
MEDICAL BIOCHEMISTRY 

YEAR 2025   VOLUME 8    ISSUE 1

INTERNATIONAL JOURNAL OF

Offical journal of  the Association of  Clinical Biochemistry Specialists ISSN 2587-2362

www.internationalbiochemistry.com

KA
RE

ORIGINALS
Serum ceramide and meteorin-like protein as potential biomarkers of type 2 diabetes mellitus
Sfayyih HS, et al.
Rheumatoid Factor and ASO assessment by immunoturbidimetry and immunonephelometry
Guven B, et al.
Correlation between insulin resistance and serum irisin levels in polycystic ovary syndrome
Karabay G, et al.
Effect of temperature changes on the expression of cancer stem cell protein CD-44 and TAU protein in AMGM-5 cancer cell line: 
An immunocytochemistry study
Abdulghany ZS, et al.
Evaluation of measurement uncertainty of coagulation parameters according to two different current guidelines
Zeytinli Aksit M
Diagnostic accuracy of the combination of fecal calprotectin and occult blood tests in inflammatory bowel disease
Unal K, et al.

TECHNICAL REPORT
Evaluation of the hemolysis threshold for the measurement of serum lipase on Roche Cobas systems
Ilardo C, et al.

REVIEW
Investigation of a number of rare deletional mutations in the alpha globin gene cluster
Arash M, et al.

OPINION PAPER
Navigating the 2024 revised guidelines for Undergraduate Competency Based Medical Education (CBME) curriculum: Newer insights 
and implications for biochemistry education
Surapaneni KM

LETTER TO THE EDITOR
Impact of preanalytical storage on the accuracy of CD3, CD4, CD8 testing results using the BD FACSLyric™ clinical flow cytometry system
Arash M



International Journal of Medical Biochemistry is a peer-reviewed journal published triannually.
Materials published in the Journal is covered by copyright 2025. All rights reserved.
This publication is printed on paper that meets the international standard ISO 9706:1994.
National Library of Medicine (USA) recommends the use of permanent, acid-free paper in the production of biomedical literature.

The Owner and Publishing Manager on behalf of  the Association of 
Clinical Biochemistry Specialists  (Klinik Biyokimya Uzmanları Derneği)

Address:

Phone:
Fax:

e-mail:
web:

PROF. DILDAR KONUKOGLU

Maslak Mah. AOS 55. Sok. No: 2, 42 Maslak A 
Blok Daire: 231 Sarıyer, İstanbul-Türkiye
+90 212 241 26 53
+90 212 241 26 54
www.kbud.org.tr
info@kbud.org.tr

KARE

Yayın Turu: Uluslararası Sureli 
Basım Tarihi: Ocak 2025
Basım: Filmevi Grafik Renk Ayrımı  
Sistemleri San. Tic. LTD. ŞTİ.  
İstanbul-Türkiye

Publisher:
Address:

Phone:
Fax:

e-mail:
web:

KARE MEDIA
Göztepe Mah. Fahrettin Kerim Gökay Cad. 
No: 200 D: 2, Göztepe, Kadıköy, İstanbul
+90 216 550 61 11
+90 216 550 61 12
info@karepb.com
www.kareyayincilik.com

ISSN 2587-2362

VOLUME VIII  ISSUE 1  YEAR 2025

ADVISORY BOARD

KHOSROW ADELI
Toronto University, The Hospital for Sick Children and 
Departments of Laboratory Medicine and Pathobiology, 
Biochemistry, and Physiology, Ontario, Canada

ANGELO AZZI
Tufts University, Jean Mayer USDA Human Nutrition 
Research Ctr. on Aging (HNRCA), Boston, Massachusetts

BANU ISBILEN BASOK
University of Health Sciences, Izmir Faculty of Medicine, Dr. 
Behcet Uz Child Disease and Pediatric Surgery Training and 
Research Hospital, Izmir, Turkiye

ETIENNE CAVALIER
Centre Hospitalier Universitaire de Liège, Specialist in Laboratory 
Medicine, EuSpLM, University of Liège, Liège, Belgium

AMITAVA DASGUPTA
University of Texas Health Sciences Center, Department of 
Pathology and Laboratory Medicine, Houston, USA

KAYA EMERK
Istanbul Kent University, Faculty of Dental Medicine, 
Department of Biochemistry, Istanbul, Turkiye

AMMAD AHMAD FAROOQI
Institute of Biomedical and Genetic Engineering (IBGE), 
Islamabad, Pakistan

KYM FRANCIS FAULL
University of California Los Angeles, Pasarow Mass 
Spectrometry Laboratory, Los Angeles, USA

ASUMAN GEDIKBASI
Istanbul University, Institute of Child Health, Pediatric Basic 
Sciences, Medical Genetics, Istanbul, Turkiye

UZAY GORMUS DÉGRIGO
Karolinska Institutet, Department of Medical Biochemistry 
and Biophysics, Solna, Sweden

ASLIHAN GURBUZ BOLKAN
Ankara University, Medical Faculty, Department of 
Biochemistry, Ankara, Turkiye

NEVIN ILHAN
Firat University, Faculty og Medicine, Department of Medical 
Biochemistry, Elazig, Turkiye

FERRUH K. ISMAN
Istanbul Medeniyet University, Goztepe Training and 
Research Hospital, Department of Clinical Chemistry, 
Istanbul, Turkiye

CIGDEM KARAKUKCU
Erciyes University, Faculty of Medicine, Department of 
Biochemistry, Kayseri, Turkiye

HUSEYIN KAYADIBI
Eskisehir Osmangazi University, Faculty of Medicine, 
Department of Biochemistry, Eskisehir, Turkiye

GABOR L. KOVACS
University of Pécs, Faculty of Medicine, Department of 
Laboratory Medicine, Pécs, Hungary

MINE KUCUR
Istanbul University Cerrahpasa, Cerrahpasa Faculty of 
Medicine, Department of Biochemistry, Istanbul, Turkiye

ASIM OREM
Karadeniz Technical University, Faculty of Medicine, Trabzon, 
Turkiye

ISHAK OZEL TEKIN
Bulent Ecevit University, Faculty of Medicine, Department of 
Immunology, Zonguldak, Turkiye

MAURO PANTEGHINI
Milan University, Faculty of Medicine, Department of Clinical 
Biochemistry and Clinical Molecular Biology, Milano, Italy

JORGE L. SEPULVEDA
Columbia University, Department of Patology and Cell Biology, 
New York, USA

MUHITTIN ABDULKADIR SERDAR
Acibadem Mehmet Ali Aydinlar University, Faculty of Medicine, 
Department of Medical Biochemistry, Istanbul, Türkiye

ANA-MARIA SIMUNDIC
Sveti Duh University, Department of Medical Laboratory 
Diagnostics, University Hospital "Sveti Duh", Zagreb, Croatia

STEVEN SOLDIN
Deputy Director of Chemistry, Senior Scientist and Director 
Post-Doctoral Training Program, Department of Laboratory 
Medicine, NIH Clinical Center Bethesda, USA and Adjunct 
Professor, Division of Endocrinology and Metabolism 
Georgetown University, Department of Medicine, USA

FATMA TANELI
Celal Bayar University, Faculty of Medicine, Department of 
Biochemistry, Manisa, Turkiye

DOUGLAS THOMPSON
Leeds University, Leeds Teaching Hospitals, Department of 
Blood Science, Leeds, UK

TOMRIS OZBEN TOMASI
Akdeniz University, Faculty of Medicine, Department of 
Biochemistry, Antalya, Turkiye

TURAN TURHAN
Ankara Bilkent City Hospital Health Application and 
Research Center, Department of Medical Biochemistry, 
Ankara, Turkiye

ALEXANDER ZOUGMAN
St. James's University Hospital, Clinical and Biomedical 
Proteomics Group, Cancer Research UK Centre, Leeds, UK

DILDAR KONUKOGLU
Istanbul University-Cerrahpasa, Cerrahpasa Faculty of Medicine, Istanbul, Turkiye

NECIP ILHAN
Fırat University, Faculty of Medicine, Elazıg, Turkiye

E. CUNEYT CANBULAT
General Manager of KBUDEK External Quality Control Programme, Istanbul, Turkiye

DILDAR KONUKOGLU
Istanbul University-Cerrahpasa, Cerrahpasa Faculty of Medicine, Istanbul, Turkiye

FIKRET ERSAN TALU
Secretary of Association of Clinical Biochemistry Specialists, Turkiye

UZAY GORMUS DÉGRIGO
Karolinska Institutet, Solna, Sweden

ERDINC SEZGIN
Karolinska Institutet, Department of Women's and Children's Health, Scilifelab, Sweden

EVIN ADEMOGLU
Istanbul University, Faculty of Medicine, Department of Medical Biochemistry, 
Istanbul, Turkiye

EDITOR-IN-CHIEF

ASSOCIATE EDITOR

EDITORIAL ASSISTANT 

PUBLISHING MANAGER

PUBLISHING MANAGER ASSISTANT

LINGUISTIC EDITOR

EXTERNAL EDITORS

INTERNATIONAL JOURNAL OF 

MEDICAL BIOCHEMISTRY



AIM AND SCOPE
International Journal of Medical Biochemistry (IJMB) publishes articles relating to clinical and experimental chemistry, molecular 
biology, genetics, therapeutic drug monitoring, toxicology, immunology, hematology and laboratory medicine with the focus on 
analytical and clinical investigation of laboratory tests used for diagnosis, prognosis, and monitoring of diseases.

BASIC PUBLICATION RULES
Authors are responsible for the accuracy of data. The journal is in compliance with the uniform requirements for manuscripts 
submitted to biomedical journals published by the ICMJ. The editorial and publication processes of the journal are conducted in 
accordance with the guidelines of the World Association of Medical Editors (WAME), International Committee of Medical Journal 
Editors (ICMJE), the Council of Science Editors (CSE), the European Association of Science Editors (EASE), and the Committee 
on Publication Ethics (COPE) as well.

DISCLAIMER
Statements or opinions expressed in the manuscripts published in International Journal of Medical Biochemistry reflect the views 
of the author(s) and not the opinions of the editors, the editorial board and the publisher; the editors, the editorial board and the 
publisher disclaim any responsibility or liability for such materials.

ABSTRACTING AND INDEXING
International Journal of Medical Biochemistry is indexed in TUBITAK TR Index (2019), CNKI (2019), TurkMedline (2019), Open 
Ukrainian Citation Index (2019), ProQuest (2019), CABI (2021), CEEAS (2021), EBSCO (2022), CAS (American Chemical Society) 
(2022), Directory of Open Access Journals - DOAJ (2022), Scopus (2023), Gale Cengage (2023), Sherpa Romeo (2024) and Asian 
Science Citation Index (ASCI) (2024).

ABBREVIATION
Int J Med Biochem

PUBLICATION FEE
None

ACCESS TO JOURNAL CONTENT
The abstracts and full texts of published articles can be accessed free of charge at www.internationalbiochemistry.com.
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INSTRUCTIONS FOR AUTHORS

OPEN ACCESS AND COMMONS USER LICENSES

Open Access: The International Journal of Medical Biochemistry is an 
open access journal which means that all content is freely available without 
charge to the user or his/her institution. Users are allowed to read, 
download, copy, distribute, print, search, or link to the full texts of the 
articles, or use them for any other lawful purpose, without asking prior 
permission from the publisher or the author. This is in accordance with the 
BOAI definition of open access.

Commons User Licenses: Creative Commons Attribution-
NonCommercial (CC BY-NC) For non-commercial purposes, lets others 
distribute and copy the article, and to include in a collective work, as long as 
they credit the author(s) and provided they do not alter or modify the article.

AIMS & SCOPE

International Journal of Medical Biochemistry publishes articles relating 
to clinical chemistry, molecular biology and genetics, therapeutic drug 
monitoring and toxicology, hematology, immunology and laboratory 
medicine with the focus on analytical and clinical investigation of laboratory 
tests used for diagnosis, prognosis, treatment and therapy, and monitoring 
of disease. The official language of the Journal is English. The journal will be 
published 3 times a year in print and electronically.

Abstracting and Indexing: International Journal of Medical Biochemistry 
is indexed in TUBITAK TR Index (2019), CNKI (2019), TurkMedline (2019), 
Open Ukrainian Citation Index (2019), ProQuest (2019), CABI (2021), CEEAS 
(2021), EBSCO (2022), CAS (American Chemical Society) (2022), Directory 
of Open Access Journals - DOAJ (2022), Scopus (2023), Gale Cengage (2023), 
Sherpa Romeo (2024) and Asian Science Citation Index (ASCI) (2024).

Main Topics

• Clinical Biochemistry

• Molecular Biology

• Clinical Haematology

• Clinical Immunology

• Drug Monitoring and Analysis

• Diagnostic Biomarkers

• Disease-Oriented Topics (Cardiovascular Disease, Cancers, Diabetes, 
Obesity, Genetic Disorders, Neurodegenerative Disease etc.)

• Pediatric Biochemistry

• Inherited Metabolic Disorders

• Newborn Screening: Congenital and Genetic Disorders

• New Reagents, Instrumentation, Technologies and Methodologies

• Laboratory Medicine; Quality, Safety, Translational laboratory

• Metrology

INSTRUCTIONS FOR AUTHORS

International Journal of Medical Biochemistry is published in accordance with 
the principles of independent, unbiased, and double-blinded peer review 
Research-articles, review-articles, short communications, case-reports, opinion 
papers, letter to editor, technical notes, editorials and article-commentaries 
that have not been published elsewhere, are published in the journal.

The journal evaluates only the manuscripts submitted through its online 
submission system on the web site http://www.internationalbiochemistry.
com Manuscripts sent by other means will not be accepted.

The primary conditions for the acceptance of manuscripts for publication 
are originality, scientific value and citation potential.

PUBLISHING FEE
International Journal of Medical Biochemistry is an open access journal. 
Manuscripts are available on the journal web page at no cost.

STATEMENTS AND GUIDELINES

Statements: All statements and opinions expressed in the manuscripts 
published in International Journal of Medical Biochemistry reflect the 
views of the author(s). All liability for the advertisements rests with the 
appropriate organization(s). Association of Clinical Biochemistry Specialists, 
the Editor-in-Chief and Kare Media do not accept any responsibility for 
articles and advertisements.

The manuscripts submitted to the journal, except abstracts, presentations, 
reviews and parts of theses, should not have been accepted and published 
previously elsewhere in electronic or printed format. Manuscripts evaluated 
and rejected by other journals must mention any previous submissions 
and supply reviewer’s reports. This will help to accelerate the evaluation 
process. If the submitted manuscript has been previously presented at a 
meeting, the name, date, city and country must be specified.

The authors transfer all copyrights of the manuscript in the framework 
of national and international regulations to the Association of Clinical 
Biochemistry Specialists as of evaluation process. A Copyright Transfer 
Form signed by corresponding author in order must be submitted to the 
journal with manuscript. After acceptance of manuscript, all of authors must 
fill and sign Copyright Transfer form. A separate form for each manuscript 
should be submitted. Manuscripts submitted without a Copyright Transfer 
Form will not be accepted. In the case of rejection, all copyrights transfer 
to the authors again. Authors must confirm that they will not submit the 
work to another journal, publish it in the original or another language and 
or allow a third party to use the manuscript without the written permission 
of the Association of Clinical Biochemistry Specialists.

All contents are the authors’ responsibility. All financial liability and legal 
responsibility associated with the copyright of submitted tables, figures and 
other visual materials protected by national and international laws rest with 
the authors. The authors take responsibility for any legal proceedings issued 
against the journal.

Rejected manuscripts will not be returned except for artwork.

To clarify scientific contributions and responsibilities and any conflict 
of interest issues relevant to the manuscript, all parts of the ‘Authors' 
Contribution’ form must be completed by the corresponding author and 
the‘ICMJE Uniform Disclosure Form for Potential Conflicts of Interest’ 
must be completed online by all authors. Both forms should be included in 
the manuscript at the time of original submission.

Guidelines: The format of the manuscripts must be in accordance with 
the ICMJE Recommendations for the Conduct, Reporting, Editing and 
Publication of Scholarly Work in Medical Journals (updated in December 
2014:http://www.icmje.org/icmje-recommendations.pdf).

The presentation of the manuscripts must be in accordance with 
international guidelines. CONSORT should be used for randomized trials, 
STROBE for observational studies, STARD for diagnostic studies, PRISMA 
for systematic reviews and meta-analyses, ARRIVE for animal studies, and 
TREND for non-randomized behavior and public health studies.
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Ethics: All manuscripts will be vetted by the Editor-in-Chief’s Office for 
possible plagiarism and duplication. Sanctions will be imposed in accordance 
with the guidelines of the Committee on Publication Ethics (COPE) when 
non-ethical issues arise. The authors must obtain the permission of the 
copyright holder for non-original tables, figures, graphs, images and other 
visuals.

The authors should acknowledge and provide detailed information on 
any contributions in kind and financial support given by any foundations, 
institutions and firms.

An ethics committee report prepared in conformity with the WMA 
Declaration of Helsinki - Ethical Principles for Medical Research Involving 
Human Subjects and the Guide for the Care and Use of Laboratory Animals 
is required to be submitted with experimental and clinical studies, drug trial 
studies and some case reports. Authors may be asked by the Editor-in-Chief’s 
Office for an ethics committee report or similar in other circumstances also. 
Manuscripts reporting the results of experimental studies must explain in 
detail all procedures which volunteer subjects and patients have undergone 
and a statement indicating that consent for the study has been obtained 
from all subjects should be included in the text. Animal studies should clearly 
specify how pain or discomfort has been relieved.

PREPARATION AND SUBMISSION OF MANUSCRIPTS

Manuscript files should be prepared with Microsoft Office Word. The 
online submission system will direct authors during all stages of submission 
and provide necessary support for accelerating the submission process. A 
list of the files that should be supplied through the online submission system 
is provided below.

1. Title Page
2. Main Text
3. Tables, Graphs and Figures
4. Copyright Transfer Form
5. Author Contribution Form

ICMJE Uniform Disclosure Form for Potential Conflicts of Interest

MANUSCRIPT TYPES

Contributions may be in the form of clinical and basic Original Research 
articles, Reviews, Short communications, Case reports, Letters to the 
Editor, Opinion papers, Technical notes and Editorial Comment. The 
Journal also publishes brief reports on original studies or evaluations, book 
reviews, and proceedings of scientific meetings.

Original Research: Consists of Title, Authors, their addresses, Abstract, 
Key Words, Introduction, Materials and Methods, Results, Discussion, 
Ethical Considerations (if necessary), Acknowledgements, Conflict of 
Interest, References, Figure Legends, Figures, and Tables. It should not 
exceed 5000 words excluding the references. The manuscript should have 
no more than 50 references and a total of 6 tables and/or figures. 

Review: Reviews prepared by authors with extensive knowledge on 
a particular field, which has been reflected in international literature by 
a high number of publications and citations, are evaluated. The authors 
may be invited by the Editor-in-Chief. A review should be prepared in the 
format describing, discussing and evaluating the current level of knowledge 
or topic that is to be used in the clinical practice and it should guide 
further studies. A review article consists of Title, Authors, their addresses, 
Abstract, Key Words, Introduction, Main Sections under headings written 
in bold and sentence case, Subsections (if any) under headings written 

in italic and numbered consecutively with Arabic numerals, Conclusion, 
Acknowledgements, Conflict of Interest, References, Figure Legends, 
Figures, and Tables. The manuscript should have no more than 75 references 
and a total of 6 tables and/or figures. Supplemental data are permitted for 
Review articles. Abstract should not include subheadings and should be 
limited to 300 words. Keywords section should contain a minimum of three 
and a maximum of six items in accordance with Medical Subject Headings 
(MeSH) terms prepared by the National Library of Medicine (NLM) and 
should be provided just below the abstract. Main Text should include 
Introduction, other subheadings and Conclusion sections and should be 
limited to 5000 words excluding the references. Tables, Figures and Images 
should be provided after the reference list according to their order of 
appearance in the text. 

NOTE: The originality of the visuals included in the reviews should 
be assured by submission of an accompanying letter by the authors. 
Appropriate citation should be done for the visuals adapted from previously 
published sources, in accordance with the original versions of the printed 
or electronic copies. The written permission obtained from the copyright 
holder (publisher, journal or authors) should be sent to the Editor-in-
Chief’s Office.

Short communications: These manuscripts are intended to concise and 
quick publishing of a new finding. Publishing of research articles under this 
concept is decided by the Editorial Board, providing that the authors adhere 
to the publishing format. The general format of this type of manuscript 
is similar to that of research articles except the word and reference 
limitations. For the short communications, main text should not exceed 
1,500 words and number of references should not exceed 15.

Case Report: Since a limited number of case reports is published, only 
reports which are related to rare cases and conditions that constitute 
challenges in diagnosis and treatment, offer new methods or suggest 
knowledge not included in books, and are interesting and educational 
are accepted for publication. A case presentation consists of Title, 
Authors, their addresses, Abstract, Key Words, Introduction, Patients 
and Methods, Results, Discussion, Conclusion, Ethical Considerations, 
Acknowledgements, Conflict of Interest, References, Figure Legends, 
Figures, and Tables. Main Text should not exceed 1500 words excluding the 
references. The reference list should follow the main text and the number 
of references should be limited to 15. Tables, Figures and Images should be 
provided after the reference list according to their order of appearance in 
the text and should be limited to two.

Letter to the Editor: Letters to the Editor aim to discuss the importance 
of a manuscript previously published in the journal. This type of manuscripts 
should also include a comment on the published manuscript. Moreover, 
articles on topics of interest to readers within the scope of the journal, 
especially on educational issues, can be published in the format of a Letter to 
the Editor. It consists of title, main text and references sections. Abstract, 
Keywords, Tables, Figures and Images, and other visuals are not included. 
Main Text should not include subheadings and it should be limited to 500 
words. The reference list should follow the main text and the number of 
references should be limited to five. The volume, year, issue, page numbers, 
authors’ names and title of the manuscript should be clearly stated, included 
in the list of references and cited within the text.

Opinion papers: Opinions on the topics within the scope of the 
journal that are prepared by the experts are published in this section. An 
opinion consists of Title, Authors, their addresses, Abstract, Key Words, 
Introduction, Discussion, Conclusion, Ethical Considerations (if necessary), 
Acknowledgements, Conflict Of Interest, References, Figure Legends, 
Figures, and Tables. Editorial Board decides the eligibility of an opinion with 

INTERNATIONAL JOURNAL OF 

MEDICAL BIOCHEMISTRY



respect to its concept and language. For the opinions, main text should 
not exceed 1,500 words and number of references should not exceed 15.

Technical reports: Manuscripts on development and application of new 
methodologies are published in this category. A technical report consists of 
Title, Authors, their addresses, Abstract, Key Words, Introduction including 
the main aspects of the method involved, Materials and Methods, Results, 
Discussion, Ethical Considerations (if necessary), Acknowledgements, 
Conflict of Interest, References, Figure Legends, Figures, and Tables. Data 
analysis should be presented in Materials and Methods. Clinical technical 
reports should include and discuss the clinical significance of values and 
their deviations. For the technical reports, main text should not exceed 
1,500 words and number of references should not exceed 10.

Editorial Comment: Authors are selected and invited by the Editor-
in-Chief. This type of manuscript aims at providing a brief commentary 
on an article published in the journal by a researcher who is an authority 
in the relevant field or by the reviewer of the article. It should consist 
of title, main text and references sections. Main Text should not include 
subheadings and should be limited to 500 words. The reference list should 
follow the main text and the number of references should be limited by 
15. Abstract, Keywords, Tables, Figures, Images and other visuals are not 
included in editorial comments.

PREPARATION OF MANUSCRIPTS

Manuscripts should be prepared according to the above mentioned word and 
reference limitations and other related information. Language: Manuscripts 
should be written in clear and concise English. Please have your text 
proofread by a native English speaker before you submit for consideration.

The manuscripts submitted to our journal are classified and evaluated 
according to the manuscript types stated below. During preliminary 
evaluation, the editors assess whether a manuscript’s format and sub-
headings are prepared in accordance with the journal’s guidelines. Therefore, 
it is important that authors check the accuracy of the main text in terms of 
the following.

Title Page: Title should be concise and informative and reflect the content 
of the manuscript and should not exceed 15 words. Avoid abbreviations 
and formulae where possible. It should be written in sentence case; that 
is, first letter of the initial word should be written in capital letter and rest 
of the title should be typed with lower case letters except proper nouns 
and abbreviations.

Information about the authors and their institutions should not be included in 
the main text, tables and figures. Since submitted manuscripts are evaluated 
by the reviewers through the online system, personal identification is 
excluded in the interests of unbiased interpretation. Thus, only information 
about the manuscript as specified below should be included on the title 
page. For each type of manuscript, it is mandatory to upload a title page as a 
separate Microsoft Word document through the online submission system. 
The title page should include the names of the authors with their latest 
academic degrees, and the name of the department and institution, city 
and country where the study was conducted. If the study was conducted 
in several institutions, the affiliation of each author must be specified with 
symbols. The first letters of authors’ names and surnames should begin with 
capital letter and the rest should be written in lower case letters. If there is 
more than one author, corresponding author should be indicated. 

The correspondence address should contain the full name of the 
corresponding author, postal and e-mail addresses, phone and fax numbers. 
If the content of the manuscript has been presented before, the name, 
date and place of the meeting must be noted. Disclosure of conflict of 
interest, institutional and financial support, author contributions and 
acknowledgments should be included on the title page.

Structured Abstract: It should be structured with Objective, Methods, 
Results and Conclusion subheadings and should be limited to 300 words. 
The abstract should state briefly the purpose of the research, the 
principal results and major conclusions. An abstract is often presented 
separately from the article, so it must be able to stand alone. For this 
reason, References should be avoided. Also, non-standard or uncommon 
abbreviations should be avoided, but if essential they must be defined at 
their first mention in the abstract itself. Level of evidence has to be stated 
at the end of the abstract as a separate paragraph. 

Keywords: This section should contain a minimum of three and a maximum 
of six items in accordance with Medical Subject Headings (MeSH) terms 
prepared by the National Library of Medicine (NLM) and should be placed 
just below the abstract.

Main Text: Text should be prepared with MS Word document. All text 
should be written with Arial font type at 12 font size and double spaced 
on A4 sized paper with 1 cm right margin and 3 cm other margins. Header 
and/or footer should not be inserted in the text except that the pages 
should be numbered with Arabic numerals. Main text should consist of 
title, introduction, materials and methods, results and discussion

Introduction: State the objectives of the work and provide an adequate 
background, avoiding a detailed literature survey or a summary of the 
results. The unnecessary details and excessive references should be avoided. 
Hypothesis and the aim of the study should be stated in the introduction.

Material and methods: Provide sufficient detail to allow the work to be 
reproduced. Methods already published should be indicated by a reference: 
only relevant modifications should be described. Design and place of 
the study, subjects/patients, if applicable, information on the treatment 
procedures, statistical methods and information on the adherence to the 
ethical rules should be indicated.

Statistical analysis should be conducted in accordance with the guidelines 
on reporting statistical data in medical journals. The software used 
for statistical analysis must be described. The outcomes of statistical 
analyses and interpretation of the results must be in evidence-based 
scientific language. Statistics- statistical methods should be explained in 
detail in the Materials and Methods so that if original data is given, the 
results can be verified. If possible, quantitative results should be given 
and appropriate indicators should be used to indicate measurement 
error or uncertainty.

Results: Results should be clear and concise. Results must be concise 
and include figures and tables. Descriptive statistics should be compatible 
with the nature of data and statistical analyses used. The graphs should be 
prepared to reflect the important features of data. Please avoid excessive 
figures and tables.

Tables, Graphs and Figures

• Tables, Graphs, Figures and other visuals should be numbered in the 
order of their citation within the text and names of patients, doctors 
and institutions should not be disclosed.

• Tables should be prepared in a Microsoft Office Word document 
using the command ‘Insert Table’ and inserted at the end of the 
references in the main text.

• Tables should not be submitted in JPEG, TIFF or other visual formats. 
For microscopic images, the magnification ratio and staining technique 
used should be specified in addition to figure legends.
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• Roman numbers should be avoided in tables and figures within 
the text and their titles. Each table should be clearly labeled and 
numbered consecutively with Arabic numerals (Table 1, Table 2, etc.). 
The abbreviations used must be defined. As with the text, reporting 
of concentration units consists of analyte concentrations expressed 
in the text in the traditional mass unit (mg/dL, ng/ml, and so forth) 
followed by the SI unit in parentheses

• The thickness of the lines in graphs should be sufficient to minimize 
loss of quality if size reduction is needed during the printing process. 
The width of the graphs should be 9 cm or 18 cm. Drawings should be 
performed by professionals. No grey colours should be used.

• Abbreviations should be explained in alphabetical order at the bottom 
of the tables, graphs and figures.

• Explanations should be at the bottom of the table as footnotes.

• Tables should not be divided into parts. Separate parts (Table 1A, 
Table 1B, etc.) will be considered separate tables and will count 
toward your overall table/figure count.

• Table captions should be limited to 60 words.

• Tables should be easily understandable and should not repeat the data 
in the main text.

• In addition to the pictures included in case reports and original images, 
video and movie images are published on the journal’s website. These 
images should be prepared in MPEG format with a maximum size of 
2 MB. They should be submitted to the journal with the manuscript 
documents. The names of patients, doctors, institutions and places 
should be omitted from all documents.

• All figures must be uploaded separately as image files in Tagged Image 
File Format (.TIFF) or Encapsulated Postscript (.EPS). Microsoft 
Power Point (.PPT) is also acceptable; however, the graphics must 
contain embedded fonts with one image per slide, one slide per file. 
Each image should have a resolution of 600 dots-per-inch (dpi).

• Indicate each footnote in a table with a superscript lowercase letter.

Discussion: This should explore the significance of the results of the 
work, not repeat them. A combined Results and Discussion section is 
often appropriate. Avoid extensive citations and discussion of published 
literature.

Conclusions: The main conclusions of the study may be presented in a 
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Serum ceramide and meteorin-like protein as potential 
biomarkers of type 2 diabetes mellitus

Type 2 diabetes (T2D) is a chronic, multisystem disorder and 
a major global public health issue that steadily declines the 

quality of life. In the twenty-first century, T2D has become one 
of the most significant epidemics due to its continually rising 
incidence. T2D patients often remain untreated for years be-
cause of the lack of early severe symptoms and the gradual 
progression of the disease, which lacks typical hyperglycemia 

manifestations, such as weight loss and dehydration [1]. Hyper-
tension and dyslipidemia are some of the most common car-
diovascular disease (CVD) risk factors [2]. An important area in 
clinical and public health research is understanding the correla-
tion between various phases of glucose intolerance and serum 
lipid patterns, which has the potential to inform future preven-
tion strategies for diabetes mellitus (DM) and related outcomes.

Objectives: The recent research aims to detect ceramide and meteorin-like proteins as potential markers for identify-
ing type 2 diabetes and monitoring its progression.
Methods: A cross-sectional study included three groups: type 2 diabetes without hypertension, type 2 diabetes with 
hypertension, and healthy control groups. Serum ceramide, meteorin-like protein, insulin, fasting blood glucose, lipid 
profile, and hemoglobin A1c levels were measured.
Results: Higher concentrations of ceramide, fasting blood glucose, hemoglobin A1c, and the homeostatic model as-
sessment of insulin resistance were observed in both type 2 diabetes groups compared to the healthy control group. In 
the type 2 diabetes group with hypertension, total cholesterol was elevated compared to the other study groups; how-
ever, the concentration of low/very-low-density lipoprotein was statistically higher than in the healthy control group. 
Serum meteorin-like protein was statistically lower in the type 2 diabetes group with hypertension than in the other 
study groups and positively correlated with fasting blood glucose in type 2 diabetes with hypertension. The ceramide 
level showed a significant positive correlation with meteorin-like protein across all study groups and with systolic blood 
pressure in the type 2 diabetes group with hypertension. In type 2 diabetes without hypertension, ceramide negatively 
correlated with the homeostatic model assessment of insulin resistance and fasting blood glucose.
Conclusion: Elevated ceramide levels could accelerate type 2 diabetes progression. Meteorin-like protein levels were 
lower in type 2 diabetes with hypertension and higher in type 2 diabetes without hypertension. It positively correlated 
with fasting blood glucose in type 2 diabetes with hypertension, suggesting that meteorin-like protein may play a 
potential role in glycemic and blood pressure control.
Keywords: Ceramide, hypertension, IR, meteorin-like protein, T2D

 Hussein Saeed Sfayyih1,  Abdulkareem Mohammed Jewad1,  Hasan Abd Ali Khudhair2

1College of Health and Medical Techniques/Al-Basrah, Southern Technical University, Ministry of Higher Education and Scientific 
Research, Basra, Iraq
2Al-Nasiriyah Technical Institute, Southern Technical University, Ministry of Higher Education and Scientific Research, Basra, Iraq

Abstract

How to cite this article: Sfayyih HS, Jewad AM, Khudhair HAA. Serum ceramide and meteorin-like protein as potential biomarkers of 
type 2 diabetes mellitus. Int J Med Biochem 2025;8(1):1–9.

DOI:

Research Article

Int J Med Biochem 2025;8(1):1–9
10.14744/ijmb.2024.85530

This article is excerpted from a thesis published under the supervision of Abdulkareem Mohammed Jewad and Hasan Abd Ali Khudhair between 
4 September 2022 and 4 September 2024.

https://orcid.org/0009-0004-2927-7043
https://orcid.org/0000-0003-0608-4279
https://orcid.org/0000-0002-2612-615X


Int J Med Biochem2

Fasting blood glucose (FBG) and hemoglobin A1c (HbA1c) tests 
are unable to accurately guide the best possible treatment for 
T2D, as they fail to account sufficiently for variations in diabetes 
causes, insulin resistance, and insulin production. These tests are 
only useful post-disease manifestations [3]. Therefore, it is crucial 
to find biomarkers for rapid and precise DM outcome detection 
and to develop more accurate non-invasive markers that may be 
used for T2D diagnosis across various disease stages.
Ceramides (Cer) are involved in numerous pathophysiological 
processes, including cancer, inflammation, neurodegenera-
tive diseases, obesity, diabetes, and CVD. Ceramides exhibit 
pro-inflammatory and pro-apoptotic properties, and their 
levels in the bloodstream are positively associated with age. 
However, the impact of ceramide alterations on T2D remains 
uncertain. Previous research suggests that ceramides play a 
role in T2D development by decreasing insulin production, 
disrupting insulin signaling, and impairing glucose transport-
er activity [4]. A better understanding of ceramide levels and 
T2D risk could direct the development of new pharmacologic 
treatments for both primary and secondary prevention of T2D.
Meteorin-like protein (Metrnl) has a diverse impact on metab-
olism, immunology, and inflammation. Various physiological 
activities, such as exercise, temperature changes, bariatric sur-
gery, and high-fat diets, may also affect Metrnl levels. Studies 
report differing findings about Metrnl levels in patients; one 
study observed reduced Metrnl in diabetics [5], while anoth-
er found elevated levels in diabetic patients [6]. Meteorin-like 
protein attracts eosinophils into adipose tissue, which is a pri-
mary producer of interleukin (IL)-13 and IL-4, which activate 
thermogenic genes. This suggests that Metrnl may regulate 
temperature and energy consumption [7]. Thus, Metrnl is a 
compelling subject to examine in the context of metabol-
ic conditions. The current research aims to detect lipid ab-
normalities in T2D subjects and to examine the relationship 
between various serum lipid patterns and T2D, as well as ad-
dress knowledge gaps regarding the profiles of ceramide and 
Metrnl in T2D patients. The hope is that these observations 
will translate into new screening assays and therapies to alle-
viate and potentially prevent or cure T2D.

Materials and Methods
1. Subjects/study design: Between August 2023 and De-

cember 2023, cross-sectional research was conducted at 
the Al-Nasiriyah Teaching Hospital in Thi-Qar governorate, 
Iraq. Three study groups were enrolled in this research (15 
males and 15 females for each group): the T2D without hy-
pertension group (first group), which consisted of 30 T2D 
patients without hypertension aged 34 to 56 years; the T2D 
with hypertension group (second group), which included 
30 T2D patients with hypertension aged 34–56 years; and 
the healthy control (HC) group (third group), comprising 
30 subjects aged 35 to 55 years.

 Patients in the first and second groups had a confirmed 
T2D diagnosis from the Al-Nasiriyah Teaching Hospital. 
Exclusion criteria for this study included patients with re-

cent blood transfusion, cancer, chronic or autoimmune 
diseases, pregnant or lactating mothers, patients under 
corticosteroid or biological therapy, recent surgery, or any 
diabetes complications. Eligible patients had to fast for at 
least 12 hours and meet none of the above criteria. Addi-
tionally, all T2D patients were diagnosed within the past 
six months, ensuring that case group participants were 
relatively newly diagnosed to allow for a more consistent 
comparison of early disease biomarkers and progression.

 Eligibility criteria for the HC group included no family his-
tory of DM, non-smoking status, non-pregnancy or lacta-
tion (for females), absence of inflammation or infection, no 
chronic or autoimmune diseases, no recent blood transfu-
sions or surgeries, and no use of biological agents.

 The present study received full approval from the Ethics 
Committee of the Training and Human Development Unit, 
Thi-Qar Health Department, Ministry of Health, Iraq. This 
approval was granted under committee number 153/2023 
on July 27, 2023, in line with the Helsinki Declaration, and 
informed consent was obtained from each participant to 
meet international research ethical standards.

2. Blood pressure determination: Blood pressure (BP) was 
measured using a digital patient monitor (UTAS Technol-
ogies, Slovakia). Normal systolic blood pressure (SBP) was 
defined as <140 mmHg, and normal diastolic blood pres-
sure (DBP) was <90 mmHg [8].

3. Sample collection: Three to five milliliters (mL) of periph-
eral blood (PB) were collected from each subject after 12 
hours of fasting. Two mL of collected PB was used for the 
HbA1c test, while the remaining PB was used for serum 
separation. Collected sera were stored at -80 degrees Cel-
sius if not used immediately for subsequent analysis.

4. Biochemical assays: Quantitative determination of 
HbA1c in PB and FBG in serum was performed in vitro us-
ing the Roche/Cobas c111 system (Roche, Germany) with 
HbA1c and glucose kits (Roche, Germany). Findings were 
expressed as percentages (%) for HbA1c and in milligrams 
(mg) per deciliter (dL) for FBG.

 Human insulin was detected and quantified in micro-in-
ternational units (µIU)/mL using an insulin enzyme-linked 
immunosorbent assay (ELISA) kit (Elabscience, USA) based 
on sandwich-ELISA technology. The homeostatic model 
assessment (HOMA)-IR was determined using the follow-
ing formula:

HOMA-IR=Fasting insulin (µIU)×FBG (mg/dl)/405 [9] 
Serum TG, total cholesterol (TC), and high-density lipoprotein 
(HDL) were detected and titrated in mg/dl by Roche/Cobas 
c111 devices (Roche, Germany) using TG, cholesterol, and HDL 
kits, respectively (Roche, Germany). Serum very low-density li-
poprotein (vLDL) and low-density lipoprotein (LDL) were deter-
mined by the formulas number (1) and number (2), respectively. 
VLDL (mg/dl)=TG/5 (1) [10]
LDL (mg/dl)=TG–(HDL + VLDL (2) [11]
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Serum cer and metrnl detection
Serum ceramide (Cer) and meteorin-like protein (Metrnl) levels 
were detected in nanograms (ng)/mL using Cer and Metrnl ELI-
SA kits (Bioassay Technology Laboratory, China), based on sand-
wich-ELISA technology. The kits have sensitivities of 0.023 ng/
mL for Metrnl and 0.62 ng/mL for Cer, allowing detection at very 
low levels. The detection range for Metrnl is 0.05–15 ng/mL and 
for Cer is 1–400 ng/mL, which defines the range within which 
the assay can accurately measure these biomolecules. Cer and 
Metrnl levels were categorized as follows: below-normal (<40 
ng/mL and <1 ng/mL), normal (40–70 ng/mL and 1–3 ng/mL), 
and above-normal (>70 ng/mL and >3 ng/mL), respectively.

For all the above-mentioned assays, the test protocol was fol-
lowed according to the manufacturer's instructions, and all 
scoring values were based on levels observed in the HC group.

Statistical analysis
For data presentation and analysis, the Statistical Package for 
Social Sciences version 22 was used. Frequencies, relative fre-
quencies, means, and standard deviation (SD) were calculated 
as descriptive statistics. The Chi-Square test was employed 
to compare categorical parameters, while the significance of 
differences in continuous variables with a non-normal distri-
bution was evaluated using the Kruskal-Wallis test. Multiple 
comparisons within groups were tested using the Dunn test 
as a post hoc test. Spearman’s correlation (r) was utilized to 
assess correlations between variables. Statistical significance 
was determined when the p-value was below 0.05.

Results
The findings revealed a significant elevation in age, LDL, 
and vLDL mean values in T2D patients with hypertension 
(48.2±5.13 years, 168.6±67.17 mg/dL, and 50.8±32.65 mg/
dL, respectively) compared to the HC group (42.7±6.13 years, 
103.5±43.45 mg/dL, and 26.7±12.27 mg/dL, respectively). The 
levels of FBG, HbA1c, HOMA-IR, and TG were significantly high-
er in both T2D without hypertension (223.9±107.67 mg/dL, 
8.5%±1.87, 8.17±6.23, and 189.2±97.32 mg/dL, respectively) 
and T2D with hypertension (236.4±129.82 mg/dL, 8.4%±1.62, 
12.50±9.75, and 254.3±163.3 mg/dL, respectively) compared 
to the HC group (98.47±13.24 mg/dL, 5.4%±0.57, 2.85±2.63, 
and 133.9±61.36 mg/dL, respectively). For TC, there was a sig-
nificantly higher level in T2D with hypertension (208.8±42.81 
mg/dL) compared to T2D without hypertension (184.9±34.09 
mg/dL) and the HC group (162.1±34.77 mg/dL). Mean SBP 
in T2D patients with hypertension was significantly higher 
(140.9±15.34 mmHg) compared to T2D patients without hy-
pertension (123.06±7.13 mmHg) and controls (118.4±5.26 
mmHg), with P-values of <0.001 for both. Similarly, mean DBP 
was elevated in T2D patients with hypertension (89.6±8.55 
mmHg) compared to T2D patients without hypertension 
(83.1±6.30 mmHg) and the HC group (81.3±5.19 mmHg), with 
significant P-values of 0.001 for both. All other comparisons 
revealed non-significant differences (Table 1).

Table 2 demonstrated that T2D without hypertension and 
T2D with hypertension groups had significantly higher 
percentages of above-normal Cer levels (53.3% and 40%, 
respectively) compared to the HC group (20%). However, 
there was no statistical difference between T2D without hy-
pertension and T2D with hypertension. The mean Cer level 
was highest in T2D without hypertension (66.99±14.4 ng/
mL) and in T2D with hypertension (61.66±20.69 ng/mL) 
compared to the control group (45.41±13.9 ng/mL), with 
a significant difference observed. No significant difference 
was found in mean Cer levels between T2D without hyper-
tension and T2D with hypertension.
The percentage of Metrnl below-normal levels was significant-
ly lower in T2D without hypertension (20%) compared to T2D 
with hypertension (60%) and the HC group (56.7%). No signifi-
cant difference was observed in Metrnl levels between T2D with 
hypertension and the HC group. The mean Metrnl titer was sig-
nificantly higher in T2D without hypertension (1.71±0.86 ng/
mL) than in T2D with hypertension (1.12±0.96 ng/mL) and the 
HC group (1.55±1.80 ng/mL), and it was statistically elevated 
in the HC group compared to T2D with hypertension (Table 3).
The percentage of Metrnl below-normal levels was significant-
ly higher in T2D without hypertension, T2D with hypertension, 
and HC subjects with below-normal Cer levels (50%, 100%, and 
77.8%, respectively) compared to those with above-normal Cer 
levels (18.75%, 50%, and 0%, respectively). Metrnl concentra-
tion was statistically significant in T2D with hypertension and 
HC subjects with above-normal Cer levels (1.27 ng/mL and 3.70 
ng/mL, respectively) compared to those with below-normal 
Cer levels (0.62 ng/mL and 0.76 ng/mL, respectively). However, 
no significant differences were observed in mean Metrnl levels 
for T2D without hypertension individuals with below-normal, 
normal, or above-normal Cer levels (Table 4).
A significant positive relationship was observed between Cer 
and SBP among T2D patients with hypertension. Additionally, 
a significant negative correlation was found between Cer, HO-
MA-IR, and FBG in T2D patients without hypertension. Among 
T2D patients with hypertension, Metrnl positively correlated 
with FBG, while in the HC group, it inversely correlated with 
FBG (Table 5). All other correlations were not significant, as 
shown in the Table.

Discussion
Individuals with T2D often exhibit insulin resistance (IR), 
impaired glucose tolerance, dyslipidemia, and hyperten-
sion [12]. These findings align with the current study, which 
showed elevated levels of TG, TC, HOMA-IR, LDL, and vLDL in 
both T2D groups compared to the HC group (Table 1). Hy-
perglycemia and elevated HbA1c levels negatively impact 
lipid profiles and increase the risk of CVD and dyslipidemia. 
Increased free fatty acids (FFA) stimulate triglyceride (TG) 
formation, leading to higher secretion of apolipoprotein 
B (ApoB) and LDL. Insulin typically promotes ApoB break-
down by activating phosphatidylinositol-3 kinase, but this 
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process is impaired in IR conditions [13], possibly explaining 
the elevated TG levels under IR conditions.
The association between high blood pressure and dyslipid-
emia in T2D enhances cardiovascular and metabolic disease 
risk factors [12]. Consistent with these observations, the 
present research found a significantly higher level of TC in 
T2D with hypertension compared to T2D without hyperten-
sion (Table 1). A previous cross-sectional study [14] also re-
ported significant differences in LDL levels among individu-
als diagnosed with T2D and hypertension. This investigation 
supports findings of increased TC levels in T2D patients with 
hypertension, indicating the presence of dyslipidemia.

Research has shown that as individuals with both hyperten-
sion and diabetes age, they face a higher risk of experiencing 
macrovascular and microvascular events [15]. The findings 
of this previous research support our current investigation, 
which shows an increasing trend in age among patients with 
both high BP and DM. The current study revealed significantly 
higher FBG levels and HbA1c percentages in both T2D groups 
compared to the HC group (Table 1). Consistent with recent 
findings, Khan et al. [16] observed a notable elevation in FBG 
and HbA1c levels in diabetic individuals. Previous studies have 
shown that individuals with T2D exhibit elevated levels of FBG, 
TC, LDL, and TG compared to control groups [17]. This study 

Table 1. Comparison of demographic and biochemical parameter between study groups

Variables G1 (n=30) G2 (n=30) G3 (n=30) p 
 Mean±SD Mean±SD Mean±SD 

Age (years) 45.7±6.88 48.2±5.13 42.7±6.13 G1/G2: 0.256 
    G2/G3: 0.002*
    G1/G3: 0.155 
SBP (mmHg) 123.06±7.13 140.9±15.34 118.4±5.26 G1/G2: <0.001*
    G2/G3: 0.001*
    G1/G3: 0.06
DBP (mmHg) 83.1±6.30 89.6±8.55 81.3±5.19 G1/G2: 0.001*
    G2/G3: 0.001*
    G1/G3: 0.566
FBG (mg/dl) 223.9±107.67 236.4±129.82 98.47±13.24 G1/G2: 0.991 
    G2/G3: <0.001*
    G1/G3: <0.001*
HbA1c (%) 8.5±1.87 8.4±1.62 5.4±0.57 G1/G2: 0.969 
    G2/G3: <0.001* 
    G1/G3: <0.001*
HOMA-IR 8.17±6.23 12.50±9.75 2.85±2.63 G1/G2: 0.292 
    G2/G3: <0.001*
    G1/G3: 0.001
TG (mg/dl) 189.2±97.32 254.3±163.3 133.9±61.36 G1/G2: 0.168 
    G2/G3: <0.001*
    G1/G3: 0.035*
TC (mg/dl) 184.9±34.09 208.8±42.81 162.1±34.77 G1×G2: 0.04*
    G2/G3: <0.001* 
    G1/G3: 0.053
HDL (mg/dl) 86.5±21.91 91.04±16.28 85.3±19.03 G1/G2: 0.641
    G2/G3: 0.486 
    G1/G3: 0.966
LDL (mg/dl) 136.1±48.04 168.6±67.17 103.5±43.45 G1/G2: 0.057
    G2/G3: <0.001* 
    G1/G3: 0.055
vLDL (mg/dl) 37.8±19.46 50.8±32.65 26.7±12.27 G1/G2: 0.132
    G2/G3: <0.001*
    G1/G3: 0.073

The Dunn test is a post hoc test for multiple comparisons within groups, and the Kruskal-Wallis test is used to compare non-parametric continuous variables. *: Significant 
differences. G1: T2D without hypertension; G2: T2D with hypertension; G3: Control group; n: Number; SD: Standard deviation; SBP: Systolic blood pressure; DBP: Diastolic 
blood pressure; FBG: Fasting blood glucose; HbA1c: Hemoglobin A1c; HOMA-IR: Homeostatic model assessment-insulin resistance; TG: Triglyceride; TC: Total cholesterol; 
HDL: High density lipoprotein; LDL: Low density lipoprotein; vLDL: Very low density lipoprotein; mmHg: Millimeters of mercury; mg: Milligram; dl: Deciliter.
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confirms that diabetic patients, with or without hypertension, 
experience elevated FBG and HbA1c levels, highlighting the 
importance of these variables in assessing glycemic control.
The findings of this study showed no significant differences 
in HDL levels between the study groups (Table 1), consistent 
with other research [18] that reported no link between HDL 
concentrations and T2D occurrence.
The current study found that T2D patients with hypertension 
had significantly higher SBP and DBP compared to those with-
out hypertension and the HC group (Table 1). This finding is 
consistent with recent research, such as a study by Rapsoman-
iki et al. [19], which demonstrated that hypertension is more 
severe and prevalent in T2D patients, contributing to a higher 
cardiovascular risk. Even normotensive T2D patients tend to 
have higher BP than healthy individuals, suggesting possible 
subclinical hypertension, as noted by Zaccardi et al. [20]. These 
findings highlight the importance of strict BP management in 
T2D patients to reduce the risk of complications, a point un-

derscored in recent guidelines and reviews on the manage-
ment of hypertension in diabetes by De Boer et al. [21].
Elevated levels of Cer in the bloodstream can result in IR and 
metabolic syndrome; however, disruption of Cer biosynthesis 
through drugs or genetics can promote glucose metabolism and 
improve insulin sensitivity [22]. Consistent with these findings, 
the current study showed a significantly higher Cer level among 
both T2D groups compared to the HC group (Table 2). Evidence 
suggests that several metabolic conditions, such as DM and CVD, 
can be ameliorated by inhibiting Cer formation and promoting 
Cer breakdown in humans [23]. These findings confirm that Cer 
could potentially serve as a specific T2D biomarker.
Meteorin-like protein (Metrnl) is a newly identified adipomyo-
kine that may assist in managing metabolic and inflammatory 
diseases, such as T2D. Since its discovery, many researchers have 
investigated the link between blood concentrations of Metrnl 
and T2D, although findings have yet to reach a consensus [24]. 
Multiple studies on the role of serum Metrnl in T2D have report-

Table 2. The result of ceramide in all study group

Biomarker/  G1   G2   G3   Total 
groups  (n=30)   (n=30)    (n=30)    (n=90)

  n  % n  % n  % n  %

Cer (ng/ml) FR (%)
 Below N (<40) 2  6.7 3  10 9  30 14  15.6
 Normal (40–70) 12  40 15  50 15  50 42  46.7
 Above N (>70) 16  53.3 12  40 6  20 34  37.8
 Total 30  100 30  100 30  100 90  100
Mean±SD 66.99±14.40 61.66±20.69 45.41±13.90 58.02±16.33
p-value    G1/G2: >0.05, G1/G3: <0.05*, G2/G3: <0.05*

The Chi-square test is used to compare categorical variables, and the Kruskal-Wallis test is used to compare the 
mean of non-parametric continuous variables. *: Significant differences. G1: T2D without hypertension; G2: T2D with 
hypertension; G3: Control group; n: Number; Cer: Ceramide; ng: Nanogram; ml: Milliliter; FR: Frequency; N: Normal;  
SD: Standard deviation.

Table 3. The result of meteorin-like protein in all study group

Biomarker/ 
groups  G1   G2   G3   Total 
   (n=30)   (n=30)    (n=30)    (n=90)

  n  % n  % n  % n  %

Metrnl (ng/ml) FR (%)
 Below N (<1) 6  20 18  60 17  56.7 41  45.6
 Normal (1–3) 19  63.3 10  33.3 8  26.7 37  41.1
 Above N (>3) 5  16.7 2  6.7 5  16.7 12  13.3
 Total 30  100 30  100 30  100 90  100
Mean±SD  1.71±0.86  1.12±0.96  1.55±1.80  1.38±1.14
p-value    G1/G2: <0.05*, G1/G3: <0.05*, G2/G3: <0.05*

The Chi-square test is used to compare categorical variables, and the Kruskal-Wallis test is used to compare the 
mean of non-parametric continuous variables.  *: Significant differences. G1: T2D without hypertension; G2: T2D with 
hypertension; G3: Control group; n: Number; Metrnl: Meteorin-like protein; ng: Nanogram; ml: Milliliter; FR: frequency; 
N: normal; SD: standard deviation.
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ed controversial results. In the current research, Metrnl levels 
were markedly increased in T2D subjects without hypertension 
compared to T2D patients with hypertension and the HC group. 
Additionally, Metrnl levels were statistically lower in T2D sub-
jects with hypertension than in the HC group (Table 3). Similar 

to these findings, another study found that Metrnl levels in the 
bloodstream were inversely correlated with BP [6]. According to 
our data, we speculate that Metrnl is elevated in T2D without 
hypertension and decreased in T2D with hypertension; howev-
er, further clinical studies are required to verify this speculation.

Table 5. Illustrates the Pearson correlation between ceramide, meteorin-like protein, and anthropometric parameters

Biomarkers/    Ceramide (ng/ml)       Metrnl (ng/ml) 
groups 

  Group 1   Group 2   Group 3   Group 1   Group 2   Group 3

 r  p r  p r  p r  p r  p r  p

Age (year) 0.09  0.62 -0.02  0.90 0.15  0.42 -0.09  0.67 -0.14  0.46 0.08  0.69
SBP (mmHg) 0.21  0.26 0.49  0.01 -0.10  0.60 -0.14  0.50 0.14  0.45 0.09  0.64
DBP (mmHg) 0.22  0.24 0.34  0.07 -0.22  0.25 0.14  0.50 -0.07  0.70 -0.33  0.07
HbA1c (%) -0.30  0.10 0.20  0.28 -0.02  0.91 0.35  0.08 -0.33  0.07 0.00  0.98
HOMA-IR -0.35  0.04 -0.07  0.68 0.201  0.28 -0.004  0.98 0.21  0.25 -0.28  0.13
FBG (mg/dl) -0.35  0.04 -0.08  0.66 -0.17  0.36 -0.26  0.15 0.36  0.04 -0.52  0.00
TG (mg/dl) -0.09  0.63 -0.11  0.58 -0.14  0.48 0.08  0.71 0.03  0.87 -0.10  0.61
TC (mg/dl) 0.26  0.16 0.06  0.76 0.04  0.84 -0.08  0.69 -0.14  0.45 -0.26  0.17
HDL-c (mg/dl) 0.29  0.12 0.09  0.65 0.09  0.64 0.09  0.66 -0.08  0.69 0.01  0.97
LDL (mg/dl) 0.03  0.88 0.01  0.96 -0.06  0.77 -4.10  0.98 -0.09  0.63 -0.12  0.52
vLDL (mg/dl) -0.09  0.63 -0.11  0.58 -0.14  0.48 0.08  0.71 0.03  0.87 -0.10  0.61

Spearman correlation is used for correlation between non-parametric continuous variables. Metrnl: Meteorin-like protein; ng: Nanogram; ml: Milliliter; r: Correlation coefficient; 
mg: Milligram; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; HbA1c: Hemoglobin A1c; HOMA-IR: Homeostatic model assessment-insulin resistance; FBG: Fasting 
blood glucose; TG: Triglyceride; TC: Total cholesterol; HDL-c: High density lipoprotein cholesterol; LDL: Low density lipoprotein; vLDL: Very low density lipoprotein; dl: Deciliter; 
mmHg: Millimeter of mercury.

Table 4. The comparison between ceramide and meteorin-like protein levels

Biomarkers      Metrnl (ng/ml)      p

    Below N (<1)  Normal (1–3)  Above N (>3)  Total

   FR (%)  Mean FR (%)  Mean FR (%)  Mean FR (%)  Mean

Ceramide (ng/dml)
 Group 1
  Below N (n=2) 1 (50)  0.68 0 (0)  0 1 (50)  3.09 2 (100)  1.88 <0.05*
  Normal (n=12) 2 (16.7)  0.71 9 (75)  1.62 1 (8.3)  3.19 12 (100)  1.60 
  Above N (n=16) 3 (18.75)  0.85 10 (62.5)  1.55 3 (18.75)  3.45 16 (100)  1.77 
  Total (n=30) 6 (20)  0.78 19 (63.3)  1.58 4 (16.7)  3.33 30 (100)  1.71 
 Group 2
  Below N (n=3) 3 (100)  0.62 0 (0)  0 0 (0)  0(0) 3 (100)  0.62  <0.05*
  Normal (n=15) 9 (60)  0.71 6 (40)  1.17 0 (0)  4.38 15 (100)  1.11 
  Above N (n=12) 6 (50)  0.76 4 (33.3)  1.20 2 (16.7)  4.65 12 (100)  1.27 
  Total (n=30) 18 (60)  0.71 10 (33.3)  1.2 2 (6.7)  4.51 30 (100)  1.12 
 Group 3
  Below N (n=9) 7 (77.8)  0.48 2 (22.2)  1.73 0 (0)  0 9 (100)  0.76  <0.05*
  Normal (n=15) 10 (66.7)  0.54 5 (33.3)  1.29 0 (0)  0 15 (100)  0.90 
  Above N (n=6) 0 (0)  0 1 (16.7)  1.46 5 (83.3)  4.09 6 (100)  3.70 
  Total (n=30) 17 (56.7)  0.51 8 (26.6)  1.42 5 (16.6)  4.09 30 (100)  1.55

The Chi-square test is used to compare categorical variables, and the Kruskal-Wallis test is used to compare the mean of non-parametric continuous variables. *: Significant differences. 
Metrnl: Meteorin-like protein; N: Normal; FR: Frequency; ng: nanogram, ml: Milliliter; n: Number.
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Pancreatic beta (β)-cells produce Cer in response to lipotox-
icity and hyperglycemia, and β-cell death can be prevented 
by inhibiting Cer synthesis. Individuals with high lipid accu-
mulation in the liver have higher Cer levels than those with 
healthy livers [25]. This literature indicates that Cer has a 
crucial role in lipid-associated IR. Consistent with these ob-
servations, the current research found a significant positive 
correlation between Cer and Metrnl across all study groups 
(Table 4), indicating that a higher Cer level is associated with 
elevated lipid levels and higher Metrnl levels.

Metabolomics studies have shown varying relationships be-
tween Cer levels and HOMA-IR, ranging from positive to neg-
ative or no associations [26]. The current research reported 
a significant inverse relationship between Cer and HOMA-IR 
in T2D patients without hypertension (Table 5). Plasma Cer 
species exhibit a correlation with insulin sensitivity in small 
cross-sectional investigations involving fewer than 50 indi-
viduals [27]. Together, these data suggest that certain Cer 
species may have either deleterious or protective roles in 
DM and could offer future treatment targets. Several studies 
have evaluated the role of sphingolipids on phosphatidyli-
nositol-3 kinase, phosphoinositide-dependent protein ki-
nase-1, phosphoinositide, and glucose transporter-4 (GLUT4) 
[28, 29]. However, most researchers have not identified a di-
rect role. The current research reported a significant inverse 
relationship between Cer and FBG in T2D patients without 
hypertension (Table 5). While cell culture experiments have 
shown that Cer limits GLUT4 translocation and suppresses in-
sulin-induced glucose uptake [30], human research is limited, 
and the precise impact of sphingolipids on glucose homeo-
stasis remains unclear. Population-based research has found 
correlations between various Cer species and insulin levels, 
but it is still uncertain if sphingolipids are related to subse-
quent biomarkers of metabolic disorders, such as glucose in-
tolerance or the occurrence of diabetes itself [31].

Moreover, a statistically significant positive correlation was 
found between Cer concentrations and SBP in T2D subjects 
with hypertension (Table 5). By increasing oxidative stress in 
blood vessels, Cer may exacerbate hypertension, leading to 
impaired vasodilation and endothelial dysfunction [32]. Cer-
amides, suggested as potential biomarkers for hypertension, 
have been linked to inflammation and vascular dysfunction. 
An investigation by Vozella et al. [33] revealed a positive cor-
relation between age and plasma Cer in 164 individuals (84 
women). However, the current investigation did not find a 
clear correlation between age and serum Cer levels across 
study groups (Table 5). This discrepancy may stem from the 
previous study's focus on women only, whereas our study in-
cluded both sexes. Additional factors, such as study quality, 
sample collection conditions, and measurement materials, 
may have contributed to this variation.

Al Khairi et al. [7] reported no significant link between Metrnl, 
FBG, HbA1c, and HOMA-IR in T2D subjects. Similarly, the cur-
rent research found that Metrnl was positively correlated 

with FBG in T2D with hypertension and negatively correlated 
with FBG in the HC group (Table 5). An observational study 
also reported a significant elevation in serum Metrnl in new-
ly diagnosed T2D, with a notable correlation with glucose 
profile and IR [34]. The elevated Metrnl concentrations in T2D 
patients may indicate a protective compensatory response 
to metabolic stress, including IR. Thus, a strong correlation 
may exist between circulating Metrnl and glucose regulation 
in the body. To our knowledge, this research is the first to 
establish the valuable roles of Cer and Metrnl as possible bio-
markers for Iraqi patients with T2D.
Additionally, no significant relationship was reported be-
tween Cer and DBP, HbA1c, or lipid profiles in any study group 
(Table 5). This aligns with an observational cross-sectional 
study of 84 T2D participants and 75 controls, which reported 
no significant relationship between Cer and DBP, lipid profiles, 
or HbA1c in T2D patients [35]. Furthermore, there was no sta-
tistical relationship between Metrnl and other variables list-
ed in Table 5 across all study groups. This is consistent with 
a cross-sectional study of 150 subjects, which found no sig-
nificant correlation between Metrnl and biochemical param-
eters such as lipid profile, SBP, and DBP [36]. Another study on 
80 T2D patients revealed no significant correlation between 
Metrnl and biochemical tests involving HbA1c, TG, TC, HDL, 
LDL, SBP, and DBP in T2D groups [37].
Table 5 also presents correlations between Metrnl concen-
trations and age, HbA1c, and HOMA-IR across three groups, 
with no significant correlations found in any group. The 
negative correlation between Metrnl and age in T2D groups 
aligns with findings by Wu et al. [38], while the lack of a sig-
nificant correlation with HbA1c is in line with mixed results 
reported by Phuong et al. [39]. The negligible correlation 
between Metrnl and HOMA-IR in T2D without hypertension 
echoes findings from Paczkowska et al. [40]. These results 
suggest complex interactions between Metrnl, metabolic 
factors, and hypertension.
In the control group, the table indicates a positive correla-
tion between Metrnl levels and age, though this correlation 
is not statistically significant. These findings align with pre-
vious research, such as a study by Raschke et al. [41], which 
reported no significant correlation between Metrnl and age 
in a healthy population. The control subjects also show no 
significant relationship between Metrnl and HbA1c. The cor-
relation between Metrnl and HOMA-IR is a non-significant 
negative. These results are consistent with studies such as 
Ding et al. [42], which found no significant correlation be-
tween Metrnl and HOMA-IR in obese individuals.
This study has several limitations. First, the sample size was 
relatively small, and only Iraqi individuals were included; thus, 
results may not be generalizable to other ethnic groups. Ad-
ditional confounding factors, particularly exercise, cannot be 
ruled out, as Cer and Metrnl levels may fluctuate with activity. 
Future studies with larger, more diverse populations should 
be conducted to address these aspects.
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Conclusion
The current study found a significant increase in Cer levels, 
which could potentially accelerate T2D progression. Cer levels 
exhibited an inverse correlation with both FBG and HOMA-IR, 
while SBP and Metrnl showed a positive relationship with Cer. 
Relationships were observed between Cer, BP, and IR. Metrnl 
levels were lower in T2D patients with hypertension and 
higher in T2D without hypertension. The positive correlation 
between Metrnl and FBG in T2D patients with hypertension 
suggests that Metrnl may play a potential role in glycemic and 
BP control. Enhancing knowledge of Metrnl’s role in DM devel-
opment may aid in identifying potential therapeutic targets 
for managing DM and its complications.
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Rheumatoid Factor and ASO assessment by 
immunoturbidimetry and immunonephelometry

The utilization of specific protein tests to predict risks asso-
ciated with infection and autoantibody presence has in-

creased over the last few years. Antistreptolysin O (ASO) and 
rheumatoid factor (RF) tests are among the most requested 
tests. ASO antibodies are produced by the host after an in-
fection with group A beta-hemolytic streptococcus. ASO is 
used as a serological marker to indicate a past infection, even 
though evidence of its usefulness is limited. ASO titers are 
frequently requested, especially in cases of acute tonsillitis in 
the pediatric population [1]. RF is an autoantibody directed 
against gamma globulins. Rheumatoid arthritis (RA) patients 
have high RF levels in serum [2]; its titer mostly correlates with 
disease severity and predicts a poor prognosis [3, 4].

Specific proteins are analyzed using specialized methods such 
as radial immunodiffusion, immunoelectrophoresis, ELISA, 
dedicated immunonephelometers, or immunoturbidimeters 
[5]. Nephelometry has traditionally been considered a ref-
erence method. The most frequently used methods for the 
routine measurement of serum ASO and RF are based on im-
munonephelometry or immunoturbidimetry. Turbidimetry 
and nephelometry are photometric assays commonly used 
to quantify immune-complex precipitates by their ability to 
interact with incident light [6]. A special analyzer is required 
for nephelometric measurements, whereas turbidimetric mea-
surements can be easily performed on a clinical chemistry ana-
lyzer. Thus, clinical laboratories may opt to shift some analyses 

Objectives: In this study, ASO and RF immunoturbidimetric assays determined on the Roche Cobas analyzer were 
evaluated against an immunonephelometric method.
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to the clinical chemistry analyzer for cost savings. Some studies 
in the literature compare specific protein levels between tur-
bidimetry and nephelometric methods [7, 8]. These studies 
compared the turbidimetric system of the Abbott Architect 
ci8200 with the nephelometric systems of Beckman Immage 
or Dade Behring. To the best of our knowledge, there is no 
comparative study in the literature with the turbidimetric assay 
of the Roche Cobas analyzer, so it is necessary to evaluate the 
performance of specific protein assays on the Cobas system.
In this study, we aim to evaluate the analytical performance of 
ASO and RF assays conducted on the Cobas analyzer and to 
compare them with nephelometric assays.

Materials and Methods

Analyzers and assays
Assays for ASO and RF were performed with the immunoneph-
elometric method using the Beckman Coulter Immage 800 
(Beckman Coulter Inc., USA) analyzer and the immunotur-
bidimetric method using the Cobas c501 (Roche Diagnostics 
GmbH, Mannheim, Germany) analyzer. The Cobas c501 module 
performs photometric assays, with a throughput of up to 1000 
tests per hour for a combination of photometric and ion-selec-
tive electrode (ISE) tests. The Immage 800 is a nephelometer 
that performs approximately 180 tests per hour. Reagents, cali-
brators, and quality control (QC) materials were of the same ori-
gin as the instruments. The sample volume is 2 µL for ASO and 
3 µL for RF in the Cobas system, while it is 3.5 µL for ASO and 
5 µL for RF in the Immage system. The analytical ranges were 
20–600 IU/mL (Cobas) and 25–800 IU/mL (Immage) for ASO, 
and 10–130 IU/mL (Cobas) and 20–800 IU/mL (Immage) for RF. 
The declared within-run imprecision for Cobas was below 2% 
for the ASO assay and below 1% for the RF assay, whereas for 
Immage, it was above 2% for both the ASO and RF assays.

Precision and bias
Precision study was performed according to the CLSI EP05-A3 
protocol using the manufacturers internal quality control 
(IQC) (low and high levels) materials [6]. The cumulative coeffi-
cient of variation (CV%) measured on different days (20 days/
month, twice a day), was calculated for both IQC levels, desig-
nated as CV1% (low-level) and CV2% (high-level). Total CV% 
was calculated as the following formula:
CV%=√(CV12+CV22)
Biases were calculated from the difference between the labo-
ratory results and the target values of the IQC samples in the 
control inserts. To obtain bias of the turbidimetric method, the 
external quality assurance (EQA) program data were collected 
from BIORAD EQAS schemes (Monthly specific proteins) in 
2023 year. Bias% values were calculated as following formula: 
Bias% = Lab EQAS result- Peer group mean / Peer group mean
The desirable specifications for imprecision and bias were pre-
sented as 4.3% and 6.5% for RF test [10]. Hoewever, there were 
no desirable specifications in the literature for ASO test.

Method comparison
For comparison, fresh serum samples from patients whose 
ASO and RF levels were ordered in the routine laboratory 
were used. No additional samples were collected, no medi-
cal records were reviewed, and no contact with patients was 
made. For method comparison experiments, samples were an-
alyzed on the two analyzers on the same day. Abnormal sam-
ples, such as those indicating hemolysis, icterus, or lipemia, 
were excluded.

Statistical analysis
The MedCalc for Windows statistical package (MedCalc Soft-
ware, Ostend, Belgium) was used to perform method com-
parison. Method comparison results were analyzed using 
Passing-Bablok regression analysis and presented as y=bx+a. 
Intercept (a) and slope (b) values were considered significantly 
different from 0 and 1, respectively.

Results
The results of the precision and bias studies are summarized 
in Table 1.

We compared random patient samples, which included 99 for 
ASO and 61 for RF results. The patient sample-based method 
comparison data is presented in Figures 1 and 2. Strong cor-
relations were determined between the turbidimetric and 
nephelometric methods for ASO and RF (r=0.977 and r=0.854, 
respectively). Passing-Bablok regression analysis gave a slope 
of 1.64 and an intercept of -20.0 for ASO, and a slope of 1.02 
and an intercept of -10.9 for RF (Figs. 1, 2).

Discussion
Recently, growing test volumes for infection and autoanti-
body detection, along with the need for rapid turnaround 
times, have led to the increased use of turbidimetric ana-
lyzers rather than nephelometric analyzers. Turbidimetric 
measurements are easily performed on photometers or 
spectrophotometers and require minimal optimization 
[11]. In this study, we found that the imprecision of the ASO 
and RF assays on the Cobas analyzer was acceptable. Tur-

Table 1. Performances obtained IQC and EQA results of two 
methods

Test CV1% CV2% Total Bias% Bias% 
    CV% (IQC) (EQA)

ASO
 Turbidimetry 2.5 2.0 3.2 -3.6 -1.6
 Nephelometry 3.8 3.3 5.0 -1.1 NA
RF
 Turbidimetry 2.0 1.5 2.5 1.4 -3.6
 Nephelometry 5.6 3.9 7.3 1.6 NA

IQC: Internal quality control; EQA: External quality assurance; CV: Coefficient of 
variation; ASO: Antistreptolysin O; RF: Rheumatoid factor; NA: Not available
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bidimetry appeared to perform well in ASO and RF assays 
when also evaluated for accuracy. When comparing the 
two systems, imprecision was lower with the turbidime-
try-based instrument than with nephelometry. Our results 
align with studies reporting that turbidimetric assays are 
rapid, automated, applicable, and more reproducible than 
nephelometric assays [12, 13]. However, considering the 
acceptability of analytical imprecision, RF nephelometric 
analysis fell outside the desirable range.
The ASO and RF turbidimetric tests compared well with 
the corresponding nephelometric assays, based on the ob-
served correlation coefficients. Interestingly, although the 
method bias for ASO and RF was within acceptable ranges, 
the slope performance indicated a proportional bias for ASO 
and a constant bias for RF. The regression line slopes from 
method comparison studies were 1.65 for ASO and 1.02 for 
RF. Specifically, the slope for ASO was outside the acceptable 
range; however, this was not evaluated as unexpected, due 
to antibody specificity in immune measurements based on 
antigen-antibody complexes. For this reason, the reference 
ranges declared by the two systems for these tests may dif-
fer. The reference interval of the Immage analyzer for ASO 
is 25–116 IU/mL, while the reference interval of the Cobas 
analyzer is higher (20–150 IU/mL).
In this comparison, we initially accepted nephelometry as the 
reference method for serum ASO and RF determination. How-
ever, by the end of our study, we believe that this traditional 
acceptance in the measurement of specific proteins should be 
reconsidered. Some studies in the literature comparing these 
two methods already express doubt about which one is more 
accurate [14–16]. Therefore, we suggest that further improve-
ment in the standardization of nephelometric methods is 
beneficial, specifically for the RF assay.
There are limitations to our study, as we did not investigate 
the effects of interference and different clinical conditions, in-
cluding normal and pathological levels.

Conclusion
In conclusion, ASO and RF tests on the Cobas analyzer are 
suitable for routine use, as they meet the requirements for 
accuracy and precision. The imprecision of the RF assay 
should be improved, especially for the immunonephelo-
metric assay.
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Correlation between insulin resistance and serum irisin 
levels in polycystic ovary syndrome 

Polycystic Ovary Syndrome (PCOS) is a complex endocrine 
illness affecting 4% to 12% of women of reproductive 

age, making it one of the most prevalent hormonal disorders 
in this demographic [1]. It is characterized by hyperandro-
genism, chronic anovulation, and polycystic ovaries, and may 
be associated with irregular periods, hirsutism, and infertility 
[2]. Though PCOS is widespread, the underlying mechanisms 

of its development are not fully understood. Genetic, environ-
mental, and lifestyle factors are thought to contribute to its 
development, with insulin resistance playing a central role in 
its metabolic manifestations [3].
An estimated 50% to 70% of women with PCOS exhibit insulin 
resistance, irrespective of their body mass index (BMI) [4, 5]. 
This insulin resistance exacerbates hyperinsulinemia, which in 
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Resistance (HOMA-IR). Serum irisin levels were measured using an Enzyme-Linked Immunosorbent Assay (ELISA). Sta-
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Conclusion: Although weak correlations between serum irisin levels and insulin resistance markers were observed, no 
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turn stimulates ovarian androgen production, further compli-
cating the hormonal imbalance characteristic of PCOS [4]. Fur-
thermore, the condition of insulin resistance makes women 
with PCOS more susceptible to the development of long-term 
problems, including type 2 diabetes, metabolic syndrome, 
and cardiovascular disease [4, 6].
Recent attention has turned to irisin, a myokine first identified 
in 2012, which is released during physical activity and plays a 
key role in energy homeostasis [7–9]. Irisin is synthesized by the 
breakdown of the membrane protein FNDC5 and stimulates 
the process of browning in white adipose tissue, increasing 
heat production and total energy expenditure [8, 10]. Addition-
ally, irisin has been shown to improve glucose metabolism, re-
duce insulin resistance, and potentially mitigate obesity-related 
complications [10–12]. These effects suggest that irisin could be 
a crucial link between exercise and metabolic improvements in 
conditions such as obesity, diabetes, and PCOS [13].
Given the central role of insulin resistance in the pathophysiol-
ogy of PCOS and the effects of irisin on metabolic regulation, we 
aimed to investigate the relationship between serum irisin levels 
and insulin resistance in women with PCOS. Gaining a compre-
hensive understanding of this correlation could offer fresh per-
spectives on the mechanisms that regulate PCOS and emphasize 
potential treatment targets for controlling its metabolic effects.

Materials and Methods
This study was performed prospectively from August 2017 to 
February 2018 at the Gynecology and Obstetrics Clinic of the 
Health Sciences University Şişli Hamidiye Etfal Training and 
Research Hospital Perinatology Department. The first group 
consisted of 45 individuals diagnosed with both PCOS and 
insulin resistance, while the second group consisted of 45 pa-
tients diagnosed with PCOS but without insulin resistance.
Patients meeting two or more criteria, such as oligomenorrhea-
amenorrhea, polycystic ovaries on ultrasound, and hyperandro-
genism, were diagnosed with PCOS [14]. The exclusion criteria 
encompassed chronic illnesses (e.g., diabetes mellitus, thyroid 
dysfunction, kidney disease, hypertension), chronic drug us-
age, smoking, alcohol intake, and ovarian proliferation. Study 
participants were selected from women aged 18 to 45 who 
were still fertile. Demographic characteristics of the patients 
were recorded in the study. Insulin, glucose, free testosterone 
(F-TES), high-density lipoprotein (HDL), dehydroepiandros-
terone sulfate (DHEA-S), low-density lipoprotein (LDL), white 
blood cells (WBC), hemoglobin, platelets, total testosterone (T-
TES), sex hormone-binding globulin (SHBG), and prolactin lev-
els were analyzed in venous blood samples from the patients.
The HOMA-IR approach, an acronym for Homeostatic Model 
Assessment of Insulin Resistance, was used to evaluate the in-
sulin resistance of the patients. Blood glucose and insulin levels 
were measured after a fasting period of 8–10 hours. The study 
entailed the computation of HOMA-IR and Free Androgen 
Index (FAI) values for the patients, along with the implemen-
tation of Ferriman-Gallwey grading. HOMA-IR was calculated 

as follows: Fasting glucose (mg/dL) × Fasting insulin (uIU/mL) 
/ 405. Patients with a HOMA-IR score ≥2.5 were classified as 
insulin resistant [15]. The Free Androgen Index (FAI) was calcu-
lated using the formula: total testosterone × 100 / SHBG [16]. 
The degree of hirsutism was assessed using the Ferriman-Gall-
wey scale, which is based on nine androgen-sensitive areas, 
with scores from 0 (no terminal hair growth) to 4 (severe hair 
growth). A score of >8 indicated a diagnosis of hirsutism [17].
Metabolic syndrome was diagnosed according to the Ameri-
can Heart Association (AHA) criteria, determined by the pres-
ence of three or more of the following: fasting serum glucose 
(FSG) ≥ 100 mg/dL, serum HDL<50 mg/dL, serum triglycerides 
≥150 mg/dL, waist circumference ≥88 cm, and blood pressure 
≥130/85 mm/Hg [18].
The study was conducted in compliance with the principles 
stated in the Declaration of Helsinki. Each patient was in-
formed about the trial and gave informed consent. The local 
ethics commission granted ethical permission for this project, 
with approval number 849-22.08.2017.

Sample collection
The patients' venous blood samples were transferred into 
biochemical tubes fitted with separating gel. The biochemical 
tubes were spun in a centrifuge at +4°C, separating the blood 
cells and serum (4000 rpm, 10 minutes). The serum from the 
centrifuged blood samples was added to Eppendorf tubes, 
which were stored at -80°C until the irisin kits were obtained. 
The serum samples were slowly thawed the day before the test 
and homogenized by vortexing. The serums were prepared by 
keeping them at room temperature the day before the study.

Laboratory measurement and assay performance parameters
The spectrophotometric assay was used to analyze serum glu-
cose, HDL, and triglyceride levels on a Roche Cobas c701 auto-
analyzer (Mannheim, Germany). The LDL-C level was calculated 
using the Friedewald formula: [Total cholesterol - (HDL-C + 
(triglycerides / 5))]. An electrochemiluminescence assay (ECLIA) 
was used to analyze serum levels of F-TES, T-TES, prolactin, 
DHEA, SHBG, and insulin on a Roche Cobas e601 autoanalyzer 
(Mannheim, Germany). WBC and hemoglobin values were 
measured using a SYSMEX XT2000 Hematology Analyzer (Sys-
mex, Germany) via the fluorescence flow cytometry method.
The Enzyme-Linked Immunosorbent Assay (ELISA) was used 
to assess serum irisin levels. A Biotek ELX800 microplate reader 
was used to detect the absorbance of irisin (Human Irisin ELISA 
kit, catalog number: E-EL-H6120, www.elabsicience.com). Cal-
culations were performed using Gen 5 software. Blood samples 
were analyzed in duplicate, with a dilution rerun procedure for 
values higher than the measuring range. The measurement 
range was 0.015–1 ng/mL. Three different mean values were 
used for intra-assay precision (0.04±0.002 ng/mL, CV%=5.34; 
0.1±0.005 ng/mL, CV%=4.96; 0.47±0.23 ng/mL, CV%=5.02) 
and for inter-assay precision (0.04±0.002 ng/mL, CV%=5.1; 
0.1±0.004, CV%=4.55; 0.4±0.02, CV%=4.56). All performance 
values were provided by the manufacturer's insert.
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Statistical analysis
The statistical analysis was conducted using SPSS 15.0 soft-
ware for Windows. Descriptive statistics were presented as the 
mean, standard deviation, and standard error of the mean for 
numerical variables, and as numbers and percentages for cat-
egorical variables. Skewness and kurtosis values were initially 
used to evaluate normal distribution, followed by the Shapiro-
Wilk test to confirm normality. The Student’s t-test was used to 
compare two independent groups, as the numerical variables 
met the normal distribution requirement. Since the paramet-
ric test condition was met in all tests, Pearson correlation anal-
ysis was applied. Multivariate linear regression analysis was 
performed to determine if there were independent risk fac-
tors in the relationship between irisin and HOMA-IR. The sta-
tistical significance level was set at a p-value of less than 0.05.

Results
Table 1 presents the comprehensive characteristics of the in-
dividuals participating in the clinical investigation. The results 
showed no statistical difference in age and hip circumference 
between the two groups (p=0.974, p=0.875). The cohort with 
insulin resistance demonstrated significantly higher weight, 
BMI, and waist circumference compared to the cohort with-
out insulin resistance. Conversely, the group without insulin 
resistance showed greater height (p=0.004, p<0.001, p=0.001, 
and p=0.032, respectively).

The laboratory values of the participants are presented in Table 
2. Analysis of the laboratory data indicated no difference in he-
moglobin, WBC, LDL-C, triglyceride, total testosterone, DHEA-S, 
SHBG, and FAI values between the two groups (p=0.781, 

Table 1. Demographic characteristics of all patients included in the study

 Group with insulin Group without p 
 resistance n=45 insulin resistance 
 Mean±SD n=45 Mean±SD

Age (year) 24.4±5.4 24±4.5 0.974
Weight (kg) 72.2±17.2 62.3±11.6 0.004*
Height (cm) 162.7±7.1 165.7±6 0.032*
BMI (kg/m2) 27.2±5.8 22.7±4.1 <0.001*
Waist circumference (cm) 87.9±12.6 79.1±12 0.001*
Hip circumference (cm) 92.9±17.6 94±12.8 0.875

*: The group without insulin resistance. SD: Standard deviation; BMI: Body mass index.

Table 2. Laboratory values of all patients included in the study

 Group with insulin Group without p 
 resistance n=45 insulin resistance 
 Mean±SD/SEM n=45 Mean±SD/SEM

Hemoglobin (g/dL) 12.7±1.4a 12.6±1.1a 0.781
WBC (103/mm3) 9.7±0.12b 8.3±0.05b 0.184
Platelet (103/mm3) 305±85.6a 264.3±64.1a 0.012*
Glucose (mg/dL) 101.3±0.87b 85.7±1.90b <0.001*
Insulin (uIU/mL) 21.5±0.26b 7±0.05b <0.001*
HOMA-IR 5.8±0.14b 1.5±0.01b <0.001*
HDL (mg/dL) 48.4±8.3a 54.4±11.9a 0.019*
LDL (mg/dL) 103.2±27.4a 102.8±28.4a 0.940
Triglyceride (mg/dL) 107.4±1.62b 97.3±1.86b 0.150
F-TES (pg/mL) 2.00±0.03b 2.44±0.02b 0.012*
T-TES (ng/dL) 2.54±0.03b 2.50±0.02b 0.460
Prolactin (µg/L) 22.5±0.22b 18.5±0.20b 0.045*
DHEA (µg/dL) 295.1±2.14b 311±2.65b 0.490
SHBG (nmol/L) 64.2±0.96b 53.9±0.81b 0.390
FAI 5.6±0.08b 7.4±0.14b 0.388
Ferriman gallwey score 4.3±0.15b 7.6±0.16b 0.008
Serum irisin (ng/mL) 3.66±0.06b 2.77±0.04b 0.065

*: No difference between the two groups. a: Standard deviation; b: Standard error of mean. SD: Standard deviation; 
SEM: Standard error of mean; WBC: White blood cell; HOMA-IR: Homeostatic model assessment of insulin resistance; 
HDL: High-density lipoprotein; LDL: Low-density lipoproteins; F- TES: Free testosterone; T-TES: Total testosterone; 
DHEA: Dehydroepiandrosterone; SHBG: Sex hormone binding globulin; FAI: Free androgen index.
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p=0.184, p=0.940, p=0.150, p=0.460, p=0.490, p=0.390, 
p=0.388, respectively). PCOS patients with insulin resistance 
had higher levels of platelets, insulin, glucose, HOMA-IR, and 
prolactin compared to PCOS patients without insulin resistance 
(p=0.012, p<0.001, p<0.001, p<0.001, p=0.045, respectively). 
The group with insulin resistance exhibited significantly lower 
levels of HDL-C, free testosterone, and Ferriman-Gallwey scores 
(p=0.019, p=0.012, p=0.008). Serum irisin levels were compa-
rable between both groups. The concentration was 3.66±0.06 
ng/mL in the group with insulin resistance and 2.77±0.04 ng/
mL in the group without insulin resistance (p=0.065) (Fig. 1).
Table 3 displays the relationships between serum irisin con-
centration and the laboratory values of the study participants. 
Serum irisin levels were correlated with hemoglobin, insulin, 
HOMA-IR, F-TES, and T-TES levels (r=0.287, P=0.006; r=0.376, 
p<0.001; r=0.279, p=0.008; r=-0.230, p=0.029; r=-0.261, 

p=0.013, respectively). However, these relationships were 
weak and correlations were incomplete. Positive correlations 
were significant for hemoglobin, insulin, and HOMA-IR, while 
negative correlations were significant for F-TES and T-TES.

Table 4 shows serum irisin levels in the control and case groups 
with a Ferriman-Gallwey score >8. The average blood irisin 
level in PCOS patients with a high Ferriman-Gallwey score and 
insulin resistance was 3.70±0.06 ng/mL. In PCOS patients with 
a high Ferriman-Gallwey score but without insulin resistance, 
the average irisin concentration was 2.71±0.04 ng/mL. No 
substantial difference in irisin levels was found between the 
two groups (p=0.561).

The patients in the study had no prior chronic illness but were 
later diagnosed with metabolic syndrome. These patients 
were not excluded from the study. Among patients with in-
sulin resistance, 12 (26.7%) were diagnosed with metabolic 
syndrome, compared to 3 (6.7%) in patients without insulin 
resistance. Serum irisin levels in patients with metabolic syn-
drome are shown in Table 5. The mean serum irisin concen-
tration in PCOS patients with both metabolic syndrome and 
insulin resistance was 3.99±0.07 ng/mL, whereas in PCOS 
patients with metabolic syndrome but without insulin resis-
tance, the mean was 2.37±0.02 ng/mL. There was no substan-
tial distinction between the two groups (p=0.410).

According to multivariate linear regression analysis, age, BMI, 
and waist circumference were not identified as indepen-
dent factors in the relationship between irisin and HOMA-
IR (Beta=0.136, p=0.169; Beta=0.160, p=0.092; Beta=0.150, 
p=0.145, respectively).

Table 3. The relationship between laboratory findings and serum 
irisin in all patients included in the study

   Serum Irisin

 r  p

Hemoglobin (g/dL) 0.287  0.006
WBC (103/mm3) 0.104  0.328
Glucose (mg/dL) 0.141  0.183
Insulin (uIU/mL) 0.376  <0.001
HOMA-IR 0.279  0.008
HDL (mg/dL) -0.161  0.130
LDL (mg/dL) 0.143  0.179
Triglyceride (mg/dL) 0.061  0.567
F-TES (pg/mL) -0.230  0.029
T-TES (ng/dL) -0.261  0.013
Prolactin (µg/L) 0.052  0.627
DHEA (µg/dL) 0.009  0.934
SHBG (nmol/L) 0.149  0.160

Student t-test was used to examine whether there was a significant difference 
between the means of two groups. WBC: White blood cell; HOMA-IR: Homeostatic 
model assessment of insulin resistance; HDL: High-density lipoprotein; LDL: Low-
density lipoproteins; F- TES: Free testosterone; T-TES: Total testosterone; DHEA: 
Dehydroepiandrosterone; SHBG: Sex hormone binding globulin. 

Table 4. Serum irisin levels of the control and Case groups with 
Ferriman-Gallwey score>8

   Ferriman gallwey 
   score>8

  Serum Irisin  p 
  Mean±SEM

Insulin resistance
 Yes n=17 3.70±0.06  0.561
 No n=29 2.71±0.04

SEM: Standard error of mean.

Table 5. Serum irisin levels diagnosed in patients with metabolic 
syndrome

   Metabolic syndrome

  Serum Irisin  p 
  Mean±SEM

Insulin resistance
 Yes n=12 3.99±0.07  0.410
 No n=3 2.37±0.02 

SEM: Standard error of mean.

Figure 1. Comparison of serum 
irisin values between groups.
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Discussion
Our study investigated the relationship between the hor-
mone irisin and insulin resistance in PCOS patients. While 
the serum irisin level in PCOS patients with insulin resis-
tance was 3.66±0.06 ng/mL, it was 2.77±0.04 ng/mL in PCOS 
patients without insulin resistance, with no significant dif-
ference between them. Insulin, HOMA-IR, F-TES, and T-TES 
levels were weakly correlated with serum irisin levels. He-
moglobin, insulin, and HOMA-IR values showed a positive 
correlation with irisin levels, whereas F-TES and T-TES values 
were negatively correlated.
Insulin resistance affects 50–70% of women with PCOS and 
is strongly linked to metabolic syndrome, hypertension, 
dyslipidemia, diabetes mellitus, and long-term cardiovas-
cular disease [5]. The complexity of these comorbidities 
highlights the importance of understanding and manag-
ing insulin resistance in PCOS patients. The hormone irisin 
has been shown to improve hepatic glucose metabolism 
by promoting glucose uptake in skeletal muscle [19]. Due 
to its association with improved glucose tolerance and re-
duced insulin resistance, irisin is an attractive molecule to 
study in PCOS patients.
Chang et al. [20] conducted a comparison of serum irisin lev-
els between PCOS and control groups, finding abnormally 
elevated serum irisin levels in PCOS patients. Additionally, 
PCOS patients exhibited elevated BMI and insulin levels. In-
creased serum irisin levels were linked to the development 
of insulin resistance and hyperandrogenemia. Bayraktar et 
al. [21] observed elevated serum irisin levels in individuals 
with PCOS compared to control patients; however, insulin 
resistance and HOMA-IR levels were similar in both the PCOS 
and control groups. Conversely, Masaeli et al. [22] found that 
in patients with PCOS, blood irisin levels were significantly 
elevated compared to those without the condition. They 
also noted a reduction in insulin resistance and serum irisin 
levels following three months of metformin therapy in PCOS 
patients. Similarly, Farhan et al. [23] examined serum irisin 
levels in PCOS patients before and after therapy, observing a 
reduction in serum irisin levels and insulin resistance follow-
ing four months of metformin treatment compared to pre-
treatment levels in the control group.
Since not all PCOS patients exhibit insulin resistance, we 
selected participants from both groups of PCOS patients to 
allow for a more controlled comparison of serum irisin lev-
els within a similar patient population, minimizing potential 
confounding factors. Serum irisin levels were not signifi-
cantly different between PCOS patients with and without in-
sulin resistance. Given that insulin resistance is not the only 
determinant in PCOS development, further research with 
larger patient cohorts is necessary.
Hyperandrogenism, although not necessarily present in ev-
ery patient, is one of the diagnostic criteria for PCOS and can 
influence the treatment modality to be planned. This consid-
eration has prompted the examination of the correlation be-

tween irisin and hyperandrogenemia. Among PCOS patients, 
Li et al. [24] examined the correlation between hyperandro-
genism, the FAI index, and serum irisin. PCOS patients with a 
high FAI exhibited elevated serum irisin levels compared to 
both PCOS and control patients with a low FAI index. Addi-
tionally, these patients had a higher incidence of insulin re-
sistance when hyperandrogenemia was present. Zhang et al. 
[25] observed elevated serum irisin levels in individuals with 
PCOS compared to a control group. They further analyzed 
these levels based on PCOS characteristics. While serum 
irisin levels in patients with a normoandrogenic phenotype 
were nearly equivalent to those in control participants, pa-
tients with a hyperandrogenic phenotype had higher serum 
irisin levels. Based on these findings, it has been shown that 
therapy with insulin sensitizers is not effective for PCOS pa-
tients with a normoandrogenic phenotype.

The results of our investigation indicated that PCOS patients 
without insulin resistance had higher FAI rates and lower 
serum irisin levels, though this difference did not reach sta-
tistical significance. In the studies mentioned above, patients 
with hyperandrogenemia were not divided into groups with 
and without insulin resistance for comparison. In our study, 
we had the opportunity to compare patients with hyperan-
drogenemia in two groups: those with and those without 
insulin resistance. We also investigated the relationship be-
tween hirsutism, a clinical manifestation of hyperandrogen-
emia, and serum irisin. In our comparison of patients with 
hyperandrogenemia, the group with insulin resistance had 
elevated serum irisin levels; however, there was no statistically 
significant difference observed between the group with in-
sulin resistance and the group without it.
While commonly referred to as a myokine, irisin is also se-
creted from adipose tissue [11, 12]. A study by Arhire et al. 
[26] revealed a significant correlation between blood irisin 
levels and both obesity and metabolic syndrome. Further-
more, Elizondo-Montemayor et al. [27] demonstrated that 
an elevated serum irisin concentration is associated with a 
twofold increase in the risk of metabolic syndrome. To in-
vestigate the correlation between serum irisin and meta-
bolic syndrome, the study included patients who were 
not initially diagnosed with metabolic syndrome but were 
subsequently diagnosed with it. The serum irisin levels of 
these patients were then compared. No statistically signifi-
cant difference in serum irisin levels was observed between 
patients with PCOS and insulin resistance diagnosed with 
metabolic syndrome and patients without insulin resistance 
diagnosed with metabolic syndrome.

A primary limitation of our study is the restricted sample size. 
Additionally, we were unable to evaluate changes in serum 
irisin levels post-treatment for PCOS. However, our study pro-
vided an opportunity to compare serum irisin levels in pa-
tients who were diagnosed with metabolic syndrome after 
their PCOS diagnosis and who had elevated Ferriman-Gallwey 
scores due to hyperandrogenemia.
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Conclusion
The objective of this study was to investigate the correlation 
between serum irisin levels and insulin resistance in women 
diagnosed with PCOS. Our findings revealed no statistically 
significant difference in serum irisin levels between PCOS pa-
tients with and without insulin resistance. While modest corre-
lations were found between serum irisin and insulin, HOMA-IR, 
free testosterone, and total testosterone levels, these relation-
ships were not sufficiently robust to establish conclusive find-
ings on the involvement of irisin in the pathogenesis of PCOS.
In the metabolic complications of PCOS, insulin resistance 
remains a crucial determinant. Although irisin may play an 
essential role in enhancing insulin sensitivity and glucose 
metabolism, our results suggest that insulin resistance alone 
may not have a direct impact on serum irisin levels in PCOS 
patients. This underscores the complexity of the condition, in 
which various factors, such as hyperandrogenism and meta-
bolic syndrome, likely interact to influence clinical outcomes.
Further research is necessary to elucidate the role of irisin in PCOS 
and its potential as a therapeutic target. Future studies should in-
clude larger patient cohorts and carefully evaluate the impact of 
treatment on serum irisin levels to gain a deeper understanding 
of its therapeutic significance in the management of PCOS.
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Effect of temperature changes on the expression of cancer 
stem cell protein CD-44 and TAU protein in AMGM-5 cancer 
cell line: An immunocytochemistry study

The tumor microenvironment (TME) refers to the conditions 
under which tumor cells grow, communicate, and die [1, 2]. 

In 2011, Ungefroren and his team defined TME as the context 
that controls tumorigenesis, including processes such as epithe-
lial-mesenchymal transition (EMT), migration, invasion, metasta-
sis, apoptosis, and chemotherapeutic drug resistance [3].
Various types of microenvironments are commonly used and 
identified in in vitro cell cultures, including thermal and serum 

conditions. Studies have shown that hyper-thermal treatment 
can enhance tumor shrinkage and decrease oxygen consump-
tion [4]. Hyperthermia is one of the few promising strategies 
among alternative therapies for cancer treatment [5].
For years, gliomas have been recognized as highly hetero-
geneous tumors at the molecular level, with varying sur-
vival times, even among patients with the same grade [6]. 
According to the American Association of Neurological Sur-
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geons (2023), glioblastoma (grade IV glioma) is the high-
est-grade glioma, clinically representing the most common 
and aggressive primary brain tumor with poor patient sur-
vival rates. Experimental data suggest that the low survival 
rate may partially be due to the presence of glioma stem 
cells (GSCs) [7].
The quiescence of GSCs in their niches, effective DNA dam-
age repair, drug transporter activity, and Notch signaling are 
factors contributing to therapy resistance [8]. To improve 
glioblastoma treatment outcomes, GSCs must be eradi-
cated. Hyperthermia, particularly in combination with irra-
diation, is emerging as a promising therapeutic approach, 
as it appears that multiple DNA repair pathways in GSCs are 
sensitive to hyperthermia [9].
The cancer stem cell marker CD-44 is a transmembrane gly-
coprotein that functions as a hyaluronic acid receptor. CD-44 
has been implicated in EMT and tumor invasion [10]. A recent 
review highlighted CD-44 as a predictor of chemotherapy 
resistance in mesenchymal-like glioma [11] and as a factor 
in GBM prognosis. CD-44 inhibition has been suggested as a 
therapeutic strategy for several malignant tumors [12].
Tau protein, also known as microtubule-associated protein 
(MAPT), was identified in 1986 as a protein that binds to 
and stabilizes microtubules [13]. Under normal physiolog-
ical conditions, phosphorylation regulates Tau's binding 
to microtubules and other functions [14]. However, hyper-
phosphorylation of Tau protein leads to its aggregation and 
the formation of neurofibrillary tangles [15], which are key 
features in the development of Alzheimer’s disease (AD). 
Tau pathology is correlated with neurodegeneration and 
AD progression [16, 17], making Tau phosphorylation a vi-
able target for treating AD and other tauopathies, though no 
treatments currently exist [18].
Studies on the effect of hyper/hypo-thermal conditions on 
cancer stem cell markers in vitro have suggested that hyper-
thermia at 46°C for 10 minutes can induce high levels of can-
cer cell death in pancreatic ductal adenocarcinoma compared 
to non-malignant cells [19].
The combined effect of chemotherapy and hyper-thermal 
treatment on cancer cell proliferation was explored in a 2014 
study by Lee. Metformin alone, or in combination with hyper-
thermia, showed cytotoxicity against cancer stem cells (CD-
44/CD24) in MCF-7 human breast cancer cells and MIA PaCa-2 
human pancreatic cancer cells. The authors applied heating 
at 42°C for 1 hour, finding it partially toxic to cancer cells and 
CSCs and that it enhanced metformin's efficacy in reducing 
both cancer cells and CSCs [20]. Severe hyperthermia (45°C for 
1 hour) was also found to reduce viability and induce apop-
tosis in MG-63 osteosarcoma cells, with increased activities of 
caspases 3/7, 4, and 12 after 72 hours at 37°C [21].
This study aims to determine the presence of TAU (MAPT) and 
CD-44 markers in glioblastoma cancer cell lines before and af-
ter exposure to hyper-thermal conditions at 40 °C for 24 hours 
using the immunocytochemistry (ICC) technique.

Materials and Methods
Cell culture maintenance and heat treatment
The glioblastoma AMGM cancer cell line was obtained from the 
Cell Bank Unit at the Iraqi Center for Cancer and Medical Genetic 
Research (ICCMGR) and cultured in RPMI-1640 (Sigma-Aldrich, 
Germany) supplemented with 10% calf bovine serum, 100 
units/mL penicillin, and 100 µg/mL streptomycin. Cancer cell 
line falcons were passaged using Trypsin-EDTA (US Biological, 
USA) and incubated at 37°C.

To determine the expression of TAU and CD-44 in AMGM cells, 
cells were seeded at 4×10⁵ cells per 60-mm dish in 3 mL of 
medium 24 hours before experiments at 37°C and 40°C. Each ex-
periment was performed in triplicate and repeated twice (Fig. 1).

Immunostaining of TAU and CD-44 proteins
The primary antibodies used were mouse monoclonal an-
ti-TAU (A-10, Abcam, 1:20 from 1 mg/mL) and anti-CD-44 
(sc-9960, 1:20 from 1 mg/mL; Santacruz). Immunostaining 
was performed overnight with primary antibodies. Cells 
were incubated for 1 hour at room temperature in the dark 
with secondary conjugated antibodies (dilution 1:200 from 
1.5 mg/mL; Pathinsitu). Slides were then covered with DPX 
mounting medium containing DAPI to counterstain the nu-
clei for CD-44 and the cytosol for TAU. A coverslip was ap-
plied, and the slides were analyzed under an Olympus light 
microscope at 400x magnification. Microscopy images were 
captured using a MICROS CAM 500 “PREMIUM” camera with 
Microvisible software.

Scoring
The number of stained cells was examined under microscopy 
and scored as follows: 0=no expression or stained cells; 1=5% 
of cells; 2=≥5% of cells; 3=≥25% of cells; 4=≥50% of cells; and 
5=≥75% of cells.

Statistical analysis
Statistical comparisons between groups were conducted 
using the one-tailed Mann-Whitney U-test. A probabil-
ity value of p<0.05 was considered statistically significant. 
Analyses were performed with SPSS-24 statistical software 
and Microsoft Excel.

Results

Maintenance and culturing of AMGM glioblastoma cell 
line
The AMGM glioblastoma cell line was initially established at 
the Iraqi Center for Cancer and Medical Genetics, Mustan-
siriyah University [22]. The specific staining criteria for the defi-
nition of primary glioblastoma cell lines and to check whether 
the glioblastoma-derived primary cell lines have similarities 
to glioblastoma tissue, we performed immunocytochemistry 
staining for markers commonly used in glioma diagnosis. We 
first observed the morphology and colony formation of cells 
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under both incubation conditions before staining (Fig. 2). 
Under standard incubation conditions, cells formed a single 
flattened layer, appeared elongated, and had a fusiform shape 
(Fig. 2a). In contrast, at 40°C, fewer cells retained the fusiform 
shape, and cell numbers were reduced (Fig. 2b).

CD-44 and MAPT staining: ICC 
The results of Immunocytochemistry of both markers the 
CD-44 and MAPT in AMGM cancer cells cultured in two dif-
ferent incubation temperatures 37°C and 40°C were shown 
in Figures 3 and 4 respectively. In Figure 3a, TAU protein 

Figure 1. Summary determines the effect of incubation AMGM cancer cells under temperature (40°C) on TAU and CD-44 protein expression 
compared to normal incubation culture conditions (37°C).

Figure 2. Growing AMGM cancer cell line culture at two different incubation temperatures: (a) 37°C and (b) 4°C under an inverted microscope. 
This shows how the glioblastoma cells were monolayer and had a fusiform at optimal incubation temperature, compared to cells cultured in 
high atmosphere temperature (40°C) the cells lose their unity and start to circle in shape an indication of apoptosis.
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was poorly expressed in the nucleus of glioblastoma can-
cer cells growing at 37°C compared to B- expressed highly 
when growing at 40°C.
Next, in Figure 4c, CD-44 protein was expressed in the cell 
membrane of glioblastoma cancer cells growing at 37°C com-
pared to D- expressed highly when growing at 40°C.

Tables 1 and 2 show the scoring of both TAU and CD-44 
proteins in the growing glioblastoma AMGM cancer cell 
line in two different culture conditions 37°C and 40°C 
respectively. In Table 1, TAU protein expression was af-
fected by increasing the temperature where the scoring 
was highly +3 in 71.4 % at 40°C significantly compared to 

Figure 3. Immunocytochemistry staining of tau in glioblastoma cancer cell line. (a) Represents cells incubation culture at 37°C while (b) 
Represents culture cells at 40°C. the arrows show TAU protein expression in the nucleus of the glioblastoma cell line.

ba

Figure 4. Immunocytochemistry staining of CD-44 in glioblastoma cancer cell line. (a) Represents cells incubation culture at 37°C while (b) 
Represents culture cells at 40°C. the arrows show CD-44 protein in the nucleus of the glioblastoma cell line.
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growing the cells at 37°C the score +3 was determined in 
42.9% of the cells with p<0.001.
In Table 2, CD-44 protein expression was affected by increas-
ing the temperature where the scoring highly +3 in 100 % of 
the glioblastoma AMGM cell line at 37°C significantly com-
pared to growing the cells at 40°C the score of +3 was deter-
mined in 42.9% of the cells with p<0.02.

Discussion
Glioma is known for its high heterogeneity, influenced by ge-
netic, epigenetic, and tumor microenvironmental factors. This 
heterogeneity is linked to the adaptive response, treatment 
resistance, and overall behavior of brain tumors [23]. Under-
standing the mechanisms underlying this heterogeneity is 
critical for advancing glioma diagnosis, treatment, and poten-
tially prevention.
This study aimed to explore whether changes in the microen-
vironment affect the development of glioblastoma in the 
AMGM cell line by examining the expression of TAU protein 
and the cancer stem cell marker CD-44. The microenviron-
mental change tested here was an increase in incubation 
temperature, with AMGM cells cultured at 37°C and 40°C. 
Immunohistochemistry staining revealed that elevated tem-
perature increased TAU protein expression while decreasing 
CD-44 levels. A limitation of our study was the lack of a normal 
cell line for comparison, as initially planned.
According to a study by Lim et al. [24], glioblastoma cell 
aggressiveness increases with tumor growth and migra-
tion. These cells secrete various molecules, including sol-
uble CD-44 and adhesion molecules, into the extracellular 
matrix, which can induce neuronal degeneration by acti-
vating TAU protein.
TAU protein is encoded by the MAPT gene on chromosome 17 
and is primarily expressed in neuronal axons. It normally fa-
cilitates the polymerization and stabilization of microtubules 
[25]. TAU is extensively post-translationally modified, and in 
Alzheimer's disease (AD), it detaches from microtubules and 
aggregates to form plaques [26].
Recent research has shown that TAU depletion significantly 
inhibits in vitro spheroid growth of the glioblastoma cell line 
U87-MG and reduces 2D cell proliferation [27]. A correlation 
between TAU expression and heat shock proteins has also 
been documented, with HSP70, a chaperone protein, medi-
ating the ubiquitinylation of aberrant TAU species for selec-
tive elimination [28].

Another recent study utilizing RNA sequencing data sug-
gested that CD-44 could serve as a biomarker for M2 tu-
mor-associated macrophages (TAMs), promoting immune 
suppression and glioma progression in the tumor micro-
environment [29]. Johansson et al. [30] demonstrated that 
CD-44 is activated under hypoxic conditions by interacting 
with HIF-2α to enhance hypoxia in glioma stem cells. They 
proposed that blocking CD-44-ligand interactions through 
antibodies, inhibiting external cleavage of CD-44, or using 
gamma-secretase inhibitors to inhibit internal cleavage 
could mitigate these effects.
A separate transcriptomic study noted that a reduction in CD-
44 levels in U251MG glioblastoma cells suppressed cell growth 
and induced cellular senescence. The authors proposed that 
CD-44 could serve as a marker for hypoxia, glycolysis, and an-
ti-tumor immune responses [31].
In summary, our study demonstrates that an elevated micro-
environmental temperature of 40°C affects the expression of 
the cancer stem cell marker CD-44 and increases TAU protein 
expression in glioblastoma AMGM cancer cell cultures.

Conclusion
In conclusion, this preliminary study found that hyperther-
mia at 40°C increased TAU protein and decreased CD-44 ex-
pression in the AMGM glioblastoma cancer cell line. These 
findings suggest that controlling the cellular environment’s 
temperature could be a potential therapeutic approach for 
glioblastoma. Further studies examining chronic or repeat-
ed mild hyperthermia exposure in glioma mouse models 
are required to assess its effects on cancer progression and 
related diseases.
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Table 1. Tau marker expression in selected AMGM cell line while 
cultures in both 37°C and 40°C respectively

AMGM cells Tau 1+ Tau 2+ Tau 3+ p 
cultured conditions  (%) (%) (%) 

37°C - 57 42.9 0.001
40°C 28.6 - 71.4 

Table 2. CD-44 marker expression in selected AMGM cell line 
while cultures in both 37°C and 40°C respectively

Cells cultured CD-44 1+ CD-44 2+ CD-44 3+ p 
conditions  (%) (%) (%) 

37°C - - 100 0.02
40°C 28.6 28.6 42.9
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Evaluation of measurement uncertainty of coagulation 
parameters according to two different current guidelines

Since laboratory results are crucial in the diagnosis, treat-
ment, follow-up, and risk assessment of diseases, accurate 

and reliable measurements are essential. Measurement uncer-
tainty (MU) is a concept that characterizes the distribution of 
values that can be attributed to a measurement to evaluate 
the reliability and accuracy of the analysis result [1]. MU is not 
a doubt about the validity of the measurement but rather a 
defined confidence limit. MU can also provide laboratory users 
with confirmation that patient results meet performance spec-
ifications [2]. MU components must be identified throughout 
the entire traceability chain, starting with reference material 
providers, through in vitro diagnostic manufacturers, pro-

cesses for assigning calibrator values, and finally, the result. 
In addition to uncertainties in the steps of the metrological 
chain, test results are also affected by uncertainties arising 
from random effects in laboratory measurements [3].
Apart from uncertainties due to matrix effects, interferences, 
environmental factors, reference materials, and calibrators, 
differences in the methods and procedures used in calculat-
ing MU also contribute to MU. The ISO/TS 20914:2019 guide-
line recommends calculating MU after each of the three main 
MU sources has been estimated. According to this guideline, 
the MU value should primarily be calculated based on long-
term uncertainty (uRW) and calibrator uncertainty (uCAL), 
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and bias (uBias) should be included in the calculation only 
when a significant medical difference is observed [4].
There is limited literature investigating MU in coagulation pa-
rameters. Therefore, the aim of our study was to calculate the 
MU values of prothrombin time (PT), activated partial throm-
boplastin time (APTT), D-dimer, and fibrinogen tests accord-
ing to ISO/TS 20914 [4] and Nordtest 2017 [5] guidelines and 
to compare them with the total allowable error (TEa%) and 
maximum expanded allowable measurement uncertainty 
(MAU) values determined by international organizations.

Materials and Methods
Approval for our retrospective study was received from the Ethics 
Committee of Bakircay University Cigli Training and Research 
Hospital, with the decision dated 03 July 2024 and numbered 
1648. Normal and pathological level internal quality control 
(IQC) data for PT, APTT, D-dimer, and fibrinogen tests (Control 
Plasma N (Lot: 507924), Control Plasma P (Lot: 556741), Dade Ci-
Trol 2 (Lot: 548527), INNOVANCE D-Dimer Controls (Lot: 575611-
575506, Siemens Healthcare Diagnostics, Marburg, Germany)) 
run on the Sysmex CS2100 (Sysmex Corporation, Kobe, Japan) 
device between January and May 2024 were obtained from the 
Laboratory Information System. The reagents used for PT, APTT, 
D-dimer, and fibrinogen tests were Thromborel S, Dade Actin FS, 
INNOVANCE D-Dimer, and Multifibren U, respectively.
External quality control (EQC) data (External Quality Assurance 
Services (EQAS) Coagulation Program, Lot: 281000–281100, 
Bio-Rad Laboratories Inc., Irvine, CA, USA) for October 2023 to 
September 2024 were obtained from the EQC system.

MU calculation according to the ISO/TS 20914 guide [4]
The standard deviation (SD) of the IQC results was calculated. 
The SD was accepted as long-term precision (uRW). The uRW 
was calculated using equation:
uRW = √(SD (Level 1)² + SD (Level 2)²) / 2
Calibrator uncertainty (uCAL) data was obtained from the 
manufacturer (Table 1). The mean bias (%) was calculated ac-
cording to equation:
Mean bias (%): Σ bias(%)(EQC) / Number of EQCs
Since the mean bias (%) values calculated from the EQC data 
were lower than the desirable bias (%) values, ubias was not 
included in the uncertainty calculation. The combined uncer-
tainty was calculated according to the following equation:
Combined uncertainty = √(uRW2 + uCAL2) 
The expanded uncertainty was calculated using equation:
Expanded uncertainty = k x u (At 95% confidence interval, k=2 
was taken).
The expanded uncertainty values were compared with TEa% 
values of international organizations [Clinical Laboratory Im-
provement Amendments (CLIA), Wisconsin State Laboratory 
of Hygiene (WLSH), Wadsworth Center of the New York State 
Department of Health (NYS), and American Association of 
Bioanalysts (AAB)] and MAU values in the European Feder-

ation of Clinical Chemistry and Laboratory Medicine (EFLM) 
Biological Variation database [6,7]. 50% of the total allowable 
error was taken as desirable bias. 

MU calculation according to Nordtest guide [5]
The intermediate precision standard deviation (SRW(Absolute)) was 
calculated from IQC data. The relative intermediate precision 
standard deviation (SRW(Relative)) was calculated according to 
equation:
SRW(Relative) = SRW(Absolute) × 100) / mean
The uRW is equal to the SRW(Relative).The uRW was calcu-
lated using equation:
uRW = √(SRW(Relative) (Level 1)² + SRW(Relative) (Level 2)²) / 2
RMSbias and uncertainty of nominal values (uCref ) were cal-
culated from EQC data according to the following equations:
RMSbias = √ Σ bias (EQC)² / N 
uCref = Σ(CV(EQC) / √NLab)2 / N
(Σbias(EQC): Sum of squares of EQC bias values, CV(EQC): 
CV% of each EQC, NLab: Number of participating laboratories 
in each EQC using the same method and same instrument, 
N: Number of EQCs).
The standard uncertainty, combined uncertainty, and ex-
panded uncertainty were calculated according to the follow-
ing equations: 
Standard uncertainty = √RMSbias² + uCref²
Combined uncertainty = √uRW² + ubias²
Expanded uncertainty = k x u (At 95% confidence interval, k=2 
was taken).
The expanded uncertainty values were compared with TEa% 
values of international organizations (CLIA, WLSH, NYS and AAB) 
and MAU values in the EFLM Biological Variation database [6, 7].

Results
The MU values of the parameters are shown in Table 2 and 
Table 3 according to ISO/TS 20914 and Nordtest guidelines, 
respectively. In our study, the MU values of PT, APTT, D-dimer, 
and fibrinogen tests according to ISO/TS 20914 guidelines 
were 10.42%, 3.49%, 4.81%, and 19.10%, respectively (Table 
2). The MU values of PT, APTT, D-dimer, and fibrinogen tests 
calculated according to the Nordtest guideline were 10.44%, 
12.64%, 17.94%, and 21.69%, respectively (Table 3).
According to the ISO/TS 20914 guideline, it was observed 
that all coagulation tests met the TEa% analytical targets. 
According to the Nordtest guideline, all tests except fib-
rinogen met the TEa% analytical targets. When evaluated 
according to the MAU criterion, it was determined that only 
the D-dimer MU value met the targeted quality specification 
according to both guidelines.

Discussion
Laboratory results should never be considered absolute 
values because they are affected by various sources of un-
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certainty in preanalytical, analytical, and postanalytical pro-
cesses. MU is crucial for physicians to compare test results 
accurately and reliably with reference ranges, decision lim-
its, or the patient's previous results. Today, many accredita-
tion programs and international organizations state that MU 
should be calculated and reported [2, 8–10].
In our study, it was determined that all coagulation tests met 
TEa% analytical targets according to the ISO/TS 20914 guide-
line, and PT, APTT, and D-dimer tests met TEa% analytical tar-
gets according to the Nordtest guideline. The MU value of the 
fibrinogen test was found to be borderline higher than the 
TEa% criterion. When evaluated according to the MAU crite-
rion, the D-dimer MU met the targeted quality specification 
according to both guidelines, but PT, APTT, and fibrinogen MU 
values exceeded the allowed targets. It was determined that 
there was a significant difference between the MU and MAU 
values of PT and fibrinogen tests in particular. The calibrator 
uncertainty values of PT and fibrinogen being higher than the 
analytical target make it challenging to achieve the desired 
analytical performance. For evaluation according to MAU cri-
teria, in vitro diagnostic (IVD) system manufacturers must first 
optimize their calibrators and improve MU performance.
In a study by Lapić et al. [11], the MU values obtained using 
the D-dimer HS 500 calibrator on Sysmex CS-5100 and Atel-
lica COAG 360 devices were 12.6% and 15.6%, respectively, 
and 12.0% and 10.0% when the INNOVANCE D-dimer cali-
brator was used. Therefore, it was reported that it met the 
targeted TEa criterion (28.04%). The MU calculated using the 
INNOVANCE D-dimer calibrator on the ACL TOP 550 device 
was 28.1% and was found to be borderline higher than the tar-
geted TEa criterion. The results show that MU is significantly 
affected by changes in instruments and calibrators.
In the study by Qin et al. [10], where MU was evaluated using 
only external quality assessment program data (Beijing Center 
for Clinical Laboratory proficiency testing/external quality as-
sessment, Beijing, China), MU values of PT, APTT, and fibrino-
gen tests on the Sysmex device were found to be 13.6, 15.0, 
and 11.7, respectively. The calculated MU values of all three 
parameters were below the CLIA TEa criteria. When evaluated 
according to Ricos TEa criteria, although the MU value of fib-
rinogen met the targeted criterion, the MU of PT and APTT 
tests was higher than the target.
In the study by Lim et al. [12], the MU value of fibrinogen on the 
ACL TOP 750 CTS device was reported to be 9.9% when certified 
reference materials with a target value of 270 mg/L were used. 
It was suggested that when the fibrinogen test was calculated 
using EQC material at target values of 306.6 mg/L, 120.1 mg/L, 
and 83.8 mg/L, MU values were determined as 12.2%, 17.0%, 
and 21.3%, respectively. For the APTT test, MU values calculated 
using EQC material at target values of 27.9 sec, 58.0 sec, and 
79.5 sec were found to be 13.5%, 15.1%, and 9.0%, respectively.
In the study by Matar et al. [13], where MU was investigated only 
with external quality assessment program data (ProBioQual, 
France, member of EQALM), MU values of fibrinogen and APTT 
tests calculated according to the group average of all participat-Ta
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ing laboratories were 13.4% and 18.1%, respectively. According 
to the peer group average (laboratories using the same test 
method, the same reagents, and the same device), MU values 
were 11.1% and 6.4%, respectively. When MU values calculated 
for both groups were evaluated according to Ricos TEa criteria, 
fibrinogen met the analytical target, while APTT did not.
The literature investigating MU in coagulation parameters is 
limited, and no study has evaluated MU for all four parame-
ters in our study simultaneously. The strengths of our study 
are that it is the first to investigate MU in coagulation param-
eters in our country, calculate MU according to ISO/TS 20914 
and Nordtest guidelines, and evaluate MU according to MAU 
analytical targets in addition to TEa%.
One limitation of our study is that preanalytical and postana-
lytical sources of uncertainty were not evaluated. Another is 
that calculations were based only on five months of data due 
to IQC lot changes.
Since different results can be obtained by using different MU cal-
culation models for the same analyte in clinical laboratories, and 
there are multiple allowable analytical performance specifica-
tion options for comparing MU values, it is essential to standard-
ize MU calculation methods and performance targets in labora-
tories. The calculation needs to be revisited in cases of operator, 
equipment, calibrator, and reagent changes, as these may affect 
MU. Furthermore, to achieve more reliable MU values, we believe 
that in addition to analytical uncertainty, studies should include 
all measurable sources of uncertainty attributable to preanalyti-
cal and postanalytical steps that may affect test results.
In conclusion, our study demonstrates the importance of stan-
dardizing the MU calculation model in laboratories and care-
fully managing MU sources such as calibrator uncertainty to 
improve the analytical performance of coagulation tests. Re-
ducing assay uncertainty through improved calibrators and 
methodological standardization should be a priority for both 
laboratories and IVD manufacturers. Standardizing the calcula-
tion of MU and aligning it with laboratory-specific performance 
criteria is critical to ensure the reliability of coagulation tests.
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Diagnostic accuracy of the combination of fecal calprotectin 
and occult blood tests in inflammatory bowel disease

Abdominal pain, changes in bowel habits, rectal bleeding, 
and iron-deficiency anemia are indicative of gastrointesti-

nal system (GIS) disorders. However, most patients presenting 
with these symptoms do not have any pathological condition 
[1]. Nevertheless, to accurately diagnose patients and avoid 
missing serious GIS pathologies such as cancer, some of these 
patients undergo further investigations [2].
Although colonoscopy is one of the methods most commonly 
used for many GIS disorders, it is an expensive and invasive meth-
od. Using simpler, cheaper, and non-invasive tests is an increas-
ingly popular approach to distinguish between GIS disorders [3].

The fecal occult blood test (FOBT) is the most essential 
primary screening test for colorectal cancer. However, the 
prevalence of GIS bleeding is high in patients with inflam-
matory bowel disease (IBD). In these patients, FOBT positivi-
ty may be a late sign of inflammatory tissue damage [4]. On 
the other hand, the fecal calprotectin (FC) test, a relatively 
new tool in clinical laboratories, assists in diagnosing GIS 
disorders [2]. FC is a crucial biomarker for differentiating 
between inflammatory and non-inflammatory GIS disorders 
and evaluating intestinal mucosal inflammation in human 
stool samples. Increased FC concentrations in the intestinal 
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graphic, clinical, colonoscopy reports, and laboratory data (FC and FOBT) of IBD patients. The final analysis included 153 
patients with suspected IBD to evaluate the diagnostic accuracy of FOBT, FC, and their combination. FC was analyzed 
using the Quantum Blue® fCAL extended test. The ROC curve was drawn to determine the diagnostic ability of FC, and the 
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lumen indicate the migration of neutrophils to the mucosa 
and the severity of inflammation [5]. The concentration of 
FC in the stool is higher than in the plasma of patients with 
IBD. FC is widely used to diagnose IBD, monitor patients 
with IBD, and predict relapse in IBD patients [6].
IBD is a chronic inflammatory disease that can affect any part 
of the GIS tract and has a course of remission and flare-ups. 
Studies on disease activity and treatment monitoring in IBD 
show that biomarkers such as FC, C-reactive protein (CRP), al-
bumin, and white blood cell counts are commonly used [7]. 
However, it has been observed that the FC test is more consis-
tent with colonoscopy results than the other tests [8].
Literature review indicates that different studies have been 
conducted on the effectiveness of biomarker use in IBD diag-
nosis. The studies show that combining FC and FOBT tests is a 
valuable strategy for determining the need for a colonoscopic 
examination [9, 10]. However, other studies have suggested 
that combining these two tests does not provide additional 
information for evaluating GIS pathologies [11, 12].
Examining the effects of the combined use of these tests 
could provide essential insights into the diagnosis, follow-up, 
and exclusion of IBD. The combination could also serve as a 
predictor prior to diagnostic colonoscopy in patients with IBD 
symptoms. Therefore, this study aimed to investigate the di-
agnostic accuracy of FOBT, FC, and the combination of these 
markers (FOBT and FC) in patients with suspected IBD. Fur-
thermore, this study aimed to compare FC levels between pa-
tients monitored for IBD and those newly diagnosed with IBD.

Materials and Methods

Study design and population
The study was approved by the Gazi University Clinical Re-
search Ethics Committee (decision number: 847) on Novem-
ber 21, 2022. Since there was no direct patient participation, 
patient consent was not deemed necessary by the Ethics 
Committee. This study was conducted in accordance with the 
principles of the Helsinki Declaration.
The medical records of patients admitted to the gastroenter-
ology outpatient clinic of Gazi University Medical Faculty Hos-
pital between June 2021 and November 2022 were retrospec-
tively reviewed. FOBT and FC tests were performed during the 
follow-up period in patients previously diagnosed with IBD, 
including ulcerative colitis and Crohn’s disease, to assess dis-
ease severity. Tests were also performed on patients with sus-
pected IBD who had symptoms such as persistent diarrhea, 
abdominal pain, rectal bleeding/bloody stool, weight loss, 
and fatigue, to diagnose the disease.
Colon examinations were performed when necessary. Diagno-
sis of IBD was confirmed by colonoscopy and by histologists. 
Patients' demographic and clinical information, colonoscopy 
reports, and laboratory data (FC and FOBT) were retrieved 
from the Laboratory Information Operation System (L.I.O.S.) 
and electronic patient records were retrospectively reviewed.

A total of 440 patients met the inclusion criteria; patients with 
IBD were followed up with a diagnosis of IBD, and patients 
with suspected IBD were treated at the outpatient clinic to 
confirm the diagnosis.
Exclusion criteria included patients under 18, pregnant women, 
and those missing colon examination results (colonoscopy or 
radiological imaging). Additionally, FC test requests from clinics 
other than gastroenterology were excluded from the study.
Patients with a confirmed final diagnosis via colon examination 
and whose specialist physician requested an FC test from the 
outpatient clinic during this process were included in the study.

Laboratory methods
FOBT and FC analyses of the stool samples were performed at 
the Gazi University Hospital Medical Biochemistry Laboratory.
Immunochemical-based FOBT is commonly used to detect 
human hemoglobin in feces. There are two types of FOBT 
available: qualitative (based on immunochromatography, 
yielding a positive or negative result) or quantitative (based 
on latex agglutination immunoturbidimetry, yielding a fecal 
hemoglobin concentration-dependent result) [13]. This study 
analyzed FOBT using the Toyo cassette test (Türklab, Turkiye), 
a qualitative immunochromatographic method. Any sample 
reported by the analytical system as a positive result above 10 
ng hHb/mL was considered as a “detectable FHb.” The specific-
ity and sensitivity of FOBT were 99.9% and 97%, respectively.
FC was analyzed using the Quantum Blue® fCAL extended test 
(Buhlmann Laboratories AG, Schonenbuch, Switzerland).
BÜHLMANN Quantum Blue® fCAL is an in vitro diagnostic test 
for quantitatively determining FC extended to human stool 
specimens. The test was designed to measure FC antigens 
selectively using a sandwich immunoassay. The FC concen-
tration was measured using a semi-quantitative lateral flow 
assay (Quantum Blue Reader®, Bühlmann Laboratories, Swit-
zerland). Different manufacturers and laboratories may use 
varying cut-off values, such as 50 μg/g [9]. However, we ad-
hered to the manufacturer’s cut-off values for the BÜHLMANN 
Quantum Blue® fCAL assay: normal ≤80 µg/g, borderline 80–
160 µg/g, and abnormal ≥160 µg/g [14]. The specificity and 
sensitivity of FC were 91.9% and 64.9%, respectively.
For patients with suspected IBD, FC concentrations of <80 
µg/g feces were considered normal, and IBD was ruled out. 
In these patients, the risk of IBD is less than 1%. Patients with 
low FC levels are unlikely to require invasive procedures to 
determine the cause of inflammation. FC concentrations be-
tween 80 and 160 µg/g are considered borderline, also called 
gray-zone levels. Mid-range FC levels do not directly indicate 
active inflammation and require immediate follow-up and 
invasive testing; however, inflammation cannot be ruled out. 
Re-evaluation of FC levels after 4–6 weeks is recommended 
at gray-zone levels to assess the inflammatory status. FC val-
ues of >160 µg/g indicate neutrophil infiltration in the GIS 
tract, which may indicate the presence of active inflammatory 
disease. These concentrations require more precise interven-
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tions and deeper clinical workup. Further investigations, such 
as colonoscopy or radiological imaging procedures, are sug-
gested to achieve an overall clinical diagnosis.

Statistical analysis
When calculating the sample size, relevant literature and 
reference studies were taken into consideration. The Power 
Statistics Program was used for sample size calculation, with 
relevant literature as a reference. The research data were evalu-
ated using the SPSS 28.0 statistical package. The Shapiro–Wilk 
test was used to determine whether the data were normally 
distributed. Descriptive statistics are presented as median 
(IQR 25–75), frequency distribution, and percentage. The chi-
square test was used for categorical variables. The Kruskal–
Wallis and Mann–Whitney U tests were employed, as the data 
for continuous variables did not meet parametric test condi-
tions (normal distribution and homogeneity of variances). To 
assess the diagnostic utility of FC in diagnosing IBD, the area 
under the curve (AUC) and threshold values were determined 
using receiver operating characteristic (ROC) curve analysis. 
Sensitivity, specificity, negative predictive value (NPV), and 
positive predictive value (PPV) were calculated for FC and 
FOBT. Statistical significance was accepted at p<0.05.

Results
A total of 440 patients, whose final diagnosis was confirmed 
by colon examination (colonoscopy or radiological imaging) 

and whose specialist physician requested FC testing from the 
gastroenterology outpatient clinic, were included in this study.

Of the 440 patients, 224 were followed up with a diagnosis of 
IBD, including ulcerative colitis (UC) and Crohn's disease, while 
216 patients were suspected of having IBD. After further ex-
aminations, 36 of the 216 patients were diagnosed with IBD, 
while the remaining 180 patients received non-IBD diagnoses, 
such as cancer, polyp, and aneurysm. A total of 153 of the 216 
patients were included in the final analysis to evaluate the di-
agnostic accuracy of FOBT, FC, and their combination for diag-
nosing patients with suspected IBD. 63 patients without FOBT 
results were excluded from the study; the study flow diagram 
for inclusion and exclusion is shown in Figure 1.

In this study, a similar proportion of both genders partici-
pated, and there were no significant differences in gender 
and age between groups. The groups in the study were clas-
sified as follows: Group I = Patients followed up with IBD, 
Group II = Diagnosed with IBD, Group III = Diagnosed with 
non-IBD. The FC median value of patients followed up with 
IBD (Group I) was 198 µg/g (IQR 25–75: 57–809), while the 
FC median value of patients diagnosed with IBD (Group II) 
was 708 µg/g (IQR 25–75: 114–1000). The FC median value 
of patients with non-IBD (Group III) was 36 µg/g (IQR 25–75: 
30–178). There was a significant difference in FC levels be-
tween the groups (p<0.001). The demographic data and FC 
levels in the groups are shown in Table 1.

Figure 1. Study flow diagram of inclusion and exclusion.
IBD: Inflammatory bowel disease; UC: Ulcerative colitis; FOBT: Fecal occult blood test.
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FC levels (µg/g) were significantly higher in Group I compared 
to Group II and Group III (p=0.013, p<0.001, respectively). FC 
levels were statistically significantly lower in Group III than 
in the other two groups. The distribution of FC levels (µg/g) 
across groups is shown in Figure 2.

Based on the ROC curve analysis, the AUC was determined as 
0.827 (95% CI: 0.742–0.913) for FC (p<0.001). The ROC analysis 
for FC is visually represented in Figure 3.

For detecting IBD, FC returned a sensitivity of 85.7%, speci-
ficity of 62.4%, PPV of 30.6%, and NPV of 95.8%. FOBT had a 
sensitivity of 81.3%, specificity of 78.1%, PPV of 30.2%, and 
NPV of 97.3%. The combination of FOBT and FC, with posi-
tivity in at least one of the two tests, was associated with a 
sensitivity of 93.8%, specificity of 63.5%, PPV of 23.1%, and 
NPV of 98.9%. Diagnostic accuracy performance (sensitivity 
(%), specificity (%), NPV (%), and PPV (%)) for FOBT, FC, and 
the combination of tests for detecting IBD are presented in 
Table 2. Cut-off values for FOBT and FC were determined as 
“positive” and 80 µg/g, respectively, for this study.

Discussion
IBD is a chronic, progressive, and highly heterogeneous dis-
ease that affects both adults and children, with severity and 
symptoms ranging from mild to severe. Delays in diagnos-
ing IBD are common, correlating with adverse outcomes and 
potentially leading to significant morbidity and complica-
tions, including fissures, fistulas, systemic inflammation, and 
cancer [15]. The initial goal in diagnosing the disease is to 
evaluate disease activity and relieve symptoms, while long-
term objectives aim to prevent disease progression and re-
duce complications. Early diagnosis of IBD and prompt treat-
ment are essential for improving outcomes and maximizing 
health [16]. There is no gold standard diagnostic method for 
IBD; instead, clinical assessment, endoscopic examination, 
histopathological analysis, and laboratory tests are utilized. 
FC levels emerge as a valuable biomarker, strongly corre-
lating with endoscopic activation [17]. The Food and Drug 
Administration has approved FC as a biomarker of intestinal 
inflammation, with potential clinical applications as a diag-

Figure 2. Distribution of FC levels in groups.
FC: Fecal calprotectin.

Figure 3. ROC analysis for FC.
ROC: Receiver operating characteristic; FC: Fecal calprotectin.

Table 1. Demographic data and FC levels (µg/g) changes in the studied groups.

  Group I Group II Group III p 
  (n=224) (n=36) (n=180)

Age, median (IQR 25–75) 41 (31–55) 39 (27–51) 44 (28.5–58) 0.345
Gender, n (%)
 Female  114 (48.7) 20 (8.5) 100 (42.7) 0.606
 Male 110 (53.4) 15 (7.3) 81 (39.3) 
FC (µg/g), median (IQR 25–75) 198 (57–809) 708 (114–1000) 36 (30–178) <0.001

FC: Fecal calprotectin; IQR: Interquartile range.
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nostic and follow-up adjunct for IBD [18, 19]. Therefore, it is 
crucial for monitoring disease activity, assessing treatment 
efficacy, and detecting postoperative recurrences.
In our retrospective study, we observed a significant differ-
ence in FC levels between groups, including patients fol-
lowed up with IBD and patients diagnosed with IBD and 
non-IBD. Furthermore, it was determined that FC levels 
were higher in patients diagnosed with IBD than in patients 
who were followed up with IBD. Studies evaluating disease 
progression using FC levels have been reported in the liter-
ature. In one study, FC levels were higher in patients newly 
diagnosed with IBD than in those under follow-up, consis-
tent with our findings [20]. A study by Zhu et al. [21] found 
that FC levels in the active IBD group were significantly 
higher than those in the standard group, while no differ-
ence was observed between the inactive IBD and control 
groups. A decrease in FC levels is expected during the IBD 
follow-up period, corresponding with disease treatment. It 
should be noted that high FC levels during follow-up indi-
cate disease relapses [22].
Diagnostic accuracy is crucial for tests and markers used to 
evaluate IBD [23]. This study investigates the diagnostic ac-
curacy of FOBT, FC, and the combination of these markers in 
patients with suspected IBD.
Before the routine clinical use of FC in diagnosing and mon-
itoring IBD, numerous studies have been conducted on ap-
propriate cut-off values for IBD diagnosis and the diagnos-
tic accuracy of FC [18, 24, 25]. Although many studies have 
demonstrated the diagnostic accuracy of FOBT for colorec-
tal cancer, studies have also examined FOBT's diagnostic ac-
curacy for IBD [10, 26].
The diagnostic accuracy of combining FOBT and FC for various 
GIS pathologies, including IBD, has been evaluated in previous 
studies [9, 27]. This study is the first retrospective investiga-
tion into the role of combining FOBT and FC specifically for 
predicting IBD diagnosis. Our literature review reveals limited 
data on the diagnostic accuracy for patients with IBD.

In our study, FC had a sensitivity of 85.7%, specificity of 62.4%, 
and NPV of 95.8%. When combined with FOBT, the sensitiv-
ity, specificity, and NPV were 93.8%, 63.5%, and 98.9%, re-
spectively. Sensitivity, specificity, and NPV increased with this 
combination. These results indicate that combining FOBT and 
FC had better diagnostic accuracy than each test used alone 
in our study. Lué et al. [9] showed that the combination of 
FOBT and FC had a sensitivity of 89.7% and NPV of 100% for 
diagnosing IBD, which was higher than when either test was 
used alone, similar to our findings. A study by Mowat et al. [11] 
found that combining FOBT and FC achieved a sensitivity of 
99.3% and NPV of 97.1% for diagnosing IBD when using an FC 
cut-off value of 50 μg/g. Although different FC cut-off values 
were used in that study, the combination outperformed both 
tests used alone, in line with our findings.
Högberg et al. [28] demonstrated that the combination of 
FOBT and FC had a sensitivity of 90% and an NPV of 99.6% 
when using a cut-off value of 100 μg/g for FC. Additionally, 
when the cut-off value was 20 μg/g, they found that the com-
bination of both tests did not provide additional diagnostic 
information for IBD. Our findings differ from the conclusions 
reached in other studies, where the combination of both tests 
did not appear to provide additional information. In a study by 
Widlak et al. [12], the tests demonstrated a sensitivity of 86% 
and an NPV of 100% for diagnosing IBD, both when assessed 
individually and in combination. When these studies are ex-
amined, the results are broadly similar, showing that the com-
bination offers better diagnostic accuracy than the tests used 
alone. However, sensitivity and NPV percentages vary, poten-
tially due to population characteristics, whether the FOBT is 
qualitative or quantitative, and the chosen cut-off values.
Our study observed that the combined utilization of FOBT 
and FC demonstrated superior diagnostic accuracy in iden-
tifying patients with suspected IBD compared to individual 
tests alone. This finding suggests that implementing a com-
bination of FOBT and FC before colon examination (colonos-
copy or radiological imaging) is a cost-effective strategy to 
mitigate unnecessary procedures and reduce potentially as-
sociated complications.

Limitations
This study has some limitations, including the short data col-
lection period and the fact that not all patients had both FOBT 
and FC results. In our study, we used data from 216 patients 
to assess the diagnostic accuracy of FC in suspected IBD, with 
FC results available in our hospital registry. However, not all of 
these patients had FOBT results. To ensure data consistency 
and completeness in our analysis, we excluded patients with-
out an FOBT result when evaluating the diagnostic accuracy 
of the combination. Additionally, using quantitative methods 
in evaluating FOBT prevented us from obtaining AUC values 
for both FOBT alone and in combination with FC. Despite this, 
our approach allows for a comprehensive evaluation of the 
diagnostic utility of the combined tests in suspected cases of 
IBD and adds valuable information to clinical practice.

Table 2. Diagnostic accuracy performance of FOBT, FC and the 
combination of both these markers

 FC FOBT  FOBT 
   and/or FC 

Total number of cases  216 153 153
True positives (n) 30 13 15
True negatives (n) 113 107 87
False positives (n) 68 30 50
False negatives (n) 5 3 1
NPV (%) 95.8  97.3 98.9 
PPV (%) 30.6 30.2 23.1 
Sensitivity (%) 85.7  81.3 93.8 
Specificity (%) 62.4 78.1 63.5 

FOBT: Fecal occult blood test; FC: Fecal calprotectin; NPV: Negative predictive value; 
PPV: Positive predictive value.
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Conclusion
In conclusion, the sensitivity and NPV of the FC and FOBT 
combination are notably high compared to using them 
alone. We believe that this combination can be a valuable 
strategy for identifying patients with suspected IBD and for 
accurately identifying truly negative cases. These findings 
suggest that FC testing combined with FOBT could help 
clinicians identify patients who may benefit from further 
diagnostic evaluations for IBD, ultimately facilitating timely 
and appropriate management strategies. Well-designed 
studies are needed to confirm whether a positive FOBT and/
or elevated FC test is a reliable predictor of IBD and there-
fore an indication for colonoscopy. For this reason, we de-
signed this study. However, larger-scale studies are needed 
to confirm these findings, and research on the effectiveness 
of this testing approach for different types of IBD and vary-
ing disease activity levels is required.
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Evaluation of the hemolysis threshold for the measurement 
of serum lipase on Roche Cobas systems

Lipase is a glycoprotein that reduces triglycerides and 
diglycerides to free fatty acids and glycerol by catalyz-

ing the hydrolysis of ester bonds [1]. Lipases are primarily 
present in pancreatic secretions but can be found in several 
tissues, including hepatic lipase in the liver, hormone-sen-
sitive lipases in adipocytes, lipoprotein lipase in endothelial 
cells, and pancreatic lipase in the small intestine [2]. Clini-
cally, a lipase test may be used to help diagnose disorders of 
the pancreas, most often acute pancreatitis. Other patholo-
gies can cause an increase in blood lipase levels, such as 
pancreatic cancer, gallbladder issues, chronic kidney dis-
ease, intestinal problems, cancer of a salivary gland, peptic 

ulcer disease, primary biliary cirrhosis, and certain drugs [3]. 
The quantitative determination of lipase in human serum 
and plasma on the Roche Cobas c system is based on the 
enzymatic hydrolysis of 1,2-O-dilauryl-rac-glycero-3-glutaric 
acid-(6΄-methylresorufin) ester, followed by monitoring the 
production of resorufin, measured photometrically between 
570 and 583 nm. The intensity of the red color developed 
is directly proportional to lipase activity. Hemolysis involves 
the release of hemoglobin into the extracellular compart-
ment [4]. Oxyhemoglobin and deoxyhemoglobin have maxi-
mum absorption at 415 nm, with a detection range between 
320 and 450 nm and 540 and 589 nm, respectively [5]. Thus, 
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colorimetric assays using absorbance measurements within 
these ranges may be susceptible to spectral interference 
[6, 7]. According to Ishiguro et al. [8], spectral interference 
is linked to the additivity of the Beer-Lambert law and will 
be observed for parameters whose final measurement is 
spectrophotometric and carried out at wavelengths close to 
hemoglobin’s main absorption wavelengths (415, 540, and 
578 nm). Following an informational bulletin, Roche’s qual-
ity control center evaluated the potential for interference in 
serum lipase results due to hemolysis. The hemolysis index 
(HI) threshold for Cobas C501/311/502/701/702 instruments 
was adjusted from 1000 to 100, while the Cobas Integra 400 
plus and Cobas C111 systems were adjusted from 300 to 
100 [9]. This change could result in more lipase results be-
ing rejected. The aim of this study was to evaluate the in-
terference threshold for serum lipase hemolysis on Cobas 
C501/311/701/Integra 400 systems, using a total allowable 
error set by the RCPA as the limit [10].

Materials and Methods
Ethical approval
The laboratory investigations were conducted in accordance 
with the General Data Protection Regulation (EU Regulation 
2016/679 and Directive 95/46/EC) and the French data pro-
tection law (Law 78–17 of 6 January 1978 and Decree 2019–
536 of 29 May 2019). The reuse of human body elements and 
products for medical or scientific purposes other than that 
for which they were removed or collected is permitted (Arti-
cle L.1211-2 of the Public Health Code) and does not require 
ethics committee review.

Instruments
The HI and lipase activities were determined using four dif-
ferent analytical systems (Cobas C501/311/701/Integra 400, 
Roche Diagnostics, Mannheim, Germany). The lipase assay 
was performed using the colorimetric lipase method (LIPC), 

Figure 1. The lipase measured from the Cobas C311 according to the hemolysis index.
RCPA: Royal College of Pathologists of Australasia; TEa: Total error allowable.
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and the HI was determined by absorbance measurements of 
diluted samples in accordance with the system protocol. The 
expanded uncertainty for lipase was estimated at 15.4%, with 
a 95% confidence interval (CI) between 10.9% and 26.1%. 
Technical data sheets recommended an HI cutoff of 1000 for 
Cobas C501/311/701 and 300 for Cobas Integra 400, based on 
the requirement for a recovery of ±10% of the initial value. 
The HI unit is equivalent to a hemoglobin concentration of 
approximately 1 mg/dL, as stated by the manufacturer. Re-
garding the hemolysis index, the expanded uncertainty was 
estimated at 18.8%, with a 95% CI between 12.4% and 38.3%.
The Cobas Integra employs dual measurement at 589/659 nm, 
while the Cobas C311, C501, and C701 perform dual measure-
ment at 570/700 nm.

Preparing the hemolysate and serum pools spiked
Serum pools with an HI of less than 10 were prepared to 
obtain three concentration ranges of lipase: approximately 
22 U/L (normal), 50 U/L (close to the clinical threshold), and 
180 U/L (high). To assess the influence of hemolysis on li-
pase, the parameter was quantified in serum pools spiked 
with escalating concentrations of a hemolysis interferent. 
The discrepancy between the result and the non-spiked 
baseline value was evaluated against the RCPA total error 
allowable (TEa). The hemolysate was produced from whole 
blood samples collected in lithium-heparin blood tubes in 
accordance with CLSI recommendations by osmotic shock 
[11]. A blood sample from a healthy subject was spun at 
2000 g for 10 minutes. The red blood cells were obtained 

Figure 2. The lipase measured from the Cobas Integra 400 according to the hemolysis index.
RCPA: Royal College of Pathologists of Australasia; TEa: Total error allowable.
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after the plasma and buffy coat were removed, followed 
by three washes with physiological serum. The red blood 
cells were lysed by adding distilled water in a 1:1 ratio and 
centrifuged at 4000 g for 10 minutes to remove cellular de-
bris. The hemoglobin content of the hemolysate was deter-
mined using the Siemens RP500® analyzer. The hemolysate 
was stored at -20°C until required.

Data analysis
For each system, the impact of hemolysis on lipase was mea-
sured in pools of serum spiked with increasing concentrations 
of hemolysis interferent. The result was assessed against the 
RCPA TEa. The relative deviation is shown on the graphs, with 
the acceptability criteria (RCPA TEa) represented by horizontal 
dotted lines (+/- 12 U/L for lipase values below 60 U/L and +/- 
20% for lipase values above 60 U/L).

Results
Cobas C311
For this instrument, regardless of the lipase concentration, 
positive interference occurred from a hemolysis index of 300. 
The observed overestimation did not exceed 15 U/L of the 
true value, irrespective of the hemolysis level (Fig. 1).

Cobas Integra 400
For this system, lipase activity measurement was positively af-
fected by hemolysis but only for normal or borderline positive 
lipase activity. At the specified concentration levels, overes-
timation did not exceed 15 U/L of the true value, regardless 
of hemolysis degree. In contrast, for high lipase activities (ap-
proximately 240 U/L), a hemolysis index exceeding 170 HI re-
sulted in a 6% reduction in the measured activity (Fig. 2).

Figure 3. The lipase measured from the Cobas C501 according to the hemolysis index.
RCPA: Royal College of Pathologists of Australasia; TEa: Total error allowable.
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Cobas C501
For this system, normal or borderline positive lipase activity 
was positively affected by hemolysis up to 500 HI (without 
exceeding the RCPA TEa). Thereafter, a decline was observed 
until values returned to approximate those of the non-spiked 
serum. For high lipase activities (approximately 212 U/L), a he-
molysis index exceeding 1000 HI resulted in a 10% reduction 
in measured activity (Fig. 3).

Cobas C701
For normal lipase activity, measurement was positively influ-
enced by hemolysis up to 1143 HI. For borderline high lipase 
activity, hemolysis caused a moderate increase in lipase (with-
out exceeding the RCPA TEa) (Fig. 4).

Discussion
Despite the identicality of lipase assay methods, different inter-
actions with hemolysis may be observed depending on the sys-
tem used. The Cobas Integra 400 (previous generation) and Co-
bas C311 (latest generation) showed the greatest interference of 
lipase with hemolysis (from 300 HI). The Cobas C501 and C701 
(intermediate generation systems) demonstrated less sensitiv-
ity to hemolysis when measuring lipase, with no significant in-
terference up to 1000 HI. Differences in sensitivity to hemolysis 
among the Roche systems are unclear. Although measurement 
wavelengths differ slightly (589/659 nm for Cobas Integra 400), 
this difference does not account for hemolysis sensitivity, as the 
Cobas Pure, using identical measurement wavelengths to the 
Cobas C311 and C701 (570/700 nm), exhibited similar sensitivity.

Figure 4. The lipase measured from the Cobas C701 according to the hemolysis index.
RCPA: Royal College of Pathologists of Australasia; TEa: Total error allowable.
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Spectral interference with lipase was not proportional to the ex-
tent of hemolysis and did not occur throughout the entire mea-
surement range. This phenomenon is characteristic of spectral 
interference [12]. Interference was more pronounced for normal 
values and reduced or negligible for higher values, enabling reli-
able results with minimal risk of over- or under-estimation.
Data sheet hemolysis interference limits differed only for Cobas 
C311 (1000 versus 300), justifying a decrease in the hemolysis in-
dex alert threshold. For other systems, our findings aligned with 
data sheets, indicating no need to adjust the alert threshold.
A statistical analysis of the hemolysis indices of 1,260 sam-
ples on our platform revealed that 98.6% of samples showed 
hemolysis of less than 100 HI, 1.3% between 100 and 300 HI, 
and 0.08% above 300 HI. A rigorous application of the Roche 
bulletin could lead to the rejection of approximately ten lipase 
results per day, which would be unacceptable for clinical staff.

Study limitations
1. The method of cell lysis by the addition of water may differ 

from in vivo or in vitro hemolysis observed in samples re-
ceived by the laboratory. Delgado et al. [13] demonstrated 
that the methodology used to prepare the hemolysate can 
contribute to data variability.

2. The hemolysis threshold may vary depending on the qual-
ity specifications chosen.

Conclusion
This study demonstrates that interference limits vary between 
different Roche systems. Results showed that the lipase hemol-
ysis threshold (100 HI) proposed by Roche was unduly restric-
tive. By raising the threshold above the new Roche limit, sample 
rejection can be reduced without compromising result quality.
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Alpha thalassemia is a genetic disease with autosomal re-
cessive inheritance, characterized by a reduction or lack 

of production of alpha globin chains. These alpha globin 
chains are components of fetal and adult hemoglobin. Un-
like beta thalassemia, which is caused by non-deletion mu-
tations, most known types of alpha thalassemia involve the 
deletion of one or two alpha globin genes on chromosome 
13.3p16 [1, 2]. Both non-deletional and deletional mutations 
cause alpha thalassemia. Many non-deletional mutations of 
the alpha globin gene result from nucleotide substitutions. 
The most common deletional mutations are monogenic 
deletions of -α3.7 and -α4.2 in Asia and bigenic deletions --SEA 
and --FIL in Southeast Asia, -(α)20.5 and --MED in Mediterranean 
regions, and --THAI in Taiwan [3, 4]. Several other deletional mu-
tations have been identified in recent years. In this article, we 
review eight of these deletional mutations. These deletions 
have a high prevalence and are seen in different proportions 

in different parts of the world. However, some deletional mu-
tations are seen only in cases or in much smaller numbers.

Alpha Thalassemia
The alpha globin cluster at its locus includes duplicated al-
pha genes, an embryonic α-like gene (ζ2), three pseudogenes 
(Ψζ1, Ψα2, Ψα1), and a gene with an undetermined function 
(θ1). These genes and pseudogenes are arranged in the order 
1ζ2-Ψζ1-Ψα2-Ψα1-α2-α1-θ1 [5–7]. Alpha globin is an essen-
tial subunit of human hemoglobin from the sixth fetal week 
to adulthood. Fetal hemoglobin (α2γ2) and adult hemoglo-
bin (α2β2) are produced by the combination of two chains of 
alpha globin with two chains of gamma and beta globin, re-
spectively [8, 9]. Based on how many of the alpha globin chain 
genes are deleted, the clinical symptoms of alpha thalassemia 
vary from mild anemia to severe symptoms. If one, two, three, 
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or four of the alpha globin genes are deleted, alpha tha-
lassemia trait, silent carrier state, hemoglobin H disease, and 
Hydrops fetalis syndrome occur, respectively. The frequency 
of alpha thalassemia has been studied in different parts of the 
world, with varying frequencies in different regions of coun-
tries such as Iran, Morocco, China, and Syria [10–13].

Alpha Thalassemia Phenotypes
Alpha thalassemia phenotypes are divided into four cate-
gories: Alpha thalassemia silent carrier, Alpha thalassemia 
trait, Hemoglobin H disease (Hb H), and Hydrops fetalis.
Table 1 shows the characteristics of alpha thalassemia types.

Classification of Alpha Thalassemia Based on 
the Number of Deleted Genes
Different types of deletional mutations with different fre-
quencies have been investigated in various parts of the world 
[14–19]. Some of these mutations cause the deletion of one of 
the two alpha globin genes, while others cause the deletion of 
both genes [14–21].

Single Gene Deletions
The most common deletional mutations in alpha thalassemia 
delete one of the genes of the alpha globin chain, which leads 
to a mild alpha thalassemia phenotype (-α/αα). Reciprocal 
recombination, which occurs between highly similar regions 
called Z-boxes, leads to the deletion of 3.7 kb, which only in-
cludes one alpha gene (–α3.7). In contrast, recombination be-
tween the mismatched X-boxes results in the deletion of 4.2 
kb (–α4.2). These recombinations lead to the creation of chro-
mosomes containing three alpha globin genes [22, 23].

Double Gene Deletions
Several α0 defects that delete both alpha globin genes have 
been observed in different populations and are named ac-
cording to their geographic region. These deletions include 
Southeast Asian (--SEA), Mediterranean (--MED), Filipino (--FIL), 
Thai (--THAI), and 20.5 kb type (-(α)20.5) [24, 25]. Partial or com-
plete deletion of both alpha globin genes in the cis state leads 
to the absence of alpha globin chain synthesis in the body. 
Homozygotes with these deletions have hydrops fetalis syn-
drome. Many deletions also remove ζ and α globin genes. Indi-
viduals in the heterozygous state appear to develop normally, 
but survival is unlikely for individuals in the homozygous state 

even in the early months or days of pregnancy, as neither α2γ2 
nor ζ2γ2 hemoglobin can be produced. It is worth mentioning 
that rare deletions causing α0 thalassemia delete the regula-
tory region 40–50 kb upstream of the alpha globin gene clus-
ter, leaving the alpha globin chain genes intact.
Detailed analysis of the deletional mutation -(α)20.5 reveals 
the importance of providing a more precise description of 
the 5' end of this deletion from the alpha globin genes. This 
is especially crucial because different phenotypes are as-
sociated with defects in the alpha globin gene cluster. The 
first cases of alpha-α0 thalassemia deletion, which deleted 
the entire alpha globin gene set, described a rare condi-
tion characterized by Hb H disease and congenital mental 
retardation [26]. While the --SEA deletional mutation is the 
most common cis deletion in alpha globin chains in South-
east Asia, several other deletions have also been reported 
in other scientific papers. --THAI and --FIL deletional mutations 
are common among some Southeast Asian populations. 
These common deletional mutations, which were first de-
scribed by Fischel Ghodsian and colleagues, cover about 
30–38 kilobases and delete the zeta2 globin gene as well as 
alpha globin genes located on chromosome 16 [27].

New Deletional Mutations

-α6.9 deletion
This deletion mutation, first observed in China, causes the 
deletion of the α2 gene but leaves the α1 gene intact (NG-
000006.1.29785–36746 del 6962bp). The researchers who 
found this mutation initially identified alpha thalassemia by 
examining the phenotype of the subjects. Then, using the 
Multiplex Ligation-dependent Probe Amplification (MLPA) 
method, they evaluated the new mutation, and through 
DNA sequencing and bioinformatics analysis, confirmed the 
mutation's existence [28]. If this deletional mutation is com-
bined with a single deletion, it causes alpha thalassemia 
trait, and if it is combined with a double deletional muta-
tion, it causes Hb H disease.

--27.2 deletion
In a study, researchers in China discovered this new mutation 
after examining a young woman in pre-pregnancy screening 
who had hypochromic and microcytic hematological features 
[29]. This mutation causes the deletion of both alpha globin 
genes located on chromosome 16, and if it is combined with 
another double deletional mutation, it causes hydrops fetalis.

Table 1. Characteristics of alpha thalassemia types

Name of disease Number of deleted genes Genetic condition of the disease Severity of clinical symptoms

Silent carrier One -α/αα Usually mild or no symptoms
Trait Two --/αα
-α/-α Usually mild anemia
Hb H Three --/-α mild to severe
Hydrops fetalis Four --/-- Severe symptoms
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(αα)ZRX deletion and --336 deletion
These deletions, which cause the deletion of both alpha 
globin chains, were observed in two Chinese families. In the 
patient with the --336 deletion, a spontaneous mutation was 
identified, as neither parent had this mutation. Both carriers 
had symptoms of microcytic hypochromia, a characteristic of 
people with α0-thalassemia [30].

--GB deletion
This deletion mutation, first observed in Malaysia, results in 
the deletion of both genes of the alpha globin chain (α0-tha-
lassemia). Most individuals with this mutation are of Malay 
descent. The main risk of this mutation, when accompanied 
by a single or double deletion, is Hb H disease or hydrops 
fetalis, respectively [31].

(αα)FJ deletion
This deletion mutation, which caused the deletion of 91.5 kilo-
bases in the alpha globin gene cluster in a family from China, 
deletes both α1 and α2 genes. In areas with a high frequency 
of alpha thalassemia, this mutation should be investigated [32].

–α6.3 deletion and –α27.6 deletion
These mutations, identified in two Chinese patients, delete 
one of the alpha globin chains (α+-thalassemia). Like single 
deletion mutations such as -α3.7 and -α4.2, they are accompa-
nied by double deletion mutations, causing Hb H disease [33].

--CR deletion
This deletion mutation, found in Thailand, deletes 44.6 kilo-
bases of the alpha globin gene cluster. There is limited informa-
tion on the effects of this mutation, especially in combination 
with other types of thalassemia. Hypochromic and microcytic 
blood phenotypes have been observed in carriers [34].

--14.9 deletion
This mutation, discovered in China, deletes both alpha globin 
chains. Affected individuals had abnormal blood parameters, 
and after screening for 23 types of common mutations, this 
specific mutation was identified [35].

107 kilobase deletion
In a patient suffering from mild anemia, screening for tha-
lassemia was performed by Gap-PCR and PCR-reverse dot blot 
methods. Following additional investigations, this deletional 
mutation was identified [36].

Common Diagnostic Methods in Identifying 
Deletional Mutations in Alpha Thalassemia 
Disease
For a long time, methods such as loop-mediated isothermal 
amplification, Multiplex Ligation-dependent Probe Amplifica-
tion (MLPA), and single-tube multiplex polymerase chain reac-
tion (PCR) have been used worldwide in the diagnosis of alpha 
thalassemia. However, new methods with greater speed and 

accuracy are also needed, as they can identify many genetic mu-
tations in a short period of time [37]. In addition to traditional 
methods that have been used for years by diagnostic centers, 
new methods have also been introduced in recent years [38–40].

Conclusion
Considering the high prevalence of alpha thalassemia world-
wide, as well as the complications of this disease, particularly 
in cases of Hb H disease and hydrops fetalis, it is advisable to 
screen individuals suspected of having this condition. Follow-
ing diagnosis, genetic counseling should be provided to inform 
patients about the risks in pregnancy and prevent the birth of 
infants with severe alpha thalassemia. In areas where rare mu-
tations are present, these mutations should also be studied.
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Navigating the 2024 revised guidelines for Undergraduate 
Competency Based Medical Education (CBME) curriculum: 
Newer insights and implications for biochemistry education

The National Medical Commission (NMC) of India recently 
announced the release of the 2024 revised guidelines for 

the undergraduate Competency Based Medical Education 
(CBME) curriculum on September 12, 2024 [1]. Building on the 
success of the CBME framework introduced in 2019, this re-
vised version is expected to include significant enhancements, 
with modified or additional components designed to better 
equip medical students with the necessary skills, knowledge, 
and competencies required for contemporary medical prac-
tice. These enhancements aim to globalize the medical educa-
tion system in India in line with the latest advancements and 
international educational standards.

In biochemistry, this new upgrade offers several new insights 
and implications for educators. Understanding these mod-

ifications is crucial as they directly impact how biochemistry 
is taught and delivered to learners. This article explores the 
changes made to the biochemistry curriculum in terms of com-
petencies, teaching-learning methods, and assessment strate-
gies. By doing so, it offers valuable guidance on how educators 
can adapt their methods to ensure that students are not only 
meeting but excelling in the revised curriculum's expectations.

Discussion
In the earlier version of the CBME curriculum, the focus was 
predominantly on biochemical pathways and metabolites 
with associated disorders, which provided students with a sol-
id foundation in understanding the intricate processes of life at 
the molecular level. However, the new curriculum transcends 
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this foundational knowledge by emphasizing the clinical impli-
cations of these pathways, particularly in the context of specific 
disorders related to the metabolism of essential macromole-
cules like carbohydrates, lipids, proteins, and nucleic acids, as 
well as their management. This shift is crucial as it bridges the 
gap between theoretical biochemistry and its practical applica-
tion in diagnosing and managing metabolic disorders, making 
the learning experience more clinically relevant and impactful 
[2, 3]. This not only reinforces students' foundational knowl-
edge but also teaches them how to apply it in a clinical setting.
The curriculum’s inclusion of modern molecular techniques, 
such as CRISPR-Cas9 (clustered regularly interspaced short 
palindromic repeats and CRISPR-associated protein 9), marks 
a progressive step towards integrating cutting-edge science 
with clinical practice. These tools, once the domain of special-
ized research, are now being brought into the educational 
fold, reflecting their growing importance in diagnosing and 
treating genetic disorders [4]. This prepares students not 
just to understand these techniques but to apply them in re-
al-world clinical scenarios, keeping their education at the fore-
front of medical innovation.
One of the most forward-thinking additions to the curriculum 
is the emphasis on Artificial Intelligence (AI) in clinical bio-
chemistry laboratory practices. AI is revolutionizing health-
care, particularly in diagnostic laboratories, where it enhanc-
es accuracy, efficiency, and personalized patient care [5]. By 
incorporating AI into the curriculum, educators are ensuring 
that students are not only aware of these advancements but 
are also prepared to harness them in their future careers. This 
competency is crucial as AI becomes increasingly integral to 
laboratory medicine, offering opportunities for more sophisti-
cated analyses and improved patient outcomes [6].
Educators can create interactive sessions where students work 
with AI-powered diagnostic tools in simulated clinical bio-
chemistry labs. Students can experience firsthand how these 
advancements improve diagnostic accuracy and efficiency, 
preparing them for future roles in healthcare settings where 
AI is increasingly utilized.
Notable changes have been introduced in the practical bio-
chemistry curriculum, with a stronger emphasis on case sce-
nario-based interpretation of analytes being tested. This re-
vision encourages students to not only perform biochemical 
experiments but also interpret results within clinical contexts, 
fostering critical thinking and practical application. The inclu-
sion of additional demonstrations, such as uric acid estima-
tion, and an increase in the number of certifiable skills from 
five previously to eleven in the revised guidelines, further 
enriches the hands-on learning experience, ensuring that stu-
dents are proficient in a wider range of essential techniques.
The curriculum also places greater emphasis on quality con-
trol and the identification of analytical errors, highlighting 
the importance of accuracy in laboratory work. New com-
ponents, such as the identification and interpretation of 
Levey-Jennings charts, further contribute to preparing med-

ical graduates with a strong foundation in analytical preci-
sion and error management in clinical biochemistry.
Additionally, a new component requires students to actively 
observe, interpret, and discuss baseline, diagnostic, prognos-
tic, and discharge investigations in clinical biochemistry. This 
hands-on approach enhances their ability to connect laboratory 
results with clinical outcomes, fostering a deeper understanding 
of the role biochemistry plays throughout patient care.
The revised guidelines for the CBME biochemistry curriculum 
have introduced a range of innovative teaching and learning 
methods designed to enhance student engagement and deep-
en understanding. While foundational methods such as Large 
Group Teaching (LGT), Small Group Teaching (SGT), DOAP 
(Demonstration-Observation-Assistance-Performance), Self-Di-
rected Learning (SDL), demonstrations, and case studies contin-
ue to play a crucial role, the curriculum now integrates several 
new approaches to further enrich the educational experience.
Among these new methods, the flipped classroom model 
stands out. This model shifts the focus from passive to active 
learning, requiring educators to carefully curate pre-class ma-
terials and plan interactive, in-class activities that encourage 
deeper student engagement and critical thinking [7]. Role play 
has been introduced to help students simulate real-life clinical 
scenarios, fostering critical thinking and communication skills in 
a controlled environment. Home assignments now play a more 
significant role, promoting self-directed learning and ensuring 
that students engage with the material continuously outside 
the classroom [8]. These enhancements further highlight how 
educators have to restructure their approaches to teaching in 
a way that is more relevant, inclusive, and impactful. Educators 
will need to plan these experiences carefully to align with theo-
retical lessons, ensuring a well-rounded education.
The curriculum also places greater emphasis on experiential 
learning through lab visits, providing students with direct 
exposure to the working environment of a clinical biochem-
istry laboratory. Most notably, Early Clinical Exposure (ECE) 
has been integrated into the curriculum through Small Group 
Teaching (SGT) during bedside or ward visits and interactions 
with the medical record department in biochemistry. This new 
element fosters early exposure to real patient cases, helping 
students connect theoretical knowledge with practical appli-
cation, offering a comprehensive understanding of biochem-
istry and its critical role in diagnosis [9], treatment, and patient 
care. This will require collaboration between educators and 
clinical departments, strengthening the link between class-
room learning and patient care. Together, these enhance-
ments foster a more interactive, reflective, and clinically rel-
evant learning experience directing educators to shift from 
classroom-based teaching in biochemistry.

Assessment and Teaching
Assessment and teaching are always complementary to each 
other. Learners should be assessed using the same methods in 
which they have been taught [10]. The recent revisions to the 
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biochemistry curriculum represent a significant shift in the as-
sessment paradigm, moving towards a more holistic, relevant, 
and outcome-based evaluation model. The revised guidelines 
of the curriculum now place a stronger emphasis on Objective 
Structured Practical Examinations (OSPE), which have become a 
central component of practical skill assessment. OSPEs are de-
signed to objectively evaluate students’ ability to perform specif-
ic tasks in a controlled, standardized environment, ensuring that 
the assessment of practical skills is both rigorous and fair [11].
In addition to the integration of OSPE, the new curriculum 
has expanded its assessment framework to include direct 
observation and case study interpretation. Direct observa-
tion allows educators to assess students' procedural skills 
and decision-making abilities in real time, providing valuable 
insights into their clinical proficiency and areas for improve-
ment. Case study interpretation requires students to analyze 
complex clinical scenarios, fostering a deeper understanding 
of the biochemical principles underlying patient care. These 
methods collectively ensure that students are evaluated not 
only on their knowledge but also on their critical thinking and 
application skills, aligning the assessment process with the 
practical demands of medical practice [12].
Furthermore, the introduction of logbooks and reflective exer-
cises in biochemistry further enhances the assessment process 
by promoting a culture of formative evaluation with effective 
feedback, continuous self-assessment, and lifelong learning 
[13, 14]. Overall, these comprehensive assessment methods, 
particularly the emphasis on OSPE, ensure that the curriculum 
not only tests students' knowledge but also prepares them for 
the practical realities of clinical biochemistry, making the as-
sessment process more robust and aligned with the principles 
of Competency Based Medical Education (CBME).

Conclusion
The 2024 revised guidelines for the CBME curriculum in bio-
chemistry signify a transformative shift in medical education, 
focusing on the integration of clinical relevance, innovative 
teaching methodologies, and comprehensive assessment 
strategies. By moving beyond traditional approaches, this cur-
riculum equips students with the critical skills and knowledge 
required to excel in modern medical practice. The emphasis on 
practical application, early clinical exposure, and cutting-edge 
technologies such as AI and molecular techniques reflects the 
evolving demands of the healthcare landscape. Moreover, the 
holistic assessment framework ensures that students are not 
only knowledgeable but also adept at translating their learn-
ing into real-world clinical scenarios.
This curriculum challenges educators to focus on practical 
applications, foster critical thinking, and utilize hands-on as-
sessments like OSPEs. By tailoring their teaching to these new 
standards, educators will play a vital role in preparing students 
to excel in the complexities of contemporary medical practice.
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Dear Editor,

I found a valuable article titled “Impact of preanalytical stor-
age on the accuracy of CD3, CD4, CD8 testing results using 
the BD FACSLyric™ Clinical Flow Cytometry System” in “In-
ternational Journal of Medical Biochemistry [1]. I need to 
thank the research team of this article for conducting such 
a research. But it seems necessary to mention some points 
about this research. CD3, CD4 and CD8 can be investigated 
in various situations such as inflammation, cancer, and im-
munological disorders [2]. As mentioned in this article, not 
all laboratories have the hardware facilities to measure these 
markers and they must be stored in various forms such as 
freezers or storage at room temperature until they reach the 
laboratory with the equipment to start them. In this research, 
the samples were examined at room temperatures at 24 and 
72 hours after sampling. Sometimes, due to the long distance, 
more time is needed for the sample to reach a more equipped 
laboratory. This time may be more than 72 hours. It is sug-
gested that in future studies by this group of researchers or 
other researchers, longer times should be considered for the 
investigation of these markers in order to examine their sta-

bility in these time periods. It would also be better that part 
of the samples be kept at the refrigerator temperatures at the 
same time so that their stability at room temperatures and 
refrigerator temperatures can be compared at the same time.
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