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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).
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• Disease-Oriented Topics (Cardiovascular Disease, Cancers, Diabetes, 
Obesity, Genetic Disorders, Neurodegenerative Disease etc.)
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• 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 
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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 
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Contribution of kynurenine/tryptophan ratio to early 
prediction of COVID-19 severity in the emergency department

The COVID-19 virus has caused a global pandemic [1]. Proin-
flammatory cytokines cause pulmonary fibrinolysis and 

damage alveolar epithelial and endothelial cells. As a result, 
oxygen (O2) and carbon dioxide (CO2) exchange is prevented, 
and hypoxia occurs. Cytokine storms, hypoxia, and fibrosis are 
associated with a poor clinical course and increased mortality 
[2–4]. Controlling immune reactions is the most vital and chal-
lenging management process for COVID-19 patients [5].

Approximately 95% of tryptophan (TRP), an essential amino 
acid, is converted to kynurenine (KYN) and its metabolites in 
the liver and kidney. Two rate-limiting enzymes that metabo-
lize TRP are tryptophan-2,3-dioxygenase (TDO) and indoleam-
ine-2,3-dioxygenase 1/2 (IDO1/2) [6, 7]. Under physiological 
conditions, TDO, which is expressed mainly in the liver, is regu-
lated by hormones such as cortisol, insulin, glucagon, and epi-
nephrine, while IDO1 is expressed in monocytes and dendritic 

Objectives: Kynurenine is the breakdown product of tryptophan. The tryptophan metabolic pathway increases in 
COVID-19 infection. This study was designed to reveal the relationship between tryptophan and kynurenine levels and 
disease severity. Our study also aimed to explore the relationship between tryptophan-kynurenine levels and patient 
survival, need for mechanical ventilation, and length of hospital stay.
Methods: All 82 COVID-19 patients were grouped as severe and mild cases. Serum tryptophan and kynurenine levels 
were measured by the ELISA method. Receiver operating characteristic curves were generated to plot the KYN/TRP 
ratio and other variables. Multivariate logistic regression analyses were used to assess the strength of associations be-
tween risk factors and patient status. Categorical variables were compared.
Results: The kynurenine/tryptophan level was significantly higher (p<0.001), and the tryptophan level was signifi-
cantly lower (p=0.008) in the severe group. With a cutoff point of 14.2, the kynurenine/tryptophan ratio had 56.1% 
sensitivity and 80.49% specificity in predicting COVID-19 severity. In the multivariate logistic regression analysis using 
age, troponin, platelet count, ferritin, and kynurenine/tryptophan levels, with a cut-off value of 0.34, the sensitivity and 
specificity were 92.6% and 87.8%, respectively. There was no significant difference in tryptophan and kynurenine levels 
in terms of patient survival, need for mechanical ventilation, and length of hospital stay.
Conclusion: The kynurenine/tryptophan ratio is valuable in evaluating clinical outcomes of COVID-19 patients, es-
pecially when used in conjunction with age, troponin, platelet count, and ferritin. It is useful in predicting the clinical 
course at the time of admission to the emergency department. To our knowledge, the kynurenine/tryptophan ratio, 
together with age, troponin, platelet count, and ferritin parameters, is the best model with the highest AUC that can be 
used to show early prediction of clinical outcomes in COVID-19.
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cells and is expressed as interferon-gamma (IFN-γ), tumor ne-
crosis factor-alpha (TNF-α), and interleukin-6 (IL-6) [8–10]. The 
recently identified IDO2 gene, which has 45% homology with 
IDO1, is expressed in the brain, liver, kidney, and epididymis. 
However, the metabolic activity of IDO2 is thought to be much 
lower than that of IDO1 [11]. In this study, the term 'IDO' re-
fers to IDO1 unless stated otherwise. Local TRP depletion (via 
the stress-responsive kinase GCN2 pathway) and an increase 
in kynurenine metabolites (via the aryl hydrocarbon receptor 
(AhR)) inhibit the proliferation of T cells, convert naïve CD4+ T 
cells into Treg cells, and direct dendritic cells (DCs) and mac-
rophages towards an immunosuppressive phenotype [12, 13]. 
By IDO activation, APCs produce inhibitory cytokines such as 
IL-10 and transforming growth factor β (TGFβ) rather than in-
flammatory cytokines such as IL-12. Therefore, IDO activation 
can change the nature of APCs and change the entire local 
environment from immunogenic to tolerogenic [14, 15].
The KYN/TRP ratio, which reflects IDO activity, is report-
edly higher in COVID-19 patients than in controls [16, 17]. 
Paradoxically, in COVID-19, a cytokine storm occurs despite 
IDO activation [3]. There are some hypotheses on this topic. 
Firstly, the TRP metabolic pathway can occur in response to 
inflammation and represents an attempt to limit excessive 
immune reactivity. However, if it is not enough, a cytokine 
storm begins [16]. Secondly, immune tolerance resulting 
from the activation of the TRP metabolic pathway weakens 
the immune response to the virus and delays its clearance, 
thus leading to the development of acute respiratory dis-
tress syndrome (ARDS) and multiple organ failure [18].
The IDO enzyme is probably induced by increased levels of 
IFN-γ, IL-1, IL-6, TNF-α, and ROS in COVID-19 patients [19]. KYN, 
which increases with IDO activation, stimulates AhR and may 
cause "systemic aryl hydrocarbon receptor activation syn-
drome," which is associated with hyperinflammation, hyper-
coagulation, and multiple organ damage [20]. For this reason, 
it has been hypothesized that the TRP metabolic pathway may 
worsen the clinical course of COVID-19 and possibly reduce 
the patient's recovery potential [21].
Determining the severity of the disease before the onset of 
the cytokine storm in COVID-19 and starting appropriate 
treatment accordingly is life-saving. There is a need for param-
eters that shed more light on clinicians working under intense 
conditions. The results of our study will provide further infor-
mation on the use of KYN and TRP levels at the time of admis-
sion to emergency departments and will help better predict 
the severity of COVID-19.

Materials and Methods

Participant acquisition and sample collection
The study included 82 patients aged >18 years who presented 
to the hospital emergency department between 01.01.2022 
and 01.08.2022 and had a positive SARS-CoV-2 PCR test. The 
exclusion criteria included cancer, inflammatory diseases, rheu-
matological diseases, and allergic diseases that could affect IDO 

enzyme activity. Patients were grouped into severe and mild 
cases according to the criteria established by the Ministry of 
Health [22]. By evaluating the following criteria, patients with at 
least one criterion were included in the severe group. Patients 
who did not meet these criteria were considered mildly ill.
• Shortness of breath,
• Respiratory rate ≥28/minute,
• Oxygen saturation <93% or PAO2 <60 mmHg despite oxy-

gen support of 5 liters/minute or more
• PAO2/FIO2 <300,
• More than 50% involvement with clinical worsening on 

chest X-ray or tomography,
• Hypotension (systolic blood pressure <90 mmHg, >40 

mmHg decrease from normal systolic blood pressure, mean 
arterial pressure <65 mmHg) or vasopressor requirement,

• Skin perfusion disorders, lactate >4 mmol/L, sequential or-
gan failure assessment score (≥2 unit increase in SOFA score),

• Troponin elevation or arrhythmia.
Patients were followed for 4 months to determine their sur-
vival. Follow-up lasted 4 months, as surviving patients fully re-
covered during this time. All participants gave informed con-
sent to participate in this study, which was approved by the 
local ethics committee. Yellow cap gel blood tubes (SARSTED) 
were used to collect blood samples during admission to the 
emergency department. Samples were allowed to clot for 
20–30 min. Samples were centrifuged at 4000xg for 10 min-
utes. Serum obtained from blood samples was divided into 
two equal parts and placed in Eppendorf tubes. Samples were 
stored at -80°C until the day of analysis. Samples were kept 
at room temperature until completely thawed before analysis. 
All laboratory records, radiological imaging, and clinical exam-
ination findings were recorded.

Sample analysis
Serum KYN levels were measured using a Human Kynurenine 
ELISA Kit (Sunred Biological Technology, China). Different 
standard concentrations were obtained by diluting the lyo-
philized standard included in the kit. Following the kit pro-
cedure, the absorbance of the examined samples was mea-
sured at 450 nm with an EBLX-800 microplate reader (BioTek 
Instruments, Inc., USA). Concentrations corresponding to 
sample absorbance were calculated by the formula obtained 
from the standard curve plot (sensitivity: 13.672 nmol/
mL, assay range: 15 nmol/mL →4000 nmol/mL, intra-assay 
CV<10%). Serum TRP levels were measured using a Human 
Tryptophan ELISA Kit (Cloud Clone USCN, USA). Different 
standard concentrations were obtained by diluting the lyo-
philized standard included in the kit. Following the kit pro-
cedure, the absorbance of the examined samples was mea-
sured at 450 nm with an EBLX-800 microplate reader (BioTek 
Instruments, Inc., USA). Concentrations corresponding to 
sample absorbance were calculated by the formula obtained 
from the standard curve (sensitivity: 0.55 µg/mL, detection 
range: 1.23–100 µg/mL, intra-assay: CV<10%).
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Statistical analysis
The Shapiro–Wilk test was used to determine whether the 
data were normally distributed. The results are presented as 
the mean±standard deviation, median (minimum-maximum), 
or frequency and percentage. Normally distributed data were 
compared with independent sample t-tests or one-way ANO-
VA. The Kruskal–Wallis and Mann–Whitney U tests were used 
for nonnormally distributed data. The Bonferroni correction 
was used as a multiple comparison test. Categorical variables 
were compared between groups using Pearson's chi-square 
and Fisher's exact tests. p<0.05 was considered to indicate sta-
tistical significance. All the statistical analyses were performed 
with IBM SPSS ver. 23.0.

Receiver operating characteristic (ROC) curves were generat-
ed to plot the KYN/TRP ratio and other variables. The sensi-
tivity, specificity, positive likelihood ratio (+LR), and negative 
(-) LR were also determined for the optimal cutoff value. The 

performance of the KYN/TRP ratio and other variables in pre-
dicting patient status was determined using receiver operat-
ing characteristic (ROC) curves, with the area under the curve 
(AUC) being the primary interest. Multivariate logistic regres-
sion analyses were used to assess the strength of associations 
between risk factors and patient status, and curves were gen-
erated to determine optimal cutoff values. MedCalc Statistical 
Software version 20.015 was used for ROC analysis.

Results
In the severe group, the KYN/TRP ratio reflecting IDO activity 
was significantly higher than that in the mild group (p<0.001), 
while the TRP level was significantly lower in the severe group 
(p=0.008). The KYN level was higher in severely ill patients 
than in healthy patients (p>0.05) (Table 1).
There was no significant difference between genders in KYN/
TRP, TRP, or KYN levels. After the patients were grouped as se-

Table 1. Demographic data and laboratory findings of patients infected with COVID-19 upon admission to the hospital

Parameters Mild (n=41) Severe (n=41) p

Gender (male), n (%) 16 (39) 27 (66) 0.013
Age (years) 56 (40–65) 67 (56–82) <0.001
Oxygen saturation 96 (94–97) 89 (86–91) <0.001
Glucose (mmol/L) 6.82 (5.62–8.41) 8.15 (7.00–13.48) <0.001
Urea (mmol/L) 5.16 (4.16–5.99) 8.15 (5.16–14.15) <0.001
Creatinine (µmol/L) 77.8 (62.8–94.6) 89.3 (81.4–121.1) 0.002
AST* (U/L) 26 (20–40) 36 (29–47) 0.020
ALT† (U/L) 24 (18–34) 26 (18–33) 0.714
CRP‡ (mg/L) 37.6 (13.9–87.2) 114.78 (66.97–175.7) <0.001
Ferritin (µg/L) 233 (108–650) 625 (234–1105) 0.006
Procalcitonin (µg/L) 0.07 (0.05–0.11) 0.17 (0.12–0.43) <0.001
Laktate (mmol/L) 1.51 (1.23–2.03) 2.09 (1.57–3.25) <0.001
PaO2/FiO2 (mmHg) 377.9 (310.2–402.1) 300.2 (280.8–315.6) <0.001
Hemoglobin (g/L) 13.2 (12.2–14.2) 13.6 (11.6–14.9) 0.752
Hematocrit (%) 38.2 (36–42.5) 40.6 (35.4–45.4) 0.207
Platelet (×109/L) 206 (155–268) 195 (166–262) 0.802
WBC§ (×109/L) 7.15 (5.21–9.74) 7.24 (5.76–11.29) 0.481
Lymphocyte (%) 20 (14.1–26.6) 11.5 (8.7–20) <0.001
NLR║ 3.62 (2.49–5.51) 7.04 (3.7–10.06) <0.001
D-dimer (mg/L) 420 (260–889.45) 710 (520–1830) 0.004
aPTT¶ (sec) 30 (27.6–31.6) 30.6 (27.7–32.7) 0.484
INR** 0.99 (0.93–1.08) 1.1 (1–1.21) 0.002
Troponin (ng/L) 0.007 (0.004–0.015) 0.014 (0.009–0.064) <0.001
Kynurenine (nmol/mL) 268 (151–507) 272 (187–1014) 0.068
Tyrptophan (ug/mL) 23.2 (7.9–48.5) 18.6 (7.4–36.7) 0.008
Kynurenine/Tyrptophan 11.1 (4.7–28.1) 15.0 (6.0–53.5) <0.001
Exitus, n 3 23 <0.001
Need of mechanic ventilation, n 0 9 <0.001

Descriptive statistics are presented as medians (IQR) or frequencies with percentages. *: Aspartate aminotransferase; †: Alanine aminotransferase; ‡: C reactive protein; §: White 
Blood Cell; ║: Neutrophil-to-lymphocyte ratio; ¶: Activated Partial Thromboplastin Time; **: International Normalized Ratio. AST: Aspartate aminotransferase; ALT: Alanine 
aminotransferase; CRP: C-reactive protein; PaO2: Arterial partial pressure of oxygen; FiO2: Fraction of inspired oxygen; WBC: White blood cell; NLR: Neutrophil-lymphocyte ratio; 
aPTT: Activated partial thromboplastin time; INR: International normalized ratio; n: Number.
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vere or mild, it was observed that KYN levels were significantly 
higher in men (299 (151–404) nmol/mL) than in women (227 
(168–507) nmol/mL) only in mild patients (p=0.010).
There was no correlation between the laboratory parameters 
in Table 1 and TRP-KYN levels. After patients were grouped 
into severe and mild groups, correlations were observed be-
tween KYN/TRP levels and Hb (p=0.009), Hct (p=0.003), INR 
(p=0.031), and aPTT (p=0.002) levels only in mild patients.
Only 9 patients died during treatment. There were no sig-
nificant differences in TRP, KYN, or KYN/TRP levels between 
deceased and surviving patients. In addition, no significant 
differences were detected in TRP or KYN levels in terms of me-
chanical ventilation need or hospital stay duration.
ROC analysis was performed to determine the effect of TRP, 
KYN, and KYN/TRP levels on disease severity (Table 2).
According to the univariate logistic regression analysis, the 
AUC of TRP was 0.67, its sensitivity was 48.8%, its specificity 
was 80.5%, the AUC of KYN/TRP was 0.71, its sensitivity was 
56.1%, and its specificity was 80.5%. Multiple logistic regres-
sion analysis was performed with various variations using the 
patients’ demographic data and laboratory parameters. The 
combination of age, troponin level, platelet count, ferritin lev-
el, and KYN/TRP ratio had the highest AUC. According to the 
multivariate logistic regression analysis, the AUC was 0.94, the 
sensitivity was 92.6%, and the specificity was 87.8% in deter-
mining disease severity (Fig. 1).

Discussion
Lower TRP and higher KYN levels have been reported in 
COVID-19 patients compared to healthy individuals [17, 23]. A 

meta-analysis of 1269 individuals, consisting of 794 COVID-19 
patients and 475 controls, revealed a significant increase in 
the KYN/TRP ratio (p<0.0001) and KYN level, and a significant 
decrease in the TRP level [17]. In a study including 239 healthy 
individuals and 89 COVID-19 patients, it was observed that the 
KYN/TRP ratio in patients was 3.7 times higher than in healthy 
controls. The AUC for KYN/TRP levels at the time of COVID-19 
diagnosis was 0.97 (95% CI=0.9463–0.9937, p<0.0001). Plasma 
TRP concentrations of the patients at admission were higher 
than the last sample before death (30.1±10.0 vs. 25.5±9.4 
μmol/L), KYN (p=0.013) and KYN/TRP levels (p=0.080) lower 
[23]. McPadden et al. [24] reported that TRP levels in the ce-
rebrospinal fluid of patients with and without COVID-19 were 
19.4±16.4 and 24.8±18.9 µmol/L, respectively. In a meta-anal-
ysis study including 773 patients, KYN/TRP levels were found 
to be significantly higher in seriously ill patients (p<0.001) [17]. 
Similarly, we detected significantly lower TRP levels (p=0.008), 
higher KYN levels, and higher KYN/TRP ratios reflecting IDO 
activity (p=0.001) in severe patients compared to mild pa-
tients. Our results support the hypothesis that the TRP meta-
bolic pathway is a potential marker of COVID-19 severity and 
can be targeted by therapeutic intervention.
Studies show that COVID-19 progresses worse in men than 
in women. Lionetto et al. [16] reported that KYN levels were 
higher in male patients than in female patients (p=0.004), 
but there was no gender-related difference in TRP levels. 
McPadden et al. [24] found higher hospitalization (OR 1.68, 
95% CI=1.45–1.90) and in-hospital mortality (OR 1.87, 95% 
CI=1.33–2.63) rates in male patients. In our study, no signif-
icant difference was detected in TRP or KYN levels between 
genders in the severe group, while in the mild group, KYN 

Table 2. Diagnostic test results for the prediction of severe COVID-19

 AUC Cutoff Sensitivity % Specificity % Positive Negative 
   (95% CI)  (95% CI) Likelihood Likelihood  
     ratio ratio

Age 0.736 52 87.80  48.78 1.71 0.25
   (73.8–95.9) (32.9–64.9) 
Kynurenine 0.617 225.07 90.24  34.15 1.37 0.29
   (76.9–97.3) (20.1–50.6) 
Tyrptophan 0.67 18.1 48.8 80.5 2.50 0.64
   (32.9–64.9) (65.1–91.2) 
Kynurenine/Tyrptophan 0.71 14.2 56.1 80.5 2.88 0.55
   (39.7–71.5) (65.1–91.2) 
Ferritin 0.675 226.8 80.49  48.78 1.57 0.40
   (65.1–91.2) (32.9–64.9) 
Platelet 0.516 102 12.20 100.00 – 0.88
   (4.1–26.2) (91.4–100.0) 
Troponin 0.747 0.026 41.46  97.56 17.00 0.60
   (26.3–57.9) (87.1–99.9) 
Kynurenine/Tyrptophan, Ferritin, 0.94 0.39 92.6 87.8 7.60 0.08
Platelet, Troponin, Age   (80.1–98.5) (73.8–95.9)

AUC:Area under the curve; CI: Confidence interval.



Odabasi, Kynurenine/tryptophan ratio in COVID-19 / 10.14744/ijmb.2024.44712 133

levels were significantly higher in men (299 (151–404) nmol/
mL) than in women (227 (168–507) nmol/mL) (p=0.010). 
This difference may be due to the rapid turnover rate of KYN 
in female patients.
ARDS is one of the causes of death in COVID-19 patients. 
Data obtained from a multicenter study showed that PaO2/
FiO2, which reflects tissue oxygenation, was lower and lac-
tate levels were higher in deceased patients [19]. Similarly, 
the PaO2/FiO2 ratio was significantly lower, and the lactate 
level was significantly higher in the severe group (p<0.001) 
in this study. However, we did not find a significant relation-
ship between PaO2/FiO2 ratio, lactate level, mechanical ven-
tilation need, and TRP-KYN levels.
In the study conducted by Michaelis et al. [25], no significant dif-
ference was found in the KYN/TRP ratio at the time of admission 
between deceased (n=24) and surviving (n=81) patients. How-
ever, after one week, a significant decrease in KYN levels was 
observed in the surviving group, while a significant increase in 
KYN levels was observed in the deceased group. Researchers 
stated that the decrease in KYN is associated with the improve-
ment in the clinical course, while the increase in KYN may be a 
sign of worsening of the disease and poor outcomes. Similarly, 
in this study, there was no significant difference in TRP, KYN, or 
KYN/TRP levels at admission between deceased and surviving 
patients. However, since we did not measure TRP and KYN lev-
els again in the following period, we could not reach such an 
interpretation. Additionally, there was no correlation between 
length of hospital stay and TRP, KYN, or KYN/TRP levels.

According to a meta-analysis, ferritin, D-dimer, procalcitonin, 
C-reactive protein, and troponin levels were associated with 
COVID-19 severity and mortality [26]. These parameters were 
significantly higher in the severe group but were not correlat-
ed with KYN or TRP levels in this study.
The TRP metabolic pathway likely contributes to the patho-
physiology, severity, and progression of COVID-19 [17]. In this 
study, the KYN/TRP ratio had a sensitivity of 56.1% and specific-
ity of 80.5% in predicting the severity of COVID-19, with an AUC 
of 0.71. Multivariate logistic regression analysis was performed 
with different parameter combinations to determine the role 
of these parameters in predicting disease severity. The highest 
AUC was reached by regression analysis of age, troponin level, 
platelet count, ferritin level, and KYN/TRP ratio. According to 
multivariate logistic regression analysis, sensitivity was 92.6%, 
specificity was 87.8%, and AUC was 0.94. Hu et al. [27] reported 
that the sensitivity and specificity of a model consisting of age, 
lymphocyte count, serum albumin level, and NLR in predicting 
severe COVID-19 were 90.5% and 84.2%, respectively. Liang et 
al. [28] reported the AUC as 0.77 in the COVID-19 Gram model 
they developed to predict critical diseases. According to the 
NEWS2 model developed by De Socio et al. [29], the AUC was 
0.87. According to multivariate regression analysis in our study, 
AUC, sensitivity, and specificity were higher than other studies. 
When evaluated together with parameters such as age, tro-
ponin, and platelet count, ferritin, this result showed that the 
KYN/TRP ratio is more valuable than other prediction models 
in predicting disease severity in the early period.

Figure 1. ROC analysis of univariate and multivariable logistic regression models for predicting severity of COVID-19. ROC analysis of 
parameters are shown in (a) age, (b) kynurenine, (c) tryptophan, (d) kynurenine/tryptophan, (e) ferritin, (f ) platelet, (g) troponin, (h) kynurenine/
tyrptophan, ferritin, platelet, troponin, age graphs.
ROC: Receiver operating characteristic.
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Limitations
Several limitations should be taken into account when inter-
preting these results. Due to the retrospective design, only 
routinely measured parameters were available for statistical 
analysis. Since all studies showed that there was a significant 
increase in KYN/TRP levels in the patient group compared to 
the control group and there was no study showing the oppo-
site effect, we did not include the control group in our study to 
increase the patient population. We also had no information 
about how long the patients had been symptomatic. There-
fore, it may be possible that these patients are at slightly differ-
ent stages of COVID-19 disease. Measuring TRP and KYN levels 
on different days could explain their effect on the course of 
the disease more meaningfully. Therefore, a larger, long-term 
follow-up cohort with repeated measurements is required.

Conclusion
The TRP metabolic pathway is activated in severe COVID-19 
patients. To our knowledge, the KYN/TRP ratio, together with 
age, troponin, platelet count, and ferritin parameters, is the 
model with the best AUC for early prediction of clinical out-
comes in COVID-19. Our study provided emergency physi-
cians with more information and offered an alternative to bet-
ter guide them early in predicting the severity of COVID-19.
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Evaluation of the analytical performance of 80 parameters 
analyzed in routine biochemistry laboratory by process 
sigma methodology

Laboratory tests are performed on approximately 85% of 
individuals who present to healthcare facilities [1]. Since 

medical laboratory service, which is an important part of 
health services, is directly related to patient health, the ac-
curacy of the results obtained from the medical laboratory 
and the correct functioning of the processes are crucial. The 
mortality rate due to laboratory errors varies from 0.05% to 
0.61% [2]. Laboratory errors can lead to delayed diagnoses, 

misdiagnosis, incorrect treatment, increased risk to patient 
safety, increased costs, and lost time [3]. Medical laboratory 
processes are generally divided into three phases: preana-
lytical, analytical, and postanalytical. When evaluating lab-
oratory errors by their phase, it has been shown that most 
errors occur in the preanalytical or postanalytical phase and 
few occur in the analytical phase [4]. Nevertheless, analyti-
cal quality is of critical importance to laboratories.

Objectives: The Six Sigma methodology is also frequently used by clinical laboratories as an objective and quantitative 
way to measure quality. In our study, we aimed to evaluate the analytical performance of 80 tests using the Six Sigma 
methodology according to the CLIA (Clinical Laboratory Improvement Amendments) 2019, RICOS BV (Dr. Carmen RI-
COS Biological Variation) Desirable, and EFLM BV (European Federation of Clinical Chemistry and Laboratory Medicine 
Biological Variation) Desirable criteria.
Methods: The sigma values of 80 tests were calculated according to the TEa (Total Allowable Error) limits allowed by all 
three references using internal quality control and external quality control data. They were calculated monthly for 12 
months, and the annual average was taken. Sigma values were calculated with the Six Sigma formula.
Results: Considering the total number of goals reached, the highest success rate of 60% was achieved according to the 
CLIA goals, while the lowest success rate of 36% was obtained according to the EFLM BV Desirable criteria. Although 
exactly the same laboratory data are used, this gap between the sigma values obtained according to the selected ref-
erence is especially noticeable in tests such as Na (Sodium), K (Potassium), Cl (Chloride), Calcium, HbA1c (Hemoglobin 
A1c), and Troponin T.
Conclusion: The Six Sigma protocol is one of the effective and universal tools for evaluating the performance of clin-
ical laboratories. However, one of its biggest limitations is the lack of standardization in tolerance limits. The obtained 
performance varies according to the preferred reference. Therefore, we think that in the Six Sigma methodology, it is 
more feasible to select Total Allowable Error criteria from different references according to their suitability for the test.
Keywords: Biological variation, CLIA 2019, quality control, RICOS BV, six sigma, total allowable error
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Analytical error is the difference between the observed val-
ue and the true value and is divided into random error and 
systematic error. The random error can be negative or posi-
tive, its direction and magnitude are unpredictable, which is 
indicated by imprecision (CV) [5]. The systematic error, on the 
other hand, is an error with definite and measurable values 
that change the analysis result at a fixed and definite level. It 
always occurs in one direction [5]. It affects the accuracy of 
the analysis result and is indicated by bias. The sum of the ran-
dom error and the systematic error is expressed as the total 
error (TE) and calculated with the formula ‘Total Error = Bi-
as+1.65xCV%’ (equation-1) [5]. The total allowable error (TEa) 
for each test and its magnitude have been established as per-
formance criteria by some organizations [6–8].
The Six Sigma methodology is used as an objective and quan-
titative method for measuring quality. Sigma expresses the fre-
quency of defects as "defects per million possibilities (DPM)." 
A 6-sigma performance corresponds to 3.4 errors per million 
measurements, which is considered a world-class performance. 
Bias, CV, and TEa can be used to evaluate the quality of the ana-
lytical phase (Sigma value = (%TEa-%Bias) / CV%) (equation-2) 
[5]. The minimum acceptable performance for medical labora-
tories is a 3-sigma performance [5]. Different TEa limits are be-
ing used [6–8]. In this study, we aimed to evaluate the analyt-
ical performance of 80 tests studied in a clinical biochemistry 
laboratory by the Six Sigma method calculated with different 
TEa limits. Although there are many studies in the literature 
that apply the Six Sigma methodology to clinical chemistry 
testing in particular, it is very difficult to come across a study 
that holistically addresses such a broad test profile, almost all of 
the laboratory's tests, using up-to-date TEa resources.

Materials and Methods
This study was conducted in the Clinical Biochemistry Labo-
ratory of the Faculty of Medicine, Karadeniz Technical Univer-
sity, Farabi Hospital, with the approval of the Ethics Commit-
tee number 2014-168. Internal quality control and external 
quality control data for the period January 2014 to December 
2014 were used in our study. Clinical chemistry parameters, 
hemogram, Hemoglobin A1c (HbA1c), immunoassay param-
eters, specific proteins, prenatal screening tests, coagulation 
parameters, and cardiac markers were included in the study. 
Thus, the annual average six sigma values of 80 parameters 
analyzed in the mentioned laboratory were calculated sepa-
rately for each internal quality control level.
Analysis of routine clinical chemistry parameters was per-
formed with a Beckman Coulter AU 5800 autoanalyzer, and 
that of the HbA1c test with a Biorad D10 autoanalyzer. The 
analysis of hemogram parameters was performed with a 
Beckman Coulter LH 780 autoanalyzer, and the analysis 
of prenatal screening parameters and the tests of DHEA-S 
(Dehydroepiandrosterone sulfate), TG (Thyroglobulin), ATG 
(Anti-thyroglobulin), ATA (Anti-thyroperoxidase), C-peptide, 
IGF-1 (Insulin-like growth factor 1), insulin, and PTH (Para-

thyroid hormone) were performed with a Siemens Immulit-
e2000XPi autoanalyzer. Analysis of other immunoassay tests 
was performed with the Beckman Coulter DXI 800, other 
specific protein parameters were analyzed with the Siemens 
BN-II, coagulation parameters were analyzed with the Sta-
go STAR Evaluation, and cardiac parameters were analyzed 
with the Roche Cobas Integra e 411.
In order to evaluate Albumin, ALP (Alkaline phosphatase), 
ALT (Alanine aminotransferase), amylase (AMY), AST (Aspar-
tate aminotransferase), d.bil (Direct (Conjugated) bilirubin), 
t.bil (Total bilirubin), t.Ca (Total calcium), Cl (Chloride), HDL-K 
(High-density lipoprotein cholesterol), LDL-C (Low-densi-
ty lipoprotein cholesterol), t.cholesterol (Total cholesterol), 
CK (Creatine kinase), creatinine, GGT (γ-glutamyltransfer-
ase), glucose, iron (Fe), LDH (Lactate dehydrogenase), Mg 
(Magnesium), PO4 (Phosphate), K (Potassium), t.protein (To-
tal protein), Na (Sodium), TG (Triglycerides), urea, uric acid 
(u.acid) parameters (lot numbers: 51872, 51873) and Hemo-
gram tests (lot numbers: 878000, 866400, 887900) Beckman 
Coulter internal quality control materials were used as inter-
nal quality control (IQC) material. IQC of the HbA1c param-
eter was performed with BIO-RAD Lyphocheck R Diabetes 
Control solution (lot numbers: 33871, 33872). IQC of cortisol, 
estradiol, ferritin, folate, FSH (Follicle-stimulating hormone), 
LH (Luteinizing hormone), HCG (Human chorionic gonado-
tropin), prolactin, total PSA (Total prostate-specific antigen), 
free T3, free T4, testosterone, TSH (Thyroid stimulating hor-
mone), IGE (Immunoglobulin E), DHEA-S parameters were 
performed with BIO-RAD Lyphocheck R Immunoassay Plus 
Control (lot numbers: 40271, 40272).
IQC of AFP (α-feto protein), CA 125 (Cancer antigen 125), 
CA 15–3 (Cancer antigen 15–3), CA 19–9 (Cancer antigen 
19–9), CEA (Carcinoembryonic antigen), and total PSA were 
performed using the BIO-RAD Lyphocheck R Tumor Mark-
er Plus control (lot numbers: 54571, 54572). IQC of TG, ATG, 
ATA, C-peptide, IGF-1, insulin, PTH (lot numbers: 0212014111, 
0212014112, 0212014113). CRP (C-Reactive protein), C3 (Com-
plement 3), C4 (Complement 4), IGA (Immunoglobin A), IGG 
(Immunoglobin G), IGM (Immunoglobin M) were performed 
with Siemens IQC samples (lot numbers: 084742, 084744, 
084745). Randox Maternal Control Material was used for IQC 
of maternal screening parameters AFP, HCG total, and PAPP-A 
(Pregnancy associated plasma protein A) (lot numbers: 
1272015021, 1272015022). IQC of fibrinogen, aPTT (Activated 
partial thromboplastin time), PT (Prothrombin time) were per-
formed with IQC samples from Stago (lot numbers: 108886, 
111551). IQC of CK-MB (Creatine kinase muscle brain isoen-
zyme), myoglobin, NT -ProBNP (N terminale Pro-brain natri-
uretic peptide), Troponin T was performed with IQC samples 
from Roche (lot numbers: 173608, 173609).
External quality assurance (EQA) of biochemical tests, hemo-
gram, HbA1c, specific proteins and immunoassays (except 
DHEA-S, TG, ATG, ATA, C-peptide, IGF-1, insulin, PTH) are per-
formed with BIO-RAD EQAS (External Quality Assurance Ser-
vices (USA)). EQA for immunoassay parameters, specific pro-
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teins, prenatal screening tests, coagulation parameters and 
cardiac markers were performed with RIQAS (Randox Interna-
tional Quality Assessment Scheme (UK)) Control.
The one-year process sigma values of the relevant tests were 
calculated monthly, separately for each control level, and the 
annual average was taken. The process sigma was calculated 
according to equation-2. For the CV % value, the IQC data of 
each test were used and the arithmetic annual average was 
taken. Peer group bias % values obtained from the external 
quality control reports of each test were recorded regularly 
for each month and the annual arithmetic mean was calcu-
lated. The monthly EQA reports of the tests were accessed 
through the websites of the relevant EQA programs (www.
qcnet.com and www.riqas.net) by the user code and pass-

word of the laboratory. Process sigma values were calculat-
ed separately based on the TEa according to CLIA (Clinical 
Laboratory Improvement Amendments) 2019, Ricos BV (Dr. 
Carmen Ricos Biological Variation) Desirable, and EFLM BV 
(European Federation of Clinical Chemistry and Laboratory 
Medicine Biological Variation) Desirable [6–8].

Results
The 1-year target value averages and the CV% values of IQC of 
all tests included in the study, the bias% values obtained from 
the external quality control results, and the average of process 
sigma values for the internal quality control levels calculated 
according to CLIA 2019, RICOS BV desirable, and EFLM BV de-
sirable criteria are shown in Tables 1-3.

Table 1. One-year average of CV% values of internal quality controls and bias% values of external quality control and process 
sigma values of Biochemistry and HbA1c tests

 Test Bias% CV%  Process sigma Process sigma Process sigma 
    CLIA  RICOS  EFLM BV 
      (desirable)  (Desirable)

   L1 L2 L1 L2 L1 L2 L1 L2

Albumin (g/L) 2.1 2.4 2.1 2.5 2.8 0.8 0.9 0.5 0.6
ALP (U/L) 1.6 5.1 4.4 3.6 4.2 2.0 2.4 1.7 2.0
ALT (U/L) 1.6 3.0 2.2 4.5 6.1 8.6 12.0 4.8 6.6
AMY (U/L) 1.7 2.1 1.9 4.0 4.4 6.1 6.7 5.5 6.1
AST (U/L) 2.3 2.6 2.1 4.9 6.0 5.5 6.8 4.3 5.4
D.Bil (mg/dL) 2.4 2.3 2.5 – – 18.1 16.6 9.7 9.1
T. Bil (mg/dL) 2.9 2.9 2.4 5.9 7.1 6.3 7.1 7.6 9.1
T. Calcium (mg/dL) 1.5 1.8 2.1 5.7 5.1 0.6 0.5 0.4 0.4
Cl (mEq/L)  0.7 1.3 1.4 3.3 3.2 0.6 0.6 0.5 0.4
HDL-C (mg/dL) 2.4 3.7 3.0 4.8 5.9 2.5 3.1 2.4 2.9
LDL-C (mg/dL) 5.9 2.7 2.8 5.2 5 2.2 2.2 2.9 2.8
T. Cholesterol (mg/dL) 3.5 2.4 2.3 2.7 2.8 2.3 2.4 2.2 2.3
CK (U/L) 1.7 2.5 2.2 7.3 8.3 11.4 13.1 8.4 9.5
Creatinine (mg/dL) 4.9 3.2 2.6 1.6 2.0 1.2 1.5 0.8 1.1
GGT (U/L) 1.3 2.1 2.3 6.5 6 8.9 8.9 8.4 7.7
Glucose (mg/dL) 2.2 1.6 2.0 3.6 2.9 2.3 2.4 2.7 2.2
Iron (µg/dL)  3.6 1.6 1.9 7.1 6.0 10.4 14.2 14.4 12.2
LDH (U/L) 1.9 1.7 2.9 7.7 4.5 2.3 3.3 3.4 2.1
Mg (mg/dL) 2.2 2.3 2.2 5.6 5.8 1.0 1.2 0.8 0.8
PO4 (mg/dL) 2.3 2.4 3.4 3.2 2.3 2.5 2.3 3.1 2.2
K (mEq/L) 0.8 2.9 1.3 2.4 1.7 3.9 3.6 1.4 3.1
T. protein (g/L) 1.6 1.5 2.2 4.3 2.9 0.9 0.9 1.3 0.9
Na (mEq/L) 0.6 0.7 1.0 2.4 2.6 0.2 0.2 0.1 0.1
TG (mg/dL) 1.9 2.4 3.0 5.5 4.4 8.3 8.1 10.5 8.4
Urea (mg/dL) 2.2 3.3 2.9 2.1 2.3 4.1 4.6 4.7 5.4
Uric acid (mg/dL) 2.2 3.5 2.0 2.2 3.9 4.3 4.9 – –
HbA1c (%) 2.4 4.9 1.2 1.6 6.3 0.3 0.5 Negative Negative

CV: Coefficient of variation; CLIA: Clinical Laboratory Improvement Amendments; EFLM BV: European Federation of Clinical Chemistry and Laboratory Medicine Biological 
Variation; ALP: Alkaline phosphatase; ALT: Alanine aminotransferase: AMY: Amylase; AST: Aspartate aminotransferase; D. Bil: Direct (Conjugated) bilirubin; T.Bil: Total bilirubin; 
T. Calsium: Total calcium; Cl: Chloride; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol; T. Cholesterol: Total cholesterol; CK: Creatine 
kinase; GGT: γ- glutamyltransferase; LDH: Lactate dehydrogenase; Mg: Magnesium; PO4: Phosphate; K: Potassium; T.protein: Total protein; Na: Sodium; TG: Triglycerides; HbA1c: 
Glycated hemoglobin.
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Discussion
For many years, studies have been carried out and applied to 
evaluate and improve the quality of the analytical process. The 
Six Sigma protocol is one of the most effective and universal 
tools for evaluating clinical laboratory performance. The sig-
ma value of a test is a numerically defined value for the quality 
measure of that test [9, 10].

For all tests in our study, unacceptable performance (<3 sig-
ma) was observed in 54 of the 130 targets according to the 
CLIA criteria, 89 of the 172 targets according to the RICOS BV 
Desirable criteria, and 86 of the 133 targets according to the 
EFLM BV Desirable criteria. In this case, the success rate of the 
laboratory is 60% according to CLIA, 49% according to RICOS 
BV Desirable criteria, and 36% according to EFLM BV Desirable 

criteria. In the literature, there are studies that have similar re-
sults to our study, and it is possible to come across studies that 
have higher or lower performance than ours [11–19].
Process sigma analyses can be used effectively to evaluate 
analytical performance and govern internal quality control 
procedures, but some limiting factors should be considered 
when calculating the sigma value. The first of these factors is 
the method used to calculate the bias. As is well known, the 
best method for calculating bias is to use a reference mate-
rial/method [12]. However, for many analytes, there is no ref-
erence method or reference material, and even if there is, it is 
very difficult for clinical laboratories to obtain. Therefore, it is 
very difficult to calculate the bias realistically. In practice, the 
percentage bias can be calculated using internal quality con-
trol data or external quality control data [9, 11].

Table 2. One-year average of mean, standard deviation and CV% values of internal quality controls and bias % values of external 
quality control and process sigma values of hemogram, coagulation, cardiac marker, prenatal screening, specific protein tests

 Test Bias%  CV%   Process   Process sigma   Process sigma 
      sigma   RICOS   EFLM BV 
      CLIA   (Desirable)   (Desirable)

  L1 L2 L3 L1 L2 L3 L1 L2 L3 L1 L2 L3

HCT (%) 1.8 0.6 0.7 0.8 3.7 1.1 2.8 3.4 3.0 2.8 3.5 3.0 2.6
HGB (g/dL)  0.7 0.5 0.5 1.0 6.6 6.6 3.3 7.2 6.5 3.4 6.2 6.2 3.1
MCH (pg/cell) 2.0 0.6 0.8 1.0 – – – 0.8 0.6 0.5 <0 <0 <0
MCHC (g/dL) 1.6 0.7 0.8 1.1 – – – <0 <0 <0 <0 <0 <0
MCV (fL) 2.8 0.5 0.6 0.5 – – – <0 <0 <0 <0 <0 <0
MPV (fL) 2.6 0.7 0.7 0.7 – – – 4.6 4.8 4.9 1.7 1.7 1.7
PLT (K/µL)  4.4 1.5 1.6 2.3 13.7 12.9 9.0 5.9 5.8 4.0 4.6 4.3 3.0
RBC (M/µL)  1.2 0.5 0.5 0.6 5.6 5.6 4.7 6.9 6.6 5.2 5.4 5.4 4.5
RDW (%) 1.7 1.2 1.3 1.4 – – – 2.4 2.1 2.0 0.8 0.7 0.6
WBC (K/µL) 2.5 1.2 1.4 2.3 2.1 1.8 1.1 10.6 9.4 5.7 9.4 8.1 4.9
CK-MB (µg/L)  3.7 4.5 4.7 – 4.7 4.5 – 5.9 5.6 – – – –
Myog (ng/mL)  3.5 3.7 3.6 – – – – 4.4 4.5 – – – –
NT-ProBNP (pg/mL)  3.0 3.3 3.2 – 8.2 8.4 – 3.0 3.1 – – – –
Troponin T (ng/mL)    9.4 4.6 2.5 – 4.5 8.2 – 8.6 15.8 – 1.8 3.3 –
Fibrinogen (mg/dL) 3.0 5.7 6.7 – 3.0 2.5 – 1.9 1.6 – – – –
a PTT (sn) 6.0 3.2 3.6 – 2.8 2.5 – <0 <0 – – – –
PT (sn) 3.9 4.5 5.3 – 2.5 2.1 – 0.3 0.3 – – – –
AFP (IU/mL) 4.9 4.7 4.8 – 3.2 3.1 – 3.6 3.6 – 2.7 2.6 –
Total HCG 7.2 4.1 4.9 – 2.6 2.2 – – – – – – –
PAPP-A (mIU/mL) 4.6 5.5 5.1 – – – – 1.9 2.1 – – – –
C3 (g/L) 5.5 5.0 4.5 5.0 1.9 2.1 1.9 0.6 0.6 0.6 0.5 0.5 0.5
C4 (g/L) 3.0 5.2 5.2 5.1 3.3 3.3 3.3 2.5 2.5 2.5 1.8 1.8 1.8
IGA (g/L) 5.4 4.8 4.3 5.0 2.0 2.2 1.9 1.7 1.9 1.6 0.9 1.0 0.9
IGG (g/L) 6.2 4.7 4.7 4.6 2.9 2.9 3.0 0.4 0.4 0.4 0.2 0.2 0.2
IGM (g/L) 6.1 4.3 5.4 5.1 3.2 2.6 2.7 2.5 2.0 2.1 2.6 2.0 2.2
IgE (IU/mL) 3.0 5.3 5.5 – 3.2 3.1 – – –  – – – –

CV: Coefficient of variation; CLIA: Clinical Laboratory Improvement Amendments; EFLM BV: European Federation of Clinical Chemistry and Laboratory Medicine Biological 
Variation; HCT: Hematocrit; HGB: Hemoglobin; MCH: Mean corpuscular hemoglobin; MCHC: Mean corpuscular hemoglobin concentration; MCV: Mean corpuscular volume; 
MPV: Mean platelet volume; PLT: Platelet; RBC: Red blood cells; RDW: Red cell distrubition width; WBC: White blood cells; CK-MB: Creatine kinase muscle brain isoenzyme; Myog: 
Myoglobin; a PTT: Activated partial thromboplastin time; PT: Prothrombin time; AFP: α-feto protein; Total HCG: Total human chorionic gonadotropin; PAPP-A: Pregnancy associated 
plasma protein A; C3: Complement 3; C4: Complement 4; IGA: Immunoglobin A; IGG: Immunoglobin G; IGM: Immunoglobin M; IgE: Immunoglobulin E.
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While calculating the bias% value we used for each test in this 
study, we took the group mean value in the external quality 
control data as a basis. In similar studies in the literature, the 
bias value used for sigma calculation was obtained from the 
mean values of the external quality control group [9, 12, 15, 
17, 19]. The point to be noted here is that the group mean val-
ues in the external quality control data are the mean values 
of the data, including all group participants. In other words, 
it is not a value determined by analyzing the reference meth-
od. Therefore, the bias value we calculated is not actually 'true 
bias', but maybe 'relative bias'. In addition, there are also stud-
ies using internal quality control data for bias calculation [11, 
14, 16]. Some researchers argue that using IQC data will be 
more accurate than using EQA data, because the EQA group 
mean value is affected by the measurement uncertainty of 

all group participants, and they recommend using IQC data 
in the calculation of bias unless a comparison is made with 
the reference method [11]. We believe that using IQC bias will 
also be a biased approach and will not be sufficient to show 
objective and true bias. However, as part of routine laborato-
ry operations, the use of reference material to calculate sigma 
values for all tests is not a cost-effective approach, so we pre-
ferred the use of EQA bias values. We believe that the use of 
bias from IQC is a barrier to comparing our results with those 
of other laboratories.
Another limiting factor is that the CV% values are related to 
the concentrations. In most cases, the CV% of a parameter 
is high at low concentrations and decreases as the concen-
tration increases. Therefore, it is possible that different per-
formances are obtained at different concentrations [20]. This 

Table 3. One-year average of mean, standard deviation and CV% values of internal quality controls and bias % values of external 
quality control and process sigma values of hormon and tumor markers

 Test Bias%  CV%   Process   Process sigma   Process sigma 
      sigma   RICOS   EFLM BV 
      CLIA   (Desirable)   (Desirable)

   L1 L2 L3 L1 L2 L3 L1 L2 L3 L1 L2 L3

AFP (ng/mL)  5.7 5.3 5.6 – 2.7 2.6 – 3.1 2.9 – 2.2 2.1 –
CA 125 (U/mL)  4.5 4.4 4.7 – 3.5 3.3 – 7.0 6.5 – 2.1 2.0 –
CA 15–3 (U/mL) 3.7 4.6 4.6 – – – – 3.7 3.7 – – – –
CA 19–9 (U/mL) 4.2 4.5 4.8 – – – – 9.2 8.8 – 3.0 2.9 –
CEA (ng/mL) 4.1 5.1 4.9 – – – – 4.0 4.2 – 3.2 3.3 –
Cortisol (µg/dL) 2.9 7.1 5.3 – 2.4 3.2 – 2.8 3.8 – 3.3 4.4 –
Estradiol (pg/mL) 5.7 12.6 9.1 – 1.9 2.7 – 1.7 2.3 – 0.9 1.3 –
Ferritin (ng/mL) 9.6 5.6 5.2 – 1.9 2.0 – 1.3 1.4 – – – –
Folate (ng/mL) 2.6 4.4 4.0 – 6.2 6.9 – 8.2 9.2 – – – –
FSH (mIU/mL) 3.8 4.8 5.0 – 3.0 2.8 – 3.6 3.5 – 3.6 3.5 –
HCG (mIU/mL) 4.0 5.3 5.1 – 2.6 2.7 – – – – – – –
LH (mIU/mL) 4.2 6.7 6.3 – 2.4 2.5 – 3.6 3.8 – 3.6 3.8 –
Prolactin (ng/mL) 3.4 3.6 4.2 – 4.6 4.0 – 7.2 6.2 – 9.4 8.1 –
Total PSA (ng/mL) 3.7 8.2 4.5 – 2.0 3.6 – 3.6 6.7 – 1.5 2.8 –
Free T3 (pg/mL) 3.7 6.4 6.4 – – – – 1.2 1.2 – 0.4 0.4 –
Free T4 (ng/dL) 4.3 5.8 4.6 – 1.8 2.3 – 0.6 0.8 – 0.3 0.4 –
Testosterone (ng/mL) 4.5 3.9 3.9 – 4.0 4.0 – 2.3 2.3 – 3.1 3.1 –
TSH (µIU/mL) 4.6 5.4 5.4 – 2.9 2.9 – 3.5 3.5 – 3.7 3.7 –
CRP (mg/dL) 4.1 4.7 4.5 – 5.5 5.8 – 11.9 12.5 – 9.9 10.4 –
DHEA-S (µg/dL) 2.0 5.8 5.5 4.8 – – – 1.9 2.0 2.3 1.4 1.5 1.8
TG (ng/mL) 9.9 8.3 5.3 5.3 – – – 1.4 2.3 2.3 2.2 3.5 3.5
ATG (U/mL) 11.6 8.1 7.7 – – – – 2.0 2.1 – – – –
ATA (U/mL) 8.6 8.9 6.6 – – – – 4.2 5.7 – – – –
C peptide (ng/mL) 8.7 4.3 3.8 4.3 – – – 2.8 3.2 2.8 – – –
IGF-1 (ng/mL) 11.6 5.5 4.9 – – – – 2.3 2.5 – 0.6 0.7 –
İnsulin (mU/L) 22.1 4.0 3.3 – – – – 2.7 3.2 – 2.4 2.8 –
PTH (pg/mL) 9.3 4.2 5.1 – – – – 5.0 4.0 – 2.5 2.1 –

CV: Coefficient of variation; CLIA: Clinical Laboratory Improvement Amendments; EFLM BV: European Federation of Clinical Chemistry and Laboratory Medicine Biological 
Variation; AFP: α-feto protein; CA 125: Cancer antigen 125; CA 15-3: Cancer antigen 15-3; C A19-9: Cancer antigen 19-9; CEA: Carcinoembryonic antigen; FSH; Follicle- stimulating 
hormone; HCG: Human chorionic gonadotropin; LH: Luteinizing hormone; Total PSA: Total prostate spesific antigen; TSH: Thyroid stimulating hormone; CRP: C-Reactive protein; 
DHEA-S: Dehydroepiandrosterone sulfate; TG: Thyroglobulin; ATG: Anti-thyroglobulin; ATA: Anti- thyroperoxidase; IGF-1: Insulin-like growth factor 1; PTH: Parathyroid hormone.
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difference was also observed in our study. For example, as 
the CV% of the total PSA assay is high at low concentrations, 
the sigma value varies between 1.5 and 3.6, whereas its per-
formance is at a world-class level at high concentrations. This 
is true for almost all parameters. In this case, the question of 
which CV % value to use for calculating performance can be 
answered by considering clinical decision limits.
One of the problems that cause limitations in calculating the 
sigma values of the tests is the use of control materials in-
stead of patient samples. There is a matrix difference between 
control materials and real patient samples, so the analytical 
responses of control materials to the measurement of a test 
may not be uniformly matched to the patient sample [14]. On 
the other hand, stability can also be an issue in CV studies con-
ducted with patient serum pools. Therefore, we recommend 
using internal quality control samples.
Another point to consider is that when calculating the analyt-
ical performance of a test, different sigma values are obtained 
according to the selected TEa reference (such as CLIA, RICOS BV, 
EFLM BV). Although the same Bias% and CV% values were used 
in our study, it was observed that different sigma values would 
be obtained according to the selected reference. For example, 
while the process sigma value of the Troponin T test was calcu-
lated with CLIA and RICOS, it had higher sigma values (between 
4.5 and 15.8); when calculated with EFLM BV, the low concen-
tration level showed unacceptable performance, and the sigma 
value of the high concentration level was on the borderline.
The TEa criteria of Biological Variation are often more strin-
gent and their relevance is controversial. Tests such as elec-
trolytes, HbA1c, and coagulation tests can be placed in this 
group. For example, the desirable limit for Sodium is 0.7% 
according to EFLM BV. Even if bias %=0 and CV %=0.5, the 
achievable sigma value is 1.4 and is considered unacceptable 
performance. Moreover, these values for bias% and CV% are 
too far away to be achieved in practical laboratory process-
es. Of course, parameters such as sodium must be controlled 
within a narrow range. Therefore, the targets of BV should be 
quite challenging but also realistic. In a study evaluating the 
process sigma performances of some clinical chemistry tests 
compared with laboratory data and manufacturer's brochure 
data, it was found that the goal of >3 sigma for laboratories 
cannot be achieved even when brochure data for parameters 
such as sodium, chloride, and calcium are used [12]. Manu-
facturers obtain precision under optimal conditions and bias 
from method comparison studies. Therefore, the data report-
ed in the package insert may be considered quite optimistic 
compared with data obtained in routine laboratory practice 
[12]. For laboratory end users, trying to meet BV quality tar-
gets with current technologies is a waste of time, effort, and 
resources [12, 14]. In our opinion, many tests in our study had 
very low sigma values due to these very stringent criteria.
Although it seems reasonable to use the same TEa source for 
each test, it may be appropriate to use different TEa sources de-
pending on the suitability for the test or the experience of the 
laboratory. Some TEa targets are quite generous and lead to a 

quality result of misleading optimism. Others, however, lead to 
a more pessimistic representation of quality performance, as in 
the case of BV. In the current situation, it is at the discretion of 
the laboratory director to choose the appropriate TEa criterion 
by making the most practical and appropriate decision.

Conclusion
The process sigma values reported in this study reflect the time 
period in which the data were collected and thus represent a 
"snapshot" of sorts. Of course, performance can fluctuate for 
many reasons, including temperature, pH, and variations be-
tween different reagents. Regular calculation of the process 
sigma would be more useful in terms of testing and continu-
ous monitoring of instrument quality. This is because when we 
look at the data from our study and other studies presented 
in the literature, test performance may increase or decrease 
due to changes in the process. Accordingly, process sigma can 
be used as a suitable quality assurance tool to determine test 
quality and monitor quality changes on a regular basis.

Ethics Committee Approval: The study was approved by The Ka-
radeniz Technical University Faculty of Medicine Clinical Research 
Ethics Committee (No: 2014-168, Date: 27/03/2015).

Authorship Contributions: Concept – M.E., S.C.K., A.O.; Design 
– M.E., S.C.K., A.O.; Supervision – M.E., S.C.K., A.O.; Funding – M.E., 
Y.A., A.O; Materials – M.E., Y.A.; Data collection &/or processing – 
M.E., S.C.K., A.O., Y.A., H.B.Y.; Analysis and/or interpretation – M.E., 
S.C.K., H.B.Y.; Literature search – M.E., H.B.Y.; Writing – M.E., H.B.Y.; 
Critical review – M.E., H.B.Y., A.O., S.C.K., Y.A.

Conflict of Interest: The authors declare that there is no conflict 
of interest.

Use of AI for Writing Assistance: Not declared.

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

Peer-review: Externally peer-reviewed.

References
1. Taga Y, Aslan D, Güner G, Kutay ZF: Tıbbi Laboratuvarlarda 

Standardizasyon ve Kalite Yönetimi. Ankara: Türk Biyokimya 
Derneği Yayınları; 2000. 

2. Bonini P, Plebani M, Ceriotti F, Rubboli F. Errors in laboratory 
medicine. Clin Chem 2002;48(5):691–8. [CrossRef ]

3. Howanitz PJ. Errors in laboratory medicine: Practical les-
sons to improve patient safety. Arch Pathol Lab Med 
2005;129(10):1252–61. [CrossRef ]

4. Carraro P, Plebani M. Errors in a stat laboratory: Types and fre-
quencies 10 years later. Clin Chem 2007;53(7):1338–42. [Cross-

Ref]

5. Westgard JO, Klee GG. Quality management. In: Burtis CA, 
Ashwood ER, Bruns DE, editors. Tietz Textbook of Clinical 
Chemistry and Molecular Diagnostics. St. Louis: Elsevier Saun-
ders; 2006. p. 485–529.

6. Departmant of Health and Human Services. Clinical Labora-



Int J Med Biochem142

tory Improvement Amendments of 1988 (CLIA) proficiency 
testing regulations related to analytes and acceptable per-
formance. Available at: https://www.federalregister.gov/
documents/2022/07/11/2022-14513/clinical-laboratory-im-
provement-amendments- of-1988-clia-proficiency-test-
ing-regulations-related-to. Accessed Jul 1, 2024.

7. Westgard QC. Quality requirements: Desirable biological vari-
ation database specifications. Available at: https://westgard.
com/clia-a-quality/quality-requirements/238-biodatabase1.
html. Accessed Jul 1, 2024.

8. European Federation of Clinical Chemistry and Laborato-
ry Medicine (EFLM). EFLM biological variation database. 
Available at: https://biologicalvariation.eu/. Accessed Jul 1, 
2024.

9. Schoenmakers CH, Naus AJ, Vermeer HJ, van Loon D, Steen 
G. Practical application of Sigma Metrics QC procedures in 
clinical chemistry. Clin Chem Lab Med 2011;49(11):1837–43. 
[CrossRef ]

10. Westgard JO. Charts of operational process specifications 
("OPSpecs charts") for testing performance criteria. Clin Chem 
1992;38(7):1226–33. [CrossRef ]

11. Aslan D, Sert S, Aybek H, Yılmaztürk G. Assessment of total 
clinical laboratory process perfromance: Normalized OPSpecs 
charts, six sigma and patient test results. Turk J Biochem [Arti-
cle in Turkish] 2005;30(4);296–305.

12. Keleş M. Evaluation of the clinical chemistry tests analytical 
performance with Sigma Metric by using different quali-
ty specifications - comparison of analyser actual perfor-
mance with manufacturer data. Biochem Med (Zagreb) 
2022;32(1):010703. [CrossRef ]

13. Westgard JO, Westgard SA. The quality of laboratory testing 
today: An assessment of σ metrics for analytic quality using 
performance data from proficiency testing surveys and the 
CLIA criteria for acceptable performance. Am J Clin Pathol 
2006;125(3):343–54. [CrossRef ]

14. Hens K, Berth M, Armbruster D, Westgard S. Sigma metrics 
used to assess analytical quality of clinical chemistry assays: 
Importance of the allowable total error (TEa) target. Clin 
Chem Lab Med 2014;52(7):973–80. [CrossRef ]

15. Huysal K, Budak YU. Application of sigma metrics for the as-
sessment of quality assurance using the MQ-2000 PT HbA1c 
analyzer. Biochem Med (Zagreb) 2015;25(3):416–20. [CrossRef ]

16. Nar R, Emekli DI. The evaluation of analytical performance of 
immunoassay tests by using six-sigma method. J Med Bio-
chem 2017;36(4):301–8. [CrossRef ]

17. Çakırca G, Yazıcı T. Evaluation of analytical performance of 
clinical chemistry assays using six sigma. Turk Klin Biyokim 
Derg 2019;17(2):79–84.

18. Hollestelle MJ, Ruinemans-Koerts J, Idema RN, Meijer P, de 
Maat MPM. Determination of sigma score based on biologi-
cal variation for haemostasis assays: Fit-for-purpose for daily 
practice? Clin Chem Lab Med 2019;57(8):1235–41. [CrossRef ]

19. Ozdemir S, Ucar F. Determination of sigma metric based on 
various TEa sources for CBC parameters: The need for Sigma 
metric harmonization. J Lab Med 2022;46(2):133–41. [CrossRef ]

20. Bozkurt Yavuz H, Karahan SC, Yaman H, Örem A, Aliyazıcıoğlu 
Y. Two approaches for measurement uncertainty estimation: 
Which role for bias? Complete blood count experience. Turk J 
Biochem 2021;46(6):639–45. [CrossRef ]



Address for correspondence: Emine Terzi, PhD. Department of Medical Biology, Ankara Yildirim Beyazit University Faculty of Medicine, Ankara, Türkiye
Phone: +90 312 324 15 55 E-mail: eterzi@aybu.edu.tr ORCID: 0000-0001-9106-3848
Submitted: April 29, 2024 Revised: June 03, 2024 Accepted: June 04, 2024 Available Online: August 16, 2024

INTERNATIONAL JOURNAL OF 

MEDICAL BIOCHEMISTRY

OPEN ACCESS  This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

In vitro anticancer effect of theobromine in A549 non-small 
cell lung cancer cells

Non-small cell lung cancer (NSCLC) is one of the most 
commonly encountered subtypes of lung cancer [1]. 

Prevailing pharmacological options for NSCLC, including 
chemotherapy, targeted therapy, and immunotherapy alone 
or in combination with surgery/radiation, are not completely 
effective and well-tolerated options due to their side effects, 
low specificity, intrinsic and/or acquired resistance to che-
motherapeutic agents, and the lack of major advancements 
in the survival rates of patients [2, 3]. Among several antican-
cer drugs applied to lung cancer, cisplatin has been largely 
used as a first-line therapy in combination with other com-
pounds [4]. However, limited usage of cisplatin in clinical set-
tings has been reported due to its well-known side effects 
and consequential chemoresistance [5].

Due to limitations in early diagnostic techniques and the ab-
sence of clinical signs in the early stage of cancer, a large num-
ber of lung cancer patients are detected at advanced stages 
of the disease [6]. Thus, alternative therapeutic options which 
could offer better prognostication of the patients at early 
stages of cancer are thought to be quite advantageous. There 
has been a noticeable rise in the number of naturally obtained 
anticancer drugs that have been officially accepted for lung 
cancer therapy [7, 8]. Therefore, the identification and presen-
tation of natural products with anticancer activity have gained 
interest for the management of lung cancer due to their low 
toxicity, accessible, and inexpensive properties [9].
Apoptosis represents a programmed cell death that is execut-
ed through the activation of the caspase family and followed 
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by a set of morphological changes [10]. Natural compounds 
have demonstrated antitumor activity via the induction of 
apoptotic cell signaling in lung cancer cells [4]. Previous stud-
ies demonstrated that methylxanthines have anticancer and 
anti-inflammatory properties [11, 12]. Among natural prod-
ucts, theobromine is a natural methylxanthine found in Theo-
broma cacao, such as chocolate, and other foods including 
tea [13]. Theobromine is a caffeine derivative that can also be 
absorbed into the body via caffeine metabolized by the cyto-
chrome P450 oxidase enzyme system [14].
It has been previously shown that theobromine has multiple 
biological properties along with its antitumor activity, an-
ti-inflammatory, and antioxidant effects [15, 16]. The primary 
action mechanism of theobromine as a phosphodiesterase 
(PDE) inhibitor is mainly through increasing intracellular 
cyclic adenosine monophosphate (cAMP) [17]. High cAMP 
levels are linked to the induction of apoptosis, invasion, and 
spread of cancer cells [18]. Specifically, theobromine triggers 
apoptosis in HT-29 colorectal cancer cells [19], and decreases 
cell growth in human glioblastoma cells [13]. Theobromine 
is also capable of the inhibition of cell proliferation along 
with its antiangiogenic properties in human glioblastoma, 
ovarian, and lung cancers [13, 20, 21]. Furthermore, theobro-
mine is able to improve the cytotoxic activity of doxorubicin 
in human VoLo colorectal cancer cells [22]. Moreover, theo-
bromine has demonstrated promising anticancer activities 
indicating its ability to act as a potential therapeutic agent 
towards a number of malignancies [21, 23, 24].
Herein, the present study firstly assessed the cytotoxic, apop-
totic, and antimigratory effects of theobromine treatment in 
A549 lung cancer cells.

Materials and Methods

Cell culture and chemicals
The NSCLC A549 cells (ATCC) were cultured in DMEM (Capri-
corn Scientific) containing 10% FBS (Capricorn Scientific) and 
1% Pen/Strep (Capricorn Scientific) at 37°C in 5% CO2 condi-
tions. Theobromine was acquired from Sigma-Aldrich (catalog 
number: T4500) and dissolved in dimethyl sulfoxide (DMSO, 
Merck, Saint Louis, MO, USA) to have a 1 mM stock solution. 
Cisplatin (European Pharmacopoeia) was prepared with 
DMSO to obtain a 500 µM stock solution.

WST-1 cell viability assay
The WST-1 cytotoxicity test was used to determine the cyto-
toxicity against the A549 cell line. The principle of this assay 
is that cellular mitochondrial dehydrogenases convert the 
tetrazolium salt WST-1 into formazan crystals. A549 cells were 
proliferated and incubated (96-well). After incubation, theo-
bromine and cisplatin were prepared at concentrations of 0, 5, 
10, 25, 50, 100, and 200 μM and applied to the cells. The mea-
surements were analyzed at the 24th and 48th hours. To elimi-
nate the effects from DMSO, the concentrations were added 
to the negative control wells at a rate where theobromine and 

cisplatin were dissolved along with the medium. After add-
ing 10 µL of the WST-1 solution (Cayman Chemical, cat. no. 
10008883), the cells were incubated for 4 hours. Following in-
cubation, the appropriate inhibitor concentration for the cells 
was determined via measuring absorbance values at 450 nm. 
Cisplatin was used as a reference drug. The percentage of cell 
viability in theobromine-treated groups was expressed as the 
ratio of the control group, which was assumed to be 100%. 
Furthermore, GraphPad Prism 9.1.0 programme was used to 
calculate the %50 inhibitory concentrations (IC50) of theobro-
mine and cisplatin via regression analysis.

Apoptosis detection by flow cytometry
The apoptosis induced by theobromine and cisplatin was ex-
amined with Annexin V-FITC and PI (Tonbo Biosciences, San Di-
ego, CA). Adherent A549 cells (1×105/well) were incubated with 
IC50 values of theobromine (16.02 µM) or cisplatin (6.40 µM) for 
24 hours at 37°C in 6-well plates. Then, the cells were stained 
with 5 µL of each of Annexin V-FITC and PI solution in binding 
buffer (15 minutes in the dark). Subsequently, the apoptosis 
rate was measured by ACEA NovoCyte flow cytometry (Agilent).

Caspase 3/7 activity assay by flow cytometry
To measure caspase 3/7 levels, A549 cells were treated with 
the IC50 concentration of theobromine (16.02 µM) or cisplatin 
(6.40 µM) and incubated overnight. After the 24-hour treat-
ment period, the cells were trypsinized, collected, and ana-
lyzed for the detection of caspase 3/7 activity with Cell Meter™ 
Caspase 3/7 flow cytometry assay kit using ACEA NovoCyte 
flow cytometry instrument (Agilent).

Wound-healing assay
A549 cells were cultured in medium for full confluence. A ster-
ile plastic pipette tip was used to artificially create a gap, and 
then cells were incubated with DMEM containing the IC50 val-
ues of theobromine and cisplatin for 24 hours. Subsequently, 
the wound area was photographed immediately at 0h with a 
light microscope (Olympus IX73), and the degree of wound 
healing was measured based on the area covered by cells at 
the indicated times (6, 12, and 24 hours) after the scratch.

Statistical analysis
Statistical analysis was analyzed with GraphPad Prism 9.1.0 
program using Student's t-test and two-way ANOVA. Statisti-
cal significance level was accepted as p<0.05.

Results

Antiproliferative effect of theobromine on human A549 cells
A concentration- and time-dependent reduction in cell sur-
vival was detected in A549 cells after 24 and 48 hours of ex-
posure to theobromine (5–200 µM) and cisplatin (1–50 µM) 
according to the WST-1 test (Fig. 1a, b). After treatment with 
theobromine for 24 hours, cell viability dropped to 72.5% at 
5 μM and 66.5% at 10 μM (Fig. 1a). The viability of A549 cells 
was less than 36.5% at concentrations higher than 25 µM 
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theobromine. For 48 hours of treatment, this cytotoxic ef-
fect of theobromine was observed more severely than for 24 
hours of treatment (Fig. 1a). IC50 values of theobromine were 
calculated as 16.02 μM at 24 hours and 10.76 μM at 48 hours 
of treatment. Similar antiproliferative effects were also noted 
in cisplatin-treated A549 cells, as shown in Figure 1b, with 
IC50 values of 6.40 μM at 24 hours and 3.84 μM at 48 hours. 
Regarding the IC50 values of theobromine and cisplatin for 
24 and 48 hours towards the A549 cell line, cisplatin, as the 
positive control, was more cytotoxic than theobromine.

Theobromine promoted human A549 cell apoptosis
In agreement with the cytotoxicity results, the treatment of 
A549 cells with theobromine (16.02 μM) and cisplatin (6.40 
μM) for 24 hours led to an increase in the rate of early and 
late apoptotic cells (31.42% and 44.05%, respectively) com-
pared to control cells (2.9%) (Fig. 2a, b). The data indicated 
that theobromine has an antiproliferative effect on A549 lung 

cancer cells mediated by apoptosis induction. These results 
also indicated that the percentage of apoptotic cell death in-
duced by cisplatin (44.05%) as a positive control was signifi-
cantly higher than the theobromine-induced apoptosis rate 
(31.42%) (p<0.0001, Fig. 2b). In addition, A549 cells treated 
with theobromine and cisplatin exhibited a decreased popu-
lation of viable cells by 64.71% and 53.58% in comparison to 
the non-treated group (p<0.0001, Fig. 2b).

Theobromine induced caspase 3/7 activity in A549 cells
To understand the mechanism of theobromine, we mea-
sured the caspase 3/7 levels as the markers of apoptosis in-
duction via flow cytometry analysis [25]. The effects of theo-
bromine on apoptosis coincide with the results obtained 
by the caspase 3/7 assay. The treatment of A549 cells with 
IC50 concentrations of theobromine for 24 hours resulted in 
augmented levels of caspase 3/7 activation when compared 
to the non-treated group (p<0.0001, Fig. 3a, b). As expect-

Figure 1. WST-1 assay showing cell viability of A549 after treatment with increasing doses of theobromine (a) and cisplatin (b) for 24 and 48 hours.
Data are displayed as the mean±SD. SD: Standard deviation.

a b

Figure 2. (a) Representative dot plots of A549 cells treated with theobromine and cisplatin at their IC50 concentrations for 24 hours for 
determination of apoptotic cell death by Annexin V/FITC-PI double staining. (b) The percentages of viable, apoptotic, and necrotic cells were 
statistically analyzed. The values are the representative of three independent experiments.
Data are displayed as the mean±SD. Significances are shown in comparison to control cells and theobromine-treated cells (****: p<0.0001). SD: Standard deviation; 
PI-H: Propidium iodide; FITC-H: Fluorescein isothiocyanate.

a b
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ed, the data indicated that caspase 3/7 activity was higher 
in the cisplatin group (57.93%) than the theobromine group 
(47.62%) (p<0.01, Fig. 3a, b), which was also supported by 
the result of the apoptosis assay.

Theobromine reduced the migration ability of A549 cells
Theobromine prevented the migration of A549 cells. The mi-
gratory ability of A549 cells was significantly reduced with 
theobromine or cisplatin treatment for 24 hours as compared 
to control (p<0.0001, Fig. 4), suggesting that theobromine in-
hibited the migratory capacity of A549 cells. The relative wound 

width (area) following cisplatin treatment for 24 hours was 
smaller than that of theobromine-treated cells (p<0.01, Fig. 4).

Discussion
Theobromine is a product of caffeine metabolism and pos-
sesses a significant role in the health benefits of cocoa as a 
more stable and safe compound than caffeine [26, 27]. The 
existing literature has already established that theobromine 
has the ability to suppress the growth of several cancer types 
[13]. A previous study demonstrated the anticancer effects 

Figure 3. (a) Caspase 3/7 activity measured by flow cytometry in A549 cells treated with IC50 concentrations of theobromine or cisplatin for 24 
hours. (b) Comparison of caspase 3/7 activity among the groups. 
Data are displayed as the mean±SD. Significances are shown in comparison to control cells and theobromine-treated cells (**: p<0.01; ****: p<0.0001). SD: Standard 
deviation; PI-H: Propidium iodide; IC50: Half-maximal inhibitory concentration.

a b

Figure 4. (a) The effects of IC50 concentration of theobromine 
or cisplatin on the migration of A549 cells were evaluated via 
wound healing assay after 6, 12 and 24 hours. (b) The wound 
width following exposure to theobromine or cisplatin was 
determined and quantified (right panel). 
Data are displayed as the mean±SD. SD: Standart deviation; IC50: Half-maximal 
inhibitory concentration.

a b
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of theobromine by the suppression of the angiogenic poten-
tial of human lung cancer cells [20, 28]. However, there are 
no specific studies showing the apoptotic and antimigratory 
effects of theobromine on A549 lung cancer.
Our experiments showed the dose-dependent inhibitory ef-
fects of theobromine on the viability of A549 cells. The per-
centage of live cells after 48 hours of theobromine treatment 
tended to be lower for all concentrations compared to those 
within 24 hours. In previous studies, theobromine decreased 
proliferation of HT-29 colon cancer cells [19] and the malig-
nant glioma U87-MG cell line [13]. Theobromine cytotoxicity 
was observed at higher concentrations (100–500 μg/mL) in 
RAW 264.7 macrophages [29]. In contrast to our finding, Egu-
chi et al. [30] reported that theobromine (50–200 µM) did not 
show cytotoxicity in human A549 lung cancer cells.
The controlled biological process of apoptosis controls the ra-
tio of cell death to survival, and evading apoptosis is a char-
acteristic of most forms of cancer [10]. The activation of the 
caspase family members is a key regulatory mechanism of 
apoptosis [25]. Annexin V-FITC and PI staining and the caspase 
3/7 activity assay were employed to check whether this inhibi-
tory impact of theobromine on cell viability was related to the 
induction of apoptosis. The results demonstrated a vital induc-
tion in caspase 3/7 activity and a marked increase in the per-
centage of apoptotic cells in the theobromine-treated group 
compared to the control cells. According to the findings, the 
apoptotic mechanism of theobromine in A549 cells is likely 
through the induction of caspase 3/7 activity. Similarly, Cadoná 
et al. [19] demonstrated the induction of apoptosis and en-
hanced sensitivity to chemotherapeutic drugs after theobro-
mine treatment in HT-29 colon cancer cells. In addition, theo-
bromine demonstrated anticancer activity in the malignant 
glioma cell line and an animal model of colon cancer through 
downregulation of the Akt/mTOR signaling pathway, which is 
a mechanism involved in the inhibition of apoptosis [13, 31]. In 
addition, theobromine-based derivatives induced apoptosis 
with its antiangiogenic properties in different cancer cell lines 
[32, 33]. Theobromine in vitro showed significant inhibitory ac-
tivity on PARP-1, as a substrate of activated caspase 3/7, which 
is an important target for anticancer therapy [34]. In the 3T3-
L1 preadipocytes, theobromine has been reported to induce 
G0/G1 arrest [35]. According to in vivo research, oral treatment 
with theobromine dramatically diminished the tumor weight 
in the Balb/c mouse with sarcoma cells [24], which could sup-
port the antiapoptotic effects of theobromine.
As well, the effects of caffeine are partly mediated by the 
products of its metabolism, such as theobromine, and the 
precise effects of theobromine vary greatly based on the 
type of cell and the amount of caffeine [26]. Numerous oth-
er investigations revealed that caffeine causes apoptosis, 
cell cycle arrest, and inhibition of viability in different cancer 
cells [36–38]. Caffeine also induces caspase 3/7 activity in 
human osteosarcoma cells [39]. Furthermore, caffeine has 
led to apoptosis in a skin epidermal cell line [36]. In human 
lung carcinoma cells, Qi et al. [38] showed that radiation-in-

duced apoptosis was enhanced by 5 mM caffeine, but also 
caffeine alone caused apoptosis and a tumor suppressor 
protein p53-independent G1 phase arrest.
We further used a wound-healing assay to demonstrate the 
effect of theobromine on migration. Here, we observed that 
theobromine also suppressed the migration of the A549 lung 
cancer cell line in a time-dependent manner. Moreover, theo-
bromine seemed to suppress migration more potently than 
cell viability at its IC50 value, indicating that the antimetastatic 
action of theobromine might not depend only on cytotoxic-
ity. In a study by Eissa et al. [32], a new theobromine deriva-
tive dramatically reduced the migratory capabilities of HepG2 
cancer cells. Caffeine treatment (10 μg/mL) did not affect the 
migration ability of A549 and HeLa cancer cells [40].

Conclusion
Our research revealed that theobromine induced apoptosis 
and enhanced caspase 3/7 activation, which in turn prevent-
ed A549 cells from proliferating and migrating. However, this 
article offers preliminary data that will be the basis for future 
studies. Thus, more fundamental researches are needed to 
verify favorable in vivo antitumor activity of theobromine to 
elucidate its exact mechanisms as an anticancer agent.
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Decreased Elabela level in the first 24 hours of ST Elevation 
Myocardial Infarction patients

ST Elevation Myocardial Infarction (STEMI), which is includ-
ed in Coronary Heart Disease (CHD), is one of the most 

important causes of cardiovascular mortality and morbidity, 
especially in developed countries. Although intervention-
al procedures such as Percutaneous Coronary Interventions 
(PCI) and Coronary Artery Bypass Grafting contribute signifi-
cantly to the reduction of clinical symptoms and mortality, 
acute heart failure, cardiogenic shock, and various complica-
tions are observed after the procedure. The clinic, comorbidi-
ty, echocardiographic findings, and biochemical results of the 

patients may affect the prognosis of STEMI. New biomarkers 
are needed for the diagnosis of STEMI patients with high mor-
tality and morbidity risk [1, 2].
Approximately 200 hormones and neuropeptides show 
their activities via cardiac G protein-coupled receptors 
(GPCRs), such as endothelin-1 receptor (ET1R), A1 adenos-
ine receptors (A1R), and beta adrenergic receptor kinase 1 
(βARK1) [3]. In DNA sequencing studies, receptors that en-
code GPCR-like sequences but whose ligands are unknown, 
so-called "orphan GPCRs," have been identified [4]. After the 
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discovery of Apelin, which can bind to Angiotensin Type 
1 Receptor-Associated Proteins (APJ), defined as orphan 
GPCRs in 1998, a new endogenous peptide, Elabela (ELA, 
Toddler, and Apela) was found in the 2000s, which shares 
the same receptor [5]. APJ, Apelin, and ELA constitute the 
peptide family called the apelinergic system, and this family 
has been shown to have antihypertensive, cardiorenal pro-
tective, positive inotropic effects and regulate fluid homeo-
stasis, vasodilation, angiogenesis, cellular differentiation, 
apoptosis, and oxidative stress [5, 6].
ELA has been shown mainly in human stem cells, kidneys, 
prostate, vascular endothelium, and plasma [7]. ELA has an 
antagonistic effect on the Renin-Angiotensin-Aldosterone 
system and lowers blood pressure. It has been determined 
that the effects of ELA to increase myocardial contractility and 
coronary vasodilation are stronger than Apelin [6, 8]. In addi-
tion, it has been found that the plasma level of ELA decreases 
in hypertensive patients and that this low level correlates with 
the risk of having hypertension [7]. Due to the positive inotro-
pic effect of the apelinergic system and its upregulation of the 
remodeling phase after MI, the apelinergic system has begun 
to be emphasized in the treatment of cardiovascular diseases, 
and alternative treatment protocols are being developed over 
Apelin-Elabela Analogs and APJ agonists [6].
In this study, it was aimed to examine the circulating ELA 
levels in STEMI patients who underwent primary PCI. There-
fore, the relationship between ELA levels and various clini-
cal-biochemical and angiographic parameters in STEMI pa-
tients will be evaluated.

Materials and Methods
Study population
Patients who applied to the Cardiology Clinic and Emergency 
Department with the complaint of sudden onset chest pain, 
had no history of the disease, and had Acute Coronary Syn-
drome (ACS) findings in ECG changes and underwent coro-
nary angiography were included in the study. The study was 
conducted in accordance with the Declaration of Helsinki. All 
patients were informed, and an informed consent form was 
signed. The study was conducted prospectively between the 
years 2021–2022. Ethics Committee approval was obtained 
for the study (No: 15/01/2021-616).
Patients with any chronic disease such as heart failure, cardiac ar-
rhythmia, moderately advanced heart valve disease, chronic kid-
ney disease, rheumatic or inflammatory disease were excluded.
According to the fourth universal definition of MI, patients 
with symptoms suggestive of ischemia and ST-segment ele-
vation (at least two contiguous leads with ST-segment eleva-
tion ≥2.5 mm in men <40 years, ≥2 mm in men ≥40 years, or 
≥1.5 mm in women in leads V2–V3 and/or ≥1 mm in the other 
leads) in at least two adjacent leads on the ECG were consid-
ered to have STEMI [9]. As a patient group, 74 patients who 
applied to the Cardiology Clinic and the Emergency Depart-
ment with the complaint of chest pain, were diagnosed with 

Acute STEMI with ≥2 mm ST-segment elevation in any of the 
two adjacent leads in the first ECG and caused 100% narrow-
ing in one or more coronary arteries in the coronary angiog-
raphy and who underwent primary PCI due to thrombus were 
included. The SYNTAX (SYNergy between PCI with TAXUS and 
Cardiac Surgery) score of the included patients was evaluated 
[10]. Seventy-four patients who were hospitalized with a pre-
diagnosis of ACS but whose biochemical parameters (Tropo-
nin I) were negative, coronary angiography was normal and 
the diagnosis of ACS was excluded because of no specific find-
ings on ECG were included as the control group.

Biochemical measurements
A second blood sample was taken for the ELA test and de-
livered to the laboratory during routine blood collection 
from patients who applied to the emergency clinic and had 
changes in their ECG and were referred for coronary angiog-
raphy. These procedures were carried out within the first 6 
hours. Clinical Chemistry Tests and CRP Spectrophotometric 
in ARCHITECT c16000 (Abbott Laboratories, USA) autoana-
lyzer, Hemogram measurements on Mindray BC 6800 (Min-
dray Building, High-Tech Industrial Park, Nanshan, Shenzhen 
China) device, HbA1c measurements in HA-8180 (ARKRAY, 
Inc. JAPAN) device by HPLC (High-Performance Liquid Chro-
matography) method, Serum Thyroid Stimulating Hormone 
(TSH), free T3, free T4, Folate, Vitamin B12, D Vitamin, Tro-
ponin I and Procalcitonin levels were studied with the elec-
trochemiluminescence method in the Cobas e601 (Roche 
Diagnostics, Germany) device. For the ELA test, the blood 
was taken into standard clinical chemistry test tubes, cen-
trifuged at 1500 g for 20 minutes, and the serum was sepa-
rated and stored at -40°C. ELA test was performed with en-
zyme-linked immunosorbent assay (Human Elabela ELISA 
kit) method. Serum ELA levels were studied in accordance 
with the kit package insert (Sunred Biological Technology, 
Shanghai, China), and measurements were made in the Gri-
fols Triturus Automated ELISA Analyzer device (Grifols Trit-
urus, Grifols, S.A., Barcelona, Spain).

Statistical analysis
For the statistical analysis of the data obtained in the study, SPSS 
(Statistical Package for Social Sciences, Chicago, IL, USA) for Win-
dows package program running on Windows was used. Data are 
presented as percentage (%), mean ± standard deviation (SD), 
median, interquartile range (IQR), correlation coefficient (r).
The conformity of the variables to the normal distribution was 
examined with the Kolmogorov-Smirnov test. Mean and stan-
dard deviation were used for normally distributed variables. 
The student t-test was used to compare the variables in normal 
distribution between the two groups, and the Mann-Whitney 
U-test was used for variables that did not fit the normal distri-
bution. The Chi-square test was used to compare categorical 
variables, and the relationship between numerical variables 
was evaluated using Spearman's Correlation Analysis. P<0.05 
was considered statistically significant.
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Results
Our study consists of 74 STEMI patient groups and 74 con-
trol groups. In demographic comparison, the mean age of 
the group with STEMI was higher (54.42±9.99), and the ratio 
of men 59 (67.8%) was higher than women 15 (24.5%). The 
frequency of DM (diabetes mellitus) and HT (hypertension) 
was higher in the STEMI group than in the control group. 
WBC (white blood cell), glucose, urea, creatinine, TC (total 

cholesterol), LDL-C (low-density lipoprotein cholesterol), 
CRP (C-reactive protein), Troponin I, HbA1c, and SYNTAX 
score levels were statistically higher in the STEMI group 
(p<0.001); ELA, TSH, B12, folate, fT3, PCT (Procalcitonin), Ca, 
K, HDL-C (high-density lipoprotein cholesterol) levels were 
significantly lower (Table 1). There was a negative correla-
tion between ELA and age, gender, creatinine, TC, LDL-C, 
WBC, HbA1c, CRP, Troponin I, SYNTAX score, and a positive 

Table 1. Comparison of the baseline clinical and laboratory parameters

  STEMI n=74 Controls n=74 p

Age (years), median (IQR) 54 (13) 44 (9) 0.001***
Gender (n, %)
 Male 59 (67.8) 28 (32.2) 0.001***
 Female 15 (24.6) 46 (75.4) 
Hypertension (n, %) 10 (13.51) 0 (0) 0.001***
Diabetes mellitus (n, %) 9 (12.16) 0 (0) 0.003**
Glucose (mg/dL) median (IQR) 96 (12) 91 (18) 0.003**
Urea (mg/dL) median (IQR) 30 (12) 24 (6) 0.001***
Creatinine (mg/dL) median (IQR) 0.846 (0.28) 0.72 (017) 0.001***
eGFR (mL/dk/1.73m2) median (IQR) 90 (2.75) 90 0.001***
Albumin (g/L) median (IQR) 42 (5.45) 46 (4) 0.001***
Total cholesterol (mg/dL) median (IQR) 180 (53) 151 (37.25) 0.001***
LDL-C (mg/dL) median (IQR) 118 (42.25) 89.5 (26) 0.001***
HDL-C (mg/dL) 39.72±8.50 42.9±8.60 0.023*
TG (mg/dL), median (IQR) 94 (85) 82 (67.5) 0.093
Ca (mg/dL)  9.05±0.41 9.68±0.39 0.001***
Na (mmol/L) median (IQR) 137 (3) 139 (2) 0.001***
K (mmol/L) 4.13±0.36 4.38±0.36 0.001***
AST (U/L) median (IQR) 52.5 (80) 16.5 (6) 0.001***
ALT (U/L) median (IQR) 26.5 (27) 14 (11) 0.001***
LDH (U/L) median (IQR) 351 (378) 191 (54) 0.001***
WBC (103/uL) median (IQR) 14.01 (5.16) 7.33 (1.75) 0.001***
Hemoglobin (g/dL)  14.67±1.80 14.13±1.69 0.062
HCT (%) 45.22±4.46 43.87±3.97 0.054
PLT (103/uL) 256±64 273±54 0.077
TSH (mU/L) median (IQR) 1.18 (1.26) 1.67 (1.07) 0.01**
T3 (pg/mL) 3.17±0.65 3.64±0.43 0.001***
T4 (ng/dL) median (IQR) 1.29 (0.31) 1.23 (0.24) 0.142
B 12 (ng/L) median (IQR) 303 (134) 308 (177) 0.043*
Folat (ng/mL) median (IQR) 5.7 (3.15) 7.2 (3.95) 0.001***
D Vitamine (ng/mL) median (IQR) 11.4 (5.35) 10.3 (5.28) 0.135
HbA1c (%) median (IQR) 5.6 (0.45) 5.3 (0.2) 0.001***
CRP (mg/L) median (IQR) 4.5 (4.33) 2 0.001***
PCT (ng/mL) 0.24±0.06 0.28±0.05 0.001***
Troponin I (ng/mL) median (IQR) 12.92 (21.34) 0.1 0.001***
ELA (ng/mL) median (IQR) 0.45 (0.4) 0.88 (1.88) 0.001***
SYNTAX median (IQR) 20.5 (7.75) 0 0.001***

Data are presented as mean±SD or n (%), median. IQR. *: p<0.05 versus controls; **: p<0.01 versus controls; ***: p<0.001. IQR: Interquartile range; eGFR: Estimated glomerular 
filtration rate; LDL-C: Low density lipoprotein cholesterol; HDL-C: High density lipoprotein cholesterol; TG: Triglyceride; Ca: Calcium; Na: Sodium; K: Potassium; AST: Aspartate 
aminotransferase; ALT: Alanine aminotransfease; LDH: Lactate dehydrogenase; WBC: White blood cell; HCT: Hematocrit; PLT: Platelet; TSH: Thyroid Stimulating Hormone; HbA1c: 
Hemoglobin A1c; CRP: C-Reactive protein;  PCT: Procalcitonin; ELA: Elabela; SYNTAX: SYNergy between PCI with TAXUS and cardiac surgery.
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correlation between DM, eGFR (estimated glomerular filtra-
tion rate- calculated with CKD-EPI formula), Ca, K, TSH, fT3, 
and folate correlation was detected (Table 2).

ELA levels were significantly lower in patients with STEMI 
(0.68±0.68 ng/mL/0.45 (0.4) median (IQR)) than controls 
(1.34±0.88 ng/mL/0.88 (1.88) median (IQR), p<0.001) (Table 
1, Fig. 1).

Discussion
The main finding of our study is that it is the first study show-
ing a statistically significant decrease in ELA levels in the first 
24 hours in patients with STEMI. In addition, a negative cor-
relation was found between ELA and Troponin I and SYNTAX 
scores in the study (p<0.001).

Cardiovascular Diseases (CVD) account for 31% of deaths 
worldwide, and these diseases need to be diagnosed quick-
ly, and treatment should be started [11]. The research that 
started with the discovery of APJ has revealed the impor-
tance of the regulatory role of Apelin and ELA on the car-
diovascular system and fluid electrolyte homeostasis. ELA 
works like a hormone due to its expression in pluripotent 
stem cells and especially in kidneys and its homeostatic 
and cardioprotective effects on blood pressure-fluid-elec-
trolyte balance [12]. Many studies have been done on car-
diovascular, endocrine, and tumor-related diseases on ELA, 
as well as comparative studies with Apelin [13]. It has been 
observed that ELA plays an important role in ischemic car-

diovascular diseases by activating APJ earlier than Apelin 
and stimulating angiogenesis [12, 13].
ELA affects intracellular signaling through APJ activation, re-
sulting in a decrease in cAMP levels, stimulation of ERK, and an 
increase in intracellular calcium mobilization. Wang et al. [12] 
have shown that ELA induces a relaxation independent of the 
endothelium by determining that while ELA caused 73.7% re-
laxation in vessels with an intact endothelium, the relaxation 
in vessels with stripped endothelium was only 20% less in 
their study where they used mouse aortic vessels with intact 
endothelium and stripped endothelium. It was also examined 
whether this relaxation is NO dependent or not, and it was de-
termined that ELA does not need NO mediation for relaxation. 
In the study, the effect of Apelin on vessels was also examined 
in parallel, and they determined that while Apelin caused 79% 
relaxation in vessels with intact endothelium, the relaxation 
in vessels with stripped endothelium was 48% to 31% less, 
and they determined that Apelin was more endothelial-de-
pendent than ELA for vascular relaxation. Therefore, although 
they act through the APJ, there is a difference between ELA 
and Apelin in terms of vasodilation mechanisms.
Years of studies have shown that the apelinergic system is a 
good homeostasis regulator through the cardiovascular sys-
tem and water-electrolyte balance. Detection of ELA, especial-
ly in the kidney, showed that it has an important function in 
maintaining fluid homeostasis and blood pressure together 
with the heart in RT-PCR analyzes [12]. In our study, in parallel 
with this information, a negative correlation was found be-
tween ELA and creatinine and a positive correlation with eGFR 
(p<0.05). It is predicted that ELA, which acts as a paracrine or 
endocrine hormone, can be used as a good diuretic agent. In 
addition, over the APJ axis; while Apelin activates the ACE2 
promoter activity, ELA decreases the ACE promoter activity in 
a dose-dependent manner, thus neutralizing the negative ef-
fects of RAS and showing a cardioprotective effect [5].

Table 2. Correlation between ELA and study variables in all 
subjects

 r p

Age (years) -0.183 0.026
Gender -0.167 0.042
Diabetes mellitus 0.185 0.025
Creatinine (mg/dL) -0.166 0.044
eGFR (mL/dk/1.73m2) 0.019 0.019
Total cholesterol (mg/dL) -0.215 0.009
LDL-C (mg/dL) -0.254 0.002
Ca (mg/dL) 0.217 0.008
K (mmol/L) 0.199 0.015
WBC (103/uL) -0.341 <0.001
TSH (mU/L) 0.181 0.027
fT3 (pg/mL) 0.177 0.031
Folat (ng/mL) 0.195 0.017
HbA1c (%) -0.327 <0.001
CRP (mg/L) -0.341 <0.001
Troponin I (ng/mL) -0.412 <0.001
SYNTAX -0.417 <0.001

ELA: Elabela; eGFR: Estimated glomerular filtration rate; LDL-C: Low density 
lipoprotein cholesterol; Ca: Calcium; K: Potassium; WBC: White blood cell count; TSH: 
Thyroid stimulating hormone; CRP: C-reactive protein; SYNTAX: SYNergy between PCI 
with TAXUS and cardiac surgery.

Figure 1. ELA levels on control and STMI groups.
ELA: Elabela; STMI: ST Elevation myocardial infarction.
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Dönmez et al. [8] found that ELA levels increased, but this was 
not statistically significant in their study on STEMI patients, 
and found a moderately positive correlation between ELA and 
Troponin I, NT-ProBNP, but no correlation between Hs-CRP. 
They also found a moderate negative correlation between 
ELA and left ventricular ejection fraction (LVEF). Aydın et al. 
[14] found an increase in ELA and Apelin levels in the blood 
after MI in their study. It is thought that blood levels increase 
due to the release of ELA and Apelin into the circulation by 
damaged cardiomyocytes after ischemia. They also suggested 
that ELA and Apelin could be new indicators for clinically de-
termining the severity of MI and for the diagnosis of MI. Yavuz 
et al. [15] on the other hand, found that the ELA levels of pa-
tients with Chronic Complete Occlusion in their coronary ar-
teries were lower than the control group. They also stated that 
ELA levels of patients with good collateral development were 
higher than patients with low collateral development, and this 
was due to the positive effects of ELA on angiogenesis and 
arteriogenesis. Similar to the study of Yavuz et al. [15], in our 
study, ELA levels (0.68±0.68 ng/mL/0.45 (0.4)) in patients with 
STEMI were found to be lower than the control (1.34±0.88 
ng/mL/0.88 (1.88), p<0.001) group. While ELA is detected in 
fibroblasts and intact endothelial cells in the heart, ELA pro-
duction decreases in impaired endothelial function. This may 
be attributed to the decrease in ELA production due to im-
paired vascular endothelium in the acute phase of MI in STEMI 
patients who already show signs of endothelial dysfunction 
(HT, DM, high lipid profile, CRP, glucose, and low HDL-C). In ad-
dition, in our study, contrary to the findings of Dönmez et al. 
[8] a high level of negative correlation was found between ELA 
and CRP and Troponin I levels in the STEMI group (p<0.001).
Du et al. [16] found that ELA levels in patients with the ACS were 
significantly higher than in the control group (95.04±18.66 vs 
71.90±8.93, p<0.01). Although they did not report a difference 
between the ELA level and the number of narrowed coronary 
arteries, they reported that the SYNTAX I score increased with 
the increase in ELA levels between 63.75 ng/mL and 85.49 ng/
mL. In the study conducted by Tian et al. [17] with CHD, they 
divided into 3 groups as stable angina (SA), unstable angina 
(UAP), and acute myocardial infarction (AMI), ELA levels in 
patients with CHD were found to be 10.71% higher (p<0.05) 
compared to controls, and it was higher in the patients in 
the UAP and AMI subgroups than in the controls and SA sub-
group (p<0.05). However, they could not detect a correlation 
between ELA concentration and SYNTAX score, LVEF, and oth-
er biochemical parameters in coronary heart patients. In our 
study, however, a high level of negative correlation was found 
between the SYNTAX score and ELA (p<0.001).
Myocardial cell necrosis can induce an increased inflammato-
ry response and elevated CRP levels, and experimental stud-
ies suggest that inhibiting CRP in AMI may reduce myocardi-
al damage [18]. In an experimental study by Rakhshan et al. 
[19] ELA peptide was administered intraperitoneally to rats 
with MI, and the development of infarction and myocardial 
necrosis after reperfusion were examined. They showed that 

the ELA peptide significantly reduced markers of myocardi-
al damage, such as CK-MB and Troponin I, in the treatment 
groups. They also found an increase in LVIDd (Left Ventricular 
Internal Dimension At End-diastole) and LVIDs (Left Ventricu-
lar Internal Dimension At End-systole), and EF (Ejection Frac-
tion) and FS (Fractional Shortening) decreased myocardial cell 
damage and improved cardiac function. In their study, Xi et 
al. [20] developed Fc-ELA-21 (longer half-life ELA analogue); 
found that this ELA peptide, which they infused continuously 
sc daily, significantly improved cardiac dysfunction by increas-
ing angiogenesis and cardiomyocyte proliferation, reducing 
myocardial fibrosis and apoptosis in MI-induced rats. In our 
study, Troponin I and CRP levels, which are the ideal indica-
tors of myocardial damage and inflammation, were found to 
be statistically higher and ELA levels lower in the STEMI group, 
and a high level of negative correlation was found between 
them and ELA (p<0.001). In addition, we found a positive cor-
relation (p<0.001) between CRP and TC, LDL-C, and Troponin I, 
and a negative correlation (p<0.001) with ELA, which supports 
the view that inhibiting CRP can reduce myocardial damage. 
As a result of clinical studies to be conducted by administering 
ELA analogue to AMI patients in the future, the status of myo-
cardial damage, inflammation markers (CRP, CK-MB, Troponin 
I, etc.) and necrosis area size can be determined.

Known risk factors for the development of AMI include high 
LDL-C and TG levels. It is known that LDL-C causes inflamma-
tion and formation of atherosclerotic plaques in the endothe-
lium [21]. In addition, CRP is also stated to be a mechanical 
mediator of myocardial damage after STEMI, in addition to its 
involvement in cardiovascular risk factors [18]. In our study, 
TC, LDL-C, and CRP levels were found to be higher and HDL-C 
levels to be lower in patients with STEMI (p<0.001). Our neg-
ative correlation (p<0.01) between TC, LDL-C, CRP and ELA, 
which are risk factors for AMI, supports the prediction that ELA 
deficiency may be a risk factor for CVD.

Study limitations
The main limitation of our study is that it is single-centered, 
and the sample size is relatively small. In addition, ELA lev-
els were measured only in STEMI patients and in the first 6 
hours of the study. We believe that it would be more mean-
ingful to perform both STEMI and non-STEMI MI type and 
sequential measurements in larger patient groups to deter-
mine the course of ELA.

Conclusion
In this study, it was determined that the level of ELA decreased 
in the first 6 hours of STEMI patients (compared to the control 
group). In addition, a highly negative correlation was found 
between ELA and Troponin I and SYNTAX scores.

ELA is expected to be a new biomarker for CVD and an effec-
tive drug in treatment. Therefore, it is important to compre-
hensively investigate how ELA affects CVD and its contribu-
tion to treatment.
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Effects of soybean seed on some biochemical parameters 
and pancreas weight in streptozotocin-induced diabetic rats

Diabetes is a disease caused by lack of insulin secretion, 
insulin resistance, or both [1, 2]. It has been observed 

that disorders related to the metabolism of carbohydrates, 
fats, and proteins may arise due to either insufficient insulin 

secretion or decreased tissue sensitivity to insulin. As a result, 
chronic hyperglycemia is a commonly observed symptom [2]. 
Diabetes is a disease with acute and chronic complications. In-
deed, in long-term complications, functional disorders or de-

Objectives: Diabetes mellitus is a group of chronic diseases in which the body has problems with the use or production 
of glucose, the main source of energy for metabolism. This condition can affect the metabolism of carbohydrates, fats, 
and proteins, potentially leading to chronic hyperglycemia (high blood sugar levels). The present study investigated 
the effects of soybean (Glycine max L.) seed extract on various biochemical parameters and pancreas weight in Wistar 
rats with experimental diabetes.
Methods: The study consisted of five groups of rats: control, diabetic, and treated (100, 200, and 400 mg/kg extract). To 
induce diabetes in rats, Streptozotocin (STZ) was administered through intraperitoneal injection (35 mg/kg). The rats 
were orally given water-soluble extracts at the indicated quantities once daily for four weeks. Venous blood was col-
lected from the animals via heart puncture, after which the animals were sacrificed. Biochemical parameters, including 
blood glucose, were measured using an autoanalyzer.
Results: In diabetic rats, there was a significant increase in serum glucose concentration (p<0.05). However, treat-
ment with soybean resulted in a significant reduction (p<0.05) of the elevated glucose concentration in the treated 
diabetic rats. It is noteworthy that the glucose concentrations were still significantly higher (p<0.05) than those 
of the control group. Biochemical parameters, including urea, AST, SGPT/ALT, cholesterol, triglycerides, glucose, 
LDL-cholesterol, and VLDL-cholesterol, were lower in the treated groups than in the diabetic control group and 
were considered significant (p<0.05). Moreover, it was observed that the HDL-cholesterol parameter was signifi-
cantly higher than that of the diabetic control group (p<0.05), while the creatinine parameter was not found to be 
statistically significant (p>0.05).
Conclusion: The results suggest that soybean treatment may have a positive impact on certain biochemical param-
eters in diabetic rats. These findings are consistent with previous reports on the health benefits of soybean. It can be 
inferred that G. max may have a hypoglycemic effect in diabetic rats and could potentially mitigate the complications 
of diabetes mellitus.
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ficiencies are observed in organs such as eyes, heart, kidney, 
and brain [3]. Indeed, it is also associated with cardiovascular 
disorders resulting from changes in plasma lipid and lipopro-
tein profile [4].

Two types exist: type I diabetes mellitus, which requires insu-
lin for treatment, and type II diabetes mellitus, which can be 
managed without insulin. The first is an autoimmune disor-
der resulting from the selective destruction of insulin-secret-
ing beta (β) cells. The second is peripheral insulin resistance 
and impaired insulin secretion [5].

Diabetes mellitus is a very common disease affecting people 
living in developed and developing countries. WHO reports 
that the disease is a leading cause of death [1]. Within the 
next 25 years, it is predicted to become one of the world's 
leading causes of death [3].

Diabetes treatment is a global problem and an effective treat-
ment method without side effects has not been developed 
yet [1, 6]. Over the past few years, plant-based drugs have be-
come more preferred due to their fewer side effects and natu-
ral origin when compared to synthetic chemical drugs [1, 2, 7]. 
According to the literature, there are more than 400 medicinal 
plants used worldwide to treat diabetes mellitus. However, 
only a select few have undergone scientific authentication for 
their hypoglycemic activity [8, 9].

Soybean (Glycine max) is an annual plant that is common-
ly cultivated in many parts of the world and belongs to the 
Fabaceae family [10]. Millions of people take soybean prod-
ucts because of their high nutritional value. Soybean is high in 
protein, fat, and minerals like phosphorus, calcium, iron, and 
soluble fiber. It is therefore beneficial for diabetics and reduc-
es the risk of developing diabetes. Thanks to the flavonoids 
it contains, it has also been reported to decrease the risk of 
cardiovascular problems by reducing triglycerides, blood cho-
lesterol, low-density lipoprotein (LDL), and blood pressure [1, 
9, 11].

Streptozotocin (STZ) is a kind of compound obtained from 
Streptomyces achromogenes bacteria and is toxic to beta cells 
producing pancreatic insulin, especially in mammals. It is used 
to initiate diabetes mellitus in experimental animals [12].

The aim of the study was to investigate the effects of soybean 
(Glycine max L.) seed extract on pancreatic weight and various 
biochemical indices, including urea, creatinine, AST, ALT, cho-
lesterol, triglycerides, glucose, LDL, HDL, and VLDL, in Wistar 
rats with experimental diabetes.

Materials and Methods
This research has been accepted by The Selçuk University Faculty 
of Veterinary Medicine Experimental Animal Production and Re-
search Center Ethics Committee (Resolution number: 2015/67).

Plant material
Soybean seeds used in the experiment were obtained from 
a market in Konya, Turkey, and confirmed by Selçuk Univer-

sity Agriculture Faculty. Soybean seed extract was prepared 
with some modifications according to the method suggested 
by Badavi et al. [13]. Firstly, the seeds were powdered before 
use. The seed powder was soaked in 60% methanol for three 
days at room temperature and stirred three times daily. Sub-
sequently, the mixture was filtered using a few layers of cloth, 
and the resulting filtrate was dried at room temperature (25–
30°C) to evaporate the methanol, resulting in soybean extract 
in powder form. The extract was dissolved in distilled water 
according to treatment group doses and administered orally 
via gavage needle once a day.

Animals
Twenty-five female Wistar rats weighing 210±10 g were ob-
tained from KONÜDAM Animal Center in Necmettin Erbakan 
University in Konya, Turkey. The rats were accommodated in 
a controlled environment with a temperature of 22±1 ºC and 
62% humidity, following a 12-hour light/12-hour dark sched-
ule. An adaptation period of 15 days was allowed before the 
commencement of the experiment. For a period of 15 days, 
they were provided with water ad libitum and fed a basal diet.

Experimental inducement of diabetes mellitus
Animals in all diabetic groups in the study (Group 2, 3, 4, 5) 
were fed a high-fat diet for 2 weeks [14]. Then, diabetes was 
induced in these animals, which had been fasted, with a sin-
gle intraperitoneal injection of streptozotocin (STZ) (35 mg/kg 
body weight) dissolved in citrate buffer (pH 4.5). The high-fat 
diet was continued until the end of the experiment in these 
animals. Two weeks after STZ treatment, non-fasting rats with 
a blood glucose level of 300 mg/dL were diagnosed with type 
2 diabetes. The chemicals were purchased from Sigma (MO, 
USA). Also, animals in the control group (Group 1) continued 
to be fed a basal diet.

Experimental design and treatment
Rats were separated into five groups of 5 rats each. Group 1: 
Rats of the control group. Group 2: Control rats with diabe-
tes. Group 3: Diabetic rats treated with 100 mg/kg dose of 
soybean extract. Group 4: Diabetic rats treated with soybean 
extract at a dose of 200 mg/kg. Group 5: Diabetic rats treated 
with 400 mg/kg dose of soybean extract. All treatments were 
given once a day for four weeks. When finished, the animals 
were euthanised and the next procedure was started.

Biochemical analysis
Using a sterile syringe, blood samples were taken by cardiac 
puncture. The samples were then placed in the appropriate 
sterilized microcentrifuge tube and allowed to clot. Serum 
was recovered after centrifugation at 3000 rpm at 25°C for 15 
minutes. Serum samples were immediately assayed for blood 
glucose, total cholesterol, HDL, LDL, VLDL, triglycerides, urea, 
creatinine, aspartate transaminase (AST), and alanine trans-
aminase (ALT) using commercially available colorimetric 
diagnostic kits on an autoanalyzer (Biotecnica Instruments, 
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BT3000 Plus, Italy).

Determination of pancreas weights
After euthanasia, their pancreas was carefully removed, their 
weight was measured and noted.

Statistical analysis
Results are expressed as mean±SD. One-way repeated mea-
sures analysis of variance (ANOVA) with Tukey's post hoc test 
was used to analyse differences between groups. The Statisti-
cal Package of Social Service (SPSS, version 22.0) was used for 
statistical analyses. A p-value of less than 0.05 was defined as 
statistically significant.

Results

Weight change results
The weights of the experimental animals used in the study 
were monitored weekly throughout the experiment, and the 
average weight changes are summarized in Figure 1. While 
there was not much difference in the average weight gain of 
the animals in the control group, there was a significant in-
crease in the weights of the other groups until STZ application. 
It was determined that their weight decreased significantly in 
the week after STZ application (p≤0.05).

Biochemical analysis results
Table 1 shows mean blood glucose, total cholesterol, HDL-cho-
lesterol, LDL-cholesterol, VLDL-cholesterol, triglyceride, urea, 
creatinine, aspartate aminotransferase (AST), and aminotrans-
ferase (ALT) in each of the five rat groups. Compared to the 

control group, the serum glucose concentration was signifi-
cantly increased in the diabetic control group (p<0.05). This 
is an indication of an efficient induction of diabetes. Treat-
ment with soybean significantly reduced glucose levels in the 
treated rats (p<0.05), but glucose levels were still significantly 
higher (p<0.05) than in the controls.

A statistically significant increase in serum cholesterol and 
serum triglycerides (p<0.05) was observed in the diabet-
ic control group compared to the control group. After four 
weeks of treatment with soybeans, a reduction in cholester-
ol levels was noted, and surprisingly, the greatest reduction 
was seen at the dose of 200 mg/kg extract. Serum triglycer-
ide levels were also observed to be very low (p<0.05) after 
soy treatment compared to the control group, which was 
very high in the diabetic control group.

LDL-cholesterol and VLDL-cholesterol levels were significant-
ly increased (p<0.05), while HDL-cholesterol was decreased 
(p<0.05) in diabetic rats compared to controls. LDL cholester-
ol and VLDL cholesterol were significantly reduced, whereas 
HDL cholesterol was significantly increased (p<0.05) in dia-
betic rats treated with soybean for four weeks. However, this 
increase in the level of HDL cholesterol was not as great as the 
increase in the control group.

The parameters of ALT, AST, and Urea were significantly in-
creased in the serum of diabetic groups (p<0.05). These values 
were found to be below the control group level in all treat-
ment groups at the end of 4 weeks. The parameter creatinine, 
however, was not considered significant (p>0.05).

Pancreas weights results

Figure 1. The average weight changes of the experimental animals.
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According to the data obtained, pancreatic weight (0.80±0.28 
g) in diabetic rats was lower than that of control rats (1.12±0.23 
g) (p<0.05). In addition, pancreas weight in all treatment 
groups was significantly higher than in the diabetic group. 
The biggest rise was observed in the 400 mg/kg extract group 
(1.40±0.07 g) (Fig. 2).

Discussion
This study was designed to examine possible effects of soy-
bean seed extract on several biochemical parameters in the 
serum of STZ-induced diabetic rats. STZ is a broad-spectrum 
antibiotic that has a cytotoxic effect on the insulin-produc-
ing beta cells in the pancreatic islets [12]. It is thought that 
STZ is a glucose analogue that enters the cell via the glucose 
transporter GLUT2 and causes DNA alkylation and apoptosis 
in β-cells [15]. It is, therefore, often used to induce diabetes 
mellitus in experimental animals. In this study, it was found 
that serum glucose values increased in STZ-treated animals. 

Soybeans contain high levels of isoflavones and fiber, which 
enhance metabolic processes [16]. In the studies presented 
by some researchers, it is reported that the isoflavones con-
tained in soybeans are effective in reducing glucose levels 
[17–19]. However, it has also been reported that soluble fibers 
obtained from soybeans show resistance to digestion and 
absorption and can, therefore, be used to control glucose ab-
sorption and rising blood sugar levels in diabetes [20]. Gupta 
et al. [3] showed in their study that soybean extract orally ad-
ministered to diabetic animals reduced blood glucose levels 
up to 5.97%. It has also been reported that isoflavone intake in 
the diet can prolong lifespan and increase glucose tolerance 
capacity in normal mice [21]. In this study, soybean treatment 
significantly reduced elevated serum glucose concentration, 
and this reduction was most effective in the high-dose group 
when evaluated among the administered doses. Based on 
these results, it seems that soy isoflavones may have a positive 
effect on the overall metabolism of diabetic animals. In dia-

Figure 2. Mean pancreatic weight changes in the studied groups.
Sd: Standard deviation.

Table 1. The effect of soybean extract on some serum biochemical levels of diabetic rats

Groups Control Diabetic 100 Mg/Kg 200 Mg/Kg 400 Mg/Kg p Range 
  Mean±SD control extract extract extract 
   Mean±SD Mean±SD Mean±SD Mean±SD

Parameters 
 Glucose (mg/dl) 93.90±6.71 434.20±35.1 309.18±63.4 229.72±18.1 113.58±38.7 <0.05 82.68–170.36
 Urea (BUN) (mg/dl) 13.40±1.34 15.82±0.38 11.48±0.36 7.92±1.46 7.06±2.06 <0.05 13.5–24.5
 Creatinine (mg/dl) 0.40±0.10 0.54±0.89 0.60±0.10 0.43±0.30 0.42±0.14 >0.05 0.30–0.60
 AST(UI/I) 155.20±27.7 181.02±26.0 132.12±14.7 128.00±11.6 125.82±16.5 <0.05 29.34–72.16
 ALT (U/I) 67.22±16.08 131.00±18.8 55.48±8.63 43.96±3.76 46.72±9.63 <0.05 62.75–126.65
 Triglyceride (mg/dL) 88.38±4.98 335.40±16.7 285.26±12.6 52.28±20.21 49.12±6.63 <0.05 26.78–65.88
 Cholesterol (mg/dl) 54.96±7.75 71.80±2.04 47.58±9.24 37.40±5.54 59.40±7.60 <0.05 62.47–104.13
 LDL (mg/dl) 11.52±0.50 24.88±4.70 21.58±3.68 17.60±6.65 9.24±0.82 <0.05 12.21–27.36
 HDL (mg/dl) 72.78±9.96 30.96±4.35 22.18±3.03 39.86±14.56 39.12±11.46 <0.05 37.00–68.73
 VLDL (mg/dl) 26.11±6.75 67.32±22.89 45.56±23.42 25.94±13.66 24.31±1.85 <0.05 5.05–13.16

SD: Standard deviation; AST: Aspartate transaminase; ALT: Alanine transaminase; LDL: Low-density lipoproteins; HDL: High-density lipoproteins; VLDL: Very low-density lipoprotein.
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betes mellitus, not only carbohydrate metabolism is impaired, 
but also lipid and protein metabolism are significantly altered. 
Elevated serum total cholesterol and triglycerides are typical 
indicators of diabetes mellitus [22]. Insulin is essential for the 
inhibition of hormone-sensitive lipase and the activation of 
lipoprotein lipase. Therefore, mobilization of free fatty acids 
from peripheral fat stores increases in diabetes, and serum to-
tal triglyceride levels increase [23]. Total cholesterol and LDL 
levels increase in diets containing high levels of saturated fats 
[24]. There have been reports that the phytoestrogens and 
saponins in soybeans could be involved in the regulation of 
serum cholesterol levels [25–27]. Khushk et al. [28] assessed 
the non-diabetic potency of soybean extracts (chloroform 
and alcohol) in alloxan-induced diabetic rabbits. The extracts 
were shown to cause a substantial reduction in serum cho-
lesterol levels. Consistent with these studies, in the present 
study, STZ-induced diabetic rats treated with soybean extract 
showed a significant decrease in serum cholesterol levels. This 
reduction was greatest at a dose of 200 mg/kg. Some studies 
have shown that there was no significant change in triglycer-
ide levels after a soy-based diet [27, 29]. On the other hand, 
Ristić Medić et al. [30] found a 29% reduction in triglyceride 
levels after 12 weeks of treatment with soybeans in type 2 
diabetics with hypertriglyceridemia. In this study, soybean 
extract was found to reduce triglyceride levels, and this reduc-
tion was less than in the control group at doses of 200 and 400 
mg/kg.
Serum concentrations of LDL, HDL, and VLDL are essential for 
whole-body metabolism [31]. Dyslipidemia in type 2 diabetes 
is characterized by low levels of HDL, elevated LDL, and se-
rum triglycerides associated with VLDL [32]. Soybean proteins, 
especially glycine and β-conglycinin, may be responsible for 
lower cholesterol concentrations by increasing bile acid pro-
duction and excretion through feces [33]. This may lead to a 
shift in the hepatic cholesterol system to provide more cho-
lesterol for bile acid deficiency and may also lead to increased 
LDL receptor activity by a mechanism that causes a decrease 
in total blood cholesterol concentration [34]. Previous studies 
have shown soy protein to lower cholesterol, triglycerides, 
and low-density lipoprotein (LDL) levels in people with dia-
betes and in healthy people and have shown similar effects in 
rats and rabbits [35–37]. Isoflavone compounds found in soy-
beans, such as genistein, cause less and smaller fat cells to be 
produced [9]. Lee [38] reported that a 60 mg/100 g genistein 
diet increased serum HDL cholesterol levels in diabetic rats. 
In this study, high levels of LDL were observed in the diabetic 
group after STZ administration, while low levels of HDL were 
detected. However, it was determined that there was a signif-
icant decrease in LDL and VLDL concentrations after different 
doses of soybean seed extract compared with the untreated 
diabetic control group. HDL concentration increased in the 
200 and 400 mg/kg treatment groups.
Urea plays an important role in the metabolism of nitrogenous 
compounds and is a waste product of dietary protein. This or-
ganic compound is filtered into urine by the kidneys [39]. Uric 

acid is found in the cytosol and in soluble compounds found 
in the blood. It is synthesized mainly from purines based on 
adenine and guanine. Uric acid is found in all tissue compart-
ments except the lipid phase [40]. Hyperuricemia is caused by 
increased uric acid. The uric acid is transported to the liver and 
is released into the bloodstream. Kidney function is related to 
glomerular filtration and tubular secretion of serum creatinine 
[41]. In health problems such as diabetes, kidney cells are dam-
aged, urea levels in the blood increase, and creatinine levels 
increase. Therefore, the function of the kidney is reduced [42]. 
Soybean seeds contain phenolic compounds called flavonoids, 
and some studies have reported that soy protein helps prevent 
kidney disease in people with diabetes [27]. Kudou et al. [43] re-
ported that in alloxan-induced diabetic rats, administration of 
soybean seeds reduced plasma creatinine and blood urea levels. 
In the present study, soybean seed extract significantly (p<0.05) 
decreased serum urea levels in STZ-induced diabetic rats, but 
serum creatinine levels were statistically insignificant (p<0.05).

Insulin clearance and the production of inflammatory cyto-
kines take place mainly in the liver. It has an important role in 
the maintenance of normal fasting and postprandial glucose 
concentrations [44]. ALT and AST enzymes are well-known 
markers of liver injury. Serum levels are high because these 
enzymes are thought to leak from the cytosol into the blood-
stream as a result of liver tissue damage [12]. Previous studies 
have shown increased serum AST and ALT levels in diabetic 
rats fed a high-fat diet and treated with low-dose STZ [45]. 
Bai et al. [46] have suggested that soybean may have a role 
to play in the enhancement of glucose and lipid homeostasis 
and liver function in T2DM. In this study, it was determined 
that soybean treatment decreased serum ALT and AST levels 
compared to control in all doses administered. Based on these 
data, it can be said that soybean has protective effects on he-
patic dysfunction of type 2 diabetic rats.

One of the most important causes of diabetes is beta cell dys-
function in the pancreas [47]. In the studies conducted with 
various imaging methods, it was determined that the pan-
creas volume of patients with diabetes decreased [48, 49]. In 
this study, it was determined that the pancreas weight of the 
STZ-treated diabetes group decreased, while the pancreas 
weight increased in the soybean extract treatment groups. 
This increase was the highest at a dose of 400 mg/kg. Based 
on these results, it can be said that soybean may cause im-
provement in pancreatic cells.

Conclusion
Soybeans have a very high concentration of lysine. They also 
contain abundant amounts of essential amino acids such as 
histidine, isoleucine, leucine, phenylalanine, tyrosine, tryp-
tophan, and valine. For this reason, it is considered to be a 
cost-effective and easily accessible supply of protein. When 
all our results were evaluated in general, soybean treatment 
showed a positive effect on some biochemical parameters 
in diabetic rats. These findings lend support to reports of the 
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beneficial and health-promoting effects of soybeans. Further-
more, it can be concluded that G. max is hypoglycemic and 
reduces the complications of diabetes mellitus in diabetic rats.
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Evaluation of ethanol test analysis: The two years experience

Compounds with a hydroxyl (-OH) group attached to a car-
bon atom in their structure are generally defined as alco-

hols. For a compound to be defined as an alcohol, no more 
than one -OH group should be bonded to the same carbon, 
and the carbon atom to which the -OH group is attached 
should not contain a pi bond [1].
People have been producing, consuming, and enjoying alco-
hol for a very long time [2]. The first evidence of alcohol use 
is pottery containing traces of wine, thought to date back to 
7000 BC [3]. Views on the physical, mental, and social harms of 
alcohol use were put forward by Dr. Benjamin Rush in 1785. In 
the early 1900s, some anti-alcohol laws were passed [4].

It has been stated that approximately 5.1% of people over the 
age of 15 have an alcohol use disorder [5]. According to the 
World Health Organization (WHO) regions, alcohol use disorder 
is reported as 8.8% in the European region, 8.2% in the Americas, 
4.7% in the Western Pacific region, 3.9% in the Southeast Asia 
region, 3.7% in Africa, and 0.8% in the Eastern Mediterranean 
region [6]. As reported by the Turkish Statistical Institute, there 
was an increase in the prevalence of alcohol use among individ-
uals between the ages of 15 and 24 in Türkiye between 2010 and 
2019. The rate of alcohol use was stated as 8.6% in 2010, 7.4% 
in 2012, 13.3% in 2014, 9.3% in 2016, and 11.4% in 2019 [7]. The 
rate of alcohol use is higher in men than in women [8].

Objectives: Compounds with hydroxyl (-OH) attached to the carbon atom in their structure are generally defined as 
alcohols. People have been producing, consuming, and enjoying alcohol for a very long time. The prevalence of alcohol 
use disorder in the world is 5.1%. Alcohol toxicity can be life-threatening, and blood alcohol levels must be measured.
Methods: The 19568 ethanol analysis results were included in this study, performed between 01.01.2021 and 
31.12.2022, and were obtained from Ankara Bilkent City Hospital's laboratory information system. Serum ethanol lev-
els <10 mg/dL were accepted as negative. Ethanol analysis results according to positive serum ethanol levels were 
designed as follows; <10 mg/dL, between 10 mg/dL and ≤30 mg/dl, between 30 mg/dl> and ≤50 mg/dl, between 50 
mg/dl> and ≤100 mg/dl, and above 100 mg/dL. Ethanol analysis results according to age were designed as follows ≤10 
years, 11–20 years, 21–30 years, 31–40 years, 41–50 years, 51–60 years, and above 60 years. The ethanol analyses were 
performed by Atellica Chemistry- XPT ® (Siemens Healthineers, Erlangen, Germany) device. 
Results: This study included a total of 19568 ethanol analysis results. The number of females and males was as follows: 
5595 (%28.3), 13973 (%71.4) Ethanol positivity was higher in males 2735 (%76.5) than in females 839 (%23.5) (p<0.001). 
The results of the males were higher in each group (p<0.001) when evaluating the ethanol intervals among genders. 
When the ethanol intervals among age intervals were analyzed, the group aged between 21 to 30 years had the highest 
number while the group aged between 0 to 10 years had the least number (p<0.001).
Conclusion: Alcohol use is stated as a public health problem for the whole world. Our study, which evaluates alcohol anal-
ysis results according to gender, different age groups, and different ethanol intervals, may be helpful for future studies.
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Some situations related to alcohol are stated in Articles 34/1, 
34/2, and 57 of the Turkish Penal Code [9]. One per mille 
means the presence of 100 milligrams of alcohol in 100 milli-
liters of blood [10]. 0.2 per mille is the legal limit for vehicles 
other than private vehicles, and 0.5 per mille is the legal limit 
for private vehicles [11].
Alcohol is included under the heading "Substance-related 
disorders" in the Diagnostic and Statistical Manual of Mental 
Disorders [9]. Approximately 237 million men and 46 million 
women in the world suffer from alcohol use disorder [12]. Al-
cohol use may lead to alcohol addiction [13]. Long-term al-
cohol consumption causes various diseases, including both 
communicable and non-communicable ones [14]. Alcohol use 
plays a role in increased risks of tuberculosis and lower respira-
tory tract infections by suppressing the immune system; it also 
increases the likelihood of unprotected sexual intercourse, 
which may increase exposure to sexually transmitted infec-
tions [15]. Alcohol consumption causes approximately 4% of 
cancers in the world and increases the risk of colorectal, breast, 
liver, and digestive system cancers [16]. There is an association 
between alcohol and an increased risk of cardiovascular dis-
eases [17], injuries, and some neurological conditions [18].
Foods taken with ethanol and medical procedures that delay 
gastric emptying slow down ethanol absorption. After ab-
sorption, 90% of the ethanol is eliminated from the body by 
enzymatic oxidation in the liver, and 5–10% is eliminated from 
the body through the kidneys, lungs, and sweating [19].
Alcohol toxicity can be life-threatening, and the best way to 
detect this condition is to measure blood alcohol levels [20]. 
As the blood alcohol level changes, different clinical findings 
occur. In individuals with blood alcohol levels between 20 and 
30 mg/dL, motor skills slow down, thinking and judgment abil-
ities are impaired, and motor and cognitive problems increase. 
Between 30 and 80 mg/dL, coordination and judgment disor-
ders occur, and between 80 and 200 mg/dL, mood lability and 
impairment in cognitive functions are observed. Nystagmus, 
dysarthria, and memory disorders are observed in individuals 
with levels between 200 and 300 mg/dL, and confusion and 
stupor are observed in individuals with levels between 300 and 
400 mg/dL. In individuals with blood alcohol levels between 
400 and 500 mg/dL, coma may occur, and in individuals with 
blood alcohol levels >500 mg/dL, respiratory and circulatory 
centers may be affected, leading in some cases to death [5].
Ankara Bilkent City Hospital has one of the biggest biochemis-
try laboratories in Türkiye. In this study, we aimed to evaluate 
the ethanol test results of Ankara Bilkent City Hospital among 
different ethanol levels, genders, and different age groups, 
and to contribute to the literature.

Materials and Methods
The 19568 ethanol analysis results included in this study, 
performed between 01.01.2021 and 31.12.2022, were ob-
tained from Ankara Bilkent City Hospital's laboratory infor-
mation system.

Internal and external quality controls are carried out for eth-
anol testing in our hospital. Hemolysis causes a decrease 
in the measured ethanol concentration [21]. While ethanol 
samples are accepted to the laboratory, their compliance 
with the sample acceptance and rejection criteria deter-
mined by our hospital is evaluated, and test analyses are 
performed on the appropriate samples.
Only the first results of patients whose ethanol analysis 
was performed more than once were included in the study. 
Groups were designed according to gender, age, and serum 
ethanol levels. Serum ethanol levels were stated as negative 
or positive. Serum ethanol levels <10 mg/dL were accepted as 
negative. Ethanol analysis results according to positive serum 
ethanol levels were designed as follows: <10 mg/dL, between 
10 mg/dL and ≤30 mg/dL, between 30 mg/dL and ≤50 mg/dL, 
between 50 mg/dL and ≤100 mg/dL, and above 100 mg/dL. 
Ethanol analysis results according to age were designed as fol-
lows: ≤10 years, 11–20 years, 21–30 years, 31–40 years, 41–50 
years, 51–60 years, and above 60 years. The ethanol analyses 
were performed using the Atellica Chemistry-XPT® (Siemens 
Healthineers, Erlangen, Germany) device. Ethanol measure-
ment depends on the enzymatic reaction using the Emit II 
Plus reagent. The measurement kit includes two reagents. Re-
agent 1 contains the buffer system, and Reagent 2 contains 
alcohol dehydrogenase (ADH), coenzyme nicotinamide ade-
nine dinucleotide (NAD), buffer, preservatives, and stabilizers. 
ADH catalyzes the oxidation of ethyl alcohol to acetaldehyde. 
During this reaction, NAD is reduced to NADH. The increase in 
absorbance at 340 nm is proportional to the alcohol concen-
tration in the sample. At every stage of the present study, all 
researchers worked under the Declaration of Helsinki.

Statistical analyses
Descriptive statistics were frequency, percent, median, 25th, 
and 75th percentile (Interquartile ranges; IQR). A chi-square 
test was used for categorical comparisons. The Mann-Whitney 
U test was performed to compare the groups, and a p-value 
<0.05 was defined as statistically significant. IBM SPSS Statis-
tics for Windows, Version 27.0 (IBM Corp., Armonk, NY, USA), 
was used for statistical analyses.

Results
A total of ethanol analysis results, including a two-year time pe-
riod, were included in this study. Atellica Chemistry-XPT® (Sie-
mens Healthineers, Erlangen, Germany) device kit insert.
In the ethanol kit insert of the Atellica Chemistry-XPT® (Sie-
mens Healthineers, Erlangen, Germany) device, it was stated 
that ethanol concentrations below 10 mg/dL should be re-
ported as <10 mg/dL; therefore, in our study, ethanol con-
centrations below 10 mg/dL were reported as negative. A to-
tal of 5,595 (28.3%) results belonged to females, and 13,973 
results belonged to males (71.4%). In the present study, a 
chi-square test was performed, and statistical differences 
in ethanol positivity between males, 2,735 (76.5%), and fe-
males, 839 (23.5%), (p<0.001) were found.
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A chi-square test was performed for the ethanol test analysis 
data among age intervals, and the 21–30 years age group had 
the highest number of positive ethanol results (p<0.001).
The quantitative variables (Table 1) and the comparison of 
ethanol test analysis data of age intervals among genders 
were presented (Table 2). The Mann-Whitney U test was per-
formed to compare ages among the genders, and the median 
and IQR were as follows: 34 (25–46) for females and 35 (26–
47) for males, with statistically significant differences found 
among the groups (p=0.013).
Ethanol test analysis data of age intervals among genders 
were evaluated with chi-square tests. No significant differenc-
es existed between genders in the 0–10 years, 11–20 years, 
and 21–30 years age groups. Males had a higher number of 
positive ethanol results in the following groups: 31–40 years 
(p<0.001), 41–50 years (p<0.001), 51–60 years (p<0.001), and 
over 60 years (p<0.001) (Table 2).

Discussion
Consuming alcohol is a worldwide public health problem 
[22]. Alcohol is an addictive substance and is used by many 
people for different reasons. More than 200 diseases are as-
sociated with alcohol use. It has been stated that 1 in every 
3 people is an active alcohol drinker [23]. According to data, 
30 to 45% of adults in the USA have experienced at least one 
temporary alcohol-related problem, and 3 to 5% of women 
and 10% of men have been diagnosed with alcohol addic-
tion. The age of active alcohol use is 25–35 years, and alcohol 
use reaches its peak at the age of 35 [24].
As reported by a survey conducted on Kırıkkale University stu-
dents with an average age of 20.9±1.8 years, 64% of the stu-

dents have tried drinking alcohol, and the rate of alcohol use 
is 74.8% among male students and 54.8% among female stu-
dents (p=0.000) [25]. In a study evaluating alcohol use among 
medical school students, with an average age of 21.03 years, it 
was found that alcohol use was higher in men [26].
According to a cross-sectional study held in Japan, a significant 
difference between males (74.9%) and females (59.6%) was re-
ported [27]. As a result of a study whose sample consisted of in-
dividuals in the 15–18 age group in the rural area of Tekirdağ, it 
was stated that men consumed more alcohol than women [28].

Table 1. Quantitative variables

  n %

Gender  
 Female 5595 28.6
 Male 13973 71.4
Age (years)  
 0–10 49 0.3
 11–20 1478 7.6
 21–30 6181 31.6
 31–40 4525 23.1
 41–50 3385 17.3
 51–60 1993 10.2
 Over 61 1957 10
Ethanol Intervals (mg/dL)  
 Negative 15994 81.74
 >10 mg/dL–≤ 30 mg/dL 274 1.40
 >30 mg/dL–≤ 50 mg/dL 252 1.29
 >50 mg/dL–≤ 100 mg/dL 553 2.83
 Over 100 mg/dL 2495 12.75

Table 2. Ethanol test analysis data of age intervals among genders

    Gender 

Age intervals Ethanol  Female   Male  p 
(years) mg/dL 

  n  % n  %

0–10 Negative 19  100 27  90 0.273
 Positive    3  10
11–20 Negative 375  83.14 850  82.77 0.461
 Positive 76  16.86 177  17.23
21–30 Negative 1429  79.34 3557  81.21 0.005
 Positive 372  20.66 823  18.79
31–40 Negative 1087  84.39 2498  77.17 <0.001*
 Positive 201  15.61 739  22.89
41–50 Negative 822  86.26 2498  77.17 <0.001*
 Positive 131  13.74 496  20.4
51–60 Negative 506  93.19 1167  80.48 <0.001*
 Positive 37  6.81 283  19.52
Over 60 Negative 518  95.9 1203  84.9 <0.001*
 Positive 22  4.1 214  15.1

*: p<0.05: Statistically significant. p: Chi-square test.
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Alcohol use among adolescents is increasing. In a study con-
ducted in Southern Ireland, including parents and adoles-
cents, it was stated that 47% of parents and 34.2% of ado-
lescents engaged in hazardous drinking [29]. In a study that 
retrospectively evaluated the data of adolescent patients with 
an average age of 16.50±0.70 years in a psychiatric ward, it 
was reported that alcohol use was higher in males than in fe-
males (p=0.01) [30]. It was reported that the prevalence of life-
time alcohol usage was 37.3%, while the prevalence of alcohol 
usage more than once was 24.3% in a study conducted with 
apprenticeship training students [31].
In a study that evaluated individuals aged 15–64 as young and 
those aged 65 and over as elderly, the ethanol positivity rate 
of young patients (24.4%) was found to be higher than that of 
older patients (5.5%) (p<0.0001) [32]. A study involving geriat-
ric patients found no difference in alcohol use between men 
and women [33].
In the study by Akay et al. [34], it was stated that 341 (76.6%) 
of 445 patients included in the study had a blood alcohol level 
below 0.5 per mille (50 mg/dL), and 104 (23.4%) had a blood 
alcohol level of 0.5 per mille and above. In the study by Yılmaz 
et al. [35], which investigated the demographic and clinical 
features of blood ethyl alcohol level requests made from emer-
gency services, it was reported that 63.6% of the results were 
below the legal limit and 36.4% were above the legal limit.
Our study includes a total of 19,568 ethanol analysis results. 
The number of females and males was as follows: 5,595 
(28.3%) and 13,973 (71.4%) (Table 1).
The ethanol test analysis data among age intervals were re-
vealed, and a statistical difference was observed; the 21–30 
years age group had the highest number of positive ethanol 
results (p<0.001).
In Table 2, the ethanol test analysis data of age intervals among 
genders were evaluated. In all age groups, male results were 
higher in number. However, there were no statistical differ-
ences in the 0–10 years age group (p=0.273), 11–20 years age 
group (p=0.461), and 21–30 years age group (p=0.005); while 
there were statistical differences in the 31–40 years age group 
(p<0.001), 41–50 years age group (p<0.001), 51–60 years age 
group (p<0.001), and over 60 years age group (p<0.001).
The data of our study showed that ethanol positivity is higher 
in males than in females, in line with previous studies [25–28], 
and the 21–30 years age group had the highest number of 
ethanol-positive results.

Strengths and limitations
The strengths of the present study are as follows: conducting 
our study in Ankara Bilkent City Hospital, one of the largest 
hospitals in Türkiye, allowed the use of a wide range of data. 
Ethanol results were evaluated in different ethanol inter-
vals, according to gender, and in seven different age groups 
based on decades.
The limitation of our retrospective study was that we could 
not access data on the frequency of alcohol use, whether 

the alcohol use occurred with the free will of the individuals, 
and the clinical information of the patients related to alcohol 
through the laboratory information system.

Conclusion
Many data in the literature are sufficient to explain that alcohol 
use has dangerous consequences. Alcohol use, which is stated 
as a public health problem for the whole world, is higher in de-
veloped countries than in developing countries. The frequency 
of alcohol use in our country is lower than in most countries [19].
The data of our study showed that ethanol positivity is high-
er in males than in females, and the 21–30 years age group 
had the highest number of positive ethanol results. Our study, 
which evaluates alcohol analysis results according to gender, 
different age groups, and different ethanol intervals, may be 
helpful for future studies. Studies on the problems caused by 
alcohol use should continue, and activities to prevent alcohol 
use should be carried out.
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Evaluation of analytical phase performance of coagulation 
parameters by sigmametric methodology

The results of laboratory tests are very important for making 
healthcare decisions. Identifying and reducing laboratory 

errors is critical. Pre-analytical, analytical, and post-analyti-
cal stages of the laboratory procedure are all subject to error 
[1]. While errors frequently occur throughout the pre- and 
post-analytical phases, it is crucial to address the causes of 
analytical errors to guarantee patient safety. Enhancing ana-
lytical performance requires the implementation of both ex-
ternal quality control (EQC) and internal quality control (IQC) 
programs. Whereas EQC evaluates test trueness, IQC offers in-
sights into test precision. The Six Sigma approach has grown 
in significance for assessing analytical performance since it 
integrates results from IQC and EQC [2].

Sigma metric methodology has become increasingly import-
ant in laboratory quality management, particularly in evaluat-
ing the performance of analytical methods and analyzers. This 
methodology incorporates the concepts of precision, bias, 
and analytical quality requirements into a comprehensive 
framework for assessing a laboratory's ability to produce accu-
rate and reliable results [3]. Sigma metrics quantify assay per-
formance by calculating the number of standard deviations 
between the mean of the target value and the nearest speci-
fication limit. The Sigma metric methodology allows laborato-
ries to pinpoint areas needing improvement, establish achiev-
able quality goals, and track the effectiveness of improvement 
efforts over time. Therefore, the Sigma metric methodology is 
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important not only for identifying poor performance but also 
for offering practical guidance for improvement [4].
Sigma calculation entails utilizing the coefficient of varia-
tion (CV) data from IQC, bias data from EQC, and total al-
lowable error (TEa) values established by international or-
ganizations. The corresponding Sigma values denote the 
following performance levels: poor performance (<3), indi-
cating inadequate quality; appropriate quality necessitating 
stringent control measures (3–3.99); good quality (4–4.99); 
very good quality (5–5.99); and excellent (≥6), representing 
world-class performance [5]. Thus, the Six Sigma methodol-
ogy is rapid, cost-effective, and provides information about 
analytical performance.
Coagulation parameters are particularly important in patients 
with bleeding and thrombosis conditions. Additionally, they 
are among the most requested test groups for emergency 
department patients. Given their critical role in patient care, 
reliable results from coagulation tests are crucial for ensur-
ing patient safety and maintaining laboratory quality. In this 
study, we aimed to evaluate the analytical performance of the 
coagulation tests (prothrombin time (PT/INR), activated par-
tial thromboplastin time (aPTT), fibrinogen, and D-dimer) on 
four coagulation analyzers using the Six Sigma methodology.

Materials and Methods
This study was conducted at the Medical Biochemistry Lab-
oratory of Ankara Etlik City Hospital after obtaining ethical 
approval (Decision number: AEŞH-BADEK-2024-364, Date: 
24.04.2024). Between September 2023 and February 2024, 
sigma values were calculated using IQC and EQC data of coag-
ulation parameters analyzed by Cobas T711 analyzers (Roche, 
Germany). All four coagulation analyzers in our laboratory 
were included, with three analyzing samples from outpatients 
(labeled as A1, A2, and A3) and one from emergency and in-
tensive care patients (labeled as B).
Using the 6-month IQC (Roche, Germany) data, standard devi-
ation (SD), mean, and CV values were calculated for each pa-
rameter and analyzer at both control levels (level 1 and level 2).
CV% = (SD/mean) ×100
EQC data were obtained from the EQC service provider (Bio-
Rad, United States of America). Bias values were calculated 
from 6-month EQC data.
Bias (%) = [(laboratory mean - peer group mean) / peer group 
mean] ×100.
The TEa values of INR, aPTT, and fibrinogen parameters were ob-
tained from the Clinical Laboratory Improvement Amendments 
(CLIA) 2019 database, and the D-dimer TEa value was obtained 
from the American Association of Bioanalysts (AAB) [6, 7].
CV% and bias% values were calculated each month for both 
control levels regarding aPTT, INR, fibrinogen, and D-dimer pa-
rameters. The averages of CV% and bias% for six months were 
calculated for each control level. The mean sigma value and 
total error (TE) were calculated using the 6-month mean CV% 

and bias% values for each control level. For levels with sigma 
values below 3, the quality goal index (QGI) was calculated to 
determine whether IQC, EQC, or both caused the problem. 
QGI scores of <0.8, >1.2, and 0.8–1.2 indicate imprecision, inac-
curacy, and both imprecision and inaccuracy, respectively [8].
The formulations used are as follows:
Sigma (σ) = (TEa% – bias%)/CV%
TE = Bias% + 1.65×CV%
QGI = Bias% / (1.5×CV%)

Results
Analyzer A1: The sigma values of <3 (level 1) and 3–3.99 (lev-
el 2) were determined for aPTT (Table 1). The sigma value for 
both control levels of INR was determined to be in the range 
of 4–4.99. Sigma values of 3–3.99 (level 1) and 5–5.99 (level 
2) were determined for fibrinogen. For the D-dimer test, >6 
sigma values were determined for both control levels (Fig. 1).
Analyzer A2: The sigma value for both control levels of aPTT 
was determined to be in the range of 3–3.99. Sigma values for 
INR were 3–3.99 (level 1) and 4–4.99 (level 2). Sigma values of 
4–4.99 (level 1) and >6 (level 2) were determined for fibrino-
gen. For the D-dimer test, >6 sigma values were determined 
for both control levels (Fig. 2).
Analyzer A3: The sigma values of <3 (level 1) and 3–3.99 (level 
2) were determined for aPTT. The sigma value for both control 
levels of INR was determined to be in the range of 4–4.99. Sig-
ma values of 3–3.99 (level 1) and >6 (level 2) were determined 
for fibrinogen. For the D-dimer test, >6 sigma values were de-
termined for both control levels (Fig. 3).
Analyzer B: The sigma value for both control levels of aPTT 
was determined in the range of 4–4.99. Sigma values for INR 
were <3 (level 1) and 3–3.99 (level 2). Sigma values of 3–3.99 
(level 1) and 4–4.99 (level 2) were determined for fibrinogen. 
For the D-dimer test, >6 sigma values were determined for 
both control levels (Fig. 4).

Discussion
Minimizing laboratory errors is very important for patient 
safety. Particularly, the Six Sigma metric methodology plays 
a pivotal role in evaluating laboratory analysis processes. 
The unique perspective provided by combining IQC and 
EQC programs used in monitoring analytical performance 
is noteworthy. In addition to identifying error sources, the 
Six Sigma metric offers recommendations for control mea-
sures, emphasizing the importance of proactive measures 
and error detection. In this study, we evaluated the analytical 
performance of coagulation parameters on four coagulation 
analyzers using the Six Sigma metric methodology. We ob-
served that the sigma value of level 1 of the aPTT parameter 
was <3 in both analyzers A1 and A3. Moreover, in the B an-
alyzer, the sigma value of the level 1 INR parameter was <3. 
We found that the sigma values for both control levels of the 
D-dimer parameter were >6 for all four devices.
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Westgard's study, which assessed the performance of coagula-
tion parameters on the Sysmex CS5100 analyzer using the Six 
Sigma metric methodology, found sigma values >6 for both 
control levels of the PT parameter. Additionally, for the aPTT 
parameter, sigma values were found to be <3 for level 1 and 
5–5.99 for level 2 [7]. In Shaikh et al. [9]'s study assessing the 
performance of PT and fibrinogen parameters on the Sysmex 
CS-2000i analyzer using the Six Sigma metric methodology, 
sigma values <3 were identified for both control levels of PT. 
Moreover, for fibrinogen, sigma values were <3 for level 1 and 
3–3.99 for level 2. In the study by Aksit et al. [10] on the Sysmex 
CS2500 analyzer evaluating the performance of coagulation 
parameters using the Six Sigma metric methodology and uti-
lizing six months of data, sigma values <3 were identified for 
PT at level 2, and for fibrinogen, sigma values were <3 for both 
control levels. They observed a distribution ranging from 3 to 

5.99 for other parameters and control levels. By calculating the 
Quality Goal Index (QGI) for parameters exhibiting low perfor-
mance, they identified that the issues with these parameters 
were related to imprecision. In our study, the identified issues 
associated with parameters exhibiting low performance were 
attributed to inaccuracy. In the study conducted by Uge et al. 
[11], using three months of data to evaluate the performance 
of PT and aPTT parameters using the Six Sigma metric meth-
odology, sigma values of 4–4.99 were determined for level 1 of 
PT and 3–3.99 for level 2. Furthermore, for aPTT, sigma values 
of 4–4.99 were identified for both control levels.
Variations in sigma values across studies may result from 
differences in instruments used, variations in internal qual-
ity control materials and calibrators, and the utilization of 
different external quality assurance programs. Moreover, 
considering the perceived influence of the number of partic-

Table 1. Average six months data results of the four coagulation analyzers, regarding control levels 1 and 2

Analyzers Tests CV (%) Bias (%) TEa (%) Sigma Total Quality goal Problem 
       error Index 

A1  aPTT-L1 2.92 6.39 15 2.95 11.2 1.46 Inaccuracy
  aPTT-L2 2.32   3.70 10.3  
  INR-L1 2.31 5.24 15 4.23 9.04  
  INR-L2 2.12   4.61 8.73  
  Fibrinogen-L1 4.33 3.78 20 3.75 10.9  
  Fibrinogen-L2 2.71   5.99 8.24  
  D-dimer-L1 2.57 3.36 30 10.4 7.61  
  D-dimer-L2 2.60   10.2 7.66  
A2  aPTT-L1 2.65 6.61 15 3.17 10.9  
  aPTT-L2 2.23   3.77 10.3  
  INR-L1 2.84 5.84 15 3.22 10.5  
  INR-L2 2.21   4.13 9.50  
  Fibrinogen-L1 4.04 1.37 20 4.61 8.03  
  Fibrinogen-L2 2.46   7.56 5.44  
  D-dimer-L1 3.67 1.54 30 7.75 7.59  
  D-dimer-L2 2.44   11.7 5.56  
A3  aPTT-L1 2.91 6.86 15 2.80 11.7 1.57 Inaccuracy
  aPTT-L2 2.27   3.58 10.6  
  INR-L1 2.21 4.85 15 4.60 8.49  
  INR-L2 2.24   4.53 8.55  
  Fibrinogen-L1 4.19 3.30 20 3.98 10.2  
  Fibrinogen-L2 2.69   6.21 7.74  
  D-dimer-L1 2.41 1.84 30 11.7 5.82  
  D-dimer-L2 2.71   10.4 6.31  
B  aPTT-L1 2.23 5.68 15 4.18 9.36  
  aPTT-L2 2.25   4.14 9.40  
  INR-L1 3.21 5.91 15 2.83 11.2 1.23 Inaccuracy
  INR-L2 3.02   3.01 10.9  
  Fibrinogen-L1 4.65 3.14 20 3.63 10.8  
  Fibrinogen-L2 3.42   4.93 8.78  
  D-dimer-L1 2.82 1.48 30 10.1 6.13  
  D-dimer-L2 2.23   12.8 5.16  

CV: Coefficient of variation; TEa: Total allowable error; aPTT: Activated partial thromboplastin time; INR: International normalized ratio; L1: Level 1; L2: Level 2. 
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ipants in the EQC programs, the participant count holds sig-
nificance. The acquisition of TEa data from different sources 
also contributes to variability. Sigma values calculated with 
higher TEa recommendations indicate better performance as 
a formulation necessity. In this context, El Sharkawy suggests 
harmonization for sigma calculations [12]. We used the TEa 
sources in our study because they have been used in stud-
ies in the current literature. In particular, the EFLM biological 
variation-based targets are very narrow and may be difficult 
to achieve under routine laboratory conditions. In addition, 
different implementations, such as using IQC or EQC data 
for bias calculation, may have contributed to the different 
results. Our study found that the control levels with poor 
performance (<3 sigma) were level 1. We also found that the 
CV% values of poorly performing level 1 controls were higher 
than level 2 controls. Level 1 control levels are normal control 
levels, and level 2 control levels are also pathological levels. 
Generally, analyses are performed at lower concentrations 
than pathological controls in normal level controls. The rea-
son why we detected higher CV% values may be the possi-
bility that those studied at low concentrations generally have 
higher CV% values than those studied at high concentrations.
Our study identified that the issues with parameters exhib-
iting low performance were attributed to inaccuracy, as re-

vealed by the QGI. High bias in EQC results may be due to 
problems with the transport of the control material, improp-
er storage of the control material, or random error during the 
analyzer's analysis of the control material. In addition, it is 
important in EQC programs to compare external quality re-
sults with a peer group using the same method and analyzer. 
The EQC program we use compares our external quality re-
sults according to the peer group when the number of peer 
groups is 9 or higher and with laboratories using the same 
measurement method when the number of peer groups is 
less than 9. Since the number of peer groups for aPTT and 
PT was insufficient, our external quality results were com-
pared with laboratories with the same method (approxi-
mately 1000). We could have obtained lower bias results if 
the peer group was provided. Additionally, when evaluating 
parameters with high bias values, the acceptability of the Z 
score used in assessing EQC results within acceptable rang-
es (+2>x>-2) also supports the notion that the high bias is 
linked to the scarcity of participants in the peer group. Thus, 
despite Z scores falling within acceptable ranges, the pres-
ence of high bias values presents challenges for the Six Sig-
ma metric methodology. In this context, there are also pro-
posals that the Six Sigma methodology should be revised or 
that different formulations should be employed [13].

Figure 2. Normalized operating specifications chart for coagulation 
analyzer A2, showing 6 months average sigma values (September 
2023-February 2024). 
CV: Coefficient of variation; TEa: Total allowable error; aPTT: Activated partial 
thromboplastin time; INR: International normalized ratio; Fib: Fibrinogen; Dd:  
D-dimer; L1: Level 1; L2: Level 2. In the figure, the area between the orange line 
and the abscissa and ordinate indicates greater than 6 sigma, the area between 
the orange and purple lines indicates 5-6 sigma, the area between the purple and 
blue lines indicates 4-5 sigma, the area between the blue and green lines indicate 
3-4 sigma and the area between the green and yellow lines indicates 2-3 sigma.

Figure 1. Normalized operating specifications chart for coagulation 
analyzer A1, showing 6 months average sigma values (September 
2023-February 2024). 
CV: Coefficient of variation; TEa: Total allowable error; aPTT: Activated partial 
thromboplastin time; INR: International normalized ratio; Fib: Fibrinogen; Dd:  
D-dimer; L1: Level 1; L2: Level 2. In the figure, the area between the orange line 
and the abscissa and ordinate indicates greater than 6 sigma, the area between 
the orange and purple lines indicates 5-6 sigma, the area between the purple and 
blue lines indicates 4-5 sigma, the area between the blue and green lines indicate 
3-4 sigma and the area between the green and yellow lines indicates 2-3 sigma.
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According to the sigma levels obtained in our study, we will 
apply Westgard multirules in terms of IQC. In our study, we will 
apply Westgard multirule 13s/22s/R4s/41s/8x for control levels <4 
sigma values, Westgard multirule 13s/22s/R4s/41s for control lev-
els between 4 and 4.99 sigma values, and Westgard multirule 
13s/22s/R4s for control levels between 5 and 5.99 sigma values.
The outstanding performance of the D-dimer parameter 
across all four instruments, reaching world-class standards 
at both control levels, reflects positively on our laboratory's 
performance. Additionally, the absence of poor performance 
in any device or control levels for fibrinogen is noteworthy 
and holds significant implications for our laboratory in terms 
of patient safety. Our laboratory works very intensively, so 
there are lot changes approximately once a month due to 
kit consumption. A potential limitation of our study may 
stem from inter-lot variations observed across months. Nev-
ertheless, the satisfactory CV values for our internal quality 
suggest that this factor has minimal impact. In a multicenter 
study by Kitchen et al. [14] evaluating the performance of 
the Cobas T711 coagulation analyzer, they found that the Co-
bas T711 coagulation analyzer was reliable and accurate in 
routine practice for analyzing coagulation parameters. Our 
study is notable for being the first to employ the Six Sigma 
metric methodology to assess performance using the Cobas 

T711 coagulation analyzer. Furthermore, evaluating four dif-
ferent analyzers adds further interest to our findings.
In conclusion, we have identified areas in our laboratory that need 
improvement by evaluating the analytical performance of coag-
ulation parameters using the Sigma metric method. Conducting 
assessments and improvement initiatives focused on the analyt-
ical process can help improve the reliability of laboratory results.
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Figure 3. Normalized operating specifications chart for coagulation 
analyzer A3, showing 6 months average sigma values (September 
2023-February 2024).
CV: Coefficient of variation; TEa: Total allowable error; aPTT: Activated partial 
thromboplastin time; INR: International normalized ratio; Fib: Fibrinogen; Dd:  
D-dimer; L1: Level 1; L2: Level 2. In the figure, the area between the orange line 
and the abscissa and ordinate indicates greater than 6 sigma, the area between 
the orange and purple lines indicates 5-6 sigma, the area between the purple and 
blue lines indicates 4-5 sigma, the area between the blue and green lines indicate 
3-4 sigma and the area between the green and yellow lines indicates 2-3 sigma.

Figure 4. Normalized operating specifications chart for coagulation 
analyzer B, showing 6 months average sigma values (September 
2023-February 2024).
CV: Coefficient of variation; TEa: Total allowable error; aPTT: Activated partial 
thromboplastin time; INR: International normalized ratio; Fib: Fibrinogen; Dd:  
D-dimer; L1: Level 1; L2: Level 2. In the figure, the area between the orange line 
and the abscissa and ordinate indicates greater than 6 sigma, the area between 
the orange and purple lines indicates 5-6 sigma, the area between the purple and 
blue lines indicates 4-5 sigma, the area between the blue and green lines indicate 
3-4 sigma and the area between the green and yellow lines indicates 2-3 sigma.
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Association of rs121912724 polymorphism in Apolipoprotein 
A1 gene with diabetic dyslipidemia and correlation with 
serum High-density lipoprotein Cholesterol, Triglycerides 
and Low-density lipoprotein Cholesterol levels

Diabetic dyslipidemia is characterized by decreased lev-
els of high-density lipoprotein (HDL-C), elevated levels 

of triglycerides (TG), and low-density lipoprotein cholesterol 
(LDL-C) [1]. Dyslipidemia is the most common metabolic ab-
normality linked with diabetes. Patients with diabetes are at 

greater risk of developing chronic coronary heart diseases 
than the general population due to increased cholesterol and 
triglyceride levels [2]. Diabetic dyslipidemia arises predomi-
nantly due to genetic predispositions, irregularities in meta-
bolic processes, and various environmental factors. Multiple 

Objectives: To identify the association of the rs121912724 polymorphism in the Apolipoprotein A1 gene with diabet-
ic dyslipidemia and its correlation with serum High-density Lipoprotein Cholesterol (HDL), Triglycerides, (TG) and 
Low-density Lipoprotein Cholesterol (LDL-C) levels.
Methods: Two groups were taken, comprising 150 diabetic dyslipidemia (group I) patients and 150 healthy controls 
(group II). Demographic and biochemical data were analyzed using Statistical Package for Social Sciences 26 by apply-
ing the Student independent t-test. DNA samples of both groups were subjected to TETRA-Amplification Refractory 
System polymerase chain reaction, and allele A and C of the rs121912724 polymorphism were amplified. The associa-
tion of the rs121912724 polymorphism with the disease was studied using Fisher's exact test and Cochran-Armitage 
test. The correlation between the polymorphism and levels of lipid levels was determined using Pearson correlation on 
SPSS version 27.
Results: The levels of HDL-C, LDL-C, and TG were significantly higher than in healthy group (p<0.000). The genotypic 
count of homozygous AA was 137, 12 of heterozygous AC, and 1 of homozygous CC in group I. The genotypic count 
of homozygous AA was 138, 12 of heterozygous AC in group II, with no homozygous CC. There was no association of 
rs121912724 observed with the development of diabetic dyslipidemia, and a negative correlation of rs121912724 with 
deranged levels of HDL-C, LDL-C, and TG was observed.
Conclusion: The rs121912724 polymorphism in the APOA1 gene was not associated with diabetic dyslipidemia. There 
was no correlation found between the polymorphism and deranged levels of HDL-C, TG, and LDL-C.
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investigations have emphasized the significance of address-
ing diabetic dyslipidemia through a comprehensive approach 
that considers gene mutations or polymorphisms associated 
with the proteins and enzymes responsible for lipoprotein 
metabolism [3]. There has been an increased focus on identi-
fying genetic variations linked to diabetic dyslipidemia due to 
growing apprehensions regarding the potential risks of micro- 
and macrovascular complications [4].
Apolipoprotein A-I (apoA-I) is a main structural protein of HDL 
particles and plays an essential role in cholesterol uptake. It 
collects cholesterol and phospholipids through its association 
with the ATP-binding cassette (ABCA1), which results in the 
formation of pre-1 HDL particles [5]. ApoA-I is a 29 kDa protein 
of 243 amino acids, encoded by the APOA1 gene. The APOA1 
gene has 4 exons, and its cytogenetic location is on chromo-
some 11q23. A dysfunctional APOA1 gene contributes to im-
paired reverse cholesterol transport in type 2 diabetes (T2D) 
patients [6]. The size and structure of HDL are determined by 
the apoA-I protein, which aids in the reverse transport of cho-
lesterol by solubilizing its lipid component. It increases the 
flow of cholesterol from extrahepatic tissues into hepatic cells 
for metabolism by promoting lecithin cholesterol acyltrans-
ferase (LCAT) to generate cholesterol esters [7]. It has been 
noticed that patients with hyperglycemia or dyslipidemia for 
the same length of time or to the same degree can have sig-
nificantly different susceptibilities to the cardiovascular and 
microvascular effects of metabolic syndrome [8].
It is considered that genetic mutations in the APOA1 gene can 
lead to cardiac diseases [9]. ApoA-I, as a component of HDL, 
displays various cellular functions, including anti-inflammato-
ry and anti-cancer [10, 11]. An in vitro study showed pro-inflam-
matory effects of oxidized apoA-I and HDL particles isolated 
from human atheroma, thus hampering cholesterol clearance 
[12]. A meta-analysis reported the protective role of the minor 
allele -75G/A polymorphism in APOA1 against coronary artery 
disease [13]. The rs670 SNP in the APOA1 gene demonstrated a 
decrease in LDL-cholesterol, fat mass, body weight, insulin re-
sistance, and high levels of HDL cholesterol in A allele carriers.
The rs121912724 SNP has not been previously studied in asso-
ciation with diabetic dyslipidemia, resulting in limited available 
literature on this particular genetic variant. The APOA1 gene 
polymorphisms linked to diabetic dyslipidemia have not been 
previously reported in Pakistan. This study identifies rs121912724 
as a novel SNP associated with diabetic dyslipidemia in the Paki-
stani population. The genetic data from this research enhance 
our understanding of the molecular pathophysiology and ge-
netic susceptibility to diabetic dyslipidemia, providing deeper 
insights into individual predisposition to this condition.

Materials and Methods
Study setting
This case-control study was conducted within the Depart-
ment of Biochemistry and Molecular Biology, Army Medical 
College, Rawalpindi, from June 2023 to December 2023.

This study is an extension of an ongoing project in our lab on 
diabetic dyslipidemia. Ethical approval was obtained from the 
institutional ethical review committee (ERC/ID/271) before 
commencing the study, in compliance with established eth-
ical standards.

A total of 300 DNA samples, already extracted from diabetic 
dyslipidemia patients and healthy controls, were collected via 
non-probability purposive sampling, based on ease of access 
to samples that were selected randomly from the targeted 
study population.

The study design was a Population Association Case-Control 
Study.

Written informed consent was obtained from patients. Partic-
ipants were informed about the purpose of the research and 
the procedure. Two milliliters of whole blood were drawn by 
a phlebotomist via venipuncture using aseptic measures and 
poured into EDTA-containing vacutainers. A thermocole box 
containing ice packs was used to hold the sample tubes until 
their transportation to the CREAM lab of Army Medical Col-
lege, Rawalpindi. An additional 2 mL blood sample was sent 
for serum lipid analysis using a Microlab Spectrophotometer, 
which ensures accurate and precise quantification of lipid 
concentrations through light absorption. The triglycerides 
were measured using the Randox Triglycerides Assay Kit, Lot 
Number 123456, while HDL cholesterol was determined with 
the Randox HDL-C Assay Kit, Lot Number 789012. LDL choles-
terol was calculated using the Friedewald formula: LDL-C=To-
tal Cholesterol − HDL-C − (Triglycerides/5), with total choles-
terol measured using the Randox Total Cholesterol Assay Kit, 
Lot Number 345678. These methods and kits were selected to 
ensure reliable results for diagnosing and monitoring lipid-re-
lated conditions.

The diagnosis of dyslipidemia was made according to the 
guidelines of the National Cholesterol Education Program 
(National Cholesterol Education Program, 2001). The criteria 
included total cholesterol levels of ≥6.2 mmol/L, low-density 
lipoprotein cholesterol (LDL-C) levels of >4.15 mmol/L, tri-
glycerides (TG) levels of ≥2.3 mmol/L, and high-density lipo-
protein cholesterol (HDL-C) levels of <1.2 mmol/L.

Samples were stored at 4˚C for further molecular analysis. All 
samples were stored after proper labeling with identification 
numbers given to the subjects.

DNA extraction of these samples was done via the FavorPrep™ 
Blood Genomic DNA Extraction Kit marketed by Favorgen R 
(Cat No: Kit# FABGK001).

In this study, this stored DNA was taken for analysis of a novel 
SNP.

The threshold probability for rejecting the null hypothesis 
type I error rate was 0.05.

Study subjects
A total of 150 diabetic dyslipidemia patients and 150 healthy 
controls were included in this study.
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Inclusion criteria
Newly diagnosed type 2 diabetic patients with dyslipidemia, 
aged 25–70 years, and both genders.

Exclusion criteria
Type 1 diabetes mellitus patients, gestational diabetes pa-
tients, type 2 diabetes mellitus patients with other compli-
cations, patients on lipid-lowering therapy, and patients 
suffering from dyslipidemia-associated diseases, i.e., hypo-
thyroidism, Cushing syndrome, polycystic ovarian syndrome, 
chronic liver disease, and cardiovascular diseases.

Molecular analysis
Gel electrophoresis
DNA was analyzed both qualitatively and quantitatively using 
agarose gel electrophoresis. To prepare 1% agarose gel, 0.8 g 
of powdered agarose was dissolved in 40 mL of 1x TBE (0.89 M 
Tris-Borate and 0.032 M EDTA). Gel casting was preceded by 
the addition of 2–4 µL of ethidium bromide (EtBr) dye. The ex-
tracted DNA samples were visualized on a gel documentation 
system (BioRad).

Primer designing
The sequence of the selected SNP was retrieved from the 
National Centre for Biotechnology Information (NCBI). The 
sequence was downloaded from the biological database 
"Ensembl". The SNP primers were generated using the bio-
informatics web application tool "Primer 1". Primers specific 
to Tetra-ARMS PCR were developed. The sequence of the for-
ward outer primer was 5´ACAGGGCCGAGCTGTTCGCACA3´, 
the reverse outer primer was 5´GCGTGACCTCCACCTTCAG-
CAAACG3´, the forward inner primer was 5´CCTTGCT-
CATCTCCTGCCTCAGGCC3´, and the reverse inner primer was 
5´TGTCACCCAGGGCTCACCCCTGATA3´.

Data analysis
Demographic and biochemical data were analyzed using 
SPSS version 26. The Student independent t-test was used 
to calculate the mean±standard deviation of continuous 
variables between two groups. DNA samples were analyzed 
on 1% agarose gel, and TETRA-ARMS polymerase chain re-
action was performed to amplify the rs121912724 A>C poly-
morphism in the APOA1 gene. Fisher's exact test and Co-
chran-Armitage tests were applied to find the association of 

the polymorphism with the disease. The correlation between 
polymorphism and HDL, TG, and LDL levels was determined 
using the Pearson correlation test.

Results
The mean age of diabetic dyslipidemia cases was 52±10.80 
years, and that of healthy controls was 44.14±15.59 years. 
Out of 300 subjects, 37% were females, and 63% were males. 
Among 150 cases, 35% were females, and 65% were males, 
while in 150 healthy controls, 39% were females, and 61% were 
males. A significant difference was observed between levels of 
serum HDL, serum LDL, and serum TG in cases and controls, 
where the p-value was 0.000 (p≤0.05), as shown in Table 1.
The rs121912724 polymorphism in the APOA1 gene involves 
an A>C transition according to the SNPdb database, with al-
lele C considered less common and the risk allele in this study. 
The genotypic distribution for homozygous AA was 275, het-
erozygous AC was 24, and homozygous CC was 1 (n=300). 
There was an insignificant difference observed in genotypic 
distribution between group I and group II for AA, AC, and CC. 
The AA genotype was the most common in both group I and 
group II compared to the AC and CC genotypes. There was 
also no association of the CC genotype of rs121912724 with 
the development of diabetic dyslipidemia, and the AA homo-
zygous genotype was displayed as protective (Table 2).
An insignificant correlation coefficient (r) value was ob-
served between the rs121912724 polymorphism and levels 
of HDL-C, LDL-C, and TG in the diabetic dyslipidemia group 
I (Table 3). The p-value was greater than 0.05 and was ob-
served as insignificant.

Table 1. Comparison of Mean±SD of lipid profile and age 
between two groups

Variables Diabetic Healthy p 
 dyslipidemia controls 
 patients

Age 52.0±10.80 44.14±15.58 0.000**
Serum HDL 0.79±0.25 mmol/L 1.30±0.37 mmol/L
Serum LDL 2.9847±1.08 mmol/L 2.31±0.70 mmol/L
Serum TG 3.22±1.75 mmol/L 1.43±0.60 mmol/L

**: Highly significant. SD: Standard deviation; HDL: High-density lipoprotein; LDL: 
Low-density lipoprotein; TG: Triglycerides.

Table 2. Association of rs121912724 with diabetic dyslipidemia

Groups  Distribution of  Cochran Fisher 
  rs121912724  Armitage Exact 
    trend test value

 AA AC CC

Diabetic dyslipidemia patients 137 12 1 Χ2=0.1554 F=257
(n=150)    0.6935 0.586
Healthy controls (n=150) 138 2 0
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Discussion
The International Diabetes Federation stated a 26.7% preva-
lence of diabetes in Pakistan in 2022 [14]. The genetic predis-
position associated with dyslipidemia in type 2 diabetes is not 
well documented in the Pakistani population. This study found 
a novel single nucleotide polymorphism (SNP), not previous-
ly documented in diabetic dyslipidemia patients in Pakistan. 
This study showed that rs121912724 with genotype AA was 
not associated with diabetic dyslipidemia, as the p-value was 
less than 0.005. Moreover, an insignificant correlation was 
observed between deranged levels of HDL-C, LDL-C, TG, and 
AA+AC genotypes. A study reported an association of rs5072 
in the APOA1 gene with dysregulated TG metabolism and in-
creased susceptibility to dyslipidemia in schizophrenia patients 
[15]. The APOA1/C3/A4/A5-ZPR1-BUD13 gene cluster was stud-
ied in dyslipidemia patients and found an association between 
polymorphism of the gene cluster and dyslipidemia [16]. Hy-
pertriglyceridemia was observed as the most common abnor-
mality in diabetic dyslipidemia, either due to poor clearance or 
increased production [17]. These studies augment the genera-
tion of a pool of genetic data in our population to understand 
the molecular etiology of dyslipidemia. In the current study, 
an equal frequency of the AA genotype in cases and controls 
has proposed a protective role of rs121912724 against diabetic 
dyslipidemia. A previous study on apolipoprotein AI transgenic 
diabetic mice suggested the beneficial impact of an increased 
ratio of APOA1/HDL in diabetic people having reduced cardio-
vascular disease [18]. A study conducted on 135 type 2 diabetic 
patients reported an association of 83 C>T polymorphism in 
the APOA1 gene with deranged levels of TG, HDL-C, and LDL-C, 
and predicted susceptibility to myocardial infarction [19].
The genetic data obtained from this research offered signif-
icant insights and expanded our comprehension of the mo-
lecular mechanisms and genetic predisposition to diabetic 
dyslipidemia in our population. This information enriched 
our knowledge base, enabling more thorough and detailed 
assessments of individual susceptibility to this condition. The 

insignificant association observed in this study may be due to 
the small sample size and needs to be studied in a larger pop-
ulation to gain better insight. Moreover, ethnicity is an import-
ant factor to be taken into account for polymorphism studies, 
as it contributes to the inconclusive effect of genotype.

Conclusion
The study concludes an insignificant association of 
rs121912724 in the APOA1 gene with diabetic dyslipidemia 
and a negative correlation between the SNP and levels of 
HDL-C, TG, and LDL-C.
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CD3/CD28 costimulation-induced NF-KB activation, is not 
mediated by protein metallothionein 2A and FAS associated 
death domain

The process of activating T cells is intricate and requires close 
collaboration. It is among the immunological response's 

most significant occurrences. In a physiologically normal 
state, lymphocytes are at rest. The potency of signals received 

by the T-cell receptor (TCR/CD3) and a series of co-stimulatory 
receptors, the most notable of which is CD28, determines the 
capacity of naïve T cells to multiply and acquire potential roles  
[1]. Concurrent ligation of these receptors sets off signals that 
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CD28 and TCR/CD3, resulting in T cell proliferation and programmed cell death (AICD). This control avoids disorders 
like immunity and cancer. These receptors are stimulated by Antigen-Presenting Cells (APCs), which set off a signaling 
cascade that activates the important transcription factor NF-κB. Degrading inhibitory proteins is necessary for NF-κB 
activation, which permits it to reach the nucleus and regulate gene expression.
Methods: Semi-quantitative RT-PCR was used to assess the levels of metallothionein 2A mRNA in primary T cells to val-
idate the results of the microarray analysis. Five- to six-week-old male C57BL/6 wild-type mice were used in the investi-
gation. Mouse primary T cells from lymph nodes were suspended aseptically, and anti-CD3/CD28 was used to activate 
the cells. The cells were transfected with plasmid DNA using a Gen Pulser, and the T cells were separated by magnetic 
cell sorting. Following the synthesis of cDNA from total RNA, microarray analysis was used to assess variations in gene 
expression. The microarray results were validated by RT-PCR. Western blotting was used to confirm protein expression, 
and flow cytometry with CD69 was used to measure cell death. Immunoreactive bands were visible in co-immunopre-
cipitation assays using monoclonal anti-MT2A and FADD antibodies.
Results: This work focused on FAS-associated Death Domain (FADD), MT2A, and NF-κB gene expression profiles in 
mouse primary T cells before and after anti-CD3/CD28 stimulation, utilizing microarray analysis. The results shed light 
on these genes' functions in AICD and T cell activation. The cascade triggers the activation of transcription factors 
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of PLC-γ1 in CD3/CD28-induced NF-κB activation has been highlighted by recent studies.
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promote T cell differentiation and proliferation. Recent data 
have shown that the signals naïve T cells respond to when T 
cell receptors are ligated not only cause effector cell produc-
tion and differentiation, but also cause immature thymocytes 
to undergo apoptosis and mature T cells to experience activa-
tion-induced cell death (AICD) [2, 3].
Apoptotic cell death is a crucial process that regulates cellular 
homeostasis during development, differentiation, and other 
pathophysiological conditions; dysregulation of this process 
is linked to a number of diseases, such as cancer, stroke, au-
toimmunity, tumors that develop drug resistance, and the 
advancement of some degenerative diseases [4, 5]. After ac-
tivation and multiplication, T cells must reduce in number to 
mount an effective immune response. This is because unregu-
lated T cell proliferation increases the risk of cancer and sever-
al autoimmune disorders [6].
Antigen-presenting cells (APCs) simultaneously stimulate co-
stimulatory receptors like CD28 and the T-cell receptor (TCR)/
CD3 complexes, which activate T cells. Lck, ZAP70, and Syk are 
examples of cytosolic tyrosine kinases that get activated in re-
sponse to TCR/CD3 stimulation [7]. LAT, SLP76, Vav, and Grb2 
are among the adaptor proteins that these tyrosine kinases 
phosphorylate in turn [8–10]. The effector proteins, which in-
clude small GTPases, phospholipase C-γ1 (PLC-γ1), and protein 
kinases/phosphatases, are further recruited by the phosphor-
ylated adapter proteins. This results in the activation of several 
transcription factors, such as NF-AT, AP-1, and NF-κB, which ul-
timately regulate the transcription of cytokines and T-cell pro-
liferation. Crucially, activation of NF-κB in T cells requires more 
than just TCR/CD3 complex stimulation. For the best activa-
tion of CD28, costimulation through its ligand, B7, is necessary 
for NF-κB activation, leading to T cell activation and optimal 
production of interleukin-2 (IL-2) and other cytokines [11].
The Rel homology DNA-binding domains found in the NF-κB 
family of transcription factors can exist as different homo- or 
heterodimers [12]. Their interactions with a group of cytoplas-
mic inhibitory proteins known as IκB govern their function. IκB 
proteins sequester NF-κB in the cytoplasm by hiding NF-κB's 
nuclear localization signal. IκB kinase (IKK) is activated when 
cells are treated with different stimuli, such as tumor necrosis 
factor alpha (TNF-α), IL-1ε, phorbol myristate acetate (PMA), or 
costimulation of TCR/CD3 and CD28 (CD3/CD28 costimulation). 
After IKK phosphorylates IκB, IκB in the 26S proteasome com-
plex is quickly ubiquitinated and proteolyzed [13]. The nuclear 
localization signal of NF-κB is then revealed by the degradation 
of IκB. After making a quick translocation into the nucleus, NF-
κB dimers interact with cognate κB enhancer regions to alter 
the transcription of several genes related to the immunolog-
ical and inflammatory responses [14]. While the exact mech-
anism by which CD3/CD28 costimulation-induced signaling 
pathways result in NF-κB activation remains unclear, current 
research suggests that PLC-γ1 is critical for this process [15].
The signal transduction pathways responsible for T cell ac-
tivation or apoptosis induced by TCR/CD3 have been better 
understood in recent times. Nevertheless, the switch that dic-

tates whether primary T cells undergo activation-induced pro-
liferation or apoptosis remains poorly understood, despite be-
ing of great interest. In the meantime, a number of significant 
findings on the post-activation gene expression profiles of 
human T cells were obtained by the use of microarray analysis 
[16, 17]. Therefore, in this work, we report the use of an Affy-
metrix Mouse Genome 430 2.0 Array to evaluate the variations 
in the gene expression patterns of mouse primary T cells prior 
to and following stimulation with anti-CD3/CD28 for either 0 
or 18 hours. The changes in FADD, MT2A, and NF-κB expres-
sion before and after T cell activation are of particular interest 
to us. The results of this study might provide more molecular 
evidence for understanding the function of FADD, MT2A, and 
NF-κB in T cell activation and its associated AICD.

Materials and Methods
BD Pharmingen (San Diego, CA) supplied the antibod-
ies against CD3, CD28, Th1 (FITC-conjugated), and CD69 
(FITC-conjugated). Trizol came from Invitrogen, whereas the 
antibody against mouse MT2A was acquired from Zymed 
(Zymed, CA). The supplier of CFSE was Sigma in St. Louis, MO.

Cell culture and plasmid transfection
Five- to six-week-old male wild-type C57BL/6 mice were ac-
quired from SIPPR-BK Experimental Animal Centre in Shang-
hai, China, and were kept in an environment devoid of patho-
gens. Fresh RPMI 1640 medium (Gibco, USA) supplemented 
with 20% FBS, 2 mM L-glutamine, 50 mM 2-mercaptoethanol, 
1% non-essential amino acids, penicillin (100 U/ml), and strep-
tomycin (100 mg/ml) was used to prepare an aseptic suspen-
sion of mouse primary T cells from lymph nodes, which were 
then diluted to a density of 1×10⁷ cells/ml. The cells were then 
kept in an incubator set at 37°C with 95% room air and 5% 
CO₂. The primary T cells were activated by the addition of an-
ti-CD3/CD28. At 37°C and 5% CO₂, Jurkat cells were grown in 
RPMI 1640 medium enhanced with 10% fetal calf serum [18]. 
Transfection was done using a Gene Pulser (Bio-Rad, Hercules, 
CA) at 250 V (950 μF) with pRK5-MT2A plasmid DNA.

Preparing an aseptic suspension of mouse primary T cells 
from lymph nodes
To prepare an aseptic suspension of mouse primary T cells from 
lymph nodes, start by euthanizing the mouse using an ap-
proved method and sterilize the area with 70% ethanol. Care-
fully dissect the lymph nodes, typically from the cervical, axil-
lary, and inguinal regions, using sterile instruments. Place the 
lymph nodes in a Petri dish containing sterile, cold PBS (phos-
phate-buffered saline). Mince the lymph nodes into small piec-
es and gently grind them using a sterile glass slide or plunger to 
release the cells into the PBS. Filter the cell suspension through 
a 70 µm cell strainer to remove debris and obtain a single-cell 
suspension. Centrifuge the suspension at 300xg for 5–10 min-
utes at 4°C, discard the supernatant, and resuspend the cell 
pellet in a suitable volume of sterile culture medium. Count the 
cells using a hemocytometer and adjust the concentration as 
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needed for downstream applications. Maintain aseptic tech-
niques throughout the process to prevent contamination.

Western blot analysis
The protocol for the immunoblot analysis was followed. On 12% 
SDS-PAGE gels, equal volumes of protein (50 µg) were separat-
ed. Next, the protein was blotted onto PVDF (polyvinylidene 
fluoride) membranes using an electrophoretic technique. The 
membrane was exposed to Kodak X-Omat Blue film (NEN Life 
Science Products) after being developed using enhanced che-
miluminescence reagent (Amersham Life Science Inc.).

Isolation of T cells by macs magnetic cell sorting
Following the manufacturer's instructions, MACS magnetic 
cell sorting was used to isolate T cells (Miltenyi Biotec, Ger-
many). In short, biotinylated anti-Thy1.2 antibody was used 
to mark the primary cells after they were extracted. MicroBe-
ads containing streptavidin were used for secondary labeling. 
MACS LS columns were used to separate the cell suspension 
following magnetic labeling. To isolate RNA, cell pellets were 
again put in Trizol reagent.

Preparation of biotin-labeled CDNA probes and hybrid-
ization
Primary T cells were treated with an RNeasy Kit (Qiagen Craw-
ley, UK) to extract total cellular RNA. According to the man-
ufacturer's instructions (Genetech Inc., CA), double-stranded 
cDNA probes were made from total RNA, purified using Phase 
Lock Gel (PLG)-phenol/chloroform extraction, and then con-
centrated using the ethanol precipitation method. Using a 
BioArray High Yield RNA Transcript Labeling Kit (Affymetrix, 
P/N 900182), probes were biotin-labeled. Following labeling, 
the probes were once again quantified and purified before 
being hybridized for 16 hours with Mouse Genome 430 2.0 Ar-
ray chips (Affymetrix). Following hybridization, the array chips 
underwent staining, cleaning, and scanning using an Affyme-
trix G2500A GeneArray Scanner. Software called Affymetrix 
Microarray Suite (MAS) was used to analyze the data.

RT-PCR Analysis
Using oligo (dT)18 as a primer and AMV Reverse Transcrip-
tase (Promega), total cellular RNA from primary T cells was 
reverse transcribed into cDNA. The cDNA products were 
amplified using PCR, ensuring the templates were equal. 
The sequence of the oligonucleotide primers was as follows: 
(MT2A) antisense, 5'-GTCGCGTTTCTACATC-3', and sense, 
5'-ATGACTGGTGGACAGCAA-3'.

Detection of CD69 expression level and cell death
After being stimulated with anti-CD3/anti-CD28 for a pre-
determined amount of time, the cells were collected, twice-
washed in staining buffer (PBS+1% BSA+0.2% Sodium 
Azide+1% HEPES), and simultaneously labeled with FITC-anti-
CD69 on ice for 30 minutes to measure CD69. Afterwards, flow 
cytometry (Becton Dickinson, USA) was used to examine the 
cells. For every sample, a total of 10,000 events were analyzed.

Co-immunoprecipitation
After 18 hours of maintenance in 1640 Medium, isolated B6 
mouse primary T cells, CD3+, and CD28+ cells were incubated 
for an additional 18 hours in a cell incubator with regulated 
CO₂. Following this, a lysis buffer was used to lyse the cells. Af-
ter 30 seconds of sonication, cell lysates were centrifuged for 
10 minutes at 4°C at 14,000 rpm. After mixing 5 μl of anti-FADD 
antibody (Cell Signaling Technology, Beverly, MA) with protein 
lysate in 500 μl lysis buffer, which served as the precipitating 
antibody, the mixture was incubated at 4°C for two hours on a 
rocking platform. Protein was immunoprecipitated using Pro-
tein A agarose beads. Following SDS-PAGE protein separation 
and immunoblotting with a monoclonal anti-MT2A antibody 
(Zymed, USA), the membrane was cleaned and subjected to 
horseradish peroxidase-conjugated secondary antibody. The 
immunoreactive bands were visualized using enhanced che-
miluminescence reagents (Pierce, Rockford, IL).

Electrophoretic mobility shift assay
The DNA binding activity of MT2A was measured in the pri-
mary T cell extract from lymphosarcoma cells following a pub-
lished protocol [19].

Results
Activation of primary T cells
The primary lymphocytes from mouse lymph nodes exposed 
to anti-CD3/CD28 for 18 hours formed large cell aggregates 
(Fig. 1), which is characteristic of T cell proliferation. In con-
trast, the control cells did not exhibit this change (Fig. 1), 
indicating that anti-CD3/CD28 was successful in activating 
primary lymphocytes.

Differential gene expression profiles in mouse T cells after 
stimulation for 18 H
Using biotin-anti-Thy1.2 labeling and MACS magnetic cell 
sorting, naïve T cells (purity >90%) were separated from cul-

Figure 1. Activation of primary T cells with anti-CD3/CD28. Primary 
lymphocytes were aseptically taken from mice lymph nodes, 
separated and diluted into 1×107 cells/ml, further cultured in RPMI 
1640 for 18 h with (a) or without anti-CD3/CD28 (b), cells were 
photographed with a KODAK camera (DX4330) (magnification 100×).

Control Activation CD3/CD28

a b
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tured lymph node cells (data not shown). After 18 hours of ac-
tivation, the gene expression pattern in T cells was evaluated 
using the mouse Genome 430 2.0 Array (Affymetrix), which in-
cludes over 39,000 transcripts. After stimulation for eighteen 
hours, a significant variation in the gene expression patterns 
of T cells was discovered. Specifically, in T cells activated for 18 
hours, 4543 genes were found to be up-regulated and 5797 
genes down-regulated. Table 1 provides an overview of the 
general data about genes that were differentially expressed in 
T cells during an 18-hour stimulation period.

Genes related to activation of primary T cells
Consistent with previous studies [20–22], our findings demon-
strated that numerous genes, including Metallothionein 2A, 
directly implicated in the activation of primary T cells had 
notable alterations in their expression levels. Metallothionein 
2A mRNA levels in primary T cells were measured using 
semi-quantitative RT-PCR to confirm the microarray analysis 
findings. Western blot was used to confirm protein expression. 
The outcome, as shown in Figure 2, aligned with the microar-
ray findings. The current work suggests that one of the most 
important steps in the activation of T cells is the disruption of 
MT2A in naïve T cells. Figure 2 shows the alterations in these 
genes in primary T cells during an 18-hour stimulation period.

FADD-DN inhibits mitogen-induced proliferation of ma-
ture T cells
Flow cytometry analysis in Figure 3 indicated that CD69 
was up-regulated in a time-dependent manner. The precise 
roles of these two genes—MT and NF-κB—in primary T cell 

activation are still unknown, despite their being widely doc-
umented as functionally significant to cell development.
To explore this, control and pure T cell stimulation via 
CD3+CD28 cross-linking were examined. Mitogenic anti-
bodies against CD3 and CD28 were used in vitro to activate 
control and FADD-DN transgenic animals. When exposed to 
CD3/CD28 stimuli, T cells from FADD-DN transgenic mice 
reacted inappropriately. DN had approximately 28% of 
CD69 activation compared to B6's 85%. All things consid-
ered, these findings demonstrate that disruption of FADD/
MORT1's regular function results in a malfunction in the mi-
togen-induced proliferation of T cells.

FADD-DN downregulates NF-κB activation
We recently discovered that MT interacts directly with NF-
κB in our study. According to the data, there is a correlation 
between the downregulated NF-κB activity of DN T cells and 
their lower activation and proliferation (Fig. 4).
Based on the aforementioned findings, it is evident that dom-
inant negative significantly impairs FADD's ability to promote 
T cell proliferation in FADD-DN T cells. Dysregulation of NF-κB 
activation and MT2A expression in activated T cells coexist 
with this phenomenon.

Discussion
Physiologically, T cell activation is a prolonged process that 
takes at least a few days, even though the early stage event 
is crucial for both T cell activation and the initiation of the 
immune response. Therefore, it is biologically significant to 
clarify the late phase of T cell activation. Regretfully, there 

Table 1. The differentially expressed MT, FADD and NFKB genes in primary T cells after 
stimulation for 18 H (at least 2-fold)

Gene name Genebank ID Ratio – 18h

1 Metallothionein 2A NM_005953 28.5
2 Caspase 8 and FADD like apoptosis regulator NM_009805 4.3
3 NFkB p105 NM_003998 20.2

MT: Metallothionein; FADD: FAS-associated Death Domain; NFKB: Nuclear factor kappa B.

Figure 2. Activation-related genes differently expressed in primary T cells after stimulation. 
Cells were stimulated with anti-CD3/CD28 for 18 h. Verification of microarray results with semi-
quantitative RT-PCR (a),  and western blot (b) At least 3 independent experiments were performed.
MT: Metallothionein; FADD: Fas-associated death domain protein; GAPDH: Glyceraldehyde-3-phosphate 
dehydrogenase; RT-PCR: Reverse transcription polymerase chain reaction.

a b
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have not been many reports on this issue until now. In the 
current study, we compared the differentially expressed 
genes in mouse primary T cells after stimulation for 0 and 
18 hours using a Mouse Genome 430 2.0 Array. The results 
showed that the gene expression profiles of primary T cells 
were completely different after stimulation for 18 hours. 
Lastly, a few genes, whose functions are unknown in T cell 
proliferation, were found to be preferentially regulated in ac-
tivated T cells, such as FADD.
Three reports on the interaction between MT and NF-κB have 
recently been published [23–25]. According to Abdel-Mageed 
et al. [23] MT and NF-κB interact directly, as shown by EMSA 
supershift analysis with an anti-MT antibody. However, Saku-
rai et al. [24] found that MT inhibits the degradation of IκB pro-
duced by tumor necrosis factor and suppresses the expression 
of genes that are dependent on NF-κB. Crowthers et al. [25] 
observed that activated splenocytes from MT-null animals 
had increased NF-κB activity. To bind zinc, NF-κB's cysteine 
residues need to be free of thioredoxin [26], although the ex-
act mechanism is yet unknown.
MT2A's mRNA level increased threefold in vitro after eighteen 
hours. A transcription factor called NF-κB is activated by TCR 
signaling and may control the transcription machinery that 
activates Fas L [27]. Throughout T cells' lifetime, the two op-
posing biological processes of cell growth and death are fre-
quently combined, though they sometimes occur separate-
ly. In actuality, numerous genes, including JNK and FADD, are 
involved in the transmission of both proliferation and death 
signals. Although FADD's phosphorylated form is increasing-
ly understood to be a crucial regulator of cell proliferation, it 
has long been known to function as an adapter in the tradi-
tional CD95-mediated cell apoptosis [28]. Thus, these mole-

cules, including p-FADD and MT2A, may be the crucial factors 
at the crossroads that will either save or destroy primordial 
T cells after activation. Our study identified that, after acti-
vation, these molecules produce a high amount of proteins. 
These differentially expressed genes are important for T cell 
proliferation because they have been linked to a number of 
cellular functions, such as anti-apoptotic response, cell cycle 
regulation, and carcinogenesis.

The results of the analysis of the primary T cell proliferation 
process using FACS protein level, gene expression mRNA level, 
and EMSA all pointed to the correlation between FADD, MT2A, 
and NF-κB in primary T cells and their necessity for the process 
of T cell activation and proliferation.

Figure 3. Primary T cells were stimulated with anti-CD3/CD28-FITC 0h (a), or 18h (b). At least 3 independent experiments were performed.
FITC: Fluorescein isothiocyanate.

a b

Figure 4. NFKB binding of primary 
T cells after stimulation with CD3/
CD28. Primary T cells culture were 
stimulated by anti-CD3 Abs (CD3) 
and anti-CD28 Abs (CD28) for 18h. 
Nuclear extracts were subjected 
to EMSA using 32P-labeled 
oligonucleotides containing an NF B 
binding site. Left two lanes indicate 
B6 mice and right two lanes for 
FADD-DN transgenic mice.
NFKB: Nuclear factor kappa B; EMSA: 
Electrophoretic mobility shift assay; FADD-
DN: Fas-associated death domain protein 
C-terminal death domain.
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Conclusion
The processes governing whether T cells divide or under-
go apoptosis are still unknown, despite advances. Through 
the use of microarray analysis, the gene expression profiles 
of FADD, MT2A, and NF-κB in mouse primary T cells were 
compared before and after anti-CD3/CD28 stimulation in 
an effort to shed light on these processes. Important dis-
coveries emphasize these genes' functions in T cell activa-
tion and activation-induced cell death (AICD). Degradation 
of inhibitory IκB proteins is necessary for the activation of 
transcription factors such as NF-κB, which are critical for T 
cell proliferation and cytokine production. The involvement 
of PLC-γ1 in CD3/CD28-induced NF-κB activation has also 
been highlighted by recent investigations. By shedding 
light on the molecular processes underlying T cell respons-
es, our work advances knowledge of immune control and 
possible targets for treatment.
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Association of NLR, MLR, PLR, SII, and SIRI with the stages of 
chronic kidney disease - A cross-sectional study

Chronic kidney disease (CKD) affects more than 850 million 
adults across the globe. CKD refers to the gradual loss of 

kidney function to the extent that the estimated glomerular 
filtration rate (eGFR) falls below 60 mL/min/1.73 m²; this pa-
thology should have been present for at least three months, 
without regard to the etiology [1]. In India, the prevalence 
of CKD is 1–13% across different regions of the country. The 
prevalence as given by the International Society of Nephrol-
ogy’s Kidney Disease Data Centre Study is 17% [2]. CKD is in-

sidious in nature and is asymptomatic. CKD equally involves 
developed and developing countries. In a developing coun-
try where the literacy rate is poor, people are unaware of the 
disease. Hence, early diagnosis of CKD is rarely done, and it is 
highly challenging. By the time they are diagnosed, the dis-
ease has almost reached an irreversible state.
Many factors are found to contribute to the initiation of 
inflammation, including increased synthesis and release 
of proinflammatory mediators, release of reactive oxygen 

Objectives: Chronic Kidney Disease (CKD) is a long-standing metabolic disease manifested by renal impairment, high 
morbidity and mortality, and causing a huge financial burden. Systemic inflammation and local intrarenal inflammation 
are found to exacerbate this irreversible condition. White blood cells, platelets, and their derived indices may aid in the 
assessment of the progression of CKD. This study aimed to assess the alterations of complete blood count and their 
derived indices in the various stages of chronic kidney disease.
Methods: The retrospective cross-sectional study was conducted in the Department of Biochemistry at a tertiary 
care hospital, Chennai, India. The data were collected from the Medical Records Department from July 2022 to June 
2023. The study included chronic kidney disease patients aged 35 to 70 years of both genders. Children, pregnant 
women, and patients with heart and liver diseases were excluded. The data of the renal profile and complete blood 
count were collected. Statistical analysis was performed using SPSS software version 16. A p≤0.05 was considered 
statistically significant.
Results: Among the study participants, 65% were male and were more than 50 years of age. All the derived in-
flammation index parameters, such as neutrophil-to-lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio (MLR), 
platelet-to-lympho- cyte ratio (PLR), systemic immune-inflammation index (SII), and systemic inflammation response 
index (SIRI). were significantly increased in stage 5 of CKD. Also, SII and SIRI were found to be correlated with other 
inflammatory variables.
Conclusion: Chronic inflammation is considered to be prevalent among CKD patients. Inflammatory markers such as 
SII and SIRI are simple and cost-effective parameters to routinely assess the staging of CKD and thus initiate appropriate 
management to improve the quality of life.
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species and reactive nitrogen species from oxidative stress, 
metabolic acidosis, alteration in gut microbiota, and altered 
metabolism of adipose tissue [3]. Risk factors of CKD include 
diabetes mellitus, hypertension, glomerulonephritis, poly-
cystic kidney disease, and prolonged use of certain medica-
tions [4]. GFR is considered to be the marker for the assess-
ment of the extent of kidney damage. Many equations are 
available to calculate GFR, called eGFR, but the one which 
has gained wide acceptance is the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI). Based on eGFR, CKD 
is classified into various stages [5].
In CKD, chronic inflammation is associated with increased 
levels of proinflammatory markers such as C-reactive pro-
tein (CRP), interleukin (IL)-6, and tumor necrosis factor-al-
pha (TNF-α). Additionally, there is increased malondialde-
hyde (MDA), which is an oxidative stress marker [6]. Cells 
such as neutrophils, monocytes, T lymphocytes, and B lym-
phocytes are part of the immune system. All the immune 
cells, upon activation, release various inflammatory medi-
ators [7]. Platelets participate in hemostasis, thrombosis, 
and wound healing, thus contributing to the pathological 
processes in CKD and associated cardiac complications [8]. 
In addition to individual white blood cells (WBCs) in circu-
lation, composite inflammatory indices calculated based 
on the individual WBC counts and platelets serve as easy 
and cost-effective tools in assessing systemic inflammation. 
These indices include neutrophil-to-lymphocyte ratio (NLR), 
monocyte-to-lymphocyte ratio (MLR), platelet-to-lympho-
cyte ratio (PLR), systemic immune-inflammation index (SII), 
and systemic inflammation response index (SIRI). SII and PLR 
values are higher in low-grade inflammation patients who 
have elevated CRP. Additionally, the platelets reflect a sys-
temic inflammatory response [9]. All the indices—NLR, SIRI, 
SII, PLR, and MLR—independently have positive predictive 
values for inflammation [10]. The current study was de-
signed to elucidate the association between eGFR and the 
inflammatory markers in the various stages of CKD.

Materials and Methods
Study design and site
The retrospective cross-sectional study was conducted in 
the Department of Biochemistry, SRIHER, Chennai, India. The 
data were collected from the Medical Records Department 
from July 2022 to June 2023. Two milliliters each of fluoride, 
citrate, and EDTA plasma and serum samples were collected 
for the analysis of glucose, glycated hemoglobin (HbA1c), 
blood urea nitrogen (BUN), creatinine, and complete blood 
count (CBC). Plasma glucose was analyzed by hexokinase, 
serum blood urea nitrogen by urease, and serum creati-
nine by the modified Jaffe’s method (Beckman Coulter AU 
5800, Beckman Coulter, Inc., California, USA) and HbA1c by 
ion exchange chromatography method (Tosoh Automated 
Glycohemoglobin Analyzer HLC-723 G8, Tosoh Corporation, 
Japan). Among CBC, hemoglobin (Hb) was analyzed by spec-

trophotometry; white blood cell (WBC), red blood cell (RBC), 
and platelet counts were analyzed by the impedance meth-
od; and differential count by fluorescence flow cytometry 
(Sysmex XN-3100 six-part CBC analyzer, Sysmex Corporation, 
Japan). Derived indices were calculated as follows:

NLR = Neutrophil count / Lymphocyte count

MLR = Monocyte count / Lymphocyte count

PLR = Platelet count / Lymphocyte count

SII = (Platelet × Neutrophil) / Lymphocyte [10]

SIRI = (Monocyte × Neutrophil) / Lymphocyte [10]

The laboratory data were obtained from the patient records at 
the Medical Records Department. eGFR was calculated using 
the CKD-EPI formula. CKD-EPI stands for Chronic Kidney Dis-
ease Epidemiology Collaboration. CKD-EPI formula:

eGFRcr=142×min(Scr/κ, 1)α×max(Scr/κ, 1)-¹·²⁰⁰×0.9938^Age× 
1.012 [if female]

Inclusion criteria
The study included chronic kidney disease individuals aged 
35 to 70 years of both genders. Individuals with hypertension, 
type 2 diabetes mellitus, and obesity were included. Since all 
the patients were either diabetic or hypertensive, they were 
on regular antidiabetic or antihypertensive drugs. In addition, 
they were on maintenance hemodialysis in stage 5 of CKD.

Exclusion criteria
Children, pregnant women, and patients with heart and liver 
diseases were excluded.

Ethics committee approval
Ethics approval was obtained from the Institutional Ethics 
Committee of the institute (CSP-MED/23/NOV/96/288, dated 
28-11-2023). The study was carried out according to the prin-
ciples outlined in the Declaration of Helsinki. A waiver of in-
formed consent was obtained since the patients were treated 
and discharged from the hospital.

Statistics
The obtained data were subjected to checking for normality 
of distribution. Since the data were found to follow a nor-
mal distribution, the continuous variables were expressed as 
mean and standard deviation. One-way ANOVA with Tukey’s 
HSD post-hoc test was used to compare the variables across 
the groups. The Pearson correlation coefficient was used to 
compare the variables. Statistical analysis was performed us-
ing SPSS software version 16. A p≤0.05 was considered statis-
tically significant.

Results
The retrospective study was conducted among 418 CKD pa-
tients belonging to stages 1 to 5. Around 65% were male, 
and 35% were female. Approximately 34.2% of study par-
ticipants were 61–70 years old, and 34.9% of study partici-
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pants were 51–60 years old. Around 51.1% and 57.7% of the 
individuals had T2DM and HTN, respectively, for less than 
five years (Table 1).

The biochemical variables were compared from stages 3a to 
stage 5 of CKD. Renal parameters were significantly altered 
across the stages of CKD. There was a consistent decrease in 
blood hemoglobin level from stage 3a to stage 5. There were 
statistically significant alterations among the groups. The in-
flammatory indices, such as NLR, MLR, PLR, SII, and SIRI, were 
significantly increased in stage 5 compared to other stages 
of CKD (Table 2).

The study participants were grouped into five based on the 
duration (in years) of T2DM and HTN: group A (0–5 years), 
group B (6–10 years), group C (11–15 years), group D (16–20 
years), and group E (>20 years) (Tables 3, 4). There was a sta-
tistically significant increase in creatinine across the groups 
based on the duration of T2DM. When compared among 

groups, there was a statistically significant difference be-
tween groups D and E. eGFR was statistically significant in 
both diabetes mellitus and hypertension (Table 3).
There was a statistically significant difference in the total WBC 
count across the duration of T2DM. Within the groups, statis-
tically significant differences were obtained between groups 
D (16–20 years) and E (>20 years). There was a statistically sig-
nificant difference in absolute neutrophil count (ANC) across 
the duration of T2DM. Among the groups, there was a statisti-
cally significant difference between groups A (<5 years) and B 
(6–10 years) as well as between groups D (16–20 years) and E 
(>20 years) (Table 4).
All the composite indices showed a consistent increase in 
levels across the groups with increasing duration of either 
T2DM or HTN. NLR showed a statistically significant increase 
with the advancing duration of T2DM and HTN. MLR showed 
a statistically significant increase with the advancing dura-
tion of T2DM and HTN. Among diabetics, MLR showed a sta-
tistically significant difference between groups A (<5 years) 
and E (>20 years) as well as between groups B (6–10 years) 
and E (>20 years). Among hypertensives, MLR showed statis-
tically significant differences between groups B (6–10 years) 
and E (>20 years). PLR showed statistically significant differ-
ences across the groups of duration of T2DM and HTN. SII 
showed statistically significant differences across the groups 
of duration of T2DM and HTN. Among the diabetics, there 
were statistically significant differences between groups A 
and E as well as between groups B and E. SIRI showed statis-
tically significant differences across the groups of duration of 
T2DM and HTN. Among the diabetics, there were statistically 
significant differences between groups A and B as well as be-
tween groups A and E (Table 5).
BUN was positively correlated with SII. Hb was positively cor-
related with ALC and negatively correlated with NLR, PLR, and 
SII. MLR was positively correlated with NLR. PLR was positive-
ly correlated with NLR and MLR. SII was positively correlated 
with NLR, MLR, and PLR. SIRI was positively correlated with 
NLR, MLR, PLR, and SII (Table 6).

Discussion
The present retrospective study was conducted among 418 
CKD patients belonging to stages 1 to 5 to assess the associ-
ation of inflammatory markers with the progression of CKD. 
Since the number of participants in CKD stages 1 and 2 was 
few, only stages 3a to 5 were included for further analysis 
and discussion. Similar to other studies, most of the partic-
ipants were male. This could probably be due to the high 
predisposition of males to comorbid conditions such as 
hypertension or diabetes mellitus. Approximately 34.2% of 
study participants were 61–70 years old, and 34.9% of study 
participants were 51–60 years old. Around 51.1% and 57.7% 
of the individuals had T2DM and HTN, respectively, for less 
than five years (Table 1). The findings in the present study 
were similar to the study by Aneez et al. [4], where around 

Table 1. Demographic details of the study participants

Variables Frequency

  n %

Gender
 Male 272 65.1
 Female 146 34.9
Age (years)
 35–40  41 9.8
 41–50 88 21.1
 51–60 146 34.9
 61–70 143 34.2
Distribution of participants 
according to CKD stages
 CKD 1 6 1.4
 CKD 2 2 0.4
 CKD 3a 12 2.8
 CKD 3b 16 3.9
 CKD 4 100 23.9
 CKD 5 282 67.6
Duration of T2DM (years)
 0–5  215 51.4
 6–10  94 22.5
 11–15  64 15.3
 16–20 30 7.2
 >20 15 3.6
Duration of HTN (years)
 0–5  241 57.7
 6–10  107 25.6
 11–15  36 8.6
 16–20 24 5.7
 >20 10 2.4

Expressed as frequency and percentage. CKD: Chronic kidney disease; T2DM: Type 2 
diabetes mellitus; HTN: Hypertension.
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59% were male, with a mean age of 58.1 years. In the present 
study, based on the CKD stages, 68% were in stage 5, 24% 
were in stage 4 CKD, and the rest of the participants were in 
lower CKD stages (Table 1). As per Aneez et al. [4], 34% of the 
study participants are in stage 4 CKD. The present study re-
sults are in alignment with the study by Swartling et al. [11], 
which showed that men have a high rate of mortality, an in-
creased risk of CKD progression, and a rapid decline in eGFR.

In the present study, Table 2 shows the comparison of bio-
markers across the groups—stages 3a, 3b, 4, and 5—classified 
based on eGFR by the CKD-EPI equation. Since the study par-
ticipants were classified based on eGFR, statistically high sig-
nificance was expected across the stages of CKD with regard 
to BUN, creatinine, and eGFR (Table 2). According to Suriyong 
et al. [12], the major predisposing factors in Asia include an in-
creasing elderly population, low literacy rate, increased preva-

Table 2.  Distribution of biomarkers according to the stages of CKD  

Markers  Stages of CKD   p

 Stage 3a Stage 3b Stage 4 Stage 5 
 (n=12) (n=16) (n=100) (n=282) 

BUN (mg/dL) 20.16 (7.94) 25.86 (13.96) 29.87 (12.38) 50.19 (20.79) <0.001**
Creatinine (mg/dL) 1.55 (0.12) 2.19 (0.35) 3.38 (0.69) 7.56 (2.89) <0.001**
eGFR (mL/min) 50.5 (4.12) 34.06 (4.11) 19.81 (4.34) 8.15 (2.98) <0.001**
Hb (g/dL) 11.08 (3.43) 9.17 (2.76) 9.05 (1.97) 8.45 (1.85) 0.001**

  Significance between groups: p1=0.004, p2=0.002, p3=0.003**

FPG 162.1 (70.1) 189.2 (66.2) 154.9 (80.3) 153.2 (72.8) 0.33
HbA1c 7.3 (1.3) 7.0 (1.7) 6.8 (1.6) 6.8 (1.6) 0.72
PLT (105 cells/ μL) 2.39 (1.18) 2.37 (1.03) 2.49 (0.97) 2.29 (1.03) 0.431
WBC-total (cells/μL) 7367.5 (1261.99) 7705.33 (1914.22) 9147.45 (3636.08) 8955.60 (3554.19) 0.201
ANC (cells/μL) 4833.83 (1060.75) 5434.06 (1851.93) 6869.07 (3520.71) 6744.39 (3290.36) 0.093
AMC (cells/μL) 503.25 (143.87) 393.6 (139.12) 426.33 (195.56) 473.11 (267.85) 0.249
ALC (cells/μL) 1687.33 (481.12) 1467.53 (730.04) 1468.82 (669.12) 1347.66 (710.74) 0.198
NLR 3.05 (0.98) 4.11 (2.30) 5.79 (4.58) 6.67 (5.88) 0.033*
MLR 0.26 (0.06) 0.27 (0.11) 0.35 (0.21) 0.45 (0.39) 0.018*
PLR 114.61 (35.65) 138.86 (38.89) 191.35 (107.05) 216.06 (163.75)  0.037*
SII 123.2 (30.76) 129.70 (38.76) 248.44 (92.08) 385 (123.76) 0.036*
SIRI 134.91 (47.60) 139.44 (69.27) 232.12 (95.40) 308.62 (99.14) 0.005**

Expressed as mean and SD, ANOVA and Tukey post-hoc tests were used. p: p value for comparing between the studied groups; p1: Groups 3a & 3b; p2: Groups 3a & 4; p3: Groups 3a & 5; 
p4: Groups 3b & 4; p5: Groups 3b & 5; p6: Groups 4 & 5. *: p value statistically significant; **: p value statically highly significant. CKD: Chronic kidney disease; BUN: Blood urea nitrogen; 
eGFR: Estimated glomerular filtration rate; Hb: Hemoglobin; FPG: Fasting plasma glucose; HbA1c: Glycated haemoglobin;  PLT: Platelet; WBC: White blood cell; ANC: Absolute neutrophil 
count; AMC: Absolute monocyte count; ALC: Absolute lymphocyte count; NLR: Neutrophil to lymphocyte ratio; MLR: Monocyte to lymphocyte ratio; PLR: Platelet to lymphocyte ratio; 
SII: Systemic immune inflammation index; SIRI: Systemic inflammation response index; SD: Standard deviation.

Table 3. Distribution of renal markers according to the duration of T2DM and HTN among CKD patients

Markers T2DM/HTN  Duration (years)    p

  Group A  Group B Group C Group D Group E 
  (0–5)     (6–10)  (11–15) (16–20) (>20)        

BUN (mg/dL) T2DM 41.86 (21.00) 44.85 (23.44) 46.06 (22.30) 33.56 (17.24) 49.38 (19.93) 0.052
 HTN 42.09 (21.50) 44.74 (21.99) 42.83 (22.83) 40.25 (20.38) 45.4 (17.73) 0.807
Creatinine (mg/dL) T2DM 6.44 (3.41) 5.98 (3.56) 5.71 (2.74) 4.46 (2.19) 5.66 (2.36) 0.027*

   Significance between groups: p9=0.001**

 HTN 5.95 (3.34) 6.61 (3.45) 4.98 (2.21) 6.18 (2.89) 6.13 (3.01) 0.119
eGFR (mL/min) T2DM 14.13 (12.70) 11.83 (6.46) 10.37 (4.69) 9.08 (2.02) 8.14 (2.47) 0.04*
 HTN 15.16 (14.54) 12.16 (10.40) 11.61 (4.55) 8.90 (3.79) 7.85 (3.48) 0.037*

Expressed as mean and SD, ANOVA and Tukey post-hoc tests were used. p: p value for comparing between the studied groups, p1: Groups A & B; p2: Groups A & C; p3: Groups 
A & D; p4: Groups A & E; p5: Groups B & C; p6: Groups B & D; p7: Groups B & E; p8: Groups C & D; p9: Groups C & E; p10: Groups D & E. *: p value statistically significant, **: p value 
statically highly significant. T2DM: Type 2 diabetes mellitus; HTN: Hypertension; CKD: Chronic kidney disease; BUN: Blood urea nitrogen; eGFR: Estimated glomerular filtration rate.
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lence of comorbidities, and inappropriate use of nonsteroidal 
anti-inflammatory drugs. In the present study, when com-
pared among the stages of CKD, hemoglobin (Hb) showed 
statistically significant differences between the stages of CKD, 
with a consistent decrease in Hb levels as CKD advanced. As 
kidney disease advances, there is decreased erythropoietin 
synthesis leading to decreased Hb levels. Additionally, oth-
er factors contribute, such as repeated infections, decreased 
food intake due to loss of appetite, and blood loss during he-
modialysis (Table 2). A similar finding was obtained by Kutuby 
et al. [13] and Akinsola et al. [14] in their studies. In the present 
study, Hb concentration was 8.45 g/dL in CKD stage 5. Anemia 
is one of the risk factors for cardiovascular diseases in patients 
with CKD. According to a study by Pan et al. [15], CKD patients 
with Hb less than 8.6 g/dL show an increased risk of CKD pro-
gression. Demir et al. [16] have demonstrated that CKD with 
decreasing Hb along with increasing serum creatinine is a risk 
factor for the occurrence of coronary artery disease.

The kidney is highly vulnerable to inflammatory damage be-
cause it receives around 25% of blood circulation, lacks antiox-
idant activity, has altered gut microbiota along with the loss of 
the intestinal barrier, and altered intrarenal perfusion distribu-
tion [3]. Inflammatory markers such as CRP, pentraxin 3 (PTX3), 
serum component of amyloid A (SAA), and procalcitonin (PCT) 
are found to be useful in assessing cardiac complications in 
CKD patients with eGFR close to normal [17]. According to 
Alves et al. [18], markers of subclinical CKD include TNF-α, 

monocyte chemoattractant protein-1 (MCP-1), and E-selectin. 
However, these inflammatory markers are not easily accessible 
in countries with a low economic background. Also, since CKD 
is an asymptomatic disease, frequent screening of individuals, 
especially those with comorbidities who have the potential to 
develop CKD, is not feasible. Hence, relying on the composite 
CBC markers, which are derived from the routine hemogram, 
will be of use to clinicians in the regular management of CKD.

In the present study, analysis of CBC across the stages of CKD 
showed that individual WBC counts did not show any statistical 
significance. However, the inflammatory indices such as NLR, 
MLR, and PLR were significantly increased across the stages 
of CKD, with the highest levels in stage 5 compared to other 
stages of CKD. During inflammation, neutrophils, monocytes, 
and platelets increase, and they contribute to inflammation by 
free radical production and thrombosis. Lymphocytes play a 
protective role in cellular function, but their counts decrease, 
impairing their function. This is reflected by the alterations 
in the ratios, indicating disease activity and risk for increased 
mortality and morbidity in CKD due to cardiac and non-cardiac 
events. High NLR indicates increased inflammation and worse 
prognosis in CKD (Table 2). A similar finding was obtained by 
Yoshitomi et al. [6]. Zhang et al. [7] concluded that MLR is an 
early indicator of CKD, especially in individuals with GFR clos-
er to normal. NLR and PLR show positive correlations with the 
urine protein-creatinine ratio (UPCR) and serum creatinine only 
in the advanced CKD stages [19]. According to Okyay et al. [19], 

Table 4. Distribution of CBC markers according to the duration of T2DM and HTN among CKD patients

CBC markers  T2DM/   Duration (years)    p 
 HTN

  Group A  Group B Group C Group D Group E 
  (0–5)     (6–10)  (11–15) (16–20) (>20)         

Hb (g/dL) T2DM 8.80 (2.26) 8.72 (1.97) 8.46 (1.81) 8.86 (1.58) 8.89 (1.59) 0.835
 HTN 8.62 (2.10) 8.73 (2.12) 8.92 (1.76) 9.54 (2.04) 8.67 (0.90) 0.329
WBC-total T2DM 8652.55 (3282.64) 8528 (2966.71) 10122.7 (4652.07) 8369 (2439.86) 10739.23 (4176.37) 0.006** 
(cells/μL)

   Significance between groups: p10=0.031*

 HTN 8851.73 (3591.32) 8920.18 (3032) 9198.05 (4118.09) 8137.5 (2402.60) 10006 (4626.30) 0.649
ANC (cells/μL) T2DM 6405.42 (3035.86) 6372.55 (2723.74) 7840.32 (4547.17) 5901.9 (2170.40) 8324.38 (4068.10) 0.004**

   Significance between groups: p1=0.001**, p10=0.014*

 HTN 6656.54 (3403.12) 6537.78 (2692.88) 7011.33 (4020.15) 5845.33 (2158.78) 7845.9 (4467.49) 0.499
AMC (cells/ μL) T2DM 446.01 (203.02) 457.51 (345.33) 465.43 (210.21) 490.8 (200.57) 548.61 (246.22) 0.577
 HTN 455.36 (265.74) 450.32 (204.82) 443.83 (193.61) 503.25 (222.83) 539.6 (300.98) 0.701
ALC (cells/ μL) T2DM 1395.98 (739.61) 1360.27 (658.93) 1418.25 (626.97) 1549.23 (626.97) 1499.76 (744.80) 0.741
 HTN 1365.50 (700.37) 1479.25 (754.70) 1428.27 (599.14) 1403.83 (596.07) 1332.2 (528.55) 0.713
PLT (105 cells/ μL) T2DM 2.27 (0.98) 2.409 (1.07) 2.63 (1.18) 2.22 (1.107) 2.52 (0.84) 0.15
 HTN 2.31 (1.01) 2.58 (1.14) 2.28 (1.12) 2.14 (0.64) 2.13 (0.59) 0.133

Expressed as mean and SD, ANOVA and post-hoc tests were used. p: p value for comparing between the studied groups, p1: groups A & B, p2: groups A & C, p3: groups A & 
D, p4: groups A & E, p5: groups B & C, p6: groups B & D, p7: groups B & E, p8: groups C & D, p9:  groups C & E, p10: groups D & E. *: p value statistically significant; **: p value 
statically highly significant. T2DM: Type 2 diabetes mellitus; HTN: Hypertension; CKD: Chronic kidney disease, CBC: Complete blood count; Hb: Hemoglobin; WBC: White blood 
cell; ANC: Absolute neutrophil count; AMC: Absolute monocyte count; ALC: Absolute lymphocyte count; PLT: platele; SD: Standard deviation.
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CKD patients on dialysis have high NLR, IL-6, and high-sensitivi-
ty CRP (hs-CRP) [20]. According to Chen et al. [21], CKD patients 
with high NLR show an increased risk of poor renal outcomes. 
Macrophages within adipocytes also produce various pro-in-
flammatory cytokines [22]. Uduagbamen et al. [23] and Yuan et 
al. [24] suggest that NLR is higher in CKD patients compared to 
healthy controls; moreover, NLR is used in the risk assessment 
of CKD stage 4 patients with replacement therapies.
In the present study, inflammatory indices such as SII and SIRI 
were significantly increased in stage 5 compared to the other 
stages of CKD. Both SII and SIRI involve neutrophil and lym-
phocyte counts along with either platelet or monocyte counts. 
Hence, these composite indices could be better indicators of 
inflammation than NLR, PLR, and MLR (Table 2). In the study by 
Ustundag et al. [9], SII and PLR values are elevated in patients 
with low-grade inflammation, as indicated by a mild increase 
in CRP. High PLR predicts the onset of cardiovascular compli-
cations. The systemic inflammation response index (SIRI) has 
a high independent positive predictive value for those indi-
viduals with high-risk scores for cardiac diseases [10]. SII and 
SIRI are associated with CKD prevalence, especially in the US 
population [25]. There is a strong linkage between SII and CKD 
in older patients with HTN or T2DM [26]. Screening for CKD is 
mandatory for older individuals with hypertension or diabetes 
mellitus [27]. SII levels have a strong association with diabetic 

nephropathy (DN). According to Li et al. [28], decreased eGFR 
and urinary albumin excretion are associated with SIRI. SIRI is 
used to evaluate the risk of mortality in patients with CKD who 
are subjected to maintenance peritoneal dialysis (PD) [29].
In the present study, the study participants were grouped into 
five based on the duration of T2DM and HTN. There was no 
significant alteration in Hb and BUN across the groups with 
regard to the duration of T2DM or HTN. There was a statisti-
cally significant increase in serum creatinine levels across the 
groups based on the duration of T2DM. However, there was no 
statistically significant difference with regard to HTN. eGFR was 
statistically significant across the groups with the duration of 
either T2DM or HTN. Irrespective of the presence of hyperten-
sion or diabetes, the magnitude of kidney damage was almost 
similar (Table 3). T2DM and HTN are the primary risk factors for 
CKD and its complications [30]. According to Kaneyama et al. 
[31], HTN has a higher influence than T2DM on the progression 
of CKD in Japanese individuals. As per the present study, the 
minimum duration of hypertension or T2DM was five years. 
According to Gembillo et al. [32], diabetics show an average 
time for the onset of CKD of seven to ten years. The risk of pro-
gression of CKD to end-stage renal disease (ESRD) and cardiac 
complications is much higher in T2DM. According to Wang et 
al. [33], in China, the prevalence of CKD is 10.8%; among them, 
around 40% and 60% have T2DM and HTN, respectively.

Table 5. Distribution of derived inflammatory indices according to the duration of T2DM and HTN among CKD patients

Derived T2DM/   Duration (years)    p 
inflammatory HTN 
indices  

  Group A Group B Group C Group D Group E 
  (0–5)     (6–10)  (11–15)  (16–20) (>20)

NLR T2DM 5.73 (4.48) 6.15 (5.85) 7.19 (6.31) 7.90 (6.07) 8.82 (5.99) 0.048*
 HTN 4.95 (2.86) 5.70 (4.80) 6.64 (3.43) 6.73 (2.17) 7.18 (5.94) 0.029*
MLR T2DM 0.35 (0.19) 0.36 (0.17) 0.41 (0.28) 0.44 (0.24) 0.50 (0.33) 0.022*

   Significance between groups: p4=0.039*, p7=0.049*

 HTN 0.38 (0.21) 0.39 (0.21) 0.41(0.18) 0.46 (0.20) 0.55 (0.25) 0.022*

   Significance between groups: p7=0.011*

PLR T2DM 186.12 (100.93) 189.99 (98.78) 214.73 (134.15) 234.35 (87.74) 264.02 (202.47) 0.035*
 HTN 191.98 (102.67) 198.42 (118.05) 249.18 (146.74) 245.74 (77.79) 272.99 (230.08) 0.045*
SII T2DM 116.15 (91.42) 123.33 (91.03) 131.08 (97.29) 138.42 (60.03) 192.00 (133.84) 0.038*

   Significance between groups: p4=0.01*, p7=0.027*

 HTN 109.57 (70.31) 125.89 (89.99) 130.44 (60.53) 147.25 (55.52) 193.11 (137.55) 0.013*

   Significance between groups: p4=0.007**, p7=0.048*

SIRI T2DM 216.96 (163.96) 215.15 (162.22) 265.37 (218.58) 294.85 (169.49) 356.74 (261.46) 0.008**

   Significance between groups: p1=0.01*, p4=0.013*

 HTN 214.20 (150.69) 219.26 (165.43) 245.79 (146.39) 312.97 (173.30) 346.97 (176.13) 0.025*

Expressed as mean and SD, ANOVA and post-hoc tests were used. p: p value for comparing between the studied groups; p1: Groups A & B; p2: Groups A & C; p3: Groups A & D; p4: 
Groups A & E; p5: Groups B & C; p6: Groups B & D; p7: Groups B & E; p8: Groups C & D; p9: Groups C & E; p10: Groups D & E. *: p value statistically significant; **: p value statically 
highly significant. T2DM: Type 2 diabetes mellitus; HTN: Hypertension; CKD: Chronic kidney disease; NLR: Neutrophil to lymphocyte ratio; MLR: Monocyte to lymphocyte ratio; PLR: 
Platelet to lymphocyte ratio; SII: Systemic immune inflammation index; SIRI: Systemic inflammation response index.
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In the present study, there was a statistically significant dif-
ference in total WBC count and absolute neutrophil count 
(ANC) according to the duration of T2DM. There was a sig-
nificant increase in counts when T2DM existed for more 
than 20 years. There was a statistically significant difference 
in patients with T2DM with regard to ANC. ANC seemed to 
be a better marker than total WBC count since there were 
statistically significant changes in the early stages of CKD 
(Table 4). There were statistically significant differences in all 
the composite markers (NLR, MLR, PLR, SII, and SIRI) in CKD 
patients with either T2DM or HTN (Table 5). Similar findings 
were reported by other studies [34, 35]. There is an associa-
tion between MLR and the risk of all-cause death in patients 

with DN [27]. Turkmen et al. [36] showed that PLR is superior 
to NLR in assessing inflammation in ESRD patients. T2DM pa-
tients with DN have high SII levels [37]. SII and CKD are high 
in individuals with HTN or T2DM [26]. Low eGFR and albu-
minuria are positively correlated with SIRI [29].
In the present study, Table 6 shows the correlation among 
the biochemical variables. With advancing renal disease, he-
moglobin and lymphocyte counts decreased. Due to the in-
crease in neutrophils, monocytes, and platelets and the de-
crease in lymphocytes, the composite indices also showed a 
similar pattern. All the composite markers showed positive 
correlations among themselves. However, as individual WBC 
counts, this type of association was not seen. In T2DM, neu-

Table 6. Shows the correlation among the variables in CKD patients

   BUN Creat Hb WBC eGFR ANC AMC PLT ALC NLR MLR PLR SII 
     total

WBC-total
 r 0.131 -0.025 0.018          
 p 0.007 0.617 0.719          
eGFR
 r -0.486 -0.631 0.249 -0.035         
 p <0.001 <0.001 <0.001 0.473         
ANC
 r 0.165 -0.023 -0.053 0.964 -0.066        
 p 0.001 0.638 0.280 <0.001 0.178        
AMC
 r 0.019 0.044 0.064 0.431 -0.040 0.355       
 p 0.701 0.365 0.191 <0.001 0.411 <0.001       
PLT
 r 0.029 -0.093 0.087 0.333 0.119 0.271 0.154      
 p 0.553 0.058 0.076 <0.001 0.015 <0.001 0.002      
ALC
 r -0.136 -0.088 0.288 0.250 0.157 0.010 0.177 0.303     
 p 0.005 0.074 <0.001 <0.001 0.001 0.842 <0.001 <0.001     
NLR
 r 0.169 0.008 -0.223 0.393 -0.098 0.556 0.041 -0.027 -0.568    
 p 0.001 0.878 <0.001 <0.001 0.046 <0.001 0.396 0.581 <0.001    
MLR
 r 0.100 0.069 -0.182 0.162 -0.111 0.258 0.527 -0.039 -0.490 0.646   
 p 0.052 0.185 <0.001 0.001 0.028 <0.001 <0.001 0.526 <0.001 <0.001   
PLR
 r 0.170 0.026 -0.220 0.046 -0.062 0.188 -0.039 0.372 -0.544 0.659 0.551  
 p <0.001 0.595 <0.001 0.347 0.207 <0.001 0.428 <0.001 <0.001 <0.001 <0.001  
SII
 r 0.224 0.008 -0.210 0.498 -0.069 0.622 0.113 0.423 -0.398 0.794 0.531 0.805 
 p <0.001 0.863 <0.001 <0.001 0.161 <0.001 0.021 <0.001 <0.001 <0.001 <0.001 <0.001 
SIRI
 r 0.125 0.034 -0.165 0.488 -0.099 0.572 0.565 0.061 -0.362 0.735 0.903 0.481 0.668
 p 0.011 0.489 0.001 <0.001 0.044 <0.001 <0.001 0.214 <0.001 <0.001 <0.001 <0.001 <0.001

BUN: Blood urea nitrogen; Hb: Hemoglobin; WBC: White blood cell; eGFR: Estimated glomerular filtration rate; ANC: Absolute neutrophil count; AMC: Absolute monocyte count; 
PLT: Platelet; ALC: Absolute lymphocyte count; NLR: Neutrophil to lymphocyte ratio; MLR: Monocyte to lymphocyte ratio; PLR: Platelet to lymphocyte ratio; SII: Systemic immune 
inflammation index.
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trophils have a high predilection to move to the glomerular 
basement membrane and initiate a sequence of inflamma-
tory reactions, causing further damage to the kidney (Table 
6). Neutrophil esterase (NE) is toxic to glomerular cells, thus 
damaging renal cells [38]. Elderly CKD patients may not pres-
ent with leukocytosis, unlike younger individuals [39]. The 
findings of the present study were similar to other studies 
[40–42]. According to Xiong et al. [43], NLR, MLR, and PLR 
have the capacity to be strong predictors of 30-day mortality 
in ESRD patients requiring renal replacement therapy. Thus, 
the derived composite indices are valid, and appropriate 
markers can assess the extent of systemic inflammation, es-
pecially in resource-limited settings.

Limitations
The data regarding urine albumin excretion, ESR, and periph-
eral smears were not obtained. Comparison with well-known 
inflammatory markers such as IL-6 and hs-CRP could not be 
done. The drug histories of the participants were not com-
plete enough to analyze the effect of confounders. Also, the 
confounding effects of diabetes mellitus, hypertension, and 
obesity were not assessed. A cohort study would have helped 
in assessing the markers associated with the progression of 
CKD. Since this was a retrospective study, data on CKD in the 
earlier stages could not be obtained.

Conclusion
The study included CKD patients from stage 3a to stage 5, 
with most of them being male and more than 50 years old. 
NLR, MLR, PLR, SII, and SIRI are significantly elevated in CKD 
stage 5 compared to other CKD stages. All the composite 
indices showed a correlation with renal parameters, hemo-
globin, and inflammatory markers. Hence, the inflammatory 
markers are potential markers for the diagnosis and prog-
nosis of the various stages of CKD. Thus, they can be used 
to monitor the progression of CKD, especially in individuals 
with metabolic diseases.
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Migraine is a complex neurological disorder that impacts a 
significant portion of the global population [1]. It is a con-

dition marked by repeated occurrences of headaches ranging 
from moderate to severe intensity. These headache episodes 
frequently co-occur with other symptoms, such as nausea, 
vomiting, heightened sensitivity to light and sound, and, in 
certain cases, visual disturbances called auras preceding the 
headache itself [2]. While the precise underlying reason for mi-
graine is still unclear, it is believed to arise from an interplay of 
genetic influences, environmental triggers, and neurovascular 
mechanisms in the brain. It is important that the occurrence 

rates and degree of effects caused by migraine demonstrate 
variation across different geographic regions and nations [3]. 
Italy, for instance, has been identified as having the highest 
rate of migraine-related disability, followed closely by Thai-
land, Norway, Spain, Brazil, and Ethiopia [4, 5]. These variations 
in prevalence rates highlight the influence of geographic and 
cultural factors on the occurrence and management of mi-
graine. In Asia, the estimated average prevalence of migraine 
is 12.7%, emphasizing the significant impact of the condition 
on the continent [6]. The World Health Organization (WHO) 
recognizes migraine as the sixth most debilitating disorder 
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worldwide, causing significant disability and a reduced qual-
ity of life for affected individuals [7]. The consequences of mi-
graine reach further than just the individual level, as it places a 
substantial strain on healthcare infrastructures and economic 
productivity due to the utilization of medical resources and 
missed workdays or inability to work effectively [8].
Genetic factors play a significant role in the development and 
susceptibility to migraine. Various studies have identified sev-
eral mutant genes that may contribute to the pathophysiology 
of the condition [9]. PACAP-38, a neuropeptide involved in var-
ious physiological processes, has been suggested to play a role 
in the regulation of neuroinflammation and pain modulation 
in migraine [10]. Understanding the genetic basis of migraine 
can provide valuable insights into its underlying mechanisms 
and potential targets for therapeutic interventions [11, 12]. By 
undertaking a systematic review and meta-analysis that syn-
thesizes studies examining the connection between these mu-
tated genes and migraine, we can assess the collective strength 
of the evidence and determine the degree to which these ge-
netic variants contribute to the development of the condition. 
This comprehensive analysis can help identify genetic markers 
or pathways that may be useful in diagnosing, managing, and 
developing targeted treatments for individuals with migraine. 
The findings from this systematic review and meta-analysis 
have the potential to contribute to the field of migraine re-
search by shedding light on the genetic mechanisms involved 
in the development and manifestation of the condition.

Methods
Search strategy
Multiple electronic databases, including PubMed, Embase, 
Scopus, and Web of Science, were systematically searched 
to identify relevant studies published up until the literature 
search cutoff date of November 1, 2023. The search terms 
were carefully selected to capture articles related to migraine 
and specific mutant genes (PACAP-38). The search was limited 
to human studies and articles published in English.

Study selection
Two reviewers independently screened the titles and abstracts 
of the retrieved articles based on predefined inclusion and ex-
clusion criteria. Full-text articles were obtained for potentially 
relevant studies and further assessed for eligibility. Inclusion 
criteria included studies investigating the association between 
the PACAP-38 gene and migraine susceptibility using cross-sec-
tional, cohort, or case-control study designs. Animal studies, 
case reports, reviews, and conference abstracts were excluded.

Data extraction
Data from eligible studies were independently extracted by 
two reviewers using a standardized form. The extracted in-
formation included study characteristics, participant demo-
graphics, genotype frequencies, and relevant outcomes. Any 
discrepancies or disagreements were resolved through dis-
cussion and consensus.

Risk of bias assessment
Two separate authors conducted a risk of bias assessment ac-
cording to the ROBINS-I tool guidelines, ensuring independent 
evaluation. This evaluation covered six areas: choice of com-
parison groups, confounding bias, determination of exposure, 
assessment of outcomes, handling missing data, and presen-
tation of findings. Bias risk was categorized as low, moderate, 
serious, or critical based on domain assessment [13].

Data synthesis and statistical analysis
We utilized either random-effects or fixed-effects models 
based on the heterogeneity observed among the studies in-
cluded in our analysis. Effect sizes (Mean Standardized Differ-
ence, SMD) and their corresponding 95% confidence intervals 
were calculated. The I² statistic was used to assess heteroge-
neity between studies. We conducted subgroup and sensitiv-
ity analyses to investigate potential sources of heterogeneity 
and assess the robustness of our results. The analysis was car-
ried out using R statistical software version 4.0.2.

Results
Study characteristics
Following a systematic search, we initially identified 172 stud-
ies. Through screening of titles, abstracts, and full texts, seven 
case-control studies were deemed eligible and met the inclu-
sion criteria (Fig. 1) [14–20]. In total, 737 patients were included 
in the qualitative analysis, consisting of 427 individuals with 
migraine and 310 control participants. The included studies 
spanned diverse geographic regions and age groups to inves-
tigate the role of PACAP levels in migraine pathophysiology 
(Table 1). Across the studies, participants' ages varied wide-
ly, ranging from pediatric (8 years) to middle-aged and older 
adults (42 years). The research was conducted in countries in-
cluding the United Kingdom [18], Hungary [15], Iran [19], China 
[14, 17], and Spain [16, 20], reflecting a global perspective on 
migraine research. The minimum sample size was 9, and the 
maximum sample size was 106 among the experimental group. 
Various study designs, including experimental, exploratory, 
and case-control approaches, were employed, each providing 
unique insights into PACAP's involvement in migraine. All stud-
ies included in our analysis measured PACAP levels utilizing en-
zyme-linked immunosorbent assay (ELISA) methodology.

Meta-analysis
The random-effects model showed an SMD of 0.55 (95% CI:-
0.15 to 1.5), indicative of a potential positive effect, though 
lacking statistical significance (p=0.12). Interestingly, the in-
clusion of PACAP-38 mutation status did not substantially al-
ter the observed effect size. Nevertheless, considerable het-
erogeneity persisted among studies, with an I² value of 93%, 
suggesting notable variability in effect sizes even after ac-
counting for PACAP-38 mutations. The wide prediction inter-
val, spanning from -1.40 to 2.51, underscores the uncertainty 
surrounding the true effect size (Fig. 2). We attempted a sensi-
tivity and specificity analysis to overcome the heterogeneity. 
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The updated meta-analysis (Fig. 3), conducted after removing 
Liu et al. [14] and Perez-Pereda et al. [20], includes 5 studies 
with a total of 386 observations (250 experimental, 136 con-
trol). The random-effects model reveals a standardized mean 
difference (SMD) of 0.07 (95% CI: [-0.0006, 0.15]), suggesting 
a small positive effect that is borderline significant (p = 0.05). 
Notably, the analysis demonstrates very low heterogene-
ity among the included studies, with I²=0.0% [0.0%; 79.2%], 
Tau²=0.0003, and a Q statistic of 0.27 (p=0.99). The prediction 
interval [-0.27, 0.42] indicates the range within which true ef-
fect sizes in similar studies are likely to fall.

Risk of bias
Within the included studies (Table 2), two were identified to 
possess an overall moderate risk of bias, whereas the remain-
ing studies were classified as having a low risk. Specifically, two 
studies exhibited moderate risks of bias related to confound-
ing and selection of participants [14, 19]. None of the studies 
were identified as having serious or critical risks of bias.

Discussion
The present meta-analysis synthesized findings from seven 
studies investigating the impact of PACAP levels in migraine 

pathophysiology. Our analysis indicated an SMD of 0.55, im-
plying a potential positive effect of PACAP on migraine. How-
ever, it is important to note that this effect did not reach statis-
tical significance (p=0.12). Notably, the inclusion of PACAP-38 
mutation status did not significantly alter the observed effect 
size, indicating that other factors may contribute to the vari-
ability in PACAP levels observed across studies. Despite the 
intriguing trend toward a positive effect, considerable het-
erogeneity was evident among the included studies, with an 
I² value of 93%. The significant heterogeneity observed sug-
gests notable variability in effect sizes, likely stemming from 
differences in study populations, methodologies, and clinical 
characteristics among migraine patients. The wide prediction 
interval, spanning from -1.40 to 2.51, underscores the uncer-
tainty surrounding the true effect size of PACAP on migraine. 
This uncertainty may be attributed to the limited number of 
studies included in the analysis, as well as the complex and 
multifactorial nature of migraine pathophysiology.
PACAP is believed to have multiple roles in the development of 
migraines, including the activation of TVS and intracranial va-
sodilation [17]. Previous studies propose that reduced interic-
tal PACAP-38 concentrations in individuals with migraines may 
originate from various factors, such as suboptimal brain energy 

Figure 1. A PRISMA diagram illustrating the search strategy.
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levels, mitochondrial abnormalities, imbalanc-
es in neuronal Mg²+, and the degradation of 
PACAP-releasing circuits [17]. Administering 
PACAP might result in an expansion of the su-
perficial temporal artery diameter and a reduc-
tion in mean blood flow velocity in the middle 
cerebral artery [21]. Numerous studies have 
examined the relationship between plasma 
PACAP levels and various phases of migraines, 
yielding mixed results. Specifically, two stud-
ies have focused on interictal peripheral lev-
els of PACAP in migraine patients, revealing 
decreased levels in individuals experiencing 
migraines [14, 15]. Another study observed 
decreased interictal serum PACAP levels in pa-
tients with EM, but no significant difference 
was detected between CM patients and con-
trols [22]. The findings from Han et al.'s [17] 
study indicate a noteworthy decrease in PACAP 
levels in plasma among individuals with both 
episodic migraine (EM) and chronic migraine 
(CM) when compared to those in the healthy 
control group. Some evidence suggests that 
sumatriptan treatment may cause decreased 
PACAP levels [18]. Additionally, interictal PA-
CAP levels have been observed to show a neg-
ative correlation with the duration of migraine 
disease [15, 17]. In contrast to our findings, 
elevated serum PACAP levels in patients with 
CM were identified by Pérez-Pereda et al. [20], 
distinction that more effectively differentiated 
them from cases of EM and control subjects.
Overall, while our analysis suggests a poten-
tial association between PACAP levels and 
migraine, the findings should be interpreted 
with caution due to the high heterogeneity 
and wide prediction interval. Future research 
should aim to elucidate the underlying mech-
anisms driving the observed variability in PA-
CAP levels and explore potential therapeutic 
implications for targeting the PACAP path-
way in migraine management. Furthermore, 
larger-scale studies employing standardized 
methodologies are necessary to provide 
deeper insights into the role of PACAP in mi-
graine and its potential as a therapeutic target.

Limitations
A limitation of our meta-analysis is the intrinsic 
heterogeneity among the studies included, po-
tentially contributing to the observed variabili-
ty in effect sizes. The diverse study populations, 
methodologies, and clinical characteristics of 
migraine patients across different geographic 
regions and age groups could have influenced Ta
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the results. Additionally, the limited number of studies avail-
able for inclusion may have restricted the generalizability of our 
findings and increased the risk of publication bias.

Strengths
Despite these limitations, our meta-analysis offers several 
strengths. By synthesizing data from multiple studies, we 
provided a comprehensive overview of the current literature 
regarding PACAP levels in migraine pathophysiology. The 

inclusion of studies from diverse geographic regions and 
age groups enhances the external validity of our findings, 
providing insights into PACAP's role in migraine across dif-
ferent populations. Additionally, our analysis utilized rigor-
ous statistical methods, including a random-effects model, 
to account for heterogeneity among studies and provide ro-
bust estimates of effect sizes. Overall, our study contributes 
to the growing body of evidence on PACAP and migraine, 
highlighting the need for further research in this area.

Table 2. Risk of bias

Author Selection of Bias due to Ascertainment Measurement Missing Reporting of Overall 
 comparison confounding of exposure of outcome data results risk of 
 groups      bias

Zagami et al. [18] 2014 Low Low Low Low Low Low Low
Tuka et al. [15] 2016 Low Low Low Low Low Low Low
Han et al. [17] 2015 Low Low Low Low Low Low Low
Cernuda‐Morollón et al. [16] 2016 Low Low Low Low Low Low Low
Pérez-Pereda et al. [20] 2020 Low Low Low Low Low Low Low
Liu et al. [14] 2022 Moderate Low Low Low Low Low Moderate
Togha et al. [19] 2021 Low Moderate  Low Low Low Low Moderate 

Figure 3. Forest plot after sensitivity analysis of the included studies.
SD: Standard deviation; SMD: Standardized mean difference; CI: Confidence interval; I²: I-squared (measure of heterogeneity).

Figure 2. Forest plot for the PACAP-38 mutation gene in Migraine.
SD: Standard deviation; CI: Confidence interval; I²: I-squared (measure of heterogeneity); PACAP-38: Pituitary Adenylate Cyclase-Activating Peptide-38.
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Conclusion
In conclusion, the results of this systematic review and me-
ta-analysis suggest a potential involvement of PACAP-38 
genes in migraine development. However, it is imperative to 
conduct further research to validate these findings and com-
prehensively grasp the intricate interplay between genetics 
and migraine. Future research should focus on investigating 
the potential mechanisms underlying the association be-
tween PACAP-38 genes and migraine, as well as examining 
other genetic and environmental factors that may contribute 
to the development of this disorder. Moreover, longitudinal 
studies are necessary to determine the temporal relationship 
between PACAP-38 genes and the onset of migraine.
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In the rapidly changing field of healthcare, sustainability is 
a key goal. Attention to sustainability is crucial for govern-

ments, the general population, and the healthcare system 
[1]. In 1987, the United Nations released the Brundtland Re-
port, which defined sustainable development as "develop-
ment that meets the needs of the present without compro-
mising the ability of future generations to meet their own 
needs" [2, 3]. Although healthcare facilities work to main-
tain and enhance public health, their effects on the environ-
ment can have a detrimental effect on the welfare of peo-
ple and other living things [4]. Sustainability in healthcare 
has evolved from being primarily environmental to being a 
comprehensive concept that takes socio-ecological and so-
cio-technical system balance into account [5].

Ironically, the healthcare sector is one of the biggest emit-
ters of greenhouse gases despite its commitment to pro-
tecting and enhancing human health. It is critical that 
healthcare practices embrace sustainability and actively 
work towards achieving carbon net zero in the face of this 
worsening global catastrophe.

Green Laboratory Design and Infrastructure
Medical laboratories are essential for diagnostics but pose sig-
nificant environmental challenges due to their energy-inten-
sive operations. Traditional lab designs prioritize functionality 
over sustainability, leading to high energy consumption, inef-
ficient space use, and negative environmental impacts. Com-

As awareness of the environmental impact of healthcare facilities, including laboratories, grows, there is a pressing 
need to adopt sustainable practices within laboratory medicine. Sustainability is therefore a key goal in the quickly 
evolving healthcare landscape. This review explores forward steps in green medical laboratory practices and of-
fers perspectives on sustainability in healthcare, specifically within the context of laboratory medicine. The review 
assesses the environmental footprint of laboratory operations, considering factors such as energy consumption, 
resource utilization, chemical usage, and waste generation. Technological advancements and educational initiatives 
aimed at fostering a culture of sustainability are also discussed as essential components of the transition toward 
greener medical laboratory practices. This review underscores the importance of integrating sustainability principles 
into laboratory medicine to mitigate environmental impact while ensuring the delivery of high-quality healthcare 
services for present and future generations.
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pared to an office block, a typical laboratory needs three to six 
times as much energy per unit surface area [6]. This high energy 
demand increases operating costs and contributes to environ-
mental degradation, including greenhouse gas emissions and 
waste generation. Poor lab layouts also result in underutilized 
space and poor indoor air quality, posing health risks. In addi-
tion to energy consumption, labs are significant water users and 
waste producers. Sustainable water conservation measures in-
clude acquiring instruments with reduced water usage, install-
ing automatic shut-off valves on sinks, and using adjustable 
water settings. Prioritizing eco-friendly manufacturers with ISO 
certification can further enhance sustainability. As healthcare 
institutions strive to meet rising service demands while re-
ducing their ecological footprint, adopting sustainable design 
principles in labs is imperative. Sustainable labs offer numerous 
benefits, including reduced energy consumption and operat-
ing costs through optimized space utilization and energy-effi-
cient technologies. Enhanced ventilation and filtration systems 
improve indoor air quality, creating a healthier work environ-
ment. Additionally, sustainable design future-proofs lab infra-
structure against evolving regulatory requirements and market 
dynamics, enhancing organizational resilience.

Passive Energy Systems
Leveraging natural light, passive solar heating, and natural 
ventilation mitigates energy usage while enhancing occupant 
comfort, forming a cornerstone of sustainable laboratory de-
sign. Natural light reduces the need for artificial lighting by in-
corporating large windows, skylights, and light wells, creating 
a more pleasant and productive environment. Passive solar 
heating maximizes solar heat gain in winter and minimizes it 
in summer through strategic window placement, shading de-
vices, and thermal mass, reducing reliance on traditional heat-
ing systems. Natural ventilation, using operable windows, lou-
vers, and vents, improves air quality and reduces the need for 
mechanical systems. These passive energy systems not only 
cut energy consumption but also enhance the overall experi-
ence for staff and visitors [7].
The U.S. Environmental Protection Agency (EPA) has crite-
ria for sustainable laboratory design focusing on reducing 
emissions, improving technology efficiency, and promoting 
resource management. Adhering to these standards helps 
laboratories reduce environmental impact while enhancing 
operational efficiency and cost-effectiveness [8].

Emission Reduction
Sustainable laboratory design and operation aim to min-
imize emissions of pollutants and greenhouse gases. This 
can be achieved through the use of energy-efficient equip-
ment, such as low-emission fume hoods and energy-effi-
cient lighting systems. Additionally, laboratories can imple-
ment waste reduction and recycling programs to minimize 
the generation of hazardous waste and reduce emissions 
associated with waste disposal [9].

Technology Efficiency
The EPA encourages laboratories to adopt energy-efficient 
technologies that reduce energy consumption and improve 
overall efficiency. This includes the use of energy-efficient 
HVAC (Heating, Ventilation, and Air Conditioning) systems, 
high-efficiency lighting, and energy-efficient laboratory 
equipment. Laboratories can also implement energy manage-
ment systems to monitor and optimize energy use, further re-
ducing energy consumption and costs [10].

Prudent Resource Management
Sustainable laboratory design and operation also involve 
prudent resource management, including the efficient use of 
water, materials, and chemicals. Laboratories can implement 
water-saving measures, such as low-flow faucets and water-ef-
ficient equipment, to reduce water consumption. Additional-
ly, laboratories can use environmentally friendly materials and 
chemicals, such as non-toxic cleaning products and recycled 
materials, to minimize their environmental impact [11].
Load minimization is a critical aspect of sustainable laboratory 
design and operation. It involves aggregating areas with similar 
energy demands and minimizing loads to reduce energy con-
sumption and improve air quality within the laboratory. By opti-
mizing the distribution of energy loads and reducing the overall 
energy demand, laboratories can achieve significant energy sav-
ings and create a healthier indoor environment for occupants. 
One of the key strategies for load minimization is to aggregate 
areas with similar energy demands. This involves grouping labo-
ratory spaces based on their energy requirements, such as tem-
perature and humidity control, lighting, and equipment usage. 
By clustering areas with similar energy needs, laboratories can 
optimize the distribution of energy loads and reduce the overall 
energy demand. Laboratories can also implement energy man-
agement systems to monitor and optimize energy use, further 
reducing energy consumption and costs [12].

HVAC Systems Optimization
Employing efficient HVAC systems, variable air volume (VAV) 
ventilation, and low-flow hoods significantly reduces ener-
gy consumption and enhances air quality management. Se-
lecting energy-efficient HVAC systems minimizes energy use 
while providing optimal comfort, leading to substantial sav-
ings. VAV systems adjust airflow based on demand, reducing 
energy consumption and improving indoor air quality. Addi-
tionally, low-flow hoods provide necessary ventilation with 
minimal air conditioning, further reducing energy use and 
enhancing the working environment [13].

Renewable Energy Integration
Harnessing wind turbines, solar panels, and biomass systems 
as renewable energy sources is crucial for sustainable labora-
tory operations. Integrating renewable energy reduces reli-
ance on fossil fuels and lowers carbon footprints. Solar panels, 
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commonly installed on roofs or walls, convert sunlight into 
electricity for laboratory equipment, lighting, and HVAC sys-
tems. Wind turbines, placed on or near laboratory buildings, 
capture wind energy for similar uses. Biomass systems gener-
ate heat and electricity from organic materials like wood chips 
and agricultural residues, further reducing dependence on 
grid electricity and fossil fuels [14].

Cost Analysis
Utilizing building simulation technology enables precise cost 
analysis, ensuring alignment with energy efficiency and fi-
nancial goals. This technology accurately models the energy 
performance of laboratory buildings, allowing identification 
of potential improvements. Detailed cost analysis helps de-
termine the most cost-effective energy efficiency measures, 
maximizing energy savings. Additionally, building simulation 
technology predicts long-term energy savings, assessing the 
financial viability and payback period of these measures. This 
ensures laboratories achieve a positive return on investment 
while meeting their energy efficiency objectives.

Design Flexibility
Flexible infrastructure enables seamless integration of emerg-
ing technologies and facilitates future upgrades, making it a 
key aspect of green labs. This design flexibility allows laborato-
ries to adapt to changing needs and incorporate new technol-
ogies, ensuring continued efficiency and sustainability. It helps 
labs stay at the forefront of innovation by easily integrating new 
technologies and future-proofing their facilities. Additionally, 
flexible infrastructure simplifies future upgrades, allowing labs 
to meet new requirements without costly and disruptive reno-
vations, maintaining efficiency and sustainability over time [15].

Comprehensive Commissioning
Third-party commissioning validates laboratory systems, en-
hancing quality assurance and performance optimization, a 
critical aspect of green labs. Comprehensive commissioning 
identifies and addresses deficiencies or inefficiencies through 
thorough testing and verification. This ensures systems func-
tion as intended and meet performance objectives. Addi-
tionally, it identifies opportunities for energy savings, rec-
ommending measures to enhance efficiency, reduce energy 
consumption, and lower costs [16].

Rethinking Renovation
Repurposing existing facilities with sustainable systems or 
renovating buildings to align with eco-friendly practices offers 
a pragmatic approach to minimizing environmental impact. 
This is crucial for green labs, allowing them to reduce their car-
bon footprint and leverage existing infrastructure. Renovating 
with sustainable features like energy-efficient lighting, HVAC 
systems, and water-saving fixtures creates more sustainable 
and comfortable working environments, benefiting both the 
environment and laboratory staff [11].

Green Procurement Practices
Procuring green lab concept
Implementing green revolution measures in a clinical labora-
tory involves adopting environmentally sustainable practices 
to minimize resource consumption, reduce waste, and pro-
mote overall eco-friendliness.

Chemical Management
Chemicals play an integral role in our society, contributing 
to advancements in human health and the extension of life 
expectancy, particularly within the realms of healthcare and 
clinical laboratories. Despite their crucial contributions, these 
substances also pose potential risks to both human health 
and the environment due to their inherent hazardous nature. 
While chemicals have undeniably enhanced various aspects 
of our lives, there is a need for careful consideration and man-
agement to mitigate any adverse effects they may pose to 
health and the environment [17]. The risks associated with 
chemicals encompass their entire lifecycle, spanning produc-
tion, transport, use, and disposal. Ensuring the proper and sus-
tainable management of chemicals is of utmost importance. 
Hazardous chemicals, identified as significant contributors to 
various health conditions in the European Union (EU), have 
been linked to ailments such as cancer, neurodevelopmental 
disorders, reproductive issues, metabolic disorders, cardio-
vascular diseases, and respiratory disorders. Addressing these 
risks requires comprehensive measures at every stage of the 
chemical lifecycle to safeguard both human health and the en-
vironment [18]. Typically, population subgroups facing great-
er vulnerability, such as children from lower socioeconomic 
backgrounds, are more prone to developing diseases linked 
to pollution [19]. Moreover, exposure to chemicals, even at 
low levels, can contribute to enduring health effects. This in-
cludes issues like decreased fertility, lower birth weights, and 
neuropsychiatric conditions in children. Approximately 10–
15% of all births exhibit neurobehavioral development disor-
ders, with attention-deficit hyperactivity disorder (ADHD) and 
autism spectrum disorder presenting a widespread distribu-
tion. Addressing these challenges is crucial for promoting the 
long-term health and well-being of vulnerable populations, 
particularly children. By embracing green chemistry, there is 
a concerted effort to evaluate the overall life cycle impact of 
a particular chemical. This approach aims not only to enhance 
the efficiency of chemical processes but also to prioritize sus-
tainability, safety, and environmental responsibility through-
out the entire life cycle of chemical products [20].
To eliminate or reduce hazardous chemicals effectively, the 
following actions, as suggested in reference, can be imple-
mented [21]:
1. Eliminate Hazardous Chemicals Whenever Possible:

• Replace mercury thermometers with safer alternatives.
• Cease the use of ethidium bromide for gels.
• Explore and adopt solventless chemical reactions when 

feasible.
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• Utilize computer simulations as substitutes for experi-
mental procedures.

2. Reduce Quantities of Harmful Chemicals, Reagents, and 
Precursors:
• Implement more efficient chemical reactions to mini-

mize the overall quantity of hazardous substances.
• Embrace green chemistry principles to substitute 

harmful chemicals with less toxic alternatives.
3. Procurement:

• Prioritize the procurement of chemicals with lower tox-
icity and environmental impact.

• Collaborate with suppliers who adhere to sustainable 
and environmentally friendly practices.

• Consider life cycle assessments when selecting chemi-
cals to understand their overall impact.

By actively implementing these measures, laboratories can 
contribute to the reduction of hazardous chemicals, promot-
ing safety, sustainability, and environmental responsibility in 
their practices.

Equipment Selection
The selection of equipment for a laboratory should prioritize 
environmentally friendly options to promote sustainabil-
ity. Laboratory instruments such as fume cupboards, -80°C 
freezers, autoclaves, and incubators frequently operate 
around the clock and, on average, consume energy equiva-
lent to or greater than that of a typical single-family house. 
Efficient freezer management plays a crucial role in reduc-
ing energy consumption. This involves regular defrosting, 
discarding unnecessary samples, and frequent cleaning of 
filters and condensers to facilitate the dissipation of gener-
ated heat. Minimizing the duration of freezer door openings 
also contributes significantly to energy conservation [22]. A 
significant measure to reduce energy consumption involves 
adjusting the freezer temperature from -80°C to -70°C [23]. 
This modification can result in a decrease in energy usage by 
20%–34% while simultaneously improving temperature con-
sistency (±1°C at -70°C compared to ±4.5°C at -80°C). Power-
ing off instruments when not in use can also yield a substan-
tial impact. In a clinical laboratory, for instance, this practice 
contributes to energy conservation. Finally, it is crucial for 
laboratories to embrace sustainable procurement practic-
es. This involves establishing an efficient ordering process, 
implementing proper inventory management to reduce un-
necessary transport and CO2e emissions, and actively seek-
ing out more sustainable products.

Education and Training for Sustainable Practices
A circular economy – minimal usage of Earth’s resources
Global healthcare waste creation is increasing at an accelerat-
ed pace of 2%–3% as healthcare facilities expand to meet de-
mand worldwide [24]. The amount of trash generated by the 

global healthcare industry is quickly becoming an environ-
mental problem. To reduce this impact, appropriate treatment 
plans and focused management must be implemented prior 
to the waste becoming waste. Healthcare settings must im-
plement secure systems that collect, transport, separate, and 
handle waste before disposing of it. As practitioners of health-
care science, we may take steps to lessen clinical laboratory 
practice's carbon impact and ultimately assist the healthcare 
industry in meeting its carbon-zero goals.
According to a 2015 evaluation done by the World Health Or-
ganization (WHO), very few nations were found to have ad-
equate waste disposal systems. Outdated technologies, lack 
of worker skills, and restricted budget allocation were the 
causes of this shortfall. A clinical laboratory must collaborate 
and work with all other links in the supply chain, including 
other departments, organizations, suppliers, and regional 
education providers, for reuse, repair, and reconditioning to 
be successful. Reselling resources can result in financial gains, 
sharing resources lessens the demand for new manufacturing, 
and repurposing equipment in educational settings not only 
promotes the circular economy model but also offers practical 
training possibilities for the workforce of the future.

Advocating Practice: The Carbon Footprint of 
Travel
When analyzing the travel connected to healthcare that 
occurs in laboratories, we must take into account travel by 
the staff, suppliers, patients, and samples. Administrators in 
laboratories should think about advocating for a decrease in 
carbon-intensive forms of transportation and implementing 
practices that can lessen the carbon footprint of delivering 
samples and resources. Frequent variations in the need for 
tests can frequently result in urgent "kit" orders, where pro-
viders receive several requests for a single supply of goods—
often carried out using carbon-intensive methods—from 
suppliers. Carbon emissions can be reduced by promoting 
the sharing of kits and consumables among groups in times 
of need, thereby doing away with the requirement for sin-
gle-item, long-distance deliveries.

Sample Collection and Processing
The laboratory's carbon footprint will be impacted by the 
quantity of samples collected, the mode of transportation, 
the delivery route, and the frequency of collection. It is simple 
to understand how the laboratory contributes to the plastic 
waste of healthcare when you take into account the creation, 
usage, and disposal of sample transport bags. The majority of 
healthcare laboratories make an unquantifiable contribution. 
Although the switch to single-use plastics is a major factor in 
the creation of plastic trash, we can take action to change this 
behavior. One proposal is to replace single-use sample bags 
with sample transport boxes. Not only may samples be carried 
in boxes safely and securely, but moving away from bags also 
increases sample loss prevention and confidentiality. With just 
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a little initial work, a straightforward modification like a reus-
able transport box can cut down on the usage of single-use 
plastics, speed up the process of unbagging samples, and 
shorten turnaround times [25].

Sustainability in Clinical Laboratories
Phlebotomy practitioners may encounter many challenges, 
such as mislabeling, sample rejection, and retests. However, 
we must not overlook the necessity of teaching medical pro-
fessionals how to reduce the number of unnecessary tests 
they order. Overall, meaningful carbon savings and environ-
mental advantages can be achieved by lowering the quantity 
of samples that are carried, processed, and disposed of.

Avoiding Damages
In order to address the climate and public health crises, it 
is imperative that we, as ethical healthcare practitioners, 
collaborate, teach, and exchange sustainable methods. In-
dividually, we must integrate the sustainability agenda into 
our practice both now and in the future and make sure that 
sustainability practice education permeates every aspect of 
our work, including professional qualifications, professional 
development materials, and inductions. Due to its straight-
forward premise that encourages product reuse, repair, and 
reconditioning, the circular economy is a workable alterna-
tive. However, we must manage the sustainable healthcare 
supply chain before a circular model can be implemented. 
Information gathering, supply analysis, dialogue and coop-
eration with suppliers, evaluation of service providers, and 
investment from both internal and external sources, as well 
as the involvement of end users, are all necessary to get there 
[26]. Numerous studies [27] have demonstrated that pre-an-
alytical errors can lead to an unwarranted carbon footprint; 
hence, the demand for higher education is pressing.

Point-of-Care Testing and Its Pertinence
Point-of-care testing (POCT) is considered to have a signifi-
cantly lesser impact than laboratory analysis, frequently due 
to the fact that fewer staff, sample, and patient transporta-
tion requirements apply. Additionally, the method improved 
the environment since the POCT test would eliminate the 
requirement for laboratory analysis. However, it is pertinent 
that essential clinical patient needs and quality control pro-
cedures are taken into account while implementing POCT. 
Sustainability in Quality Improvement (SusQI) is one such 
project that serves as a solid paradigm for Education for 
Sustainable Development (ESD) in healthcare profession-
al development. The healthcare version of ESD, known as 
SusQI, was created by The Centre for Sustainable Health-
care (CSH) [28] and considers four principles of sustainable 
healthcare [29]: Prevention, patient self-care, lean delivery, 
and low-carbon alternatives. Healthcare professionals who 
promote sustainability across many professional groups and 
disciplines can receive virtual training and help from CSH 

to integrate these ideas into ESD. Therefore, the foundation 
for professional sustainability education delivery in higher 
education and the healthcare industry can be formed by the 
principles of ESD and SusQI.
Since 2015, the advancement of ESD spearheaded by UN-
ESCO has evolved, and it is now being incorporated into 
high-quality frameworks for continuing professional devel-
opment in both global healthcare and education [30]. ESD's 
overarching goal is to transform society by equipping learn-
ers with essential information, skills, values, and attitudes. 
Healthcare practitioners can learn about ESD abilities by 
applying the following principles: Thinking (future, systems, 
and creatively), learning (collaborative and participatory), 
and critical reflection. Future thinking is the process of an-
alyzing social, environmental, and economic goals as well 
as the effects of inactivity through peer debate. Systems 
thinking involves applying case studies that are connected 
to students' current work to help them comprehend carbon 
measurement, circular economy modeling, and the team-
work needed to bring about change. Using team-based 
learning techniques, reflective practice, didactic instruction, 
and critical analysis of research with supporting data, criti-
cal reflection is accomplished. Peer and experiential learning 
that takes action research in the workplace into account is 
known as participatory learning. Using creative thinking and 
project-based learning to promote change, problem-based 
learning is connected to local Quality Improvement stan-
dards. Collaborative learning includes interprofessional col-
laboration, local and guest expert contributions, and collab-
orative learning methodologies. As a healthcare laboratory 
expert begins to think about sustainability, knowledge is 
necessary for an accepted impact measurement. The labora-
tory professional must gain knowledge of social impact mea-
surement, circular economy modeling, and carbon measure-
ment. To obtain maximum good social results, the proposed 
modification concept must take into account both the posi-
tive and negative social repercussions of the current system. 
Single-use plastic products are extensively used from a qual-
ity and safety as well as health standpoint. In addition, there 
is no avoiding the sector's high energy usage. Through ESD, 
students should be able to make decisions and take actions 
that will help the economy and the environment. Education 
providers acknowledge the importance of ESD in providing 
high-quality instruction. Therefore, it is essential to instill 
ESD as a core skill in both present and upcoming graduates 
as well as practicing professionals. The "triple bottom line" 
strategy is incorporated into ESD initiatives, which enables 
the student to use social, economic, and environmental fac-
tors to strike a balance for sustainable development [31].

Utilization of SusQI for Laboratory Profession-
al ESD
Any healthcare professional group can readily implement 
SusQI as a method [32], and any part of the patient pathway, 
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including laboratory diagnoses, can incorporate social and 
environmental predicaments. Sustainable and green profes-
sional practice can be integrated into the laboratory by ap-
plying SusQI principles to healthcare laboratory scenarios and 
promoting problem-solving on how these can be addressed. 
Interprofessional collaboration also has the added benefit of 
increasing the profession's visibility.

Conclusion
In conclusion, the imperative for sustainable practices in 
healthcare, particularly in laboratory medicine, cannot be 
overstated. The traditional approach to laboratory design 
and operation is inefficient and environmentally detrimental. 
However, by embracing green practices and implementing 
sustainable design principles, laboratories can significantly 
reduce their ecological footprint while enhancing operational 
efficiency and cost-effectiveness.
Key strategies such as emission reduction, technology efficien-
cy, prudent resource management, passive energy systems, 
HVAC systems optimization, renewable energy integration, 
cost analysis, design flexibility, comprehensive commission-
ing, and rethinking renovation all contribute to the overarch-
ing goal of creating a more sustainable healthcare infrastruc-
ture.
The transition to sustainable laboratory practices is not only a 
moral imperative to protect our planet for future generations 
but also a strategic necessity to ensure the long-term viability 
of healthcare systems worldwide. By prioritizing sustainability, 
laboratories can contribute to mitigating climate change and 
foster healthier and more productive work environments for 
laboratory staff and patients alike.
Advancing green medical laboratory practices is not merely an 
option but a responsibility that healthcare institutions must 
embrace to safeguard public health, protect the environment, 
and pave the way for a more sustainable future.
In essence, the integration of sustainable practices with-
in clinical laboratories is paramount for mitigating envi-
ronmental impact, promoting resource conservation, and 
ensuring the long-term viability of healthcare systems. 
Through collaboration and innovation, laboratories can 
lead the way towards a healthier and more environmentally 
conscious future.
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MM is a malignant plasma cell condition representing 
around 1% of all cancer cases and approximately 10% of 

all hematologic malignancies [1]. The clinical manifestations of 
the disease are caused by the malignant cells, monoclonal pro-
tein, or cytokines produced by the malignant cells. The acronym 
"CRAB" briefly summarizes the principal symptoms and compli-
cations: "C" denotes hypercalcemia, "R" renal failure, "A" anemia, 
and "B" is a bone lesion [2]. Skin infiltration is rarely observed. 
The median age at which MM is diagnosed is approximately 70 
years old, and less than 2% of patients are diagnosed before the 
age of 40 [3]. The present case, which we describe, is a rare case 
of MM in a 27-year-old young man with skin involvement.

Case Report
A 27-year-old male reported acute and intense left lower 
limb pain that lasted three weeks, as well as low back pain, 

epistaxis, asthenia, loss of appetite, and weight loss. A phys-
ical examination of his trunk revealed multiple asymptom-
atic nodular lesions.

Results
During the initial appointment, routine laboratory tests re-
vealed acute renal impairment (creatinine: 4.96 mg/dL, urea: 
178 mg/dL), hypercalcemia (11.60 mg/dL), moderate normo-
chromic normocytic anemia (10.3 g/dL), and elevated C-reac-
tive protein (7.4 mg/dL). Urinalysis showed hematuria (12,000/
mL) and leukocyturia (3,000/mL). The left knee X-ray revealed 
the existence of numerous osteolytic lesions on the lower ex-
tremity of the femur. Subsequently, the patient underwent he-
modialysis to address the acute renal failure, antibiotic therapy 
was initiated to manage any underlying infection, and a com-
plete investigation for MM was then performed. Serum protein 
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electrophoresis found a monoclonal peak in the gamma glob-
ulin fraction (Fig. 1). The serum immunofixation assay identi-
fied the monoclonality of the IgG-Lambda isotype. Urine im-
munofixation showed a monoclonal IgG-Lambda band and an 
excess of monoclonal free lambda light chains. Serum free light 
chain (sFLC) assay revealed increased excretion of monoclonal 
lambda light chains >1026.98 mg/dL (normal: 122–437 mg/dL) 
and a Kappa/lambda ratio <0.05 (normal: 1.30–2.61). Serum 
β2 microglobulin levels were high at 10,520 ng/mL (normal: 
970–2640 ng/mL) with normal lactate dehydrogenase (LDH) 
levels. Table 1 summarizes laboratory test results obtained at 
the initial assessment. The myelogram revealed plasmacytosis 
in more than 12% of the bone marrow mononuclear cells. A 
whole-body low-dose CT scan was performed, which revealed 
multiple osteolytic lesions of the axial and peripheral skeleton. 
A cutaneous nodule biopsy revealed an infiltrate of clonal plas-
ma cells expressing CD138, CD56, lambda light chain, and Ki67 
(95%) in immunohistochemistry, indicating cutaneous involve-
ment of the patient's MM. The bone marrow biopsy results are 
shown in Figure 2. Once the patient's renal function improved, 
he was scheduled to see an oncologist.

Discussion
MM is a clonal B-cell malignancy that affects terminally differ-
entiated plasma cells and is the second most prevalent hema-
tological malignancy after non-Hodgkin lymphoma [4]. M pro-
tein, which can be present as intact immunoglobulin or light 
chain alone, is a key disease characteristic. MM is most com-
mon among the elderly, with the peak incidence occurring in 
the seventh decade of life [5]. A small percentage of MM are 
identified before age 40 (around 2%) or younger than 30 (0.3%) 
[6]. Due to their uncommon occurrence, the clinicopatholog-
ical characteristics and prognosis of early-onset MM patients 
remain unclear. The limited evidence available in this field pri-
marily consists of individual case reports or small series [6, 7].
While most studies suggest that the clinical and laboratory fea-
tures of younger individuals with MM resemble those reported 
in the general MM patient population, some investigations have 
reported a higher prevalence of osteolytic lesions and light chain 
myeloma in younger patients than their older counterparts [8].
For most MM patients, plasma cell growth is primarily con-
fined to the bone marrow. However, some MM patients de-
velop extramedullary myeloma, characterized by the growth 
of clonal plasma cells outside the bone marrow (skin, muscle, 
pleura, lymph nodes, liver, and the central nervous system). 
Cutaneous involvement is a rare occurrence in MM, with an 
incidence of 1.14%, and often indicates a high tumor load, 
poor prognosis, and late stages of the disease [9]. This extra-
medullary spread in MM is caused by the downregulation of 
chemokine receptors and adhesion molecules, allowing plas-
ma cells to evade the bone marrow microenvironment [10]. 
This is associated with high-risk genetics, accelerated prolif-
eration, apoptosis escaping, and treatment resistance [11]. 
Histology is crucial in distinguishing between cutaneous MM, 

Table 1. Summary of laboratory test results

Laboratory test Result Reference 
   value

Creatinine (mg/dL) 4.96 0.72–1.25 
Urea (mg/dL) 178 15–45 
Calcium (mg/dL) 11.6  8.4–10.2 
Hemoglobin (g/dL) 10.3 13–18 
MCV (fL) 81 80–98 
MCH (pg) 28.9  27–32
Hematocrit (%) 28.9 40–54 
C-reactive protein (mg/dL) 7.4  <0.5 
sFLC
 Kappa (mg/dL) 52.4 122–437
 Lambda (mg/dL) >1027  62–231
 Kappa/Lambda ratio <0.05 1.30–2.61
Serum β2 microglobulin (ng/mL) 10520 970–2640
Urine β2 microglobulin (ng/mL) 390 <320
LDH (U/L) 174 125–243
Albumin (mg/dL) 3500  3500–5000
Total proteins (mg/dL) 9100 6000–7800
Uric acid (mg/dL) 10.2 3.5–7.2
IgG (mg/dL) 5308 540–1822
IgA (mg/dL) 78  63–484
IgM (mg/dL) 43  22–240 

MCV: Mean corpuscular volume; MCH: Mean corpuscular hemoglobin; sFLC: 
Serum free light chains; LDH: Lactate dehydrogenase; IgG: Immunoglobulin G; IgA:  
Immunoglobulin A; IgM:  Immunoglobulin M.

Figure 1. Gamma globulin peak on serum protein electrophoresis.
A/G ratio: Albumin/globulin ratio.
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skin infections, and paraneoplastic conditions, including skin 
light chain amyloidosis (AL) and scleromyxedema.
The survival rates of MM patients have lately improved consid-
erably as a result of novel therapy techniques that include pro-
teasome inhibitors, immunomodulatory treatments, mono-
clonal antibodies, and stem cell transplantation. However, MM 
is still considered an incurable disease, with remissions and re-
lapses marking its clinical course. This inability to successfully 
cure MM suggests the presence of atypical drug-resistant MM 
cells and significant intra-tumor heterogeneity [12]. Despite 
continued progress in treating MM, there is still no clear, rec-
ognized therapy protocol for young MM patients. Moreover, 
identifying optimal treatment alternatives becomes critical for 
these populations to improve long-term outcomes while min-
imizing the burden of treatment-related toxicities.
Yet, active therapy for young adults with MM should be start-
ed as rapidly as possible, according to the criteria specified 
by the International Myeloma Working Group (IMWG). The 
treatment approach for cutaneous manifestations focuses 
on targeting the underlying MM, local radiation therapy, 
and surgical excision of the skin lesions if needed [13]. More-
over, while allogeneic transplantation remains an option for 
young patients with high risk, it should still be regarded as 
experimental and considered only if a suitable donor is avail-
able. New approaches include bone-targeting drugs, mono-
clonal antibodies (Isatuximab, Elotuzumab, anti-BCMA), vac-
cinations, cellular therapy, and other targeted drugs, which 
may enlarge the therapeutic armamentarium for managing 
early-onset MM [14, 15].

Conclusion
MM in young adults is uncommon, although it does exist. 
When young adults present to healthcare professionals, they 
may exhibit symptoms of MM similar to those seen in older 
patients or more rare manifestations, such as skin symptoms, 
as observed in our patient. Even so, MM must be considered 
early in the differential diagnosis.
Despite the recent introduction of several novel therapies, there is 
still a lack of curative therapy alternatives for young MM patients. 
A better understanding of disease behavior in this specific group 
of patients requires prospective multicentric studies, potentially 
recognizing this group as a distinct biological and clinical entity.

Informed Consent: Written informed consent was obtained 
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Figure 2. Bone marrow biopsy showing a diffuse proliferation of atypical plasma cells (HES, ×100).
HES: Hematoxylin-eosin-saffron stain.
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Naphthalene, with the chemical formula C10H8, is a poly-
cyclic aromatic hydrocarbon used in the formulation 

of moth repellents and toilet deodorizers. Absorption can 
occur through ingestion, dermal contact, or inhalation. Pro-
longed or excessive exposure to naphthalene commonly 
induces symptoms including headache, confusion, excite-
ment, malaise, profuse sweating, nausea, vomiting, and 
abdominal pain [1]. Studies indicate that the lethal dose of 
acute naphthalene toxicity ranges from 5 to 15 grams for 
adults and 2 to 3 grams for children [2]. Ingestion of naph-
thalene leads to methemoglobinemia, characterized by a 
leftward shift of the oxygen-hemoglobin dissociation curve, 
resulting in decreased release of oxygen to the tissues. 
Naphthalene, being a potent oxidizing agent, initiates the 
generation of free oxygen radicals and triggers the deple-
tion of glutathione, leading to intravascular hemolysis. This 
cascade of events further manifests as anemia, hematuria, 
leukocytosis with neutrophil predominance, jaundice, and 
dysfunction of the hepatic and renal systems [3].

Case Report
A 28-year-old male presented to the emergency department re-
porting ingestion of naphthalene balls (2 tablets of naphthalene 
balls—6 grams each) three days before admission. The patient 
subsequently experienced progressive dyspnea and yellowish 
discoloration of the skin and sclera over the following two days, 
which was accompanied by a 1-day history of fever. Initially 
managed at another facility, the patient underwent nasogas-
tric lavage and received supplemental oxygen via a face mask 
because of low oxygen saturation. The following day, the pa-
tient was transferred to noninvasive ventilation because of per-
sistent hypoxemia despite oxygen therapy. Jaundice developed 
two days before presentation, accompanied by one episode of 
dark-colored urine the day before. On examination, the patient 
had tachypnea (a respiratory rate of 26/26/min), a pulse rate of 
122/min, normal blood pressure (110/70 mm Hg), and a tem-
perature of 100.2°F. On admission, his oxygen saturation in room 
air was 64%, prompting the initiation of noninvasive ventilation 
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with 100% oxygen. Despite this intervention, his saturation re-
mained between 84% and 88%. The patient remained alert and 
oriented; however, he had evidence of jaundice and cyanosis of 
the lips and bilateral palms. Systemic examination revealed no 
other abnormalities. A urinary catheter was inserted, revealing 
dark-colored urine resembling cola (Fig. 1), while blood samples 
exhibited a dark brown to blackish hue (Fig. 2).

Results
Arterial blood gas (ABG) performed while the patient was on NIV 
showed a pH of 7.37, pCO2 of 28 mm Hg, pO2 of 145 mm Hg, and 
HCO3 of 16 mmol/L, while peripheral oxygen saturation (SpO2) 
ranged from 84% to 88%. The investigations of the patient are 
summarized in Table 1. The direct and indirect Coombs tests 
were negative, but the patient’s urine tested positive for hemo-
globin, with no red blood cells observed in urine cytology. The 
chest X-ray was normal. Methemoglobin was detected in his 
blood via spectrophotometry, with a recorded value of 15.3%. 
Methemoglobin levels on the day of admission or serial mon-
itoring of methemoglobin could not be performed because it 
was not available at our center. The management of naphtha-
lene toxicity typically involves the administration of N-acetyl 
cysteine. However, in individuals with glucose-6-phosphate de-
hydrogenase (G6PD) deficiency, the administration of N-acetyl 
cysteine can intensify the condition. Hence, the patient’s G6PD 
levels were examined, revealing a value of 2.2 units/gram of he-
moglobin (normal range: 5.5 to 20.5 units/gram of hemoglobin) 
via the kinetic method. Management: The patient was started 
on intravenous fluids, injections of N-acetyl cysteine (1800 mg 
in 3 divided doses), and vitamin C tablets (1000 mg/day). How-
ever, because of low G6PD levels, injections of methylene blue 
could not be administered to the patient. The patient received 
6 units of packed red blood cells and underwent 9 sessions of 
hemodialysis because of elevated creatinine levels and reduced 
urine output. NIV was gradually discontinued, and on the fifth 
day of hospitalization, the patient transitioned to oxygen via a 
face mask. Oxygen supplementation was discontinued on the 
eighth day after the patient’s saturation level became normal. 
Urine color normalized by the ninth day (Fig. 3), with gradual 
improvement in urine output, and he was discharged on the 
thirteenth day. Follow-up at two months revealed normal he-
moglobin, liver function, and renal profile.

Discussion
The prevalence of naphthalene mothball usage is rampant. A 
common method for identifying the composition of a mothball 
is to submerge it in water, where a naphthalene-based product 
will float. In addition to its role as a moth repellent, naphtha-
lene is used as a toilet bowl deodorizer and soil fumigant, as 
well as a component in numerous other industrial products [2].
Naphthalene poisoning causes methemoglobinemia. Normal-
ly, red blood cells (RBC) contain iron in its reduced form (Fe2+), 
which can combine with oxygen by sharing an electron, thus 
forming oxyhemoglobin. When oxyhemoglobin releases oxy-
gen into the tissue, the iron molecule is restored to its original 

Figure 1. Urobag of the patient.

Figure 2. Colour of the patient’s blood on day 1,3 and 5.
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ferrous state. Hemoglobin can accept and transport oxygen 
only when the iron atom is in the ferrous state. Naphthalene 
causes the oxidation of hemoglobin to methemoglobin, i.e., 
oxidized iron is converted to the ferric state (Fe3+), which lacks 
the electron needed to form a bond with oxygen and hence 
makes it incapable of transporting oxygen, resulting in hypoxia. 
Therefore, the measurement of oxygen saturation using a pulse 
oximeter is unreliable, as observed in this case, where the pulse 
oximeter saturation was less than 88% and the partial pressure 
of oxygen in arterial blood gas was 145 mm Hg. Co-oximetry is 
the gold standard for these patients [4]. Usually, methemoglo-
bin levels are less than 1%, and levels greater than 20% cause 

anxiety, headaches, and dizziness. Methemoglobin ranges be-
tween 30% and 50% can cause fatigue, confusion, and tachy-
pnea. At levels >50%, arrhythmias, acidosis, seizures, and coma 
can occur [1].
Naphthalene causes the depletion of glutathione, which is 
required for Nicotinamide Adenine Dinucleotide Phosphate 
(NADPH) production, resulting in the accumulation of met-
hemoglobin as NADPH is responsible for approximately 5% 
reduction of methemoglobin. Also, depletion of glutathione 
decreases the tolerance of erythrocytes to oxidative stress, 
resulting in extensive hemolysis. Studies have also demon-
strated naphthalene’s role in the enhanced production of free 

Table 1. Summary of patient investigations

Day of admission Day 1 Day 2 Day 3 Day 4 Day 5 Day 7 Day 8 Day 9 
 14/2/22 15/2/22 16/2/22 17/2/22 18/2/22 20/2/22 21/2/22 22/2/22

Haemoglobin in (gm/dl) 4.4  5.5   9.7  11   9.4
Retics corrected 5.2
Leucocyte count in cell/cu 32400 32400  23100 19800   12700
Platelets /cmm 320000 255000  227000    374000
Creatinine in (mg/dl) 3.48  7.02  7.65  7.3 6.5   7.9 
Blood Urea in mg/dl 139 240 205 160 143  192

 
 Urine colour

        

LDH (U/L) 4028  3692
T. bilirubin in (mg/dl) 6.1    6.1 
D. bilirubin in (mg/dl) 0.44    1.7
AST in U/L 282    48
ALT in U/L 42    183

Blood colour
        

LDH: Lactate dehydrogenase; AST: AST: Aspartate aminotransferase; ALT: Alanine aminotransferase

Figure 3. Colour of the urine of the patient on days 1, 2, 4, 7 and 9.
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oxygen radicals, which in turn increases methemoglobin lev-
els and hemolysis [4]. NADPH production requires G6PD; thus, 
G6PD deficiency also augments methemoglobinemia and he-
molysis [1], which is probably the cause of the disease severity 
in this case. Our patient had methemoglobinemia and G6PD 
deficiency, which was confirmed by elevated methemoglobin 
and low G6PD levels. His investigations also revealed elevated 
bilirubin levels, elevated LDH, and severe anemia with hemo-
globinuria secondary to hemolysis. Hemoglobinuria and the 
direct renal toxicity of naphthalene resulted in acute kidney 
injury, with anuria requiring multiple hemodialysis sessions. 
Despite the potential risk, a heightened suspicion or a strong 
family history of G6PD deficiency should not entirely discour-
age the use of methylene blue; instead, its administration 
should be approached cautiously. Given the diverse manifes-
tations and varying degrees of severity associated with G6PD 

enzyme deficiency, responses to different oxidative stressors 
can be unpredictable, making clinical outcomes challenging 
to anticipate. Therefore, the use of methylene blue should be 
considered judiciously, particularly when the potential bene-
fits outweigh the perceived risks. If therapeutic doses of meth-
ylene blue fail to improve methemoglobin levels, further ad-
ministration should be avoided to mitigate the elevated risk 
of hemolysis. Alternative treatment modalities should be ex-
plored, and personalized interventions can be tailored on the 
basis of individual patient presentations (Fig. 4).
Free radical scavengers such as ascorbic acid [5, 6], N-acetyl cys-
teine (a reducing agent) [7], and exchange transfusion have been 
found to be useful in treatment. Methylene blue augments met-
hemoglobin's reduction to hemoglobin. A dose of 1 mg/kg body 
weight in adults is administered as an intravenous slow infusion 
in a 1% sterile aqueous solution. However, methylene blue was 

Figure 4. Flow chart explaining the pathophysiology of naphthalene toxicity.
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not used in this case because it may induce hemolysis in cases of 
G6PD deficiency and may result in paradoxical methemoglobin-
emia. Hemolysis and hemolysis-induced acute kidney injury are 
managed by PRBC transfusion and hemodialysis [8].

Conclusion
Naphthalene exposure typically presents with mild symptoms; 
however, patients with G6PD deficiency may experience severe 
toxicity. Potential complications, such as methemoglobinemia 
and hemolytic anemia, should be anticipated and managed 
promptly. While there is limited evidence to direct the treatment 
of complex naphthalene toxicity, understanding its underlying 
mechanisms can facilitate appropriate management and sup-
portive measures, leading to improved patient outcomes.
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Dear Editor,

Previously, an article entitled “Distribution of Thalassemia 
Trait in Balikesir Province According to Trait Type and Age 
Group” by Uğur Erçin was published International Journal Of 
Medical Biochemistry [1]. First of all, I congratulate the re-
searchers of this article who have conducted detailed and 
difficult research. This valuable research can be completed 
with some other theoretical and practical experiments by 
the same group or other researchers.
First, in more comprehensive investigations, indices such as 
the Mentzer index [2] and the England & Frazer formula [3] 
can be used. The Mentzer index is obtained by dividing the 
mean corpuscular volume (MCV) by the number of red blood 
cells (RBC) per milliliter, and the England & Frazer formula is 
obtained by MCV – RBC -5× Hemoglobin (Hb) - 3.4. These in-
dicators are also obtained in the laboratory by a simple blood 
count. These indices can distinguish iron deficiency anemia 
from thalassemia trait to a favorable extent. With these indi-
ces, we can determine to what extent the results of examining 
globin chains are consistent with the results of these indices. 
We can also find out what percentage of the patients identi-
fied have indices similar to those of iron deficiency anemia.
Second, after identifying patients with beta-thalassemia 
trait, PCR techniques can be used to find the common ge-
netic mutations that cause this disease. The benefit of this 
research is that in the case of marriages between persons 
with this disease in trait form, we can more easily find the 

specific mutations that caused this disease in the person 
volunteering for marriage and prevent the birth of an infant 
suffering from this disease.
In the first case mentioned above, there is no need for ad-
vanced equipment, and only by means of special formulas 
for each index do we reach the index number of the desired 
index in each patient. In the second case, there is a need for a 
thermocycler device and specific primers for each mutation, 
which, according to the progress of universities, are available 
in almost all universities of medical sciences.
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