Despite these results, this study has some limitations. First, it
was conducted in a single center. Second, since Helicobacter
culture was not performed, it may be difficult to establish a
relationship with active infection. Third, the sample size was not
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Table 2. Comparison of the MS group and control group according to fatigue severity

Total Control group Patient group

Non- . . . p-value . .

fatigue Fatigue Non-fatigue Fatigue Non-fatigue  Fatigue
gmgmnaem& 46 (38/53) 0.004" | 48(39/50) | 45(40/51) | 0.870° | 36.5(26/44) | 48(37/54) | <0.001"
EDSS,
median (Q1/ | 0(0/0.5) 1(0/4) <0.001v | 0(0/0) 0(0/0) 1 0.5 (0/1) 2.5(1/5) <0.001¢
Q3)
Helicobacter
pylori, 27.6 . | 574 53.1 ) 53.25 "
median (Q1/ | (11.9/63.9) | >31(1674/729) 10239° 1 15 g/88 7) | (9.2/79) 18.8(9.2/263) | (7g 7571 ) | <0001
Q3)
Helicobacter
pylori 0.092° 0.283° <0.001°
serology, n
(%)
Negative 25(34.2) 25(22.5) 6(16.2) 12 (28.6) 19 (52.8) 13(18.8)
Positive 48 (65.8) 86 (77.5) 31(83.8) 30(71.4) 17 (47.2) 56 (81.2)
Beck, n (%) <0.001f 0.004° <0.001f
Minimal
d . 40 (54.8) 21(18.9) <0.001 16 (43.2) 5(11.9) 0.002 24 (66.7) 16(23.2) <0.001

epression

Mild
depression 25(34.2) 61(55.0) 0,006 18 (48.6) 28 (66.7) ns 7 (19.4) 33(47.8) 0,004
Moderate
depression 8(11.0) 28(25.2) 0,017 | 3(8.1) 9(21.4) ns 5(13.9) 19 (27.5) ns
Severe
depression 0(0.0) 1009 - 0(0.0) 0(0.0) - 0(0.0) 1(1.4) ns
Epworth, n 0.088° 0.106° 0.507°
(%)
Rare 59 (80.8) 76 (68.5) 32(86.5) 29 (69.0) 27 (75.0) 47 (68.1)
Often 14 (19.2) 35(31.5) 5(13.5) 13 (31.0) 9(25.0) 22(31.9)

“Mann-Whitney U test (Monte Carlo), PPearson chi-square test (Monte Carlo), “Fisher-Freeman-Halton test (Monte Carlo); post hoc test: Benjamini-Hochberg
correction; Q1, 25" percentile; Q3, 75" percentile, ns: Not significant, MS: Multiple sclerosis

Table 3. EDSS corelations in the patient group

Patient group

Age 0.571 <0.001
Helicobacter pylori presence 0.140 0.240
Beck Depression Scale 0.088 0463
Epworth sleepiness scale -0.273 0.020

Partial correlation test; sex effect was controlled; r: Corelation coefficient,

EDSS: Expanded Disability Status Scale
calculated because all patients in the study were those who
presented within the dates specified in the ethics committee
approval. Fourth, in a study conducted against myelin antigens,
especially against heat shock proteins (Hsp), in patients with MS,
a positive significant correlation was found between high levels
of Hsp60 antibodies and patients’ age, disease duration, and
EDSS (29). However, in our study, no significant difference was
found between the MS group and the control group in terms

of H. pylori, and cerebrospinal fluid (CSF) examination was not
considered. Further studies involving Hsp60 level measurement
in CSF would be more beneficial for investigations between
fatigue and H. pylori.

Conclusion

In our study, no significant difference was found between
patients and controls in terms of H. pylori seropositivity. In the
patient group, the H. pylori IgG levels in patients with MS and
fatigue were significantly higher than in those without fatigue.
This result suggests that H. pylori may be a factor in patients
with MS and fatigue. Therefore, the investigation and treatment
of patients with MS and fatigue for H. pylori may be considered.
We think that our study may lead to other studies that can be
evaluated in terms of fatigue complaints after H. pylori treatment.

Ethics

Ethics Committee Approval: The study was conducted
following the approval of the Canakkale Onsekiz Mart University

39



Cam and Akcali. Fatigue and Helicobacter Pylori Infection in Multiple Sclerosis Patients

Clinical Research Ethics Committee (decision number: 2018-20,
date: 11.14.2018).

Informed Consent: All patients were informed about the study
and a written consent form was signed by all participants.

Peer-review: Externally peer-reviewed.

Authorship Contributions

Surgical and Medical Practices: M.C, Concept: M.C, AA,
Design: M.C,, A A, Data Collection or Processing: M.C, AA,
Analysis or Interpretation: M.C,, A.A,, Literature Search: M.C,, A A,
Writing: M.C,, AA.

Conflict of Interest: No conflict of interest was declared by the
authors.

Financial Disclosure: This work supported by Canakkale
Onsekiz Mart University The Scientific Research Coordination
Unit (project number: TSA-2019-2799).

References

1.

40

Seferoglu M, Koca N, Sivaci AO, Yurtogullari S. Factors Associated with
Depression and Anxiety Severity in Multiple Sclerosis Patients. Journal of
Multiple Sclerosis Research 2021;1:69-74.

Waubant E, Lucas R, Mowry E, Graves J, Olsson T, Alfredsson L, Langer-Gould
A. Environmental and genetic risk factors for MS: an integrated review. Ann
Clin Transl Neurol 2019;6:1905-1922.

Filippi M, Bar-Or A, Piehl F, Preziosa P, Solari A, Vukusic S, Rocca MA. Multiple
sclerosis. Nat Rev Dis Primers 2018;4:43.

Freiha J, Riachi N, Chalah MA, Zoghaib R, Ayache SS, Ahdab R. Paroxysmal
Symptoms in Multiple Sclerosis-A Review of the Literature. J Clin Med
2020;9:3100.

Razazian N, Kazeminia M, Moayedi H, Daneshkhah A, Shohaimi S,
Mohammadi M, Jalali R, Salari N. The impact of physical exercise on the
fatigue symptoms in patients with multiple sclerosis: a systematic review
and meta-analysis. BMC Neurol 2020;20:93.

Rooney S, Wood L, Moffat F, Paul L. Prevalence of fatigue and its association
with clinical features in progressive and non-progressive forms of Multiple
Sclerosis. Mult Scler Relat Disord 2019;28:276-282.

Krupp LB, Serafin DJ, Christodoulou C. Multiple sclerosis associated fatigue.
Expert Rev Neurother 2010;10:1437-1447.

Mufoz AB, Stepanian J, Trespalacios AA, Vale FF. Bacteriophages of
Helicobacter pylori. Front Microbiol 2020;11:549084.

de Brito BB, da Silva FAF, Soares AS, Pereira VA, Santos MLC, Sampaio
MM, Neves PHM, de Melo FF. Pathogenesis and clinical management of

Helicobacter pylori gastric infection. World J Gastroenterol 2019,25:5578-
5589.

. Baj J, Forma A, Flieger W, Morawska |, Michalski A, Buszewicz G, Sitarz E,

Portincasa P, Garruti G, Flieger M, Teresirski G. Helicobacter pylori Infection
and Extragastric Diseases-A Focus on the Central Nervous System. Cells
2021;10:2191.

. Thompson AJ, Banwell BL, Barkhof F, Carroll WM, Coetzee T, Comi G,

Correale J, Fazekas F, Filippi M, Freedman MS, Fujihara K, Galetta SL, Hartung
HP, Kappos L, Lublin FD, Marrie RA, Miller AE, Miller DH, Montalban X, Mowry
EM, Sorensen PS, Tintoré M, Traboulsee AL, Trojano M, Uitdehaag BMJ,
Vukusic S, Waubant E, Weinshenker BG, Reingold SC, Cohen JA. Diagnosis
of multiple sclerosis: 2017 revisions of the McDonald criteria. Lancet Neurol
2018;17:162-173.

12.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Journal of Multiple Sclerosis Research 2022;2(2):36-40

Armutlu K, Keser |, Korkmaz N, Akbiyik DI, SimbdlogluV, Gliney Z, Karabudak
R. Psychometric study of Turkish version of Fatigue Impact Scale in multiple
sclerosis patients. J Neurol Sci 2007;255:64-68.

. Induruwa |, Constantinescu CS, Gran B. Fatigue in multiple sclerosis — a brief

review. J Neurol Sci 2012;323:9-15.

. Hisli N. Beck depresyon envanterinin Universite 6grencileri icin gegerligi,

glvenirligi. Psikoloji Dergisi 1989;7:3-13.

. Tombak KB, Armutlu K, Karabudak R. The Effect of Walking Distance on EDSS

Score in Patients with Multiple Sclerosis. Turk Norol Derg 2010;16:72-77.

. Agargun MY, Cilli AS, Kara H, Bilici M, Telcioglu M, Semiz UB, Basoglu C.

Epworth Uykululuk Olceginin gecerligi ve glvenirligi. Turk Psikiyatri Dergisi
1999,;10:261-267.

. Krupp LB, Alvarez LA, LaRocca NG, Scheinberg LC. Fatigue in multiple

sclerosis. Arch Neurol 1988;45:435-437.

. Figved N, Klevan G, Myhr KM, Glad S, Nyland H, Larsen JP, Harboe E, Omdal R,

Aarsland D. Neuropsychiatric symptoms in patients with multiple sclerosis.
Acta Psychiatr Scand 2005;112:463-468.

. Patrick E, Christodoulou C, Krupp LB; New York State MS Consortium.

Longitudinal correlates of fatigue in multiple sclerosis. Mult Scler
2009;15:258-261.

Haddad JJ, Saadé NE, Safieh-Garabedian B. Cytokines and neuro-immune
endocrine interactions: a role for the hypothalamic-pituitary-adrenal
revolving axis. J Neuroimmunol 2002;133:1-19.

Kountouras J, Papaefthymiou A, Gavalas E, Polyzos SA, Boziki M, Kyriakou
P Katsinelos P, Zavos C, Liatsos C, Tzivras D, Tzitiridou-Chatzopoulou
M, Dardiotis E, Deretzi G, Vardaka E, Doulberis M. Helicobacter pylori
infection as a potential risk factor for multiple sclerosis. Med Hypotheses
2020;143:110135.

Gavalas E, Kountouras J, Boziki M, Zavos C, Polyzos SA, Vlachaki E, Venizelos
I, Tsiptsios D, Deretzi G. Relationship between Helicobacter pylori infection
and multiple sclerosis. Ann Gastroenterol 2015;28:353-356.

LiW, Minohara M, Su JJ, Matsuoka T, Osoegawa M, Ishizu T, Kira J. Helicobacter
pyloriinfection is a potential protective factor against conventional multiple
sclerosis in the Japanese population. J Neuroimmunol 2007;184:227-231.

Long Y, Gao C, Qiu W, Hu X, Shu'Y, Peng F, Lu Z. Helicobacter pylori infection
in Neuromyelitis Optica and Multiple Sclerosis. Neuroimmunomodulation
2013;20:107-112.

Chimonas MA, Baggett HC, Parkinson AJ, Muth PT, Dunaway E, Gessner BD.
Asymptomatic Helicobacter pylori infection and iron deficiency are not
associated with decreased growth among Alaska Native children aged 7-11
years. Helicobacter 2006;11:159-167.

Tsai SY, Chen HJ, Lio CF, Kuo CF, Kao AC, Wang WS, Yao WC, Chen C, Yang TY.
Increased risk of chronic fatigue syndrome in patients with inflammatory
bowel disease: a population-based retrospective cohort study. J Transl Med
2019;17:55.

Giloteaux L, Goodrich JK, Walters WA, Levine SM, Ley RE, Hanson MR.
Reduced diversity and altered composition of the gut microbiome in
individuals with myalgic encephalomyelitis/chronic fatigue syndrome.
Microbiome 2016:4:30.

Kuo CF, Shi L, Lin CL, Yao WC, Chen HT, Lio CF, Wang YT, Su CH, Hsu NW,
Tsai SY. How peptic ulcer disease could potentially lead to the lifelong,
debilitating effects of chronic fatigue syndrome: an insight. Sci Rep
2021;11:7520.

Efthymiou G, Dardiotis E, Liaskos C, Marou E, Tsimourtou V, Scheper T,
Meyer W, Daponte A, Sakkas LI, Hadjigeorgiou G, Bogdanos DP. Anti-
hsp60 antibody responses based on Helicobacter pylori in patients with
multiple sclerosis: (inRelevance to disease pathogenesis. J Neuroimmunol
2016;298:19-23.



DOI: 10.4274/jmsr.galenos.2022.2022-7-1
Journal of Multiple Sclerosis Research 2022;2(2):41-45

RESEARCH ARTICLE

Relationship Between Upper Extremity Functions and Gait in
People with Multiple Sclerosis

® Seda Dastan', @ Sinem Ozcelik2, ® Ipek Yavas!, ® Asiye Tuba Ozdogar':3, on behalf of Multiple Sclerosis Research Group

1Dokuz Eylul University, Graduate School of Health Sciences, Izmir, Turkey
2Dokuz Eylul University Faculty of Medicine, Department of Neurology, lzmir, Turkey
3Van Yuzuncu Yil University, Faculty of Health Sciences, Department of Physiotherapy and Rehabilitation, Van, Turkey

Objective: Approximately 66% of people with multiple sclerosis (pwMS) have upper extremity dysfunction that is underestimated in the evaluation
and treatment process. Gait interference is another important motor problem identified. In pwMS, changes seen in gait parameters include
decreased stride length, decreased cadence, and decreased joint range of motion. Although the relationship between gait and arm swing has
been investigated in the general population, the existing relationship has not been clearly demonstrated for pwMS. This study aimed to examine
the relationship between upper extremity function and gait in pwMS.

Materials and Methods: The study included 29 pwMS followed at the outpatient Multiple Sclerosis Clinic of Dokuz Eylul University Hospital. The arm
function in MS questionnaire (AMSQ), nine-hole peg test (N-HPT), and Jamar hand dynamometer were used for upper extremity assessment. Gait
was assessed with weekly step count according to the SenseWear armband (SWA) and preference-based MS index (PMSI) walking subparameter.
The Expanded Disability Status Scale (EDSS), age, sex, and disease duration were recorded. The partial correlation controlling for the EDSS, age, sex,
and disease duration was used.

Results: The clinical and demographic profiles of the participants were as follows: mean age, 44.41+11.30; mean EDSS score, 3.34+1.68; mean
disease duration, 12.44+9.63; mean N-HPT, 25.72+7.13; mean Jamar score, 20.9449.12; mean PMSI, 0.65+0.24; mean step count, 29037.9+18638.62;
mean AMSQ score, 68.86+32.40. A moderately negative correlation was found between SWA and AMSQ (r=-0.483, p=0.017). Moreover, a moderately
positive correlation was found between AMSQ and PMSI walking sub parameter (r=0.430, p=0.036).

Conclusion: The results of this study revealed no significant relationship between upper extremity performance-based measurement and gait,
whereas a significant relationship was noted between upper extremity function and gait in the self-reported assessment.

Keywords: Multiple sclerosis, upper extremity, gait

Walking problem, which is the most common motor symptom
of pwMS with a high rate of approximately 75%, is reflected as
ambulatory dysfunction and occurs because of factors such as
weakness and spasticity in the lower extremities (4,5). Motor
and sensory problems (paresis, spasticity, cerebellar ataxia,
etc.) resulting from CNS damage are the primary causes of gait
disturbance (6). Depending on the labeling, walking speed and
step length decrease, double support time increases, and as

Introduction

Multiple sclerosis (MS) is a neurodegenerative disease of
the central nervous system (CNS) characterized by chronic
autoimmune processes, axonal loss, demyelination, and gliosis
(1). MS symptoms are differentiated according to the involved
area of the nervous system. The spectrum of symptoms ranges
from motor to cognitive problems (2). The most common
symptoms were as follows: weakness, spasticity, tremors, visual

Symptomsl sensory Symptomsr executive dysfunct[onl and a result, people restrict Walklng (6) AlthOUgh measurements

memory problems (2). Motor impairment is the most common
reported symptom that affects the daily living activities and
psychosocial status of people with MS (pwMS) (3).

such as the timed 25-foot walk (T25FW) objectively reflect
ambulation in a climatic setting, they may not reflect walking
activity beyond the clinical setting (7). Block et al. (8) showed
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that fewer steps beyond the clinic were associated with
disability and lower ambulation. They also emphasized that
performance-based disability scores and the number of steps
reflect similar results (8).

While lower extremity motor problems appear more critical
because they affect daily activities such as walking performance,
balance, climbing stairs, and sitting, >60% of pwMS are highly
affected by the motor control of upper extremity function,
i.e, ability to build and relax muscle strength quickly (9-11). In
addition, disease progression results in the accumulation of
disability over time, and individuals need unilateral or bilateral
support within 15-20 years (12). As a result, pwMS must rapidly
build up upper extremity muscle strength during daily living
activities by using walking aids and prevent falls or object
manipulation (10). In addition, an arm swing during human
movement increases stability during walking, reduces energy
expenditure during walking, and facilitates leg movements
(13,14). Eke-Okoro et al. (15) reported that people who walk
with restricted arm movements have lower step frequency,
slower walking speed, and shorter stride length than those who
walk without restraint.

Since pwMS can walk with a shorter stride length, lower walking
speed, and more prolonged double support phase than healthy
controls, increasing the arm swing will contribute to the gait
pattern. In light of this information, it is necessary to examine
the relationship between upper extremity and lower extremity
more closely in pwMS (16). For this reason, we aimed to reveal
the relationship between the upper and lower extremities in
pwMS with the number of steps reflecting daily living.

Materials and Methods

Participants and Procedures

The study was approved by the Dokuz Eylul University Ethics
Committee (approval number: 2021/23-20, date: 18.08.2021).
The study was conducted in the MS Center of Dokuz Eylul
University Hospital. All participants included in the study
signed an informed consent form before the assessments.

The eligibility criteria were as follows: provided consent to
participate in the study, aged >18 years, and diagnosed with
definite MS according to 2017 McDonald criteria (17). The
exclusion criteria were having a disabling neurological disease
other than MS, a relapse up to 30 days before the study, and
an orthopedic or cognitive problem that may affect the
evaluations.

Outcome Measures

Information such as the date of diagnosis, disease duration,
and MS type was obtained from the iMed 7.02 software used to
create the database.
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Expanded Status Disability Scale

Expanded Status Disability Scale (EDSS) is the most widely used
scale for assessing disability in MS, consisting of neurological
examination of eight functional systems, designated as
pyramidal, cerebellar, brainstem, sensory, bladder and intestinal,
visual, cerebral, and others (18). The neurologist calculates in
0.5-point increments from 0 (no physical disability) to 10 (death
due to MS) (18).

Upper Extremity Assessments

The nine-hole peg test (N-HPT) is an upper extremity skill test
consisting of nine sticks and nine holes in which these sticks
are placed. Participants place the sticks one by one and collect
them in the same way (19). Two trials are taken for both hands,
first the dominant and then the non-dominant hand. The test
completion time was recorded, and the average was calculated
separately (19).

Upper extremity grip strength was evaluated with Jamar hand
dynamometer (20). In the sitting position, with the knees and
elbows flexed to 90° and the wrist in a neutral position, the
pwMS was asked to squeeze the device as hard as possible.
Three attempts were made for each hand (20). The average of
the enemas was recorded in kilograms (kg). The average of the
trials was taken. The highest of the three attempts was recorded
as Jamar Max (20).

The arm function in MS questionnaire (AMSQ) evaluates the
limitation during activities of daily living related to arm function
in pwMS in the last 2 weeks (21). Each activity is scored at six
levels and consists of 31 activities. The total score is obtained by
summing up all the scores. An increase in limitation in function
characterizes an increase in the score (21).

Gait Assessments

The preferential MS index (PMSI) is a patient-based assessment
scale consisting of five items: fatigue, walking, concentration,
mood, roles, and responsibilities (22). Items are intended to
assess health-related quality of life. In this study, we included
the analysis of walking subparameters of PMSI. Scoring was
provided by a special algorithm, and a higher score was
associated with worse walking (22).

The SenseWear armband is a 3-axis accelerometer (23). It
provides information about the person’s physical activity level
by making metabolic equivalent and energy expenditure with
special algorithms (24). It also provides information such as the
sleep duration and number of steps. It has been recommended
for use in pwMS. In the study, 1-week step count of individuals
was taken (25).

Statistical Analysis

The normality distributions of the variable were checked using
the Shapiro-Wilk test, plot investigation, and histogram. Partial
correlation coefficients were performed to determine the
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relationship between upper extremity and gait measurements
while controlling for the EDSS, disease duration, age, and sex.
The correlation coefficients between 0.1 and 0.29, 0.3 and 0.49,
and 0.5 and1.0 were considered weak, moderate, and strong
correlations, respectively (26). All data analyses were performed
using IBM SPSS Statistics version 25.0 (IBM Corp., Armonk, NY,
USA). The significance level was set at p<0.05.

Results

Consistent with the sex discrimination in MS, the majority of
the 29 study participants were women. At the same time, most
of our study group had the relapsing-remitting MS phenotype.
Although the age range was wide, the EDSS score also reflected
that there may be upper extremity problems even at different
disability levels. The mean and minimum-maximum values of
outcome measures varied widely (Table 1).

It would be more correct to express this sentence as follows:
no significant correlation was found between participants’ grip
strength and N-HPT scores (p>0.05). The same insignificant
relationship was found between N-HPT and Jamar Max scores.
No significant relationship was found between the number
of steps and the N-HPT score and Jamar score (p>0.05). The
PMSI walking subscore was not significantly associated with
objective upper extremity measurements, but a significant
moderate positive correlation was found between the patient-
reported scale and the AMSQ (0.430; p<0.05). Similarly,
although no difference was found between the number
of steps and objective upper extremity measurements, a
significant moderately negative correlation was found between
the number of steps and the AMSQ (-0,483; p<0.05). Detailed
information is presented in Table 2.

Discussion

This study revealed the relationship between the upper and
lower extremities in pwMS, with the number of steps reflecting
daily living. Our results showed a significant relationship
between the patient-based upper extremity assessment and
the number of steps and walking sub parameter of the PMSI.
However, no significant difference was found between the
upper extremity objective measurements and gait assessments.

Normal walking has patterns of coordination between the
lower and upper body according to the walking speed (27).
Although not a primary condition for walking, an arm swing
is an important point in balancing the contralateral pelvis
and lower extremity movement (28). In daily living, people
manipulate objects around them while walking, which limits
their typical arm swing. Restricted arm swing causes persons to
change their lower and upper body movements (27).

Ortega et al. (29) suggest that the increased metabolic
expenditure maintains stability when they limit arm swings
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during walking. Moreover, Meyns et al. (13) emphasized the
importance of participation of the upper extremities in gait
coordination for proper gait patterns. Delabastita et al. showed
that children achieved stability by increasing stride width
because of restricted arm movement in children with cerebral
palsy (30). As a result, the gait pattern of this disease group was
affected by upper extremity movement (30). A similar situation
is seen in patients with Parkinson’s disease whose gait is
characterized by decreased symmetry, stridelength,and walking
speed. In addition to altered gait, upper extremity function is
affected due to asymmetric arm swing. This situation affects the
coordination between the upper and lower extremities (31).
Our study showed a relationship between patient-determined

Table 1. Demographic and clinical data of the participants

Miimum ean sD)
Age (year) 23-67 44.41£11.30
EDSS 1.0-6.5 3.34+1.68
Disease duration (months) | 0.50-34.75 12.44+9.63
N-HPT (seconds) 17.98-47.10 25.72+7.13
Jamar (kilograms) 2.42-45.37 20.94+9.12
gteenrfsez’\yv‘zaerk;‘“mber of 2855-70871 | 29037.9+18638.62
PMSI gait score 0-1 0.65+0.24
AMSQ 31-144 68.86+32.40
Regular exercise, n (%)
Yes 12 (40%)
No 17 (56.7%)
Sex, n (%)
Female 24 (80%)
Male 5(16.7%)

Employment, n (%)

Unemployed 8[26.7 11 (36.7%)]
Employed 11 (36.7%)
Retired 93011 (36.7%)]
Student 1[3.311(36.7%)]
Education, n (%)

Primary school 1(3.3%)
Secondary school 2 (6.7%)

High school 14 (46.7%)
Graduate 12 (40%)
Disease course, n (%)

Relapsing-remitting MS 24 (80%)
Secondary-progressive MS | 3 (10%)
Primary-progressive MS 2 (6.7%)

SD: Standard deviation, N-HPT: Nine-hole peg test, PMSI: Preference-based MS
index, AMSQ: Arm function in MS, EDSS: Questionnaire, Expanded disability
status scale, MS: Multiple sclerosis

43



Dastan et al. Upper Extremity and Gait in MS

Journal of Multiple Sclerosis Research 2022;2(2):41-45

Table 2. Relationship between upper extremity and gait measurements

: . Number of
NHPT,  Jmer.  Dominanc  Nendominant  Sipiier pwsigai

N-HPT-average 1.000 -0.297 -0.294 -0.273 -0.213 0.168 0.353
Jamar-average -0.297 1.000 0.834" 0.717" 0.126 -0.147 -0.243
Dominant-Jamar Max -0.294 0.834" 1.000 0.624™ 0.284 -0.382 -0.520°
Nondominant-Jamar Max -0.273 0.717" 0.624" 1.000 -0.080 -0.089 -0.287
Number of steps per week -0.213 0.126 0.284 -0.080 1.000 -0.658" -0.483"
PMSI gait 0.168 -0.147 -0.382 -0.089 -0.658™ 1.000 0.430°
AMSQ 0.353 -0.243 -0.520° -0.287 -0.483" 0.430" 1.000

Adjusted for EDSS, disease duration, age, and sex. "Significant at p<0.05, "Significant at p<0.001. N-HPT: Nine-hole peg test, PMSI: Preference-based MS index, AMSQ:
Arm function in MS questionnaire, EDSS: Expanded disability status scale, MS: Multiple sclerosis

upper extremity involvement in pwMS and the number of steps
that are important for walking in daily living.

Despite deteriorations in the temporal and spatial parameters
of walking in pwMS, the contribution of the upper extremity
to this deterioration has not been clearly stated (32). Elsworth-
Edelsten et al. (33) found that affected arm movements in
MS would affect walking. However, it is unclear whether the
impairment in arm movements is caused by the nature of MS or
impaired walking. Benedict et al. (34) examined the relationship
between upper extremity, lower extremity, and cognition
based on MSFC (clinical assessment of disability progression)
and determined a relationship between executive functions
and motor activity. However, they did not state a conclusion
about the relationship between upper and lower extremity
motor performance. Likewise, we could not reveal a significant
relationship between upper extremity objective measurements
and the number of steps or the walking sub parameter of the
PMSI. We think that this is due to the small number of people
included in the study (35).

Although assessment measures such as N-HPT are widely used in
clinical studies, detecting disease progression and mild change
may be insufficient in examining the effects of deterioration
(36). Patient-reported outcomes take the information directly
from the patient and assess the effect of even mild symptoms
on a person’s quality of life (36). Thus, although no relationship
was found between objective measurements and the upper
and lower extremities, our study revealed that this relationship
exists and is reflected in daily living.

Study Limitations

This study has some strengths and limitations. Owing to limited
information regarding gait and upper extremity function, our
study has brought a new perspective on this topic. First, our
sample size was small. Second, although we included the
N-HPT measurement result under the MSFC, we did not include
the T25FW evaluation as an outcome measure. Finally, since
the results of the SenseWear device are affected by the correct
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use of the patient, the study was conducted with the results
related to its use by the patients. For future studies, we suggest
conducting gait assessments using gait analysis or sensors for
objective assessment.

Conclusion

The results of this study revealed no significant relationship
between upper extremity performance-based measurement
and gait, whereas a significant relationship was found between
upper extremity function and gait in the self-reported
assessment. Therefore, although handgrip strength and manual
dexterity could not be related to gait, upper extremity functions
that reflect daily living activities could affect the step count and
perceived gait performance.
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Objective: The primary aim of the study was to examine the distribution of neuropathic pain according to body areas in people with multiple
sclerosis (pwMS) with neuropathic pain. The secondary aim was to examine the relationship between neuropathic pain and psychosocial (fatigue,
sleepiness, anxiety, and depression levels) parameters in pwMS.

Materials and Methods: This study analyzed 70 pwMS. The PainDETECT questionnaire was used to assess neuropathic pain. Psychosocial
parameters such as fatigue, sleepiness, anxiety, and depression were assessed.

Results: The most frequently reported neuropathic pain areas were the neck (58.6%), foot/ankle (50%), and knee (48.6%). In addition, in every
1-point increase in the depression survey, the likelihood of having neuropathic pain increases 0.66 times, and in every 1-point increase in the
psychosocial parameter of the fatigue survey, the likelihood of having neuropathic pain increases 2.12 times (p<0.05).

Conclusion: The results of this study reveal that neuropathic pain is frequently seen in the neck, foot/ankle, and knee areas in pwMS. In addition,

the psychosocial parameter of fatigue and depression increases the likelihood of having neuropathic pain in pwMS.
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Introduction

Multiple sclerosis (MS) is a chronic, inflammatory, demyelinating,
progressive neurological disease of the central nervous
system that is usually seen in young adults aged 20-40 years
(1). Common symptoms in people with MS (pwMS) include
decreased muscle strength, balance and coordination disorders,
deterioration in gait patterns, pain, paresthesia, monocular vision
loss, dizziness, and vertigo (2). Other accompanying symptoms
and signs may include fatigue, spasticity, ataxia, sensation
loss, urinary incontinence, depression, cognitive dysfunction,
and many others (3). These symptoms and findings affect the
health of pwMS holistically and cause physical, cognitive, and
psychosocial deficiencies (4). Gait disturbances, fatigue, and
pain are among the most common symptoms in MS (5).

PWMS show a wide range of pain symptoms, from chronic
pain symptoms that may occur in conditions such as postural

disorders and spasticity to acute pain (6). Pain is an important
symptom of MS and is often associated with disability (7). In a
systematic review study (17 studies, 5,319 pwMS), the prevalence
of pain was 63% (8). In another study, pain was reported as the
first symptom in pwMS with a prevalence of 11-23% (7).

Pain in MS is classified according to its duration, severity, and
underlying mechanisms. The mechanisms underlying pain in
MS are still unclear. However, two separate pain classifications
have been proposed according to pathophysiology (7,9).
Despite differences between the two classification systems, the
classification of pain as neuropathic, nociceptive, and mixed
type remains.

In a descriptive study, pain characteristics were investigated
in 842 pwMS with chronic pain, and 42% of the patients had
nociceptive pain, 27% had mixed type pain, and 32% had
neuropathic pain (10). Neuropathic pain is defined by the
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International Association for the Study of Pain as pain resulting
from a lesion or dysfunction in the central nervous system (11).
Neuropathic pain in MS is directly related to the demyelination
process of the disease (12).1n a study examining the relationship
between pain complaints and plaque formation in MS, lesions
in the pons, periventricular gray matter, cerebellum, corpus
callosum, thalamus, and medulla oblongata were found to be
associated with pain (13).

Two key mechanisms are thought to cause neuropathic pain
in MS (12):

1-The occurrence of ectopic stimuli in demyelinating lesions in
response to neural damage.

2- Interruption of inhibitory impulses from the brain and
absence of inhibitory impulses from the brain, which eliminates
the modulation of the afferent A-delta and C pain pathways
and leads to central sensitization. As a result, decreased pain
thresholds occur after discharges, which increase spontaneous
activity.

Neuropathic pain is one of the most common symptoms in
pwMS. However, the distribution of neuropathic pain by body
areas is unclear. Examining the distribution of neuropathic
pain according to body areas may help diversify area-specific
rehabilitation approaches. The primary aim of the study was
to examine the distribution of neuropathic pain according to
body areas in pwMS with neuropathic pain. The secondary aim
was to examine the relationship between neuropathic pain and
psychosocial (fatigue, sleepiness, anxiety, and depression levels)
parameters in pwMS.

Materials and Methods

Participants and Procedures

The study protocol was approved by the Ethics Board of Dokuz
Eylul University (decision number: 2022/29-02, date: 14.09.2022).
This study included data from 70 definitively diagnosed pwMS
with neuropathic pain from the outpatient MS clinic of Dokuz
EylUl University Hospital, Izmir, Turkey (14). People with a definite
diagnosis of MS according to the 2017 McDonald criteria were
included (14). Participants with a PainDETECT Questionnaire
(PD-Q) score of =13 were considered to have neuropathic
pain and were included in the study (15). Participants with
musculoskeletal, cardiovascular, pulmonary, metabolic, or
other diseases severe enough to preclude participation in the
study; participants with conditions other than MS that can
cause pain, such as cancer, diabetes, overt osteoarthritis, or
rheumatoid arthritis based on laboratory or imaging findings;
participants with severe cognitive impairment; and pregnancy
as determined by the neurologist were excluded from the study.

Outcome Measures

Neurological examinations of all participants were performed
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by the neurologist, and the Expanded Disability Status Scale
(EDSS) scores were calculated.

The PD-Q has an accuracy rate of 80% compared with expert
judgment in identifying neuropathic pain (16). The Turkish
version of the PD-Q was also found to be valid and reliable (17).
A PD-Q score of >13 was considered neuropathic pain. In our
study, PD-Q was determined as the primary outcome measure.
Participants with a PD-Q score of >13 were considered to have
neuropathic pain and were included in the study. Participants
were asked to mark the areas with neuropathic pain on the
body diagram in PD-Q and indicate with an arrow if their pain
radiates to other body parts.

The Hospital Anxiety and Depression Scale (HADS) was used
to assess the anxiety and depression levels of the participants.
HADS is a two-way self-assessment scale used to assess
depression (HADS-D) and anxiety (HADS-A) (18). The Turkish
version of the questionnaire was found to be also valid and
reliable (19).

The Modified Fatigue Impact Scale (MFIS) is frequently used
in clinical and experimental studies to determine the level of
fatigue (20). The MFIS consists of a total of 21 questions that
evaluate the physical (MFIS-physical), cognitive (MFIS-cognitive),
and psychosocial (MFIS-psychosocial) effects of fatigue. Each
item is given a score of 0-4, and a low score indicates a low level
of fatigue. The Turkish version of the MFIS was found to be valid
and reliable (21).

Epworth sleepiness scale (ESS) evaluates the daytime sleepiness
of the participants (22). It consists of eight items. The score of
each item varies between 0 and 3, and the total score varies
between 0 and 24. The higher the total score, the higher the
participant’s degree of daytime sleepiness. The Turkish version
of the ESS was found to be valid and reliable (23).

Sample Size and Statistical Analysis

For the primary aim of the study, the required sample size was
calculated using the OpenEpi program (Version 3.01), assuming
that 2,000 pwMS were followed in our unit, and the default
pain percentage frequency in the population was calculated as
80%-+/-5, with a 95% confidence level, as 220 pwMS (24). In
a study evaluating the relationship between pain and fatigue
level in pwMS with pain, the variance (R2) was 0.57 (25). In this
context, the smallest sample size to be included in the study
was calculated using G*Power (version 3.1), which required at
least 22 pwMS, with variance (R2) =0.57, power =95%, error
probability =0.05, and predictor number =9.

The normal distribution of data was checked using the
Kolmogorov-Smirnov test and histograms. Descriptive analyses
were presented by giving the mean and standard deviation
for continuous variables and numbers and percentages for
categorical variables. Hierarchical multivariate linear regression
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for continuous variables and numbers and percentages for
categorical variables. Hierarchical multivariate linear regression
models were structured to explain the relationship between
neuropathic pain and EDSS, disease duration, age, daytime
sleepiness, anxiety and depression, and fatigue. Significance
was set at p<0.05. Data were analyzed using the IBM SPSS
Statistics version 25.0 (IBM Corp., Armonk, NY, USA)

Results

The most frequently reported neuropathic pain areas were the
neck (58.6%), foot/ankle (50%), and knee (48.6%) (Figure 1).
Table 1 presents the demographic and clinical characteristics of
the participants. Table 2 provides two hierarchical multivariate
linear regression models to assess the influence of EDSS, disease
duration, age, ESS, HAD-A, HAD-D, and MFIS on the severity of
neuropathic pain. Although there was no risk factor in step 1,
HAD-D and MFIS-Psychosocial subparameter were risk factors
of neuropathic pain in step 2. The results revealed that in every
T-point increase in the depression survey, the likelihood of
having neuropathic pain increases 0.66 times, and every 1-point
increase in the psychosocial parameter of the fatigue survey,
the likelihood of having neuropathic pain increases 2.12 times
(p<0.05).

Shoulders
41.4%

Elbows
14.3%

Wrists/Hands
28.6%

Hips/Tights
34.3%

Knees
48.6%

Ankles/Feet
50%
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Discussion

As the main findings of this study, neuropathic pain was the
most common in the neck (58.6%), foot/ankle (50%), and knee
(48.6%) areas in pwMS. In addition, the psychosocial parameter
of fatigue and depression increases the likelihood of having
neuropathic pain in pwMS. In this study, we collected data by
the online survey method. In a study investigating chronic pain
phenotypes in pwMS across the country, data were collected
using an online questionnaire, similar to our research method
(10).

Considering the results of previous studies, no association
was found between pain and clinical and demographic
characteristics of pwMS such as EDSS, disease duration, age,
and sex (13,15,26,27). According to our results, no significant
relationship exists between pain and sex, disease duration,
age, and EDSS. We hypothesized that these mixed results could
indicate the nature of pain. Since it is a subjective symptom,
it varies among patients, and the definition of pain may be
different (28).

Neuropathic pain in pwMS is persistent, and one of the most
common bothersome symptoms that occur even in the
early stages of the disease (7,29). PwMS complain of various
neuropathic pain symptoms. The most common neuropathic

Neck
58.6%

Upper back
44.3%

Low back
41.4%

Figure 1. Neuropathic pain among body areas in patients with multiple sclerosis
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pain conditions associated with MS include dysesthetic pain
and paroxysmal pain (hermitte phenomenon and trigeminal
neuralgia) (7,30,31). Neuropathic pain types appear to be
more common in pwMS than in the general population (32).
The most common type of neuropathic pain seen in pwMS
is dysesthetic limb pain, with a prevalence of 12-28% (33,34).
Common examples of dysesthetic pain in MS include tingling,
burning, and pain, mostly in the feet and legs, which is usually
aggravated at night and with physical activity (7,31,35). Chronic
dysesthesias are typically less intense, but their permanent
nature can be challenging for the patient (36). When the
distribution of neuropathic pain according to body areas was
examined, 50% of neuropathic pain was reported in the foot
and ankle area and 48.6% in the knee area. The foot/ankle and

Table 1. Demographic and clinical characteristics of the
participants (n=70)

Age (years) 36.9 (30.55-46.0)
Sex

Female 53 (75.7%)

Male 17 (24.3%)

Level of education

Secondary school 7 (10%)

High school 20 (28.6%)
University 36 (51.4%)

Marital status

Married 53 (75.7%)
Single 15 (21.4%)
Divorced/widowed 2 (2.9%)

Employment status

Unemployed 19 (27.1%)
Employed 43 (61.4%)
Retired 5(7.1%)
Student 3(4.3%)

EDSS 1.5 (1.0-2.5)
Disease duration (years) 9.0 (3.0-14.25)
ESS 7.0 (4.0-10.0)

HADS-A 12.5(10.0-14.0)
HADS-D 9.0 (7.25-10.0)
MFIS-Cognitive 4.0 (3.0-5.0)
MFIS-Physical 5.0 (3.0-6.0)
MFIS-Psychosocial 2.0(1.0-3.0)
MFIS-Total 11.0(7.75-14.0)

Values are presented as number and percent, except age, disease duration,

EDSS, ESS, HADS-A, HADS-D, MFIS-Cognitive, MFIS-Psychosocial, MFIS-Total,

which are presented as median and interquartile range.

EDSS: Expanded Disability Status Scale, ESS: Epworth sleepiness scale,
HADS-A: Hospital Anxiety and Depression Scale-Anxiety, HADS-D: Hospital
Anxiety and Depression Scale-Depression, MFIS: Modified Fatigue Impact

Scale
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knee areas ranked second and third as the most common
neuropathic pain areas reported by the participants. Frequent
reporting of neuropathic pain in the lower extremities by the
participants is thought to be associated with dysesthetic pain.

The ’hermitte phenomenon is one of the most common pain
symptoms examined in neuropathic pain types in pwMS. The
prevalence of the phenomenon ranges from 9% to 41%in pwMS
(37). The L'hermitte phenomenon is defined as a temporary,
short-term paroxysmal electrical sensation that starts from the
neck and spreads to the lower extremities and is usually related
to neck movement. In the present study, 58.6% of neuropathic
pain cases occured in the neck area. Research results suggest
that neuropathic pain, which is frequently reported in the neck
area, may be compatible with the Uhermitte phenomenon.

Pain affects pwMS more than other neurological conditions.
Studies have shown that pain in MS is highly correlated with
fatigue, depression, and anxiety (38-40). In addition, studies
have stated that pain in MS negatively affects the quality of life,
sleep quality, daily life activities, social functionality, and work-
life of pwMS (7,41).

Depression is a common psychiatric diagnosis in people with
chronic neuropathic pain and affects approximately 57% of
individuals with chronic neuropathic pain (42). The prevalence
of depression in the general population ranges from 4% to 8%
(42). However, the risk of depression in patients with chronic
pain is 2-5 times greater than that in the general population
(43). Studies have found that neuropathic pain is associated
with disability and depression in pwMS (44). According to our
research results, in every 1-point increase in the depression
survey, the likelihood of having neuropathic pain increases 0.66
times.

Limited studies have reported a significant relationship
between pain and fatigue in pwMS (4,15). In addition, in the
present study, similar to previous studies, every 1-point increase
in the psychosocial parameter of fatigue survey increases the
likelihood of having neuropathic pain 2.12 times. A previous
study found that pain is associated with a higher level of
sleepiness in pwMS (15). In our study, sleepiness did not
significantly affect the presence of neuropathic pain. Studies
with a large sample size are needed to investigate the effect of
neuropathic pain on the level of sleepiness.

In this study, neuropathic pain frequently occurs in the neck,
foot/ankle,and knee areas in pwMS. In addition, the psychosocial
parameter of fatigue and depression increases the likelihood of
having neuropathic pain in pwMS.

Study Limitations

This study has several limitations. First, given the retrospective
nature of this study, the results obtained are not conclusive.
Second, the presence of neuropathic pain was diagnosed by
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Table 2. Risk factors on the severity of neuropathic pain

Risk Factors SCB 95% CI p-value SCB 95% CI p-value
EDSS score 0.473 -0.777 to 1.522 0.518 -0.023 -1.190 to 1.027 0.883
Disease duration -0.049 -0.228t0 0.212 0.941 -0.006 -0.214 t0 0.205 0.968
Age -0.018 -0.130t0 0.171 0.781 -0.059 -0.166t0 0.115 0.713
ESS -0.100 -0.357t0 0.174 0.491
HADS-A -0.144 -0.549t00.188 0.329
HADS-D 0.665 0.130to 1.199 0.016
MFIS-Cognitive -0.019 -1.681 to 1.588 0.955
MFIS-Psychosocial 2.124 0.007 to 4.240 0.025
MFIS-Total -0.255 -1.125t0 0.614 0.557

Significant p-values are presented in bold. EDSS: Expanded Disability Status Scale, ESS: Epworth Sleepiness Scale, HADS-A: Hospital Anxiety and Depression Scale-
Anxiety, HADS-D: Hospital Anxiety and Depression Scale-Depression, MFIS: Modified Fatigue Impact Scale, CI: Confidence interval, SCB: Standardized coefficients beta

areas were not evaluated.

Conclusion

The results of this study reveal that neuropathic pain is
frequently seen in the neck (58.6%), foot/ankle (50%), and knee
(48.6%) areas in pwMS. In addition, the psychosocial parameter
of fatigue and depression increases the likelihood of having
neuropathic pain in pwMS.
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BRIEF REPORT

Neuromyelitis Optica Following COVID-19 Infection

©® Damla Cetinkaya Tezer, ® Ipek Gungor Dogan, ® Serkan Demir

Sancaktepe Sehit Prof. Dr. Ilhan Varank Training and Research Hospital, Clinic of Neurology, Istanbul, Turkey

The coronavirus disease-2019 (COVID-19) may be a trigger for acquired demyelinating central or peripheral nervous system disorders like other
viral infections. We present a clinical image of a patient who was diagnosed with neuromyelitis optica (NMO) following COVID-19 infection. A
25-year-old woman presented with progressive loss of strength and numbness in her left upper extremity and bilateral lower extremities and
sphincter involvement on the second week of isolation. Spinal magnetic resonance imaging revealed extensive long-segment demyelinating
lesion. NMO-immunoglobulin G antibody was positive. It is one of the first cases of long extensive transverse myelitis with seropositivity among the

long-segment myelitis cases in the literature.

Keywords: COVID-19, longitudinally extensive transverse myelitis, neuromyelitis optica

Clinical Image

A 25-year-old woman was admitted to our emergency
department for evaluation, with a 1-week history of progressive
loss of strength and numbness in her left upper extremity
and bilateral lower extremities and urinary retention. Her past
medical history was remarkable for 5-day hospital admission and
an isolation period at home for 2 weeks because of COVID-19
infection. Her neurological symptoms appeared in the second
week of self-isolation. Thoracic computed tomography revealed
diffuse infiltration areas and ground-glass opacities of both
lungs (Figure 1).

At the time of assessment, she was alert and fully oriented. All
cranial nerve functions were intact. Motor system examination
was significant for left hemiparesis, hyperreflexia in the lower
extremities with a positive Hoffman sign on the right side, and
bilaterally positive Babinski sign. She had diminished sensation
in the lower extremities, which was more prominent on the left
side. A Foley catheter was inserted, and a half-liter of urine was
drained. Her complete blood count, routine biochemistry, and
C-reactive protein were all normal. Brain magnetic resonance
imaging (MRI) findings were normal. Spinal MRI revealed
long-segment signal alteration and cord expansion from C2
to C8 in T2-weighted sequences (Figure 2 A, B), consistent
with longitudinally extensive transverse myelitis (LETM). A

thorough workup was performed for possible causes of LETM.
Lumbar puncture revealed lymphocytic pleocytosis with white
blood cell count of 323 and high protein levels (149.1 mg/dL;
normal range, up to 45 mg/dL). Infectious workups all returned
negative. The immunoglobulin G (IgG) index was negative,
and oligoclonal bands were absent. Laboratory studies used
during workups for vasculitis and paraneoplastic diseases

Figure 1. Infiltrations compatible with COVID-19 in thoracic
computed tomography

COVID-19: Coronavirus disease-2019
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Figure 2. T2-weighted sequences: (A) sagittal plane and (B) axial plane of longitudinally extensive lesion from C2 to C8 vertebrae

were negative. The test for neuromyelitis optica-IgG (NMO-
IgG) antibody was positive, whereas MOG-IgG antibody was
negative.

Her diagnosis was based on NMO spectrum disorder diagnostic
criteria by having LETM confirmed by MRI and high NMO-IgG
antibody levels. Subsequently, she was started on a high-dose
(1 g/day) intravenous methylprednisolone (IVMP) regimen.
On day 2 of IVMP infusion, she developed quadriplegia and
was taken up for plasmapheresis. In total, five sessions of
plasmapheresis were performed (every other day). IVMP
infusion was also given for 10 days, followed by an oral regimen
with progressive improvement of muscle strength. Rituximab
maintenance therapy was initiated during follow-up.

Considerable neurological manifestations of COVID-19 are
reported in the literature during the pandemic (1). Among
these manifestations, spinal cord demyelination is an under-
recognized neurological complication (2,3). To the best of
our knowledge, this is the third report of an LETM case with
seropositivity in favor of NMO among few long-segment
myelitis cases in the literature (4,5). In this case, the interval
of 3 weeks between the onset of COVID-19 symptoms and
neurological symptoms supports post-COVID NMO reactivity in
terms of secondary immunogenic reaction.

Several pathogenetic mechanisms are hypothesized for
the pathogenesis of parainfectious NMO, such as molecular
mimicry, bystander activation, and exacerbation of subclinical
disease by systemic infection. In the case of molecular mimicry,
antibodies that recognize both the microbial and self-epitopes
are produced by activated B cells. In bystander activation,
aquaporin-4 (AQP4) (which is the target antigen of NMO-IgG)-
specificT and B cells are activated because AQP4-rich tissues are
destroyed by microbes and increased self-antigen presentation
(6). This mechanism is likely for seropositive parainfectious NMO
cases.

In conclusion, NMO should be considered in the differential
diagnosis for patients with COVID-19 who present with LETM
or vice versa. Establishing an early diagnosis and treatment
strategy for improved outcomes is critical.

Ethics

Peer-review: Externally peer-reviewed.

Informed Consent: Informed consent was obtained from the
patient included the study.

Authorship Contributions

Surgical and Medical Practices: D.C.T, 1.G.D, S.D. Concept: D.CT,
1.G.D, Design: D.CT, S.D., Data Collection or Processing: D.C.T,
1.G.D, Literature Search: D.CT, 1.G.D, S.D., Writing: D.C.T,, L.G.D.

Conflict of Interest: No conflict of interest was declared by the
authors.

Financial Disclosure: The authors declared that this study
received no financial support.

References

1. Harapan BN, Yoo HJ. Neurological symptoms, manifestations, and
complications associated with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) and coronavirus disease 19 (COVID-19). J
Neurol 2021;268:3059-3071.

2. Mondal R, Deb S, Shome G, Ganguly U, Lahiri D, Benito-Ledn J. COVID-19
and emerging spinal cord complications: A systematic review. Mult Scler
Relat Disord 2021;51:102917.

3. Arslan D, Acar-Ozen P, Gocmen R, Elibol B, Karabudak R, Tuncer A. Post-
COVID-19 longitudinally extensive transverse myelitis: is it a new entity?
Neurol Sci 2022;43:1569-1573.

4. Shaw VC, Chander G, Puttanna A. Neuromyelitis optica spectrum disorder
secondary to COVID-19. Br J Hosp Med (Lond) 2020;81(9):1-3.

5. Batum M, Kisabay Ak A, Mavioglu H. Covid-19 infection-induced
neuromyelitis optica: a case report. Int J Neurosci 2020;1-7.

6. Sellner J,Hemmer B, Mihlau M. The clinical spectrum and immunobiology
of parainfectious neuromyelitis optica (Devic) syndromes. J Autoimmun
2010;34:371-379.

53



DOI: 10.4274/jmsr.galen0s.2022.2022-3-3

CASE REPORT

Journal of Multiple Sclerosis Research 2022;2(2):54-56

Altitudinal Visual Defect as the Initial Sign of Optic Neuritis: A Case
Report
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Optic neuritis (ON) is the most common optic neuropathy in adults and is frequently seen together with multiple sclerosis, manifesting itself mainly
as painful diffuse field loss or central scotomas. However, it could be encountered in various other inflammatory, demyelinating, infectious, and
autoimmune conditions that could be broadly classified into two groups: typical and atypical ON. On the contrary, painless vision loss, especially
altitudinal visual field defects (AVD), is commonly observed in ischemic optic neuropathies (ION), mostly in patients with vascular risk factors or
history of giant cell arteritis. Although rare, AVD can be the initial sign of ON and inflammatory demyelinating process. Herein, we report a case of
a 17-year-old patient with ON presenting with painless AVD and provide a brief review of the mechanisms involved in typical and atypical ON and

ION.

Keywords: Optic neuritis, ischemic optic neuropathy, altitudinal visual defect

Introduction

Optic neuritis (ON) is the most common optic neuropathy in
young adults and is characterized by the inflammation of the
optic nerve. ON is seen in various demyelinating, infectious, and
inflammatory conditions. Typical ON is generally associated with
multiple sclerosis (MS), which manifests as painful subacute
vision loss. On the contrary, ischemic optic neuropathies (ION)
result in painless monocular vision loss with altitudinal visual
field defects (AVD), commonly seen in older people with
vascular risk factors. Herein, we present the case of a young
female patient with painless AVD as the initial sign of ON and
provide a brief review of ON and ION.

Case Report

A 17-year-old previously healthy female patient comes to
the clinic due to blurry vision on her right eye that suddenly
occurred two days ago. Eye movements were not painful, and
she had no headache or any other neurological symptoms.
She had no history of trauma and denied any recent infections,
fever, or constitutional symptoms. Both her medical and family
histories were unremarkable.

A detailed neurological examination was performed. Both
direct and indirect pupillary light reflexes were normal;
however, she had a mild relative afferent pupil defect on her
right eye. Other cranial nerves and results of motor, sensory,
and cerebellar examinations were normal. During the
examination, she stated that for the last few days she would
feel an electrical-like sensation extending down her spine
when she flexed her neck, which was suggestive of Lhermitte’s
sign. On her ophthalmological examination, her intraocular
pressure was normal, no signs of anterior compartment
pathologies, retinitis, or vitritis were noted, and the optic disc
was normal. Her visual acuity was 20/20 for both eyes on the
Snellen chart. However, her visual field test revealed superior
AVD in the right eye (Figure 1).

Complete blood count, B,, levels, comprehensive metabolic
panel, erythrocyte sedimentation rate, angiotensin-converting
enzyme level, and urinalysis parameters were in the normal
range. Borrelia, Treponema, human T-cell leukemia virus, and
human immunodeficiency virus serology were negative.
Results of a wide range of autoantibody tests were normal.
Chest X-ray imaging excluded infections and connective tissue
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disorders, and the findings were normal. A lumbar puncture was
performed.The cerebrospinal fluid (CSF) was clear, with a normal
opening pressure. CSF biochemistry and cytology were normal.
Anti-aquaporin-4 antibody was found to be negative both in
the CSF and serum. Anti-myelin oligodendrocyte glycoprotein
immunoglobulin G (IgG) was negative. Nonetheless, CSF
electrophoresis revealed oligoclonal bands, and the IgG index
was 0.78. Visual evoked potential (VEP) revealed delayed P100
latency of the right eye. Cranial magnetic resonance imaging
(MRI) demonstrated single ovoid hyperintensity perpendicular
to the corpus callosum and contrast enhancement of the
retroorbital segment of the right optic nerve, compatible
with ON (Figure 2). The patient was admitted to the inpatient
clinic and received 5 days of intravenous methylprednisolone
1,000 mg/day. After one month, the patient’s vision was
fully recovered, and her ophthalmological examination was
completely normal. She had no other neurological deficits. Six
months later, the follow-up MRI revealed new non-contrast
enhancing hyperintense lesions in the right parietal white
matter and C3-C4 vertebral level. Written informed consent of
the patient was obtained.

Discussion

ON occurs through different mechanisms that could be
categorized into two distinct groups: typical ON and atypical
ON. The hallmark of typical ON is acute inflammatory
demyelination, followed by axonal loss in the long term (1).
It is mostly associated with MS; essentially, ON is the initial

Figure 1. Visual field test revealing right superior altitudinal visual
field defect
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presentation in 20% of the MS, and 50% of patients with MS
experienced ON during the disease course (2). Although its
pathophysiological mechanism has not been fully elucidated,
peripheral T-cell activation and migration toward the blood-
brain barrier is thought to initiate this inflammatory process.
This activation leads to a type 4 hypersensitivity-like reaction
and results in myelin damage and axonal degeneration (3).

More than 90% of typical ON presents with painful monocular
vision loss. Dyschromatopsia, reduced contrast acuity, and
central visual defects are also among the common presentations
of ON. According to the ON treatment trial, 97.5% of the patients
experienced visual field defects, central scotomas being the
most common entity, at some point of the disease course (4).
Vision loss varies, ranging from mild to complete loss, can last
up to 6 months, and mostly reaches its peak within two weeks
after onset. It manifests mostly as retrobulbar neuritis in which
the optic disc is normal or rarely as papillitis which involves the
anterior optic nerve and results in disc swelling (5).

On the contrary, atypical ON is mostly caused by neuromyelitis
optica spectrum disorders (NMOSD), other rare inflammatory
conditions, and systemic diseases such as lupus, sarcoidosis,
or Wegener's granulomatosis (3). NMOSD mostly presents
with unilateral, sometimes bilateral rapidly sequential vision
loss with painful eye movements. Although AVDs can be
encountered in NMOSD, it is much more extensive, extending
to the optic chiasm and optic tracts, and vision loss is much
more persistent (6).

Figure 2. Orbital MRI showing contrast enhancing lesion in the
right optic nerve (left) and cranial sagittal MRl showing single
ovoid hyperintensity perpendicular to the corpus callosum (right)
in T2-weighted images

MRI: Magnetic resonance imaging
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Painless unilateral vision loss with AVD mostly suggests ION.
Anterior ION (AION) is the most common cause of vision loss
in older people and is divided into arteritic and non-arteritic
(7). Arteritic AION is almost always seen with giant cell arteritis,
whereas non-arteritic AION is seen in patients with vasculopathic
risk factors such as diabetes, hypercholesterolemia, and
hypertension. Fundoscopic examination typically reveals optic
disc edema. Taken together, our patient’s age, medical history,
and fundoscopic examination are not compatible with AION.
Although posterior ION presents with normal optic disc findings,
as observed in our patient, the absence of recent ocular surgery
or history of giant cell arteritis excludes this diagnosis (8).

At her initial admission, her MRI findings did not fulfill the
McDonald criteria; however, the positive findings on her follow-
up MRIs in the subsequent year, together with CSF, VEP, and
laboratory findings, raised strong suspicion for MS.

Conclusion

Although the painless nature of the visual loss and its
characteristic findings mostly suggest an ischemic or vasculitis
cause, our patient represents a rare phenomenon. This case
emphasized that AVDs should be considered in the decision-
making process and could be observed as the foremost findings
of an inflammatory process.
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