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About Journal

The Marmara Medical Journal, Marmara Med J, is 
a multidisciplinary, academic publication of Marmara 
University, School of Medicine. It is an open access, double 
blind peer-reviewed journal. It publishes manuscripts that 
focus on clinical and laboratory medicine, health care policy 
and medical education, ethics, and related topics. It includes 
original research papers, case reports, reviews, articles about 
clinical and practical applications and editorials, short 
reports, letters to the editor and occcasionally a photo-quiz.

The Marmara Medical Journal is continuously published 
since 1988 and its archive with full-text manuscripts can be 
reached under www.dergipark.org.tr/marumj/archive.

Frequency: Three times a year (January, May, October)

Year of first print issue: 1988

Year of first online issue: 2004 (Between 2004 and 2011 the 
Journal was published solely in an electronic format.)

Language: English  
Print ISSN: 1019-1941 eISSN: 1309-9469

The manuscripts published in the Marmara Medical 
Journal are indexed and abstracted in: Thomson Reuters/
Emerging Sources Citation Index (ESCI), EBSCO, SCOPUS, 
EMBASE/Excerpta Medica, DOAJ (Directory of Open 
Access Journals), CrossRef, ULRICH’S Database, Google 
Scholar, The British Library, Turkish Academic Network 
and Information Center (ULAKBİM)-Turkish Medical 
Database, TURK MEDLINE–Türk Sağlık Bilimleri (Index of 
Turkish Health Sciences), Türkiye Makaleler Bibliyografyası 
(Bibliography of Articles in Turkish Periodicals), Türkiye 
Klinikleri Tip Dizini (Turkish Citation Index).

Permission Request: Manuscripts, tables, graphics, 
figures and pictures published in the Marmara Medical 
Journal cannot be reproduced, archieved in a system, used 
in advertisement materials, without a written permision. 
Citations can be included only in scientific manuscripts with 
referral.

Aims and Scope

The Marmara Medical Journal, Marmara Med J, is a 
peer-reviewed, multidisciplinary academic publication of 
Marmara University, School of Medicine, which is authored 
by physicians both nationally and internationally.

The journal aims to publish papers of general interest 
relating to advances in medical practice and novel treatments 
that will be of interest to general practitioners, medical 

students, and senior practitioners and specialists. Marmara 
Medical Journal also aims to publish all types of research 
conducted by medical students.

The Marmara Medical Journal is among the most widely 
read and cited scientific publications for physicians among 
journals of its kind nationally and increasingly gaining new 
readers and authors internationally with its English only 
format since 2016.

The journal consists of manuscripts on recent 
developments in general and internal medicine and new 
methods of treatment based on original research. We 
greatly welcome research papers, case reports, reviews 
and occasionally a photo-quiz of an interesting medical 
encounter in English, only.

Each manuscript is strictly assessed by a select Editorial 
Board. and refereed critically by two or more reviewers, at 
least one from another institution. The editor reserves the 
right to reject or to return the manuscript to the author(s) 
for additional changes.

Special review issues with invited editors are published 
since 2015 to focus on specific areas of medicine to bring 
recent data into attention covering multiple aspects of the 
chosen topic. Marmara Medical Journal welcomes and 
encourages physicians from all over the world to publish a 
special review issue on the topic of their preference as an 
“Invited editor” to collaborate with authors on the same 
focus area with the aim of increasing scientific collaboration 
via publishing.

The Marmara Medical Journal has an open access policy. 
All articles in the journal are permanently available online 
for all to read.

Author Guidelines

The Marmara Medical Journal publishes original 
scientific research papers, case reports, manuscripts about 
clinical and practical applications and editorials, short 
reports, letters and occasionally a photo-quiz.

Manuscripts submitted under multiple authorship are 
reviewed on the assumption that all listed authors concur 
with the submission and that a copy of the final manuscript 
has been approved by all authors and tacitly or explicitly 
by the responsible authorities in the laboratories where the 
work was carried out.

Manuscripts are accepted for review with the 
understanding that no substantial portion of the study has 
been published or is under consideration for publication 
elsewhere.

Instructions to Authors
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the Uniform Requirements for Manuscripts Submitted to 
Biomedical Journals created by International Committee 
for Medical Editors ( ICMEJ link), the World Association 
of Medical Editors (WAME), the Council of Science Editors 
(CSE), the Committee on Publication Ethics (COPE) and the 
European Association of Science Editors (EASE).

Preparation of the Manuscript

1. Manuscript files must be prepared in Word, 
WordPerfect, EPS, LaTeX, text, Postscript, or RTF format. 
Figures/Images should be embedded in the manuscript file 
or sent as external files in TIFF, GIF, JPG, BMP, Postscript, 
or EPS format.

2. Manuscripts should be approximately 20-25 pages 
double-spaced, including references, with margins of 2.5 cm.

Pages should be numbered consecutively and organized as 
follows:

1. Title Page
2. Abstract
3. Keywords
4. Introduction
5. Materials and Methods
6. Results
7. Conclusion
8. References

1. Title Page

The title page should contain the article title, authors’ 
names and academic or professional affiliations, and the 
address for manuscript correspondence (including e-mail 
address, Open Researcher and Contributer ID (ORCID) 
identifier, telephone and fax numbers).

2. Abstract
Abstract of not more than 200 words must be included. 

The abstract should be divided into the following sections: 
Objective, Materials and Methods, Results and Conclusion,

3. Keywords

Three to six keywords should be supplied below the 
Abstract and should be taken from those recommended 
by the US National Library of Medicine’s Medical Subject 
Headings (MeSH).

http://www.nlm.nih.gov/mesh/meshhome.html

4. Introduction

State why the investigation was carried out, note any 
relevant published work, and delineate the objective of the 
investigation.

5. Materials and Methods

New methods or significant improvements of methods 
or changes in old methods must be described. Methods 
for which an adequate reference can be cited are not to be 
described, except for providing information about the aims 
of the method. Details regarding animal housing conditions 
should be given. All clinical studies must contain :

1. A statement that all experimental protocols have been 
approved by the Ethical Committee of the Institution prior 
to the commencement of the studies,

2. A statement that all participants gave informed consent.

6. Results

Duplication between the text of this section and material 
presented in tables and figures should be avoided. Tabular 
presentation of masses of negative data must be avoided 
and replaced with a statement in the text whenever possible. 
The results must be presented clearly, concisely and without 
comment.

7. Discussion

The discussion should begin with a brief summary of the 
findings, followed by the following: how this study is similar 
or different from prior studies with regards to methods and 
results and limitations of this study. This section must also 
relate the significance of the work to existing knowledge in 
the field and indicate the importance of the contribution of 
this study.

8. References

The style of references is that of the Index Medicus. List all 
authors when there are six or fewer, when there are seven or 
more list the first three, then add “et al.”. Unpublished results 
or personal communications should be cited as such in the 
text. Where a doi number is available it must be included at 
the end of the citation. Please note the following examples:

i. Yazici D, Taş S, Emir H, Sunar H. Comparison of 
premeal mixed insulin three times daily and basal – 
bolus insulin therapy started post-operatively on patients 
having coronary artery bypass graft surgery. Marmara 
Med J 2011; 25:16-9.doi: 10.5472/

https://www.nlm.nih.gov/mesh/meshhome.html
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ii. Walker M, Hull A. Preterm labor and birth. In: Taeusch 
HW, Ballard RA, eds. Avery’s Diseases of the Newborn. 
Philadelphia: WB Saunders, 1998: 144,153.

iii. Hagström H, Nasr P, Ekstedt M, et al. Fibrosis stage but 
not NASH predicts mortality and time to development of 
severe liver disease in biopsy-proven NAFLD. J Hepatol 
2017; 67: 1265-73. doi: 10.1016/j.jhep.2017.07.027.

iv. WONCA Ad Hoc Task Force on Tobacco Cessation.

http://g lobalfamilydoctor.com/publicat ions/new/
november/09.htm
(Accessed on …….)

In the text, reference numbers should be placed in square 
brackets [ ], and placed before the punctuation; for 
example [1], [1-3] or [1,3]. References must be numbered 
consecutively in the order they are first mentioned.

Figures, Tables, Units

Diagrams and illustrations should be given Arabic 
numerals. All figure legends should be grouped and written 
on a separate page. Each Figure should be in one of the 
following preferred formats: Tiff, JPEG, PDF, and EPS.Tables 
should be numbered consecutively with Roman numerals 
in order of appearance in the text. Type each table double-
spaced on a separate page with a short descriptive title 
directly above and with essential footnotes below.

Units will be in general accordance with the International 
System (SI) as adopted by the 11th General Conference on 
Weights and Measures.

Ethical Issues
Compliance with the principles of the last version of 

the Declaration of Helsinki for humans and the European 
Community guidelines for the use of animals in experiments 
is accepted as a policy by the Marmara Medical Journal. 
Studies involving human or animal subjects should conform 
to national, local and institutional laws and requirements. 
Manuscripts which do not properly consider ethical issues 
for humans or animals will not be accepted for publication.

http://www.wma.net/e/policy/b3.htm

Double-blind Review
This journal uses double-blind review, which means 

that both the reviewer and author identities are concealed 
from the reviewers, and vice versa, throughout the review 
process. To facilitate this, authors need to ensure that their 
manuscripts are prepared in a way that does not give away 
their identity.

Plagiarism
Manuscripts are investigated for possible plagiarism 

once they are accepted for possible publication. If an author 
receives a plagiarism notice regarding his/her manuscript, 
the corrections should be made within one month. If the 
Editorial Board detects any plagiarism on the second check 
after correction of the manuscript by the authors, the chief 
editor can reject the manuscript. your article will be checked 
by the plagiarism detection software iThenticate.

Funding Source
All sources of funding should be declared as an 

acknowledgment at the end of the text.

Following Documents are Required Prior Publication

Approval of the Institutional Ethics Committee

a) Marmara Medical Journal requires that investigations 
performed on human subjects have the prior approval of the 
Institutional Ethics Committee on Human Experimentation. 
Authors are required to submit a signed statement as to the 
date and details of the appropriate review. The authors must 
state that the investigation conforms with the principles of 
Declaration of Helsinki.

b) When studies involve the use of experimental animals, 
manuscripts should briefly describe the procedures employed 
for animal care and handling. Where drugs are used at 
particular concentrations in intact animal systems, the author 
should indicate some rationale for selection of the particular 
concentration.

Copyright Release Form

Copyright Release Form must be read and signed by all 
authors.

Copyright Release Form pdf

Authorship

It is the responsibility of every researcher listed as an 
author of a manuscript in Marmara Medical Journal to have 
contributed in a meaningful and identifiable way to the 
design, performance, analysis, and reporting of the work and 
to agree to be accountable for all aspects of the work.

Before publication, each author must sign a statement 
attesting that he or she fulfills the authorship criteria of the 

www.globalfamilydoctor.com
www.globalfamilydoctor.com
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Financial Associations/Conflicts of Interest

All participants – not only the corresponding author – 
must consider their conflicts of interest when fulfilling their 
roles in the process of article preparation and must disclose 
all relationships that could be viewed as potential conflicts of 
interest according to the Committee on Publication Ethics 
(COPE) Guidelines and/ or Recommendations for the 
Conduct, Reporting, Editing, and Publication of Scholarly 
Work in Medical Journals (ICMJE) Recommendations. 
Disclosure forms filed by all authors alongside the full text of 
each article is mandatory.

https://publicationethics.org/guidance/Guidelines

http://www.icmje.org/recommendations/

We encourage the authors on using the ICMJE Form for 
Disclosure of Conflicts of Interest to standardize authors’ 
disclosures.

Conflict of Interest Form.pdf

Statement of Human Rights and Statement 
ofAnimal Rights

Statement of human rights and statement of animal 
rights, when necessary, must be signed by all authors prior 
publication.

Statement of human and animal rights form.pdf

Patient Consent for Publication

Patients have a right to privacy. Identifying information, 
including patients’ names, initials, or hospital numbers, 
should not be published in written descriptions, photographs 
or in any kind of patient-related materials. In circumstances 
where this information is essential for scientific purposes, 
authors should obtain the patient’s (or the legal guardian’s) 
written informed consent prior to the publication.

Patient Consent for Publication pdf

http://www.icmje.org/recommendations/
https://publicationethics.org/guidance/Guidelines
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Statement of Animal Rights 
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ABSTRACT
The involvement of the Signal peptide-complement components of C1r/C1s, the sea urchin Uegf and Bone Morphogenetic Protein 
(CUB) domain-Epidermal Growth Factor (EGF)-related (SCUBE) gene in human diseases has been progressively apparent. The SCUBE1 
is detectable in platelet-aggregation diseases. The SCUBE2 is reported to have a better cancer survival prognosis. However, SCUBE3 is 
detected in bone-related diseases. SCUBE gene interacts with Hedgehog (Hh) signaling pathway and epidermal growth factor receptor 
(EGFR), which has a wide range of biological functions such as cell proliferation, apoptosis, differentiation, and activation of platelet 
activity.
The current review is a systematic review performed using SCOPUS, Cochrane, and Pubmed/Medline according to The Preferred 
Reporting Items for Systematic Reviews and Meta-Analysis Protocol (PRISMA-P) guidelines. This review discusses the entanglement 
of the SCUBE gene’s potential role in human diseases. Examining the role of the SCUBE family sheds new light on platelet aggregation-
related diseases, cancer prognosis, and their pathogenesis.
Keywords: SCUBE, Human diseases, Hedgehog (Hh) pathway

1. INTRODUCTION

Signal peptide-CUB domain-EGF-related (SCUBE) genes 
encode a cell surface glycoprotein known to be present in 
humans, mice, and zebrafish. SCUBE belongs to the EGF 
superfamily characterized by NH2-terminal signal peptide 
sequence, nine copies of epidermal growth factor (EGF)-like 
repeats, spacer region, three cysteine-rich motifs, and one 
complement C1r/C1s, Uegf, Bmp1(CUB) domain. The CUB 
domain is an extracellular domain involved in developmental 
processes and zinc-metalloprotease activities. The EGF has 
been known as a mitogen for various tissues especially involved 
in wound healing, cancer, and angiogenesis. Many genes 
that contain EGF-like repeats are involved in cell lysis, cell 
movement, signaling molecules, transmembrane receptors, and 
blood coagulation pathways. Moreover, EGF-like repeats also 
transform growth factor-α and LDL receptors in cholesterol 
metabolism [1-3].
Like other genes of the EGF superfamily, SCUBE plays an 
important role during development, organogenesis, and 
morphogenesis. Biochemical studies for the SCUBE gene showed 
that this gene encoded protein SCUBE which is extracellular 
and membrane-anchored glycoproteins. SCUBE gene has been 
associated with Hedgehog (Hh) signaling pathway. This gene is 

known as upstream signaling of the Hh pathway. Mutation in 
the SCUBE gene was detrimental to organ development, such 
as delayed dorsal aorta development, the absence of lateral floor 
plate, and slow muscle development [4-9]. There are three family 
members of SCUBE genes, which are SCUBE1, SCUBE2, and 
SCUBE3. Previous studies showed that SCUBE1, SCUBE2, and 
SCUBE3 were expressed in endothelium and showed unique 
expression profiles during embryogenesis. SCUBE1 has been 
found in developing the central nervous system, gonad, anterior 
surface ectoderm, and limb buds. This gene showed a substantial 
similarity with other family members, the SCUBE2 gene.
SCUBE1 involves in bone morphogenetic protein (BMP) 
signaling. SCUBE1 is linked to platelet activated-diseases 
such as thrombus, atherosclerotic plaque, inflammation, 
and hypoxia-related disorders. Soluble SCUBE1 is detected 
in activated platelet and is a promising biomarker in acute 
coronary syndrome and ischemic stroke. A recent study has 
shown that the SCUBE1 level is higher in patients who have 
achieved spontaneous circulation return, implying its role 
in cellular vitality [10-12]. Interestingly, the SCUBE2 gene is 
expressed ubiquitously in the lung, heart, and testis, which is not 
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expressed in the SCUBE1 gene. SCUBE2 has been reported in 
various cancer, angiogenesis, and cardiovascular diseases.
Furthermore, the SCUBE3 gene is expressed abundantly in 
osteoblasts. In humans, SCUBE3 mutations are linked to 
abnormalities in the growth and differentiation of both bones, 
further involved in bone-related bones [12-14]. Despite the 
fact that the SCUBE gene has been identified for decades, the 
development of research on its biological functions has made 
significant progress in disclosing the potential mechanism of 
human diseases, such as cancers, metabolic abnormalities, and 
cardiovascular diseases. This review highlights recent progress 
in understanding the SCUBE gene and its role in human disease.

2. METHODS

The literature search strategy for this systematic review was 
performed using SCOPUS, Cochrane and Pubmed/Medline, 
according to The Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis Protocol (PRISMA-P) guidelines 
[15]. Keywords for English considered papers were SCUBE1, 
SCUBE2, and SCUBE3 in human diseases such as cancer, 
cardiovascular, and other inflammations. Selection process 
according to PRISMA-P guidelines is shown in a flow diagram 
(Figure 1). Inclusion criteria were screened by titles and abstracts, 
and published in the English language. Papers excluded if 
articles were not written in English and not focused on SCUBE1, 
SCUBE2, SCUBE3 and its effect on human diseases. The articles 
excluded if the report presented the SCUBE family in animal 
study.

Figure 1. Selection of papers included in the current review. Relevant 
papers included SCUBE1, SCUBE2 and SCUBE3 in human studies.

The review article excluded for the present systematic review. 
Collected papers were selected from the journals with the 
SCOPUS impact factors, and organized further analyzed based 
on the SCUBE family, mechanism in the disease and biological 
functions. Inclusion criteria in this systematic review (Table I, 
Table II, Table III).

Table I. SCUBE1 involves platelet activation leading to thrombosis. 
The elevated levels of SCUBE1 and sCD40L lead to platelet-aggregating 
activities

Type of Disease  Biological function and mechanism References
Acute Coronary 
Syndrome 

Platelet activation : increased SCUBE1, 
increased sCD40L

[11,26]

Ischemic Stroke Platelet activation : increased SCUBE1, 
increased sCD40L

[26]

Myocardial infraction Platelet activation : increased SCUBE1, late 
ST development

[27]

Hypertension Platelet activation : increased SCUBE1, 
increased sCD40L

[28]

Gestational Diabetes 
Mellitus, Diabetic 
Retinopathy 

Platelet activation : increased SCUBE1, 
increased malondialdehyde (MDA) level

[29-30]

Pulmonary Embolism Thrombosis : increased SCUBE1 [31-32]
Pulmonary 
hypertension without 
the presence of CAD 
and NICM

Thrombosis : decreased SCUBE1, increased 
mPAP* and PVR**, RV dysfunction***

[33]

Hashimoto’s 
Thyroiditis

Platelet activation : increased SCUBE1, 
increased sCD40L, increased LDL-C, 
triglycerides

[34]

Hyperthyroidism Platelet activation : increased SCUBE1 [35]
Sepsis Platelet activation, inflammation : increased 

SCUBE1, increased CRP, increased platelet 
count

[36]

COVID-19 with 
thrombotic 
complications

Platelet activation: increased SCUBE1 [37]

Psoriasis Angiogenesis : increased SCUBE1 [38]
Ovarian Torsion Unknown : increased SCUBE1 [39]
Renal Cancer Probably thrombosis : increased SCUBE1 [40]
Gastric cancer Probably thrombosis : increased SCUBE1 [41]

*mPAP= mean pulmonary artery pressure; ** PVR =pulmonary vascular 
resistance; ***RV dysfunction =right ventricular dysfunction

Table II. SCUBE2 gene increased and played a role as a tumor suppressor 
gene

Type of Disease Biological function  and mechanism References
Diabetes Mellitus Type 2, 
Dyslipidemia

Endothelial dysfunction : increased 
SCUBE2, increased ET-1

[44]

Nasopharyngeal carcinoma Tumor suppressor gene : increased 
SCUBE2

[47]

Glioma Tumor suppressor gene : increased 
SCUBE2

[48]

Kaposi’s Sarcoma Inflammation : increased SCUBE2 [49]
Colorectal cancer Tumor suppressor gene : increased 

SCUBE2 
[50]

Breast cancer prognosis Tumor related gene : suppression of 
SCUBE2 

[51, 52, 54, 
55]

Bladder cancer Tumor suppressor gene : increased 
SCUBE2

[53]

Endometrial cancer Tumor suppressor gene, associated 
with estrogen receptor and 
progesterone receptor : increased 
SCUBE2

[56]
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Table III. SCUBE3 is highly expressed in bone. In human diseases, 
SCUBE3 is found in breast cancer, renal carcinoma, and lung disease. 
Interestingly, one study showed SCUBE3 in a patient with a higher risk of 
psychiatric disorder.
Type of Disease  Biological function and mechanism References
Breast cancer Tumor suppressor gene : increased SCUBE3, 

downstream of TGF-β, ER
[65-67]

Renal carcinoma Tumor methylation : increased SCUBE3, CpG 
island methylation  

[68]

Lung cancer Tumor related gene : overexpression of 
SCUBE3

[69]

Psychiatric disorder Synaptic plasticity : increased SCUBE3, 
probably extracellular matrix (ECM) 
production

[70]

3. RESULTS

SCUBE1

The first member of the SCUBE gene family is SCUBE1. In 
developing mouse embryos, SCUBE1 is detected in the ectoderm, 
neuroectoderm of the ventral forebrain, infundibulum, 
dermomyotome, digital mesenchyme, urogenital ridge, and hair 
follicles. In adult tissues, the SCUBE1 gene is highly expressed in 
the liver, kidney, lung, small intestine, brain, colon, and spleen. 
SCUBE1 gene consists of 988 amino acids and contains 9 EGF-
like repeats expressed in extracellular matrix protein (ECM) 
[10-18]. The secretion pathway of SCUBE1 is determined by 
the spacer region between the EGF-like domain and cysteine-
rich repeats and acts as a Ca2+-dependent cell-to-cell adhesion 
molecule. This gene was co-expressed with platelet-derived 
growth factor (PDGF)-D, interleukin (IL)-8, or IL-17F. The gene 
expression profiling study using fluorescent cationic liposomes 
specific for detecting vascular endothelial cells has shown 
detectable SCUBE1 expression in endothelial cells of normal 
lung vasculature. Based on a previous cellular study, SCUBE1 
can form homomeric and heteromeric complexes with SCUBE2 
through its EGF-like repeats which is critical for SCUBE1 
secretion. Moreover, human vein endothelial cells (HUVEC) 
treated with IL-1β and TNF-α has shown downregulation of 
SCUBE1 expression. Injection of lipopolysaccharide (LPS) 
into C57BL/6 mice downregulated SCUBE1 expression as well, 
implying its response to inflammatory stimulation [19-22].
An immunohistochemical analysis has indicated that the 
SCUBE1 is mainly expressed to the intravascular platelet-rich 
thrombus in α-granules upon platelet stimulation. The study of 
gene expression profiling of lung endothelial cells has exhibited 
the SCUBE1 expression in endothelial cell fraction as well as the 
expression of other growth factors and signaling genes such as 
endothelin, VEGF, VEGFR1, VEGFR2, BMP2, leptin receptor, 
and many more. This gene is also found in atherosclerotic plaque, 
co-localized with endothelial cells lining the lesion, and involved 
in platelet adhesion, suggested for its role in atherosclerosis 
development [23-25]. This evidence might explain the increased 
level of plasma SCUBE1 in acute coronary syndrome (ACS) and 
acute ischemic stroke (AIS). Moreover, SCUBE1 expression 

showed to increase in several ischemic conditions such as acute 
mesenteric ischemia, mesenchymal ischemia of the kidney 
and ileum, ovarian torsion, bowel obstruction, and myocardial 
infarction as well as elevation of this gene in diabetic diseases 
and other systemic diseases (Table I).
An elevated level of plasma SCUBE1 in ischemia with the 
elevation of sCD40L has been found to be significantly correlated, 
suggesting the role of SCUBE1 in platelet activation [21-30]. 
In concomitant to previous findings, SCUBE1 has also been 
detected in patients diagnosed with pulmonary embolism (PE). 
A higher level of SCUBE1 exhibited specificity and sensitivity 
for PE diagnosis. This finding suggested early detection of 
PE to prevent severe complications from this disease [31-32]. 
Interestingly, in pulmonary arterial hypertension (PAH), the 
SCUBE1 level was lower in the World Symposium of Pulmonary 
Hypertension (WSPH) group 1 PAH compared to control 
healthy and acute lung injury. In the in vitro study of pulmonary 
artery endothelial cells (PAECs), SCUBE1 knockdown inhibited 
tube formation, proliferation, and increased apoptosis of PAECs. 
In contrast, overexpression of SCUBE1 in PAECs exhibited 
increased proliferation, enhanced tube formation, and decreased 
apoptosis, suggesting SCUBE1’s role as a protective function for 
pulmonary endothelium, controlling the proangiogenic effect 
and proliferation capacity.
Interestingly, SCUBE1 knockdown reduced the intracellular 
SCUBE1 level and decreased the activated and phosphorylated 
SMAD1/5/9. Conversely, overexpression of SCUBE1 increased 
the expression of intracellular SCUBE1 and increased the 
activated and phosphorylated SMAD1/5/9. SCUBE1 appears to 
be an upstream signaling and mediator of SMAD1/5/9 relevant to 
BMPR2 but not SMAD 2/3 relevant to TGF-β signaling (Figure 2). 
Furthermore, this study also indicated that higher SCUBE1 level 
was found in group 2 PAH than those in group PAH. SCUBE1 
level was higher in patients with coronary artery disease (CAD) 
and ischemic cardiomyopathy (ICM) compared to patients 
without CAD, suggesting the diagnostic value of SCUBE1 in 
distinguishing WSPH group 1 PAH from group 2 PH [33].
Moreover, SCUBE1 was reported to be increased in Hashimoto’s 
thyroiditis. Hashimoto’s thyroiditis is an autoimmune disease 
caused by environmental factors such as infections, medicines, 
smoking, and stress. This disease showed hypercholesterolemia, 
hypertriglyceridemia, and endothelial dysfunction. In this study, 
higher SCUBE1 expression was found significantly correlated 
to higher sCD40L, increased low-density lipoprotein (LDL)-C, 
triglyceride level, thyroid-stimulating hormone (TSH), T4, and 
anti-thyroid peroxidase (TPO) level, suggesting for the higher 
risk for cardiovascular disease in this patients [34-35].
Another evidence of an increased level of SCUBE1 showed 
that this gene could be a predictive marker for poor sepsis 
prognosis. SCUBE1 appeared significantly correlated with 
higher C-reactive protein (CRP), lactate, acute physiology, and 
chronic health evaluation 2 (APACHE 2) score, and sequential 
organ failure assessment (SOFA). This study speculated that 
higher SCUBE1 levels are caused by endothelial damage, platelet 
activation, and altered microcirculation in sepsis conditions 
[36]. In a recent study on COVID-19 disease, plasma SCUBE1 
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level was found to be higher than in the control group. The 
thrombotic complication has been known to cause higher 
mortality and morbidity in COVID-19. Plasma SCUBE1 
level was significantly higher in patients with thrombotic 
complications and patients with severe COVID-19 than those 
with mild and moderate disease. A positive correlation was also 
found in SCUBE1, D-dimer, and fibrinogen levels. This study 
suggested that measurement of SCUBE1 early stages of the 
disease may prevent the disease progression and thrombotic 
complications in COVID-19 disease [37].
The additional data on SCUBE1 in human disease, a study in 
psoriasis patients showed an increased level of SCUBE1 and 
SCUBE3. This higher level of SCUBE1 and SCUBE3 were 
associated with a higher level of VEGF. The results might reveal 
the future treatment of psoriasis with anti-VEGFR therapy 
[38]. A prospective study among patients with ovarian torsion 
also exhibited a higher SCUBE1 level. Unfortunately, higher 
SCUBE1 levels did not significantly correlate with oxidative 
stress parameters such as advanced oxidation protein products 
(AOPP), the ferric-reducing ability of plasma (FRAP), and 
glutathione [39].
A limited study of SCUBE1 in cancer showed that this gene 
appeared to upregulate in renal and gastric cancer. In renal cancer, 
SCUBE1 expression increased compared to healthy control. 
Unfortunately, there was no significant correlation between 
carbonic anhydrase IX and soluble urokinase plasminogen 
activator receptor, known as a previously known biomarker for 
renal cancer and contributed to the poor prognosis of cancer. 
Increased SCUBE1 expression was also detected in patients with 
gastric cancer, even though this expression was not different 
among gastric cancer stages [40-41].

SCUBE2

The second member of the SCUBE family is named SCUBE2. 
During embryogenesis, the SCUBE2 was identified in the dorsal 
neuroectoderm, the posterior telencephalon, the diencephalon 
of the forebrain, and the neural tube. In adult tissues, this gene 
is detected in the heart, lung, and testis [12,13,16,17]. Unlike 
other SCUBE gene families, SCUBE2 is ubiquitously expressed 
in highly vascularized tissues, and many studies reported 
SCUBE2 involvement in the Hedgehog (Hh) signaling pathway, 
which is required during the development of vertebrates and 
invertebrates. The study with diabetes mellitus and dyslipidemia 
patients showed that SCUBE2 expression was upregulated 
compared to control healthy and statistically correlated to the 
upregulation of ET-1 in the same group. Deleting the SCUBE2 
gene showed an impairment of Hh signaling and alteration 
of endochondral bone formation during embryogenesis. 
SCUBE2 contains hydrophobic stretch in the middle of the 
CUB domain, which is important to increase the secretion of 
sonic hedgehog (Shh) due to its dual palmitate and cholesterol 
modifications. The complex binding of SCUBE2-Shh, needs 
co-receptor CDON/BOC and growth arrest specific-1(GAS1) 
before being attached to its receptor Patch-1 (PTCH-1). CDON/
BOC enhances SCUBE2-Shh recruitment on the cell surface, 
then further releases SCUBE2 from Shh to bind with Ptch-1 to 

activate Hh signaling. GAS-1 increases Shh catalyzation from 
SCUBE2 to bind to Ptch-1 [42-45].
A previous study on a triple-negative breast cancer cell line, 
MDA-MB-231, revealed that the upregulation of SCUBE2 levels 
in these cells was concomitantly followed by the upregulation 
of OCT4, SOX2, and NANOG expression. OCT4, SOX2, and 
NANOG are known as a marker of breast cancer stem cell 
(BCSC) phenotype. As postulated, BCSC is a crucial driver for 
tumor metastases and chemoresistance. This might explain why 
the upregulation of the SCUBE2 in TNBC showed resistance 
to paclitaxel chemotherapy in these cells. Furthermore, the 
SCUBE2 gene appeared to involve the Notch signaling pathway, 
where the depletion of SCUBE2 exhibited downregulation of the 
Notch signaling, NICD, jagged1, HEY1, and HES1 [46].
The study of the SCUBE2 showed that this gene is involved 
in cancer such as breast cancer, bladder cancer, glioma, 
nasopharyngeal carcinoma, colorectal carcinoma, and Kaposi 
Sarcoma [47-51]. Retrospective study investigation of 156 breast 
carcinoma biopsy samples, 86 cases were found to be positive 
for SCUBE2 protein expression, while 70 cases were negative for 
SCUBE2 expression. Interestingly, SCUBE2 gene overexpression 
was associated with better clinical outcomes among patients 
[51]. Supporting these findings, Liu et al., identified genes in 
patients with survival breast cancer. This study found that miR-
9-5p, known as the SCUBE2, exhibited higher expression of 
the SCUBE2, associated with shorter survival years, compared 
to the lower expression of the SCUBE2 [52]. The same results 
were also shown in the study with bladder cancer. Patients 
with high-grade stage 1 (HGT1) specimens showed increased 
SCUBE2 expression strongly associated with higher disease-
specific survival (DSS) among patients [53]. In addition to those 
findings, the SCUBE2 was reported as a plausible biomarker to 
predict the response of taxane-based neoadjuvant chemotherapy 
in breast cancer, where this gene expression was found in 
patients with a response to this chemotherapy [54].
Moreover, gene expression analysis study using human tissue 
specimens of breast carcinoma, the SCUBE2 is expressed and 
highly correlated to estrogen receptor and progesterone receptor. 
This study revealed that SCUBE2 expression was found to be 
increased among other genes related to tumorigenesis and 
endocrine-related cancer. SCUBE2 was reported to correlate 
with ESR1 gene-encoded estrogen receptor (ER) and NAT1, 
XBP1, and GATA3. A similar analysis also showed that this 
gene positively correlated with PGR gene-encoded progesterone 
receptor (PR). The following study reported that SCUBE2 
expression was higher in postmenopausal endometrium than 
in premenopausal endometrium, suggesting its association with 
ER, PR, and PTEN, a tumor suppressor gene [55-56]. Further 
study found that overexpression of the SCUBE2 gene suppressed 
the proliferation activity of the MCF-7 breast cancer cell line in 
vitro and in vivo. Stable SCUBE2 overexpression in the MCF-7 
breast cancer cell line showed lower cell growth than control 
cells without doxycycline as a SCUBE2 suppressor.
Concomitant to this finding, in vivo study using SCUBE2 
overexpression cells in mice exhibited slower tumor growth 
compared to control mice, and this study suggested that higher 
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SCUBE2 expression related to lower BMP2 activity [57]. The 
following study by Lin YC et al., revealed that SCUBE2 was 
found in the plasma membrane at the cell-to-cell contact site and 
made a complex with E-cadherin and β-catenin in breast cancer 
cells. The suppression of the SCUBE2 decreased the expression 
of E-cadherin and β-catenin, thus suppressing Forkhead Box A1 
(FOXA1) [58].
Moreover, the downregulation of SCUBE2 expression appeared 
to decrease the level of E-cadherin, further decreasing 
epithelial-to-mesenchymal transition (EMT) events. SCUBE2 
suppression effect in breast cancer cell line also exhibits an 
increase of DNA methyltransferase 1 (DNMT1), which involves 
DNA methylation catalyzation and methylate the SCUBE2 
CpG site, further inactivates tumor-suppressor gene during 
TGF-β promoted EMT. The same finding showed in the bladder 
cancer study. SCUBE2 and FOXA1 were significantly associated 
with higher DSS in HGT1 cases. Further, SCUBE2 has been 
reported to involve in angiogenesis. SCUBE2 interacted with 
vascular endothelial growth factor receptor 2 (VEGFR2) to 
induce vascular endothelial growth factor (VEGF) specifically 
through elevated hypoxia-inducible factor (HIF)-1α in hypoxic 
conditions. A recent study demonstrated that combined therapy 
of anti-SCUBE2 and anti-VEGF had a beneficial effect in 
inhibiting tumor growth in xenograft human tumors [57-58].

SCUBE3

The third member of the SCUBE family is SCUBE3. This gene 
expression is high in human osteoblasts and low expression in 
human umbilical vein endothelial cells (HUVEC) and coronary 
smooth muscle cells. In tissue, this gene is highly expressed 
in the humerus, femur, kidney, adrenal gland, and heart. 
During embryogenesis, the SCUBE3 gene was detected in the 
neuroectoderm, particularly in the ventral rhombencephalon, 
caudal neuropore, neural folds, and trunk. At the later stages 
of embryogenesis, this gene is highly expressed in cartilaginous 
condensations of the peripheral skeleton such as limbs, ribs, 
vertebra, glomerular of the kidney, tooth germ, and hair follicle 
[12-14]. The human disease data mapped SCUBE3 resides 
in the chromosome 6p21 region, which was identified as the 
locus of a rare human disease, Paget’s Disease of Bone (PDB). 
A previous study found that PDB was caused by the mutation 
in the receptor activator of the nuclear factor-kB (RANK) and 
the RANK-induced NF-kB signaling pathway. The fact that the 
SCUBE3 gene resides in the PDB locus, there is a possibility that 
this gene is also involved in PDB or other bone-related diseases 
[59]. Furthermore, transfection of human SCUBE3 in HEK-
293T cells showed that SCUBE3 is a cell surface protein and 
underwent N-glycosylation with tunicamycin treatment. This 
study also reported that SCUBE3 exhibited proteolytic cleavage 
in the presence of protease in fetal bovine serum (FBS) [60,61].
A further study on the SCUBE3 revealed that this gene was an 
inhibitor for fibroblast growth factor (FGF) signaling. SCUBE3 
suppressed the expression of fibroblast growth factor receptor 
(FGFR) 4, but not FGFR1, EGF receptor, and platelet-derived 
growth factor (PDGF)-α. A previously reported study exhibited 
that FGFR4 is involved in skeletal muscle development and 

myogenic differentiation through FGF8 signaling. This study 
showed that the knockdown of SCUBE3 decreased myosin 
heavy chain (HC) expression and reduced the myofibers 
formation [62]. Concomitant results to the previous study, 
SCUBE3 mutation mice, showed the defect in skeletal bone 
development and bone metabolism abnormalities. These mice 
showed low mineral bone density and hyper-ossification in 
the center and pedicles of the thoracic, lumbar, and sacral 
vertebrae regions. Ossification in those regions was more fused 
and closed. In addition, these mice exhibited an increase in 
plasma urea, creatinine, and potassium level and an increase 
in α-amylase activity, implying that SCUBE3 defect may cause 
the alteration of renal function. The SCUBE3 mutant mice 
also showed a decrease in interventricular septum width, left 
ventricular posterior wall thickness, left ventricular mass, 
diastolic ventricular dimension, and respiration rate followed 
by prolonged QRS interval duration even though no alteration 
was detected in heart function and conduction [63]. However, 
the study by Yang et al., 2007, showed that overexpression 
of SCUBE3 mice exhibited cardiac hypertrophy and higher 
atrial natriuretic factor (ANF) expression. Interestingly, in 
overexpression, SCUBE3 mice also showed simultaneously 
upregulated TGF-β1 in cardiomyocytes [64].
Unlike SCUBE2, known as a tumor suppressor gene, the 
SCUBE3 gene oppositely showed a poor prognosis in cancer. 
This gene was reported to involve breast cancer, small lung 
carcinoma, and renal carcinoma [65-69]. In a recent study in 
HER-2 positive breast cancer patients, the SCUBE3 appeared to 
be upregulated through the TGF-β1 signaling pathway, and the 
TWIST1 gene further indicated poor prognosis [65-67].

Conclusion

The molecular mechanism of the SCUBE gene has been 
progressively studied. SCUBE family involvement in the Hh 
signaling pathway during embryogenesis and in diseases has 
been extensively reported. However, the mechanism of how 
this gene induced the proliferation of cells involved in cell-
to-cell contact, angiogenesis, platelet activation, and EMT 
via Hh signaling remains to be elucidated. Each SCUBE 
member appears to involve in a different pattern of disease 
development. SCUBE1 plays a role in platelet activity. It is thus 
primarily reported in platelet aggregation and thrombosis-
induced diseases such as myocardial infarction, ACS, stroke, 
hypertension, diabetes, pulmonary embolism, and sepsis. Little 
is known about this gene’s involvement in cancer.
SCUBE2 has been reported in cancer, particularly breast cancer. 
This gene has been known as the tumor suppressor gene in 
cancer. SCUBE2 has shown upstream signaling of Hh, where it 
binds with Shh upon activation and binds to its receptor Patch-1. 
The lower expression of the SCUBE2 has been linked to the 
downregulation of E-Cadherin and β-catenin, further lowering 
the EMT event in cancer progression. Interestingly, higher 
expression of SCUBE2 in TNBC showed a BCSC phenotype and 
its association with the Notch signaling pathway.
Moreover, a third family member of the SCUBE family, SCUBE3, 
is reported to be highly expressed in osteoblast, and this gene 
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resides in the locus of bone diseases such as PDB. A limited 
report on the SCUBE3 gene role in human diseases remained to 
be explored, such as SCUBE3 involvement in suicidal behavior. 
Note that the SCUBE3 expressed in inhibitory neurons of the 
middle temporal gyrus may lead to further exploration of this 
gene in the genetic trait of psychiatric disorder [70].
Taken together, the SCUBE family has been reported in many 
human diseases, especially in cancer, and it is known that this 
gene involved in Hh signaling, Notch signaling, and TGF-β 
signaling in disease development remains to be elucidated 
because each SCUBE member, SCUBE1, SCUBE2, and SCUBE3 
seems to play a different pattern in cell signaling to induce cell 
proliferation, cell migration, and cell differentiation as well 
(Figure 2).

Figure 2. The SCUBE is known to be associated with Hh signaling 
pathway. Molecular mechanisms in vitro and in vivo studies show that 
this gene is also correlated with TGF-β/Smad signaling, Notch signaling, 
and NF-кB signaling in inducing cell proliferation, angiogenesis, and EMT 
event. SCUBE1 acts as an upstream signal for the Hh signaling pathway 
and TGF-β pathway, further inducing angiogenesis through VEGF 
activation and sCD40L for platelet aggregation.

Future perspective

In recent years, the molecular mechanism of the SCUBE has 
been progressively precise. However, in the human study, the 
expression of SCUBE1, SCUBE2, and SCUBE3 is still limited. The 
signal transduction of these genes with other signaling pathways 
in disease development remains to be elucidated. The current 
review shows that SCUBE is crucial in cancer, cardiovascular 
diseases (CVD), and inflammation. SCUBE gene revealed as 
upstream signaling of Hedgehog signaling, but the connection 
of SCUBE, Hedgehog signaling, TFG-β/Smad signaling, Notch 
signaling, and inducing VEGF for angiogenesis are needed to be 
assessed. More intense experimental, translational, and clinical 
research evidence is needed to validate the SCUBE gene as a 
potential therapeutic target for cancer and CVD.
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ABSTRACT
Non-alcoholic fatty liver disease (NAFLD) is a pathological condition ranging from simple steatosis to non-alcoholic steatohepatitis, 
cirrhosis, and liver cancer. NAFLD is a complex disease mediated by metabolic, environmental, and genetic mechanisms. Many factors 
such as insulin resistance, lipotoxicity, inflammation, mitochondrial dysfunction, endoplasmic reticulum stress, circadian rhythm, 
genetics, epigenetics, dietary factors, and gut microbiota play a crucial role in the pathogenesis of NAFLD. Lifestyle changes such as 
healthy diet, physical activity, avoiding alcohol and smoking are involved in the NAFLD treatment. Dietary bioactive compounds 
including curcumin, resveratrol, catechins, quercetin, sulforaphane, epigallocatechin-3-gallate, alkaloids, vitamins, and peptides have 
many health promoting effects such as antioxidant, anti-inflammatory, antihypertensive, chemopreventive, and hepatoprotective. In 
this review, the pathophysiology of NAFLD and the effects of dietary bioactive compounds on this disease will be discussed in detail 
with updated information.
Keywords: Non-Alcoholic Fatty Liver Disease, Pathogenesis, Dietary Bioactive Compounds

1. INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is defined as the 
pathological spectrum of the liver that can progress from 
simple steatosis to non-alcoholic steatohepatitis (NASH), 
cirrhosis, and liver cancer [1]. Histopathologically, the 
absence of necroinflammatory activity is accepted as simple 
steatosis; however, the presence of a fibrosis caused by portal 
inflammation, ballooning and hepatocyte damage together with 
fatty liver is called NASH [2].
Non-alcoholic fatty liver disease has been accepted as a global 
public health issue, affecting 6 to 45% of the general population, 
increasing to 70% in patients with type 2 diabetes mellitus and 
up to 90% in morbidly obese patients [3].
Although, there is no licensed pharmacotherapy for NAFLD, 
antidiabetic drugs, drugs affecting the bile acid system and 
lipid-lowering agents are given for treatment according to 
the accompanying diseases. The most important treatment is 
mainly based on lifestyle changes such as healthy diet, body 
weight control, physical activity, smoking cessation and avoiding 

alcohol [4]. Diet is affordable and effective and does not have any 
adverse effects. Also, it does not include the metabolic burden 
that medications load on the body systems. In this respect, 
many different dietary components are being studied for their 
possible pharmacological activity in several pathophysiological 
conditions [5].
The most widely accepted definition of bioactive compounds is 
‘compounds which have the ability to interact with one or more 
component(s) of living tissue by presenting a wide range of 
probable effects [6]. Bioactive compounds which mainly include 
curcumin, resveratrol, catechins, quercetin, sulforaphane, 
epigallocatechin-3-gallate, alkaloids, vitamins, and peptides, 
are particullary present in small quantities in fruits, vegetables, 
whole grains, beverages and milk products. These bioactive 
compounds have anti-inflammatory, antioxidant and 
hepatoprotective properties [7]. In this review, we discussed the 
pathophysiology of NAFLD and the effects of dietary bioactive 
compounds on this disease.
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2. PATHOGENESIS

Non-alcoholic fatty liver disease is considered as a multifactorial 
disease and mediated by metabolic, environmental, and 
genetic mechanisms. Many factors such as insulin resistance, 
lipid metabolism, inflammation, mitochondrial dysfunction, 
endoplasmic reticulum stress, circadian rhythm, genetics, 
epigenetics, dietary factors, and gut microbiota play a crucial 
role in the pathogenesis of NAFLD (Figure 1).

Figure 1. The multi-hit hypothesis of non-alcoholic fatty liver disease 
(NAFLD) pathogenesis. The insulin resistance and lipid metabolism 
dysregulation lead to the development of simple steatosis and render 
hepatocytes susceptible to “multi-hit”, which includes gut-derived bacterial 
toxins(lipopolysaccharides), adipocytokine imbalance, mitochondrial 
dysfunction, reactive oxygen species, endoplasmic reticulum stress, 
apoptosis, activation of pro-fibrogenic factors and pro-inflammatory 
mediators ultimately leading to non-alcoholic steatohepatitis (NASH). 
IL: Interleukin; TNF: Tumor necrosis factor; ROS: Reactive oxygen 
species; DNL: de novo lipogenesis; UPR: Unfolded protein response; TG: 
Triglyceride; FFA: Free fatty acids; LPS: lipopolysaccharides

Insulin resistance

Insulin resistance has critical role in the activation of lipotoxicity, 
oxidative stress, and inflammatory processes in NAFLD and its 
progression to NASH [8]. Insulin resistance is associated with 
lipolysis in adipose tissue, it causes an increase in circulating 
free fatty acids (FFAs) and their uptake by the liver [9].
Increased glucose and insulin levels inhibit mitochondrial 
β-oxidation, suppress apolipoprotein B100 synthesis, and 
increase de novo lipogenesis (DNL) in the liver through 
glycolysis [10]. Hepatic DNL could be increased by activation of 
transcription factors such as sterol regulatory element binding 
protein (SREBP)-1, carbohydrate response element binding 
protein (ChREBP), and peroxisome proliferator activated 
receptor (PPAR). SREBP-1c which regulates DNL, is stimulated 
by insulin [11]. ChREBP is activated by glucose and increases 
DNL, it also provides more substrate for triglyceride and FFAs 
synthesis [12]. In general, PPARs are involved in glucose and 
fat metabolism as well as in immune response, inflammation, 
apoptosis, and cell proliferation [13].

Lipid metabolism

Fat accumulates in the liver of NAFLD patients in the form of 
triglycerides [11]. FFAs are obtained from diet, adipose tissue by 
lipolysis and/or liver by DNL. In hepatocytes, FFAs undergo acyl-
CoA synthesis and form fatty acyl-CoAs that enter esterification 
or β-oxidation pathways [14]. Increased levels of FFAs in the 
liver lead to lipid peroxidation, which causes the release of 
inflammatory cytokines such as tumor necrosis factor (TNF)-α, 
interleukin (IL)-1, IL-6, and reactive oxygen species (ROS). 
Inflammation and oxidative stress resulting from the release of 
these molecules, cause cellular damage and inflammation seen 
in NASH [15].
Oxidative stress plays an important role in the beginning of 
hepatic and extrahepatic injuries. Increased levels of FFAs cause 
oxidative stress by increasing ROS production [16].

Inflammation

Lipotoxicity, insulin resistance, peripheral adipose tissue 
dysfunction, and gut-derived endotoxins due to increased levels 
of FFAs induce production and secretion of pro-inflammatory 
cytokines both systemically and locally in the liver. Also, adipose 
tissue produces pro-inflammatory cytokines such as IL-6 
and TNF-α, which are responsible for the inflammatory and 
fibrogenic profile of the liver [16].
Adipokines (e.g. leptin, adiponectin) are hormones derived from 
adipose tissue that contribute to steatosis, NASH, cirrhosis, and 
carcinogenesis. Adipokines are in balance in healthy and normal 
weight individuals, but this balance is impaired in NAFLD [17]. 
Leptin appears to show an anti-steatotic effect in early stage 
of the NAFLD, but it can trigger hepatic inflammation and 
fibrosis when the disease progresses [18]. On the other hand, 
adiponectin, which has anti-steatotic, anti-inflammatory and 
anti-fibrotic effects, inhibits pro-inflammatory cytokines and 
stimulates anti-inflammatory cytokines, thus reduces oxidative 
stress and fibrogenesis [19].

Mitochondrial dysfunction

Structural and functional changes in mitochondria contribute 
to the pathogenesis of NAFLD. While structural changes occur 
with the reduction of mitochondrial DNA, functional changes 
include respiratory chain and mitochondrial β-oxidation 
[20]. ROS stimulate oxidative stress through the activation of 
inflammatory pathways and mitochondrial damage; together 
with oxidized LDL particles they activate Kupffer cells and 
hepatic stellate cells which lead to inflammation and fibrosis 
[21].

Endoplasmic reticulum stress

The accumulation of FFAs leads to endoplasmic reticulum stress 
by triggering an unfolded protein response (UPR). The factors 
which induce UPR include hyperglycemia, mitochondrial 
damage, hypercholesterolemia, and oxidative stress in NAFLD 
[22]. UPR activates c-jun terminal kinase, which is an activator 
of inflammation and apoptosis [23].



117
http://doi.org/10.5472/marumj.1479280
Marmara Med J 2024;37(2): 115-120

Marmara Medical Journal

NAFLD:Pathogenesis and dietary bioactive compounds Review Article
Oguz and Karakoyun

Circadian rhythm

Animal studies have shown that there is a link between circadian 
rhythm genes and NAFLD pathogenesis. Environmental factors 
such as circadian disruption (jet lag or night shift work) and high 
fat diet (HFD) increase the risk of NAFLD in animal knockout 
models of circadian locomotor output cycles kaput (clock) 
and PPAR-α [24]. Treatment with PPAR agonists or melatonin 
could potentially prevent progression of NAFLD and even cause 
regression of the disease [25].

Genetics and epigenetics

Genetic variants affect the development and progression of 
NAFLD by playing a central role in different ways such as single 
nucleotide polymorphism, lipogenesis, lipoprotein transport, 
oxidation of FFAs, oxidative stress, and cytokine production 
by endotoxin [26]. Patatin-like phospholipase-3 (PNPLA3) 
gene encodes enzymes which are involved in lipid metabolism 
[27]. The PNPLA3 protein, which is also known as adiponutrin, 
exerts a lipolytic activity on triglycerides [27]. However, the role 
of genetics in NAFLD is needed to study more to understand the 
pathogenesis of the disease.
Epigenetic modifications include DNA methylation, histone 
modifications, and the activity of microRNAs (miRNAs) without 
altering the primary DNA sequence. These modifications exhibit 
a high degree of developmentally and environmentally oriented 
plasticity, and contribute to cell homeostasis [28].

Dietary factors

Dietary composition and high energy intake have important 
effects on NAFLD pathogenesis. High energy intake and fat 
accumulation that are associated with insulin resistance, result 
in the increase of inflammatory cytokines and fatty acids in the 
circulation [29]. In general, NAFLD is characterized by high 
intake of saturated fats, simple carbohydrates, foods containing 
fructose, cholesterol, and low intake of antioxidants, fiber, and 
omega-3 fatty acids [30].
In NAFLD pathogenesis, fructose has been suggested to increase 
DNL, inhibit β-oxidation, increase inflammation, and alter 
gut microbiota which potentially causes dysbiosis. It has been 
also shown that fructose is an important factor for increasing 
intestinal permeability and endotoxins in the portal blood [31].
Mediterranean diet which can reduce liver fat, has been 
recommended for the treatment of NAFLD by the EASL-EASD-
EASO Clinical Practice Guideline and the European Society of 
Clinical Nutrition and Metabolism (ESPEN) Guidelines [4, 32].

Gut microbiota

Microbiota is thought to play an important role in the 
pathogenesis of NAFLD. Several mechanisms have been 
suggested for the role of microbiota in NAFLD including gut 
permeability, microbiome-induced regulation of gut barrier, 
inflammatory factors, and metabolites produced or altered by 
the microbiota such as bile acids, short chain fatty acids, and 
ethanol [33].

Intestinal bacterial overgrowth leads to a leaky mucosal barrier 
which allows bacterial translocation and increases microbial 
products such as lipopolysaccharides. These products, 
particularly pathogen-associated molecular pattern molecules, 
interact with receptors found not only on inflammatory cells 
but also on other cell types such as hepatic stellate cells and 
endothelial cells [34].

3. THE IMPACT OF DIETARY BIOACTIVE 
COMPOUNDS ON NAFLD

Dietary bioactive compounds are being investigated intensively 
to complement therapeutic strategies of many diseases including 
NAFLD [35]. They show many health-promoting effects 
such as antioxidant, anti-inflammatory, antihypertensive, 
chemopreventive, and hepatoprotective [36].
Some dietary bioactive compounds showing antioxidant and/or 
anti-inflammatory effects, and their mechanism of actions on 
NAFLD are summarized in Table I.

Table I. The impact of dietary bioactive compounds in NAFLD
Nutrient/Bioactive 
compound

Effects Mechanism of action

Caffeine Antioxidant Weight gain ⇓ 
Oxidative stress ⇓

Epigallocatechin 
gallate

Antioxidant Weight gain ⇓ 
Oxidative stress ⇓ 
Lipid accumulation ⇓

Probiotic Anti-inflammatory Lipid accumulation ⇓ 
Steatosis ⇓ 
Serum lipids ⇓

Omega-3 Anti-inflammatory 
Antioxidant

Steatosis ⇓ 
Lipid peroxidation ⇓

Prebiotic Anti-inflammatory 
Antioxidant

β-oxidation ⇓ 
Lipogenesis ⇓ 
Serum lipids ⇓

Astaxanthin Anti-inflammatory 
Antioxidant

Pro-inflammatory cytokines ⇓ 
Inhibition of lipogenesis

Quercetin Anti-inflammatory 
Antioxidant

Pro-inflammatory cytokines ⇓ 
Inhibition of lipogenesis

Curcumin Anti-inflammatory 
Antioxidant

Intestinal barrier function ⇓ 
Endotoxin ⇓ 
Toll-like receptor (TLR)4 
/ nuclear factor (NF)-κB 
inflammation ⇓

Resveratrol Anti-inflammatory 
Antioxidant

Oxidative stress ⇓ 
Inflammation ⇓ 
Serum lipids ⇓

Yang et al., found that the co-administration of epigallocatechin-
3-gallate and caffeine in low doses improved obesity and NAFLD 
in obese rats, suggesting the possible role of epigallocatechin-3-
gallate and caffeine co-administration in reducing body weight, 
oxidative stress and inflammatory cytokines and improving 
serum lipid profiles [37].
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A study included 20 male and 20 female participants, aged 
between 19 and 64 years and diagnosed with NAFLD. Among 
them, those who consumed ≥250 mg/day of caffeine showed 
elevated ALT and AST levels, as well as a decrease in high-
density lipoprotein cholesterol (HDL-C) levels [38].
Consumption of 50 mg green tea tablets containing 500 mg 
of standardized total polyphenols three times daily for three 
months was effective in reducing liver fat accumulation, 
attenuating fatty liver grading and improving liver function in 
52 patients diagnosed with NAFLD aged 10 to 16 years [39].
Administration of both probiotic and omega-3 supplements to 
obese mice caused a significant reduction in hepatic steatosis 
and hepatic lipid accumulation [40]. Similarly, another study 
showed the beneficial effects of omega-3 fatty acids treatment 
in a mouse model of NAFLD by decreasing plasma cholesterol, 
plasma triglycerides, fasting plasma glucose and liver lipid 
peroxidation levels [41]. Patients diagnosed with NAFLD were 
given omega-3 fatty acids supplementation, improvements in 
hepatic steatosis were seen in contrast to those who received 
placebo. Omega-3 fatty acid supplementation resulted in a 
reduction in triglyceride and total cholesterol levels as well as 
a decrease in body mass index (BMI), while also increasing 
HDL-C concentrations among individuals with NAFLD [42].
It has been shown that prebiotic and synbiotic (prebiotic and 
probiotic) supplementation improved hepatic changes due to 
hypercholesterolemia in adult rats [43]. These changes appear to 
be mediated by altered gene expressions such as SREBP-1c and 
PPAR-α which are associated with β-oxidation and lipogenesis. 
Thus, prebiotic supplementation can modulate and decrease 
SREBP-1c expression in lipogenesis [43].
Behrouz et al., conducted a study investigating the effects 
of probiotics and prebiotics on individuals NAFLD. The 
results showed reductions in AST, ALT, triglycerides, and 
total cholesterol; however, there were no changes observed 
in inflammation biomarkers such as C-reactive protein. It is 
important to note that the trial had a relatively short duration, 
making it challenging to guarantee the sustained reduction 
of metabolic parameters. Moreover, the study did not include 
assessments for liver fibrosis to examine the severity and 
progression of liver disease [44].
Hernandez-Ortega et al. and Shen et al., found that hepatic 
marker levels such as alanine aminotransferase and aspartate 
aminotransferase were reduced by adding astaxanthin and 
quercetin to the diets of mice with liver fibrosis [45,46]. Also, 
decrease in pro-inflammatory cytokines (TNF-α, IL-6 and 
IL-1β) in serum and liver tissue and antifibrotic effects have been 
associated with their anti-inflammatory capacities. In addition, 
quercetin and astaxanthin contribute to the improvement of 
lipid metabolism by inhibiting lipogenesis and stimulating fatty 
acid oxidation by affecting PPAR-a and adiponectin [45,46].
Administration of curcumin protects against HFD-induced 
hepatic steatosis in ApoE−/− mice by modulating intestinal 
barrier function and reducing endotoxin and toll-like receptor 
(TLR)4/nuclear factor (NF)-κB inflammation [47]. In a 
study involving 55 NAFLD individual, it was observed that 

administering a daily dose of 500 mg of curcumin resulted 
in a reduction in the serum concentrations of inflammatory 
cytokines such as TNF-α and interleukins [48].
In a 12-week clinical trial that randomized 90 participants aged 
20 to 60 years with NAFLD, the subjects were divided into three 
distinct groups: the calorie-restricted (CR) diet group (n = 30), 
the resveratrol group (n = 30) receiving a daily dose of 600 mg 
pure trans-resveratrol, and the placebo group (n = 30) receiving 
placebo capsules. Findings from the trial demonstrated that the 
CR diet induced significant reductions in weight (4.5%), BMI, 
waist circumference, waist-to-hip ratio, as well as ALT, AST, 
and lipid profiles, surpassing the outcomes observed in both the 
resveratrol and placebo groups [49].

Conclusion

Non-alcoholic fatty liver disease has high morbidity and mortality 
rates worldwide as it has become the major cause of end-
stage liver disease and liver transplantation. The pathogenesis 
of NAFLD is a complex process with multiple factors such as 
gut microbiota, insulin resistance, hormones secreted from 
adipose tissue, increased levels of FFAs, endoplasmic reticulum 
stress, mitochondrial dysfunction, inflammation, circadian 
rhythm, genetic and epigenetic factors. Dietary bioactive 
compounds, which modulate lipogenesis, lipid oxidation and 
lipid peroxidation, reduce endotoxin and inflammation and 
improve intestinal barrier function, represent a new attractive 
therapeutic approach for NAFLD. Further studies could provide 
insights into the role of dietary bioactive compounds in NAFLD 
treatment.
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ABSTRACT
Objective: Fragmented QRS complex (fQRS) is associated with increased morbidity and mortality, sudden cardiac death, and recurrent 
cardiovascular events. The role of coronary artery bypass grafting (CABG) in the primary treatment of acute myocardial infarction 
remains controversial. In this study, we aimed to assess the predictive value of fQRS in-hospital mortality among acute segment 
elevation myocardial infarction (STEMI) patients undergoing emergency CABG for primary revascularization.
Patients and Methods: Between 2010 and 2020, we retrospectively included 99 consecutive STEMI patients who were not eligible for 
primary percutaneous intervention and required emergency CABG. The study population was divided into two groups: survivors and 
non-survivors. We compared the two groups regarding demographic, clinical, and operative characteristics.
Results: fQRS was identified as an independent predictor of in-hospital mortality (p = 0.037). Additionally, left ventricular ejection 
fraction (LVEF) was an independent predictor of in-hospital mortality (p = 0.028). Glomerular filtration rate (GFR), glucose levels, 
and Killip class ≥ III were significantly associated with in-hospital mortality (p = 0.002), (p = 0.001) and (p < 0.001).
Conclusion: fQRS emerged as an independent predictor of in-hospital mortality among patients undergoing emergency CABG for 
primary revascularization in cases of STEMI.
Keywords: Fragmented QRS, ST-elevation myocardial infarction, Coronary artery bypass grafting, Mortality

1. INTRODUCTION

Segment elevation myocardial infarction (STEMI) is an acute 
and potentially fatal condition typically managed through 
primary percutaneous coronary intervention (pPCI) or 
thrombolytic therapy [1]. The guidelines for determining when 
coronary artery bypass grafting (CABG) surgery should be 
considered in STEMI patients remain somewhat ambiguous. 
Generally, CABG is regarded as a secondary option in current 
guidelines, to be pursued when PCI is not technically feasible, 
fails, or in cases of cardiogenic shock with acute myocardial 
infarction (AMI) accompanied by mechanical complications. 
Nevertheless, there is a limited body of research investigating 
the outcomes of emergent CABG treatment in STEMI patients 
[2,3].
Fragmented QRS (fQRS) is a depolarization abnormality that 
reflects delayed ventricular conduction around myocardial scar 
tissue and has been linked to various cardiac conditions [4-7]. In 

STEMI patients, fQRS has been demonstrated to be associated 
with in-hospital mortality, reperfusion failures, and it may serve 
as an independent predictor for major adverse cardiac events 
(MACEs) [8,9]. Furthermore, significant correlations have been 
identified between fQRS and in-hospital MACEs, as well as 
prognostic factors like hospitalization duration and long-term 
MACEs in patients undergoing CABG [10]. However, there is 
a paucity of data concerning the prognostic value of fQRS in 
patients undergoing emergent CABG.
In this study, we aimed to assess the predictive potential of 
fQRS in determining in-hospital mortality in STEMI patients 
undergoing emergent CABG. This study represents the first 
investigation into the relationship between fQRS and in-hospital 
mortality in STEMI patients undergoing emergent CABG for 
primary revascularization.
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2. PATIENTS and METHODS

Study population

A total of 125 patients, who were admitted to the catheter 
laboratory with a diagnosis of STEMI from the emergency 
department between 2010 and 2020, and for whom pPCI was 
either unsuitable or unsuccessful, underwent CABG within 
6 hours of their emergency admission and were included in 
our study. This retrospective screening involved the following 
exclusion criteria: patients undergoing elective CABG after 
balloon dilation or stent implantation to the culprit lesion 
(n=7), patients deemed inoperable due to diffuse vascular 
disease (n=2), patients necessitating simultaneous valve 
intervention (n=3), acute STEMI patients with mechanical 
complications (n=1), individuals with chronic kidney and liver 
failure (n=3), presence of left or right bundle branch block 
(BBB) (n=4), patients with a pacemaker rhythm (n=1), patients 
who were receiving type I and III antiarrhythmic drugs (n=1), 
patients whose electrocardiogram (ECG) was unsuitable for 
evaluation (n=3), and patients receiving treatment for a previous 
cerebrovascular disease (n=1). Following the application of 
these exclusion criteria, a total of 99 patients were included in 
the study. Demographic data, laboratory findings, and outcomes 
were obtained from hospital records, file reviews, and telephone 
interviews. Our study was conducted per the principles of the 
Declaration of Helsinki and received approval from Mehmet 
Akif Ersoy Thoracic and Cardiovascular Surgery Training and 
Research Hospital Ethics Committee with decision number 
2023.04-46. Due to the nature of the study, informed consent 
was not obtained from the patients.

Patient characteristics and definitions

A complete blood count, serum creatinine, total cholesterol, 
low-density lipoprotein cholesterol (LDL-C), high-density 
lipoprotein cholesterol (HDL-C), triglycerides (TG), and serum 
electrolyte levels were assessed. Blood samples were collected 
during the patients’ hospitalization in the emergency room. 
The Killip class was evaluated upon admission and defined 
as follows: Killip class 1, AMI without heart failure; Killip 
class 2, AMI with mild heart failure; Killip class 3, AMI with 
pulmonary edema; and Killip class 4, AMI with cardiogenic 
shock [11]. Cardiogenic shock was defined as patients exhibiting 
pulmonary edema or a cardiac index <2.2 l/min/m2 in the 
absence of vasopressor or inotrope therapy, or systolic arterial 
pressure <90 mm Hg or mean arterial pressure (MAP) <65 mm 
Hg without the administration of a vasopressor agent or the 
need for vasopressor therapy to correct hypotension. It was also 
defined as pulmonary artery occlusion pressure >15 mm Hg or 
echocardiographic evidence of high pressure, or at least evidence 
of tissue hypoperfusion (e.g., skin mottling, oliguria, elevated 
lactate level, altered consciousness) [11]. Regarding smoking 
habits, individuals were categorized as “current smokers” or 
“non-smokers.” Hypertension (HT) was defined as systolic 
arterial pressure >140 mmHg and/or diastolic arterial pressure 
>90 mmHg or if the patient was currently using antihypertensive 
medication [12]. Diabetes mellitus (DM) was defined as having 

at least two fasting plasma glucose levels ≥ 126 mg/dL or 
postprandial plasma glucose levels ≥ 200 mg/dL, or the use of 
anti-diabetic medication. Hyperlipidemia (HL) was defined as 
having serum total cholesterol ≥ 200 mg/dL, serum triglycerides 
≥ 150 mg/dL, low-density lipoprotein cholesterol ≥ 130 mg/
dL, a previous diagnosis of hyperlipidemia, or the use of lipid-
lowering medication. Chronic renal failure was characterized as 
an estimated glomerular filtration rate of ≤ 60 mL/min. Chronic 
liver disease was defined as conditions requiring hospitalization 
due to cirrhosis or liver-related events.
Furthermore, all patients underwent echocardiographic 
imaging immediately before CABG. The echocardiographic 
examinations were conducted using an echocardiography device 
(GE Vingmed Ultrasound AS, Horten, Norway) equipped with 
a 3.2 MHz adult probe, and measurements were performed 
in accordance with the guidelines of the American Society of 
Echocardiography [13].
Segment elevation myocardial infarction was diagnosed based 
on the following criteria: ST-segment elevation ≥2.5 mm in 
men under 40 years of age, ≥2 mm in men aged 40 or older, 
or ≥1.5 mm in women in leads V2–V3, and/or ≥1 mm in 
the other leads, all measured at the J point in two contiguous 
leads [10]. Reperfusion failure during coronary intervention 
was characterized by the following criteria: less than 50% ST-
segment regression within 90 minutes of the initial elevation 
and a thrombolysis in myocardial infarction (TIMI) flow grade 
of 0 observed in the infarct-related artery following pPCI or 
thrombolytic therapy [14]. In-hospital mortality was defined 
as any cause of death occurring from the time of admission to 
CABG in patients diagnosed with STEMI.

Fragmented QRS

Upon admission to the emergency department, 12-lead 
electrocardiograms (ECG) of all patients were recorded with the 
following settings: a filter range of 0.16–100 Hz, a paper speed 
of 25 mm/s, and an amplitude of 10 mm/mV. FQRS was defined 
as follows: the presence of an additional R wave (R’) or notching 
in the nadir of the S wave, or the presence of more than one 
R’ (fragmentation) in two contiguous leads, corresponding to a 
major coronary artery territory [15]. This definition excluded 
cases with a typical BBB pattern and incomplete right BBB 
(Figure 1). The interpretation of all ECG findings was conducted 
independently by two experienced cardiologists who were 
blinded to the clinical outcomes. The intra – and inter-observer 
differences for fQRS were both less than 5%.

Statistical Analysis

The data analysis was conducted utilizing the Statistical Package 
for the Social Sciences version 26.0 (SPSS Inc., Chicago, 
Illinois, USA). To assess the distribution of variables, both 
visual methods (histograms, probability curves) and analytical 
methods (Kolmogorov–Smirnov or Shapiro–Wilk tests) 
were employed. Numerical variables that exhibited a normal 
distribution were presented as mean ± standard deviation, while 
those not conforming to a normal distribution were expressed 
as median (interquartile range). Categorical variables were 
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reported as percentages (%). To compare numerical variables 
between the two groups, Student’s t-test and Mann–Whitney U 
test were employed, depending on the distribution. Categorical 
variables were compared using the Chi-square or Fisher’s exact 
test. Event-free survival curves were constructed utilizing the 
Kaplan–Meier method and were subjected to comparison 
using the log-rank test. For calculating hazard ratios (HRs) 
and their corresponding 95% confidence intervals (95% CI) 
concerning clinical endpoints, both univariate and multivariate 
Cox proportional hazards models were applied. In this study, a 
P-value less than 0.05 was considered statistically significant.

3. RESULTS

This study included a total of 99 patients who presented with 
acute STEMI and underwent CABG. Among these patients, 
59.6% were male, and the mean age was 56 ± 11.2 years. During 
their hospital admission, 11 (11.1%) patients succumbed to their 
conditions. Specifically, eight patients died due to low cardiac 
output syndrome (LCOS), two patients experienced malignant 
arrhythmias (ventricular fibrillation and tachycardia-resistant 
LCOS), and two patients passed away as a result of sepsis with 
accompanying LCOS.
The patients were categorized into two groups: hospital survivors 
and non-survivors. The baseline demographics, clinical 
characteristics, and laboratory findings of these study groups 
are summarized in Table I. While the two groups exhibited 
similarities in demographics, clinical features, and laboratory 

characteristics, certain clinical traits such as Killip class > III 
(p < 0.001), cardiogenic shock (p < 0.001), and preoperative 
cardiopulmonary resuscitation (p < 0.001) were more prevalent 
in the non-survivor group. Furthermore, the non-survivor 
group displayed a higher Thoracic Surgery Society (STS) score 
(p < 0.001). White Blood Cells (WBC) count (p < 0.001), glucose 
levels (p = 0.001), and troponin levels (p = 0.032) were elevated 
in the non-survivor group, whereas glomerular filtration rate 
(GFR; p = 0.001) and left ventricular ejection fraction (LVEF) 
were higher in the survivor group. Additionally, the rate of fQRS 
(p < 0.001) (Figure 1), QRS duration (p = 0.001), and heart rate 
(p < 0.001) were greater in the non-survivor group compared to 
the survivor group.
Table II presents the distribution of responsible lesions, as well 
as intraoperative and postoperative characteristics of the study 
groups. The non-survivor group exhibited longer ICU length of 
stay (p < 0.001) and ventilation time (p < 0.001), whereas aortic 
cross-clamp (ACC) duration (p = 0.049) was prolonged and the 
use of internal mammary artery (IMA) (p = 0.031) was more 
common in the survivor group.
Table III provides the results of univariate and multivariate 
regression analyses aimed at identifying predictors of in-hospital 
mortality. In the univariate regression analysis, LVEF, GFR, 
glucose levels, Killip class ≥ III, and fQRS were significantly 
associated with in-hospital mortality. In the multivariate 
regression analysis, both LVEF (p = 0.028) and fQRS (p = 0.037) 
emerged as independent predictors of in-hospital mortality.

Figure 1. An exemplary electrocardiogram shows the presence of fragmented QRS in derivatives of DII and AVF in inferior myocardial infarction.
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Table I. The baseline demographics, clinical and laboratory characteristics of the study groups

N = 99 Survivors 
(n = 88)

Non-survivors 
 (n = 11)

P 
value

Age, years 55.6 ± 10.6 60 ± 15.1 0.267

Gender (male), n (%) 52 (59.1) 7 (63.6) 0.772

Hypertension, n (%) 25 (28.4) 4 (36.4) 0.585

PAD, n (%) 13 (14.8) 2 (18.2) 0.766

CVD, n (%) 7 (8) 1 (9.1) 0.896

COPD, n (%) 14 (15.9) 2 (18.2) 0.847

Atrial fibrilation, n (%) 4 (4.5) 1 (9.1) 0.516

Smoking, n (%) 27 (30.7) 3 (27.3) 0.817

WBC, 106 /L 12.3 ± 4.3 18.7 ± 11.2 <0.001

Hemoglobin, g/dL 12.5 ± 2.7 11 ± 1.5 0.087

Platelets, 10^3/uL 236.6 ± 85.8 245.7 ± 94.9 0.744

Glucose, mg/dl 169.2 ± 56.8 238.1 ± 103.5 0.001

Total cholesterol, mg/dL 188.1 ± 40.1 184.5 ± 20.1 0.769

LDL-C, mg/dL 126 ± 34 121.2 ± 17.5 0.645

HDL-C, mg/dL 37.8 ± 7.9 40 ± 6.9 0.371

Triglyceride, mg/dL 175.1 ± 93.2 158.7 ± 59.2 0.573

Troponin, ng/mL 0.120 (0.036-0.256) 0.283 (0.127-0.450) 0.032

GFR, mL/min 87.5 ± 22.3 62 ± 34.8 0.001

LV Ejection Fraction, % 45.4 ± 6.8 35 ± 5.9 <0.001

fQRS 21 (23.9) 9 (81.8) < 0.001

Q wave on ECG 18 (20.5) 5 (45.5) 0.064

QRS duration, ms 87.6 ± 13 101.6 ± 15.2 0.001

Heart rate, beats / min 82.8 ± 14.4 101.9 ±9.3 <0.001

Correct QT duration, ms 439.2 ± 37.6 450.8 ± 44.1 0.344

Previous PCI, n (%) 11 (12.5) 3 (27.3) 0.185

Failed PCI, n (%) 16 (18.2) 5 (45.5) 0.037

Previous stent thrombosis, n (%) 12 (13.6) 1 (9.1) 0.674

CPR before surgery, n (%) 2 (2.3) 3 (27.3) <0.001

Killip class, n (%) 
 I 
II 
≥III

 
80 (90.9) 

2 (2.3) 
6 (6.8)

 
3 (27.3) 
2 (18.2) 
6 (54.5)

<0.001

CAD 
1 vessel 
2 vessels 
3 vessels 
≥4 vessels

 
8 (9.1) 

31 (35.2) 
29 (33) 

20 (22.7)

 
3 (27.3) 
2 (18.2) 
4 (36.4) 
2 (18.2)

0.274

Cardiogenic shock, n (%) 3 (3.4) 4 (36.4) <0.001

STS score 5.2 (4.2-6.4) 11.2 (9.4-15.3) <0.001

Data are expressed as percentage, mean±standard deviation, or median (inter – quartile range).
Abbreviations: CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; CPR, cardiopulmonary resuscitation; CVD, cerebrovascular disease; ECG: 
electrocardiograms; GFR: glomerular filtration rate; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol; LVEF: left ventricular 
ejection fraction; PAD, peripheral artery disease; PCI: percutaneous coronary intervention; STS, Society of Thoracic Surgeons; WBC, White Blood Cells.



125
http://doi.org/10.5472/marumj.1485355
Marmara Med J 2024;37(2): 121-128

Marmara Medical Journal

Fragmented QRS and STEMI mortality Original Article
Altunova and Cakmak

Table II. The distribution of culprit lesion, intraoperative and postoperative characteristics of study groups

N = 99 Survivors 
(n = 88)

Non-survivors 
 (n = 11)

P 
value

Culprit lesion 
 LMCA 
 LAD 
 LCX 
 RCA

 
24 (27.3) 
63 (71.6) 

1 (1.1) 
0 (0)

 
4 (36.4) 
7 (63.6) 

0 (0) 
0 (0)

0.779

Intraoperative characteristics

ACC time (min) 47.7 ± 18.7 36 ± 15.5 0.049

CPB time (min) 83.8 ± 35.3 93.8 ± 38 0.381

Grafts per patient (n) 2.74 ± 1.01 2.45 ±1.13 0.388

IMA use 54 (61.4) 3 (27.3) 0.031

Complete revascularization (n) 81 (92) 5 (45.5) <0.001

Postoperative characteristics

Drainage (ml) 640.5 ± 162.4 689.1 ± 188.1 0.360

Hospital stay (days) 7.5 ± 3.7 9.2 ± 6.7 0.195

IABP support 30 (34.1) 7 (63.6) 0.056

ICU stay (days) 2.52 ± 1.8 9.18 ± 6.71 <0.001

Ventilation time (h) 9 (6.3-12) 24 (14-214) <0.001

Abbreviations: ACC, aortic cross‐clamp; CPB, cardiopulmonary bypass; IABP, intra‐arterial balloon pump; ICU, intensive care unit; IMA, internal mammary artery; LAD, 
left anterior descending artery; LCX, left circumflexartery; LMCA, left main coronary artery; RCA, right coronary artery.

Table III. Univariate and multiple cox regression analyses to determine predictors of in-hospital mortality
 Univariate analysis  Multivariate analysis

Hazard 
ratio

95%CI 
(lower–upper)

P value Hazard ratio 95%CI (lower–upper) P value

Age 1.031 0.978-1.088 0.257

HT 1.427 0.418-4.875 0.571

COPD 1.168 0.252-5.406 0.843

PAD 1.266 0.274-5.861 0.763

CVD 1.107 0.142-8.648 0.923

LVEF 0.781 0.693-0.879 <0.001 0.862 0.755-0.985 0.028

GFR 0.958 0.933-0.984 0.002 0.983 0.957-1.011 0.231

Glucosea 1.010 1.004-1.016 0.001 1.001 0.994-1.008 0.717

Troponinb 1.708 0.592-4.927 0.322

Smoking 0.857 0.227-3.231 0.820

Killip class ≥III 11.016 3.332-36.417 <0.001 0.971 0.183-5.161 0.973

ACC timec 0.959 0.919-1.001 0.055

IABP support 3.267 0.956-11.166 0.059

fQRS 11.429 2.467-52.957 0.002 6.337 1.122-35.800 0.037

Abbreviations: ACC, aortic cross‐clamp; CAD: coronary artery disease; CI, confidence interval; COPD: chronic obstructive pulmonary disease; CVD: cerebrovascular 
disease; GFR, glomerular filtration rate; HT: hypertension; IABP, intra‐arterial balloon pump; LVEF, left ventricular ejection fraction; OR, odds ratio; PAD: peripheral 
artery disease.
aFor each 1 mg/dl increase the odds ratio for mortality.
bFor each 1 ng/ml increase the odds ratio for mortality.
cFor each 1 minute increase the odds ratio for mortality.
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Figure 2. Distribution of fQRS in-hospital survivors and non-survivors 
groups.

4. DISCUSSION

This study sheds light on a significant clinical issue within our 
clinical practice, and its main findings can be summarized as 
follows: I) fQRS is strongly associated with in-hospital mortality 
in patients undergoing CABG for STEMI. II) fQRS and low 
LVEF were identified as independent predictors of in-hospital 
mortality.
Primary percutaneous coronary intervention is the standard 
treatment for STEMI patients, with only a small proportion 
(5% or less) requiring emergency CABG surgery [16]. Patients 
with STEMI may have an increased risk of early CABG, which 
suggests that if patients are hemodynamically stable, delaying 
surgical revascularization for at least 24 hours might yield better 
short-term and long-term outcomes [17]. However, patients 
experiencing ongoing myocardial ischemia may necessitate 
emergency CABG when PCI is not feasible or has failed. Prior 
studies on mortality among patients undergoing emergency 
CABG for STEMI have primarily focused on the duration of 
the procedure. For example, Voisine et al., reported a mortality 
rate of 19.2% in patients operated on within 6 hours, although, 
they did not account for factors necessitating emergency CABG 
[18]. Axelsson et al., reported an in-hospital mortality rate of 
13% in patients who underwent CABG within 24 hours after 
STEMI [19], while Uygur et al. found a rate of 10.8% in their 
study [20], and Lemaire et al. reported an 8.2% mortality rate 
[21]. In our study, which included patients operated on within 
6 hours of symptom onset, the in-hospital mortality rate was 
11.1%, consistent with the literature.
Risk assessment of patients before surgery is crucial for guiding 
clinical decisions. Various risk classification scores such as 
EuroSCORE, STS score, and ACEF score are well-established 
and widely used in clinical practice [22,23]. In our study, higher 
Killip class 3 and STS scores were associated with higher in-
hospital mortality, in line with the literature. Thielmann et 
al., demonstrated that preoperative cardiac troponin I (cTnI) 
levels can predict the risk of in-hospital mortality in patients 

undergoing emergency CABG for STEMI [24]. Although, 
troponin levels were elevated in the non-survivor group in our 
study, it was not identified as an independent predictor in the 
regression analysis. This may be due to the fact that patients 
in our study underwent CABG early. Moreover, while high 
glucose levels were not found to be an independent predictor 
of in-hospital mortality in our study, they appeared to be a risk 
factor for such mortality. The role of elevated glucose levels as 
an independent risk factor for operative mortality after CABG 
remains controversial in the literature [25,26].
None of the aforementioned risk scores take into account 
simple ECG findings. fQRS is an ECG finding associated with 
ventricular conduction disorders observed in various cardiac 
conditions. The frequency of fQRS on ECG can be as high as 
35% in STEMI patients undergoing PCI [27]. In our patient 
group, the fQRS rate was 30.3%, consistent with the literature. 
Recent studies have indicated that STEMI patients with fQRS 
have a significantly higher in-hospital mortality rate and can 
be used as a risk stratification tool for STEMI patients [28]. It 
has also been linked to low cardiac output syndrome and in-
hospital mortality in patients undergoing CABG surgery [29]. 
In our study, fQRS was shown to be an independent predictor 
of in-hospital mortality in STEMI patients who underwent 
emergency CABG.
Additionally, in previous studies, left ventricular (LV) 
dysfunction has been identified as an independent risk factor 
for postoperative complications and mortality in CABG surgery 
[30]. In line with the literature, low LVEF was found to be an 
independent risk factor for in-hospital mortality in our patient 
group.
The presence of cardiogenic shock or preoperative 
cardiopulmonary resuscitation (CPR) in patients undergoing 
CABG is associated with a high rate of periprocedural mortality 
and morbidity [31]. In our study, cardiogenic shock or 
preoperative CPR was statistically more significant in relation 
to mortality, which is consistent with the literature. The use 
of intra-aortic balloon pump (IABP) reflects the acuity level 
and the presence of cardiogenic shock, often associated with 
poor left ventricular output, and has been linked to in-hospital 
mortality [32]. Although, IABP was more frequently used in 
the non-survivor group in our study, it was not identified as 
an independent predictor of mortality. Patients in our study 
underwent urgent procedures, and complete revascularization 
was achieved in 86.9% of them. Additionally, patients underwent 
an average of 2.7 distal anastomoses, and the internal mammary 
artery (IMA) was used less frequently (57%) compared to 
elective CABG (90-95%) [33].
To our knowledge, this study is the first to evaluate the utility 
of a simple ECG finding in predicting in-hospital mortality in 
acute STEMI patients undergoing primary revascularization 
with CABG and to demonstrate the prognostic power of fQRS.

Study limitations

This study has several limitations that should be acknowledged. 
Firstly, it was a single-center retrospective study, which may 



127
http://doi.org/10.5472/marumj.1485355
Marmara Med J 2024;37(2): 121-128

Marmara Medical Journal

Fragmented QRS and STEMI mortality Original Article
Altunova and Cakmak

limit the generalizability of the findings. Secondly, the non-
survivor group had a relatively small sample size, which could 
impact the statistical power and generalizability of the results. 
Thirdly, the study did not employ other quantitative methods 
such as myocardial perfusion scanning or magnetic resonance 
imaging to confirm myocardial ischemia or scar formation in 
the study’s patients. Additionally, the study lacked long-term 
follow-up data to assess future cardiovascular events.
In essence, this study demonstrated the effectiveness and utility 
of fQRS on ECG as an indirect method for predicting in-hospital 
mortality in patients undergoing emergency CABG for STEMI.

Conclusion

As a marker of myocardial fibrosis, fQRS has the potential 
to serve as a valuable non-invasive risk assessment tool for 
patients undergoing emergency CABG for STEMI. This study 
has demonstrated a clear relationship between in-hospital 
mortality and the presence of fQRS in such patients. The 
evaluation of fQRS can aid in identifying individuals at higher 
risk of developing in-hospital mortality among this patient 
population. This information can be valuable for clinicians in 
making informed decisions and optimizing care for these high-
risk patients.
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ABSTRACT
Objective: We aimed to investigate the effect of right ventricular energy failure (RVEF) on hemodynamic and clinical outcomes in 
patients diagnosed with chronic thromboembolic pulmonary hypertension (CTEPH) undergoing pulmonary endarterectomy (PEA) 
surgery or balloon pulmonary angioplasty (BPA).
Patients and Methods: A total of 100 CTEPH patients planned for PEA or BPA were included in the study. Based on the presence of 
RVEF during diagnosis, patients divided into two groups. Hemodynamic data from right heart catheterization (RHC) were compared 
before and after procedures in 3-6 months follow up period.
Results: Patients with RVEF revealed a decrease in mean pulmonary artery pressure (mPAP) from 54.67±12.27 mmHg to 36.12±11.76 
mmHg (p:<0.001), mean right atrial pressure (mRAP) from 13.40±4.08 mmHg to 9.76±4.56 mmHg (p:0.003), and pulmonary vascular 
resistance (PVR) from 11.36±5.15 Wood Units (WU) to 5.46±3.30 WU (p <0.001). In the non-RVEF group, mPAP decreased from 
38.82±12.61 mmHg to 30.81±10.57 mmHg (p:<0.001), mRAP from 7.09±3.02mmHg to 7.15±3.07mmHg (p: 0.917), and PVR from 
6.33±3.65 WU to 4.09±2.31 WU (p:<0.001).
Conclusion:The presence of RVEF at the time of diagnosis in CTEPH patients does not have a negative impact on early perioperative 
and 3-month postoperative outcomes following PEA or BPA. This high-risk patient group demonstrated significant hemodynamic 
and clinical benefits from both PEA and BPA.
Keywords: Chronic thromboembolic pulmonary hypertension, Right ventricular energy failure, Pulmonary endarterectomy, 
Pulmonary balloon angioplasty

1. INTRODUCTION

Chronic thromboembolic pulmonary hypertension (CTEPH) 
is a rare and progressive disease that occurs as a result of the 
occlusion of the pulmonary arteries by organized blood clots. 
The diagnosis of CTEPH is established by the presence of filling 
defects in two or more segments on ventilation-perfusion 
scintigraphy (V/Q), visualization of obstructive or flow-limiting 
material in the pulmonary arteries using computed tomography 
pulmonary angiography (CTPA) and/or selective pulmonary 
angiography with digital subtraction angiography (DSA). A 
diagnosis of CTEPH is made when, after at least 3 months of 
effective anticoagulation therapy for pulmonary embolism 
(PE) diagnosis, the mean pulmonary artery pressure (mPAP) is 

greater than 20 mmHg on the right heart catheterization (RHC), 
the pulmonary capillary wedge pressure (PCWP) is less than 15 
mmHg, and the pulmonary vascular resistance (PVR) is greater 
than 2 Wood Units (WU). If imaging methods demonstrate the 
disease but pulmonary hypertension is not detected on RHC, 
a diagnosis of chronic thromboembolic pulmonary disease 
(CTEPD) is made [1].
The treatment algorithm for CTEPH includes a multimodal 
approach consisting of pulmonary endarterectomy (PEA) 
targeting anatomical lesions, balloon pulmonary angioplasty 
(BPA), and combinations of medical therapies. PEA is the 
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preferred and gold standard treatment method significantly 
improving pulmonary hemodynamics and functional capacity 
in CTEPH patients with accessible lesions [2].
Balloon pulmonary angioplasty has become a treatment option 
that improves right heart function and exercise capacity in 
patients who are not suitable for PEA surgery due to technical 
reasons or comorbidities, or in those who develop pulmonary 
hypertension after PEA due to residue CTEPH [3,4].
In pulmonary hypertension and CTEPH patients, an increased 
PVR in the pulmonary vascular bed leads to workload on 
the right ventricle, eventually resulting in right heart failure. 
Clinical manifestations and mortality in patients are primarily 
driven by the development of right heart failure, which has 
prognostic implications. Right ventricular energy failure (RVEF) 
is defined by a ratio of left atrial (or PCWP) pressure to right 
atrial pressure <1, which provides more specific information 
about the patient’s RV systolic performance related to their own 
pulmonary vascular status, independent of volume status, PVR, 
and RV systolic dysfunction levels [5-7].
In previous studies RVEF was defined as the RA pressure to 
PCWP ratio and has been investigated as predictor of long term 
mortality and 1 year survival rate in group 1 PH patients [7]. 
RVEF in CTEPH patients is similarly used in our study and 
to our knowledge there is no prospectively studied data on 
hemodynamic outcome after PEA and BPA procedure. The 
aim of this study is to investigate the impact of presence of 
right ventricular energy failure, at the time of diagnosis on the 
outcomes of PEA surgery and BPA.

2. PATIENTS and METHODS

Study design

This study was conducted at Marmara University, Pendik 
Training and Research Hospital, a tertiary center for pulmonary 
hypertension (PH) by the Department of Cardiology. Ethical 
approval for the study was obtained from the Clinical Research 
Ethics Board (18.04.2023 approval number: 09.2023.309), 
and the study was conducted in accordance with the Helsinki 
Declaration. Patients referred to our center with a diagnosis of 
CTEPH between February 2023, and October 2023 with a plan 
for PEA surgery or BPA intervention were included in the study. 
Post procedural findings were collected prospectively.
All patients were evaluated by a multidisciplinary team, 
including an experienced cardiothoracic surgeon specialized 
in PEA, an interventional cardiologist specialized in BPA, a 
pulmonologist, a rheumatologist, and a radiologist experienced 
in pulmonary hypertension. A comprehensive examination 
included transthoracic echocardiography, multislice computed 
tomographic angiography, ventilation/perfusion scintigraphy, 
right heart catheterization, and selective pulmonary angiography 
when necessary. All patients were evaluated for the diagnosis 
and management of CTEPH according the European Society of 
Cardiology/European Respiratory Society (ESC/ERS) guidelines 
for PH [1,8].

Inclusion and exclusion criteria

Patients aged 18 and above, diagnosed with CTEPH, and deemed 
suitable for surgical or BPA procedures who consented to 
participate were included in the study. Pulmonary endarterectomy 
and BPA procedures were conducted at Marmara University 
Pendik Training and Research Hospital. Patients diagnosed with 
CTEPH but having significant valve disease (except functional 
tricuspid regurgitation), left ventricular systolic dysfunction (EF 
< 50%), and those with a prior diagnosis of atrial fibrillation were 
excluded from the study.

Study protocol

Clinical and hemodynamic assessment

In this cohort study, initial baseline assessment with detailed 
medical history, comorbidities and past treatment modalities, 
namely anticoagulant use and pulmonary vasodilator drug 
classes were documented. Follow-up findings were evaluated 
prospectively at 3 to 6 months after the completion of the 
appropriate treatment strategy.
Demographic findings were recorded in a previously prepared 
case follow-up forms. Blood samples were collected from all 
patients for complete blood count, renal function tests, liver 
function tests, and serum N-terminal pro-brain natriuretic 
peptide (NT-proBNP) levels. A 6-minute walk distance test 
(6MWT) was conducted by an experienced nurse, and all 
information was added to the case follow-up form.
Patients who underwent PEA or BPA received pre-procedural 
hemodynamic assessment via right heart catheterization (RHC) 
conducted by an interventional cardiologist specialized in this 
field. A 7-F Swan-Ganz catheter (Edwards Lifesciences) was 
inserted through femoral or jugular venous approach for RHC. 
Measurements included mean right atrial pressure (mRAP), 
right ventricular (RV) pressure, systolic pulmonary artery 
pressure (sPAP), diastolic pulmonary artery pressure (dPAP), 
mean pulmonary artery pressure (mPAP), mean pulmonary 
artery wedge pressure (mPAWP),
Patient’s height, weight, and hemoglobin levels were noted, 
and using pulmonary artery and systemic saturations, cardiac 
output (CO), cardiac index (CI), pulmonary vascular resistance 
(PVR) and systemic vascular resistance (SVR) measurements 
were calculated via the Fick method. RVEF assessment utilized 
mRAP and PCWP. Right ventricular energy failure was defined 
as a ratio of mean PCWP to mean RA pressure ≤1.
All pressure tracings were visually inspected for physiological 
accuracy, and expiratory end pressure values were recorded. 
RHC reports were generated using a database program that 
records the findings of pulmonary hypertension patients within 
our institution and all parameters were reassessed during 
diagnosis and repeated 3-6 months after treatment.

Right ventricular energy failure (RVEF)

Right ventricular energy failure (RVEF) is a condition where the 
heart’s right ventricle cannot effectively pump blood, leading 
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to various cardiac and pulmonary issues. This condition often 
results from increased pulmonary vascular resistance causing 
high pressure in the right ventricle, leading to right ventricular 
failure.
Right ventricular energy failure is typically evaluated by 
measuring parameters from right heart catheter findings mainly 
mean pulmonary artery pressure (mPAP) and mean right atrial 
pressure (mRAP). A defining feature of RVEF is the ratio of 
mPCWP to mRAP, and a ratio ≤1 indicates energy failure [7,9].
Utilizing RHC findings for patients diagnosed with CTEPH, the 
mPCWP and mRAP ratio were calculated for all patients, and 
based on the obtained value, patients were categorized into two 
groups: those with RVEF and those with no RVEF. The pre – 
and post-treatment RHC, 6MWT, NT-proBNP, and functional 
capacities of both groups were compared.

Statistical Analysis

The data were analysed using IBM SPSS statistics (version 
26.0; SPSS Inc., Chicago, Illinois). The distribution of variables 
was evaluated according to the Kolmogorov-Smirnov criteria. 
Continuous variables were presented as mean ± standard 
deviation (SD) or median (interquartile range, IQR). Categorical 
variables were expressed as numbers and percentages.
Depending on the presence of subgroups of RVEF, the chi-
square test, Student’s t-test, and Mann-Whitney U test were 
used for comparisons of baseline parameters before and after the 
appropriate treatment accordingly. Two-way correlation analysis 
was performed using the Pearson test for normally distributed 
data and the Spearman test for non-normally distributed data. 
Statistical analyses with a p-value below 0.05 were considered 
significant.

3. RESULTS

Demographic data

A total of 128 CTEPH patients were included in the study. 
67 patients were evaluated as suitable for PEA through a 
multidisciplinary approach, and PEA was planned. Simultaneous 
coronary artery bypass graft surgery was performed in 3 of 
these patients. 3 patients declined PEA. Eight patients died, with 
1 during PEA surgical preparation and 7 during the intensive 
care follow-up after the surgical procedure. A total of 12 
patients could not undergo surgery due to technical reasons or 
unfavorable risk/benefit ratios. Among them, 4 had previously 
undergone PEA and were being followed for residual CTEPH. 
These patients were re-evaluated in the CTEPH council, and 2 
were treated with BPA. The remaining 2 patients with residual 
CTEPH and the remaining 8 patients were followed with 
medical treatment only.
After selective pulmonary angiography and a comprehensive 
evaluation, BPA was decided as a treatment option for 43 
patients. A total of 218 BPA sessions were performed on these 
patients and RHC and clinical evaluations were performed 3-6 
months after the last BPA session. Of these, 100 patients were 
included in the final analysis of our study, 27 (27%) had RVEF, 
and 73 (73%) did not. The mean age of patients with RVEF was 
47.96 ± 15.12 years, while the non-RVEF group had a mean age 
of 56.14 ± 13.97 years. In the RVEF group, 13 (48.1%) were male, 
while the non-RVEF group consisted of 35 (47.9%) males.
The NT-ProBNP values were 2297.48 ± 2881.93 ng/L and 
1436.59 ± 1737.21 ng/L, respectively, for the RVEF and non-
RVEF groups, and the 6MWT distances were 297.11 ± 122.35 m 
and 281.2 ± 114.0 m, respectively.

Figure 1: Patient selection and disposition  1 
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In the RVEF group, 8 (29.6%) patients had controlled 
hypertension (HT), and 3 (11.1%) had controlled diabetes 
mellitus (DM). In the non-RVEF group, there were 42 (57.5%) 
with HT and 12 (16.4%) with DM. A history of coronary artery 
disease was found at 2 (7.4%) in the RVEF group and 7 (9.6%) 

in the non-RVEF group. All patients were on anticoagulant 
therapy. Of these, 42% were on warfarin, 33% on rivaroxaban, 
20% on enoxaparin, and the remaining 5% were on other direct 
oral anticoagulant treatment (Table I).

Table I. Hemodynamic findings according to patients’ demographic characteristics and the presence of RVEF.
Variables RVEF present (27) RVEF absent (73) P value
Demographic data
Age, years 47.96 ±15.12 56.14±13.97 0.013
Gender, male n(%) 13(48.1%) 35(47.9%) 0.096
BMI, kg./m2 25.57±7.37 28.15±5.32  0.056
Hb, g/dl 12.96±2.37 13.23±1.65  0.534
NT-Probnp, ng/L * 2052.50 (393.75 – 6017.85) 1005.0 8(886.40 – 2082.14)  0.072
Creatinin, mg/dl 0.84±032 0.81±0.23  0.666
6MWT, m 297.11±122.35 281.2±114.0  0.547
Coomorbidities
HT 8 (29.6%) 42(57.5%) 0.023
DM 3 (11.1%) 12(16.4%) 0.753
Thyroid disorder 5(18.5%) 17(23.3%) 0.787
CAD 2(7.4%) 7(9.6%) 1.000
COPD 5(18.5%) 8(11%) 0.329
DVT 10(37%) 21( 28%) 0.470
Hemodynamic parameters
PA systolic, mmhg 91.38±20.36 65.32±22.15  <0.001
PA diastolic, mmhg 32.54±10.64 23.88±8.93  <0.001
PA mean, mmhg 54.92±11.80 38.77±12.75  <0.001
Ao BP mean,mmhg 93.37±17.14 95.71±18.90  0.558
RA mean, mmhg 13.37±3.93 7.15±2.99  <0.001
CI, L/min/m2 2.28±0.54 2.63±0.63  0.010
PVR, woods 11.48±5.15 6.13±3.44  <0.001
SaPO2 (%) 93.27±3.80 93.53±4.05  0.778
Pa O2 (%) 58.82±10.81 65.25±6.92  0.001

Values are mean ± standard deviation or number (percentage), unless specified otherwise.
* median (interquartile range, IQR)
6MWT: six-minute walk test distances; Ao: Aortic; BMI: Body Mass Index; BNP: B-type Natriuretic Peptide; BP: Blood Pressure; CI: Cardiac Index; DM: Diabetes Mellitus; 
DVT: Deep Vein Thrombosis; Hb: Hemoglobin; HT: Hypertension; COPD: Chronic Obstructive Pulmonary Disease; mPAP: Mean Pulmonary Artery Pressure; NT-proBNP: 
N-terminal pro-B-type Natriuretic Peptide; PA: Pulmonary Artery; PAWP: Pulmonary Artery Wedge Pressure; PVR: Pulmonary Vascular Resistance; PaO2: Arterial Oxygen 
Partial Pressure; RA: Right Atrium; RV: Right Ventricle; SaO2: Arterial Oxygen Saturation; sPAP: Systolic Pulmonary Artery Pressure; SVR: Systemic Vascular Resistance.

RHC Hemodynamic findings

When looking at the RHC data obtained from patients with and 
without RVEF, the mean pulmonary artery pressure (mPAP) of 
patients with RVEF was 54.92 ± 11.80 mmHg, mean right atrial 
pressure (mRAP) was 13.37 ± 3.93 mmHg, pulmonary capillary 
wedge pressure (PAWP) was 9.96 ± 2.60 mmHg, and pulmonary 
vascular resistance (PVR) was 11.48 ± 5.15 WU.
For patients without RVEF, mPAP was 38.77 ± 12.75 mmHg, 
mRAP was 7.15 ± 2.99 mmHg, and PVR was 19.66 ± 6.20 WU.
Hemodynamic and clinical response to PEA surgery and BPA 
procedure according to presence of RVEF is shown in Table 
II. Patients with RVEF showed an increase in 6MWT after 
the procedure from 297.77 ± 124.72m to 370.12 ± 109.66m (p 

< 0.001 ) and a decrease in NT-proBNP values from 2280 ± 
2937.63 , ng/L to 824 ± 941, ng/L (p = 0.016).
When examining the hemodynamic data of patients with RVEF, 
a statistically significant decrease was observed in mPAP from 
54.67 ± 12.27mmHg to 36.12 ± 11.76mmHg, mRAP from 13.40 
± 4.08mmHg to 9.76 ± 4.56mmHg, PVR from 11.36 ± 5.15 WU 
to 5.46 ± 3.30 WU.
In patients without RVEF, a decrease in NT-proBNP values 
(from 1384.32 ± 1760.29 to 501.97 ± 722.16) and an increase 
in the 6MWT from 300.92 ± 104.96m to 348.63 ± 97.91m were 
observed after the procedure. This difference was found to be 
statistically significant for both parameters (p < 0.001) (Table 
II).
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Table II. Response to PEA surgery and BPA procedure in patients with RVEF and without RVEF.
Variables Patients with RVEF Patients without RVEF

Pre procedure Post procedure (PEA/
BPA)

P values Pre procedure Post procedure (PEA/BPA) P values

Hb, g/dl 12.85±2.33 12.82±2.05 0.923 13.25 ±1.63 13.65±1.44 0.101

NT-Pro Bnp, ng/L * 908.5 (361.3 – 3326.2) 377.5 (131.2 – 1610.48) 0.016 510.0 (290.8 – 2790.8) 296.0 (95.5 8 – 1223.71) <0.001

6MWT, m 297.77 ±124.72 370.12 ±109.66 <0.001 300.92±104.96 348.63±97.91 <0.001

PA systolic, mmhg 91.17±21.18 62.75±20.27 <0.001 66.03±22.42 51.57±18.573 <0.001

PA diastolic, mmhg 31.83±10.76 21.83±7.29 0.002 23.85±9.31 19.34±7.25 <0.001

PA mean, mmhg 54.67±12.27 36.12±11.76 <0.001 38.82±12.61 30.81±10.57 <0.001

Ao BP mean, mmhg 90.40±13.66 87.04±16.69 0.381 95.57±19.15 93.72±17.93 0.426

RA mean, mmhg 13.40±4.08 9.76±4.56 0.003 7.09±3.02 7.15±3.07 0.917

PCWP, mmhg 9.96±2.60 11.32±3.65 0.055 11.23±3.52 11.49±2.95 0.413

CI, L/min/m2 2.29±0.52 2.71±0.67 0.025 2.62±0.64 2.65±0.59 0.767

PVR, woods 11.36±5.15 5.46±3.30 <0.001 6.33±3.65 4.09±2.31 <0.001

SaPO2, % 93.08±3.67 93.50±3.64 0.491 93.63±3.81 94.78±3.54 0.028

PaO2, % 58.41±11.13 65.29±8.48 0.004 65.68±6.85 65.83±7.29 0.896

Values are mean ± standard deviation or number, unless specified otherwise.
* median (interquartile range, IQR)
Ao: Aortic; BMI: Body Mass Index; BNP: B-type Natriuretic Peptide; BP: Blood Pressure; CI: Cardiac Index; Hb: Hemoglobin; mPAP: Mean Pulmonary Artery Pressure; 
NT-proBNP: N-terminal pro-B-type Natriuretic Peptide; PA: Pulmonary Artery; PAWP: Pulmonary Artery Wedge Pressure; PVR: Pulmonary Vascular Resistance; PaO2: 
Arterial Oxygen Partial Pressure; RA: Right Atrium; RV: Right Ventricle; SaO2: Arterial Oxygen Saturation; sPAP: Systolic Pulmonary Artery Pressure; SVR: Systemic 
Vascular Resistance.

Table III. Demographic and hemodynamic findings of CTEPH patients undergoing PEA surgery and BPA procedure
Patients undergoing PEA (total 58) Patients undergoing BPA (total 42)

Variables With RVEF (12) Without RVEF (46) P Value With RVEF (15) Without RVEF (27) P Value
Demographic values
Age, years 50.5(39.77-56.67) 59.0(50.36-61.1) 0.064 46.50(36.7-59.88) 57.0(46.5-67.22) 0.185
BMI, kg./m2 27.7(24.54-28.76) 28.7(27.14-31.18) 0.610 24.97(18.47-30.95) 27.68(26.09-31.06) 0.590
Hb, g/dl 12.05(10.26-14.91) 13.15(12.46-13.7) 0.623 13.05(11.60-13.66) 13.1(12.46-14.05) 0.393
NT-Probnp, ng/L 2052.5(393.7-6017.8) 1005.0(886.4-2082.1) 0.264 908.5(361.31-3326) 510(290.81-2790.8) 0.208
Creatinin, mg/dl 0.775(0.63-0.99) 0.795(0.68-0.88) 0.417 0.80(0.66-1.38) 0.8(0.52-1.35) 0.517
NT-proBNP 287.5(233.3-344.6) 272.5(236.6-302.9) 0.417 266.0(293.25-392.85) 266(221.58-342.79) 0.534
Hemodynamic 
parameter
PA mean, mmhg 57.5(42.13-67.07) 32.5(31.52-42.27) 0.001 55.5(50.69-60.48) 40.0(35.28-44.95) <0.001
Ao BP mean,mmhg 92.5(87.69-97.71) 95(94.84-106.83) 0.914 93.5(83.96-102.21) 95(80.77-104.05) 0.864
RA mean, mmhg 13.0(9.58-16.01) 6.0(5.96-8.56) <0.001 14.0(12.1-17.05) 8.0(6.04-9.01) <0.001
PCWP, mmhg 9.50(7.86-13.22) 11.0(10.05-16.6)  0.080 9.50(7.26-13.7) 10.0(9.1-13.46) 0.097
CI, L/min/m2 2.17(1.96-2.72) 2.43(2.28-2.73) 0.351 2.75(1.92-2.48) 2.15(2.44-3.11) 0.017
PVR, woods 11.80(7.51-14.72) 4.69(4.31-7.27) 0.002 10.36(6.21-14.20) 5.90(4.12-9.68) 0.008
SaPO2 (%) 95.5(91.89-96.91) 95(93.28-95.86) 0.999 92.0(90.1-96.24) 93.0(91.44-96.50) 0.879
PaO2 (%) 63.0(54.54-67.85) 66.0(62.93-68.13) 0.886 59.0(55.25-66.38) 66.0(58.40-68.44) 0.10

Values are median (interquartile range, IQR), mean ± standard deviation, or number unless specified otherwise.
Ao: Aortic; BMI: Body Mass Index; BNP: B-type Natriuretic Peptide; BP: Blood Pressure; CI: Cardiac Index; Hb: Hemoglobin; HT: Hypertension; COPD: Chronic 
Obstructive Pulmonary Disease; mPAP: Mean Pulmonary Artery Pressure; NT-proBNP: N-terminal pro-B-type Natriuretic Peptide; PA: Pulmonary Artery; PAWP: 
Pulmonary Artery Wedge Pressure; PVR: Pulmonary Vascular Resistance; PaO2: Arterial Oxygen Partial Pressure; RA: Right Atrium; RV: Right Ventricle; SaO2: Arterial 
Oxygen Saturation; sPAP: Systolic Pulmonary Artery Pressure; SVR: Systemic Vascular Resistance.
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Demographic and hemodynamic findings of patients undergoing 
PEA surgery and BPA procedure according to presence of RVEF 
is discussed separately in Table III.
There was no significant difference found in NT-proBNP levels 
and 6MWT between both groups undergoing PEA. When 
examining hemodynamic parameters of patients undergoing 
PEA, in the group with RVEF, mPAP was 57.5 mmHg (42.13-
67.07), while in the group without RVEF, it was 32.55 mmHg 
(31.52-42.27) (p: 0.001). PVR was 11.80 woods (7.51-14.72) 
in the RVEF group, whereas it was 4.69 WU (4.31-7.27) in the 
group without RVEF (p: 0.002); the mRAP was 13.0 mmHg 
(9.58-16.01) in the RVEF group, whereas it was 6.0 mmHg 
(5.96-8.56) in the group without RVEF (p: <0.001).
In patients undergoing BPA, there were no significant differences 
found in demographic data, NT-proBNP levels, and 6-minute 
walking distance between both groups, whether they had RVEF 
or not. However, when examining hemodynamic parameters, 
significant differences were observed in mPAP, mRAP and PVR 
in the RVEF group compared to those without RVEF (Table III).

4. DISCUSSION

In patients with chronic thromboembolic pulmonary 
hypertension (CTEPH), increased pulmonary vascular 
resistance leads to high pressure in the right ventricle, resulting 
in right ventricular failure. RVEF refers to the inability of the 
right ventricle to transfer its mechanical energy to stroke volume 
during contraction. This occurs as energy is dissipated through 
pulmonary vascular resistance during the trans pulmonary 
flow of blood. Increased pulmonary vascular resistance is 
associated with the development of RVEF. Despite correction 
for many established risk factors, right ventricular energy failure 
is associated with a two fold increase in PH mortality [9]. This 
concept was initially studied in the left ventricle but also adapted 
in PH patients [10,11] and its clinical use has been proposed as 
non-invasive substitute [12,13].
In our study, a more favourable hemodynamic response was 
observed in patients with RVEF compared to those without 
RVEF following pulmonary endarterectomy (PEA) surgery 
or balloon pulmonary angioplasty (BPA) procedure. Surgical 
candidates, despite having proximal and adequate amounts of 
thromboembolic material accessible for surgery, still indicate a 
higher risk due to the presence of RVEF, which demonstrates the 
severity of right heart failure and their higher risk profile.
In a retrospective study with a follow-up period of lasting 5 years 
and comprising a total of 549 pulmonary hypertension patients, 
with 343 (62%) being patients with CTEPH, RVEF was observed 
in 146 (26.6%) patients and was shown to predict long-term 
mortality independently [7]. Our study had a similar frequency 
of RVEF presence (27%) compared to frequency of RVEF rates 
reported in previous studies.
In a study conducted by Stefan Guth and his friends between 
January 2010 and March 2016, prospectively examining the 
PEA outcomes of 664 CTEPH patients, significant improvement 
was observed in RHC parameters, WHO Functional Class, and 

symptoms following PEA. This improvement was shown to 
persist for one year [14].
Another large prospective study from the United Kingdom 
national cohort obtained dynamic risk stratification of long 
term outcome in 880 PEA patients. Significant functional 
improvement following surgery with 85% of patients in either 
Functional Class I or II, only 28% of patients had an mPAP ≤20 
mm Hg, whereas 51% had an mPAP ≥25 mm Hg when measured 
by right heart catheterization at 3 to 6 months post-PEA. The 
majority of deaths following the immediate postoperative period 
were not attributable to right ventricular failure [15]. Identifying 
patients with RVEF initially prior to PEA with hemodynamic 
measurements could be interpreted as high risk patients and 
this would help to better establish CTEPH related clinical 
deterioration and the need for reassessment during follow up.
In a cohort study conducted by Reesink et al., between May 2000 
and August 2009, evaluating the effects of PEA on 74 patients, 
the 6MWT was shown to be associated with parameters 
reflecting the clinical and hemodynamic severity of CTEPH. 
The average 6MWT was 389 meters initially, which increased 
to 480 meters at one year of follow-up following PEA [16]. 
When looking at 6MWT and NT-ProBNP levels used in risk 
classification of CTEPH patients, an increase in 6MWT distance 
and a decrease in NT-ProBNP levels were found to be statistically 
significant. The correlation observed in both groups, those with 
and without RVEF, supported the findings of previous studies 
and similar hemodynamic improvements were observed in our 
study, consistent with previous findings.
In a prospective study evaluating the effect of PEA on 
pulmonary hemodynamics in 32 CTEPH patients, right heart 
catheterization findings were assessed 12 months post-PEA, 
showing a lower mPAP (20±3 vs. 17±3 mmHg; p=0.008) and 
a decrease in PVR from 3.6±0.8 WU preoperatively to 2.7±0.7 
WU post-PEA (p=0.004) [17].
In another study, a cohort study conducted in the United 
Kingdom involving 880 CTEPH patients, during the 3-6 month 
assessment following PEA, it was observed that 28% had mPAP 
< 20 mm Hg and 21% had mPAP 21-24 mm Hg, and this 
decrease was found to be statistically significant [18].
Pulmonary endarterectomy surgery and BPA procedures have 
been shown to result in a significant decrease in right ventricular 
afterload and contribute to the improvement of right ventricular 
function, while also positively impacting right ventricular 
contractile function. In our study, both groups exhibited 
positive improvement in hemodynamic parameters; however, 
patients with RVEF experienced higher risks associated with the 
procedure but at the same time benefited more when compared 
to patients without RVEF.
Additionally, patients with RVEF showed a significant increase 
in cardiac output (CO) and cardiac index (CI) ( p: 0.030 and p: 
0.025 respectively ), whereas in the non-RVEF group, although, 
an increase was observed, it did not reach statistical significance. 
This could be due to the relatively near normal and better values 
observed in patients without RVEF group already before PEA or 
BPA procedure.
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In many European centers, a study examining the results of 
BPA procedures revealed that the decrease in mPAP is generally 
below 30%, and according to recently published global registry 
data, a 41.5% reduction in PVR was observed in Europe. In two 
centers in Germany, a total of 266 BPA sessions were conducted 
in 56 patients, resulting in an 18% decrease in mPAP and a 26% 
decrease in PVR. The results in our study were consistent with 
the findings of previous studies yet another study conducted in 
Japan with 7 BPA centers reported a higher BPA effectiveness 
with a 47.9% decrease in mPAP [19].
The significant decrease in mean pulmonary artery pressure 
and pulmonary vascular resistance, regardless of the presence 
of RVEF, indicates a reduction in right heart pressure load. 
However, there were differences observed in CO and CI 
depending on the presence of RVEF. In our study, there was no 
significant difference in the non-RVEF group after PEA and 
BPA procedures, which contradicts previous studies. Mizoguchi 
et al., examined the results of BPA procedures in Japan and 
reported significant improvement in CO and CI [20].
A relatively short duration of follow up period in our study may 
not adequately reflect the effect of PEA and BPA procedures 
on CO and CI. The discrepancy finding in our study may be 
explained by the relatively normal range of CO and CI values 
in the non-RVEF group (CO, 4.86 ± 1.29 L/min and CI, 2.62 ± 
0.64 L/min/m2).

Study limitations

Although, our study conducted at a tertiary center specialized 
in CTEPH, being a single – center is the primary limiting factor. 
Variations in follow-up periods occurred due to some patients 
unable to reach hospital after follow-up visit schedule was 
arranged. Some patients who underwent BPA had previously 
undergone pulmonary endarterectomy but were complex cases 
that did not respond to treatment; therefore, only a limited 
number of interventions could be performed, and these patients 
were excluded from the study. Finally, larger and with a longer 
period of follow-up prospective studies are needed to effectively 
establish the significance of RVEF in the hemodynamic and long 
term clinical outcome after treatment in this group.

Conclusion

In conclusion, the presence of RVEF, a high-risk factor for long-
term survival and development of heart failure in pulmonary 
hypertension, did not negatively affect the outcomes of PEA 
or BPA procedures. A significant hemodynamic and clinical 
improvement during the medium-term follow-up was achieved 
without increasing risk of complication in the perioperative 
early period and this improvement was consistently observed in 
patients undergoing both treatment strategies.
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ABSTRACT
Objective: Fetal urinary tract dilatation (UTD) is one of the common fetal problems with remarkable difficulties in diagnosis and 
management in the antenatal and postnatal periods. This study aimed to determine the value of Doppler ultrasound assessment of the 
renal arteries in fetuses with ureteropelvic junction type hydronephrosis (UPJO) for the prediction of neonatal outcomes of infants.
Materials and Methods: Fetal renal artery Doppler values were evaluated in pregnant women between 28-32 weeks. Measurements 
were taken for Doppler values and the fetal obstruction and were classified through the utilization of UTD classification. Based on 
postnatal ultrasound, these infants were grouped by UTD classification.
Results: There was a statistically significant difference between the left renal artery Systolic/Diastolic (S/D) Ratio and bilateral renal 
artery Peak Systolic Velocity (PSV) values of the control and patient groups, (p<0.05). PSV values were higher in the patient group. 
The difference between the pulsality index, resistive index, and right renal artery S/D values of the control and patient groups was not 
statistically significant (p>0.05).
Conclusion: Fetal renal artery Doppler is not effective in predicting the degree of hydronephrosis and renal damage in postnatal 
follow-up of fetuses with a diagnosis of UPJO.
Keywords: Renal artery, Fetal pyelectasis, Hydronephrosis, Doppler ultrasound

1. INTRODUCTION

Urinary obstructions are a common prenatal diagnosis, and its 
findings vary from clinically insignificant conditions to in-utero 
fetal death. Clinically significant urinary tract obstructions occur 
in 1 in 500 live births and are associated with elevated morbidity 
and mortality [1]. These abnormalities may be stratified to obstruct 
the upper and lower urinary tract. Common causes of obstruction 
of the upper urinary tract include ureteropelvic junction type 
obstruction (UPJO), obstruction of the ureterovesical junction, 
duplication of the collection system, polycystic dysplastic kidney, 
ureterocele/ectopic ureter as well as pelvic tumor. Of these causes, 
UPJO and associated hydronephrosis are the most common 
clinical conditions [1].
The characteristic of the upper urinary tract obstruction is the 
dilatation of the collector system and potential kidney damage 
[2]. Renal pelvic dilatation is most commonly seen in fetal renal 
abnormalities, and there is an estimated prevalence between 
2 and 5.5% of all pregnancies [3]. The prognosis for each case 
depends on the underlying cause and severity of the obstruction 

and whether there are other findings. In fetal diseases where renal 
function is affected, the amount of amniotic fluid measured by 
ultrasound can be used as an indicator of fetal kidney function 
regarding urine production [5].
A group of urologists, radiologists, and nephrologists proposed 
a classification of UTD used before and after birth. In a study 
comparing this classification system with the Society of Fetal 
Urology (SFU) classification system, it was shown that both 
methods have the same prognostic capacity to detect the resolution 
of prenatal hydronephrosis [6]. In a study comparing researchers 
using the UTD and SFU classification systems, it was found that 
using UTD was more difficult and had a lower rate of agreement 
[7]. The UTD classification system is stratified according to six 
ultrasound findings in total, according to whether it is in the 
antenatal, postnatal period or the week of gestation [2].
For the assessment of fetal hemodynamics, Doppler 
ultrasonography is a suitable non-invasive modality when there 
is a need to obtain additional information about fetal health in 
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many pregnant women. Renal artery Doppler parameters can 
potentially be a good indicator of fetal kidney function [7-10]. 
Although, with ultrasound follow-up, the course of UTD can be 
monitored, counseling families about the long-term outcome 
of these anomalies requires additional information; and for 
this purpose, assessment of fetal hemodynamics with Doppler 
ultrasonography of the renal arteries may provide additional 
data about the condition [12]. In a renal artery Doppler study 
conducted on fetuses with congenital renal tract anomalies, the 
Pulsality Index (PI) was found to be significantly higher than mild 
hydronephrosis, especially in cases with severe hydronephrosis 
[13]. There are not enough studies in the literature that 
determine the extent to which Doppler ultrasonography can be 
useful in diagnosing and monitoring fetal upper urinary system 
obstructions and evaluating their postnatal outcome. This study 
aimed to determine the value of Doppler ultrasound assessment 
of the renal arteries in fetuses with UPJO for the prediction of 
long-term outcomes of infants.

2. PATIENTS and METHODS

The study protocol was reviewed by Istanbul University, Istanbul 
Faculty of Medicine, Clinical Research Ethics Committee 
with the file number 2015/785 and accepted at the meeting 
on 24.04.2015 with the number 08. Our study was created by 
examining the patients who applied to the Obstetrics Outpatient 
Clinic of Istanbul University Istanbul Medical Faculty Hospital 
between May 2015 and September 2015. The inclusion criteria 
were singleton pregnancy between 28 weeks and 32 weeks. 
Fetal renal artery Doppler ultrasound was performed on 125 
healthy fetuses and 57 fetuses in the patient group. Ultrasound 
examination was performed only in the prenatal period in 
the control group and a total of 2 ultrasound examinations 
were performed (prenatal and postnatal) in the group with 
UPJO. All ultrasounds were performed by the same person 
and using the same device in our perinatology unit. The 
ultrasound examination was performed with the General 
Electrics Voluson 730 Expert brand Ultrasonography Device 
(General Electric Medical Systems , Istanbul, Turkey) and the 
2.7 MHz transabdominal curvilinear probe. Fetus number, 
amniotic fluid volume, fetal heart activity, fetal presentation, 
placental structure/location, and fetal anatomy were evaluated. 
In addition to standard fetal biometric measurements, bilateral 
renal artery Doppler indices were taken, and kidney sizes, 
parenchymal thicknesses, and parenchymal echogenicity were 
also evaluated after these examinations. Patients with multiple 
pregnancies, diagnosed with preeclampsia, and with a medical 
record of diabetes mellitus were excluded. We also excluded 
subjects with extra-renal anomaly, chromosomal anomaly, and 
intrauterine growth retardation. Demographic and baseline 
clinical characteristics were collected as follows: maternal age, 
gravidity, parity, abortion, and history of previous pregnancy.
For sampling the renal arteries, the optimized image is the 
coronal plane of the fetal abdomen, which, like both kidneys, 
also allows viewing of the aorta in the longitudinal plane. During 
the ultrasound, the pregnant woman was placed in left lateral 

position was placed and the coronal axial abdominal appearance 
of the fetus was taken. Doppler measurement was performed at 
1/3 proximal to the separation point of the renal artery from the 
aorta. The pulsed Doppler cursor was reduced to 0.5-1 mm in 
order to prevent contamination with proximal veins, and at least 
three clear waveforms were obtained.
The insonation angle was taken as small as possible and always 
below 30 degrees, and at least three clear waveforms were seen. 
Average values   were used for analysis. Recordings were taken 
during fetal apnea periods. The Peak Systolic Velocity (PSV), 
PI, Systolic/Diastolic Ratio (V max), and Resistive Index (RI) 
values were measured in the fetal renal artery. Measurements of 
renal artery Doppler parameters were made by measuring renal 
blood flow on the affected side for fetuses in each classification 
in the patient group. Renal artery blood flow measurements of 
the healthy kidney were not calculated. To calculate bladder and 
kidney volume, the formula depth x width x length x 0.523 was 
used. Kidney volumes included the renal pelvis. A postnatal 
renal ultrasound was performed by the researchers and newborn 
examination was performed by pediatricians. Ultrasound, 
biochemical tests, urine analysis and in necessary cases, 
dimercaptosuccinic acid (DMSA) examination were performed 
for renal function evaluation. An antibiotic requirement in 
postnatal follow-ups was evaluated according to renal function 
and UTD classification grade.
Prenatal diagnosis was confirmed by post-natal ultrasound. In 
the present study, renal pathologies were classified according 
to the UTD Classification System. The UTD Classification 
System is a retrospective grading system based on a review, 
consolidation, and a summary of the available literature [2]. 
It aims to bring together all the important abnormal urinary 
system findings including kidney, ureter, and bladder, to 
cover all types of urinary system problems and determine the 
risk level for the infant with hydronephrosis[14]. In the UTD 
classification system, patients are first divided into two main 
groups as antenatal (A) and postnatal (P), then as subgroups 
according to different ultrasound findings[2, 14]. Due to the 
difficulties of intrauterine ultrasonographic evaluation, there 
are three antenatal categories (normal, A1 [mild abnormality], 
and A2-3 [more severe findings]), although there are four 
postnatal categories (P0 [normal], P1 [mild], P2 [moderate], 
and P3 [severe]). The anterior-posterior renal pelvic diameter 
(APRPD) is used to characterize the severity of prenatal UTD. 
A1 UTD is described as an APRPD of 7 to <10 mm with or 
without central calyceal dilation, A2-3 UTD as an APRPD 
of >10 mm, peripheral calyceal dilation, renal parenchymal 
or bladder abnormalities (28–32 weeks). P1 UTD is defined 
as a normal urinary tract with APRPD 10 to <15 mm and/or 
central calyceal dilation. P2 UTD describes APRPD ≥ 15 mm 
or peripheral calyceal dilation. P3 UTD describes additional 
ureteral dilation, abnormal renal echogenicity, cysts or bladder 
abnormalities regardless of APRPD measurement [2].

Statistical Analysis

In the present study, all statistical analyses of the data obtained 
from 125 healthy fetuses and 57 patient fetuses were performed 
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with the SPSS 23 Statistical Package for the Social Sciences, 
version 23 (SPSS 23). The frequency distributions and column 
percentages are given for categorical variables. The Chi-Square 
Independence Tests were used to determine whether there was 
a statistically significant relationship between the degree of 
fetal renal pyelactasia and categorical variables. The Fisher’s 
Exact Test was used when more than 20% of the cells had an 
expected frequency value of less than 5 in the crosstabs for 
categorical variables. Also, column ratios were compared in all 
crosstabs created for categorical variables. Where the column 
ratios did not differ statistically at the 95% Confidence Interval, 
they were marked with the same superscript. The assumption 
of normality was checked with the Shapiro-Wilk Test for all 
quantitative variables according to the degree of fetal renal 
pyelactasia. The Kruskal Wallis H Test, which is one of the non-
parametric statistical methods, was used to test the significance 
of the difference between the means of quantitative variables 
according to the degree of renal pyelactasia of the fetus because 
the assumption of normality was not provided. In case of 
statistically significant differences between the group means as 
a result of the Kruskal Wallis H Test, the group averages were 
compared by using the Mann-Whitney U-Test, which is one of 

the non-parametric tests. No statistically significant differences 
were detected between the means of the groups marked with the 
same superscript at the 95% Confidence Interval. All statistical 
analyses were performed at a 95% Confidence Interval. p<0.05 
was considered significant [15].

3. RESULTS

Table I shows the clinical and ultrasonographic characteristics 
of the study population with numbers and percentages. The 
medians and interquartile ranges are given for the maternal 
age, gravidity, parity, miscarriage, gestational age, and estimated 
fetal weight according to the degree of fetal renal pyelectasis. 
The frequency distributions and column percentages are also 
presented for the gender, presentation, placental location, and 
amniotic fluid status for the controls, the A1 mild and the A2-3 
severe pyelectasis groups. The rates of the male gender are 
significantly higher in the A1 mild and A2-3 severe pyelectasis 
groups compared to the controls (p<0.05). The rate of oligo – 
and an-hydramnios are significantly higher in the A2-3 severe 
pyelectasis group compared to the other groups (p<0.05).

Table 1. Clinical and ultrasonographic characteristics of the study population

Quantitative CaracteristicsШ Controls (n=125) A1 Mild pyelectasis (n=21) A2-3 Severe pyelectasis (n=36) p-valueŦ

Age (y), median (IQR) 28 (25-33.5)a 29 (25-34)a 28 (25-33.8)a 0.996
Gravidity, median (IQR) 2 (1-3)a 2 (1-3)a 2 (1.3-3)a 0.315
Parity, median (IQR) 1 (0-1)a 0 (0-1)a 1 (0-1.8)a 0.450
Miscarriage, median (IQR) 0 (0-1)a 0 (0-0)a 0 (0-1)a 0.594
Gestational age (w), median (IQR) 31 (30-32)a 29 (29-31)a 31 (30-32)a 0.089
Estimated fetal weight (g), median (IQR) 1906 (1665-2181.5)a 1872 (1130-1929.5)a 1786.5 (1208.3-2657.3)a 0.060
Qualitative CharacteristicsΤ p-valueⴕ

Gender (n, %)
       Female
       Male

62 (49.6%)a

63 (50.4%)a
6 (28.6%)b

15 (71.4%)b
8 (22.2%)b

28 (77.8%)b

0.006*

‡Presentation (n, %)
       Vertex
       Breech
       Transverse

84 (67.2%)a

35 (28%)a

6 (4.8%)a

16 (76.2%)a

5 (23.8%)a

0a

31 (86.1%)a

5 (13.9%)a

0a

0.221

‡Placental location (n, %)
       Anterior
       Posterior
       Right lateral
       Left lateral

57 (45.6%)a

57 (45.6%)a

10 (8%)a

1 (0.8%)a

8 (38.1%)a

11 (52.4%)a

2 (9.5%)a

0a

25 (69.4%)b

11 (30.6%)a

0a

0a

0.093

‡Amniotic fluid status (n, %)
       Normal
       Oligo – and Anhydramnios
       Polyhydramnios

125 (100%)a

0a

0a

20 (95.2%)b

0a

1 (4.8%)b

32 (88.9%)b

2 (5.6%)b

2 (5.6%)b
0.003*

ŦP-value was determined by the Kruskal Wallis H test.
✝P-value was determined by the Chi-square test.
‡More than 20% of the cells have expected counts less than 5, therefore p-value was calculated by Fisher’s Exact test through the Exact Tests option in SPSS.
* p<0.05.
ΤWhen the column proportions do not differ significantly from each other at the 0.05 significance level, the proportions are marked with the same superscript letter (p>0.05).
a,b When there was no significant difference between the study groups, the variables are marked with the same letter (p<0.05).
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Table II presents the urinary ultrasonography and Doppler 
ultrasonographic findings of the controls, A1 mild and A2-3 
severe pyelectasis groups. Dilatation is studied as bilateral 
and unilateral pyelectasis. In the unilateral pyelectasis group 
of the urinary tract malformation variable, 1 patient has the 
right and 6 patients have the left pelviectasis. While 1 of the 
patients with unilateral pelviectasis on the left side is in the 
A2-3 group, 5 of them are in the A1 group. A patient with 
unilateral pelviectasis on the right side is in the A1 group. In the 
unilateral hydronephrosis group, 7 patients had hydronephrosis 
on the right side and 10 patients on the left side. All those with 
unilateral hydronephrosis are in groups A2-3. Renal artery 
blood velocity waveforms were obtained from the control 
group (250 kidneys), A1 mild pyelectasis group (42 kidneys), 

and A2-3 severe pyelectasis group (72 kidneys). There is no 
statistically significant difference at a 0.05 significance level 
among the study groups regarding the right renal artery PI, the 
left renal artery PI, the right renal artery RI and the left renal 
artery RI (p>0.05). The S/D ratio of the left renal artery in the 
A1 mild pyelectasis group is significantly different from the 
control and A2-3 severe pyelectasis groups (p<0.05). There is 
no significant difference between healthy and mild pyelectasis 
kidneys regarding the right renal artery PSV values (p>0.05). 
However, the right renal artery PSV values in severe pyelectasis 
kidneys are significantly higher than those in healthy and mild 
pyelectasis kidneys (p<0.05). The left renal artery PSV values in 
mild and severe pyelectasiskidneys are significantly higher than 
those in the healthy kidneys (p<0.05).

Table II. Findings of urinary ultrasonography and Doppler ultrasonography in the study population

Quantitative CharacteristicsШ Controls

(n=125)

A1 Mild

pyelectasis

(n=21)

A2-3 Severe

pyelectasis

(n=36)

p-valueŦ

Right kidney volume (mm3), median (IQR) 3681.9(1652.2-7358.6)a 5672.5(2381-8305.2)a 12878.4(7699.1-22990.3)b <0.001*
Left kidney volume (mm3), median (IQR) 3987.9(1893.3-6536.1)a 6160.9(3540.4-9544.8)b 10052.1(5836.7-15604.8)c <0.001*
Right renal pelvis diameter (mm), median (IQR) 3(2-4)a 4.8(4.2-5.8)b 10(4-15.8)c <0.005*
Left renal pelvis diameter (mm), median (IQR) 3(2.6-3.3)a 6(5-8)b 10.5(7.7-14.8)c <0.001*
Bladder volume (mm3), median (IQR) 3200.8(932-7257.7)a 4184(1518.3-13890.9)b 7102.9(3263.5-12417.7)b 0.001*
Bladder wall thickness (mm), median (IQR) 1.3(1-1.5)a 1.4(1.2-1.5)a 1.5(1.3-1.8)b 0.001*
Right renal PI, median (IQR) 2(1.7-2.2)a 1.9(1.8-2.1)a 2.1(1.8-2.3)a 0.101
Left renal PI, median (IQR) 2(1.7-2.2)a 2.1(1.9-2.3)a 2.1(1.8-2.2)a 0.285
Right renal RI, median (IQR) 0.9(0.9-1)a 0.9(0.9-1)a 0.9(0.9-1)a 0.148
Left renal RI, median (IQR) 0.9(0.9—1)a 1(0.9-1)a 0.9(0.9-1)a 0.526
Right renal S/D, median (IQR) 18(8-37)a 20(8.5-37.5)a 15(8-29)a 0.678
Left renal S/D, median (IQR) 16(8-30.5)a 27(11.5-42.5)b 15(6-29.8)a 0.049*
Right renal PSV, median (IQR) 40(32-50)a 40(26-54.5)a 50(34.3-59.5)b 0.035*
Left renal PSV, median (IQR) 40(30-48)a 47(38.5-57.5)b 48(37-59.3)b 0.002*
Qualitative CharacteristicsΤ p-value✝

‡Urinary tract malformation (n, %)
       No 125 (100%)a 0b 0b

<0.001*
       Bilateral pyelectasis 15 (71.4%)b 4 (11.1%)c

       Unilateral pyelectasis 6 (28.6%)b 1 (2.8%)a

       Bilateral hydronephrosis 0a 14 (38.9%)b

       Unilateral hydronephrosis 0a 17 (47.2%)b

‡Calyceal dilatation (n, %)
       No 125 (100%)a 14 (66.7%)b 6 (16.7%)c

<0.001*       Unilateral 6 (28.6%)b 19 (52.8%)b

       Bilateral 1 (4.8%)a 11 (30.6%)a

ŦP-value was determined by the Kruskal Wallis test
✝P-value was determined by the Chi-square test.
‡More than 20% of the cells have expected counts less than 5, therefore p-value was calculated by Fisher’s Exact test through the Exact Tests option in SPSS
* p<0.05.
ΤWhen the column proportions do not differ significantly from each other at the 0.05 significance level, the proportions are marked with the same superscript letter (p>0.05).
ШWhen there is no significant difference at the 0.05 significance level between the groups, the group medians are marked with the same superscript letter (p>0.05)
PI: Pulsatility Index; RI: Resistive Index; S/D: Systolic/Diastolic Ratio; PSV: Peak Systolic Velocity; IQR: Interquartile range; (IQR)=(Q1 – Q3), Q1: First quartile, Q3: Third 
quartile
a,b,c When there was no significant difference between the study groups, the variables are marked with the same letter (p<0.05).
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Table III shows the postnatal findings of the study population. 
There is no significant difference among the A1 mild pyelectasis, 
and A2-3 severe pyelectasis groups concerning the gestational 
age and birth weight (p>0.05). There is a significant association 
between the degree of fetal renal pyelectasis and the mode 
of delivery, neonatal intensive care unit (NICU) admission, 
urinary tract dilation (UTD) assessed by the postnatal US 
on day 2, other fetal malformations, postnatal karyotyping, 
UTD grade after birth, postnatal treatment, renal function, 
prophylactic antibiotic (p<0.05). The rate of vaginal deliveries 
for the A2-3 severe pyelectasis group is significantly higher 
than those for the A1 mild pyelectasis groups (p<0.05). This 
statistically significant increase in the cesarean section rate in 
the A1 mild pyelectasis group was due to the individual and fetal 
characteristics of the patients (other than fetal anomaly)—for 
example, previous cesarean section, fetal malpresentation, labor 
dystocia, abnormal or indeterminate (formerly, nonreassuring) 
fetal heart rate tracing, failed induction (labor induction), 
arrest of labor, cephalopelvic disproportion, etc. Additionally, 
since our study was conducted in a university hospital, the 
average cesarean section rate in our hospital is around 70%. The 
rate of neonatal death in the A2-3 severe pyelectasis group is 
significantly higher than in those of the control and A1 mild 
pyelectasis groups (p<0.05). The rate of impaired renal function 
in the A2-3 severe pyelectatis group is significantly higher 
than in those of the control and the A1 mild pyelectasis groups 
(p<0.05). Considering the postnatal outcomes of the other 
10 fetuses with A1 mild pyelectasis (UTD A1 group) in the 
prenatal period; there were mild pyelectasis (UTDP1) (15%) in 
3 cases, moderate pyelectasis (UTD P2) in 6 cases (30%) and 
severe pyelectasis (UTDP3) in 1 case (5%). As for the UTD A2-3 
group, the postnatal UTD grade of 3 fetuses was observed as 
normal. In fact, the rate of UTDP0 cases in the UTD A2-3 group 
is significantly lower than in those of the control and UTD A1 
groups. According to the postnatal outcomes of the other 32 
fetuses with A2-3 severe pyelectasis (UTD A2-3 group) in the 
prenatal period; there was mild pyelectasis (UTDP1) (17.1%) 
in 6 cases, moderate pyelectasis (UTD P2) in 23 cases (65.7%) 
and severe pyelectasis (UTDP3) in 3 cases (8.6%). The rate of 
UTDP2 cases in the UTD A2-3 group is significantly higher 
than in those of the control and UTD A1 groups. The rate of 
both UTDP1 and UTDP3 cases does not differ significantly 
from UTD A1 and UTD A2-3 groups.
As a result, the mean of left renal S/D in the A1 mild pyelectasis 
group is significantly higher than the mean of the control and 
A2-3 severe pyelectasis groups. The mean of the right renal PSV 
in the A2-3 severe pyelectasis group is higher than in those of the 
control and A1 mild pyelectasis groups. There is no significant 
difference between the A1 mild and the A2-3 severe pyelectasis 
groups regarding the mean of the left renal PSV. Loss of renal 
function was observed in 4 infants (1 in the UTD A1 group, 
and 3 in the UTD A2-3 group). Impaired renal function was 
observed only in 5 infants in the UTD A2-3 group. There were 2 
(5.7%) neonatal deaths in the UTD A2-3 group and pregnancy 
termination was performed in one patient in each group.

Table III. Postnatal findings of the study population

Quantitative CharacteristicsШ A1 Mild 
pyelectasis (n=21)

A2-3 Severe 
pyelectasis (n=36)

p-valueŦ

Gestational age at birth (gw), 
median (IQR)

38(37-39)a 38(36.25-40)a 0.596

Birth weight (g), median (IQR) 3360(2785-3500)a 3200(2822-3500)a 0.785
Qualitative CharacteristicsΤ p-value✝
‡Mode of delivery (n, %)
       Vaginal 7 (33.3%)a 21 (58.3%)b

0. 009*      Cesarean 14 (66.7%)a 15 (41.7%)b

‡NICU admission (n, %)╥

       No 16 (80%)b 29 (82.9%)b
<0.001*       Yes 4 (20%)b 6 (17.1%)b

‡UTD assessed by the postnatal 
US on day 2 (n, %)╥

       Normal 8 (40%)b 6 (17.1%)b

<0.001*       Less than the first visit 4 (20%)b 9 (25.7%)b

       More than the first visit 3 (15%)b 10 (28.6%)b

       Same 5 (25%)b 10 (28.6%)b

‡Other fetal malformations (n, %)
       Absent 21 (100%)a 29 (80.6%)b

<0.001*
       VSD 3 (8.3%)b

       Short femur 1 (2.8%)a

       Hyperechogenic cardiac focus 2 (5.6%)b

       Cardiac or neurologic anomaly 1 (2.8%)a

‡Postnatal karyotyping (n, %)
       Absent 16 (76.2%)b 31 (86.1%)b

<0.001*       Normal 5 (23.8%)b 4 (11.1%)b

       Abnormal 0a 1 (2.8%)a

‡UTD grade after birth (n, %)╥

       P0 10 (50%)b 3 (8.6%)c

<0.001*       P1 3 (15%)b 6 (17.1%)b

       P2 6 (30%)b 23 (65.7%)c

       P3 1 (5%)b 3 (8.6%)b

‡Postnatal treatment (n, %)╥

       No 18 (90%)b 26 (74.3%)b
<0.001*       Surgery 2 (10%)b 9 (25.7%)b

‡Renal function (n, %)╨

       Normal 19 (95%)b 25 (75.8%)b

<0.001*       Impaired 0a 5 (15.2%)b

       Loss of function 1 (5%)b 3 (9.1%)b

‡Prophylactic antibiotic (n, %)╥

       No 17 (85%)b 20 (57.1%)b
<0.001*       “Yes 3 (15%)b 15 (42.9%)b

‡Termination (n, %)
       No 20 (95.2%)b 35 (97.2%)b

0.097       Yes 1 (4.8%)b 1 (2.8%)b

‡Neonatal death (n, %)╥

       No 20 (100%)a 33 (94.3%)b
0.051       Yes 0a 2 (5.7%)b

ŦP-value was determined by the Mann-Whitney U test
✝P-value was determined by the Chi-square test.
‡More than 20% of the cells have expected counts less than 5, therefore P-value was 
calculated by Fisher’s Exact test through the Exact Tests option in SPSS.
* p<0.05.
ΤWhen the column proportions do not differ significantly from each other at the 0.05 
significance level, the proportions are marked with the same superscript letter (p>0.05).
ШWhen there is no significant difference at the 0.05 significance level between the 
groups, the group medians are marked with the same superscript letter (p>0.05)
gw: gestational week; NICU: Neonatal Intensive Care Unit; UTD: Urinary Tract 
Dilation; US: Ultrasound; VSD: Ventricular Septal Defect; IQR: Interquartile 
range; (IQR)=(Q1 – Q3), Q1: First quartile, Q3: Third quartile
a,b When there was no significant difference between the study groups, the variables  
are marked with the same letter (p<0.05).
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4. DISCUSSION

In this study, we assessed the relationship between fetal renal 
arterial parameters with perinatal outcomes of pregnancies with 
fetal upper UTD. The PSV value of the right renal artery was 
higher in the fetuses with severe pyelectasis than in the healthy 
fetuses and fetuses with mild pyelectasis. The PSV value of the 
left renal artery was higher in the fetuses with mild and severe 
pyelectasis than in the healthy fetuses. In the first postnatal 
ultrasonography of the fetuses with mild pyelectasis, a decrease 
in renal pelvis diameter was found in most of the fetuses. In the 
first postpartum ultrasound findings of the fetuses with severe 
pyelectasis, we observed that the diameters of the renal pelvis 
increased or remained similar in most of them. We observed that 
fetuses with severe pyelectasis had a higher risk of kidney failure 
in the postnatal years compared to fetuses with mild pyelectasis.
One of the most common causes of renal pyelectasis in the 
antenatal period is ureteropelvic junction stenosis [14,16]. 
Approximately, half of the urinary tract anomalies in the neonatal 
period are ureteropelvic junction strictures. In general, unilateral 
and sporadic strictures can be seen due to abnormal collagen or 
fibrous bands that may occur at the ureteropelvic junction (90% 
of cases) [17]. Fetal ultrasound shows a renal pelvic dilation with 
or without renal calyx dilation, and the degree of dilation depends 
on the type and severity of the obstruction [14,16].
Wang et al., also reported that fetuses with bilateral 
hydronephrosis, increased renal pelvis anteroposterior diameter, 
or higher SFU grade required a longer spontaneous regression 
period [18]. In our study, we reached results that support the 
findings of this study. Another study conducted by Ismaili 
et al., investigated the presence of renal pelvis dilatation in 
fetuses. They found that minor degrees of renal pelvis dilatation 
occurred in 4.5% of the fetuses [19].
Bates and Irving emphasized in their study that when they 
performed renal artery Doppler examination on 29 patients 
with renal pelvis dilatation, the PI value could not confirm any 
anomaly in these fetuses. [20]. In the study in which postnatal 
follow-up of fetuses with hydronephrosis due to UPJO was 
performed, it was recommended to perform a color Doppler 
examination in fetuses with antepartum hydronephrosis, 
since obstruction due to crossing vessels was detected in 11 
of 100 operated patients. [21] Benjamin et al. investigated 
the effect of gestational age on urological outcomes in fetuses 
with hydronephrosis and concluded that late preterm/early-
term deliveries lead to worse postnatal outcomes in the short 
term [22]. In a study, it was shown that the degree of UTD in 
the antenatal period is associated with spontaneous regression 
in the postpartum period, the risk of developing uropathies, 
urinary tract infection, and surgery, but no relationship has been
regarding renal dysfunction.[23]. We found similar results in 
this study.
The validation of the UTD Classification System was evaluated 
in the study of Zhang et al.[14]. When fetuses that had isolated 
hydronephrosis classified as UTD in the antenatal period were 
evaluated postnatally, postnatal normal ultrasonic urinary tract 
findings were detected in 24 infants with UTD A1. It was also 

found that postnatal hydronephrosis persisted in 10 cases with 
UTD A2-3, and the postnatal UTD classification of these 10 
cases was reported as UTD P1 (6 cases), UTD P2 (2 cases), and 
UTD P3 (2 cases), respectively.
As a result, it was reported that the UTD Classification System 
is an effective system for both antenatal and postnatal periods 
in the validation evaluation. In the present study, similar results 
were found in the validation study, showing that postnatal 
prognosis may be worse, especially in fetuses with UTD A2-3 
Classification.

Conclusion

Based on the data we obtained from our study, an increase in renal 
echogenicity, oligohydramnios and loss of corticomedullary 
differentiation are among the poor prognostic factors in terms 
of renal function in the postnatal period. Periodic follow-up 
of pregnant women with ultrasound and evaluation with the 
UTD classification system is significant for the management 
of the prenatal and postnatal periods. As a final comment, in 
this study, sample size estimation was not possible despite the 
retrospective nature of the study because there was not enough 
data in the literature.
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ABSTRACT
Objective: Temporal lobe epilepsy (TLE) accompanied by hippocampal sclerosis (HS) is the most common type of focal epilepsies. 
Hemispheric asymmetry is a feature of brain organization in both invertebrates and vertebrates and may be the key to some 
neurodegenerative diseases. In this context, we aimed to investigate the volumetric asymmetry difference in cerebral structures 
between TLE patients and the healthy control group, based on magnetic resonance imaging (MRI) data that may be used as a new 
neuroimaging marker for TLE cases.
Patients and Methods: In this retrospective study the cranial MRIs of fourteen clinically manifesting, radiologically HS-identified, 
and diagnosed TLE patients and fourteen healthy individuals from the Radiology Department of Yeditepe University Hospital were 
evaluated. Volume measurements and asymmetry index (AI) calculations in the total brain, hippocampus, temporal lobe, amygdala, 
thalamus, nucleus accumbens (NAc), premotor cortex, primary and somatosensory cortices were performed using the medical 
NeuroQuant® software. A negative AI value represented asymmetry towards the right due to reduced left hemispheric volume; a 
positive AI value represented asymmetry towards the left due to reduced right hemispheric volume. Subsequently, differences in 
volume and asymmetric patterns were investigated among TLE subgroups (right and left-sided TLE) and controls.
Results: The left-sided TLE patients showed significant bilateral total brain volume reduction compared to the control group. Significant 
ipsilateral volumetric declines were also detected in the premotor cortex, the temporal lobe, and NAc with remarkable asymmetry to 
the right side. No significant changes were detected in right-sided TLE patients compared to the other groups.
Conclusion: Overall, findings suggest that TLE patients had volumetric alterations with symmetry changes beyond the mesial temporal 
structures. With further investigations, the asymmetry measures can provide additional knowledge for TLE diagnosis.
Keywords: Brain asymmetry, Temporal lobe epilepsy, Asymmetry index, Nucleus accumbens

1. INTRODUCTION

Epilepsy is one of the most common neurological diseases, 
accounting for over 0.5% of the global burden of disease 
affecting over 70 million people worldwide. It is characterized 
by abnormal electrical activity in the brain, causing seizures 
or unusual behavior, sensations, and loss of awareness [1]. The 
classification of epilepsy has an important role in evaluating 
individuals who have seizures. According to the International 
League Against Epilepsy (ILAE) classification tool, temporal 
lobe epilepsy (TLE) is a focal type of epilepsy with or impaired 
awareness both in adults and children with most of the cases being 
symptomatic [2]. The causes of TLE can vary with hippocampal 
sclerosis being the most common cause but extrahippocampal 
abnormalities are also frequently observed [3,4].

The clinical context, features of the seizure, and proper 
interpretation of the imaging are the keys to the diagnosis. 
Magnetic resonance imaging (MRI) has equal importance to 
the electroencephalogram (EEG) as a part of assessing epileptic 
patients. The challenge is to require optimized protocols suitable 
for epilepsy cases. MRI is critical in evaluating TLE, allowing 
characterization and detection of structural changes, especially 
hippocampal sclerosis. Imaging displays the anatomy and 
structural abnormalities of mesiotemporal structures including 
the hippocampus, amygdala [5], parahippocampal gyrus [6], 
entorhinal cortex [7], and temporal pole [8]. On T1-weighted 
images, the most common features associated with hippocampal 
sclerosis are hippocampal atrophy [9-12] and reduction of 
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internal features of the hippocampus [13-15]. On T2-weighted 
images, the presence of increased signals from the hippocampus 
with atrophy can be detected [16, 17]. Several volumetric studies 
showed volume changes in the insula, thalamus, putamen, 
pallidum, and cortical thickness in TLE patients [18-23]. The 
diffusion tensor imaging (DTI) study focusing on the changes in 
grey and white matter showed alterations in the corpus callosum, 
corona radiata, cingulum, uncinate fasciculus, external and 
internal capsule in TLE patients [24].
From an evolutionary aspect, even though both the left and right 
hemispheres of the brain develop symmetrically, the subsequent 
existence of structural and functional differences between the 
two hemispheres indicates asymmetry in both humans and 
animals. For many years, brain asymmetry and lateralization 
have been investigated, and correlated with handedness [25], 
and associated with some neurodegenerative diseases [26-28]. 
Some studies support the critical role of brain asymmetry with 
schizophrenia [29]. In Alzheimer’s disease, a relationship was 
found between hippocampal asymmetry and the severity of the 
diagnosis [30]. Epileptic resting-state functional MRI (rs-fMRI) 
studies showed functional asymmetry in the hippocampus and 
amygdala which is evident in the hemisphere ipsilateral to the 
lesion in mesial temporal lobe patients [31, 32].
Due to the importance of the asymmetric characteristics of the 
human brain, we focused on the structural asymmetry patterns 
of epileptic brains. Therefore, in this retrospective study, we 
evaluated the MRI of healthy controls and TLE patients to define 
the changes in volume and symmetry patterns of the groups. The 
comparison was not only between the patient and control groups 
but also considering the side of the epileptic focus, hemispheric 
comparisons were made in the right and left-sided TLE patients.

2. PATIENTS and METHODS

Patient selection

In this retrospective study, patients who were followed at the 
Neurology Clinic of the Yeditepe University Hospital underwent 
cranial MRI in the Radiology Department between 2017-2021 
and were diagnosed with TLE by an experienced neurologist, 
according to the criteria defined by the ILAE [33] were included. 
Patients with the following criteria were excluded: a significant 
medical history of acute encephalitis or ischemic encephalopathy, 
meningitis, severe head trauma, or any suspicious epileptogenic 
lesions like tumors, or dysplasia.
Healthy individuals who consulted the Neurology department 
due to headaches, and had a cranial MRI that was “normal” 
were included in the study as the control group. Individuals in 
the control group are included based on the following criteria: 
no history of neurological or psychiatric diseases; and no 
medication of central nervous system agents.
All patients and controls underwent a comprehensive clinical 
evaluation including interviews, neurological examination, 
neuropsychological assessment, and neurophysiological monitoring.

All individuals were right-handed. Participant consent and 
ethical permissions were obtained. The study was approved by 
Marmara University’s Clinical Research Ethics Committee on 
05.03.2021 with the protocol number 09.2021.322.
Effect size and alpha error probability were taken as 1.1 and 0.05, 
respectively. 14 individuals in each group were evaluated and the 
power of the study (1-β error prob.) was planned to be 0.80. Totally 
fourteen patients were diagnosed by a specialist with unilateral TLE, 
(male/female, 5:9; right / left-sided TLE patients, 8:6), and fourteen 
age – and sex-matched controls (male/female, 8:6) were included in 
this study. There was no statistically significant difference in gender 
or mean age (Control/right and left-sided TLE; 35.86 ± 15.58: 35.75 
± 9.55: 36.33 ± 1308; p=0.99) between subjects.

MRI data acquisition

We obtained MRI data from all individuals. Scanning details 
were as follows: The MRI was performed on a 3.0-T MR system 
(GE DISCOVERY MR750w 3.0-T MR scanner. GE HealthCare 
Technologies, Inc., Chicago, Illinois.) with 16-channel head and 
neck coils.
Routine MRI examination with the following protocols was made: 
three-dimensional (3D) sagittal T1-weighted magnetization [TR/
TE: 8.6/3.2 ms; matrix 230 × 230, 23 × 23 cm FOV; thickness 1.0 
mm with – 0.5 mm gap; 310-330 slices; acquisition time 4:30 
sec] and 3D CUBE fluid-attenuated inversion recovery (FLAIR) 
images [TR/TE 6000/113.5 ms; inversion time 1749 ms; matrix 
224 × 224, 23 × 23 cm FOV; thickness 1.4 mm with – 0.7 mm gap; 
220-230 slices; acquisition time 5:30 sec].
Images were transferred to FDA-cleared “NeuroQuant®” medical 
software tool (https://www.cortechs.ai/products/neuroquant/) 
to assess the volumes and asymmetry index values based on the 
3D T1-weighted images for all groups. Automated volumetric 
analysis and asymmetry calculation of the brain regions for 
both groups were performed. The brain regions of interest that 
were executed and evaluated were the total brain, hippocampus, 
temporal lobe, amygdala, thalamus, nucleus accumbens (NAc), 
premotor cortex, primary were somatosensory cortices.

Evaluation of the asymmetry index values

An asymmetry index (AI) quantifies the differences between the 
right and left hemispheres. In the literature, cerebral asymmetry is 
generally reported by a “laterality index” measure. A commonly used 
formula is the R – L difference in ROI sizes divided by the sum of R 
+ L ROI sizes [34]. Additionally, another “asymmetry index” formula 
often used in fMRI studies is mentioned in the literature [35].
In our study, the calculation was made by the Neuroquant® 
software. Our reference formula for AI is 200*(Left-Right 
volumes)/(Left+Right volumes). The formula divides the 
hemispheric volume difference by the mean hemisphere volume 
and reports the percentage. The interpretation of AI is shown 
in Table I with an example. Negative AI represents the volume 
decrease in the left hemisphere, interpreted as symmetric 
changes in the right hemisphere; positive AI value represents 
the volume decrease in the right hemisphere, interpreted as 
symmetric changes in the left hemisphere.
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Statistical Analysis

Statistical analyses of MR images among the groups were performed 
using GraphPad Prism 8 software. The variables were investigated 
by using the Shapiro-Wilk test to determine whether they were 
normally distributed or not. Descriptive analyses were presented 
using means and standard deviations for normally distributed 
volume and asymmetry index measures. The one-way analysis of 
variance (ANOVA) test was performed to compare the volumes 
and the asymmetry index values among three groups (control, 
right-sided TLE, and left-sided TLE). In binary comparison, the 
unpaired t-test was used. A p-value <0.05 was considered to indicate 
a significant difference. Pairwise posthoc tests were performed 
using Tukey’s test when significance was observed.

3. RESULTS

This study compared the volumetric measurements and AI values 
of the brain regions between the TLE patient and the control 
groups. AI values were compared to define brain asymmetry 
patterns in groups. Our results showed diverse patterns of structural 
asymmetries in TLE patients compared to the control group.
In the first step, descriptive analysis (mean and standard deviation 
calculations) of the AI values and volumetric measurements of 
the total brain, hippocampus, temporal lobe, amygdala, thalamus, 
NAc, premotor cortex, primary and somatosensory cortices for 
each group (right and left-sided TLE and control) were conducted.

Table II. Mean ± SD total volumes of the brain regions among the three 
groups (healthy; right-sided TLE and left-sided TLE)

Structure and 
Group

Healthy 
Controls 
(n=14)

TLE Patients (n=14)
Right TLE 
(n=8)

Left TLE 
(n=6)

Mean ± SD Mean ± SD Mean ± SD p-val.
Amygdala 3.70 ± 0.68 3.78 ± 0.62 3.46 ± 0.71 Ns (0.65)
Hippocampus 8.77 ± 0.91 8.44 ± 1.22 8.22 ± 1.14 Ns (0.54)
Nucleus 
Accumbens 1.45 ± 0.31 1.47 ± 0.34 1.18 ± 0.13 Ns (0.15)

Premotor 
Cortex 13.71 ± 2.50 13.07 ± 2.06 11.22 ± 1.24 Ns (0.08)

Primary Motor 
Cortex 28.46 ± 5.73 25.49 ± 4.41 25.09 ± 4.50 Ns (0.28)

Somatosensory 
Cortex 22.79 ± 5.26 21.03 ± 4.35 20.43 ± 4.29 Ns (0.53)

Temporal Lobe 136.5 ± 20.53 135.4 ± 12.52 119.6 ± 13.62 Ns (0.13)
Thalamus 16.47 ± 2.83 15.54 ± 1.89 14.17 ± 1.47 Ns (0.15)
Total Brain 1262 ± 142.5 1205 ± 86.02 1085 ± 87.96 0.0486*

Bold font denotes the significance of the analysis. * p<0.05 by post hoc comparisons. 
Ns=not significant

Volume interpretation: As shown in Table II, the left-sided 
TLE patients showed significant total brain volume reduction 
compared to the control group but not with the right-sided TLE 
group. For other brain regions not mentioned, no significant 
difference was found between the study groups based on total 
volume comparisons.

The comparisons of the hemispheric volumes in control and 
patient groups are presented in Table III. In the left-sided TLE 
group, remarkable right and left hemispheric volume reductions 
were observed, consistent with total brain atrophy compared to 
the controls (Figure 1). Significant volume decreases in the left 
temporal lobe, left NAc, and left premotor cortex were detected 
in the left-sided TLE group compared to the controls (Figure 2). 
However, no significant difference in volume was revealed in the 
right-sided TLE patient group compared to other groups.

Table III. Mean ± SD hemispheric volumes of the regions, control vs left-
sided TLE patient group

Structure
Group

p val.Healthy 
(n=14) Left TLE (n=6)

Left Amygdala 1.86 ± 0.39 1.69 ± 0.32 Ns
Left Hippocampus 4.23 ± 0.6 3.73 ± 0.80 Ns
Left Nucleus Accumbens 0.76 ± 0.15 0.57 ± 0.071 0.0126*
Left Premotor Cortex 7.02 ± 1.47 5.34 ± 0.75 0.0176*
Left Primary Motor Cortex 14.06 ± 2.85 12.57 ± 3.24 Ns
Left Somatosensory Cortex 11.64 ± 2.78 10.54 ± 3.35 Ns
Left Temporal Lobe 66.85 ± 9.83 57.19 ± 7.54 0.0465*
Left Thalamus 8.10 ± 1.41 6.99 ± 0.81 Ns
Left Hemisphere 614.3 ± 77.63 534,2 ± 45.88 0.0312*
Right Amygdala 1.84 ± 0.35 1.76 ± 0.4 Ns
Right Hippocampus 4.53 ± 0.47 4.48 ± 0.46 Ns
Right Nucleus Accumbens 0.68 ± 0.17 0.6 ± 0.07 Ns
Right Premotor Cortex 6.68 ± 1.31 5.86 ± 0.78 Ns
Right Primary Motor 
Cortex 14.40 ± 3.32 12.51 ± 1.52 Ns

Right Somatosensory 
Cortex 11.16 ± 2.77 9.89 ± 1.13 Ns

Right Temporal Lobe 69.61 ± 10.85 62.44 ± 6.88 Ns
Right Thalamus 8,36 ± 1.5 7.17 ± 0.74 Ns
Right Hemisphere 627.4 ± 79.3 551.1 ± 42.78 0.0411*

Bold font denotes the significance of the analysis. * p<0.05 by post hoc comparisons. 
Ns=not significant

Table I. Asymmetry Index (AI) and volumetric measurments

Group and Region Hippocampus Right Volume Hippocampus Left Volume AI Interpretation according to: 
AI = 200*(Left – Right)/(Left+Right)

Healthy Control 3.99 3.60 -10.22 Negative AI indicates asymmetry to the right
Right-sided TLE patient 3.12 4.14 28.07 Positive AI indicates asymmetry to the left
Left-sided TLE patient 4.14 3.38 -20.09 Negative AI indicates asymmetry to the right

TLE: Temporal lobe epilepsy, AI: Asymmetry index
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Asymmetry interpretation: Comparisons of AI values among 
the control group, right-sided TLE, and left-sided TLE patients 
are shown in Table IV. Following the comparisons, there were no 
significant symmetry differences for the total brain, amygdala, 
hippocampus, premotor, primary and somatosensory cortices, 
temporal lobe, and thalamus among the groups. Conversely, 
the left-sided TLE patients showed significant right asymmetry 
(contralateral to the lesion side) with negative AI value in 
the NAc compared to the controls (Figure 3). There were no 
symmetry changes in the right-sided TLE group compared to 
other groups. Besides, significant symmetry differences in the 
amygdala (p=0.0091), hippocampus (p=0.0173), and temporal 
lobe (p=0.0208) were observed between the patient groups.

Figure 3. Significance in asymmetry index value changes of the nucleus 
accumbens in the left-sided TLE patient group compared to the right-sided 
TLE and control groups

     
Figure 1. Significant hemispheric volume reduction in the left-sided TLE group compared to the control group

          
Figure 2. Significant regional (nucleus accumbens, premotor cortex, and temporal lobe) ipsilateral volume reduction in the left-sided TLE group compared 
to the control group
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4. DISCUSSION

Temporal lobe epilepsy is the most common and well-defined 
localized epilepsy type with HS characterized by neuronal loss 
as primary pathological evidence. MRI has been one of the most 
valuable neuroimaging techniques to identify structural changes 
and epileptogenic foci in epileptic patients. In this study, we 
aimed to compare the findings of TLE patients versus healthy 
individuals on changes in volume and symmetry patterns of the 
total brain, hippocampus, temporal lobe, amygdala, thalamus, 
NAc, premotor, primary, and somatosensory cortices.
Reduction in total brain volume was observed in left-sided TLE 
patients compared to the control group in our study. These results 
are compatible with the meta-analysis that states widespread 
grey matter volume reduction in unilateral TLE patients [36]. 
Additionally, the results from our study revealed hemispheric 
volume reductions in both ipsilateral and contralateral to the 
lesion in the left-sided TLE group.
The comprehensive surface-based analysis of mesiotemporal 
and neocortical morphology study displayed marked ipsilateral 
mesiotemporal atrophy as cortical thinning that was bilateral in 
the TLE patients versus the controls [37]. Similarly, our results 
revealed significant volume reduction in the ipsilateral temporal 
lobe, NAc, and premotor cortex in the left-sided TLE group.
No significant difference was observed in the right-sided TLE 
patient group in any region compared to other left-sided TLE 
and control groups. This result is not congruent with the study 
that detected more expressed structural abnormalities in the 
right-sided TLE subgroup [38]. Our findings suggest that these 
results may be consistent with the dominant side of the brain 
but require more comprehensive research with detailed clinical 
findings.
The volume reduction of the left temporal lobe in the left-
sided TLE group in our results is compatible with voxel-base 
morphological studies showing atrophy in the temporal regions 
predominantly ipsilateral to the seizure focus in TLE patients 
[21, 22, 39-41]. Our findings are also supported by an MRI study 
showing an asymmetric reduction in cortical surface area in 

the ipsilateral mesial and anterior temporal lobe subregions in 
mesial TLE patients [42].
The premotor cortex is highly connected to other brain parts 
and the elementary motor signs especially arise from precentral 
and premotor regions in frontal lobe epilepsy patients [43], for 
temporal region-originated epilepsies the premotor cortex is 
understudied. The volume reduction in the premotor cortex in 
our study may provide a new contribution to the literature.
The NAc, an extension of the ventral striatum, is the key nucleus 
in mediating emotional and motivational processes. Recent 
studies have shown that NAc participates in the process of 
epileptic seizures of patients and animal models with TLE thus 
NAc has been suggested as a target for the treatment in some 
epilepsy cases [28, 44, 45]. Evidence from both human and 
animal studies showed that detecting NAc volume reduction can 
provide valuable data for further investigations on TLE cases.
Hemispheric asymmetry is an important feature of the healthy 
human brain and reflects the structural and functional 
differences in the right and left hemispheres. The meta-analysis 
of the ENIGMA consortium revealed widespread asymmetries 
at both hemispheric and regional levels in healthy individuals 
predominantly in the left hemisphere [46]. As shown in 
previous studies, altered brain asymmetry has also been linked 
to psychiatric diseases and substance dependence [47, 48].
In our study, we discussed asymmetry patterns concerning TLE 
and investigated asymmetrical changes in epileptic patients 
using asymmetry index data calculated by the volumetric 
measures from the NeuroQuant® software. We detected 
significant volume asymmetry in the nucleus accumbens with 
a negative asymmetry index value in left-sided TLE patients 
compared to the control group. Interestingly, the prior study 
indicated remarkable whole-brain volumetric asymmetry and 
blood perfusion in TLE with high AI values [49], the difference 
between this study and our results was mainly methodological.
Ipsilateral volume decrease and contralateral symmetry 
deviation of the NAc in the left-sided TLE group could be 
related to an anatomical injury such as neuronal damage or 
degeneration in the lesion side. Functional connection changes 

Table IV. Mean ± SD asymmetry index values of the brain regions among the three groups (healthy and subgroups of the patients)

Structure and Group Healthy Controls TLE Patients (n=14)
(n=14) Right TLE (n=8) Left TLE (n=6)
Mean ± SD Mean ± SD p-val. Mean ± SD p-val.

Amygdala AI 0.94 ± 17.30 14.53 ± 10.15 0.1061 -3.16 ± 11.08 0.8309
Hippocampus AI -7.03 ± 14.10 10.49 ± 22.1 0.0744 -19.35 ± 16.66 0.3230
Nucleus Accumbens AI 11.05 ± 12.46 6.03 ± 10.52 0.5746 -4.25 ± 7.89  0.0245*
Premotor Cortex AI 4.30 ± 18.71 -2.16 ± 19.36 0.7075 -9.25 ± 15.40 0.2992
Primary Motor Cortex AI -1.91 ± 15.52 0.18 ± 9.62 0.9408 -1.41 ± 16.04 0.9972
Somatosensory Cortex AI 4.50 ± 16.65 4.46 ± 14.42 >0.9999 3.18 ± 19.77 0.9858
Temporal Lobe AI -3.84 ± 4.22 0.12 ± 4.22 0.2296 -8.91 ± 8.37 0.1457
Thalamus AI -3.01 ± 9.17 1.84 ± 8.03 0.4254 -2.65 ± 7.95 0.9961
Total Brain AI -2.11 ± 1.37 -0.62 ± 2.24 0.1874 -3.16 ± 2.28 0.4861

Bold font denotes the significance of the analysis. * p<0.05 by post hoc comparisons.
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of the NAc subregions have been studied by using the DTI 
connectivity-based parcellation method and detected the 
distinct structural connectivity patterns that provide anatomical 
evidence to support the role of NAc subregions in seizures [50]. 
The latest study using rs-fMRI pointed out the decrease in 
functional connectivity between NAc and other brain regions in 
left-sided TLE patients suggesting that NAc plays an important 
role in mesial TLE [51]. The small sample size of our study may 
limit the evaluation of the NAc changes and their relation in 
TLE patient brains and should be verified in future studies.
In conclusion, researchers have focused on neuroimaging 
findings in TLE for a long time. Despite the small study group size, 
the results can provide insight into the morphological changes 
in TLE patients and symmetry deviation related to the side of 
the seizure focus. Since the relationship between epileptogenic 
focus and functional lateralization has been a matter of curiosity 
recently, asymmetry index results with volume alterations can 
be considered and implicated in the diagnosis protocols and it 
may shed light on the correct intervention to the epileptogenic 
focus treatment like resective surgery for TLE cases.
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ABSTRACT
Objective: To evaluate the effect of the mean platelet volume (MPV), on the short-term prognosis and bleeding complications of acute 
ischemic stroke patients who underwent intravenous tissue plasminogen activator (IV-tPA) treatment.
Patients and Methods: Between 01.01.2018 and 01.06.2021, 314 ischemic stroke patients who applied to our clinic with acute 
neurological deficit were included in the study retrospectively. Alteplase was administered as IV-tPA treatment for 1 hour. MPV value 
was measured before the treatment and was evaluated as the main parameter. The patients were examined under 4 groups (≤8.8fL, >8.8 
– ≤9.9, >9.9-≤10.8, >10.8fL) according to their MPV values, and age, gender, comorbidities, and treatment initiation parameters were 
standardized by statistical methods. It was compared whether there was a significant difference between the MPV groups in terms 
of short-term prognosis according to the admission National Institutes of Health Stroke Scale (NIHSS) scores and discharge NIHSS 
scores and also bleeding complications.
Results: A total of 314 patients, 145 women with a mean age of 76.7±13.0, and 169 men with a mean age of 66.3±13.1, were included 
in the study. 31 patients (9.9%) died before discharge. The mean MPV value was 9.64±1.15fL and the mean NIHSS score was 9.1±4.9 
at admission, and the mean NIHSS score was 4.3±4.7 at discharge. When the NIHSS difference between admission and discharge was 
compared in the 4 groups, it was found that the prognosis was better in Group 3 with MPV >9.9-≤10.8 compared to Groups 1 and 
4. (p=0.002; p<0.01). Despite this, it was seen that low or high MPV values   could not be considered as a prognostic factor alone in 
patients who received IV-tPA treatment, since, there was no significant difference between the 3rd group and the 2nd group in terms 
of NIHSS decrease and the 4th group had a worse prognosis than the 3rd group.
There was no statistical significance between MPV groups in terms of hemorrhage complications (p value for intracerebral, 
gastrointestinal, urogenital hemorrhage complications were 0.540, 0.980, 0.783, respectively).
Conclusion: In our study, it was revealed that MPV value, is not an independent risk factor in patients with acute ischemic stroke 
receiving IV-tPA treatment and cannot be used as a prognostic marker.
Keywords: Stroke, Prognosis, MPV, IV-tPA

1.INTRODUCTION

Stroke ranks third among the causes of loss of function 
worldwide, according to Disability Adjusted Life Years (DALY) 
measurements [1,2]. Nowadays, it is aimed to reduce the mortality 
and morbidity of stroke patients. Improvement in the prognosis 
of stroke is increased with intravenous tissue plasminogen 
activator (IV – tPA) therapy and mechanical thrombectomy (MT) 
treatments. The mechanism of thrombus formation and risk 
factors in ischemic stroke are a matter of interest for researchers 
both for primary prevention and for treatment planning. Due 
to the easy accessibility of blood parameters, many publications 
investigating the relationship with stroke draw attention. It 
is thought that hyperactive platelets play an important role in 
thrombus formation and the Mean Platelet Volume (MPV) 

value is associated with platelet activation [3]. The MPV is 
an indicator of the size of the platelets, and “increase in MPV 
value” means an increase in platelet diameters. The reference 
value is 7.4-12 fl (femtoliter:μm3) on average, and it can be 
checked during complete blood count without additional cost. It 
has been shown in various publications that as MPV increases, 
platelet activation increases (due to aggregation, thromboxane 
A2, platelet factor 4 and β-thromboglobulin release) [4,5]. The 
MPV value was found to be higher in all stroke types compared 
to the healthy population [6]. The elevated MPV may predict the 
disabling of the fatal ischemic stroke in the patients treated with 
tPA [7]. Additionally; the value of MPV in predicting the risk 
of the secondary hemorrhage in stroke patients receiving the 
reperfusion therapy remains unclear [8]. The aim of this study 
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was to evaluate the effect of MPV on the short-term prognosis 
and bleeding complications of acute ischemic stroke patients 
who underwent IV-tPA treatment.

2. PATIENTS and METHODS

We conducted  a single-center, retrospective analysis of  the patients 
who applied to Health and Sciences University Fatih Sultan Mehmet 
Training and Research Hospital emergency between 01.01.2018 
and 01.06.2021 with acute stroke presentation. The patients who 
were in the first 4.5 hours of the onset of their complaints and got 
reperfusion therapy were informed about  all risks and possible 
complications of the study, including death before treatment. MPV 
value, found in the routine hemogram taken before the reperfusion 
treatment was evaluated as the main parameter. Alteplase was used 
as a thrombolytic agent. The total dose recommended in stroke 
guidelines was 0.9 mg/kg for the treatment of alteplase. 10% of the 
calculated total dose was administered as a bolus and the remaining 
dose was administered as a 1-hour infusion. The max dosage was 90 
mg in total. The National Institutes of Health Stroke Scale (NIHSS) 
was used for all patients included in the study before treatment 
(initial NIHSS) and at discharge inorder to evaluate their response to 
the treatment. Age, gender, comorbidities (diabetes, hypertension, 
atrial fibrillation), IV-tPA onset time were standardized by statistical 
methods, and it was evaluated whether the MPV value, which was 
measured at the time of admission, was effective on the NIHSS 
change and on the major bleeding complications that developed 
within the first 24 hours after IV – tPA treatment. Patients were 
divided into 4 groups according to the MPV cut-off values in the 
study of Debiec et al., in which they investigated the effect of MPV 
on prognosis [3]. In the 1st group MPV≤8.8fL (N:82), 2nd group 
>8.8 – ≤9.9 fL (N:123), 3rd group >9.9-≤10.8 fL (N:61), and 4th 
group >10.8 fL (N:48) was planned. It was evaluated whether there 
was a statistically significant difference between the groups in 
terms of age, gender, tPA onset time, admission NIHSS, discharge 
NIHSS, admission and discharge NIHSS difference, comorbidities, 
antiaggregant/anticoagulant use, bleeding complications and death 
rates during hospitalization.
ROC analysis was performed to predict the cut-off point of the 
MPV value for any bleeding complications. Patients under 18 
years of age, patients who do not get anticoagulants but whose 
IV-tPA treatment was interrupted due to high INR, patients 
who underwent mechanical thrombectomy after thrombolytic 
therapy or known hematological pathology – malignancies, 
patients whose treatment could not be completed due to 
any allergic reaction, patients whose treatment could not be 
completed due to acute hemorrhagic complications while IV-
tPA was continued were not included in the study.
Ethics committee approval was received from Health Sciences 
University Fatih Sultan Mehmet Training and Research Hospital 
Clinical Research Ethics Committee on 27.05.2021.

Statistical Analysis

Number Cruncher Statistical System (NCSS) 2007 (Kaysville, 
Utah, USA) program was used for statistical analysis. While 
evaluating the study data, the distribution of the data was 

evaluated with the Shapiro-Wilk Test, as well as the descriptive 
statistical methods (Mean, Standard Deviation, Median, 
Frequency, Ratio, Minimum, Maximum). Kruskall-Wallis test 
for comparison of quantitative data of three or more groups; 
Mann-Whitney U Test was used for comparison of two groups. 
Chi-square analysis was used to determine the relationship 
between qualitative data. Spearman’s correlation analysis was 
used to determine the relationship between quantitative data. 
Significance was evaluated at p<0.01 and p<0.05 levels.

3. RESULTS

The study included 314 patients, 169 men with a mean age of 66.3± 
13.1 years and 145 women with a mean age of 76.7± 12.9 years. 
It was found statistically significant that the mean age of the male 
group was lower than that of the females (p=0.001; p<0.05). It was 
found that 9.9% (n=31) of 314 patients included in the study died in 
the hospital. Of the patients who died, 32.3% (n:10) were male and 
67.7% (n:21) were female. The mean MPV and platelet in the cohort 
were 9.64 ±1.15 fL and 269.7 ± 73.7 x 10^3/µL respectively. Age, 
gender, tPA onset time, medical history (diabetes, hypertension, 
atrial fibrillation), antiplatelet / anticoagulant use according to 
MPV groups were evaluated. (Table I).
According to the MPV groups; age, tPA onset time, gender 
and comorbidities did not show any statistically significant 
differences. Although there was no difference in terms of 
antiplatelet use (p>0.05); it was found statistically significant 
that the anticoagulant use in the 1st group was lower than in the 
4th group (p=0.001; p<0.01) (Table I).
Admission NIHSS, discharge NIHSS, admission and discharge 
NIHSS difference, intracerebral hemorrhage, gastrointestinal 
system hemorrhage, urogenital hemorrhage, other bleeding 
complications and their relationship with MPV groups were 
evaluated in Table II.
No statistically significant difference was observed between 
MPV groups in terms of bleeding complications and death rates. 
However; it was statistically significant that the initial-discharge 
difference of NIHSS in the 1st group is lower than that of 
groups 2 and 3 and (p=0.001; p<0.01) that the initial-discharge 
difference of NIHSS in the 3rd group is higher than that of group 
1 and group 4 (p=0.001; p<0.01). No statistical significance was 
observed between groups 2 and 3 (p>0.05).
ROC analysis was performed to predict the cut-off point of the 
MPV value for any bleeding complications. When the MPV cut-
off taken as 8.85, the sensitivity was 76%; the specificity was 
69.1%. It was found statistically significant that all patients with 
other bleeding complications (epistaxis, gingival, hemoptysis 
otorrhagia, and subcutaneous hematoma) were observed in 
the second group which MPV higher than 8.85 fL (p=0.034, 
p>0.05). However, no statistical significance was observed in 
terms of intracranial, gastrointestinal and urogenital bleeding 
complications (p>0.05) (Table III).
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Table I. Comparison of prognostic factors according to MPV groups

MPV (fL)

Group 1

8.8

(82)

Group 2

8.8<  9.9 

(123)

Group 3

9.9< 10.8 

(61)

Group 4

>10.8

(48)

P* Post Hoc**

Age 70.8 (14.8) 70.5 (12.3) 72.4 (15.5) 71.6 (14.9) 0.490
Gender (Female) 38 (26.2%) 58 (40%) 28 (19.3%) 21 (14.5%) 0.983
Atrial Fibrillation 15 (19.5%) 31 (40.3%) 13 (16.9%) 18 (23.4%) 0.091
Hypertension 58 (25.7%) 89 (39.4%) 41 (18.1%) 38 (16.8%) 0.575
Antiaggregant Use 33 (26%) 52 (40.9%) 26 (20.5%) 16 (12.6%) 0.729
Anticoagulant Use 1 (6.3%) 7(43.8%) 2(12.5%) 6 (37.5%) 0.037* 1 vs 4
IV-tPA Onset Time (Minute) 185.0 (57.7) 180.2 (52.9) 176.7 (54.3) 193.0 (54.1) 0.394

Values are mean ± SD for quantitative variables and % for qualitative variables.   MPV: mean platelet volume; fL: femtolitre; IV-tPA: intravenous tissue plasminogen 
activator *p <0.05,  **Post Hoc: statistically significant results

Table II. NIHSS changes and bleeding complications according to MPV groups

MPV (fL)

Group 1

8.8

(82)

Group 2

8.8<  9.9 

(123)

Group 3

9.9< 10.8 

(61)

Group 4

>10.8

(48)

P* Post Hoc**

Initial NIHSS 8.5 (4.7) 9.0 (4.9) 10.0 (4.9) 9.1 (5.1) 0.243
Discharge NIHSS 5.2 (5.3) 4.05 (4.8) 3.1 (3.2) 4.8 (4.8) 0.084

Initial- Discharge NIHSS 2.7 (5.0) 4.5 (4.8) 5.9 (4.6) 3.8 (5.2) 0.002**
1vs 2.3

3vs 1.4
Intracranial Hemorrhage 9 (19.1%) 21 (44.7%) 8 (17%) 9 (19.1%) 0.540
Urogenital Hemorrhage 3 (42.9%) 2 (28.6%) 1 (14.3%) 1 (%14,3) 0,783
GIS Hemorrhage 2 (25%) 3 (37.5%) 2 (25%) 1 (12.5%) 0.980
Other bleeding Complications 0 (0%) 6 (54.5%) 3 (27.3%) 2 (18.2%) 0.252
Death  6 (19.4%)  12(38.7%)  9 (29%)  4 (12.9%)  0.876

MPV: mean platelet volume; fL: femtolitre; NIHSS : National Institute of Health Stroke Scale; GIS; gastrointestinal system, *p <0.05,  **Post Hoc: statistically significant 
results

Table III. ROC analysis for bleeding complications 

MPV (fL)
<8.85

(82)

8.85>

(232)
P*

Age 70.8 (14.8) 71.2 (14.8) 0.946
Gender (Female) 38 (26.2%) 107 (73.8%) 0.973
IV-tPA Onset Time (Minute) 185.0 (57.7) 181.9 (53.6) 0.716
Initial NIHSS 8.5 (4.7) 9.3 (4.9) 0.112
Discharge NIHSS 5.2 (5.3) 3.9 (4.5) 0.055
Initial- Discharge NIHSS 2.7(5.0) 4.7 (4.9) 0.941
Atrial Fibrillation 15 (19.5%) 62 (80.5%) 0.127
Hypertension 58 (25.7%) 168 (74.3%) 0.771
Diabetes Mellitus 25 (23.1%) 83 (76.9%) 0.386
Antiaggregant Use 33 (26.0%) 94 (74.0%) 0.965
Anticoagulant Use 1 (6.3%) 15 (93.8%) 0.079
Intracranial Hemorrhage 9 (19.1%) 38 (80.9%) 0.238
Urogenital Hemorrhage 3 (42.9%) 4 (57.1%) 0.308
Gastrointestinal Hemorrhage 2 (25.0%) 6 (75.0%) 0.942
Other Bleeding Complications 0 (0%) 11 (100%) 0.034*

MPV:Mean platelet volume; fL: Femtolitre; NIHSS: National Institute of Health Stroke Scale; IV-tPA: intravenous tissue plasminogen acti
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4. DISCUSSION

Stroke is considered as one of the leading causes of morbidity 
and mortality all over the world. Considering that one quarter 
of all strokes are predicted to recur, modifiable risk factors such 
as DM, hypertension, dyslipidemia, obesity, smoking, and AF 
fibrillation must be controlled [9]. Although, studies on risk 
factors are still on the agenda, publications investigating stroke 
pathogenesis and prognosis of patients are increasing with new 
developing treatment methods.
The contribution of platelets to the pathogenesis of thrombus 
formation is undeniable [10]. Aggregation has a positive 
association with indicators of platelet activity, including Tx 
A2, PF 4 and β-TG release. Larger platelets are more reactive, 
produce more prothrombotic factors, and can aggregate 
more easily [11,12]. In this study, it was hypothesized that the 
prognosis of the patient group with an acute ischemic stroke and 
receiving iv tPA treatment and having a higher MPV value may 
have a worse prognosis; However, in a retrospective evaluation 
of 314 patients, it was found that MPV value alone could not be 
a prognostic factor.
Debiec et al., in their study, it was observed that patients with 
MPV above 10.8 fL had higher discharge NIHSS values and a 
worse prognosis [13]. In our study, in which the same MPV 
groups were used, no statistical significance was observed in 
terms of death, arrival NIHSS, discharge NIHSS or bleeding 
complications in all 4 MPV groups. However, when the groups 
were evaluated according to the decrease in NIHSS (arrival-
discharge), it was observed that the NIHSS decrease, that is, 
the prognosis, in the 3rd group (MPV>9.9 and ≤10.8) was 
statistically better than the 1st and 4th groups. However, since 
there was no significant difference between the 3rd group and 
the 2nd group in terms of NIHSS decrease and the prognosis of 
the 4th group was worse than the 3rd group, it was observed that 
low or high MPV values could not be considered a prognostic 
factor alone in patients receiving iv-tPA treatment.
Arevalo-Lorido et al., in their study on 379 patients who were 
followed up for ischemic stroke but did not receive iv tPA 
treatment, it was found that at the end of first year higher MPV 
values (>11.5fL) were related with worse prognosis (13). In our 
study, since the majority of the patients did not continue their 
follow-up, 3-month-6-month and 1-year MRS scores could not 
be evaluated, and no comment could be made regarding the 
effect of MPV on long-term prognosis.
In the PROGRESS study, which included 3134 people with a 
history of cerebrovascular disease, it was stated that high MPV 
was associated with an increased risk of stroke, and even every 1 
fL increase in MPV value could cause an 11% increase in stroke 
risk [14]. In studies comparing ischemic stroke patients with 
control groups, it was observed that the MPV values of the stroke 
groups were higher than the healthy population [15,16]. In the 
study administered by Ntaios et al. on 623 patients, it was shown 
that MPV did not statistically affect stroke severity and prognosis, 
as in our study, in both 137 patients receiving iv tPA treatment 
and 486 patients who were not candidates for iv-tPA [17].

In our study, in addition to evaluating the effect of MPV on 
the short-term prognosis of patients, its relationship with 
intracranial, urogenital, GI and other bleeding complications 
after IV-tPA was also evaluated. When the patients were 
examined in 4 groups according to MPV values, no significant 
difference was found regarding bleeding complications. 
However, in ROC analysis it was found statistically significant 
that all other bleeding complications were in the higher MPV 
group (>8.85 fL). Nevertheless; it would not be totally correct 
to determine a clear MPV cut-off point since the number of 
patients with this complication was only 11.
Hemorrhage complications of iv-tPA other than intracerebral, 
GIS, and urogenital system are written on a case-by-case basis, 
but no data were found in the literature regarding other bleeding 
complications seen in patients receiving tPA in which the effect 
of MPV on prognosis was investigated. Khandelwal et al., They 
published the massive epistaxis, seen in 2 patients who were 
Covid-19 + and received IV-tPA as a case report and explained 
the epistaxis as the potentiation of coagulopathy due to Covid-19 
infection by tPA, but they did not share any data about MPV in 
their study [18].

Conclusion

In this study, where it is hypothesized that short-term prognosis 
will worsen as MPV value increases, no statistically significant 
relationship can be found between increasing MPV values and 
prognosis. There is no difference in bleeding complications and 
death rates between MPV groups.
The increasing prevalence of IV-tPA treatment will allow 
studies to be conducted with a larger patient population. Studies 
that will contribute to the literature will increase day by day 
by diversifying prognostic evaluations, enabling long-term 
follow-up, and increasing the patient population.
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ABSTRACT
Objective: This project aims to develop a wearable device to suppress both the essential and resting tremor and investigate its 
effectiveness.
Materials and Methods: This study details the development and assessment of a wearable device for upper extremity tremors. The 
wearable device underwent a comprehensive design and a prototype was produced with a 3D-printer. To refine the functionality of 
the prototype, a motor that mimics tremor was attached to a 3D-printed prototype. Then, the printed prototype was applied to the 
hand model, and tested its effectiveness for tremor suppressing. The wearable device was further investigated on patients with essential 
tremor and Parkinson`s disease seeking treatment at Neurology Clinics. We recorded the tremor data and processed and visualized the 
recorded data by using the MatLab (version R2021a, MathWorks Inc., USA) software.
Results: The wearable device effectively decreased the tremors both during the simulation phase and the patient testing phase. The 
data from the wearable device revealed a notable decrease in the amplitude of the tremor. This decrease signifies an achievement of 
tremor suppression.
Conclusion: The prototype of the wearable device signifies a remarkable efficacy in tremor supression. It holds promise for being a 
potential solution to alleviate the tremor symptoms of essential tremor and Parkinson`s disease patients.
Keywords: Wearable device, Essential Tremor, Parkinson`s Disease

1. INTRODUCTION

Tremors, most commonly seen among adults, are characterized 
by involuntary rhytmic and oscillatory movements of the body 
parts [1,2]. It commonly contracts agonist and antogonist 
muscles repeatedly. Tremors are predominantly central types, 
encompassing cortico-lenticular-thalamic-cortical and cortico-
cerebellar pathways.
Essential tremor (ET) is a chronic and progressive disorder and 
its primary clinical feature is kinetic tremor with the frequency 
ranging between 4-10 Hertz (Hz) [3,4]. According to the 
International Parkinson and Movement Disorder Society, ET is 
defined as a bilateral upper extremity action tremor, which is 
potentially accompanied by such as head tremor, voice tremor, 
or lower extremity tremors without co-occuring dystonia, 

ataxia, or Parkinson’s disease (PD) symptoms and persists for at 
least 3 years [5, 6].
The term of ET was first used by Pietro Burresi in 1874 [7]. In 
a global context, ET is a movement disorder associated with 
physical and psychological disabilities with a prevalence of 0.4% 
to 3.9% in the general population [8]. Notably, in the United 
States of America (USA), seven million patients are estimated 
to suffer from ET, representing approximately 2.2% of the 
population [9].
Although, ET is generally considered to be bening, it negatively 
impacts the overall quality of patients’ lives [10, 11]. Patients 
with tremors generally feel social embarrasment and avoid 
drinking, eating or writing in public [12, 13].
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Parkinson’s disease is the second most prevalent 
neurodegenerative disorder after Alzheimer’s disease. Its 
prevalence increases with age, affecting around 1% of individuals 
aged 65 and above and approximately 4% of individuals over 
80 years old [14]. PD is a chronic neurodegenerative disorder 
characterized by the degeneration of dopaminergic neurons in 
the substantia nigra pars compacta. This progressive disease 
results in motor and cognitive impairments, with bradykinesia, 
resting tremor, rigidity, and postural instability being its key 
clinical features. The tremor observed in PD is termed as resting 
tremor and typically presents itself asymmetrically. Pronation 
and supination movements are affected more common than 
flexion and extension movements [2].
Approximately 80% of ET disease cases are attributed to the 
familial ET (FET) gene, which is identified on chromosome 
3q13 [15]. Another gene associated with ET is the ET maps 
(ETM) gene, and it is located on chromosome 2p22-p25 [16]. 
Chromosome 6p23 was reported to be associated with ET [17]. 
Mutations in fused in sarcoma (FUS), an RNA-binding protein, 
have been detected in ET patients, and similar pathogenic 
mutations have also been observed in patients with fronto-
temporal dementia (FTD) and amyotrophic lateral sclerosis 
(ALS) [18]. The leucine-rich repeat and Ig domain containing 1 
(LINGO1) gene has also been implicated in the pathophysiology 
of ET [19]. The condition of neurotransmitter deficiency has not 
been identified in ET patients. Despite these genetic insights, the 
precise mechanism behind tremor manifestation and the source 
and mechanism of pathological oscillations remain elusive.
In the treatment of ET, medications developed for other 
disorders are heavily relied on as there is no curative treatment 
for ET [20]. However, the existing medications have proven 
effective in symptomatic management of ET [18]. In cases where 
medical intervention fails or side effects become intolerable, 
surgical intervention such as neuromodulations, deep brain 
stimulation (DBS) and radiofrequency thalamotomy, gamma-
knife radiothalamotomy, magnetic resonance-guided focused 
ultrasound (MRgFUS) may be considered [21]. It is worth noting 
that unilateral MRgFUS thalamotomy can result in side effects 
such as paresthesia and balance disturbances while bilateral 
thalamotomy may lead to cognitive impairments, postural 
disturbances, balance issues, and speech impairments [22].
Wearable devices designed to address tremors can be broadly 
categorized into two main groups: active and passive. Passive 
devices offer resistance to tremors without incorporating 
moving parts. Active devices, on the other hand, can detect 
tremors in real-time and respond based on the body’s feedback. 
Active devices use actuators to counteract tremors and employ 
mechanisms like pneumatic systems, electric motors, and 
hydraulic systems to dampen tremors effectively [23]. This 
project aims to develop an active and passive force-controlled 
wearable device to suppress tremor in both ET and PD and to 
investigate the effectiveness of the wearable device.

2. MATERIALS and METHODS

A force-controlled wearable device to address upper extremity 
tremors was designed at Marmara University School of Medicine 
and Mecatronics Engineering. The design phase was executed 
using SolidWorks software (version 2020 SP2.0, Dassault 
Systèmes Inc., USA). The physical realization of the device 
was executed through 3D printing technology. Specifically, we 
employed Ender 5 Plus 3D printer and chose PLA filament as 
the construction material.
The device’s key feature is its full mobility, eliminating the need 
to attach it to a table or chair, and its capacity to be affixed 
on the upper extremity. The device is powered by a unit with 
rechargeable batteries located on the upper extremity, and 
its design does not impede patients’ daily activities. It does 
not restrict the flexion, extension, ulnar and radial deviation 
(abduction and adduction) of the hand. Patients can also 
comfortably perform fine motor movements such as flexion, 
extension, abduction, and adduction of their fingers and hand. 
It allows for a full range of hand movements, enabling tasks 
such as writing, buttoning, holding a cup, and using utensils like 
forks, spoons, and knives with ease.
To mimic tremor phenomena in a controlled laboratory 
environment, a 3D-printed hand model was crafted. In the 
anatomical alignment, we affixed two motors, each of which 
was equipped with an unbalanced load, to the hand model. One 
motor was placed on lateral side of the first metacarpophalangeal 
joint. The other motor was affixed between the third and fourth 
metacarpophalangeal joints. These motors were engineered 
to generate tremors in three orthogonal axes, encompassing 
flexion-extention (X – axis), abduction-adduction (Y-axis) 
and supination-pronation (Z-axis). The orchestration of motor 
functions were facilitated through an ardinuo interface, which 
was controlled by MatLab (version R2021a, MathWorks Inc., 
USA) software. This precision allowed us to produce artificial 
tremors. We employed a strategically positioned accelerometer, 
which was located on proximal of palmar surface of the hand 
(Figure 1), upon activation of motors, the accelerometer recorded 
the movement patterns for one minute. This experimental setup 
enabled us to accurately capture and analyze tremor data.
For testing our prototype of the wearable device on computer, 
a hand was designed by SolidWorks software (version 2020 
SP2.0, Dassault Systèmes Inc., USA) and then simulated hand 
which had a real hand`s features was transferred to the MatLab 
(version R2021a, MathWorks Inc., USA) software.
Our prototype of the wearable device was securely affixed to 
the simulated hand and a 5 Hz tremor was generated. In the 
subsequent step, the prototype was turned on, and data were 
recorded both before and after its activation. The wearable 
device was assembled by integrating electronic and mechanical 
components, and it was affixed to the hand model to perform 
artificial tremors. Data were obtained from the tremor model 
when the wearable device was both activated and de-activated.
In this study, the wearable device was applied to patients 
diagnosed with ET and PD. The patients were selected from 
individuals seeking treatment at Marmara University School 
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of Medicine Department of Neurology. Four ET patients (three 
females and one male) and four PD patients (two females and 
two males) were included. All of these four patients had been 
suffering from their diseases for at least 5 years. None of them 
had undergone DBS before. The mean age of the patients was 
64.4 ± 4.98 years.
All patients were right-handed, and we collected the data through 
the right-hand trials. All the patients were informed about the 
clinical study. We kindly asked the patients to flex their arms 
(keeping them paralel to the ground), extend their forearms, and 
pronate their hands for minimum 30 seconds. Movements of the 
hands were recorded by an accelerometer affixed to the wearable 
device, both when activated and deactiviated. Data were logged 
at a rate of four times per second and subsequently processed 
and visualized using MatLab (version R2021a, MathWorks Inc., 
USA) software.

Statistical Analysis

For statistical analysis SAS (SAS Institute Inc., USA) software 
was used. Analyses were presented using means. Figure 1. Tremor in laboratory and measurement by an accelerometer.

Figure 2 A: Frequency of tremor which is generated on computer. B: Damped tremor (the wearable device is on). C: Amplitude of damped tremor. D: 
Generated tremor by using motors that contain unbalanced load, D1: the wearable device is off, D2: the wearable device is on.
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3. RESULTS

Accelerometric data analysis showed that the frequency 
of computer-generated tremors were approximately 5 Hz. 
When the wearable device was turned on in the simulation, a 
discernible suppression effect was observed. The amplitude 
of tremor decreased while the frequency of tremor remained 
unchanged (Figures 2A, 2B, 2C).
We affixed the wearable device on 3D-printed hand model. 
Subsequently, the motors equipped with unbalanced loads were 
activated to induce tremors. The frequency and amplitude of 
tremors were recorded by an accelerometer, which was attached 
to the wearable device (Figure 2D).
The wearable device was administered to a total of eight patients, 
comprising four ET patients and four PD patients.

ET patients

In the case of ET patient 1, ET patient 2, ET patient 3, the 
wearable device was activated on two separate occasions, in 
the case of ET patient 4 the wearable device was activated on 
three separate occasions. During each active phase, it effectively 

suppressed the tremor (Figure 3). During the experimental 
investigation of effiency, the patients maintained the specified 
hand position as described above.

Supression rate calculations of ET patients

Following two device activations, suppression rates were 
computed for each phase within the range of 4-6 Hz. Suppression 
rates were calculated for each axis, with mean suppressions 
ranging between 4-6 Hz (Table I).

PD patients

The experiment was conducted with four PD patients. The 
force-controlled wearable device was activated twice for all 
patients. Throughout the efficiency investigation experiment, 
all four patients maintained their hand position as described in 
the methods section.
For the PD patient 1, PD patient 2, PD patient 3 and PD patient 
4 the wearable device effectively suppressed tremors in both 
active phases (Figure 4).

Figure 3 A: Graphic for first ET patient, ET1: ET patient 1. B: Graphic for second ET patient, ET2: ET patient 2. C: Graphic for third ET patient, ET3: ET 
patient 3. D: Graphic for fourth ET patient, ET4: ET patient 4. Arrows: phases of wearable device were turned on.
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Figure 4 A: Graphic for PD patient 1, PD 1: PD patient 1. B: Graphic for PD patient 2, PD 2: PD patient 2. C: Graphic for PD patient 3, PD 3: PD patient 
3. D: Graphic for PD patient 4, PD 4: PD patient 4. Arrows: phases of wearable device were turned on.

Table I. Data of ET patients. Means of suppression rates of X, Y and Z axes and means of suppression rates of the phases

Mean suppression rate (%) 
X axis Mean suppression rate (%) Y axis Mean suppression rate (%) 

Z axis

Mean suppression 
rate (%) of

X, Y and Z

Mean 
suppression 
rate (%) of 

phases
ET Patient 1

Phase 1
99.0818 84.2615 81.5181 88.2871

89.9182
ET Patient 1

Phase 2
89.2636 90.5513 94.8326 91.5492

ET Patient 2

Phase 1
88.6713 86.1441 97.8149 90.8768

88.2673
ET Patient 2

Phase 2
77.7305 93.2357 86.0073 85.6578

ET Patient 3

Phase 1
88.7549 87.6694 97.1523 91.1922

89.6474
ET Patient 3

Phase 2
81.5548 90.9011 91.8516 88.1025

ET Patient 4

Phase 1
79.7907 56.2578 97.1351 77.7279

73.8278
ET Patient 4

Phase 2
96.713 93.6223 93.8368 94.724

ET Patient 4

Phase 3
57.2295 69.3926 20.4729 49.0316
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Table II. Data of PD patients. Means of suppression rates of X, Y and Z axes and means of suppression rates of the phases.

Mean suppression rate 
(%) X axis

Mean suppression rate 
(%) Y axis

Mean suppression 
rate (%) Z axis

Mean suppression rate 
(%) of

X, Y and Z

Mean suppression 
rate (%) of phases

PD patient 1

Phase 1
80.9480 68.1980 63.3810 70.8420

77.2840
PD patient 1

Phase 2
63.8290 94.6480 92.6990 83.7250

PD patient 2

Phase 1
90.4640 65.4750 75.5420 77.1600

76.5240
PD patient 2

Phase 2
65.0940 89.3210 73.0480 75.8880

PD patient 3

Phase 1
67.9560 77.7160 88.6520 78.1080

79.4360
PD patient 3

Phase 2
70.6670 87.7790 83.8460 80.7640

PD patient 4

Phase 1
84.3940 52.7754 78.2841 71.8178

83.4433
PD patient 4

Phase 2
96.895 92.4836 95.8277 95.0688

4. DISCUSSION

Essential tremor reportedly affects 0.9% of the world population, 
amounting to at least seventy-two million individuals [24]. 
However, this number may actually be higher because there may 
be un-reported individuals who have limited access to medical 
treatment or may not deem treatment as neccessary. PD, on 
the other hand, has an impact over six million [25]. According 
to the United Nations in 2022, the global population reached 
eight billions, and the aging population is on the rise, with an 
estimated one billion people aged over sixty-five by 2030 [26]. 
Age is one of the main factors in the development of tremors 
[27]. A retrospective study spanning forty-five years found that 
the incidence of ET increased with age, with rates of 58.6 per 
100.000 for those aged 50-59, 76.6 per 100.000 for those aged 70-
70, and 84.3 per 100.000 for those aged over 80 [28].
The wearable device demonstrated successful results in both 
computer simulation and laboratory tests. Clinical study results 
further confirmed its efficiency. This study included both ET 
and PD patients due to the observed link between ET and PD 
conditions. A previous study conducted with 247 ET patients 
reported that 11 of 247 participants had mild PD symptoms 
[29]. Another study conducted with 678 ET patients reported 

that approximately 6.1% were also diagnosed with the PD 
disease [30]. Additionally, 24 participants of 130 ET patients had 
PD clinical criteria [31]. It was reported that childhood ET may 
evolve to severe PD in adult life [32].
The studies reporting the prevalence of ET widely focused on the 
impact of gender. Numerous studies demonstrated no significant 
difference based on gender, yet gender based differences 
were observed in some studies [24]. A study conducted in the 
province of Edirne, Turkey, showed higher prevalence of ET 
among women [33]. On the contrary, another study conducted 
in Şile district of Istanbul, Turkey, reported a higher prevalence 
of ET among men [34]. However, no statistically significant 
difference was reported in both of these studies.
The patients in our study were randomly selected, and all were 
over 50 years old right-handed female and male individuals. 
While, ET is typically asymmetric, we were unable to employ 
electomyographic measurement to determine dominant side of 
tremor [35]. However, patients in our study stated that the tremor 
afflicts their lives when the tremor is experienced on the hand 
used more frequently in their daily activities. It underscores the 
importance of addressing tremor in the hand dominantly used 
by patients, not just any hand.

Suppression rate calculations of PD patients

Suppression rates were individually calculated for each axis, focusing on the 4-6 Hz range for all four patients (Table II).
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The wearable device was constructed using PLA filament due 
to its compatibility with 3D printers and several advantageous 
properties, such as high load-bearing capacity, impact 
resistance, low odor during printing, high printing speed, and 
recyclability. The device’s weight is crucial both for daily use 
and tremor suppression. Research involving 50 patients has 
demonstrated that the addition of weights ranging from 480 g 
to 600 g reduced action tremor in a significant percentage (58%) 
of participants. It also contributed to improved performance in 
daily household and workplace in the 36% of those participants 
[36]. Applying weights ranging from 600 g to 2160 g to the wrist 
also reduced the magnitude of tremor in individuals with ET 
[37]. The wearable device in this study weighed 491 g, located 
on the dorsum of the hand and contribute to hand stabilization.
While many wearable device prototypes exist in the literature, 
majority of these active wearable prototypes have not advanced 
to clinical trials due to the concerns related to ergonomics, 
weight, size, and aesthetics for patient use [38]. The studies 
with these wearable devices conducted laboratory tests based 
on the data obtained from previous laboratory studies rather 
than implementing clinical trials. These laboratory trials 
demonstrated over 90% tremor supression rate [39, 40].
The studies involving a prototype testing with clinical trials 
demonstrated tremor suppression. One study involving with a 
PD patient achieved an 85% tremor suppression using weight 
and spring systems for energy transfer in passive devices [41]. 
In 2020, a study conducted with one PD patient reported a 
prototype reduced tremor by 74% to 82% [42]. Another study 
using a pneumatic actuator in a single ET patient reduced 
tremor magnitude by 70% [43]. In a pilot study using non-
invasive handheld active tremor-reducing device, an average 
tremor supression of 73% was reported [44]. Another pilot study 
involving 10 PD patients showed no significant benefit from a 
gyroscope-spoon system for resting tremor [45].
In our study, the wearable device achieved an average tremor 
supression rate of 86.3792% for ET patients and 77.748% for PD 
patients. This result indicates a high level of patient satisfaction. 
Notably, the prototype has been developed, the mentioned 
active and passive power-controlled wearable device falls into 
both the active and passive device categories. Its inclusion 
in the passive device group is due to the fact that the device’s 
own weight creates a damping effect on the tremor. The reason 
for its inclusion in the active device group is that it generates 
counteracting forces based on the magnitude and frequency of 
the tremor.

Conclusion

 In summary, our comprehensive study encompassed simulation, 
laboratory testing, and clinical research. The wearable device not 
only demonstrated efficacy in simulation and laboratory settings 
but also achieved a high success rate in tremor supression 
among patients during clinical trials. A patent application has 
already been filed for the first prototype, with plans to extend 
patent protection to subsequent prototypes. The efficacy of this 
wearable device is promising for diminishing the impacts of 
upper extremity tremors of ET and PD patients.
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ABSTRACT
Objective: Type 2 diabetes mellitus patients have been reported to have a higher incidence of Parkinson’s disease. This study aimed to 
explore the effect of advanced glycation end products precursor methylglyoxal (MGO) on the pathophysiology of Parkinson’s disease 
in a rotenone model.
Materials and Methods: Adult female Wistar rats (n=42) were divided into four groups. Rotenone toxicity was assessed by daily weight 
measurements and mortality rates. Effect of MGO on blood glucose was evaluated. Locomotor activity, rearing, and rotarod tests 
were performed to evaluate motor functions, and for neurodegeneration, tyrosine hydroxylase immunoreactivity in the striatum and 
substantia nigra regions was assessed.
Results: The mortality rate was 9% in the rotenone-applied rats. The mean weight, locomotor activity, rearing activity, and longest time 
spent on a rotarod were lower in the MGO+Rotenone group than in the Control group. Tyrosine hydroxylase immunoreactivity in the 
striatum rostral to the anterior commissure in the MGO+Rotenone group was lower than that in the Control and MGO groups. The 
number of tyrosine hydroxylase positive cells in the substantia nigra pars compacta was comparable among the groups.
Conclusion: When nigrostriatal degeneration was triggered, MGO was found to worsen motor dysfunction and increase damage to 
dopaminergic neuron projections.
Keywords: Parkinson’s disease, Type 2 diabetes mellitus, Methylglyoxal, Rotenone, Tyrosine hydroxylase, Locomotor activity

1. INTRODUCTION

Parkinson’s disease (PD) is the second most common 
neurodegenerative disorder after Alzheimer’s disease. The 
prevalence of PD is reported to be 1-2‰ in the general 
population and >1% in the population over 65 years of age [1, 
2]. As the incidence of the disease increases with age, PD is 
becoming an even more important health problem in our aging 
world.
Parkinson’s disease is characterized by the loss of dopaminergic 
neurons, particularly in the substantia nigra pars compacta 
(SNpc). Loss of dopaminergic neurons causes a marked 
reduction in dopamine in the nigrostriatal dopaminergic 
terminals from the SNpc to the striatum and is the main cause 
of the classical motor symptoms of PD, such as bradykinesia, 
tremor, postural instability, and rigidity [3].
Although, the molecular mechanisms have not been fully 
elucidated, the pathogenesis of PD is generally thought to 

be associated with oxidative stress, mitochondrial disorders, 
endoplasmic reticulum stress (ERS), genetic factors, 
excitotoxicity, impaired vesicular transport, protein processing 
disorders, and loss of synapses in dopaminergic neurons [4, 5]. 
Misfolding, aggregation, and toxicity of the alpha-synuclein 
protein encoded by the alpha-synuclein gene (SNCA) is one 
of the most important points in the pathophysiology of PD 
[6]. Precipitated alpha-synucleins contribute to the increase in 
misfolded proteins, ERS, and thus to the development of PD by 
disrupting protein homeostasis [7].
Among the risk factors for PD are advanced age, genetic factors, 
exposure to pesticides and heavy metals, traumatic brain injury, 
excessive consumption of dairy products, and type 2 diabetes 
mellitus (T2DM) [8, 9].
The association between PD and T2DM has started to receive 
attention as a result of the high incidence of PD in T2DM patients 
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in recent studies [10]. In the meantime, studies have shown that 
PD treatment is less effective and that PD progression is more 
severe in patients with T2DM [11].
Type 2 diabetes mellitus is characterized by progressive loss 
of insulin secretion from pancreatic beta cells, relative insulin 
deficiency, and hyperglycemia in the background of insulin 
resistance [12]. Recent studies indicate that β-cell dysfunction 
and insulin resistance, which are the two most important 
parameters of T2DM, may be caused by oxidative stress [13]. 
The association of T2DM with oxidative stress is partly related to 
the overproduction of reactive oxygen species (ROS). Advanced 
glycation end products (AGEs) have drawn attention among 
the sources of ROS identified in diabetic conditions. AGEs are 
harmful compounds that occur more often, especially under 
hyperglycemic conditions, and are thought to be involved in 
the pathology of T2DM and the development of complications 
[14]. Methylglyoxal (MGO) is a highly reactive AGE precursor 
that occurs during the glycation process and is involved in the 
pathology of diabetes [15]. The amount of MGO in the serum of 
T2DM patients was higher than that of healthy individuals [16].
The molecular cause of this remarkable association between 
T2DM and PD is currently being investigated. MGO may 
play a role in this relationship. One of the target proteins 
of MGO is the alpha-synuclein protein involved in PD 
pathology [17]. Furthermore, MGO is structurally similar 
to 3,4-dihydroxyphenylacetaldehyde, which has been shown 
to increase the risk of developing PD [18, 19]. Finally, MGO 
induces ERS, and ERS is one of the common and early findings 
in PD [7].
In our study, we aimed to investigate the effect of long-term 
MGO administration on the pathophysiology of PD in a 
rotenone model in rats. For this purpose, the effect of MGO 
both alone and in the presence of a predisposing condition to 
PD was investigated.

2. MATERIALS and METHODS

Animals

Forty-two adult female Wistar albino rats (2-3 months old, 
203-274 g weight) were used in the experiments. Animals were 
housed two animals per plexiglass cage under a 12-hour light/
dark cycle at 22±2°C and had free access to standard rat chow and 
tap water. All rats were purchased from Istanbul University Aziz 
Sancar Institute of Experimental Medicine and the experiments 
were started after a one-week adaptation period.
All experimental procedures were approved by the Marmara 
University Ethical Committee for Experimental Animals 
(96.2021mar).

Experimental design

First, the rats were divided into MGO or control (water) 
administration groups. Then, the groups were further divided 
into rotenone or its vehicle (2% dimethyl sulfoxide, 98% Miglyol 
812 N) subgroups. Consequently, a total of four groups were 

formed: Control (water+vehicle of rotenone, n=10), MGO 
(MGO+vehicle of rotenone, n=10), Rotenone (water+rotenone, 
n=11), and MGO+Rotenone (n=11). MGO and water were 
administered orally, rotenone and its vehicle were administered 
subcutaneously.
Rats were treated with MGO (100 mg/kg/day) or water for 8 
weeks (55 days, per oral). Before the rotenone administration, 
two weeks of MGO were administrated to mimic the AGE effect 
of T2DM. The rotenone (1.5 mg/kg/day) or its vehicle was 
started at day-16 and applied for 40 days while MGO or water 
was administrated concurrently. Behavioral experiments were 
carried out on day 56, the day after the last treatment. Then, 
all rats were sacrificed on day 56 under diethyl ether (Merck, 
Darmstadt, Germany, 100921) anesthesia, and their brains were 
removed for immunohistochemistry (Figure 1).

Figure 1. Timeline of the experimental design. (Blue dots represent days of 
blood glucose measurement)

Drugs

Methylglyoxal (Sigma‒Aldrich, St. Louis, Missouri, United 
States of America, M0252) was supplied as a 40% solution in 
water. To be able to apply 100 mg/kg/day MGO to animals 
orally, a volume of 213 µL/kg of MGO solution was administered 
by an automatic pipette (Socorex Acura Manuel, Ecublens, 
Switzerland, 825). Water (213 µL/kg) administration was similar 
to MGO administration.
Rotenone (Sigma‒Aldrich, St. Louis, Missouri, United States 
of America, R8875) was prepared daily as a 50x (75 mg/mL) 
solution in 100% dimethyl sulfoxide (DMSO) (Supelco, St. 
Louis, Missouri, United States of America, 1.02952). Then, 
it was diluted with the medium-chain triglyceride Miglyol 
812 N (IOI oleochemical, Pulau Pinang, Malaysia) to obtain 
a rotenone concentration of 1.5 mg/mL (98% Miglyol 812 N, 
2% DMSO). The solutions were protected from light. The 
possibility of precipitation was eliminated by vortexing before 
each application, and 1.5 mg/kg/day (1 ml/kg) rotenone was 
administered subcutaneously [20].
A vehicle solution of rotenone was prepared with DMSO and 
Miglyol 812 N. DMSO was diluted in Miglyol 812 N to a 2% 
concentration (98% Miglyol 812 N, 2% DMSO). Then, the 
solution was applied as 1 ml/kg subcutaneously.
Animals were weighed every morning during the experiment, 
and solutions were applied according to their daily weight. To 
prevent rotenone-related deaths, the injections were skipped in 
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the animals that lost more than 15% of their initial weight until 
they recovered their weight back.

Behavioral tests and blood glucose measurement

Behavioral experiments were carried out between 9:00 a.m. and 
12:00 p.m. The experiments were started after the animals were 
acclimated to the room for 30 minutes.

Locomotor activity

Locomotor activity test allows a comprehensive study of 
locomotor and behavioral activity levels in experimental animal 
models of PD [21]. The test was performed after an acclimation 
period to the locomotor activity cage. Animals were kept in 
the room for thirty minutes before the behavioral tests began. 
The test was performed under moderate illumination and the 
researcher observed the experiment away from the locomotor 
activity cage. The rats were placed in a 40x40x40 cm locomotor 
activity cage (Commat, ACT 508, Ankara, Türkiye), and all 
movements were recorded for 5 minutes. Before the experiment 
with the next animal, the locomotor activity cage was cleaned 
with 70% ethanol (Sigma‒Aldrich, St. Louis, Missouri, United 
States of America, V001229), followed by distilled water, 
and allowed to dry. Data (distance traveled, % of ambulatory 
and stereotypical movement time, % of resting time, vertical 
movement time) were collected with the activity measurement 
program (Activity metering software, version 2.1, Commat, 
Ankara, Türkiye) and saved as Microsoft Office Excel (Microsoft 
Corporation, Redmond, WA, USA) output.

Rearing activity

Rats were placed in a clear plexiglass cylinder (height=30 cm, 
diameter=20 cm) and recorded for 2 minutes by a video camera. 
The number of contacts of the forelimbs to the cylinder wall was 
evaluated [22]. For the behavior to be considered rearing, the 
animal must raise its forelimb above shoulder level and touch 
one or both forelimbs against the cylinder wall. Before another 
rearing, the rat must pull its forelimbs off the cylinder wall and 
touch the table surface.

Rotarod test

The rotarod test is used to measure motor coordination in mice 
and rats and to detect motor impairment in experimental PD 
models[21]. Before the test, the rats were placed on the rod 
twice daily for three days to allow for acclimatization. The test 
was performed using a 5 cm diameter rotor (Northel, Bursa, 
Türkiye). On the experiment day, the rats were placed on the 
rotating bar, which was accelerating at a constant acceleration, 
reaching a speed of 40 rotations per minute after 300 seconds. 
The time spent on the rod was recorded. The test was repeated 
three times at intervals on the same day. The data were analyzed 
to determine the average time of the three tests and the longest 
time spent on the rod.

Blood glucose measurement

Blood glucose was measured between 12:00 – 12:30 p.m. on 
the 1st, 16th, and 56th days of the experimental protocol (Figure 
1). Before the measurement, the tails of the rats were cleaned 
with 70% ethanol solution and allowed to dry. The lateral vein 
of the tail was punctured with the help of an insulin injector. 
The first drop of blood was wiped with cotton, and the second 
drop of blood was analyzed on a glucometer (Roche, Accu-Chek 
Performa Nano, Basel, Switzerland) with an appropriate strip 
(Roche, Accu-Chek Performa, Basel, Switzerland).

Immunohistochemistry

Tissue preparation

The brains were removed after cervical dislocation under 
diethyl ether anesthesia and placed in a 4% paraformaldehyde 
(AFG Bioscience, 668011, Illinois, United States of America) 
solution prepared with 0.1 M phosphate-buffered saline (PBS) 
(Sigma‒Aldrich, St. Louis, Missouri, United States of America, 
P4417) for immunohistochemistry analyses [23]. The brains 
were kept in 4% paraformaldehyde solution for 3 days. Then, 
they were placed into 15% and 30% sucrose (Sigma‒Aldrich, 
St. Louis, Missouri, United States of America, S8501) solutions 
prepared with 0.1 M PBS, one day apart and were allowed to 
sink to the bottom in 30% PBS-sucrose solution at 4°C. Then, 
the brains were treated with methylbutane (Sigma‒Aldrich, St. 
Louis, Missouri, United States of America, 277258), brought 
to – 30°C with the help of dry ice for 3 minutes, and raised to 
– 80°C until sectioning. Serial coronal sections (40 μm thick) 
were taken by a freezing microtome (Microm, Witney, United 
Kingdom, HM450) from the level of bregma 3.70 mm to the 
level of bregma – 6.72 mm according to the stereotaxic rat 
brain atlas [24]. Free floating sections were stored in antifreeze 
solution (phosphate solution containing 30% glycerol and 30% 
ethylene glycol) at 4°C.

Immunohistochemical labeling of tyrosine hydroxylase

Sections were rinsed with Tris-buffered saline (TBS) three 
times, then kept in Tris-EDTA solution at 80°C for 30 minutes 
and then at room temperature for 20 minutes for possible 
antigen retrieval treatment. Rinsed sections were kept in a 
mixture of 3% H2O2 and 10% methanol in TBS for 30 min to 
quench endogenous peroxidase activity and rinsed twice with 
TBS and once with TBS-Triton X (TBS-T). Nonspecific binding 
sites were blocked by incubation in TBS-T containing 5% (w/v) 
normal serum (Vector Laboratories, S2000, RRID: AB_2336617, 
California, United States of America). Sections were incubated 
with a tyrosine hydroxylase (TH) antibody (Merck, MAB5280, 
RRID: AB_2201526, 1:3000, Darmstadt, Germany) containing 
1% (w/v) bovine serum albumin/TBS-T for a whole day at 
room temperature. The next day, the sections were rinsed with 
TBS-T three times and incubated with biotinylated secondary 
antibody (Vector Laboratories, BA-2001, RRID: AB_2336180, 
1:200, California, United States of America) for 1 hour, rinsed 
with TBS-T, and incubated in avidin-biotin-peroxidase solution 
(Vectastain, PK-6100, RRID: AB_2336819, California, United 
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States of America) for 1 hour. Finally, the staining was visualized 
using 2% 3,3′-diaminobenzidine in TBS solution containing 
0.01% H2O2.

Evaluation of tyrosine hydroxylase immunostaining

All sections were photographed by a microscope (Zeiss Axio 
Zoom. V16, Zeiss, Germany) connected to a camera system. 
The striatum region, which contains the dopaminergic fibers, 
was assessed for TH immunoreactivity positivity (TH+) using 
densitometric measurement. The evaluation of the SNpc region, 
where the dopaminergic cell bodies are located, was evaluated 
by counting TH+ cell bodies. Densitometric measurement and 
cell count were made using ImageJ software (V1.53, NIH, USA) 
and evaluated by using Microsoft Office Excel.

Striatum

The striatum is divided into 3 regions according to the rat brain 
atlas to analyze the immunoreactivity [24]. For ease of explanation, 
sections taken from the striatum in between AP: 2.28 mm — 
0.00 mm from the bregma were labeled as rostral to the anterior 
commissure (RAC), from AP: 0.00 mm — – 0.48 mm level of the 
anterior commissure (LAC), and from AP: – 0.48 mm — 1.08 mm 
caudal to the anterior commissure (CAC). For the striatum region, 
a total of 7 photographs were evaluated from the RAC, LAC, and 
CAC regions at x20 magnification. Because the striatum has a 
patchy appearance, 6 areas with immunoreactivity and 3 areas 
without immunoreactivity (background regions) were selected 
in each photograph for immunoreactivity density assessment. To 
standardize the values, the average immunoreactive region value 
was subtracted from the average background region value and 
corrected for each animal by calculating the immunoreactivity of 
naive animals. Data are given as averages for the RAC, LAC, and 
CAC measurements.

SNpc

Sections between AP: – 4.80 mm — – 5.40 mm reference to 
bregma were named SNpc sections. For each brain, 5 photos per 
section from 3 sections containing the SNpc region were taken 
at x40 magnification. Cell bodies were marked and counted with 
the free-marking option using the ImageJ software program. 
Data are given as the average number of cells contained in each 
photograph.

Statistical Analysis

All statistical analyses and graphical representations were 
performed using GraphPad Prism v8 (GraphPad Prism version 
8.0.0 for Mac, GraphPad Software, San Diego, California USA, 
www.graphpad.com) and Microsoft Office Excel. Continuous 
data are presented as the mean ± standard error. Frequency and 
percentage (%) were used to represent categorical variables. The 
experimental groups were compared with one-way ANOVA, 
and pairwise comparisons were performed using the post hoc 
Tukey test. Blood glucose measurements on the 1st, 16th, and 
56th days were compared using analysis of variance for repeated 
measurements (repeated-measures ANOVA). The statistical 
significance level was accepted as p<0.05.

3. RESULTS

Administration of solutions and mortality

All animals in the control (n=10) and MGO+Rotenone (n=11) 
groups survived. One animal out of 10 from the MGO group 
died on the 51st day of the experiment, while two animals out 
of 11 from the Rotenone group died on the 31st and 47th days of 
the experiment. In our study, mortality in animals treated with 
rotenone was 9% (2/22).
To prevent rotenone-related deaths, the rotenone injections were 
skipped in the animals that lost more than 15% of their initial 
weight until they recovered their weight back while MGO/water 
administration was continued as long as the animal survived. 
The rotenone group received rotenone for 35±2 days, and the 
MGO+Rotenone group received rotenone for 30±3 days.

Weight change

The average daily weights of the groups recorded throughout 
the experiment are shown in Figure 2. The mean weights 
of the groups on day 0, day 16 (the beginning of rotenone/
vehicle application), and day 55 (the last day of the experiment) 
were compared both within and between groups. There was a 
significant weight gain in the control group (p<0.001). While 
there was no significant difference between weights at baseline 
(238±14 g) and on the 16th day (241±14 g) (p=0.333), weight on 
the 55th day (262±5 g) was significantly higher than that on days 
0 and 16 (p<0.001, both). The mean weight of the MGO group 
increased on day 55, but there was no significant difference 
between the weight at baseline (236±7 g), day 16 (241±7 g), and 
day 55 (247±13 g) (p=0.322). The mean weight of the Rotenone 
group decreased on day 55 of the experiment, but there was no 
significant difference between the weight at baseline (234±17 
g), on day 16 (237±15 g) and day 55 (226±32 g) (p=0.194). The 
mean weight of the MGO+Rotenone group decreased on day 
55 of the experiment, but there was no significant difference 
between the weight at baseline (241±23 g), day 16 (244±19 g) 
and day 55 (217±42 g) (p=0.082).
When the weight was compared between the groups, there 
was no significant difference between the weight of the groups 
at baseline and the 16th day (p=0.737; p=0.822, respectively), 
while there was a significant difference between the weight on 
the 55th day (p=0.022). In pairwise comparisons, while there 
was a significant difference between the weight of the control 
group and the MGO+Rotenone group (p=0.023), there was no 
significant difference between the MGO group and the Rotenone 
group with each other and with the other groups (p>0.05).

Behavioral tests and blood glucose measurement

Behavioral experiments were performed in the Control group 
(n=10), the MGO group (n=9), the Rotenone group (n=9) and 
the MGO+Rotenone group (n=9). In addition to the 3 animals 
that died, 2 rats in the MGO+Rotenone group were not included 
in the locomotor activity tests due to their unfavorable general 
condition.
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Figure 2. The average daily weight of the groups recorded throughout the experiment. (The dotted line and arrow indicate the start day of rotenone or 
DMSO administration. * There was a significant difference between the average weights of the groups on the 55th day (p=0.022). In pairwise comparisons, 
the average weight of the MGO+Rotenone group was lower than that of the Control group on the 55th day (p=0.023). # There was a significant weight gain 
in the Control group on the 55th day (262±5 g) than that on days 0 and 16 (p<0.001, both))

Figure 3. Comparison of the locomotor activities of the groups. (a) Distance traveled (cm), (b) vertical movement time (s), (c) stereotypic movement time 
(%), (d) ambulatory movement time (%), (e) resting time (%). (Mean ± standard error of mean was given. * p<0.05, ** p<0.01, one-way ANOVA)
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Locomotor activity

The distance traveled was significantly different between groups 
(p=0.023). In pairwise comparisons, the distance traveled by the 
MGO+Rotenone group (272±33 cm) was significantly lower 
than that the distance traveled by the Control group (696±157 
cm) (p=0.035). There was no significant difference according to 
the distance traveled between the MGO group (596±115 cm) 
and the Rotenone group (348±55 cm) and the other groups 
(p>0.05) (Figure 3a).
The vertical movement time was significantly different between 
groups (p=0.017). In pairwise comparisons, the vertical 
movement time of the MGO+Rotenone group (2936±1100 
ms) was significantly lower than that of the Control group 
(17721±4808 ms) (p=0.017). There was no significant difference 
according to vertical movement time between the MGO group 
(12580±3265 ms) and the Rotenone group (6382±2583 ms) and 
the other groups (p>0.05) (Figure 3b).
The percentage of stereotypical movement time was significantly 
different between groups (p=0.006). In pairwise comparisons, 
the % of stereotypical movement time in the Control 
group (10.9%±0.5) was significantly higher than that in the 
MGO+Rotenone (5.8%±1.0) and Rotenone groups (6.6%±1.4) 
(p=0.008, p=0.024, respectively). There was no significant 
difference between the other groups (p>0.05) (Figure 3c).
The percentage of ambulatory movement time was significantly 
different between groups (p=0.028). In pairwise comparisons, the 
% ambulatory movement time in the Control group (13.7%±3) 
was significantly higher than that in the MGO+Rotenone group 
(5.6%±0.8) (p=0.043). There was no significant difference 
according to % of ambulatory movement time between the 
MGO group (12.2%±2.2) and the Rotenone group (7.3%±1.4) 
and with the other groups (p>0.05) (Figure 3d).
The percentage of resting time was significantly different 
between groups (p=0.012). In pairwise comparisons, the % of 
resting time in the MGO+Rotenone group (87.1%±1.7) and 
the Rotenone group (86.1%±2.3) was significantly higher than 
that in the Control group (75.3%±3.2) (p=0.018, p=0.035, 
respectively). There was no significant difference between the 
other groups (p>0.05) (Figure 3e).

Rearing activity

The rearing activity was significantly different between groups 
(p=0.002). In pairwise comparisons, the rearing activity of the 
Control group (10±2) was significantly higher than that of the 
MGO+Rotenone group (2±1) and the Rotenone group (3±1) 
(p=0.007, p=0.030, respectively). Additionally, the rearing 
activity of the MGO group (9 ± 1) was significantly higher than 
that of the MGO+Rotenone group (p=0.021). There was no 
significant difference in other pairwise comparisons (p>0.05) 
(Figure 4).

Rotarod Test

The average time spent on the rod in the three tests was 215±25 
s in the Control group, 150±40 s in the MGO group, 155±38 

s in the Rotenone group, and 94±31 s in the MGO+Rotenone 
group. Although, the average time spent on the rod in the three 
tests was shorter in the MGO+Rotenone group, there was no 
significant difference between the groups (p=0.098) (Figure 5a).
The longest time spent on the rod was significantly different 
between groups (p=0.015). In pairwise comparisons, the longest 
time spent on the rod in the Control group (263±19 s) was 
significantly longer than that in the MGO+Rotenone group 
(103±29 s) (p=0.008). There was no significant difference 
according to the longest time spent on the rod between the 
MGO group (181±43 s) and the Rotenone group (171±38 s) and 
with the other groups (p>0.05) (Figure 5b).

Blood glucose measurement

When the blood glucose levels measured on the 1st, 16th and 56th 
days were compared within the group and between the groups, 
no significant difference was found in any group (p>0.05).

Immunohistochemistry

The TH immunoreactivities of the striatum and SNpc regions 
in the coronal sections taken from the experimental groups 
at x2 magnification are shown in Figure 6a. Additionally, TH 
immunoreactivities at x20 magnification for the striatum and 
x40 for the SNpc are shown in Figure 6b.

TH immunoreactivity in the striatum

There was a significant difference in the percentages of RAC 
TH immunoreactivity of the groups (p=0.019). In pairwise 
comparisons, the percentage of RAC TH immunoreactivity in 
the Control group (58.8%±1.8) and MGO group (57.2%±1.5) 
was significantly higher than that in the MGO+Rotenone 
group (37.8%±7) (p=0.027, p=0.047, respectively). The 
percentage of RAC TH immunoreactivity in the Rotenone 
group (47.6%±6) was not significantly different from that in 
the other groups (p>0.05). The comparison of the percentages 
of RAC TH immunoreactivity of the groups is shown in 
Figure 7a.
When the percentage of LAC TH immunoreactivity of the 
groups was evaluated, the percentage of the Control group was 
55.7%±1.7, 55.6%±1.6 in the MGO group, 48.4%±4.3 in the 
Rotenone group, and 49.7%±3.9 in the MGO+Rotenone group. 
There was no significant difference between the percentages 
of LAC immunoreactivity positivity of the groups (p=0.255). 
The comparison of the percentages of LAC immunoreactivity 
positivity of the groups is shown in Figure 7b.
When the percentages of CAC TH immunoreactivity of the 
groups were evaluated, the percentages of the Control group were 
51.5%±2.1 and 49.9%±1.9 in the MGO group, 48.2%±2.6 in the 
Rotenone group, and 49.2%±1.6 in the MGO+Rotenone group. 
There was no significant difference between the percentages 
of groups’ CAC immunoreactivity positivity (p=0.720). The 
comparison of the percentages of CAC immunoreactivity 
positivity of the groups is shown in Figure 7c.
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TH-immunoreactivity in the SNpc

When the number of TH+ cells in the SNpc of the groups 
was evaluated, the number of cells in the Control group was 
determined to be 19±1, 18±1 in the MGO group, 17±1 in the 
Rotenone group and 15±2 in the MGO+Rotenone group. There 
was no significant difference between the numbers of TH+ cells 
in the SNpc of the groups (p=0.136). A comparison of the groups 
in terms of the number of TH+ cells in the SNpc is shown in 
Figure 7d.

Figure 4. Comparison of the rearing activity of the groups. (Mean ± 
standard error of mean was given. * p<0.05, ** p<0.01, one-way ANOVA)

Figure 5. Comparison of time spent on the rod of the groups in the rotarod 
test. (a) The average time spent on the rod, (b) the longest time spent on 
the rod. (Mean ± standard error of mean was given. ** p<0.01, one-way 
ANOVA)

Figure 6. TH immunoreactivity in the striatum and SNpc in coronal 
section samples of the groups. (a) Coronal sections at x2 magnification 
(chart scale= 1 mm), (b) coronal sections at x20 magnification for the 
striatum (chart scale= 50 μm) and x40 magnification for the SNpc (chart 
scale= 20 μm).

Figure 7. Comparison of the tyrosine hydroxylase positivity of the groups. 
(a) Rostral to the anterior commissure, (b) level of the anterior commissure, 
(c) caudal to the anterior commissure, (d) substantia nigra pars compacta. 
(Mean ± standard error of mean was given. * p<0.05, one-way ANOVA)
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4. DISCUSSION

In this study, the effect of the advanced glycation end product 
precursor MGO on the development of PD pathophysiology 
was investigated. MGO application in the rotenone-induced 
PD model aggravated motor disorders and increased striatal 
dopaminergic damage without any statistically significant 
change in the number of dopaminergic cells in the SNpc. It 
also noticeably amplified the weight loss in animal however, no 
significant effect was observed on blood sugar. The findings of 
our study indicate that advanced glycation end product precursor 
MGO may play a role in increased PD pathophysiology in 
patients with T2DM.
Previous studies reported that rotenone administration, used 
in modeling PD, causes a decrease in axonal dopamine in the 
dorsal striatum, and chronic rotenone administration reduces 
dopamine concentrations in the anterior striatum [25, 26]. In 
our study, the MGO+Rotenone group had TH+ in the RAC 
striatum region that was significantly lower than that of the 
other groups, but there was no significant difference between 
the groups in the LAC and CAC striatum regions. In other 
words, the administration of MGO in conjunction with 
rotenone exacerbated dopaminergic loss in the striatum, but 
this loss was limited to the dorsolateral region of the anterior 
striatum.
Degeneration of dopaminergic neurons in the SNpc is thought 
to be a possible cause of dysfunction in the dorsal striatum, 
which is the projection target [27, 28]. The dorsal striatum is 
responsible for action selection and movement control, so 
dysfunction of this region also contributes to the common 
symptoms of Parkinson’s disease [29, 30]. According to our 
findings, the deterioration in motor activity observed in the 
MGO+Rotenone group may be due to the dopaminergic loss 
observed in the RAC striatum.
In a study conducted on Thy1-aSyn mice, intracerebroventricular 
administration of MGO did not show any significant difference 
in TH immunoreactivity in the SNpc between the MGO-treated 
and nontreated groups [31]. On the other hand, in another 
study in which MGO injection was applied to the SNpc and 
striatum in Thy1-aSyn mice, a statistically significant decrease 
in TH+ neurons was reported in the experimental group 
compared to the control group [17]. In our study, the number 
of TH-immunoreactive cells in the SNpc decreased in the 
MGO+Rotenone group compared to the other groups, but there 
was no statistically significant difference between the groups. 
Consistent with our results, a study that established a PD 
model in mice by intranasal rotenone administration showed 
significant motor loss, but no dopaminergic loss was observed 
in the striatum and SNpc [23]. Although, striatal dopaminergic 
degeneration was observed in our study, the reason why there 
was no difference in TH immunoreactivity between groups in 
the SNpc may be that not enough time had passed for the neuron 
bodies in the SNpc to degenerate. Another possible reason may 
be that due to the weight loss in the MGO + Rotenone group, 
they received fewer Rotenone/DMSO injections compared to 
the other groups for ethical reasons.

In PD, the decrease in dopamine levels in the striatum leads to 
a decrease in voluntary motor movement control, bradykinesia 
and akinesia, which are the classic symptoms of PD [32]. 
Damage to the nigrostriatal circuit reduces locomotor activity 
in experimental animal models of PD [33]. In our study, the 
distance traveled, stereotypic movement and resting time 
obtained from the locomotor activity test were evaluated 
together in this context. The distance traveled and stereotypic 
movement time were significantly lower, and the percentage of 
resting time was higher in the MGO + Rotenone group than in 
the Control group, which is a clear indication of a significant 
decrease in locomotor movement. Although, the stereotypical 
movement time was lower and the resting time was higher in the 
Rotenone group than in the Control group, this difference was 
higher in the MGO+Rotenone group. Similar to our findings, 
animal studies have shown that locomotor activity decreases 
in PD groups compared to Control groups [33, 34]. In a study 
conducted in healthy animals to evaluate the effect of MGO 
on behavioral parameters, MGO was infused into the cerebral 
lateral ventricle in a volume of 5 μL at a concentration of 3 
μM/μL. In the open field test performed at the 12th hour after 
MGO injection, a statistically significant decrease in locomotor 
activity was reported in the experimental group compared to 
the control group [35]. A single dose of 50 mg/kg/day MGO did 
not alter locomotor activity in a study looking at the impact of 
intraperitoneal MGO injection on motor activity in mice, but 
doses of 80 and 200 mg/kg/day caused a significant reduction in 
locomotor activity [36]. The reason for the loss of motor activity 
may be that MGO-derived free radicals and toxins react with 
dopamine in the brain and reduce the effect of dopamine [37]. 
MGO has also been reported to act as a partial agonist of GABAA 
receptors, and acutely high levels of MGO induce locomotor 
depression [38].
Another parameter obtained from the locomotor activity 
test is the ambulatory movement time. It has been shown 
that a decrease in locomotor activity, including ambulatory 
movement, occurred in the PD model created by applying 2 mg/
kg rotenone subcutaneously to Sprague Dawley rats for 35 days, 
and this decrease could be partially prevented with antioxidant 
treatment [39]. In our study, the ambulatory movement time 
in the MGO+Rotenone group was significantly lower than that 
in the Control group. This finding indicates that MGO, which 
causes oxidative stress, increases motor impairment in the 
rotenone model of PD.
One of the parameters measured by the locomotor activity test 
is the number and duration of vertical movements. Another test 
method used to evaluate vertical movement is the rearing test. 
In animal models of PD, a decrease in the number of vertical 
movements, vertical movement time, and number of rearings 
is expected [21]. In a previous study, while no difference 
was observed between the experimental and control groups 
in vertical movements in rats receiving 2, 2.5 or 3.5 mg/kg 
rotenone intravenously for 21 days, a significant decrease in 
the number of rearings was reported in the experimental group 
compared to the control group [22]. It has also been shown 
that rearing behavior is reduced in rotenone models performed 
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with different doses and application routes [20, 40]. Our results 
obtained from the MGO+Rotenone group suggest that MGO 
decreases the number of rearings and the number and duration 
of vertical movements that develop due to PD.
The time spent on the rotarod device is shortened in rats and 
mice with PD [20, 40]. In a study in which the rotarod test was 
performed to evaluate motor coordination, 1.5 mg/kg rotenone 
was administered subcutaneously every other day for 11 days, and 
the time the rotenone group remained on the rod was found to 
be lower than that of the control group [41]. In the present study, 
the MGO+Rotenone group had a shorter average time spent on 
the rod, but this difference was not statistically significant. The 
high intragroup variation and the limited number of subjects 
to overcome this variation prevented statistical significance 
from being reached. When evaluated according to the longest 
time spent on the rod, the MGO+Rotenone group was able to 
stay on the rod for a shorter time than the Control group. In 
a study conducted on Thy1-aSyn mice, intracerebroventricular 
MGO was administered to the mice, and it was shown that 
the experimental group was able to stand on the rod less than 
the control group [31]. Our results demonstrate that MGO 
contributes to the decline in motor coordination, and they are 
consistent with findings from the literature.
One of the disadvantages of the PD rotenone model is the high 
mortality rate with systemic administration [42]. In our study, 
the mortality rate in animals administered rotenone was 9% 
(2/22). In the study conducted by Zhang et al., rotenone was 
administered subcutaneously to rats at a dose of 1.5, 2 or 2.5 
mg/kg/day for 5 weeks, and mortality rates were reported as 
0%, 6.7% and 46.7%, respectively [20]. In the study conducted 
by Fleming et al., the mortality rates of rotenone administered 
subcutaneously at doses of 2, 2.5, 3.5, or 5 mg/kg/day were 33% 
(4/12), 64% (7/11), 91% (10/11), and 100% (3/3), respectively 
[22]. In another study conducted in 2017, the mortality rate 
was reported as 28.5% (12/42) in rats administered 1.5 mg/kg/
day rotenone intraperitoneally for 45 days [43]. There could 
be a number of reasons for the reported variations in death 
rates, including different animal strains, sexes, and housing 
circumstances. In our study, animals that lost more than 15% of 
their basal weight were not given the injection on that particular 
day to decrease mortality related to rotenone. For the same 
reason, Miglyol 812 N, which contains medium-chain fatty 
acids, was used to dilute rotenone, and the amount of DMSO in 
the application solution was kept at 2%. Additional losses were 
prevented by applying rotenone subcutaneously at a dosage of 
1.5 mg/kg/day. The 9% mortality rate in our study shows that 
the methods we used in the rotenone model were successful in 
reducing deaths.
It has been reported that chronic systemic administration of 
rotenone causes weight loss in animals, and this is related to 
the systemic toxicity of rotenone as well as weight loss due to 
PD symptoms [44, 45]. In our study, the average weight of the 
MGO+Rotenone group was found to be significantly lower 
than that of the Control group at the end of the experiment. 
In a study published by Sharma et al., 2 mg/kg/day rotenone 
was administered subcutaneously to rats for 35 days. In weekly 

weight monitoring, no weight loss was observed in the first 2 
weeks, but gradually increasing weight loss was reported in 
the 3rd, 4th, and 5th weeks [46]. In another study, 3 mg/kg/
day rotenone infusions were given subcutaneously for 28 days. 
The rotenone groups showed a time-dependent decrease in 
body weight compared to rats administered vehicle or saline. 
In the study, regular weight loss was observed in the rotenone 
group, especially in the first 2 weeks [47]. In our study, low-
dose rotenone application was preferred, and weight loss was 
minimized by skipping the dose in animals with a weight loss of 
more than 15% compared to their basal weight.
MGO binds to insulin by targeting arginine residues located in the 
insulin B chain and N-terminus. MGO-modified insulin chain B 
is heavier than free insulin, resulting in less glucose uptake and 
utilization [48]. In a study conducted with continuous infusion 
of MGO at a dose of 60 mg/kg/day for 28 days, a significant 
increase in fasting blood glucose along with a decrease in fasting 
plasma insulin levels was reported [49]. While some research 
indicates that hyperglycemia triggers the production of MGO 
and that MGO aids in the development of hyperglycemia, other 
works do not track these effects. Despite impaired glucose 
tolerance, no significant change in fasting blood glucose was 
observed in mice administered a low dose (1% v/v) of MGO in 
drinking water for 2 months with fetal exposure [50]. In a study 
in which MGO was given to Wistar albino rats at a dose of 50-75 
mg/kg/day for 14 weeks, no significant difference was observed 
in terms of fasting blood glucose between the control group and 
the group receiving MGO [51]. The lack of apparent difference 
in blood glucose levels between the groups in our study that 
received and did not receive MGO may be because the dose 
of MGO used was insufficient to induce beta cell dysfunction 
and insulin resistance. Another important point to note is that 
fasting blood glucose was not measured in our study, and spot 
blood glucose was measured at 12:30 pm while they had access 
to feed and water in their cages.
On the other hand, there are limitations in this study. To cope 
with the problems of weight loss and mortality caused by 
choosing the rotenone model, rotenone was not administered 
to rats that lost 15% of their basal weight. One result of this is 
that the MGO+Rotenone administered group received fewer 
rotenone injections than the Rotenone group. This may have 
limited the progression of motor impairment and nigrostriatal 
degeneration in the MGO+Rotenone group. It is possible that 
this prevented the difference between the two groups from 
becoming more evident. Another limitation of the study is 
that a-synuclein accumulation is not measured in the brain, 
and blood levels of orally administered MGO could not be 
measured.

Conclusion

In this study, which examined a possible mechanism of the 
T2DM-PD relationship through MGO, an advanced glycation 
end-product precursor, it was determined that the use of MGO 
together with rotenone exacerbated the motor symptoms of PD 
and increased the neurodegeneration seen in the disease. To 
the best of our knowledge, this study is the first to investigate 
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the potential effect of long-term MGO administration on PD 
pathophysiology using the rotenone model of PD. Therefore, 
we believe that our study will contribute to filling the gap of 
T2DM-PD relationship in the literature. Although, our study 
showed the possible contribution of methylglyoxal to the 
pathophysiology of PD, the mechanism of this effect needs to be 
investigated in terms of biochemical processes.

Compliance with Ethical Standards

Ethical approval: Approval of the study for all experimental 
procedures was obtained from The Marmara University Ethical 
Committee for Experimental Animals (96.2021mar) and 
performed in line with guidelines.
Financial support: This work was supported by the Marmara 
University Scientific Research Committee with the thesis project 
number TTU-2022-10441.
Conflict of interest: The authors have no relevant financial or 
nonfinancial interests to disclose.
Authors’ contributions: All authors contributed to the study’s 
conception and design. YC and RG: Material preparation, 
data collection, and analysis, YC: Writing the first draft of 
the manuscript. All authors commented on the first draft 
of the manuscript. All authors read and approved the final 
manuscript.

REFERENCES

[1] von Campenhausen S, Bornschein B, Wick R et al. Prevalence 
and incidence of Parkinson’s disease in Europe. Eur 
Neuropsychopharmacol 2005; 15: 473-90. doi: 10.1016/j.
euroneuro.2005.04.007.

[2] Aarsland D, Batzu L, Halliday G M et al. Parkinson disease-
associated cognitive impairment. Nat Rev Dis Primers 2021; 
7: 47. doi: 10.1038/s41572.021.00280-3.

[3] Dauer W and Przedborski S. Parkinson’s disease: mechanisms 
and models. Neuron 2003; 39: 889-909.

[4] Exner N, Lutz A K, Haass C, Winklhofer K F. Mitochondrial 
dysfunction in Parkinson’s disease: molecular mechanisms 
and pathophysiological consequences. Embo J 2012; 31: 3038-
62. doi: 10.1038/emboj.2012.170.

[5] Ebrahimi-Fakhari D, Wahlster L, and McLean P J. Protein 
degradation pathways in Parkinson’s disease: curse or 
blessin. Acta Neuropathol 2012; 124: 153-72. doi: 10.1007/
s00401.012.1004-6.

[6] Stefanis L. α-Synuclein in Parkinson’s disease. Cold Spring 
Harb Perspect Med 2012; 2: a009399. doi: 10.1101/cshperspect.
a009399.

[7] Hetz C, Saxena S. ER stress and the unfolded protein response 
in neurodegeneration. Nat Rev Neurol 2017; 13: 477-91. doi: 
10.1038/nrneurol.2017.99.

[8] Ascherio A, Schwarzschild M A. The epidemiology of 
Parkinson’s disease: risk factors and prevention. Lancet Neurol 
2016; 15: 1257-72. doi: 10.1016/s1474-4422(16)30230-7.

[9] De Pablo-Fernandez E, Goldacre R, Pakpoor J, Noyce 
A J, Warner T T. Association between diabetes and 
subsequent Parkinson disease: A record-linkage cohort 
study. Neurology 2018; 91: e139-e142. doi: 10.1212/
wnl.000.000.0000005771.

[10] Cereda E, Barichella M, Pedrolli C, et al. Diabetes and risk of 
Parkinson’s disease: a systematic review and meta-analysis. 
Diabetes Care 2011; 34: 2614-23. doi: 10.2337/dc11-1584.

[11] Sandyk R. The relationship between diabetes mellitus and 
Parkinson’s disease Int J Neurosci 1993; 69: 125-30. doi: 
10.3109/002.074.59309003322.

[12] Galicia-Garcia U, Benito-Vicente A, Jebari S, et al. 
Pathophysiology of Type 2 diabetes mellitus. Int J Mol Sci 
2020; 21:6275. doi: 10.3390/ijms21176275.

[13] Henriksen E J, Diamond-Stanic M K, Marchionne E M. 
Oxidative stress and the etiology of insulin resistance and type 
2 diabetes. Free Radic Biol Med 2011; 51: 993-9. doi: 10.1016/j.
freeradbiomed.2010.12.005.

[14] Nowotny K, Jung T, Höhn A, Weber D, Grune T. Advanced 
glycation end products and oxidative stress in type 2 diabetes 
mellitus. Biomolecules 2015; 5: 194-222. doi: 10.3390/
biom5010194.

[15] Dornadula S, Elango B, Balashanmugam P, Palanisamy 
R, Kunka Mohanram R. Pathophysiological insights of 
methylglyoxal induced type-2 diabetes. Chem Res Toxicol 
2015; 28: 1666-74. doi: 10.1021/acs.chemrestox.5b00171.

[16] Lu J, Randell E, Han Y, Adeli K, Krahn J, Meng Q H. 
Increased plasma methylglyoxal level, inflammation, 
and vascular endothelial dysfunction in diabetic 
nephropathy. Clin Biochem 2011; 44: 307-11. doi: 10.1016/j.
clinbiochem.2010.11.004.

[17] Vicente Miranda H, Szego É M, Oliveira L M A, et al. Glycation 
potentiates α-synuclein-associated neurodegeneration in 
synucleinopathies. Brain 2017; 140: 1399-419. doi: 10.1093/
brain/awx056.

[18] Biosa A, Outeiro T F, Bubacco L, Bisaglia M. Diabetes 
mellitus as a risk factor for Parkinson’s disease: a molecular 
point of view. Mol Neurobiol 2018; 55: 8754-63. doi: 10.1007/
s12035.018.1025-9.

[19] Fitzmaurice A G, Rhodes S L, Lulla A, et al. Aldehyde 
dehydrogenase inhibition as a pathogenic mechanism in 
Parkinson disease. Proc Natl Acad Sci U S A 2013; 110: 636-
41. doi: 10.1073/pnas.122.039.9110.

[20] Zhang Z N, Zhang J S, Xiang J, et al. Subcutaneous rotenone 
rat model of Parkinson’s disease: Dose exploration study. Brain 
Res 2017; 1655: 104-13. doi: 10.1016/j.brainres.2016.11.020.

[21] Meredith G E, Kang U J. Behavioral models of Parkinson’s 
disease in rodents: a new look at an old problem. Mov Disord 
2006; 21: 1595-606. doi: 10.1002/mds.21010.

[22] Fleming S M, Zhu C, Fernagut P O, et al. Behavioral and 
immunohistochemical effects of chronic intravenous 
and subcutaneous infusions of varying doses of 
rotenone. Exp Neurol 2004; 187: 418-29. doi: 10.1016/j.
expneurol.2004.01.023.



176
http://doi.org/10.5472/marumj.1480086
Marmara Med J 2024;37(2): 166-177

Marmara Medical Journal

Effect of methylglyoxal on Parkinson’s disease Original Article
Culpan et al.

[23] Sharma M, Kaur J, Rakshe S, Sharma N, Khunt D, Khairnar 
A. Intranasal exposure to low-dose rotenone Induced alpha-
synuclein accumulation and Parkinson’s like symptoms 
without loss of dopaminergic neurons. Neurotox Res 2022; 40: 
215-29. doi: 10.1007/s12640.021.00436-9.

[24] Paxinos G, Watson C. The rat brain in stereotaxic coordinates. 
Hard cover 6th edition. Elsevier, 2006.

[25] Bao L, Avshalumov M V, Rice M E. Partial mitochondrial 
inhibition causes striatal dopamine release suppression and 
medium spiny neuron depolarization via H2O2 elevation, not 
ATP depletion. J Neurosci 2005; 25: 10029-40. doi: 10.1523/
jneurosci.2652-05.2005.

[26] Alam M, Danysz W, Schmidt W J, Dekundy A. Effects of 
glutamate and alpha2-noradrenergic receptor antagonists 
on the development of neurotoxicity produced by chronic 
rotenone in rats. Toxicol Appl Pharmacol 2009; 240: 198-207. 
doi: 10.1016/j.taap.2009.07.010.

[27] Cenci M A, Francardo V, O’Sullivan S S, Lindgren H S. Rodent 
models of impulsive-compulsive behaviors in Parkinson’s 
disease: How far have we reached? Neurobiol Dis 2015; 82: 
561-73. doi: 10.1016/j.nbd.2015.08.026.

[28] Samii A, Nutt J G, Ransom B R. Parkinson’s disease. Lancet 
2004; 363: 1783-93. doi: 10.1016/s0140-6736(04)16305-8.

[29] Kravitz A V, Freeze B S, Parker P R, et al. Regulation of 
parkinsonian motor behaviours by optogenetic control of 
basal ganglia circuitry, Nature, 2010; 466: 622-6. doi: 10.1038/
nature09159.

[30] Cataldi S, Stanley A T, Miniaci M C, Sulzer D. Interpreting the 
role of the striatum during multiple phases of motor learning. 
Febs j, 2022; 289: 2263-2281. doi: 10.1111/febs.15908.

[31] Chegão A, Guarda M, Alexandre B M et al. Glycation 
modulates glutamatergic signaling and exacerbates Parkinson’s 
disease-like phenotypes, NPJ Parkinsons Dis 2022; 8: 51. doi: 
10.1038/s41531.022.00314-x.

[32] Panigrahi B, Martin K A, Li Y, et al. Dopamine is required for 
the neural representation and control of movement vigor. Cell, 
2015; 162: 1418-30. doi: 10.1016/j.cell.2015.08.014.

[33] Taylor T N, Greene J G, Miller G W. Behavioral phenotyping 
of mouse models of Parkinson’s disease. Behav Brain Res 2010; 
211: 1-10. doi: 10.1016/j.bbr.2010.03.004.

[34] Su R J, Zhen J L, Wang W, Zhang J L, Zheng Y, Wang X M. Time-
course behavioral features are correlated with Parkinson’s 
disease-associated pathology in a 6-hydroxydopamine 
hemiparkinsonian rat model. Mol Med Rep 2018; 17: 3356-63. 
doi: 10.3892/mmr.2017.8277.

[35] Lissner L J, Rodrigues L, Wartchow K M, et al. Short-
term alterations in behavior and astroglial function 
after intracerebroventricular infusion of methylglyoxal 
in rats. Neurochem Res 2021; 46: 183-96. doi: 10.1007/
s11064.020.03154-4.

[36] Szczepanik J C, de Almeida G R L, Cunha M P, Dafre A L. 
Repeated methylglyoxal treatment depletes dopamine in 
the prefrontal cortex, and causes memory impairment and 
depressive-like behavior in mice, Neurochem Res 2020; 45: 
354-70. doi: 10.1007/s11064.019.02921-2.

[37] Hipkiss A R. On the relationship between energy metabolism, 
proteostasis, aging and Parkinson’s disease: Possible causative 
role of methylglyoxal and alleviative potential of carnosine. 
Aging Dis 2017; 8: 334-45. doi: 10.14336/ad.2016.1030.

[38] Distler M G, Plant L D, Sokoloff G, et al. Glyoxalase 1 increases 
anxiety by reducing GABAA receptor agonist methylglyoxal. J 
Clin Invest 2012; 122: 2306-15. doi: 10.1172/jci61319.

[39] Nehru B, Verma R, Khanna P, Sharma S K. Behavioral 
alterations in rotenone model of Parkinson’s disease: 
attenuation by co-treatment of centrophenoxine. Brain Res 
2008; 1201: 122-7. doi: 10.1016/j.brainres.2008.01.074.

[40] Palle S, Neerati P. Improved neuroprotective effect of 
resveratrol nanoparticles as evinced by abrogation of rotenone-
induced behavioral deficits and oxidative and mitochondrial 
dysfunctions in rat model of Parkinson’s disease. Naunyn 
Schmiedebergs Arch Pharmacol 2018; 391: 445-53. doi: 
10.1007/s00210.018.1474-8.

[41] Kandil E A, Abdelkader N F, El-Sayeh B M, Saleh S. 
Imipramine and amitriptyline ameliorate the rotenone model 
of Parkinson’s disease in rats. Neuroscience. 2016; 332: 26-37. 
doi: 10.1016/j.neuroscience.2016.06.040.

[42] Greenamyre J T, Cannon J R, Drolet R, Mastroberardino P 
G. Lessons from the rotenone model of Parkinson’s disease. 
Trends Pharmacol Sci 2010; 31: 141-2; author reply 142-3. doi: 
10.1016/j.tips.2009.12.006.

[43] Khadrawy Y A, Salem A M, El-Shamy K A, Ahmed E K, 
Fadl N N, Hosny E N. Neuroprotective and therapeutic 
effect of caffeine on the rat model of Parkinson’s disease 
induced by rotenone. J Diet Suppl 2017; 14: 553-72. doi: 
10.1080/19390.211.2016.1275916.

[44] Greene J G, Noorian A R, Srinivasan S. Delayed gastric 
emptying and enteric nervous system dysfunction in the 
rotenone model of Parkinson’s disease. Exp Neurol 2009; 218: 
154-61. doi: 10.1016/j.expneurol.2009.04.023.

[45] Drolet R E, Cannon J R, Montero L, Greenamyre J T. 
Chronic rotenone exposure reproduces Parkinson’s disease 
gastrointestinal neuropathology. Neurobiol Dis 2009; 36: 96-
102. doi: 10.1016/j.nbd.2009.06.017.

[46] Sharma N, Khurana N, Muthuraman A, Utreja P. 
Pharmacological evaluation of vanillic acid in rotenone-
induced Parkinson’s disease rat model. Eur J Pharmacol 2021; 
903: 174112. doi: 10.1016/j.ejphar.2021.174112.

[47] Ravenstijn P G, Merlini M, Hameetman M, et al. The 
exploration of rotenone as a toxin for inducing Parkinson’s 
disease in rats, for application in BBB transport and PK-PD 
experiments. J Pharmacol Toxicol Methods 2008; 57: 114-30. 
doi: 10.1016/j.vascn.2007.10.003.

[48] Jia X, Olson D J, Ross A R, Wu L. Structural and functional 
changes in human insulin induced by methylglyoxal. Faseb J 
2006; 20: 1555-7. doi: 10.1096/fj.05-5478fje.

[49] Dhar A, Dhar I, Jiang B, Desai K M, Wu L. Chronic 
methylglyoxal infusion by minipump causes pancreatic beta-
cell dysfunction and induces type 2 diabetes in Sprague-
Dawley rats. Diabetes 2011; 60: 899-908. doi: 10.2337/db10-
0627.



177
http://doi.org/10.5472/marumj.1480086
Marmara Med J 2024;37(2): 166-177

Marmara Medical Journal

Effect of methylglyoxal on Parkinson’s disease Original Article
Culpan et al.

[50] Ankrah N A, Appiah-Opong R. Toxicity of low levels of 
methylglyoxal: depletion of blood glutathione and adverse 
effect on glucose tolerance in mice. Toxicol Lett 1999; 109: 61-
7. doi: 10.1016/s0378-4274(99)00114-9.

[51] Matafome P, Santos-Silva D, Crisóstomo J, et al. Methylglyoxal 
causes structural and functional alterations in adipose tissue 
independently of obesity. Arch Physiol Biochem 2012; 118: 
58-68. doi: 10.3109/13813.455.2012.658065.



178

Original Article

© 2024 Marmara University Press, All Rights Reserved

ISSN: 1309-9469

MARMARA 
MEDICAL JOURNAL

https://dergipark.org.tr/tr/pub/marumj

How to cite this article: Dogan Z, Ileri C. Acute ECG changes and post-COVID arrhythmia incidence in patients with acute COVID-19 
infection.. Marmara Med J 2024: 37(2):178-184. doi: 10.5472/marumj.x

http://doi.org/10.5472/marumj.1484705
Marmara Med J 2024;37(2): 178-184

Submitted: 11.08.2023 Accepted: 23.12.2023

Beyza Nur KUZAN1 , Nargiz MAJIDOVA2 , Can ILGIN3 , Hulya ARSLAN KAR2,7 , Meltem KURSUN4 , Salih OZGUVEN5 , 
Ibrahim Vedat BAYOGLU2 , Onur BUGDAYCI4 , Perran Fulden YUMUK2,8 , Handan KAYA6

Evaluation of sarcopenia-associated survival in breast cancer with 
computed tomography-based pectoral muscle area measurements

1 Department of Radiology, Kartal Dr. Lutfi Kırdar City Hospital, Istanbul, Turkey
2 Division of Medical Oncology, Department of Internal Medicine, School of Medicine, Marmara University, Istanbul, Turkey
3 Department of Radiation Oncology, Istanbul Training and Research Hospital, Istanbul, Turkey
4 Department of Radiology, School of Medicine, Marmara University, Istanbul, Turkey
5 Department of Nuclear Medicine, School of Medicine, Marmara University, Istanbul, Turkey
6 Department of Pathology, School of Medicine, Marmara University, Istanbul, Turkey
7 Division of Medical Oncology, Department of Internal Medicine, School of Medicine, Istanbul Medeniyet University, Istanbul, Turkey
8 Division of Medical Oncology, Department of Internal Medicine, School of Medicine, Koç University, Istanbul, Turkey

Corresponding Author: Beyza Nur KUZAN
E-mail: drbeyzauzun@hotmail.com

How to cite this article: Kuzan NB, Majidova N, Ilgın C, et al. Evaluation of sarcopenia-associated survival in breast cancer with computed 
tomography-based pectoral muscle area measurements. Marmara Med J 2024: 37(2):178-184. doi: 10.5472/marumj.1484705

ABSTRACT
Objective: Breast cancer is the most common and deadly female cancer. In breast cancer cases, survival is closely related to muscle 
mass, which is one of the components of body composition. Our aim was to investigate the usefulness of computed-tomography (CT)-
based pectoral muscle measurements in detecting sarcopenia in patients with non-metastatic breast cancer and the relationship of 
these measurements with survival.
Patients and Methods: Our study included 62 adult female breast cancer cases diagnosed with breast cancer between January 2012 and 
January 2018 and without metastasis in positron emission tomography/CT (PET/CT) examination obtained for pre-treatment staging. 
To evaluate sarcopenia, skeletal muscle index (SMI) and pectoral muscle index (PMI) were calculated by measuring pectoral muscle 
area and skeletal muscle area at L3 vertebra level on PET/CT images.
Results: Deceased patients were significantly older (Median=73.90, IQR=27.04) than surviving patients (Median=54.60, IQR=13.37, 
p=0.025) and were diagnosed with cancer later in life (Median=63.92 IQR=30.16’ vs. Median=47.51 IQR=15.0, p=0.030). When the 
threshold of 31 cm2/m2 was selected, there was a statistically significant difference in survival between sarcopenic and non-sarcopenic 
groups (p=0.031).
Conclusion: In conclusion, the presence of sarcopenia in female breast cancer cases is a parameter that affects survival and can be 
measured using radiological imaging methods. In addition to the measurements accepted in the literature regarding sarcopenia, 
pectoral muscle measurements can be chosen as an alternative method in the diagnosis of sarcopenia.
Keywords: Breast cancer, Computed tomography, Sarcopenia, Pectoral muscle

1. INTRODUCTION

Breast cancer is the leading cancer among women worldwide 
[1]. According to the 2020 Turkey Cancer Statistics, breast 
cancer has the highest incidence rate, with 23.9%, according to 
the number of new cases reported in women of all age groups 
in Turkey [2]. Risk factors for breast cancer include female 
sex, advanced age, family history of breast cancer, and certain 
genetic mutations [3]. Although, obesity may be a risk factor in 
specific groups, its direct association with breast cancer cases 
remains unclear [4].
Sarcopenia is defined as the loss of skeletal muscle mass [5]. 
Changes in skeletal muscle proteins with aging cause a loss of 

muscle mass and strength. Risk factors for sarcopenia include 
aging, decreased anabolic hormone activity, anorexia, and 
decreased physical activity [6]. Sarcopenia causes functional loss 
in healthy individuals and is associated with disability, injury, 
and death in individuals with non-malignant diseases [7]. In 
gastrointestinal and genitourinary cancers, overall survival is 
adversely affected in patients with sarcopenia [8]. Sarcopenia 
has also been reported to strong and independent predictive 
factor for poor survival in patients with breast cancer [9].
Sarcopenia is frequently evaluated using total skeletal muscle 
area measurements at the lumbar level [10,11] on computed 
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tomography (CT) examinations, which provide information on 
muscle mass and density [12]. Pectoral muscle measurements 
can be a practical and helpful radiological parameter that can be 
performed simultaneously in cross-sectional imaging of the chest 
obtained during a cancer diagnosis. However, only a few studies 
of sarcopenia have used pectoral muscle measurements. [13,14].
The aim of this study was to investigate the usefulness of CT-
based pectoral muscle measurements in detecting sarcopenia and 
the correlation of these measurements with survival in patients 
with non-metastatic breast cancer.

2. PATIENTS and METHODS

Patients

We included women aged 18 years and older diagnosed 
with breast cancer at our hospital from 1 January 2012 to 1 
January 2018. An important inclusion criterion was a lack of 
evidence of metastasis on positron emission tomography/CT 
(PET-CT). We retrospectively evaluated chest and abdomen 
CT and PET-CT scans, which had been obtained for staging 
purposes prior to treatment or within six months after the 
initial diagnosis. We excluded patients with lobular-mixed 
type breast cancer (n = 4), which is much less common, for 
tumor type standardization and homogeneity; patients without 
imaging data before the operation or during chemotherapy/
radiotherapy (n = 194); patients whose histopathologic 
subtype of cancer was not available (n = 3) and patients with 
metastasis at the time of admission (n = 24). Finally, 62 patients 
were considered for analysis. The study was approved by the 
Marmara University School of Medicine Clinical Research 
Ethics Committee (Protocol no: 09.2023.64, Date: 06.01.2023).
Demographic data such as sex, age, age at breast cancer 
diagnosis, height, weight, body mass index (BMI), and 
menopausal status were obtained from the patients’ electronic 
medical records. In histopathologic analysis, estrogen 
receptor (ER)/progesterone receptor (PR) percentage, human 
epidermal growth factor 2 (HER2) presence, and Ki-67 indices 
were determined, and the patients were divided into three 
groups according to histopathologic subtypes: luminal A-B, 
HER2 enriched, and triple-negative breast cancer (TNBC) 
groups. Tumor grade and stage at diagnosis were determined 
according to the American Joint Committee on Cancer (AJCC) 
[1] Tumor-Node-Metastasis (TNM) staging system definitions 
[1]. The TNM stage, treatment protocols, dates, and methods 
(adjuvant chemotherapy, adjuvant radiotherapy, and operation 
history) were also noted. During the follow-up period, the 
patients’ survival status, the relevant dates (date of progression/
death), and their progression status were recorded.

Image analysis

Measurements were performed on non-contrast enhanced 
images. Images were acquired on a 128-slice CT machine with 
a slice thickness of 5 mm (Discovery ST PET/CT scanner; 
GE Healthcare, Milwaukee, WI). Images were evaluated by 
a single radiologist in the axial plane after reconstruction 

with 1-millimeter thin slices on the local Picture Archiving 
Communication Systems (PACS) software (Infinitt PACS, 
invented by Infinitt Co., Seoul, Korea). Thresholding between 
– 29 and +150 Hounsfield Unit (HU) was performed to isolate 
skeletal muscle groups from surrounding tissue [15]. The 
total area and average density of both pectoral muscles were 
measured at the T4 vertebral level (Figure 1). In the abdominal 
sections, the total skeletal muscle area (mm²) and density were 
measured at the L3 vertebral level. All measurements were 
performed using the free-hand technique.

Figure 1. Bilateral pectoral muscle area and density measurement is 
shown.

Data analysis

The participants’ BMI was calculated by dividing the body 
weight (kg) by the square of the height (m²), and obesity was 
defined as a BMI of ≥30 kg/m² [16]. To calculate the pectoral 
muscle index (PMI), the total muscle area measured at the T4 
vertebral level was converted from square millimeter (mm²) 
to square centimeter (cm²) and divided by the square of the 
height in meters (cm²/m²). To calculate the skeletal muscle 
index (SMI), the total muscle area obtained at the L3 vertebral 
level was converted from mm² to cm² and divided by the square 
of height in meters (cm²/m²). Because the threshold value for 
the presence of sarcopenia in CT measurements has not been 
reported for a Turkish population, we used the SMI of <38.5 
cm²/m², as recommended by the European Working Group 
on Sarcopenia in Older People (EWGSOP) for sarcopenia 
in women [7]. We also considered the value of ≤31 cm²/m² 
used by Lee et al., for the presence of sarcopenia in Korean 
participants as an alternative [16].

Statistical Analysis

The normality assumption for numerical variables was 
examined with a Q-Q plot, skewness-kurtosis, and Kolmogorov-
Smirnov tests. The distribution of numerical variables among 
two independent groups was tested with the Mann-Whitney U 
test. The numerical variables were presented with median and 
IQR values. The categorical variables were analyzed with chi-
square or Fisher’s exact tests. The categorical variables were 
presented with counts and percentages. The survival analysis 
was visualized with Kaplan Meier curves, and the survival-
time data were analyzed with equality of survivor function test 
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and univariate Cox regression analysis. The hazard ratios were 
presented with 95% confidence intervals. A p-value less than 
0.05 was considered significant. All statistical analyses were 
executed with Stata 15.1 software (StataCorp 4905 Lakeway 
Drive College Station, Texas 77845 USA).

2. RESULTS

Out of 62 breast cancer patients without metastasis during 
admission, seven (11.29 %) died during follow-up. Deceased 
patients were significantly older (Median=73.90, IQR=27.04) 
than the surviving patients (Median=54.60, IQR=13.37, 
p=0.025). Similarly, deceased patients were diagnosed with 
cancer later in their lives (Median=63.92 IQR=30.16 vs. 
Median=47.51 IQR=15.0, p=0.030). Also, there was no 
significant difference between the two groups regarding BMI 
(p=0.079) and tumor size (p=0.902). The median follow-up 
duration for surviving group was 76.4 (IQR=39.0) and for the 
mortality group the median value was 38.07 (IQR=24.67), and 
there was a statistical significance between these two groups 
for follow-up durations (p<0.001). For all participants, the 
median follow-up duration was 73.9 (IQR=41.27).
In both deceased and surviving groups, most patients had 
grade II tumors (100.0% and 60.0%, respectively) with 
luminal subtypes (85.71% and 83.33%, respectively) at the 
time of diagnosis and the distributions showed no significant 
difference (p=1.00 and p=1.00, respectively). While most of 
the patients in the deceased group were either in the T1 or T2 
category (42.86% and 42.86%) at the time of diagnosis, most 
of the patients in surviving group were in the T2 category 
(66.04%). However, no statistically significant difference was 
found. On the other hand, deceased patients were nearly 
twice as likely to have advanced disease (T3 or T4) (14.29% vs 
7.55%, p=0.544) than surviving patients. Although, deceased 
patients tended to be in the N0 (42.86%) or N3 (42.86%) 
category at the time of diagnosis, most of the surviving 
patients were in the N1 category at the time of diagnosis 
(50.94%) (p=0.001). Nevertheless, the surviving patients had 
a higher percentage of lymph node positivity (n=46, 86.79%) 
compared to the deceased group (n=4, 57.14%) (p=0.083). 
The percentage of patients undergoing surgery and receiving 
adjuvant radiotherapy was higher in the surviving patient 
group (n=53, 96.36% and n=51 92.73%, respectively) 
compared to the deceased group (n=6, 85.71% and n=6, 
85.71%). However, the difference was statistically non-
significant (p=0.462). The percentage of patients receiving 
adjuvant chemotherapy was higher in the deceased group 
compared to surviving group, without statistical significance 
(p=0.696).
There was no statistically significant difference between 
right, left or total pectoral muscle areas between the deceased 
and surviving patient groups (p=0.345, p=0.991, and p=0.41 
respectively). Similarly, no significant differences were found 
regarding right, left, and total pectoral muscle average densities 
(p=0.345, p=0.714, and p=0.312, respectively). In addition, 
there was no statistically significant difference regarding 

total muscle area, density, and SMI at the L3 vertebral level 
(p=0.588, p=0.863, and p=0.844, respectively).The median 
PMI for surviving group was 945.12 (IQR=297.71) and 
greater than mortality group (Median=798.72, IQR=439.45), 
however there was no significant difference among the 
groups (p=0.648) (Table I).

Table I. Sociodemographic and clinical characteristics of patients

Characteristics Statistics
Survival
(n=55, 

88.71%)

Mortality
(n=7, 

11.29%)
P value

Age (year) Median (IQR) 54.6 (14.37) 73.901 
(27.04) 0.025*

Age at diagnosis (year) Median (IQR) 47.51 (15.0) 63.92 (30.16) 0.030*

BMI Median (IQR) 27.05 (4.804) 24.671 
(3.186) 0.079

Tumor size Median (IQR) 2.25 (1.5) 2.05 (1.3) 0.902
Follow-up duration 

(month) Median (IQR) 76.4 (39.0) 38.07 (24.67) <0.001*

Tumor 
grade

1 Count (%) 3 (6.38%) 0 (0%)
1.002 Count (%) 22 (46.81%) 3 (60.0%)

3 Count (%) 22 (46.81%) 2 (40.0%)

Molecular
Subtype

Luminal Count (%) 45 (83.33%) 6 (85.71%)
1.00Her2+ Count (%) 2 (3.70%) 0 (0.0%)

TNBC Count (%) 7 (12.96%) 1 (14.29%)

T Stage

1 Count (%) 14 (26.42%) 3 (42.86%)

0.104
2 Count (%) 35 (66.04%) 4 (42.86%)
3 Count (%) 4 (7.55%) 0 (0.0%)
4 Count (%) 0 (0.0%) 1 (14.29%)

N stage

0 Count (%) 7 (13.21%) 3 (42.86%)

0.001*
1 Count (%) 27 (50.94%) 0 (0.0%)
2 Count (%) 16 (30.19%) 1 (14.29%9
3 Count (%) 3 (5.66%) 3 (42.86%)

Operation Count (%) 53 (96.36%) 6 (85.71%) 0.306
Adjuvant radiotherapy Count (%) 51 (92.73%) 6 (85.71%) 0.462

Adjuvant 
chemotherapy Count (%) 25(45.45%) 4(57.14%) 0.696

Right pectoralis 
muscle area Median (IQR) 1167.3 

(365.25)
1107.21 
(459.68) 0.345

Left pectoralis muscle 
area Median (IQR) 1146.31 

(415.81)
1009.94 
(597.85) 0.991

Total pectoralis muscle 
area Median (IQR) 2357.48 

(669.47)
2096.17 
(940.32) 0.411

Right pectoralis 
muscle density Median (IQR) 16.86 (20) 4.62 (44.6) 0.345

Left pectoralis muscle 
density Median (IQR) -1.1 (6.37) -1.8 (8.52) 0.714

Total pectoralis muscle 
density Median (IQR) 16.47 (15.96) 8.78 (29.84) 0.312

L3 total muscle area Median (IQR) 10437.48 
(2443.31)

9913.43 
(3285.17) 0.588

L3 density Median (IQR) 17.555 (19.77) 15.32 (20.22) 0.863
Skeletal muscle index 

(SMI) Median (IQR) 41.95 (10.65) 42.91 (16.97) 0.844

Pectoral muscle index 
(PMI) Median (IQR) 945.12 

(297.71)
798.72 

(439.45) 0.648

* A p-value of 0.05 or lower is considered statistically significant.
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According to the Cox regression analysis, age was a significant 
risk factor for mortality; each additional year increasing mortality 
with an HR of 1.087 (95% CI 1.017-1.162, p=0.015). Similar 
to patient age, the age at the time of diagnosis significantly 
affected mortality (HR=1.084, 95% CI 1.016-1.157 and p=0.014). 
However, BMI (HR=0.853 with 95% CI 0.691-1.052 and 
p=0.138) and tumour size (HR=1.0113, 95% CI=0.425-2.404 
and p=0.980) did not affect mortality risk. Right pectoral muscle 
area (HR=0.999, 95% CI=0.996-1.002 and p=0.389), left pectoral 
muscle area (HR= 0.9995, 95%CI 0.997-1.002 and p= 0.736) and 
total pectoral muscle area (HR=0.9995, 95% CI =0.998-1.001 
and p= 0.483) did not significantly affect mortality. Similarly, 
the average right pectoral muscle density (HR=0.984, 95% CI = 
0.946-1.023 and p=0.413), left average pectoral muscle density 
(HR=1.049, 95% CI=0.907-1.212 and p=0.522) and average total 
pectoral muscle density (HR=0.986, 95%CI=0.946-1.028 and 
p=0.506) did not affect mortality. In addition, L3 total muscle 
area (HR=0.9997, 95% CI= 0.9991-1.0002 and p=0.221), L3 total 
muscle density (HR=0.994, 95% CI = 0.946-1.044 and p=0.812) 
and SMI (HR=0.993, 95%CI 0.906-1.089 and p=0.881) did not 
have a significant effect on mortality. Having a history of surgery 
(HR=4.807 95% CI= 0.569-40.592 and p=0.149), adjuvant 
radiotherapy (HR=1.887, 95% CI = 0.227-15.687 and p=0.557) 
or chemotherapy (HR=0.659, 95%CI= 0.148-2.946 and p= 0.585) 
had a non-significant effect on mortality.
We stratified patients according to the presence of sarcopenia 
regarding previous literature by using the thresholds of 38.5 cm²/ 
m² and 31 cm²/ m² [7,8,17]. According to the threshold of 38.5 
cm²/ m², there was no statistically significant difference between 
the sarcopenic and non-sarcopenic groups in terms of survival 
functions equality (p=0.909). The Cox regression model using 
this stratification was not significant (HR=1.101, 95% CI =0.214 – 
5.675 and p=0.909). However, there was a statistically significant 
survival difference between the sarcopenic and non-sarcopenic 
groups if the 31 cm²/ m² threshold was selected (p=0.031) (Figure 
2, 3). Nevertheless, the higher risk of mortality of the sarcopenic 
group compared to the non-sarcopenic group as revealed by the 
Cox regression model was statistically not significant (HR= 7.389, 
95% CI= 0.879-62.124 and p=0.066) (Table II).

Figure 2. Kaplan-Meier survival curves for sarcopenic and non-sarcopenic 
patients according to the threshold of 38.5 cm2/m2

Figure 3. Kaplan-Meier survival curves for sarcopenic and non-sarcopenic 
patients according to the threshold of 31 cm2/m2

Table II. Univariate Cox regression models for prediction of mortality
Characteristics Hazard Ratio with 95% 

Confidence Interval
P Value

Age 1.087 (1.017-1.162) 0.015*
Age at diagnosis 1.084 (1.016-1.157) 0.014*
BMI 0.853 (0.691-1.052 0.138
Tumor size  1.011 (0.425-2.404) 0.980
Right pectoralis muscle area 0.999 (0.996-1.002) 0.389
Left pectoralis muscle area 0.9995 (0.997-1.002) 0.736
Total pectoralis muscle area 0.9995 (0.998-1.001) 0.483
Right pectoral muscle density 0.984 (0.946-1.023) 0.413
Left pectoral muscle density 1.049 (0.907-1.212) 0.522
Total pectoral muscle density 0.986 (0.946-1.028) 0.506
L3 vertebral level total muscle area 0.9997 (0.9991-1.0002) 0.221
L3 vertebral level total muscle density 0.994 (0.946-1.044) 0.812
Skeletal muscle index (SMI) 0.993 (0.906-1.089) 0.881
Pectoral muscle index (PMI) 0.9991 (0.9956-1.0026) 0.604
History of surgery 4.807 (0.569-40.592) 0.149
Adjuvant radiotherapy 1.887 (0.227-15.687) 0.557
Adjuvant chemotherapy 0.659 (0.148-2.946) 0.585
Presence of sarcopenia

(Threshold= 38.5 cm2/m2)

1.101 (0.214 – 5.675) 0.909

Presence of sarcopenia
(Threshold= 31.0 cm2/m2)

7.389 (0.879-62.124) 0.066

* A p-value of 0.05 or lower is considered statistically significant.

3. DISCUSSION

In the present study, we investigated the effect of sarcopenia 
assessed using pectoral muscle measurements on the survival of 
patients with non-metastatic breast cancer. Our data indicated 
that patient age and age at cancer diagnosis were the two 
prominent risk factors for mortality. Regarding the sarcopenia–
survival relationship, no significant difference was found when 
the SMI threshold of <38.5 cm²/m² was used, but the sarcopenic 
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group had a significantly increased mortality risk when the SMI 
threshold of ≤31 cm²/m² was selected (p = 0.031).
Pectoral muscle measurements have been used to assess 
sarcopenia and found to be more practical and straightforward 
compared to the standard way of measuring sarcopenia from 
the whole muscle area at the abdominal level [9,13]. Go et al., 
compared pectoral muscle and total skeletal muscle areas at 
the L3 vertebral level in lymphoma patients and reported that 
pectoral muscle measurements could also be used to define 
sarcopenia [17]. They also report that combining pectoral muscle 
area measurements with L3 vertebral level total muscle area may 
provide more information to predict a patient’s prognosis [17]. 
Kinsey et al., emphasized the relationship between poor overall 
survival and low pectoral muscle area in a study involving 
pectoral muscle measurements on chest CT examinations in 
patients with small-cell lung cancer. This enabled sarcopenia 
assessments without the need for additional imaging [18]. In our 
study, no statistically significant correlation was found between 
pectoral muscle measurements and survival, which may be due 
to the small sample size and the younger mean age of the patients 
compared to the literature [17, 18]. The prediction of sarcopenia 
based on pectoral muscle measurements in female breast cancer 
patients and its effect on survival need to be clarified in studies 
conducted in larger patient groups and among different age 
groups.
The literature has reported that sarcopenia increases the risk 
of death in lung, stomach, and colorectal cancer cases [19]. 
In addition, sarcopenia in cancer patients has been associated 
with increased chemotherapy toxicity and postoperative 
complications during treatment [20]. Different results have 
been reported in the literature regarding the relationship 
between sarcopenia and breast cancer. Unrelated results may be 
attributed to the different cancer types and stages of the cases 
and the different thresholds accepted for sarcopenia during 
imaging [21]. In a meta-analysis investigating sarcopenia and 
the causes of mortality in female breast cancer patients, it 
was recommended that all breast cancer cases be screened for 
sarcopenia, an important prognostic marker [22].
Among the contrasting results reported in the literature, 
Del Fabbro et al., investigated sarcopenia, BMI, and survival 
processes in breast cancer cases and found longer survival rates 
in sarcopenic cases. They attributed this unexpected result to 
the fact that chemotherapy toxicity was well tolerated and that 
the study specifically focused on cases of earlier-stage breast 
cancer [23]. Our study examined the association between 
sarcopenia and survival in non-metastatic breast cancer cases 
by measuring the pectoral muscles. However, we found no 
significant relationship between sarcopenia and survival based 
on SMI values calculated from measurements at the L3 vertebral 
level. This lack of significance at specific threshold values may 
also be attributed to the inclusion of early-stage cancer cases and 
a relatively younger female population compared to previous 
studies in the literature. Additionally, thresholds for sarcopenia 
differ between populations [16].
The pectoral muscle has also been studied in non-oncological 
scenarios and can be used to predict prolonged hospitalization 

and death [24,25]. Recently, during the COVID-19 pandemic, a 
relationship between pectoral muscle density and disease severity 
and mortality was reported [26]. In another study, a decrease 
in pectoral muscle area and density was associated with 30-day 
mortality in cases of acute pulmonary embolism [27]. Pectoral 
muscle measurements can also be performed simultaneously in 
breast MR images obtained in breast cancer cases and have been 
reported to correlate with CT measurements [9].
Our study identified the patient’s current age and their age at 
breast cancer diagnosis as independent risk factors contributing 
to an increased mortality risk. The large-scale Health, Eating, 
Activity, and Lifestyle (HEAL) study conducted by Villasenor 
et al., also supported the notion that age at diagnosis is a 
significant risk factor for poor prognosis [28]. Another 
study revealed that an early age at breast cancer diagnosis, 
specifically cases diagnosed younger than 35 years, was linked 
to a poorer prognosis, potentially attributable to cancer type and 
aggressiveness. Conversely, cases diagnosed older than 65 years, 
had higher mortality rates, likely due to increased comorbidity 
and treatment noncompliance [29]. It is important to note that 
the age at breast cancer diagnosis can vary based on racial, 
genetic, and environmental risk factors, which may introduce 
heterogeneity to the results [3].
Studies examining the impact of body mass index (BMI) on 
survival in cancer cases have yielded varying results, which can 
be attributed to the specific type of cancer under investigation 
[30]. Increased BMI is generally considered a risk factor in 
liver, colon, gallbladder, kidney, endometrium, and ovarian 
cancers [31]. However, in the case of female breast cancer, the 
relationship is more complex and influenced by menopausal 
status [32]. While, obesity during the premenopausal period 
may exhibit a protective effect in female breast cancer cases, a 
paradoxical association arises in the postmenopausal period 
when accompanied by sarcopenia, which poses a mortality 
risk factor [33,34]. In our study, there was no difference in 
BMI between the groups, and BMI was not a risk factor for 
mortality. In evaluating survival in obese oncology patients, 
the possibility of discordant and unexpected results should be 
considered by bearing in mind the increased cardiovascular risk, 
comorbidities, and chemoradiotherapy toxicities seen with an 
increased BMI [32].
The limitations of our study include its retrospective nature 
and the small number of patients involved. Another area for 
improvement was the absence of nationally standardized cut-
off values based on radiologic measurements for diagnosing 
sarcopenia. Large prospective studies involving different age 
groups in female breast cancer cases are needed to understand 
the relationship between sarcopenia and breast cancer.
In conclusion, sarcopenia is a prognostically important parameter 
in female breast cancer cases and can be determined using 
radiologic imaging methods. In addition to the measurements 
accepted in the literature, measurements of the pectoral muscle 
can be used as an alternative method for diagnosing sarcopenia.
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ABSTRACT
Objective: Cushing’s syndrome is caused by the excessive secretion of cortisol or the intake of exogenous cortisol. Morbidity caused by 
osteoporosis is a major complication that cannot be ignored. We conducted a study to evaluate bone density and fracture risk factors 
in patients with Cushing’s syndrome.
Patients and Methods: This retrospective case-control study involved 176 patients diagnosed with Cushing’s syndrome [153 female 
and 34 male patients] and 84 controls [72 female and 12 male patients]. Patients admitted to the clinics within the last eight years were 
included in the analysis. We collected demographic, clinic laboratory data, and bone densitometry measurements from electronic 
patient files. The classification of patients into normal, osteopenia, or osteoporosis groups is determined by their Body Mineral Density 
measurements based on the World Health Organization criteria.
Results: Among the patients, 135 were diagnosed with Cushing’s disease and 41 with adrenal adenomas. Patients with Cushing’ syndrome 
showed a higher incidence of osteopenia (11.4%) and osteoporosis (2.8%) when compared to the control group. No osteoporosis cases 
were found in the control group, while nine cases of osteopenia were detected. Osteopenia was significantly more common in adrenal 
adenoma patients than in those with pituitary Cushing’s disease. Osteopenia was present in 39.1% of adrenal Cushing’s patients, with 
only 8.7% (n = 2) having osteoporosis. Osteopenia was observed in 11 patients (23.4%) with pituitary Cushing’s disease, while only 4 
patients (8.5%) had osteoporosis.
Conclusions: Osteopenia is more prevalent in patients with adrenal Cushing’s syndrome.
Keywords: BMD, Bone, Cushing’s syndrome, Low bone density, Osteopenia, Osteoporosis

1. INTRODUCTION

Cushing’s syndrome (CS) is a pathological condition that is 
characterized by hypercortisolemia of various origins. Etiologic 
causes of the syndrome can vary from long-term glucocorticoid 
utilization (results with iatrogenic CS), corticotropin-releasing 
hormone (CRH), and adrenocorticotropic hormone (ACTH) 
secretion either from pituitary or non-pituitary sources (results 
with endogenic CS). Although, it is less common, excessive 
glucocorticoid secretion from the adrenal gland is also described 
in the disease pathophysiology [1].
Numerous complications and related treatments associated with 
hypercortisolism are well described. All discussion aside, today, 
early detection and intervention still weigh their importance in 
successfully managing long-term complications [2].
Osteopenia and osteoporosis are considered common 
comorbidities in Cushing’s syndrome patients, with an estimated 
frequency between 60-80% and 30-65% of various Cushing’s 
syndrome populations [3]. Skeletal complications manifesting 

with uncoupled suppressed bone formation and enhanced bone 
resorption contribute to distinct skeletal damage, accelerating 
the vertebral fracture risk. Bone mineral density (BMD) is a 
routine part of Cushing’s patient evaluation. Vertebral fractures 
(VF) are frequently reported and may occur even in patients 
with mild reduction of BMD results [5,6].
Bone fractures caused by Cushing’s syndrome are scarce, despite 
extensive literature [7-10]. These fractures most commonly 
occur in the thoracic and lumbar vertebrae, hip, ribs, and pelvis. 
Fracture development is not uncommon after spontaneous 
or low-energy trauma. Articles also mention that the risk of 
fracture increases two years prior to the diagnosis of Cushing’s 
disease, and the risk can be normalized with appropriate 
treatment [11]. Routine thoracolumbar spinal radiographs in 
patients with Cushing’s disease demonstrate that 76% of patients 
have vertebral fractures at any time of the disease, and 48% are 
reported as asymptomatic [8].
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In this study, we aimed to evaluate BMD measurements and 
bone metabolism markers in our group of patients diagnosed 
with Cushing’s disease and cortisol-secreting adrenal adenoma.

2. PATIENTS and METHODS

Patients

The study protocol was approved by the Marmara University 
Medical School Ethics Committee (09.2017.118) and conducted 
following the International Conference on Harmonization 
Guidelines for Good Clinical Practice and the Declaration of 
Helsinki.
One hundred seventy-six patients diagnosed with Cushing’s 
disease, admitted to the Marmara University Pendik Training 
and Research Hospital between January 2010 to February 2018 
were included in this retrospective study. A control group (n 
= 84) was selected by matching sex and age distribution with 
no Cushing’s disease diagnosis, sourced from available study 
datasets from the same healthcare facility.
The sample size was calculated as 260 subjects prior to the study 
implementation. The 2:1 ratio resulted in 176 and 84 sample 
sizes in the case and control groups.

Methods

Data included demographic data (age, sex), laboratory tests 
performed within the diagnosis and treatment timespan, 
including basal cortisol, 1 mg dexamethasone suppression 
test, 24-hour urine-free cortisol, adrenocorticotropic hormone 
(ACTH), thyroid-stimulating hormone, (TSH), thyroxine (T4), 
follicle-stimulating hormone (FSH), luteinizing hormone (LH), 
prolactin (PRL), calcium (Ca), phosphorus(P), parathormone 
(PTH), 25-OH Vitamin D, fasting blood sugar, hemoglobin A1C 
(HbA1C), triglyceride (TG), high-density lipoprotein (HDL), 
low-density lipoprotein (LDL) levels and radiological (adrenal 
and pituitary MRI findings, bone mineral densitometry) 
assessments.
Parameters and techniques used for each subject were confirmed 
solely. 24-hour urine-free cortisol, ACTH, TSH, T4, FSH, LH, 
PRL, and 25-OH vitamin D were studied by chemiluminescence 
immunoassay (CLIA). Ca was studied with Schwarzenbach 
by the o-cresolphthaleincomplexone. P level was studied by 
ammonium molybdate. HbA1C was studied by boranate affinity 
chromatography. Fasting blood sugar was studied by enzymatic 
UV test (hexokinase method).
Bone mineral density (BMD) was analyzed by dual-energy 
X-ray absorptiometry (DXA). Within DXA assessment, L1 – L4 
was measured in anteroposterior projection (AP), additionally 
for right and left hip assessment Lunar DPX-L (GE-Lunar Corp., 
Madison, WI) was used. Coefficient of variation (CV) was set 
to 1.0%. According to World Health Organization criteria, 
osteopenia was defined as BMD values over 1.0 and less than 2.5 
standard deviation from reference mean values. Osteoporosis 
was defined as 2.5 or more deviation from reference BMD values 
(T score less or equal to −2.5 SD).

Hypercortisolism was evaluated with 1 mg dexamethasone 
suppression test, 24-hour urine free cortisol and midnight 
cortisol levels. 2x2 mg dexamethasone suppression test and 
inferior petrosal sinus sampling were used to confirm both the 
diagnosis and detect the pathological location.

Statistical Analysis

IBM SPSS 23 software was used to analyze the collected data. 
Descriptive statistics were presented as mean and standard 
deviation for continuous variables. Categorical variables were 
interpreted as counts and percentages. Appropriate chi-square 
(χ2) test or Fisher’s exact test were selected for categorical data 
analysis. Student’s t-test used for parametric variables. Spearman 
rank correlation was utilized to reveal variable associations. The 
results were evaluated at a 95% confidence interval. Post hoc 
analysis based on contingency tables, using GPower (Version 
3.1.9.7, HHU) found that the study power (1-β) was 0.986 (ω = 
0.314, N = 176, df = 1). p

3. RESULTS

One hundred seventy-six patients with Cushing’s syndrome were 
included in the study. Of the included subjects, 153 (86.9%) were 
female, and 23 (13.1%) were male. The mean age was calculated 
as 50.52 (± 0.97) in females, 51.65 (± 3.09) in males, and 50.66 
(± 0.93) in the whole case group.

Table I. Baseline characteristics of Cushing’s patients
Total
(n = 176)

Female
(n = 153)

Male
(n = 23) p

Age 50.66 (± 0.93) 50.52 (± 0.97) 51.65 (± 3.09) 0.729
Age at diagnosis 44.96 (± 0.99) 44.74 (± 1.04) 46.43 (± 3.15) 0.563

Disease location
Pituitary 76.3 % (n = 135) 77.4 % (n = 119) 68.2 % (n = 16)

0.266
Adrenal 23.1 % (n = 41) 21.9 % (n = 34) 68.2 % (n = 7)

Pituitary Adenoma
Macroadenoma 19.3 % (n = 26) 20.5 % (n = 24) 14.3 % (n = 2)

0.845
Microadenoma 62.2 % (n = 84) 60.3 % (n = 72) 71.4 % (n = 12)

Comorbidities
Diabetes 
Mellitus

47.2 % (n= 83) 47.7 % (n = 73) 43.5 % (n = 10) 0.440

Hypertension 57.9 % (n =102) 58.2 % (n = 89) 60.8 % (n = 14) 0.497
Hyperlipidemia 59.1 % (n =104) 62.7 % (n = 96) 34.8 % (n = 8) 0.012
Obesity 57.4 % (n =101) 56.9 % (n = 87) 60.9 % (n = 14) 0.449
Central 
Hypogonadism

13.7 % (n=24) 13.8 % (n = 21) 13.0 % (n = 3) 0.610

Physical Examination
BMI 35.74 (± 0.99) 35.95 (± 1.09) 33.94 (± 1.10) 0.206
Systolic BP 136.47 (± 2.24) 136.30 (± 2.45) 138.0 (± 4.44) 0.746
Diastolic BP 86.27 (± 1.61) 86.21 (± 1.71) 86.83 (± 5.08) 0.911

BMI: Body Mass Index, BP: Blood Pressure
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Considering the pathologic aspects, lesions in pituitary gland 
were detected in 135 patients (76.3%) whereas, 41 (23.1%) 
patients had adrenal adenoma. In Cushing’s disease with 
pituitary pathophysiology, macroadenoma was detected in 
20.5% (n = 15) of female and 14.3% (n = 1) of male patients, and 
again, microadenoma frequency was 60.3% (n = 44) and 71.4% 
(n = 5) respectively. Macroadenoma and microadenoma were 
observed in 20% (n = 16) and 61.3% (n = 49) of the pituitary 
Cushing’s patients, respectively. Although, microadenoma was 
more common in each group, no statistical significance could 
be shown between the sexes. A significant difference was 
observed in age at diagnosis (Adrenal: 44.96 vs. Pituitary: 43.63; 
p = 0.015). Student’s t-test results revealed that patients with 
pituitary pathophysiology were diagnosed earlier. Except for the 
age of diagnosis, no significant difference was found between 
the sex of the patients, bone densitometry measurements, and 
other biochemical results (Table I).
The most common comorbidities in Cushing’s group were 
hyperlipidemia (59.1%), hypertension (57.9%), obesity 
(57.4%), and diabetes mellitus (47.0%). Central hypogonadism 
(13.7%) was noted as the least frequent comorbidity. Analysis 
of demographic data revealed that the mean BMI was 35.74 
(±0.99), and systolic and diastolic blood pressure were 136.47 
(±2.24) and 86.27 (±1.61), respectively (Table I).

Table II. Biochemistry and bone metabolism results of Cushing’s patients
Total

(n = 176)
Female

(n = 153)
Male

(n = 23) p

Biochemistry Results
ACTH 52.67 (± 4.58) 54.61 (± 5.00) 37.82 (± 9.99) 0.144
24 H Free Urine 
Cortisol

373.49 (± 
39.58)

381.40 (± 
43.69)

310.80 (± 
70.80) 0.631

1 mg Dx Cortisol 10.36 (± 0.72) 10.44 (± 0.76) 9.88 (± 2.12) 0.804
2 mg Dx Cortisol 9.71 (± 0.99) 10.11 (± 1.09) 6.75 (± 1.89) 0.141
8 mg Dx Cortisol 5.41 (± 0.78) 5.37 (± 0.85) 5.76 (± 2.01) 0.859
TSH 1.54 (± 0.10) 1.62 (± 0.11) 1.00 (± 0.20) 0.010
T4 1.59 (± 0.19) 1.62 (± 0.22) 1.32 (± 0.16) 0.266
FSH 16.92 (± 2.03) 18.01 (± 2.26) 8.89 (± 2.51) 0.010
LH 10.53 (± 1.20) 11.29 (± 1.34) 5.15 (± 1.28) 0.002
PRL 22.10 (± 3.98) 18.75 (± 1.78) 43.80 (± 

27.54) 0.032

FBG 111.46 (± 3.21) 112.44 (± 
3.54) 104.96 (± 6.97) 0.345

HbA1C 6.28 (± 0.12) 6.31 (± 0.13) 5.99 (± 0.23) 0.224

Bone Metabolism Results
Ca 9.40 (± 0.05) 9.40 (± 0.05) 9.39 (± 0.13) 0.926
P 3.50 (± 0.05) 3.55 (± 0.05) 3.19 (± 0.14) 0.010
PTH 57.87 (± 3.66) 56.13 (± 3.22) 71.07 (± 20.13) 0.192
25 – OH D 
Vitamin 18.67 (± 0.97) 18.70 (± 1.06) 18.47 (± 2.31) 0.928

ACTH: Adrenocorticotropic hormone, H: Hour, Dx: Dexamethasone, TSH: 
Thyroid stimulating hormone, T: Thyroid Hormone, FSH: Follicle-stimulating 
hormone, LH: Luteinizing hormone, PRL: Prolactin, FBG: Fasting blood glucose, 
HbA1C: Hemoglobin A1C, Ca: Calcium, P: Phosphor, PTH: Parathormone

Table II shows the differences between sexes in the biochemistry 
test results in Cushing’s patients. TSH (p = 0.01), FSH (p = 0.01), 
LH (p = 0.002), and PRL (p = 0.032) levels varied between sexes. 
Cortisol levels in 1, 2, and 8 mg dexamethasone suppression tests 
were similar in both sexes. In contrast to cortisol values, 24-hour 
urinary-free cortisol levels were higher in women with 381.40 
ug/day (± 43.69; p = 0.631). However, no significant difference 
has been shown between male and female patients.
Both biochemical tests and bone densitometry measurements 
were examined to analyze bone metabolism (Table II). Serum 
levels of Ca, P, PTH, and 25-OH vitamin D are given by age 
group. A significant difference was found only between P levels 
in sex groups. P levels were 3.55 mg/dL (± 0.05) in females, 3.19 
mg/dL (± 0.14) in males, and 3.50 mg/dL (± 0.05) in the whole 
case group. P levels in male patients were significantly lower (p 
= 0.01).

Table III. Bone marker results and interpretations of case and control 
groups

Case Group Control Group
pFemale

(n = 85)
Male

(n = 13)
Female
(n = 72)

Male
(n = 12)

Bone Densitometry Results

Femur Neck BMD  0.847
(± 0.017)

 0.892
(± 0.036)

 0.983
(± 0.155)

 0.982
(± 0.143)  0.972

Femur Neck T 
Score

-0.399
(± 0.138)

-1.100
(± 0.297)

0.266
(± 1.281)

-0.383
(± 1.066) 0.810

Femur Neck Z 
Score

-0.343
(± 0.121)

-0.430
(± 0.175)

0.262
(± 1.097)

-0.025 
(± 1.039) 0.844

L1 – L4 BMD 1.062
(± 0.040)

1.197
(± 0.773)

1.131
(± 0.153)

1.146
(± 0.144) 0.154

L1 – L4 T Score -0.720
(± 0.149)

0.380
(± 0.586)

-0.117
(± 1.243)

0.267
(± 1.174) 0.801

L1 – L4 Z Score -0.511
(± 0.182)

0.413
(± 0.672) - - 0.610

Patients based on Bone Density
Low Bone Density* 5.9% (n 

= 5)
0.0% (n 

= 0)
0.0% (n 

= 0)
0.0% (n 

= 0) 0.160

Osteopenia 16.5% (n 
= 14)

46.1% (n 
= 6)

11.1% 
(n=8)

8.3% (n 
= 1) <0.001

Osteoporosis 7.1% (n 
= 6)

0.0% (n 
= 0)

0.0% (n 
= 0)

0.0% (n 
= 0) 0.979

*Assessed by Z score, BMD: Bone mineral density

Bone mineral density tests were encountered only in 98 patients 
in case groups, thus, we ran the analysis, considering this 
limitation. Although, high standard error occurred in BMD 
analysis, L1-4 T score differed in sex groups, being higher in 
males (p = 0.801). No significant difference was found in the 
femoral neck measurements (Table III).
Osteoporosis was less common than osteopenia in both sex 
subgroups. While, 16.5% of female patients had osteopenia, 
only 7.1% (n = 6) had osteoporosis. Similarly, 46.1% of male 
patients had osteopenia, and no patients with osteoporosis 
were recorded. In addition, low bone density was only found 
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in women at the rate of 5.9%. The chi-square test was used for 
osteopenia, and no statistically significant difference was found 
between the sex groups. Also, bone densitometry data of the 
patients in the control group revealed no significant difference 
between sex subgroups (Table III).

Table IV. Bone marker results and interpretations of Cushing’s syndrome 
patients by pathology locations

Adrenal
(n = 41)

Pituitary
(n = 134) p

Femur Neck BMD 0.851 (± 0.350) 0.853 (± 0.279) 0.972
Femur Neck T Score -0.888 (± 0.279) -0.888 (± 0.141) 0.810
Femur Neck Z Score -0.388 (± 0.249) -0.339 (± 0.121) 0.844
L1 – L4 BMD 0.988 (± 0.088) 1.107 (± 0.039) 0.154
L1 – L4 T Score -0.668 (± 0.375) -0.581 (± 0.155) 0.801
L1 – L4 Z Score -0.558 (± 0.450) -0.326 (± 0.205) 0.610
Low Bone Density 11.1 % (n = 2) 3.4 % (n = 3) 0.160
Osteopenia 39.1 % (n = 9) 23.4 % (n = 11) < 0.001
Osteoporosis 8.7 % (n = 2) 8.5 % (n = 4) 0.979

BMD: Bone mineral density

We also investigated low bone density, osteopenia, and osteoporosis in terms 
of Cushing’s localization. In a similar fashion, osteoporosis was less common 
than osteopenia in both pituitary and adrenal groups. Osteopenia was present in 
39.1% of adrenal Cushing’s patients, with only 8.7% (n = 2) having osteoporosis. 
Whereas 23.4% of pituitary Cushing’s patients had osteopenia, osteoporosis was 
recorded in 8.5%. However, low bone density is observed in 11.1% and 3.4% 
in adrenal and pituitary Cushing’s patients. There was a statistically significant 
difference between the adrenal and pituitary Cushing’s patients regarding 
osteopenia (p < 0.001) (Table IV).

In general, bone density measurements were lower in the case group compared 
to the control group. Within line with the study findings, osteoporosis was less 
frequent than osteopenia in both groups. While osteopenia was observed in 
11.4% to 10.7% of the patients in the case and control groups, respectively, 2.8% 
(n = 5) of the case group had osteoporosis, and none encountered it in control. 
Also, low bone density appears to be around 2.8% in the case group, with none 
reported in the control.

Table V: Correlations between bone narrow density biochemistry markers
Femur Neck BMD p L1 – L4 BMD p

24 H Free Urine Cortisol 0.02 0.458  – 0.08 0.305
Basal ACTH  – 0.25 0.059  – 0.28 0.039
BMI 0.45 0.002 0.29 0.036
1 mg DST  – 0.25 0.017 -0.12 0.252

H: Hour, ACTH: Adrenocorticotropic hormone, BMI: Body mass index, DST: 
Dexamethasone

Collected data were further analyzed to reveal possible 
correlations in Table V. The analysis observed correlation 
between 24-hour urine cortisol, 1 mg dexamethasone 
suppression test results, and BMI and BMD values. Femur neck 
BMD and BMI indicated a moderate-to-high correlation. Also, 
an increase in BMI was aligned with an increase in both the 
femur neck and L1 L4 BMD values. The correlation between the 
suppression test of 1 mg dexamethasone and the femoral neck 
BMD was statistically significant (p = 0.017).

The mean 24-hour urinary cortisol level was 373.49 (± 39.58) in 
the whole case group, 381.40 (± 43.69) in females, and 310.80 (± 
70.80) in male patients. Mean ACTH levels were 52.67 (± 4.58) 
in all patients, 54.61 (± 5.00) in females, and 37.82 (± 9.99) in 
males.

4. DISCUSSION

This study was conducted on a large group of Cushing’s 
syndrome patients admitted to a single health facility. The ratio 
of female patients had a higher frequency of 3–8:1 compared 
to males [11,12]. Our findings were similar to other published 
findings. The female/male patient ratio in the study population 
was 6:1. Published papers stated that the community-based 
incidence of Cushing’s disease is 2-3, and the prevalence is 
believed to be around 40 in 1.000,000 individuals.
The number of Cushing’s patients investigated in this study was 
176. This number can be considered relatively high compared 
to other studies on Cushing’s disease published in the last five 
years. In our patient group, the average age at diagnosis was 44. 
Although, there was no significant difference between the sexes, 
women were diagnosed 1.5 years earlier. We had an elderly 
patient group when compared to the patient groups of published 
articles (44 vs 30-40 years of age); this can be attributed to the 
fact that our study center is positioned as a third-level treatment 
facility in current healthcare access policies [13]. We can assume 
that the patients we have encountered in our study either had 
an earlier final or differential diagnosis in low-level healthcare 
facilities. Patients may have to endure a lengthy process to 
receive an accurate diagnosis because of the current referral 
system. The older age of the study population may cause a bias 
in terms of bone density and comorbidity.
Pituitary Cushing’s disease was diagnosed in 76.3% of the study 
patients and adrenal Cushing’s disease in 23.1%. Only one male 
patient was diagnosed with ectopic Cushing’s disease and the 
age at diagnosis was 55. Although, pituitary Cushing’s disease 
was more common in both sexes, male patients had lower 
frequency than female patients. Previous studies reported the 
rate of pituitary Cushing’s disease around 60-80% and adrenal 
Cushing’s disease between 15-35% [14 – 17]. In this respect, our 
study was compatible with the literature.
Microadenoma was observed in 61.3% of the patients, with a 
higher incidence in males (71.4%). Some studies showed that the 
ratio of microadenoma / macroadenoma was 65 – 90% [17,18].
In general, articles reported hypertension frequency in Cushing’s 
disease within the range of 45-100%. Diabetes was 25-68.8%, 
obesity was 32.1-75% and dyslipidemia was 9.1-71.4% among 
Cushing’s patients [19]. Also, male sex had a higher risk of 
hypertension and dyslipidemia [20]. Data of our study showed 
that hyperlipidemia (59.1%) was the most common comorbidity 
in study cases. Hyperlipidemia was observed twice as often in 
women than in men. Our findings partially supported the recent 
literature.
Fasting blood sugar (FBS), HbA1c, and cholesterol were also 
examined in context with the study. Mean FBS (111.46 ± 3.21), 
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mean HbA1C (6.28 ± 0.12), and mean total cholesterol (223.19 
± 4.06) levels were recorded for the case group. Measurements 
did not vary between the sexes. Liu’s study with 73 Cushing’s 
patients presented similar results, with no significant difference 
between males and females [21].
In our study, neither urinary cortisol nor ACTH levels differed 
between sexes. Contradictory data were published in 2014. 
A study on 67 Cushing’s patients concluded that ACTH and 
urinary cortisol levels were higher in males [20].
Statistical analysis revealed a significant difference between 
the male and female case groups regarding L1-4 T scores. We 
concluded that the location of the mass in Cushing’s disease 
patients and sex did not affect other measurements. The L1-4 
BMD scores were the only measurement we found to be different 
between the case and control groups. The case group had lower 
scores in all parameters. The difference between the femur neck 
T score was especially higher than the other BMD scores. The 
femur neck T score average was – 0.836 (± 0.126) in the case 
group, while it was 0.172 (± 0.141) in the control.
A study by Apaydın et al., reported that femoral neck BMD (but 
not lumbar BMD) was independently associated with age, BMI, 
and PTH levels. Our findings regarding BMI association with 
BMD were compatible with the literature [22].
Mancini et al., in 2004, stated that osteoporosis caused by 
glucocorticoids might be reversible, but at least ten years of 
treatment was required for the normalization of BMD values 
[23]. Kawamata et al., observed an improvement in BMD values   
within three months after surgical intervention [24]. Di Somma 
and Colao suggested that alendronate treatment was more 
effective in improving BMD values   than cortisol normalization 
[25].
We also investigated the bone densitometry measurements 
of the patients according to age. Although, patients with low 
bone density were more common in the our case group, the 
statistical inferences obtained were not considered strong 
enough to implement. Since, patients with low bone density 
and osteoporosis could not be detected in the control group, 
we hesitate to form a conclusion. Valassi et al., conducted a 
multicenter observational study in 620 Cushing’s patients, which 
provides essential evidence regarding bone-related morbidities. 
In the study, osteopenic findings were detected in the spine at 
40% and in the hips at 46% of the patients [26]. Our study results 
had a much lower rate (20.4%) of osteopenia. Another article 
published in 2010 reported that the prevalence of osteoporosis 
was between 30 and 67% in Cushing’s patients [27]. Rates of 
osteoporosis / vertebral fracture varied between 24% and 68.8% 
in other studies in the literature [28]. In our patient group, 
osteopenia was observed more frequently in adrenal Cushing’s 
patients than in pituitary Cushing’s patients (p = <0.001).
A 2021 study conducted on 135 patients reported 75% vertebral 
fractures. In the same study, 40% of patients with vertebral 
fractures had normal bone mineral densitometry results [29]. 
Various studies reported that osteoporotic fracture prevalence 
was up to 50% and, in this setting, 15% of all patients with 
Cushing’s syndrome also experienced non-traumatic peripheral 

fractures at the wrist, humerus, elbow, hip, patella, and ankle 
[11,30].
Miwa Kmura et al., in 2022, stressed that 24-hour urinary 
cortisol follow-up in patients with adrenal Cushing’s disease had 
a significant and negative correlation with lumbar BMD [31]. 
Again in 2015, a study by Belaya et al., reported a significant 
association between plasma and urinary cortisol levels and 
osteoporosis and vertebral fracture [32]. In another study 
conducted in 2006 observed that more and more severe vertebral 
fractures were detected in cases with similar urinary cortisol 
excretion [33]. Our study also found the same interpretations in 
24-hour urinary cortisol excretion and lumbar BMD (p <0.05).
Our study included 176 Cushing’s patients who had been 
followed up in the Department of Endocrinology at Marmara 
University for the past 10 years. Compared to recent studies, our 
study had a high number of patients with Cushing’s syndrome.
The age at diagnosis may be higher than what is described in the 
literature because our hospital is a third-level health center. The 
situation causes bias, particularly in regard to comorbidity and 
bone density. The patient and control groups both have missing 
data, which presents another challenge. Another limitation of 
this study is the low count of male patients and the presence 
of only one patient with ectopic Cushing’s disease. The study’s 
generalizability is limited by the retrospective nature of the 
study design.

Conclusion

In this study, our findings support the current literature that 
pituitary and adrenal Cushing’s disease increases the risk 
of osteoporosis and osteopenia. Study analyses showed that 
osteopenia was more common in adrenal Cushing’s patients 
than in pituitary Cushing’s patients. Also, we encountered 
significant reverse correlations between femoral neck median 
BMD measurements, BMI, 24-hour urine cortisol level, and 1 
mg dexamethasone suppression test. This correlation may be 
helpful in current clinical practice and in treating physicians to 
investigate possible fractures in relevant patients.
The study by design is limited to comprehensive interpretations. 
Writers suggest multicenter prospective studies with a larger 
sample size to gain strong evidence and better understand the 
disease.
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ABSTRACT
Objective: To investigate the changes in the retinal microcirculation in multiple sclerosis (MS) patients by swept-source optical 
coherence tomography angiography (SS-OCTA).
Patients and Methods: Thirty-seven patients with relapsing-remitting MS and 40 healthy volunteers were included into this cross-
sectional study. Clinical history, Expanded Disability Status Scale and duration of MS were collected. SS-OCTA by deep range imaging 
(DRI) OCT measurements were performed on all subjects. Macular perfusion parameters including superficial and deep foveal 
avascular zones (FAZs, FAZd, respectively) (%), vascular densities of superficial capillary plexus (SCP) (%), deep capillary plexus 
(DCP) (%) and choriocapillaris (CC) (%) were compared with healthy subjects.
Results: Vascular densities of SCP, DCP and CC were found to be statistically lower in the study group compared to the control group 
(p = 0.02, p = 0.03, p = 0.03, respectively). FAZs and FAZd, areas were significantly higher in the study group (p = 0.02, p = 0.02, 
respectively). Central macular thickness and subfoveal choroidal thickness were significantly lower than in the control group (p = 
0.015, p = 0.047, respectively).
Conclusion: Evaluation of retinal blood flow in patients with MS is useful both for understanding the physiopathology of the disease 
and in the clinical follow-up.
Keywords: Multiple sclerosis, Retinal vasculature, Vascular density, Macular perfusion, Swept-source optical coherence tomography 
angiography

1. INTRODUCTION

Multiple sclerosis (MS) is a chronic and demyelinating disease in 
the central nervous system (CNS), associated with autoimmune 
mechanisms [1]. The primary cause of MS is unclear, but 
immunologic, environmental, infectious and genetic factors 
may contribute to the development of MS [2]. Cell-mediated 
and humoral immune systems agents attack CNS myelin or 
oligodendrocytes, causing neurodegeneration and neurological 
disability. Approximately, 2.5 million people worldwide are 
affected, most of them between the ages of 20-40 [3].
Multiple sclerosis especially affects the periventricular 
area, pons and spinal cord on the CNS [4]. Weakness in the 
extremities, sensory symptoms, ataxia, cognitive complaints 
and visual disturbance may occur as a result of axonal damage. 
Ophthalmological signs are impaired visual acuity, visual field 
defect, internuclear ophthalmoplegia or a relative afferent 
pupillary defect in MS. Ocular related symptoms such as optic 

neuropathy, retinal vasculitis and intermediate uveitis may 
occur in the course of MS [5].
The McDonald criteria with information from magnetic 
resonance imaging (MRI), examination of the cerebrospinal 
fluid, potential evoked visual tests, optical coherence tomography 
(OCT) and cognitive tests are used for the diagnosis of MS [6]. 
Disease-modifying therapies (DMTs) such as interferon beta-1a, 
interferon beta-1b, teriflunomide, daclizumab, natalizumab, 
fingolimod, etc. may be used after acute attacks [7].
Vascular structures may be affected in MS pathophysiology [8]. 
Cerebral hypoperfusion was reported in MS patients [9,10]. 

Recently, some studies showed retinal vascular density (VD) 
reduction in MS [11-13]. However, there is still a need for 
further investigation regarding vascular changes in MS.
Retinal micro vascularization can be evaluated quantitatively 
with developing technology. Swept-source optical coherence 
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tomography angiography (SS-OCTA) devices can provide 
detailed imaging of the retinal vascular network by sequential 
optical coherence scans of a particular retinal region, based 
on the motion contrast of erythrocytes in vascular structures 
and processing [14]. It evaluates retinal micro vascularization 
non-invasively, without the necessity for intravenous contrast 
material which can cause adverse reactions [15]. There are a few 
studies comparing the microvascular findings of MS patients 
with the healthy group using swept-source deep range imaging 
(DRI) OCT Triton device in the literature [16,17]. The aim of 
this study is to measure macular perfusion in patients with 
MS using OCTA and to compare our results with the existing 
literature.

2. PATIENTS and METHODS

Study participants

This retrospective and cross-sectional study was performed on MS 
patients who had referred to the Selcuk University Faculty of Medicine, 
Department of Ophthalmology from January 2020 to March 2020. 
The research protocols were applied in accordance with the principles 
of the Declaration of Helsinki and was approved by Selcuk University’s 
Institutional Review Board and Ethics Committee (Protocol No: 
2020/177). All participants gave written informed consent.

Clinical data

Patients with relapsing-remitting MS applying to the Faculty of 
Medicine, Department of Neurology, Selcuk University, were 
advised routine eye examinations according to the 2010 McDonald 
criteria [6]. Those aged 18-65 and with an Extended Disability Status 
Scale score below 6 (mobile without support) were enrolled into 
the study. Detailed ophthalmological examination was performed 
including auto refractometer (Tonoref III, Nidec Co. Ltd, Aichi, 
Japan) measurement, best corrected visual acuity (BCVA) as 
measured on the standard Snellen chart, intraocular pressure (IOP) 
(mmHg) measured by Goldmann applanation tonometry, slit lamp 
and fundus examination using a +90 D lens after pharmacological 
dilatation with 1% tropicamide for each patient. After physical 
examination, OCTA was performed in participants with full vision 
and no pathological findings were determined in the examination. 
The exclusion criteria were having an additional systemic disease 
other than MS, BCVA under 20/50, high refractive correction 
(higher than +3 or – 3 dioptre spherical equivalent), low quality 
images in OCTA, any ophthalmological pathology (Glaucoma, 
diabetic retinopathy, hypertensive retinopathy, retinal vascular 
diseases, uveitis, amblyopia etc.), history of intraocular surgery and 
history of optic neuritis in the 6 months prior to enrolment in the 
study. After the evaluation of the including and excluding criteria, 
37 MS patients were included in this study. The control group 
consisted of 40 age and sex matched healthy individuals. The right 
eye of each individual was assessed.

Optical coherence tomography angiography technique

We obtained OCTA images with the SS DRI OCT Triton (Topcon 
Corp, Tokyo, Japan) device. The participants were then asked 

to rest for ten minutes. All parameters were measured by one 
experienced operator (S.E.) using SS-OCTA which operates a 
1.050 nm wavelength light source and 100,000 A Scan/s [18]. We 
used OCTA function to obtain 6 × 6 mm cubes focused on the 
fovea (Figure 1). The OCTA software (IMAGEnet 6 V.1.14.8538) 
system did the macular segmentation which consists of four 
‘en face’ OCT slabs: (1) superficial vascular complex (SVC) is 
defined as from 2.6 μm below the internal limiting membrane 
(ILM) to the 15.6 μm below the inner plexiform layer (IPL); (2) 
deep vascular complex (DVC) is defined as from IPL offset of 
15.6 μm to the IPL offset of 70.2 μm and (3) choriocapillaris 
vascular complex (CC) is identified as from BM to 10.4 μm 
under the Bruch’s membrane (BM) [19].

Figure 1. Image of optical coherence tomography angiography 
measurement in 6x6mm area with grid centered in macula. Superficial 
vascular plexus density is shown with color lines (A). On density map with 
grid divided in five areas; central, nasal, interior, temporal and superior 
with number of percentages of vessel density are demonstrated (B).

GNU Image Manipulation Program (GIMP) 2.8.14 was used 
to analyse quantitatively the VD of the SVC, DVC and CC as 
VDs, VDd and VDc, respectively. Superficial foveal avascular 
zone (FAZs) and deep foveal avascular zone (FAZd) were 
measured separately. VD was measured as the percentage 
of the vascularized tissue in the grid centred in macula. The 
subfoveal choroidal thickness (SFCT) and central macular 
thickness (CMT, respectively) analyses were performed for the 
eyes of all subjects in 9 regions of the macula. Macula sections 
were identified objectively with radii of 0.5 mm (center 1 
mm), 0.5 to 1.5 mm (inner ring), and 1.5 to 3.0 mm (outer 
ring). CMT and SFCT values were obtained from central 1 
mm measurements. Only the right eye of each subject enrolled 
in the study, was included in the analysis. All measurements 
were performed at the same time interval of the day. Two 
experienced observers examined two consecutive scans of 
a subject to detect interobserver reproducibility at different 
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times. The mean value of two independent measurements was 
used for each OCTA parameter. Patients with any pathologic 
condition detected in structural OCT scans, or if the Image 
Quality Index (IQI) was under 70, were excluded to avoid 
inaccuracy in the measurements due to image artifact [15].

Statistical Analysis

Data on demographic features, VDs of three vascular plexus, 
FAZs, FAZd, CMT, SFCT and disease duration were collected 
as mean ± standard deviation (SD). Normality for each variable 
for groups was measured using the Kolmogorov–Smirnov test. 
Categorical data were compared between groups using Pearson’s 
chi-square test; independent samples test was used for variables 
with normal distribution and the Mann-Whitney U test was used 
for variables with abnormal distribution for comparison of means 
between groups using Statistical Package for the Social Sciences 
(version 26.0; SPSS Inc., Chicago, IL). Spearman correlation 
coefficient was used for correlation between variables. P values of 
less than 0.05 were noted as statistically significant.

3. RESULTS

There were 37 MS patients with an average age of 36.2 ± 
12.1 years. The healthy control group was comprised of 40 
individuals with a mean age of 35.6 ± 14.6 years. The mean onset 

time of the disease in the study group was 22.4 ± 5.1 (months). 
The age and gender distribution of the participants in both 
groups did not show any significant difference significantly (p 
˃ 0.05; Table I). Demographic data of MS patients and healthy 
controls and OCTA parameters are demonstrated in Table I.
FAZs and FAZd values were increased significantly in MS 
patients compared to the control group (p=0.026; p=0.022, 
respectively). VDs central value was found to be significantly 
decreased (p=0.02) in the MS cases compared to the control 
group. In the case group, the VDs superior and VDs temporal 
values were significantly lower than in the control group (p = 
0.04; p = 0.01, respectively). However, VDs inferior and VDs 
nasal value did not change significantly (p˃0.05).
VDd central value was found to be significantly lower than in 
the control group (p = 0.03). In addition, VDd inferior and VDd 
nasal values were significantly lower in MS cases than in the 
control group (p = 0.01; p = 0.02), while VDd superior and VDd 
temporal values did not vary significantly (p˃0.05).
In MS patients, VDc central, VDc superior, VDc temporal, VDc 
inferior and VDd nasal values were significantly lower than in the 
control group (p˂0.05, each of them). CMT and SFCT values were 
significantly lower in the MS group (p = 0.015; p = 0.047, respectively). 
Also, CMT and SFCT values correlated with the duration of MS onset 
time (r= – 0.335; p = 0.043 and r= – 0.452; p=0.005).

Table I. The demographic characteristics and OCTA parameters of patients with multiple sclerosis and healthy eyes (Control group).
 MS group Control group

p
Mean±ss /n-% Median Mean±ss /n-% Median

Age 36.2 ± 12.1 31 35.6 ± 14.6 28 0.609 m
Gender Female 23 62.2% 24 60%

0.846 X²
Male 14 37.8% 16 40%

FAZs 175 ± 57.4 164.9 150.5 ± 67.1 136.2 0.026 m
FAZd 258.2 ± 59.7 244.7 240.1 ± 124.2 200.9 0.022 m
VDs Central 20.4 ± 4.4 21.5 24 ± 7.3 22.8 0.02 m
VDs Superior 48.9 ± 2.1 48.2 49.5 ± 2.8 49.8 0.048 m
VDs Temporal 43.6 ± 3.1 42.4 45.4 ± 3.5 44.4 0.011 m
VDs Inferior 46.1 ± 2.7 44.9 47.8 ± 3.8 47.7 0.077 m
VDs Nasal 43.4 ± 2.9 43.6 44.6 ± 3.6 45.1 0.097 t
VDd Central 18.8 ± 6.2 18.7 22.1 ± 8 21 0.03 m
VDd Superior 50.6 ± 1.8 50.8 50.9 ± 3.3 50.9 0.526 m
VDd Temporal 45.5 ± 2.7 44.7 46.7 ± 3.7 46.5 0.131 m
VDd Inferior 47.2 ± 2.8 47 49.1 ± 3.6 48.9 0.016 m
VDd Nasal 44.8 ± 3.4 45.6 46.8 ± 4.1 47.5 0.02 t
VDc Central 22.2 ± 4.5 19.9 31.2 ± 15.2 23.9 0.034 m
VDc Superior 49 ± 2 48.1 50.5 ± 3.5 50.4 0.009 m
VDc Temporal 44.7 ± 2.2 44.6 47.1 ± 5.0 46.8 0.043 m
VDc Inferior 46.5 ± 2.7 46.1 49.1 ± 4.7 48.3 0.012 m
VDc Nasal 43 ± 2.7 43.7 46.2 ± 5.4 45.7 0.004 m
CMT 177.9 ± 13.1 178 189.1 ± 21.8 183 0.015 m
SFCT 250.5 ± 43.5 256 298.6 ± 87.7 277 0.047 m

m: Mann-Whitney U test / t: Independent Sample t Test / X²: Chi-squared test. SD: standard deviation; FAZs: superficial foveal avascular zone; FAZd: deep foveal 
avascular zone; VDs: superficial vascular density; VDd: deep vascular density; VDcc: choriocapillaris vascular density; CMT: central macular thickness; SFCT:subfoveal 
choroidal thickness. Italicized bold values represent p<0.05.
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4. DISCUSSION

The development of the retina and optic nerve from the 
diencephalon during the embryological development reveals 
the similarity of the retina to the cerebral cortex [20]. Thus, 
pathophysiological changes in the CNS may affect the optic 
nerve and retina. Retinal microcirculation and CNS vascular 
structures have similar features. Neuronal metabolic activity 
plays an essential role in the autoregulation mechanism of these 
vascular structures with high oxygen concentration [21]. MS, 
is characterized by autoimmune, demyelinating and chronic 
inflammatory processes, which can cause vascular dysfunction 
along with neuroaxonal degeneration. Endothelial dysfunction 
as a result of chronic inflammation is thought to cause 
impairment in the vascular system [22]. In the past, parameters 
that could be used in the diagnosis and follow-up of MS patients 
were evaluated with the OCT devices [23]. In recent years, it 
has been aimed to observe vascular change in MS patients with 
the OCTA device, which provides retinal microvasculature 
evaluation. Researchers had focused on parameters that could 
be used in the follow-up of MS patients [12,24-29]. The present 
study aims to examine the changes in macular perfusion based 
on the different results seen in the literature through OCTA.
The SVC and DVC creates a capillary free zone in the fovea 
which is associated with ischemia [30]. The current study 
showed statistically significant FAZs and FAZd enlargement in 
MS patients. However, Yilmaz et al., did not report any difference 
in FAZ metrics in the eyes of MS patients [11]. On the other 
hand, Ulusoy et al., found enlargement of the FAZ, correlated by 
the reduction in the SVC [26]. Similar to our work, Alzheimer’s 
disease, which is a neurodegenerative disease such as MS, FAZ 
enlargement, was shown as a result of decreased blood flow [31]. 

Impaired vascular blood flow might induce FAZ enlargement 
because of decreased neuron metabolism. It was observed that 
the increase in the FAZs area was more significant than the 
FAZd. Because the retinal nerve fibre layer and ganglion cell 
layer are supplied by the SVC, it is expected to be more affected 
in MS patients.
VDs values of the central, temporal and superior sectors were 
statistically significantly lesser than the VD values of the 
controls. Farci et al., reported significant reduction in all sectors 
of the SVC [32]. In addition, Ulusoy et al., showed a statistically 
significant decrease in the superior and inferior sectors of the 
SVC [26]. In the current study, it was observed that the superior 
and temporal sectors of the SVC seemed to be primarily affected 
by MS. There was no significant difference in the inferior and 
nasal sectors of VDs in the eyes of MS patients than in those of 
the control group. This is because the mean follow-up period of 
MS patients included in the study was limited to a short period. 
If this period had been longer, we could have found a decrease 
in all sectors of the VDs.
The current study demonstrated a significant decrease in the 
VD values of the central, inferior and nasal sectors in the VDd, 
while we did not see any significant change in the superior and 
temporal sector density values. Similarly, Yilmaz et al. and Feucht 
et al., found a significant reduction in the VDd values [11,27]. 

However, Ulusoy et al., did not report any statistical difference, 
although they found a decrease in VDd [26]. In addition, Farci 
et al. and Murphy et al., did not detect a significant change in 
the DVC capillary flow density [28,32]. In another study, it was 
stated that VD of DVC in MS patients with optic neuritis history 
were significantly decreased than those in eyes of MS patients 
without optic neuritis [29]. Although, different results were seen 
in the literature, we thought that the cerebral impaired vascular 
architecture in MS patients could affect the VDd in addition to 
diminished SVC blood flow [33].
In terms of VDc, this study showed a significant decrease in all 
sectors of MS patients compared to the control group. Cennamo 
et al., observed that VDc values did not change significantly in 
the MS groups included [34]. However, Feucht et al., reported 
that increased VDc values are associated with ongoing 
inflammatory disease activity [27]. Contrary to Feucht’s results, 
we did not see an increase in VDc. Cerebral hypoperfusion may 
play a role in the pathogenesis of MS lesions. The current study 
is the first to show a decrease in all sectors of VDc. Concerning 
CMT and SFCT values, we found a significant reduction in MS 
patients. The decrease in CMT was consistant with the results 
of Waxman et al. and Britze et al. [35,36]. Furthermore, it has 
been reported that thinning in choroidal thickness is associated 
with the duration of MS disease [37]. The current data has also 
supported that there is a relationship between CMT and SFCT 
with disease duration.
The present study had some important limitations. The small 
sample size and short follow-up time were the features most 
lacking. The study did not include the patients’medication data 
that could alter the results. Additionally, since, cerebral perfusion 
was not measured, its relationship with retinal microvasculature 
could not be examined. Future studies should focus on the 
correlation between cerebral and retinal vascular values to study 
new follow-up parameters for MS.
The following conclusions can be drawn from the present study: 
that VD of SVC, DVC and CC measured by SS DRI OCT Triton 
device are reduced in the eyes of MS patients. In addition, CMT 
and SFCT values decreased in MS disease and correlated with 
MS disease onset. OCTA parameters can be a useful additional 
retinal marker in MS. Further detailed research is needed to 
investigate the value of OCTA in MS patients and to correlate 
with ongoing disease activity and cerebral perfusion.
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ABSTRACT
Objective: Polycystic ovary syndrome (PCOS) is the most common endocrine disorder among women of reproductive age and is 
one of the main causes of ovulation infertility, affecting 5-10% of women. Inflammation, hormonal imbalances, and disruption of the 
oxidant-antioxidant balance are the main factors in the pathophysiology of PCOS. This study was designed to answer the question of 
whether apigenin and chrysin have therapeutic effects on the dehydroepiandrosterone (DHEA)-induced rat model of PCOS.
Materials and Methods: The experimental PCOS model was created by administering 6 mg/100g DHEA subcutaneously to 21-day-old 
female Wistar rats for 28 days, followed by treatment with natural agents 50 mg/kg apigenin and 50 mg/kg chrysin by oral gavage twice 
a week for one month. The predominant cell type was determined by microscopic analysis in vaginal smears daily from day 10 to day 
28 of the experiment. In tissue supernatants, superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx) activities, and 
malondialdehyde (MDA) levels were obtained by spectrophotometric method with appropriate manual methods; follicle-stimulating 
hormone (FSH), luteinizing hormone (LH), progesterone, interleukin (IL)-18, IL-1β, and IL-13 levels were determined by enzyme-
linked immunosorbent assay (ELISA) method. In addition, histological sections obtained from ovarian tissue samples were stained 
with hematoxylin-eosin and examined under a light microscope.
Results: The results showed that treatment with apigenin and chrysin alone and in combination reduced MDA, LH, FSH, progesterone, 
IL-1β, IL-13, and IL-18 levels compared with PCOS rats. Furthermore, enzymatic activities of antioxidants including CAT, SOD, and 
GPx in the ovaries increased in therapeutic groups compared to the PCOS group.
Conclusion: In conclusion, this study demonstrates the potential therapeutic efficacy of apigenin and chrysin, either alone or in 
combination, in alleviating the hormonal imbalances, inflammation, and oxidative stress in DHEA-induced PCOS rats. Apigenin, 
in particular, emerges as a promising agent for PCOS treatment, showing superiority over chrysin and combination treatments in 
ameliorating cystic follicles and improving various parameters associated with PCOS pathophysiology. These findings suggest that 
apigenin holds promise as a novel therapeutic agent for PCOS and warrants further investigation in clinical settings.
Keywords: Polycystic ovary syndrome, Dehydroepiandrosterone, Apigenin, Chrysin

1. INTRODUCTION

Polycystic ovary syndrome (PCOS) is a gynecological and 
endocrine disease that negatively affects fertility and paves the 
way for the formation of many different diseases [1]. Individuals 
suffering from PCOS may experience menstrual irregularities, 
infertility, skin problems such as acne, hirsutism, and an increase 
in the number of small cysts in the ovaries [2]. If PCOS is left 
untreated for a long time, it can lead to many important metabolic 
abnormalities such as dyslipidemia, insulin resistance, type 2 
diabetes mellitus, fatty liver, hypertension, infertility, depression, 

etc [3]. Although, the exact cause of PCOS is not known, it is 
suggested that genetic and environmental factors are effective in 
its emergence [4]. In addition, obesity is among the factors that 
paves the way for the formation of this disease. Excess weight 
and as a result insulin resistance cause hyperinsulinemia, which 
increases the synthesis of androgen hormones in the body. As 
a result, the balance of sex hormones in the body is disturbed, 
and ovulation disorders and the problems of inability to ovulate, 
called anovulation, occurs. Cyst formation in the ovaries is 
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observed with the disruption of the ovulation pattern, and this 
situation progresses and leads to the emergence of PCOS [5].
An experimentally generated rodent model of PCOS helps us 
understand mechanisms and focus on clinical therapies for 
PCOS. In order to develop an experimental PCOS model in 
animals, the dehydroepiandrosterone (DHEA) application 
was first tried in the 1960s. In the study conducted by Roy et 
al., cystic degeneration and anovulation were observed in the 
ovaries after DHEA administration in guinea pigs with normal 
menstrual cycles [6]. In general, after DHEA treatment, female 
rats/mice form follicular cysts and become anovulatory like the 
human PCOS feature [7]. Hence, DHEA has been commonly 
preferred to cause PCOS-like phenotypes [8].
Although, there are options such as birth control pills, lifestyle 
changes, weight control, and surgery in the treatment of PCOS 
[9], there is a need for natural products that do not have side 
effects, are at a low cost, and that we can easily access and 
consume in daily life [10]. Traditional herbal compounds have 
been widely used to cure gynecological disorders [11]. Apigenin 
is a flavonoid and is found in many vegetables and fruits like 
parsley, celery and chamomile tea being the most common 
sources. It is known that apigenin exhibits antioxidant, anti-
inflammatory, anti-tumor, anti-allergic, neuro-protective, anti-
microbial properties and has therapeutic properties against 
many diseases [8]. Chrysin, another natural agent, is found 
in the foods we consume, such as parsley, thyme, bell pepper, 
celery, honey, and propolis. This natural agent is known to 
exhibit antioxidant, anti-inflammatory, anti-diabetic, anti-
bacterial, and anti-tumor properties. The mechanisms most 
affected by chrysin are oxidative stress, inflammatory responses, 
autophagy, and apoptosis [12,13].
In this study, it was aimed to investigate the potential therapeutic 
effects of apigenin and chrysin alone and in combination in rats 
with PCOS induced by DHEA, and to reveal the level changes 
in selected hormones and inflammatory and oxidative stress 
pathway parameters in the pathophysiology and treatment of 
PCOS.

2. MATERIALS and METHODS

Animals and Ethics Statement

Female Wistar Albino rats of 21 days were kept in groups with 
free access to food and water and a controlled temperature of 
22±2°C and in a reversed 12h light-dark cycle. Animals were 
allowed to acclimatize for one week before treatment. This study 
was carried out in accordance with the local ethics committee 
of Firat University, which approved the experimental procedure 
and protocols (approval number: 16/04/2020-389393).

Experimental Protocol and in Vivo Treatment

A total of 48 rats were randomly assigned to five groups that included 
the SHAM group (n=8) and PCOS group (n=10), PCOS+AGN 
group (n=10), PCOS+CH group (n=10) and PCOS+AGN+CH 
group (n=10). The doses and frequency of administration of the 
agents administered were summarized below:

SHAM Group (n=8): 0.02ml 95% ethanol + 0.18ml corn oil 
(0.2mL total) sc administered for 28 days, followed by 0.5ml 
dimethyl sulfoxide (DMSO) two times a week administered by 
oral gavage for one month.
PCOS Group (n=10): DHEA (6mg/100g body weight dose 
dissolved in 0.02ml 95% ethanol and mixed with 0.18ml corn 
oil) was administered sc for 28 days, followed by 0.5ml DMSO 
given twice a week by oral gavage for one month [14].
PCOS+AGN Group (n=10): DHEA (6mg/100g body weight) 
was administered sc for 28 days by dissolving in 0.02ml of 95% 
ethanol and mixing with 0.18ml of corn oil, then for 1-month 
AGN at a dosage of 50mg/kg twice a week was dissolved in 0.5ml 
DMSO and administered by oral gavage [15].
PCOS+CH Group (n=10): DHEA (6mg/100g body weight) was 
administered sc for 28 days by dissolving in 0.02ml 95% ethanol 
and mixing with 0.18ml corn oil, then for 1-month CH was 
dissolved in 0.5ml DMSO at a dosage of 50mg/kg twice a week 
and administered by oral gavage [16].
PCOS+AGN+CH Group (n=10): After DHEA is administered 
sc for 28 days, apigenin and chrysin were administered at the 
dose and application frequency mentioned above, 2 times a 
week for 1 month.

Biochemical Methods

Tissue and Supernatant Collection

At the end of the experiment, blood and tissue collection was 
performed during the diestrus stage of the estrous cycle and 
between 8 and 9 AM in the morning. Following the sacrification 
of animals, both ovaries of rats were quickly removed and 
cleaned. Then ovarian samples were homogenized, centrifuged 
at 4000 rpm for 10 minutes at +40C, and their supernatants 
were separated. Depending on the parameters to be studied, 
supernatant samples were divided into portions, put in 
eppendorf tubes and stored at – 80°C until the day of analysis.

Determination of Tissue Protein Levels

Protein levels in the supernatants were determined according 
to the Lowry method The basic principle of the Lowry method 
is based on the formation of a blue color by the Folin-Phenol 
reagent of proteins in alkaline medium [17].

Evaluation of Selected Hormones and Inflammation 
Markers by Using ELISA

Supernatant FSH (Catalog no: 201-11-0183), LH (Catalog no: 
201-11-0180), progesterone (Catalog no: 201-11-0742), IL-
18 (Catalog no: 201-11-0118), IL-1β (Catalog no: SG-20260), 
and IL-13 (Catalog no: 201-11-0113) levels were measured 
by enzyme-linked immunosorbent assay (ELISA) method in 
accordance with the manufacturer’s instructions. FSH, LH, 
progesterone, IL-18, and IL-13 ELISA kits were obtained from 
Sunred Biological Technology Company, Shanghai, China. The 
IL-1β ELISA kit was obtained from SinoGeneClon Biotech, 
Hangzhou, China.
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Determination of Tissue MDA Level

Tissue Malondialdehyde (MDA) levels and the end product 
of lipid peroxidation were measured spectrophotometrically 
as described by Ohkawa et al. [18]. Determination of lipid 
peroxidation is based on the spectrophotometric measurement 
at 532 nm of the pink complex formed as a result of incubation 
of tissue homogenate with 0.8% thiobarbituric acid (TBA) in a 
boiling water bath for 1 hour under aerobic conditions, where 
the pH is 3.5. 1,1,3,3 tetraethoxypropane was used as standard 
in the measurements.

Determination of Tissue SOD Activity

Tissue superoxide dismutase (SOD) activities were determined 
by the method of Sun et al., based on the inhibition of nitroblue 
tetrazolium [19]. In the assay, the xanthine-xanthine oxidase 
system was used as a superoxide generator. The absorbance of 
the reduction product (formazane) was measured at 560 nm. 
SOD activity was measured by the degree of inhibition of this 
reaction.

Determination of Tissue CAT Activity

Tissue Catalase (CAT) activity was determined using the UV 
spectrophotometric method which was developed by Aebi [20]. 
The principle of the test is based on the determination of the rate 
constant (s-1, k), or H2O2 decomposition rate, at 240 nm.

Determination of Tissue GPx Activity

Tissue glutathione peroxidase (GPx) activity levels were 
measured using the method of Paglia and Valentina in which 
GPx activity was coupled with the oxidation of nicotinamide 
adenine NADPH by glutathione reductase [21]. The oxidation 
of NADPH was followed spectrophotometrically at 340 nm.

Estrous Cyclicity and Vaginal Smear Test

Normal regular cyclic rats showed proestrus, estrus, metestrus, 
and diestrus stages for 4-5 days, whereas, acyclic rats showed the 
estrous cycle arrested in any one of the stages for 4 consecutive 
days. Hence, irregular estrous cycles and persistent vaginal 
cornification were used to indicate the successful formation of 
the PCOS model in all study groups [22].
To confirm whether the PCOS pattern was established, a 
cervical screening test (smear) was performed from day 10 to 
day 28 of the experiment, and the predominant cell type was 
microscopically analyzed in vaginal smears obtained daily. For 
this, approximately 0.2 ml of saline was drawn into the pasteur 
pipette, the animal to be smeared was held tightly with the 
abdomen facing upwards, the pipette tip was inserted into the 
vagina and the saline was sprayed inside. Afterward, the liquid 
sprayed into the vagina without removing the tip of the pipette 
was drawn back into the pipette and placed on the previously 
prepared clean slide. The liquid taken was examined under a 
light microscope without the need for staining, and finally, the 
cycle periods were determined depending on the presence and 
proportion of epithelial, cornified, and leukocyte cells.

Histopathological Analysis

After decapitation, the removed ovarian tissues were quickly 
placed in a 10% formaldehyde solution. After approximately 48 
hours of fixation, the tissues that were washed under running tap 
water and passed through routine histological follow-up series 
were embedded in paraffin (Sigma-Aldrich Paraplast Embedding 
Media, U.S.A). Sections of 5 µm thickness were taken from the 
prepared paraffin blocks using a microtome. Hematoxylin-Eosin 
(H&E) staining was applied to the prepared preparations. Ovarian 
follicle count (primordial, primary, secondary follicles, and Graff 
follicles) was evaluated by Souza et al.’s (1986) method [23]. The 
classification of follicles was done as follows:
Primordial follicle: The oocyte is partially or completely 
surrounded by squamous granulosa cells.
Primary follicle: The oocyte is surrounded by one or more rows 
of cuboidal cells between squamous granulosa cells.
Secondary follicle: The oocyte contains two layers of granulosa 
cells or at least one layer of granulosa cells and at least one layer 
of granulosa cells in the second layer. Antral spaces begin to 
form between the granulosa cells.
Graff ’s follicle: The oocyte is surrounded by more than two 
layers of granulosa cells and the antrum has formed.
The Leica DM500 imaging system (DFC295; Leica, Wetzlar, 
Germany) was used to evaluate and photograph H&E staining 
on ovarian sections.

Statistical Analysis

To determine the method to be used in the analysis phase, the 
Shapiro-Wilk test was applied to determine whether the variable 
of interest in the data set comes from a normal distribution. In 
the general comparison of continuous measurements of more 
than two groups, One-Way Analysis of Variance was used if the 
assumptions were satisfied. Data are indicated as Mean ± SD. 
If the p-value is below 0.05, it means that there is a significant 
difference as a result of the comparison.

3. RESULTS

Weight and Growth Rates of Rats in the Study Groups

The weights of the rats in the study groups were regularly 
weighed and recorded on a weekly basis from the beginning to 
the end of the experiment. According to the data obtained, the 
initial weights of the rats in the experimental groups were close to 
each other and there was no statistical difference between them 
(p>0.05). When the weight of the rats before sacrification was 
evaluated at the end of the experiment, a statistically significant 
increase was found in the PCOS-induced groups compared to 
the SHAM group (p<0.001; only for the PCOS-formed group; 
p<0.05 in all groups in which the treatment protocol was 
applied) (Figure 1).
The growth rates of the experimental animals were calculated 
based on the following formula:
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Figure 1. Weight gains of rats in the study groups
A value of *p< 0.05, **p<0.001, was considered as significant versus 
the SHAM group.

Growth Rate = (Final Weight-Initial Weight) / Total 
Experiment Time

The growth rates in the study groups are presented in Table 
I. According to the findings, the growth rates of the PCOS-
induced groups were higher than the SHAM group. However, 
the growth rate increased the most only in the PCOS group 
(p<0.001 compared to the SHAM group). The growth rates of 
the PCOS+AGN and PCOS+AGN+CH treatment groups were 
statistically significant when compared to the SHAM group 
(p<0.05; for both groups).

Table I. Growth rates in study groups

Growth 
Rate

SHAM PCOS PCOS+AGN PCOS+CH PCOS+AGN+CH
3.19±0.13 3.48±0.11** 3.36±0.96 3.39±0.71* 3.40±0.22*

A value of ∗p < 0.05, ∗∗p < 0.01, was considered as significant versus the SHAM 
group. PCOS: Polycystic ovarian syndrome, AGN: apigenin, CH: Chrysin

Ovarian Tissue Weights of Study Groups

When the values obtained from the measurement of the ovarian 
weights of the study groups were examined, it was observed that 
the mean ovarian weights of the rats belonging to the PCOS 
group were higher than those of the SHAM group, which was 
statistically significant only in the PCOS group (p<0.05). When 
the mean ovarian weights were analyzed among the groups with 
PCOS, it was found that the mean ovarian weight was statistically 
lower in the PCOS+AGN treatment group compared to the 
PCOS group (p<0.05) (Figure 2).

Figure  2. A value of ∗p < 0.05 was considered as significant versus the 
SHAM group.
A value of +p < 0.05, was considered as significant versus the PCOS 
group.

Effect of Apigenin and Chrysin on Hormonal Levels

Follicle-stimulating hormone levels were higher in the 
supernatant samples compared to the SHAM group, which was 
statistically significant in the PCOS group (p<0.05; compared 
to the SHAM group). A decrease in supernatant FSH levels was 
observed in the treated groups compared to the PCOS group, 
but it was not statistically significant (p>0.05). Supernatant LH 
levels were statistically higher in the PCOS group compared 
to the SHAM group (p<0.05), and a statistical decrease was 
observed in the PCOS+AGN+CH group, which was one of the 
treatment agent-administered groups, compared to the PCOS 
group. (p<0.05). The supernatant LH/FSH ratio was increased 
in the PCOS-induced group compared to the SHAM group, 
but this increase was not statistically significant (p>0.05). A 
non-statistical decrease in the supernatant LH/FSH ratio was 
observed in the PCOS+AGN group, which is one of the treated 
groups, compared to the PCOS group (p>0.05). Supernatant 
progesterone levels were statistically lower in all PCOS-induced 
groups than in the SHAM group (p<0.001; for all PCOS-
induced groups). On the other hand, there was a statistically 
insignificant decrease in progesterone levels in all groups in 
which the treatment agent was applied, compared to the PCOS 
group (p>0.05; in all treatment groups compared to PCOS 
group) (Table II).

Effect of Treatment Agents on Inflammation Parameters

Supernatant IL-18, IL-1β and IL-13 levels were found to be 
statistically higher in the PCOS group compared to the SHAM 
group (p<0.001; for all parameters). A statistically significant 
decrease was observed in the supernatant IL-18 levels in the 
treated groups compared to the PCOS group (p<0.05; in all 
treatment groups). A statistically significant decrease was 
observed in IL-1β levels in the PCOS+CH and PCOS+AGN+CH 
groups compared to the PCOS group (p<0.05). Finally, a 
decrease in supernatant IL-13 levels was noted in all groups 
treated with the treatment agent compared to the PCOS group, 
but this decrease was not statistically significant (Table III).

Effect of Treatment Agents on Supernatant Oxidative Stress 
Parameters

A statistical decrease in SOD and CAT activities and a statistical 
increase in MDA levels were observed in the PCOS group 
compared to the control group. A decrease in GPx activity 
was also observed compared to the control group, but this 
decrease was not statistically significant. When the treatment 
agent applied groups were compared with the PCOS group, a 
statistical increase in SOD activity was observed in the AGN 
and AGN+CH treatment groups. CAT and GPx activities were 
also increased in the treated groups compared to the PCOS 
group, but this increase was not statistically significant (p>0.05) 
(Table IV). Although, there was a decrease in MDA levels in all 
treatment groups compared to the PCOS group, this decrease 
was statistically significant only in the CH group.
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Histological Results

Vaginal Smear Reviews

Vaginal smear findings support the successful formation of 
PCOS with DHEA. When the rats in the SHAM group were 
examined, a regular estrous cycle was observed. In the rats in 
the PCOS group, the estrous cycle was found to be impaired, 
irregular and prolonged. It was observed that the irregular cycle 
started to improve in the groups that were treated with the 
treatment agent after PCOS occurred. Vaginal smear samples of 
the groups are as in Figure 3.

Figure 3. Vaginal smear samples of SHAM and PCOS groups.
A: Proestrous, B: Diestrous,   C:  Oestrous, D: Metestrous  (belonging 
to the SHAM group), E: Diestrous  (belonging to the PCOS group)

Ovarian Follicle Count and Histological Appearance of 
Ovarian Tissues

When the rat ovary sections were evaluated under the light 
microscope, there were many corpus luteum and ovarian 
follicles at different stages of development (primordial, primary, 
secondary and Graff) in the ovarian cortex in the preparations 
belonging to the SHAM group. Granulosa cells and theca 
structures were histologically normal.Corpus luteum structures 
were normal and well-defined.
Similar to the SHAM group, multiple corpus luteum and follicles 
at different developmental stages were observed in the ovarian 
sections of the PCOS group. However, when the two groups were 
compared, it was found that the number of secondary follicles 
increased significantly in this group (p<0.05). It was also observed 
in this group that the number of primordial and primary follicles 
decreased and the number of cystic follicles increased compared to 
the SHAM group, but these changes were statistically insignificant 
(p>0.05). Again, in the PCOS group, excessive dilatation of 
the vessels in the cortical stroma was noted (Figure 4). In the 
PCOS+AGN, PCOS+CH and PCOS+AGN+CH groups, the 
secondary follicle counts were decreased compared to the PCOS 
group, and the Graff follicle counts were decreased compared 
to the SHAM group. It was determined that vascular dilatation 
observed in the PCOS group decreased in all treatment groups. 
However, vascular congestion was remarkable in the PCOS+AGN 
group. The follicle and corpus luteum count results of all groups 
are presented in Table V.

Table II. Effect of Apigenin and Chrysin on FSH, LH levels in DHEA-induced PCOS rats
Factors/Groups SHAM      PCOS     PCOS+AGN PCOS+CH PCOS+AGN+CH
FSH (mIU/mg protein) 31.75±2.55 39.54±5.79* 37.25±6.36 36.72±5.41 37.19±4.31
LH (mIU/mg protein) 34.30±3.03 45.91±8.30** 40.76±4.82 41.48±4.98 42.74±4.01*
LH/FSH 1.08±0.89 1.17±2.41 1.11±0.21 1.14±0.13 1.15±0.11
PROG (ng/mg protein) 112.81±15.24 79.87±16.25** 86.47±13.96** 82.48±10.27** 82.52±11.14**

A value of ∗p < 0.05, ∗∗p < 0.01 was considered as significant versus the sham group. PCOS: Polycystic ovary syndrome, AGN: apigenin, CH: Chrysin, FSH: Follicle-
stimulating hormone, LH: Luteinizing hormone, PROG: progesterone

Table III. Effect of Treatment Agents on Inflammation Parameters

Factors/Groups SHAM PCOS PCOS+AGN PCOS+CH PCOS+AGN+CH

IL-18 (ng/protein) 138.11±21.22 230.99±28.34** 187.83±23.47*+ 193.91±34.88**+ 194.54±15.28**+

IL-1β (ng/protein) 184.46±29.22 287.62±75.41** 242.27±20.76 232.45±29.77+ 228.71±24.97+

IL-13 (ng/protein) 213.53±24.42 294.21±29.40** 275.02±27.35** 283.75±27.38** 278.11±31.93**
A value of ∗p < 0.05, ∗∗p < 0.01 was considered as significant versus the SHAM group. PCOS: Polycystic ovary syndrome, AGN: apigenin, CH: Chrysin

Table IV. Effect of Treatment Agents on Supernatant Oxidative Stress Parameters
Factors/Groups SHAM PCOS PCOS+AGN PCOS+CH PCOS+AGN+CH
SOD activity 93.55±6.50 71.65±7.80** 84.83±9.57+ 82.00±12.12 91.07±12.03++

CAT activity 6.69±1.16 4.96±1.07* 5.82±1.21 5.18±1.36 5.33±0.73
GPx activity 5179.23±364.92 4822.02±682.64 5124.46±488.66 5303.70±655.25 5070.61±559.81
MDA level 13.96±2.51 19.68±3.02** 16.94±1.86 17.60±2.40* 16.62±2.57

A value of ∗p < 0.05, ∗∗p < 0.01 was considered as significant versus the SHAM group. A value of +p < 0.05, ++p < 0.001 was considered as significant versus the PCOS 
group. PCOS: Polycystic ovary syndrome, AGN: apigenin, CH: Chrysin. SOD: Superoxide dismutase, CAT: Catalase, GPx: Glutathione peroxidase, MDA: Malondialdehyde
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4. DISCUSSION

Polycystic ovary syndrome is a very common endocrine 
disorder in women of reproductive age, which is characterized 
by enlargement of the ovaries and the formation of many small 
cysts, which paves the way for a number of hormonal problems 
in the individual, and whose exact cause is still unknown [24]. 
To understand the etiopathology of PCOS, the present study 
employed a DHEA-treated rat model, which exhibits metabolic 
signs similar to the human PCOS condition. To our knowledge, 
this is the first study using the PCOS rat model to investigate 
the effects of the combination of apigenin and chrysin on the 
estrous cycle, weight gain, and endocrine parameters such as 
testosterone and fasting insulin level. Combination therapies 
have proven to be an invaluable strategy in medical treatment 
ever since the inception of medicine [25]. In contemporary 
times, the utilization of appropriate drug combinations not only 
enhances therapeutic effectiveness in contrast to single-drug 
administration but also facilitates the attainment of positive 
outcomes with reduced doses of individual components. This, 
in turn, mitigates the occurrence of side effects, minimizes the 

development of drug resistance, and can also offer selective 
synergy against a specific target [26].
An irregular estrous cycle is used as an indicator of the successful 
establishment of PCOS in animal models [27] Hence, to verify 
PCOS in our study, the estrous cycle was noted from day 1 to 
28, as well as changes in ovulation phases. The group of PCOS 
exhibited estrous cycle irregularity mostly at the stage of the 
diestrus phase, which is an indication of anovulation.
Women with PCOS have the problem of gaining weight together 
with hormonal imbalances. Namely, PCOS makes it difficult 
to use the insulin hormone and can lead to the development 
of insulin resistance. Increased insulin levels also increase the 
production of androgens, which lead to pilosity, acne, menstrual 
irregularity and weight gain [28]. In a study, it was reported that 
the body and ovarian weights of rats in the PCOS group were 
significantly higher than the control group [29]. In our study, 
it was also found that the body and ovarian weights of rats in 
the PCOS group increased statistically compared to the SHAM 
group, in line with the aforementioned study.

Table V. Ovarian follicle count
Groups Primordial

Follicle

Primary

Follicle

Secondary

Follicle

Graff

Follicle

Corpus

Luteum

Cystic

Follicle
SHAM 9.50±0.64 8.25±2.05 17.75±1.47 1.50±0.95 13.75±2.86 0.25±0.25
PCOS 7.00±2.12 4.25±1.25 31.50±4.66a 1.25±0.25 14.00±0.91 2.00±0.70
PCOS+AGN 2.25±0.85 4.25±1.49 14.25±3.94b 0.00±0.00a 10.00±2.34 1.50±0.86
PCOS+CH 4.25±2.32 4.25±2.32 19.50±2.32 0.00±0.00a 13.50±1.89 1.00±0.40
PCOS+AGN+CH 8.25±2.65 3.75±0.62 10.00±1.63b 0.50±0.28a 8.50±0.93 0.50±0.28

a: Compared to the SHAM group, b: Compared to the PCOS group p<0.05                PCOS: Polycystic ovary syndrome, AGN: Apigenin, CH: Chrysin.

Figure 4. Histological appearance of ovarian tissues. A: Sham group, B-C: PCOS group, D: PCOS+AGN group, E: PCOS+CH group, F: PCOS+AGN+CH 
group. KL: Corpus luteum; SF: Secondary follicle; PF: Primary follicle; PrmF: Primordial follicle; GF: Graff ’s follicle; CF: Cystic follicle. Star: Vascular 
dilatation; Triangle: Congestion. x100, H&E.
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Follicle-stimulating hormone ( FSH) is necessary for pubertal 
development and the function of women’s ovaries and men’s 
testes. This hormone stimulates the growth of ovarian follicles 
in the ovary before the release of an egg from one follicle at 
ovulation in women. It also increases estradiol production 
from the ovaries [30]. The normal level of serum FSH gradually 
increases from the beginning of the menstrual cycle to the middle 
of the cycle and decreases gradually to the basal value after 
ovulation [31]. LH a gonadotropin in glycoprotein structure, is 
responsible for inducing ovulation, preparation for fertilized 
oocyte uterine implantation, and the ovarian production of 
progesterone through stimulation of theca cells and luteinized 
granulosa cells [32]. Both FSH and LH play important functions 
in ovulation, and PCOS patients commonly show a two to 
three-fold increased LH/FSH ratio, which is sufficient to disrupt 
ovulation [33]. In a study it was reported LH, LH/FSH ratio 
in the PCOS model group significantly increased, in contrast, 
the level of FSH decreased [34]. In a letrozole-induced PCOS 
study, it was found that the PCOS-induced group had raised 
levels of LH, while the PCOS-induced group had lower levels 
of progesterone, estrogen, and FSH [35]. In our study, LH and 
FSH levels were higher in the PCOS group compared to the 
SHAM group, and a decrease was detected in the treatment 
agent-administered groups compared to the PCOS group. 
Progesterone is a 21-carbon steroid hormone of ovarian origin 
and is also secreted by the action of LH secreted from the 
anterior lobe of the pituitary [36]. Women with PCOS need 
high progesterone levels to reduce GnRH secretion because 
FSH synthesis is insufficient and LH synthesis is high. However, 
since low secretion of FSH will cause anovulation, progesterone 
levels may remain low [37]. It was reported in a study that in 
PCOS, progesterone levels were significantly lower than in 
the control group [38]. It was also reported that progesterone 
levels decreased in the PCOS model created with intramuscular 
estradiol valerate injection compared to the control group [39].
In our study, the supernatant progesterone levels were also 
statistically lower in all PCOS-induced groups compared to 
the control group. Apigenin treatment increased supernatant 
progesterone levels more than chrysin and AGN+CH treatment.
Inflammation is thought to be an important contributor to the 
pathogenesis of PCOS. That is, inflammation is likely to trigger 
events that lead to increased ovarian androgen production and 
reproductive dysfunction in PCOS patients [40]. Studies have 
reported that serum and follicular fluid IL-1β levels are elevated 
in women with PCOS [41,42]. It has been reported that ovarian 
tissue IL-1β levels in the PCOS model created with DHEA 
increased in the model group compared to the control group 
[43]. In our study, IL-1β levels were higher in the PCOS group 
compared to the SHAM group, and there was a decrease in the 
treatment agent-administered groups compared to the PCOS 
group. IL-18, a proinflammatory cytokine belonging to the IL-1 
superfamily [44], is enhanced in PCOS patients [45]. In a study, 
IL-18 level was detected significantly higher in all the PCOS 
groups compared to the control group [46]. In our study, IL-
18 levels were higher in the PCOS-induced groups than in the 
SHAM group. Moreover, previous studies showed that agents 

such as baicalin [47], and resveratrol [48] which have anti-
inflammatory effects can improve the low-grade inflammation 
state by decreasing the levels of proinflammatory cytokines 
such as IL-18, including the PCOS rats. Also, in our study, a 
statistically significant decrease was observed in the supernatant 
IL-18 levels in the all-treatment groups compared to the PCOS 
group. Interleukin-13, a cytokine, increases the production of 
adhesion molecules on the endothelium and downregulates 
prostaglandin and E2 production [49]. In a study, it was reported 
that IL-12 and IL-13 levels in the follicular fluid were higher in 
a subgroup of patients with PCOS compared to women with 
normal ovulation [49]. It has been reported that serum IL-
13 levels are higher in women with PCOS during pregnancy 
compared to the control group [50]. In our study, the selected 
cytokines levels were higher compared to the SHAM group. 
Moreover, apigenin and chrysin showed an anti-inflammation 
effect by decreasing of the inflammatory cytokine levels.
Oxidative stress is another factor that contributes to the 
pathological process of PCOS, which affects reproduction. 
Improving antioxidant activities, including SOD, GPx, CAT, 
and GSH, may be beneficial for inhibition and modulation 
of oxidative stress in PCOS [51]. Haslan et al., in their study 
of rat polycystic ovary induced by letrozole, stated that the 
oxidant-antioxidant balance was impaired in the PCOS group, 
while Ficus deltoidea improved the deteriorated balance [52]. 
In another PCOS study, it was reported that the activities of 
antioxidants such as SOD, GPx, CAT, and GSH were decreased 
in rats with PCOS, while they increased significantly with 
luteolin [51]. In our study, it was determined that MDA levels 
were higher and selected antioxidant enzyme activities were 
lower in PCOS-induced rats compared to the SHAM group, as 
in the studies mentioned above, which indicates an oxidant-
antioxidant imbalance. Moreover, it was observed that the 
therapeutic agents applied decreased the MDA levels, and 
increased the antioxidant enzyme activities, restoring the 
deteriorated oxidant-antioxidant balance.
The effects of apigenin and chrysin on ovarian tissue and 
molecular changes in rats with PCOS induced by DHEA were 
examined. In a similar study, the effect of applying different 
amounts of apigenin on the changes in polycystic ovaries was 
investigated [53]. This study stated that apigenin prevented 
primordial follicles from turning into primary follicles. They 
also concluded that apigenin reduces various complications 
caused by PCOS and had protective effects on cystic follicles 
formed in the ovaries. In another study, it was observed that 
apigenin helped increase primary follicle, Graff follicle, and 
corpus luteum and decrease cystic follicles. It was stated that 
apigenin also played an important role in follicle development 
and the initiation of ovulation [54]. In our study, it was observed 
that apigenin, as an antioxidant and anti-angiogenic agent, 
reduced and improved the cystic follicles in the ovaries resulting 
from PCOS.
In conclusion, this study scientifically reveals the beneficial 
effects of apigenin and chrysin on the parameters involved 
in the inflammation and oxidative stress mechanisms in the 
pathophysiology of PCOS. Similar studies using different 
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treatment methods, emphasize that apigenin alone is more 
effective than chrysin or in combination with other treatment 
agents, and could be used for PCOS as an alternative therapeutic 
agent.
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ABSTRACT
Objective: The aim of this study was to investigate the relationship between pancreatin-derived medications and the treatability of 
gastrointestinal complaints after cholecystectomy.
Patients and Methods: The relationship between postoperative symptomatic status and the use of proton pump inhibitors (PPIs) 
and pancreatin-derivated medications in patients admitted to our hepatobiliary surgery service who underwent cholecystectomy was 
retrospectively analyzed. IBM SPSS Statistics 23 (IBM SPSS,Turkey) was used for statistical analysis. Descriptive statistical methods 
(mean, standard deviation, median, frequency, ratio, minimum, maximum) were used to evaluate the study data. Pearson Chi-Square 
Test and Fisher’s Exact test were used to compare qualitative data. Significance was evaluated at the p<0.05 level.
Results: Proton pump inhibitors and pancreatin-derivatives were prescribed to all patients in the postoperative period. Although, the 
rate of postoperative asymptomatic course was higher in all patients, the rate of postoperative symptoms was found to be higher in 
patients who received PPI and pancreatin therapy (p=0.001, p=0.022; p<0.01).
Conclusions: Although, the high rate of asymptomatic postoperative course in all patients indicates that cholecystectomy alone is 
curative, some symptoms may persist in the postoperative period and it was found to be more frequent in patients who used PPI and 
pancreatin-derived medications in the postoperative period.
Keywords: Cholecystectomy, Pancreatin-derivatives, Proton Pump Inhibitors, Dyspepsia

1. INTRODUCTION

Dyspepsia is a combination of symptoms including subjective 
complaints such as upper abdominal or retrosternal pain, 
bloating that does not resolve with defecation, early satiety, 
feeling of fullness and nausea, with a wide range of differential 
diagnoses and can be explained by multiple pathophsiologic 
mechanisms [1,2]. It has been reported that some patients 
presenting with dyspeptic complaints are diagnosed with 
gastritis or peptic ulcer, while many do not know the exact 
diagnosis [3]. In addition, it has also been reported that 
helicobacter pylori eradication treatment causes a significant 
decrease in dyspepsia complaints [4]. The main factors causing 
dyspepsia are gastritis, gastroesophageal reflux disease and 
peptic ulcer, as well as drugs and gastric malignancies [5]. 
Pancreatobiliary pathologies ranging from asymptomatic 
gallstones to malignancies are known to be among the causes 
of dyspepsia. Gallstones are usually clinically asymptomatic and 
incidentally detected. Cholecystectomy is the primary treatment 

method for symptomatic or complicated gallstones, and is used 
prophylactically in the presence of porcelain sacs, gallbladder 
polyps larger than 1 cm in diameter, sickle cell anemia and 
hereditary spherocytosis, even if asymptomatic [6,7]. However, 
major biliary pathologies may produce a clinical picture with 
pancreatic enzyme deficiency and many may be associated with 
gastrointestinal symptoms. Treatment of patients with pancreatic 
enzyme deficiency is a difficult clinical picture, especially in 
patients with chronic alcoholic pancreatitis or cystic fibrosis and 
after pancreatectomy [8].
Pancreatic enzyme deficiency is considered in patients with 
symptoms such as steatorrhea, diarrhea and weight loss, and this 
condition is shown by various diagnostic methods. In addition, 
findings such as pancreatic ductal dilatation or stones by various 
imaging or endoscopic methods and the presence of other 
symptoms support pancreatic enzyme deficiency and pancreatic 
enzyme replacement constitutes the basic treatment strategy 
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in such cases [9]. Digestion of fats is the determining factor in 
pancreatic enzyme deficiency, and some systemic diseases such 
as denaturation of lipase by gastric acid, inappropriate timing of 
enzymes, concomitant small intestinal mucosal diseases, rapid 
intestinal transit, and some systemic diseases such as diabetes 
and some genetic diseases such as cystic fibrosis also affect the 
activity of pancreatic enzymes [10]. Furthermore, it has been 
shown that pancreatic exocrine insufficiency may ocur after 
gastrectomy in some patient subgroups [11].
Pancreatic enzyme replacement therapy has been found safe 
and effective in many complicated causes of pancreatic exocrine 
insufficiency, including chronic pancreatitis, cystic fibrosis and 
pancreatic cancer [12]. However, uncomplicated gallstones may 
also be accompanied by dyspeptic complaints and pancreatic 
enzyme replacement has been tried for treatment. In this study, 
we aimed to investigate the relationship between pancreatin-
derived medications and the treatability of gastrointestinal 
complaints after cholecystectomy.

2. PATIENTS and METHODS

The data of patients admitted to the Istanbul University 
Cerrahpasa Medical Faculty, Hepatobiliary Surgery Service 
who underwent laparoscopic cholecystectomy were reviewed 
retrospectively. Preoperative examinations and evaluations 
as well as data recorded in patient files and hospital databases 
were analyzed, and age, gender, pre-cholecystectomy abdominal 
imaging results and clinics, preoperative complicated 
cholelithiasis status, preoperative pain and dyspepsia symptoms 
were recorded for each patient. The presence of complicated 
cholelithiasis was determined according to the preoperative 
history of cholangitis, choledocholithiasis, biliary pancreatitis, 
endoscopic retrograde cholangiopancreatography, and the 
presence of cholecystitis, cholecystostomy, and peropal 
conversion to open surgery. These findings were obtained 
by reviewing patient anamnesis and clinical course notes, 
radiological imaging and operative notes, and postoperative 
pathology reports in hospital databases. All patients were given 
perioperative antibiotic prophylaxis, and in the postoperative 
period, proton pump inhibitor (PPI) was prescribed once daily 
in the morning before meals and pancreatin derivetives were 
prescribed three times daily between meals. Pancreatin, a crude 
mixture, is derived from pig or ox pancreas and contains at 
least 2 United States Pharmacopeia (USP) units of lipase and 25 
USP units of amylase and protease activity per milligram. The 
pancreatin product prescribed to the patients was 170 mg (5500 
Amylase, 6500 Lipase, 400 Protease F.I.P units) (porcine origin). 
The symptomatic status of the patients after discharge and the 
use of the prescribed medications were learned by telephone. 
Preoperative symptoms and complaints, early postoperative 
symptoms at 1st month, and late postoperative symptoms at 3rd 
month were questioned separately. Gastritis history was recorded 
according to the presence of complaints and gastroscopy results. 
Patients without dyspeptic complaints and without gastroscopy 
were considered to have no history of gastritis.

Patients undergoing laparoscopic cholecystectomy who had 
no evidence of other organic, systemic, metabolic diseases 
to explain dyspeptic symptoms were included into the study; 
some systemic, gastrointestinal, and genetic diseases such as 
cystic fibrosis accompanied by pancreatic enzyme deficiency, 
patients who underwent major pancreatobiliary surgery, open 
cholecystectomies, patients who developed complications such 
as bilioma, biliary tract injury, etc. requiring rehospitalization 
after cholecystectomy, patients with pregnancy or breastfeeding 
status, and patients whose data could not be reached or who 
refused to participate were excluded. In addition, inability to 
provide standardization in detailing the cost for patients not 
using PPI and pancreatin derivatives, disregarding the treatment, 
considering medical treatment unnecessary/surgical sufficient, 
ideological and religious reasons, etc. were not examined and 
were excluded from the discussion for objectivity.
The study was reviewed by the Clinical Research Ethics 
Committee of Istanbul University Cerrahpasa Medical Faculty 
on 07.09.2021, and was approved with the number E-83045809-
604.01.02-178270.

Statistical Analysis

IBM SPSS Statistics 23 (IBM SPSS, Turkey) program was used 
for statistical analysis while evaluating the findings obtained 
in the study. Descriptive statistical methods (mean, standard 
deviation, median, frequency, ratio, minimum, maximum) 
were used to evaluate the study data. Pearson Chi-Square Test 
and Fisher’s Exact test were used to compare qualitative data. 
Significance was evaluated at the p<0.05 level.

3. RESULTS

In this study, a total of 290 patients, 61.4% (n=178) female and 
38.6% (n=112) male, who underwent cholecystectomy were 
retrospectively analyzed. The ages of the patients ranged between 
22-88 years with a mean age of 54.45±13.79 years. Preoperatively, 
25.2% (n=73) had complicated cholelithiasis, 31.4% (n=91) 
had gastritis, 74.5% (n=216) had pain and 48.3% (n=140) 
had dyspeptic complaints. The mean length of hospitalization 
was 1.44 days. All patients received perioperative antibiotic 
prophylaxis and PPI and pancreatin derivatives were prescribed 
to all patients after discharge. In the postoperative period, 33.8% 
(n=98) of the patients used PPIs, 48.6% (n=141) used pancreatin 
derivatives, and 21.4% (n=62) used both PPIs and pancreatin. 
In the early postoperative period, 90.7% (n=263) of the patients 
were asymptomatic, 5.5% (n=16) had pain and 3.8% (n=11) had 
dyspeptic complaints. In the advanced postoperative period, 
89.3% (n=259) of the patients were asymptomatic, 4.5% (n=13) 
had pain and 6.2% (n=18) had dyspeptic complaints (Table I).
There was no significant difference in the distribution of 
symptoms in the early postoperative period and in the advanced 
postoperative period according to age, gender, and the presence 
of complicated cholelithiasis in the preoperative period (p>0.05). 
There was also no significant difference in the distribution 
of symptoms according to the patients’ history of gastritis 
(p>0.05). However, in the advanced postoperative period, the 
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rate of dyspeptic complaints was higher than pain complaints in 
patients with a history of gastritis (p=0.015; p<0.05) (Table II).
In the evaluation of postoperative symptoms, the rate of 
postoperative asymptomatic progression was higher in all 
groups compared to PPI use alone, however, both pain and 
dyspepsia rates were higher in PPI use alone (p=0.002, p=0.001; 
p<0.01) (Table III).

Table I. Distribution of descriptive characteristics 

 n    %
Age (year) Min-Max 

Mean±Sd
(Median); 22-88 (55) 54.45±13.79

< 40 years 42 14.5
≥ 40 years 248 85.5

Gender Female 178 61.4
Male 112 38.6

Having Preoperative 
Complicated 
Cholelithiasis

None 217 74.8
Yes 73 25.2

Preoperative gastritis 
history

None 199 68.6
Yes 91 31.4

Postoperative PPI 
use only

None 192 66.2
Yes 98 33.8

Postoperative use of 
Pancreatin

None 149 51.4
Yes 141 48.6

Postoperative use of 
PPI+Pancreatin

None 228 78.6
Yes 62 21.4

Preoperative period 
symptoms

Pain 216 74.5
Dyspepsia 140 48.3

Early postoperative 
period symptoms

Asymptomatic 263 90.7
Pain 16 5.5
Dyspepsia 11 3.8

Advanced 
postoperative period 
symptoms

Asymptomatic 259 89.3
Pain 13 4.5
Dyspepsia 18 6.2

(More than one symptom may occur together in each case.)
(PPI: Proton Pump Inhibitor)

Table II. Evaluation of symptoms in early postoperative and postoperative 
advanced periods according to the presence of preoperative gastritis history

Preoperative Gastritis      
History

   P
None (n=199) Yes (n=91)

     n (%)    n (%)
Early postoperative 
period symptoms

Asymptomatic 183 (92.0) 80 (87.9) 0.496
Pain 10 (5.0) 6 (6.6)
Dyspepsia 6 (3.0) 5 (5.5)

Advanced 
postoperative 
period symptoms

Asymptomatic 184 (92.5) 75 (82.4) 0.015*
Pain 8 (4.0) 5 (5.5)
Dyspepsia 7 (3.5) 11 (12.1)

Pearson Chi-Square Test  *p<0.05

In the evaluation of postoperative symptoms, the rate of 
asymptomatic course was higher in all groups compared to 
postoperative pancreatin derivatives use alone; there was no 
significant difference in the distribution and rate of symptoms 
in the early postoperative period symptoms (p>0.05). However, 
in the advanced postoperative period, the rate of symptoms was 
higher in pancreatin users; among the symptoms, the incidence 
of dyspepsia was found to be higher (p=0.001; p<0.01) (Table 
IV).

Table III. Evaluation of symptoms in the early postoperative and 
postoperative advanced periods based on PPI use only

PPI Use Only

P
None (n=192) Yes (n=98)
   n (%)    n (%)

Early 
postoperative 
period symptoms

Asymptomatic 182 (94.8) 81 (82.7) 0.002**
Pain 7 (3.6) 9 (9.2)
Dyspepsia 3 (1.6) 8 (8.2)

Advanced 
postoperative 
period symptoms

Asymptomatic 183 (95.3) 76 (77.6) 0.001**
Pain 5 (2.6) 8 (8.2)
Dyspepsia 4 (2.1) 14 (14.3)

Pearson Chi-Square Test  **p<0.01

Table IV. Evaluation of symptoms in early postoperative and postoperative 
advanced periods according to postoperative pancreatin derivative use

Use of Pancreatin Derivative 
Only

   P
None (n=149) Yes (n=141)

    n (%)     n (%)
Early 
postoperative 
period symptoms

Asymptomatic 140 (94.0) 123 (87.2) 0.125
Pain 6 (4.0) 10 (7.1)
Dyspepsia 3 (2.0) 8 (5.7)

Advanced 
postoperative 
period symptoms

Asymptomatic 141 (94.6) 118 (83.7) 0.001**
Pain 7 (4.7) 6 (4.3)
Dyspepsia 1 (0.7) 17 (12.1)

Pearson Chi-Square Test  **p<0.01

Table V. Evaluation of symptoms in early postoperative and postoperative 
advanced periods according to postoperative PPI + pancreatin derivative 
concomitant use

Use of PPI + Pancreatin 
derivative

   p
None (n=228) Yes (n=62)

     n (%)    n (%)
Early 
postoperative 
period symptoms

Asymptomatic 211 (92.5) 52 (83.9) 0.022*
Pain 12 (5.3) 4 (6.5)
Dyspepsia 5 (2.2) 6 (9.7)

Advanced 
postoperative 
period symptoms

Asymptomatic 213 (93.4) 46 (74.2) 0.001**
Pain 10 (4.4) 3 (4.8)
Dyspepsia 5 (2.2) 13 (21.0)

Fisher Freeman Halton Exact Test  *p<0.05              **p<0.01
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The rate of asymptomatic course was found to be higher; when 
the symptoms were analyzed, it was observed that the rate of being 
symptomatic increased in postoperative PPI and pancreatin 
combination use, and the rate of dyspepsia increased more than 
pain (p=0.022, p=0.001; p<0.05) ( Table V). The distribution of 
symptoms in the postoperative period was similar according to 
age and gender, and according to the presence of a history of 
gastritis in postoperative PPI and pancreatin combination use 
(p>0.05).
When the distribution of postoperative symptoms in the 
combined use of PPI and pancreatin derivatives, it was observed 
that the rate of being asymptomatic was higher in all groups. 
However, the rate of symptomatic patients was higher in patients 
who used PPI+pancreatin combination; in patients who did not 

have preoperative complicated cholelithiasis, the pain seen in 
the early postoperative period decreased in the postoperative 
advanced period, and the rate of dyspepsia increased. In 
patients with preoperative complicated cholelithiasis, there was 
no change in the rate of pain in the postoperative period, while 
the rate of dyspepsia increased in the postoperative advanced 
period (p>0.05). In patients who did not use PPI + pancreatin 
combination postoperatively, both pain and dyspepsia rates 
decreased in the postoperative advanced period in patients 
without complicated cholelithiasis. However, in patients with 
complicated cholelithiasis, the postoperative advanced period 
pain rate did not change, whereas the dyspepsia rate increased 
(p=0.014; p<0.05) (Table VI).

Table VI. Evaluation of symptoms in the early postoperative and postoperative advanced periods according to the presence of preoperative complicated 
cholelithiasis in the combination of postoperative PPI + pancreatin derivative

Use of PPI

       + Pancreatin 
derivative Period Symptoms 

Preoperative Complicated Cholelithiasis

   p

None 
 (n=217)

Yes  
(n=73)

   n (%)    n (%)
Yes Early post- operative period 

symptoms
Asymptomatic 38 (82.6) 14 (87.5) 1.000
Pain 3 (6.5) 1 (6.3)
Dyspepsia 5 (10.9) 1 (6.3)

Advanced post- 
operative period symptoms

Asymptomatic 35 (76.1) 11 (68.8) 0.771
Pain 2 (4.3) 1 (6.3)
Dyspepsia 9 (19.6) 4 (25.0)

None Early post- 
operative period symptoms

Asymptomatic 160 (93.6) 51 (89.5) 0.172
Pain 9 (5.3) 3 (5.3)
Dyspepsia 2 (1.2) 3 (5.3)

Advanced post- 
operative period symptoms

Asymptomatic 163 (95.3) 50 (87.7) 0.014*
Pain 7 (4.1) 3 (5.3)
Dyspepsia 1 (0.6) 4 (7.0)

Fisher Freeman Halton Exact Test  *p<0.05

4. DISCUSSION

Gallstones are one of the most common gastrointestinal 
problems in the general population. In our study where 290 
patients underwent cholecystectomy, 25.2% (n=73) had a history 
of complicated cholelithiasis and 31.4% (n=91) had a history of 
gastritis in the preoperative period; when the symptoms were 
examined, 74.5% (n = 216) had pain and 48.3% (n = 140) had 
dyspeptic complaints. Cholecystectomy is the main treatment 
for symptomatic or complicated gallstones. Studies have shown 
that although dyspeptic complaints are significantly reduced 
after cholecystectomy, dyspepsia and abdominal pain persist in 
some patients. There are also studies indicating that pathologies 
such as gastritis, duodenitis and ulcers may accompany patients 
with atypical gastrointestinal complaints and that persistent 
symptoms may be related to them [7]. In our study, the rate 
of asymptomatic course in the postoperative period was 
significantly higher in all patients, and this result is consist with 

the fact that cholecystectomy alone is curative in cholelithiasis. 
In our study, postoperative symptoms such as dyspepsia and 
abdominal pain were not releated to age, gender, and complexity 
of cholelithiasis; however, it was shown that postoperative 
dyspeptic symptoms were higher in patients with a history of 
gastritis.
Although, the evaluation of upper abdominal pain after 
cholecystectomy is subjective, its frequency has been reported in 
the literature between 10-33% and higher in women. Although, 
the causes have not been fully elucidated, periampullary 
pathologies and oddi sphincter dysfunction have been found to 
be the most common etiologies [13]. In our study, the frequency 
of pain after cholecystectomy was between 4.5-5.5%, and no 
difference was found according to age and gender.
The main causes of dyspepsia include peptic ulcer disease, 
gastroesophageal reflux disease, biliary pathologies, some 
drugs and gastric malignancies [14]. Studies have shown that 
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the most common findings in patients with dyspepsia are 
erosive esophagitis and peptic ulcer disease, and treatment has 
been reported to cause a significant reduction in dyspepsia 
complaints [14,15]. It is known that proton pump inhibitors 
alone or in combination have a place in the treatment of diseases 
such as gastritis and ulcers, and pancreatic enzymes are used in 
the treatment of digestive disorders in which fat digestion is the 
determinant [10]. In our study, only PPIs were used in 33.8% 
(n=98), only pancreatin derivatives in 48.6% (n=141) and both 
PPIs and pancreatin derivatives in 21.4% (n=62) of the patients 
in the postoperative period.
In our study, an increase was observed in postoperative 
symptoms with the use of PPI alone or pancreatin derivative 
alone. Similarly, the combination of PPI and pancreatin 
derivative caused an increase in postoperative symptoms and 
the rate of dyspepsia was higher. When the reasons for this are 
examined, it should be kept in mind that pancreatic enzyme 
replacement may not always provide the desired beneficial effect 
due to enzyme inactivation by gastric acid [16]. As a matter of 
fact, in our study, the distribution of symptoms was found to 
be similar in PPI and pancreatin use when evaluated according 
to the presence of history of gastritis; even in the presence of 
preoperative complicated cholelithiasis, which has been shown 
to be associated with postoperative symptomatic status, PPI and 
pancreatin derivated use did not decrease or even increased the 
symptoms.
Pancreatic enzyme replacement therapy (PERT) is a difficult 
clinical problem due to acid instability. To solve this problem, 
various preparations of porcine pancreatin or some fungal 
enzymes have been introduced to the market as enteric-coated 
tablets or microspheres, and sometimes combined therapies with 
H2 receptor antagonists are required [10]. Exocrine insufficiency 
occurs in more than 90% dysfunction of the pancreas and PERT 
is given to reduce malnutrition and morbidity to patients with 
insufficiency [17]. There are publications showing the benefits 
of routine PERT use after pancreatic resections [18]. In cases 
of pancreatic insufficiency after gastric surgery, PERT has been 
shown to improve malnutrition and improve quality of life [19].
Based on the data obtained in the study, postoperative PPIs 
and pancreatin derived medications had no positive effect on 
ongoing postoperative symptoms and even had a negative 
effect. Therefore, in the light of the available data, it can be 
concluded that such medications should be limited to major 
pancreatobiliary pathologies for which the indication is 
indisputable today. Prospective, randomized and large-scale 
studies are needed for more precise and effective results.
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ABSTRACT
Objective: Combined with open reduction through medial adductor approach, Salter innominate osteotomy (SIO) and Pemberton 
pericapsular osteotomy (PPO) methods are common procedures for the repair of incomplete acetabulum structure in patients with 
developmental hip dysplasia (DHD). The aim of this study is to compare the outcomes of acetabulum development in patients treated 
using these two methods.
Patients and Methods: We retrospectively reviewed the medical records of 50 (65 hip joints) children who underwent SIO or PPO for 
DHD. Thirty-three patients underwent SIO and 32 patients underwent PPO as surgical treatment. The criteria of Tönnis, modified 
McKay, and Severin, and angles of acetabular index (AI) and acetabular center-edge (CE) angles of both groups were compared.
Results: There were significant differences between two groups in the time of operation, follow-up time after operation, preoperative 
and postoperative AI angles, and postoperative 1styear CE angles. AI was detected as lower in the PPO group at 1stmonth postoperatively. 
Whereas, mean AI was detected as higher in the preoperative PPO group. In addition, the acetabular CE angle was significantly lower 
in the PPO group at 1styear postoperatively. However, there was no significant difference between the groups in terms of the CE angle 
value measured at the final follow-up.
Conclusion: Salter innominate osteotomy and PPO methods used in the treatment of DHD have specific advantages and disadvantages. 
Preoperative and intraoperative evaluations of patients are very important in determining which procedure should be performed. 
When the choice is made properly, clinical and radiological results are both satisfactory.
Keywords: Developmental hip dysplasia, Pemberton pericapsular osteotomy, Salter innominate osteotomy

1. INTRODUCTION

The purpose of treatment for developmental hip dysplasia (DHD) 
is reduction and stabilization of the joint and establishment of 
the physiological development of the hip. Patients <24 months 
of age are routinely performed open reduction through medial 
approach, and surgical outcomes are satisfactory especially for 
patients <12 months [1]. This is a simple, less traumatic and safe 
procedure with minimal soft tissue dissection and blood loss, 
also it can be applied to both hips in the same session [2]. But, 
after 18 months of age, structural changes around the dislocated 
hip may prevent concentric reduction. In such hips, medial 
approach has two major disadvantages: i) capsulorrhaphy which 
is required to prevent recurrent luxation or subluxation cannot 
be performed, and ii) acetabular osteotomy is not an option [2].
Salter innominate osteotomy (SIO) and Pemberton pericapsular 
osteotomy (PPO) are common procedures that can be performed 
in addition to open reduction through medial adductor approach 

for the repair of dysplasic acetabulum in patients with DHD; 
especially >18 months of age [3,4]. SIO is a complete osteotomy 
that reorients the entire acetabulum to achieve the best possible 
femoral head-acetabulum accordance [3]. However, PPO is an 
incomplete osteotomy performed to change the shape of the 
acetabulum depending on the horizontal branch of the triradiate 
cartilage [5]. The objective of both methods are to improve the 
antero-lateral coverage of the femoral head [6,7].
Our hypothesis is; there are some differences between the two 
methods that should be considered by the surgeon, by evaluating 
each patient individually, to achieve similar clinical and 
radiological results. Based on this hypothesis; this study aims to 
compare the results of acetabulum development in patients who 
underwent SIO or PPO in addition to open reduction through 
medial adductor approach, for the treatment of DHD.

https://orcid.org/0000-0002-5617-4670
https://orcid.org/0000-0001-7638-7932
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2. PATIENTS and METHODS

Patients and ethical consideration

The data of patients who underwent DHD surgery in the 
Department of Orthopedics and Traumatology, Faculty of 
Medicine, Karadeniz Technical University, between 1980 and 2010 
were collected retrospectively. Using the contact information in the 
files, the patients were invited to the clinic for a final follow-up, for 
which 52 patients applied. As a result, 65 hip joints of 52 patients 
were included in the study.
All procedures were based on the 1975 Declaration of Helsinki 
Human Declaration revised in 2000. The Experimental Committee 
was conducted in accordance with ethical standards and ethics 
committee approval was obtained by Karadeniz Technical University 
Faculty of Medicine Scientific Research Ethics Committee with the 
letter numbered 24237859-216 and dated 26/04/2016

Exclusion criteria

Patients who did not come to final controls, were not followed 
up regularly, had hip dislocation due to teratological, neurological 
and other pathological causes, required additional intervention 
for any reason, had missing data, were not included in the study.
The study was conducted with 65 hip joints of 50 patients, who 
met the inclusion criteria. Patients who did not meet the exclusion 
criteria and who volunteered to participate in the study and 
signed an informed consent form were included in the study. 
DHD was bilateral in 15 patients, on the left side in 39 patients 
and on the right side in 26 patients. In addition to open reduction 
through medial adductor approach; 33 patients had undergone 
SIO (Group 1), and 32 had undergone PPO (Group 2).

Surgical method and follow-up

Open reduction through medial approach was performed to 
the hip joint by a longitudinal incision between the adductor 
longus and gracilis muscles. The minor trochanter of femur was 
revealed through a blunt dissection, and iliopsoas tenotomy was 
performed. The hip joint capsule was opened longitudinally and 
inferomedially. Intensive care was given during the retraction 
to avoid damage to adjacent vessels in the operation area. 
The transverse acetabular ligament was divided into two and 
pulvinar was removed if hypertrophic. After the reduction of 
the femoral head to acetabulum, the stability of the hip was 
tested in various directions [2]. The hips requiring abduction 
and flexion for stability and/or having an acetabular angle 
above 35° on preoperative radiography, underwent osteotomy. 
Osteotomy was performed without capsulorhaphy as specified 
by the abovementioned criteria. A straight incision, starting 
just above the anterior-inferior iliac spina and ending in the 
major sciatic incisura, and a curved incision extending to the 
posterior wing of the triradiate cartilage were performed, for 
SIO and PPO; respectively [5]. After the osteotomy, the lower 
part of the osteotomy patient was moved downward, outward 
and forward. The triangular graft taken from the iliac crystal 
was placed on the osteotomy site. In all SIO cases, the graft was 
fixed with two K-wires, while most of the PPO cases did not 

require fixation. After osteotomy; hip stabilization was re-tested 
in the walking position. Hip spica plaster was applied to the hips 
in 20° of flexion, 30° of abduction and 10° of internal rotation 
for six weeks. After removal of the cast, the abduction splint was 
used continuously for three months.

Clinical and radiological evaluations

Pelvic anteroposterior X-ray graphies that were taken 
preoperatively, in the 1st year after the operation and in the last 
follow-ups were used. The position of the ossification center of 
femoral head was evaluated using Tönnis method on preoperative 
radiographies [8], acetabular center-edge and femoral neck angles 
were measured on all radiographies.
 Acetebular index (AI) angle: Based on AP pelvis radiography, AI 
was determined as the angle between horizontal line (Hilgenreiner 
line) connecting two triradiate cartilages and the line connecting 
lowest side point of the ilium in the Y cartilage and the lateral 
edge of the sclerotic part of the acetabulum [9,10]. Pre-AI refers to 
preoperative acetebular index, and post1-AI refers to acetebular 
index measured one month after the operation.
Acetabular center-edge (CE) angle: CE was determined as the angle 
between vertical line (parallel to the midline of the trunk) passing 
through the center of the femoral head and, the line connecting the 
center of the femoral head and outermost point of the acetabulum 
[9,11]. The femoral head was fixated with the help of a template 
including central concentric circles [12]. CE-1 refers to CE angle 
in the postoperative 1st year and CE-last refers to the CE angle 
that was measured in last follow-up. McKay criteria, modified by 
Berkeley et al., were used for clinical evaluation [13] (Table I), and 
Severin criteria was used for radiological evaluation [14] (Table II).

Table I. The modified McKay criteria [13]
Class Rating Description
1 Excellent Painless, stable hip; no limp; more than 15° internal 

rotation
2 Good Painless, stable hip; slight limp or decreased motion; (−) 

Trendelenburg’s sign
3 Fair Minimum pain; moderate stiffness; (+) Trendelenburg’s 

sign
4 Poor Significant pain

Table II. Severin’s classification for radiological grading of hip dysplasia [14]
Group Criteria Centre-

edge angle 
(degrees)

Age Range

1 Normal hip >15
>20

5 to 13
>14

2 Concentric reduction of the joint with 
deformity of the femoral neck, head or 
acetabulum

>15
>20

5 to 13
>14

3 Dysplasia but no subluxatio <15
<20

5 to 13
>14

4 Articulation with false acetabulum
5 Subluxation
6 Redislocation
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Statistical Analysis

Shapiro-Wilk test was used to evaluate whether or not the groups 
had homogeneous distribution (were distributed normally). 
Since, the groups were not homogeneously distributed, Mann-
Whitney U-test was used for binary comparisons. A p value of 
<0.05 was considered statistically significant.

3. RESULTS

The comparison of some descriptive and clinical outcomes 
of Group 1 and Group 2 are shown in Table III. There was a 
significant difference in age of operation (month) (p=0.010), 
follow-up period after the operation (month) (p<0.0001), pre-AI 
(p=0.002), post1-AI (p=0.001), and CE-1 (p<0.0001) values, 
between two groups. The operation age was higher in Group 
1 (31.4±22.2 and 19.8±2.53 months; p=0.010). Postoperative 
follow-up period (278.5±107 and 143.1±34.6 month, p<0.0001), 
Post1-AI (22.88±4.65 and 19.22±3.33, p=0.001,), postoperative 
CE-1 were significantly higher in Group 1 (33.76±2.57 and 
31.03±2.96; respectively, p 0.0001). The mean pre-AI was higher 
in Group 2 (39.73±6.40 and 44.38±5.12; respectively, p=0.002). 
However, there was no significant difference between the groups 
in terms of the CE-last values.

Table III. Comparison of some descriptive and clinical results of SIO and 
PPO.

Group Number Mean SD. Min. Max. p
Operation 
age (month)

Salter 33 31.42 22.22 12 96
0.010

Pemberton 32 19.84 2.529 16 24
Postoperative 
follow-up 
period 
(month)

Salter 33 278.48 106.98 132 408

<0.0001
Pemberton 32 143.13 34.59 96 240

Preoperative 
Tönnis grade 
(%)

Salter 33 2.73 0.801 2 4
NS.

Pemberton 32 2.47 0.671 2 4

McKay 
clinical 
evaluation 
score

Salter 33 1.09 0.292 1 2

NS.
Pemberton 32 1.06 0.246 1 2

SS
Salter 33 1.15 0.364 1 2

NS.
Pemberton 32 1.09 0.296 1 2

Pre-AI
Salter 33 39.73 6.400 29 55

0.002
Pemberton 32 44.38 5.123 34 52

Post1-AI
Salter 33 22.879 4.649 15 39

0.001
Pemberton 32 19.219 3.329 15 26

CE-1
Salter 33 33.76 2.574 29 38

<0.0001
Pemberton 32 31.03 2.957 25 38

CE-last
Salter 33 34.30 5.120 20 45

NS.
Pemberton 32 35.59 3.564 28 43

Percentage 
(%)

Salter 33 32.4633 11.812 14.29 56.67
NS.

Pemberton 32 49.1399 12.656 20.41 75.56

NS: Not significant, SD: Standard deviation, SIO: Salter innominate osteotomy, 
PPO: Pemberton pericapsular osteotomy, CE: Acetabular center-edge (CE) angle
SS: Severin radiological evaluation score, p: p value

The results of clinical and radiological evaluations (Table IV) 
indicated that; in Group 1; 16 (48.5%) patients were Tönnis 
Grade 2, 10 (30.3%) were Tönnis Grade 3, and 7 (21.2%) were 
Tönnis Grade 4. Modified McKay was excellent in 30 (90.9%) 
hip joints and it was good in 3 (9.1%). Additionally; 28 (84.8%) 
patients were Severin Class 1 and 5 (15.2%) were Severin Class 
2. In Group 2; 20 (62.5%) patients were Tönnis Grade 2, 9 
(28.1%) were Tönnis Grade 3, and 3 (9.4%) were Tönnis Grade 
4. Modified McKay was excellent in 30 (93.8%) hip joints and 
it was good in 2 (6.3%). Additionally, 29 (90.6%) patients were 
Severin Class 1 and 3 (9.4%) were Severin Class 2. No significant 
differences were found in any of these parameters, between two 
groups (p=0.968 and p=0.708; respectively).

Table IV. Comparison of some clinical results of patients undergoing SIO 
and PPO.

Clinical Parameters Salter
[n (%)]

Pemberton
[n (%)]

Total
[n (%)] p

Tönnis Grade 2 16 (48.5%) 20 (62.5%) 36 (55.4%)

NS.

Tönnis Grade 3 10 (30.3%) 9 (28.1%) 19 (29.2%)
Tönnis Grade 4 7 (21.2%) 3 (9,4%) 10 (15.4%)
Modified McKay Excellent 30 (90.9%) 30 (93.8%) 60 (92.3%)
Modified McKay Good 3 (9.1%) 2 (6,3%) 5 (7.7%)
Severin Class 1 28 (84.8%) 29 (90.6%) 57 (87.7%)
Severin Class 2 5 (15.2%) 3 (9,4%) 8 (12.3%)

NS.: Not significant, SIO: Salter innominate osteotomy, PPO: Pemberton 
pericapsular osteotomy, p: p value

During the follow-up period, no residual dysplasia was observed. 
Avascular necrosis occurred in 5 patients in the SIO group and 4 
patients in the PPO group.

4. DISCUSSION

Salter innominate osteotomy and PPO was mainly developed 
for children aged 18 months to 6 years and PPO was mainly 
developed for children aged 18 months to 6 years [3,4,15]. 
Accordingly, these procedures were performed to the similar 
age group, in our study. However, Huang and Wang reported 
good results in patients, who were younger than 18 months but 
at walking age, using open reduction and Salter osteotomy [16]. 
The primary objectives of SIO and PPO adequately cover the 
femoral head, especially in the anterolateral plane, and provide 
stable reduction. SIO was shown to be more suitable for patients 
older than 18 months, whose AI is between 30-40° [3], on the 
other hand; PPO was shown to be more suitable for patients 
with anterolateral insufficiencies, patients aged between 2-4 
years with AI above 40° or patients aged between 4-6 years 
with AI above 35°[5]. In our study, SIO patients were older 
than PPO patients; but the AI criteria were similar with these 
studies (between 30-40 in SIO and >40 in PPO). We think that 
AI is the first parameter for the choice of surgical procedure. AI 
and CE angles were used to evaluate the adequacy of femoral 
head cover, in a previous study; by using these angles, PPO was 
shown to provide better femoral head covering and a better 
anatomical position of the pelvis than SIO [15]. Ezirmik et al., 
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compared the results of SIO and PPO surgeries, which they 
performed on each hip in the same session in children with 
bilateral DHD. They found that postoperative AI angle (15,16 
and 12,11, respectively) was significantly lower and the mean 
angle of AI improvement was better in the PPO group (18.33 
and 25.78, respectively, p<0.05) [6]. Studies have shown that 
the mean AI angle correction is between 10-23.5°with SIO and 
between 5-35° with PPO [17-19]. Ezirmik et al., found that the 
mean CE-last was significantly higher in the PPO group (37.15 
and 43.11 in the SIO group and PPO group, respectively) [6]. 
In the present study, post1-AI was lower; but the mean pre-AI 
was higher in the PPO group, compared to SIO group. These 
findings are consistent with the literature. In this study, the CE-1 
of the acetabulum was significantly lower in the PPO group. 
However, there was no significant difference between the groups 
in terms of the CE-last value. These results suggest that there is 
no difference between these two surgical methods in terms of 
this parameter.
Wang et al., compared long-term results of SIO and PPO (at 
least 10 years after surgery) in 42 patients with DHD, they 
evaluated pelvic height, increases in iliac crest and sacral 
inclination, besides Lumbar Cobb angle, Short Form-36 (SF-
36) and Harris hip scores. They reported that while there was 
initially a higher increase in pelvic height in the children with 
Salter osteotomy (Salter 10.1%; Pemberton 4.3%, p<0.001), no 
significant difference was found between the two groups at the 
10th year (Salter 4.4%; Pemberton 3.1%, p=0.249). Similarly, 
they found no significant difference between the two groups 
in terms of lumbar Cobb angle, SF-36 and Harris hip scores. 
Moreover, they reported no difference in functional outcomes 
or pelvic imbalance between Salter osteotomy and Pemberton 
acetabuloplasty in the treatment of children with DHD in the 
long-term [7].
In this study, 92.3% of our cases were evaluated as excellent and 
7.7% as good according to the Modified McKay clinical criteria. 
The sequence and rates of SIO and PPO groups were also similar 
to those in the total group and there was no significant difference 
between the groups. Çıtlak et al., found these rates as 94.6% and 
5.5%, respectively, consistent with our results [20].
According to Severin radiological classification, most of our 
cases (87.7%) were Severin 1, which was followed by Severin 2 
(12.3%). The sequence was the same and the rates were similar 
in SIO and PPO groups. Çıtlak et al., found the rates of Severin 
1 and 2 as, 74.6% and 11.8%; respectively [20]. These rates are 
lower than ours. In addition, they reported Severin 3 and 4 with 
a rate of 13.6%, but no Severin 3 and 4 were found in the present 
study.
Long-term follow-up of patients is required for accurate analysis 
of SIO and PPO surgical outcomes because many hips wear 
away over time. Severin 1+2 rate was 71% in the operated 93 
hips that were followed up for approximately 10 years [21]. 
Other studies reported excellent and good results in 98% of hip 
joints that were followed for eight years after the surgery [22], 
75% in those who were followed up for 10 years [1] and 79% in 
those that were followed up for 19.8 years [23].

Conclusion

SIO and PPO methods used in the treatment of DHD, have both 
advantages and disadvantages. Preoperative radiological and 
intraoperative evaluations are very important in determining 
which procedure should be performed. We believe that the 
present study will help surgeons determine the appropriate 
surgical procedure in patients with DHD.
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ABSTRACT
Objective: In obesity surgery, laparoscopic sleeve gastrectomy (LSG) is a frequently applied method. However, there are certain 
complications. Leakage is one of the most serious complications after surgery, causing postoperative morbidity and sometimes 
mortality. There is no consensus about management of leaks after LSG. In our study, we aimed to present our experience on the 
management of LSG leaks.
Patients and Methods: Patients who underwent LSG between 2010-2017 in a tertiary university hospital were analyzed retrospectively. 
Demographic characteristics, endoscopic and surgical interventions, morbidity, and mortality rates of patients diagnosed with LSG 
leak were analyzed from prospectively recorded data.
Results: Leak was observed in 11 (2.15%) of a total of 510 LSG patients. Six (54%) patients were diagnosed as acute and 5 were early 
leaks. Stent was applied to most of the patients (72%) with or without surgical exploration. The average length of stay in hospital was 
21 days. Mortality was observed in 2 patients.
Conclusions: Consequently, leakage after LSG is a complication that requires multimodal therapy. Surgical treatment combined with 
endoscopic intervention may increase success.
Keywords: Obesity, Morbid / surgery, Sleeve gastrectomy, Leakage management

1. INTRODUCTION

Obesity is a global epidemic with substantial health and economic 
burden. Based on the World Health Organization data, 650 million 
adults (13% of all adults) and more than 340 million children 
and adolescents are overweight or obese [1]. Laparoscopic sleeve 
gastrectomy (LSG) is one of most common surgical procedures 
performed frequently in recent years [2]. Regardless of its success 
for weight loss and improvements of comorbidities, LSG is 
associated with low but significant complication rates between 2 
– 15% such as staple line leaks, bleeding, and stricture [3]. Leak, 
which is the most concerning complication after surgery, may 
result in morbidity, prolonged hospital stays, and even mortality. 
Leak rates can occur between 1-7% in different series, and the 
mortality rates can be up to 9% [3, 4].
Management modalities of staple line leaks after LSG consists 
of surgical methods such as early revision with reinforcement 
sutures, drainage (open or laparoscopic), conversion to 
gastric by-pass and endoscopic methods such as insertion 
of clips, stenting and fibrin glue application [5]. In the last 
decade, endoscopic interventions using the self-expanding 
metal stents (SEMS) had a significantly increasing role in the 

control of postoperative leakage [6, 7]. Although, the patient-
based approach is appropriate, different centers have their own 
algorithms in the management of LSG leaks [8-10]. In this 
regard, there is no consensus on a comprehensive and validated 
management algorithm for suture line leaks after LSG. Herein, 
we aim to present our approach to patient management who 
have developed leakage after LSG.

2. PATIENTS and METHODS

Study design

A retrospective analysis of morbidly obese patients treated 
in a university hospital was performed. Patients who had 
the radiological and clinical diagnosis of leakage after LSG 
between 2010-2017 were included in the study. Demographic 
characteristics of patients, time of diagnosis for suture line 
leaks, radiological methods, endoscopic treatment and 
duration, operative approach, morbidity and mortality rates 
were analyzed from prospectively collected database. Exclusion 
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criteria included staple line leaks after bariatric surgeries other 
than LSG, loss of follow-up data and stenosis concomitant with 
staple line leak. Primary outcome was the clinical response to 
management of staple line leaks, secondary outcome included 
timing and clinical presentation of post-operative staple line 
leaks, length of hospital stays and adverse events after endoscopic 
or radiological intervention and overall surgical complications.

LSG technique and postoperative assessment

All patients were operated by two bariatric surgeons. 
Reinforcement of the staple line with suture was performed 
according to the surgeon’s preference, 38 Fr bougie was used 
in all patients. All patients were tested for leak with upper 
gastrointestinal contrast diagnostic X-ray with diatrizoate 
meglumine and diatrizoate sodium solution (Gastrografin; Bayer, 
Leverkusen, Germany) on post-operative day (POD) 1. After 
a negative leak test, patients were allowed to start oral liquid 
feeding, and they were routinely discharged from the hospital on 
POD 3. Within a two-week period, patients followed a semi-solid 
diet, and a solid diet was allowed 15 days after the surgery.

Definition of post-operative leak and management strategies

Post-operative staple line leaks were classified regarding 
diagnosis time after the operation. Leaks detected  within the 
postoperative  1st  week were evaluated as acute leaks detected 
within post-operative 1-6 weeks were diagnosed as early and leaks 
detected later than  post-operative 6 weeks were assessed  as late 
leaks [11]. Radiological diagnosis of staple-line leak was defined 
as contrast extravasation into the abdominal cavity, abscess near 
the operation area or as free fluid in the abdominal cavity. Clinical 
diagnosis of staple-line leak was diagnosed as the presence of fever 
(over 37.5°C), tachycardia (over 100 beats/min), tachypnea (over 20 
breathing/min), abdominal pain, distension, vomiting and abnormal 
drain content. For diagnosis and follow-up, computed tomography 
with peroral and intravenous contrast was performed on all patients 
with staple-line leaks. The management approach of staple-line 
leaks with surgery, endoscopy and/or interventional radiology was 
determined according to the patients’ symptoms and hemodynamic 
status.
Hemodynamically unstable patients, characterized by unresponsive 
hypotension and tachycardia, with or without signs of peritonitis, 

underwent immediate surgical intervention. The majority of 
patients were managed with endoscopy (stent insertion, clip) and/
or ultrasound-guided drain placement. All endoscopic and surgical 
procedures were performed by the bariatric surgery team. Surgical 
intervention consisted of intraabdominal irrigation and drain 
placement on leakage site. Visible and confirmable leakage sites 
were sutured with 2/0 silk suture.
This study was approved by the Ethics Committee of Marmara 
University School of Medicine Clinical Research Ethics Committee 
(Number: 08.10.2021.1087)

Statistical analysis

We performed statistical analysis using the Statistical Package 
for Social Sciences (Version 24 for Mac, IBM Corporation). 
Descriptive data for continuous variables were expressed as 
mean and standard deviation. Frequencies procedure was used 
on categorical variables.

3. RESULTS

Between 2010 and 2017, 510 LSGs were performed in our clinic. 
The staple-line leak was detected in 11 (2.15%) patients; 8 of 
the 11 patients were female, and the mean age of the patients 
was 36 (22-53) years. The mean pre-operative body mass index 
(BMI) of patients with staple-line leak was 46 kg/m2 (range: 
40-63). The median time to diagnosis of post-operative staple-
line leak was 6.9 days (range: 1-17 days). Six (54%) patients had 
acute leak (<7 days); five patients had early leakage. None of the 
patients was diagnosed with late leakage. Ten patients had leak 
from cardia, 1 patient’s leak site was cardia and antrum. The 
most frequent symptoms were fever and abdominal pain that 
was found in 7 (63%) patients. The characteristics of the patients 
and the treatments applied are shown in Table I.

Surgical intervention with/without endoscopic procedure

Five (45%) laparotomy and one (9%) laparoscopic exploration 
and drainage were performed. Endoscopic stent application 
was performed in 4 of these 6 patients in the same session. In 
6 patients with surgical intervention and drainage, only in 2 
patients, the leak site was repaired with reinforcement sutures.

Table I. Patient characteristics and treatments applied
Patients Age Sex BMI Days to diagnose Stent Stent revision Clip Operation Length of stay in days Radiologic Intervention
1 42 Female 44.0 9 - N/A - + mortality -
2 40 Female 46.0 11 - N/A + - 23 +
3 41 Male 45.3 2 + + - - 47 +
4 53 Female 46.0 8 + + - + 37 -
5 35 Female 46.4 4 + - - - 20 -
6 36 Female 63.6 17 + + - + 38 -
7 29 Female 52.0 1 + - - + 5 -
8 51 Female 43.0 5 + - - - 14 +
9 46 Female 40.0 3 + - - + mortality -
10 26 Male 40 15 + - - - 15 -
11 22 Male 50 1 - N/A - + 14 -
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Endoscopic procedure with/without radiologic drainage

Endoscopic stent was placed in 4 patients, whereas radiologic 
drainage was performed in 2 patients. In 1 case, intervention 
was completed with endoscopic clip application and drainage 
by interventional radiology. Patients’ management scheme 
according to hemodynamic status and leakage time is shown in 
Figure 1 and Figure 2 respectively.

Evaluation of patients with stent

Eight (72%) patients underwent stenting using straight fully 
covered self-expandable metallic stents 20cm in length and 
20mm in diameter which are not specifically designed for 
sleeve gastrectomy leaks (Micro-Tech, Nanjing Co., China). We 
changed these stents with fully covered metallic stents with 23 
cm in length-24 Fr in diameter specifically designed for sleeve 
gastrectomy leaks (HANAROSTENT, M.I. I. Tech, Seoul, Korea) 
in 3 (24%) patients.
The median duration of stay time for stents was 34 days 
(range:14-77). All patients were assessed with contrast enhanced 
computed tomography before and after stent removal to 
determine whether the leak was under control. The mean length 
of hospital stay was 21 (5-47) days. Mortality was observed in 2 
(0.3%) patients due to sepsis and multiorgan failure.

4. DISCUSSION

Laparoscopic sleeve gastrectomy is a technically feasible 
surgical treatment method for obesity and obesity-related 
morbidities with negligible long-term nutritional deficiencies 
[12]. Despite the appealing  options  of this surgery, post-
operative complications following LSG, particularly  staple-
line leaks, remains  a significant  concern. The postoperative 
staple-line leaks are managed with multidisciplinary approach, 
however, there is still no consensus on comprehensive 
management algorithm [13, 14]. The majority of leaks are acute 
or early, rather than late. We preferred to use multiple treatment 
modalities in combination. The operative approach with or 
without stenting was the most selected method. Evaluation of 
leak control is performed using contrast-enhanced computed 
tomography before and after stent removal. Despite treatment 
efforts, the average hospital stay remains considerable at 21 
days, and there is a low but notable mortality rate of 0.3%, 
primarily attributed to sepsis and multiorgan failure.
Csendes et al., evaluated 343 patients and reported a 4.7% leak 
rate, and they declared that most of the LSGs were performed 
by residents. Many of the acute leaks were managed by surgical 
intervention in contrast to early and late leakage. They refused 
to suture defects exceeding three days postoperatively due 
to edema and inflammation. They preferred drainage and 
nasojejunal feeding as adequate leakage control [3]. In our 
series, we could apply primary sutures only in 2 of 6 patients 
who underwent surgery. These patients were diagnosed as 
acute leakage. Due to the edema and inflammation of the leak 
site, suturing was hardly completed.

Studies showed that early surgical drainage was recommended 
in acute leaks, however, conservative treatment including 
adequate hydration, proton pump inhibitors, zero per os, 
nutritional support, percutaneous drainage of any collection, 
and broad-spectrum antibiotheraphy were suggested for 
the late leaks [5, 15]. In this study, 3 patients with early leak 
had hemodynamic instability and necessitated emergency 
exploration. Also, 3 patients with acute leak were treated with 
laparotomy and drainage with/without stent placement.
Abou et al., suggested endoscopic intervention for 
hemodynamically stable patients that do not recover using 
conservative treatment in 2 weeks [5]. In our series, endoscopic 
therapies without surgical drainage were performed in 5 
patients. 3 of them were patients with an acute leak. In another 
study, all patients with leaks were treated only by endoscopic 
methods (washing, stenting, clip, and glue). The majority of 
the patients were referred to this clinic and half of them were 
classified as late leakage. They concluded that patients with the 
early leakage needed fewer endoscopic intervention than late 
leakage [16].
On the other hand, the usage of short-length stents was 
shown to be ineffective on management. Longer stents are 
recommended to cover all stomach and leak area [14,17]. In 
our cohort, 3 stents were replaced with specific longer stents 
due to refractory leakage and dislocation.
In a study including 19 patients (all patients underwent 
laparoscopic drainage), authors suggested using pigtail drain 
for fistulas smaller than 1cm and using the stent in case of 
fistula wider than 1cm [15]. However, we have no experience 
on the application of pigtail stent.
Southwell et al., treated 21 patients with LSG leak and only 1 
patient required gastric-bypass surgery. 95% of patients were 
treated with endoscopic treatments. Stent migration rate was 
48%. They recommended use of proximal uncovered, anti-
migratory and wider stents [17]. Stent migration rate was even 
higher in our cohort (87%). A retrospective study showed 
that 37 patients with a stent replacement had 94.5% success 
healing rate. In this study author used endoscopic suturing for 
nearly half of the patients to prevent stent migration and the 
migration rate decreased from 41% to 15%. They concluded 
that specialized stents are needed for leak management after 
bariatric surgery [19]. In our study, we applied specified stents 
to three patients. However, they are not cost-effective.
Alazmi et al., retrospectively analyzed the effectiveness of stent 
application. Two staged method was used as metallic stent and 
plastic stent. All patients had surgical or radiological drainage. 
Among 17 patients, 10 patients with acute leaks were healed 
successfully. However, early and late leaks had lower healing 
rates [20]. El Hassan et al., concluded that treatment of patients 
with the operative approach without endoscopic stents was 
feasible after unsuccessful treatment and especially in chronic 
failure [21].
In our series, 2 patients were treated with stent application only, 
while 4 patients were treated with stents and surgical drainage. 
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Since, the number of patients is low, it is not appropriate to 
compare acute or early leaks.
Smaller sample size and retrospective nature are the limitations 
of this study. It is difficult to conduct randomized controlled 
studies to be carried out on this issue. There is no gold standard 
approach or guideline for LSG.

Conclusion

Leakage after LSG may result in morbidity and mortality. 
Leakage control through drainage with interventional radiology 
or minimally invasive procedures such as laparoscopic drainage 
with or without endoscopic stenting may reduce mortality and 
morbidity. Although, hemodynamic status is crucial, in case 
of acute leakage, rapid recovery is observed after immediate 
surgical intervention.
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ABSTRACT
Objective: This retrospective study examines the impact of microsurgical treatment on vertebral artery (VA) dolicoarteriopathies and 
associated restless leg syndrome (RLS) in patients with refractory vertebrobasilar insufficiency (VBI).
Patients and Methods: We analyzed 78 patients with grade 2 and 3 kinks, and found out that the targeted microsurgical interventions, 
primarily designed to address VBI, improved secondary RLS symptoms in 12 patients. Procedures included arteriolysis and, depending 
on severity, grafting. Statistical analysis was conducted using Stata 16 (StataCorp LP, Texas, USA).
Results: In twelve patients aged 55 to 72 years with refractory VBI and drug-resistant RLS, micro-neurosurgical correction of V1 
segment dolicoarteriopathy, abnormal elongation and kinks in the artery, demonstrated promising outcomes. Postoperatively, 83.33% 
(10 patients) reported complete resolution of RLS symptoms, and 16.66% (2 patients) experienced partial symptom relief (p<0.05). 
Overall, 86.8% of various VBI-related symptoms were significantly improved or resolved (p<0.05). The microsurgical technique, 
avoiding traditional flow-arresting procedures, proved to be highly effective in this preliminary study with no mortality and minimal 
temporary complications, underscoring its potential treatment avenue for such complex neurovascular conditions.
Conclusion: This study illuminates the relationship between VBI and RLS, proposing a potential vascular etiology for RLS, and 
highlights the need for a broader diagnostic approach for patients with refractory VBI.
Keywords: Vertebral artery dolicoarteriopathy, Microsurgical treatment, Restless leg syndrome, Vertebrobasilar insufficiency

1. INTRODUCTION

Vertebral artery (VA) dolicoarteriopathy, characterized by the 
pathological elongation, kinking, or coiling of the VA, has been 
increasingly recognized as a contributing factor to a spectrum of 
cerebrovascular pathologies [1,2]. Kinks are classified according 
to Metz et al., classification according to the severity of the 
angle [3]. (Grade 1:90-60 degrees (mild kinging), Grade 2: 60-
30 (moderate kinging), Grade 3 < 30 degrees (severe kinging)). 
Especially, in grade 2 and 3 dolichoarteriopathies, there is a 
reduction in blood flow, which escalates the risk of ischemic 
events [4]. In simpler terms, a ‘dolicoarteriopathy’ is when a VA 
is abnormally long and twisted, which can sometimes squeeze 
or restrict blood flow to the brain, increasing the risk of stroke-
like episodes and even imitating Parkinsonism-like symptoms 
[5]. These vascular aberrations can disrupt hemodynamic 
stability and play a role in vertebrobasilar insufficiency (VBI) 

pathophysiology, manifesting in a clinical spectrum that includes 
symptoms from cervicogenic dizziness to radiculopathy [6,7]. In 
cases of refractory VBI, when endovascular surgery is not feasible 
or appropriate, primary surgical interventions such as classical 
techniques, including bypass techniques, and new microsurgical 
interventions may be performed. These surgical procedures 
address the specific vascular anomalies in VBI, offering 
alternative avenues for restoring cerebral hemodynamics and 
alleviating the associated neurological symptoms [8-10].
Restless legs syndrome (RLS) or Willis–Ekbom disease is a 
prevalent sensorimotor disorder characterized by an irresistible 
urge to move the legs, especially during sleep or periods of 
inactivity, dramatically affecting the patients’ quality of life [11]. 
Although, the etiology of RLS remains multifaceted, growing 
evidence suggests its connection with vascular pathologies 
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extending from the cerebrovascular to cardiovascular domains 
[12]. Given the widespread occurrence of RLS, understanding its 
vascular implications is paramount, especially when considering 
ischemic conditions [13,14]. A recent research has particularly 
highlighted ischemic alterations in the brainstem, left amygdala, 
and globus pallidus, implicating these limbic, medial frontal 
region, and basal ganglia structures as critical components in 
the neurophysiological pathways of RLS [15]. Previous studies 
have underscored the association of RLS with an elevated risk of 
hypertension, heart disorders, iron deficiency, kidney diseases, and 
stroke [16,17]. Moreover, cerebral small vessel disease (SVD) has 
been implicated in RLS, with studies highlighting the prevalence 
of silent cerebral SVD in RLS patients without a history of stroke 
[18]. However, although these vascular correlations provide 
valuable insights, a gap exists in our understanding of etiology and 
potential therapeutic interventions that address the underlying 
vascular pathologies when we analyzed VA dolicoarteriopathy-
related refractory VBI.
Clinical observations suggest a possible vascular etiology, 
particularly implicating anatomical abnormalities of the 
VA, such as dolicoarteriopathies, leading to VBI and RLS. 
This understanding is particularly crucial when considering 
VBI, which can affect brain regions critical for RLS [19]. 
Our retrospective study targets a specific patient group with 
medically resistant RLS co-occurrence with refractory VBI due 
to VA dolicoarteriopathies, which are deemed by endovascular 
interventionalists as unsuitable cases. Novel micro-neurosurgical 
approaches to the V1 segment of the VA, primarily to address 
VBI, also inadvertently resulted in the resolution of RLS 
symptoms. This unanticipated observation has prompted a more 
rigorous retrospective examination to elucidate the potential 
etiopathogenic relationship and therapeutic implications between 
these clinical manifestations and refractory VBI. Therefore, we 
aimed to evaluate the effect of microsurgical treatment on V1 
segment dolicoarteriopathies and its concomitant impact on RLS 
in patients with refractory VBI.

2. PATIENTS and METHODS

Patient population and selection criteria

We retrospectively analyzed 78 patients who underwent 
surgical procedures primarily for refractory VBI due to 
dolicoarteriopathy (grade 2 and 3 kinks) of the V1 segment 
from 2016 to 2023. All surgeries were performed by the senior 
surgeon, with informed consent obtained from all participants. 
The local ethics committee approved the study, documented 
under approval number 2/12 dated 03.30.2022.
Patients included in this study were initially diagnosed with 
RLS at external centers utilizing a standardized questionnaire 
aligned with the 2003 International RLS Study Group criteria 
[20], subsequently verified by a neurologist. These individuals 
also presented with VBI symptoms and were undergoing 
medical management; however, they continued to experience 
persistent, life-impacting symptoms despite these maximum 
therapeutic interventions. Each patient underwent a thorough 

diagnostic process, including brain magnetic resonance imaging 
(MRI) and brain and cervical MR angiography starting from 
the aortic arch. Brain MRI is employed primarily to rule out 
additional intracranial pathologies, and MR angiography 
assesses the integrity of collateral circulation. Cervical MR 
angiography shows the lesion or anomaly in two VAs or one VA 
with hypofunction in the other VA that supports the diagnosis 
beside the clinic. Follow-up assessments were conducted within 
3-6 months of recruitment. They had an average follow-up 
period of one year.
We meticulously recorded symptoms indicative of VBI, such 
as drop attacks, dysarthria, diplopia, dysphagia, dizziness, 
visual field defects, hemihypoesthesia, hemiparesis, ataxia, and 
dysmetria. To maintain the integrity of the study and ensure 
a clear association between the vascular pathologies and the 
symptoms observed, we implemented strict exclusion criteria. 
We excluded patients with endovascular candidates, medically 
responsive patients, and neurological disorders, including 
neuropathies or central nervous system conditions that could 
independently cause symptoms similar to RLS. This rigorous 
screening was vital to isolate the impact of refractory VBI and 
related vascular dolicoarteriopathy on the manifestation of 
medically resistant RLS symptoms in the patient group. The 
comparative analysis evaluated the preoperative conditions 
and postoperative surgical effectiveness for patients with the 
coexistence of RLS alongside VBI.

Surgical technique

After exposing the V1 segment of the VA, arteriolysis (removal 
or dissection of fibrous bands surrounding the artery to 
alleviate the stenosis and restore blood flowMetin girmek için 
buraya tıklayın veya dokunun.) was performed [21-23]. For 
significant kinks (grades 2 and 3) in the V1 segment, treatment 
varied with kink severity. Arteriolysis alone or with the traction 
of the subclavian artery (SCA) addressed moderate elongation, 
such as grade 2 kinks, as shown in Figure 1. In contrast, the 
severe elongation of the vessel involved grafting to reposition 
the VA, such as for grade 3 kinks, as demonstrated in Figure 
2. Surgical precision was paramount to preserve vascular 
integrity.

Statistical analysis

Data analysis was conducted using Stata 16 (StataCorp 
LP, Texas, USA). Descriptive statistics were employed to 
summarize patient characteristics, preoperative symptoms, and 
postoperative 6. month follow-up symptom evaluation. The 
frequency and percentage of patients experiencing complete 
resolution or partial improvement of RLS symptoms following 
micro-neurosurgical intervention were calculated. A paired 
t-test was used to compare preoperative symptom severity and 
postoperative improvement in patients with refractory VBI. 
Symptom based assesment was performed using McNemar’s 
test for related samples due to the binary nature of the outcome 
(improvement: yes/no). A p-value of less than 0.05 was 
considered indicative of statistical significance.
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Figure 1. A: Preoperative MR angiographic visualization of the grade 2 kink in the V1 segment (white arrow). B: Postoperative MR angiography image 
showing the vertebral artery after surgical correction of the grade 2 kink (white arrow). C: Perioperative microscopic image displaying the V1 segment of 
VA with grade 2 kinking (blue arrow) D: Perioperative microscopic view after the surgical correction.

Figure 2. A: Perioperative microscopic visualization of the grade 3 kink in the V1 segment (blue arrows) and subclavian artery (white arrow). B: 
Perioperative microscopic view after the surgical correction of grade 3 kink using vessel and adipose tissue grafts (blue arrow). C: Preoperative MR 
angiography image displaying the V1 segment of VA with grade 3 kinking (white arrow) D: Postoperative MR angiography image after the surgical 
correction (white arrow).
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3. RESULTS

Our retrospective study evaluated the impact of micro-
neurosurgical interventions on patients suffering primarily 
from refractor VBI due to V1 segment dolicoarteriopathy and 
its effect secondarily for medically resistant RLS symptoms. The 
patient cohort consisted of 12 individuals aged 55 to 72 years, 
with a mean age of 63. The group included a mixture of grade 2 
and Grade 3 kinks (4 grade 2 kinks,8 grade 3 kinks) according 
to the Metz criteria in the V1 segment, indicative of varying 
degrees of severity in their condition. Following microsurgery, 
all the arterial kinks were rectified using new techniques that 
obviated the need for traditional flow-arresting procedures such 
as bypass.
Following the surgical procedures, a notable improvement in 
RLS symptoms was observed across the cohort. Specifically, 
10 patients (83.33%) experienced complete resolution of RLS 
symptoms, evidencing the intervention’s potential in treating 
the neurological manifestations associated with V1 segment 
dolicoarteriopathy. However, 2 patients (16.66%) showed 
partial improvement, indicating a reduction but not a complete 
cessation of symptoms (p<0.05), as shown in Table I.
Our study focused on 12 patients with refractory VBI, who 
presented with a spectrum of debilitating symptoms, including 
intentional tremors, drop attacks, dysarthria, diplopia, 
dysphagia, dizziness, visual field defects, hemihypoesthesia, 
ataxia, and dysmetria. Significant clinical improvement was 
observed following micro-neurosurgical interventions tailored 
to address VA dolicoarteriopathy, as demonstrated in Table II. 
The paired t-test revealed a significant reduction in symptom 
severity postoperatively (p < 0.05 for all compared symptoms). 
Table II summarizes the clinical outcomes of the patients’ 

post-micro-neurosurgical intervention for refractory VBI, 
highlighting the overall success rate.
In assessing the overall symptomatic improvement 
postoperatively, our data indicates that approximately 86.8% 
of the observed symptoms across all patients were resolved 
entirely or markedly improved. This outcome suggests a high 
efficacy rate for the surgical technique implemented in our 
study, reinforcing its potential as a valuable treatment modality 
for patients with VBI who are unresponsive to medication. No 
operative mortality and low temporary morbidities such as 
ptosis, swallowing difficulties, hoarseness, and coughing were 
encountered.
The results suggest that in light of the clinical presentations 
observed, our proposed approach primarily addresses patients 
presenting with refractory VBI who also exhibit medically 
resistant RLS. In such cases where medical therapy has proven 
ineffective, and the patient’s condition persists, it becomes 
imperative to consider the presence of VA anomalies, specifically 
dolicoarteriopathies in the cervical region.

4. DISCUSSION

In this retrospective study, we uncovered that micro-
neurosurgery for VA dolicoarteriopathy resulted in complete 
resolution of RLS symptoms in 83.33% (10 out of 12) patients 
and partial improvement in 16.66% (2 out of 12) patients, with 
an overall symptomatic improvement rate of 86.8% for various 
refractory VBI-related symptoms. These findings underscore 
the potential of microsurgery as a pivotal treatment for VBI-
related symptoms and emphasize the vascular relation of 
RLS. The findings align with emerging studies suggesting a 
vascular component to this traditional neurological syndrome. 

Table I. Clinical outcomes of micro-neurosurgical intervention in RLS for vertebral artery (V1 segment) dolicoarteriopathies
Condition Total Patients Complete Resolution Partial Improvement 
Restless Leg Syndrome         12 10 (83.33%) 2 (16.66%)

Table II. Preoperative symptoms and postoperative improvement rates of the refractory vertebrobasilar insufficiency symptoms
Patient No. Preoperative Symptoms Postoperative Improvement
        1 Dysmetria,Intentional Tremor,Ataxia,Dysphagia Completely Resolved
        2 Dysmetria,Intentional Tremor,Dizziness,Hemihipoestesia Markedly Improved 
        3 Dysmetria,Intentional Tremor,Ataxia,Drop Attacks Completely Resolved
        4 Dysmetria,Intentional Tremor,Dizziness,Ataxia Completely Resolved
        5 Dysmetria,Intentional Tremor,Ataxia,Diplopia Completely Resolved
        6 Dysmetria,Intentional,Tremor,Dizziness,Ataxia, Drop Attacks Completely Resolved
        7 Dysmetria,Intentional Tremor,Dysphagia,Dysartria Markedly Improved
        8 Dysmetria,Intentional Tremor,Dizziness,Visual Field Defects Completely Resolved
        9 Dysmetria,IntentionalTremor,Ataxia,Dizziness,Diplopia Completely Resolved
      10 Dysmetria,Intentional Tremor,Dizziness,Ataxia Completely Resolved
      11 Dysmetria,Intentional Tremor,Dizziness,Ataxia Completely Resolved
      12 Dysmetria,Intentional Tremor,Dizziness,Ataxia Completely Resolved
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The quantitative leap in symptom management observed 
postoperatively reinforces the argument for a vascular 
evaluation in RLS patients, especially those who do not respond 
to standard pharmacotherapy. Our data contributes to the 
evidence suggesting that micro-neurosurgical interventions may 
substantially improve the quality of life for these patients with 
complex neurovascular disorders, challenging the conventional 
pharmacological treatment alone.
Our retrospective analysis yielded a pivotal observation: patients 
undergoing micro-neurosurgical intervention for refractory 
VBI exhibited a notable resolution of RLS despite the absence 
of ischemic findings on MRI. This finding aligns with current 
literature, which often associates these symptoms with brain 
regions correlated with vertebrobasilar system feeding territory. 
The absence of overt ischemic changes on MRIs in our patients 
underscores the necessity of reevaluating the neurovascular 
interplay in RLS, advocating for a broader diagnostic lens 
encompassing structural and functional cerebral vascular 
integrity. When appropriate and feasible, endovascular therapy 
is often the first line of intervention. However, open surgical 
techniques, such as those employed in our patients, may be 
considered in scenarios where endovascular treatment is either 
ineffective or not feasible due to the surrounding fibrotic tissue 
and the significant angulation present, particularly in grade 2 
and 3 kinks, which can compromise the success of endovascular 
interventions and may even pose additional risks. These new 
micro-neurosurgical methods offer an alternative for managing 
VA dolicoarteriopathies, potentially alleviating the complex 
symptoms associated with these vascular anomalies. Further 
research with larger sample sizes is warranted to confirm these 
findings and to refine surgical approaches for optimal patient 
outcomes.
The interrelation between RLS and vascular pathologies has 
become a focal point in recent neurological research. A series of 
studies have illuminated the prevalence of RLS following stroke, 
with an estimated occurrence in 10% of patients, underscoring 
the potential vulnerability of specific brain regions to ischemic 
events even though there are no MR image abnormalities [24,25]. 
The predictive quality of RLS for subcortical stroke has also been 
substantiated, with unilateral or asymmetrical RLS symptoms 
frequently preceding cerebrovascular incidents. This association 
advocates for a more vigilant approach to RLS as a possible early 
indicator of subcortical vascular complications. Moreover, the 
negative impact of RLS on post-stroke quality of life has been 
documented, raising the imperative for routine screening and 
potential treatment of RLS in the wake of cerebrovascular events 
to enhance patient recovery and well-being [26,27]. When RLS 
presents as an isolated condition, it is associated with various 
brain regions; however, when it precedes ischemic events and 
coexists with VBI, it suggests a more localized pathology. 
In such cases, the medial border zone, corresponding to the 
paracentral lobule where the anterior and posterior pericallosal 
arteries converge—essentially the interface between anterior 
and posterior circulation—may be the primary target area. This 
region, being part of the border zone territories, is known to be 
particularly vulnerable to ischemia, often being the first to be 

affected. This insight is crucial for the discussion section as it 
aligns the neurovascular implications of RLS with underlying 
ischemic conditions.
In light of the evidence in recent literature, RLS has been 
associated with alterations in several brain regions, including the 
anteromedial pons, body of the caudate nucleus, cingulate gyrus, 
medial frontal region, and paracentral lobule, limbic system, 
globus pallidus, and hippocampus [15,24,28]. These findings 
have elucidated a neural circuitry that could be vulnerable to 
vascular insufficiencies, especially in the vertebrobasilar feeding 
territory. In our current study, we observed that symptoms of 
RLS often presented in conjunction with symptoms indicative 
of VBI. Notably, these symptoms persisted despite resistance 
to medical therapy and the presence of dolicoarteriopathies, 
which were deemed unsuitable for endovascular treatment, thus 
necessitating surgical intervention.
The importance of a comprehensive vascular assessment, 
especially concerning the vertebrobasilar system, becomes 
apparent in patients presenting with RLS. Given the efficiency 
of current treatments, recognizing the vertebrobasilar system 
to RLS can significantly improve patient management. This 
approach may alleviate the refractory VBI and can benefit from 
the medically resistant RLS and address underlying vascular 
anomalies that could predispose individuals to more severe 
cerebrovascular events.
Our study’s retrospective design and the limited number of 
participants may affect the breadth of our conclusions. The 
findings of our retrospective study should be considered in 
the context of its inherent limitations. Primarily, the relatively 
small sample size and the patients’ specificity may limit our 
results’ generalizability. Larger-scale, multicenter studies are 
necessary to corroborate our findings across diverse populations 
and clinical settings. Additionally, the observational nature of 
our study limits the ability to draw causal inferences between 
microsurgical interventions and improvement in RLS symptoms.
Furthermore, the average follow-up period of one year, while 
insightful, does not allow for the assessment of long-term 
outcomes and sustainability of symptom relief. Longer-term 
follow-up studies are essential to understand the durability of 
clinical improvements post-intervention.
Finally, while our study provides valuable insights into the 
clinical improvement of RLS symptoms following microsurgical 
intervention for VA dolicoarteriopathies, the underlying 
mechanisms remain fully elucidated. Establishing a clear 
mechanistic link between these interventions and improvements 
in RLS symptoms warrants further investigation. Future research 
should include more significant, prospective trials to confirm 
the efficacy of micro-neurosurgical interventions for refractory 
VBI and the secondary benefits of RLS. For future research, 
besides a questionnaire of RLS patients for VBI symptoms and 
obtaining brain and cervical MR angiography besides brain MR 
in these patients, it will be helpful to see the actual number of the 
patient population and the incidence of VBI and RLS to be seen 
together. In intravascular pathologies of the VA, endovascular 
management may be more appropriate, but as dense fibrosis 
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exists around the kinking side in dolicoarteriopathies, new 
techniques that do not interrupt the blood flow may be more 
beneficial. Endovascular surgery has primarily taken the place of 
traditional surgical approaches in the treatment of intravascular 
pathologies. It will be crucial to understand the long-term 
effects of surgery and its influence on neurovascular pathways. 
Additionally, there is a need for randomized controlled trials 
to solidify the relationship between surgical outcomes and 
symptom relief.
Exploring the role of such surgeries in the broader context 
of neurovascular and sensorimotor disorders will also be 
valuable. Further investigations should aim to harness advanced 
imaging techniques for a deeper insight into post-surgical 
neurophysiological changes. Our findings point towards a 
promising direction for enhancing the treatment of VBI-related 
disorders, which merits continued scientific inquiry.
Expanding upon the innovative methodologies exemplified by 
Cekic et al., who successfully harnessed deep learning to segment 
and classify brain tumors [29]. We envisage a future direction 
for our neurosurgical strategies. Deep learning algorithms 
possess the transformative potential to identify vascular 
anomalies within the intricate milieu of the neurovascular 
landscape. By incorporating AI-driven technology into 
neurosurgical operations, we could substantially refine the real-
time identification and management of vascular anatomies. 
This approach could be especially beneficial in vertebrobasilar 
and carotid dolicoarteriopathies and tubular stenosis, where 
precision is paramount [30]. Future studies might explore the 
feasibility of employing such algorithms to distinguish between 
pathological and normal vascular tissues during surgery, thereby 
augmenting the surgeon’s precision and expanding the horizons 
for the treatment of refractory VBI.

Conclusion

In conclusion, RLS, alongside refractory VBI, necessitates a 
thorough evaluation of the vertebrobasilar system, mainly via 
MR angiography, to assess for potential contributory factors 
such as V1 segment dolicoarteriopathies. When symptoms are 
refractory to medical treatment and endovascular interventions 
are not viable, implementing microsurgical techniques 
targeting VA dolicoarteriopathies primarily for refractor VBI 
has demonstrated promising outcomes secondarily for RLS. 
Our study supports the potential of such micro-neurosurgical 
interventions to effectively rectify these conditions, substantially 
improving patient symptoms and indicating a significant step 
forward in managing these complex cerebrovascular disorders.
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ABSTRACT
Objective: In this study, the frequency of using the e-Nabız application and the factors affecting its use were studied among adults 
living in a district of northern Turkey.
Materials and Methods: In this cross-sectional study, the sample (n:555, N:9264) was selected from those who applied, for any reason, 
to the only hospital in the district between March 1 and December 31, 2020. Data were collected by an online questionnaire (10 
February–29 March 2021). Ethical permissions were obtained from the Ministry of Health, Republic of Turkey and the Marmara 
University, School of Medicine Clinical Researches Ethics Committee (05.02.2021/09.2021.70). All the participants gave informed 
consent.
Results: Among 458 participants, the response rate was 82.5% and 59.4% of the respondents were female. The median age was 44.0 
years (44.7±13.7; range: 19–72). 57.4% of the females and 69.4% of the males had registered for the application (p: 0.006), and 56.6% of 
the females and 68.8% of the males had used e-Nabız (p: 0.011). The males, aged 26–45, with high school and above education levels, 
working in the public sector with a good monthly income, were the group with the highest usage of e-Nabız (respectively p: 0.001, p: 
0.001, p: 0.001, and p: 0.001). Current health status did not affect the usage of e-Nabız ( p:0.144).
Conclusion: We can promote environmentally friendly usage by enhancing health literacy through e-Nabız and securely storing 
personal health records. Therefore, educational sessions can be organized to inform citizens about the services provided by e-Nabız.
Keywords: Digital health applications, e-Health applications, Electronic medical records, Health information technologies

1. INTRODUCTION

An outbreak of an epidemic related to a new virus strain from 
the coronavirus family was reported in Wuhan, the capital of 
China’s Hubei province, in December of 2019. On February 11, 
2020, the World Health Organization (WHO) officially named 
this new coronavirus disease-19 (COVID-19) and expressed its 
concerns that the virus would spread worldwide. As a matter 
of fact, the COVID-19 infection spread rapidly worldwide, and 
WHO declared a “pandemic” on March 11, 2020 [1]. More 
than 767 million people have been infected with the disease, 
and almost 7 million people have died since the onset of the 
pandemic as of July 12, 2023 [2].
The COVID-19 pandemic presented challenges to people forced 
to change daily habits and take precautions in all areas. During 
this time, when we had to adapt old habits to different ways, the 
new possibilities offered by information technologies allowed 

us to digitize processes faster than ever before. All information 
processing was able to continue at the same speed without 
physical contact by using mobile phones, computers, and tablets. 
Some have argued that pandemic accelerated the digitalization 
process [3].
During the pandemic, healthcare resources were mobilized 
largely to focus on the treatment of patients infected by 
COVID-19. Hospital environments were considered unsafe 
for patients without COVID-19 due to the risks of nosocomial 
infections due to COVID-19 and they were avoided admission 
to hospitals for medical care except for emergency admissions. 
Hospitals in many countries responded to the health care needs 
of people with mild illnesses or diseases through telemedicine 
systems [4]. According to 45 responses from 24 countries, 68% of 
screening programs were suspended, 73% of magnetic resonance 
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imaging procedures were postponed, and telemedicine was 
preferred at a rate of 71% depending on accessibility [5].
e-Nabız is a personal, digital, health record system that can 
manage all health information regardless of where your 
examinations, analyses, and treatments are performed and 
which provides patient and provider access to consolidated 
medical histories through a single source [6].
Turkish Ministry of Health has a telemedicine system named 
e-Nabız with 7/24 access to radiology images on the web, 
reports regarding these images, tele-consultation services 
between radiologists, evaluation of medical images, and 
reports in terms of quality, and sharing them with citizens 
via the e-Nabız application [7]. Mobile applications appear to 
accelerate the processes of benefiting from health services, such 
as making appointments, displaying test results, and choosing a 
physician, while differentiating business processes from physical 
boundaries [8]. Health administrators think that the inclusion 
of citizens in the provision of health services via the e-Nabız, 
will also increase health literacy and improve the sustainability 
of health services [9].
e-Nabız was launched on January 1, 2015 as a personal medical 
recording system managed directly by the citizens. With the 
e-Nabız, patients can enter their medical data such as blood 
pressure and glucose level, personal data such as heart rate and 
number of steps via smart devices (if any), and their health 
profiles, and they can view this information comparatively. 
Individuals can authorize physicians or health institution, at 
home or abroad to access their medical records, including 
diagnoses, prescriptions, medical images, etc. It is anticipated 
that when physicians can easily access their patients’ health 
histories, the number of repeat examinations, diagnostic tests, 
or medical images may be reduced. Thus, individuals will 
be prevented from losing time for repeated services, and the 
economic interests of individuals and their health insurance will 
be protected [10-12].
This study aimed to investigate the prevalence of e-Nabız 
application use by adults living in a town (Gümüşhacıköy) in 
the north of Turkey during the pandemic, as well as the factors 
affecting their usage. Gümüşhacıköy was selected as a sample of 
northern Turkey.
The total population, which was 26,000 in 2008, continues to 
decline over the years. According to 2023 Turkish Statistical 
Institute data, the population of the town is 22,121 and 50.9% of 
this population are females [13,14].

2. MATERIALS and METHODS

This study was a cross-sectional study. The population of the 
study consisted of males and females, aged 18 and over, who 
applied at least once to the only state hospital of the town for 
any reason, between March 1 and December 31, 2020 (n=9264). 
The list of patients who applied was obtained from the Chief 
Physician’s Office of Gümüşhacıköy State Hospital. The 
minimum sample size to represent the district was calculated 
as 370 people in OpenEPI, with a 95% confidence interval, and 

the sample size was expanded to 555 (370x1.5) assuming that 
the probability of not responding was 50%. The study sample 
was selected from the population by gender and age groups, 
stratified and a systematic sampling method was applied (Table 
I). Study permissions were obtained from the Republic of Turkish 
Ministry of Health, General Directorate of Health Services 
and from the State Hospital’s Health Directorate. The study 
was approved by the Marmara University, School of Medicine 
Clinical Research Ethics Committee (protocol date and approval 
number: 05.02.2021/ 09.2021.70). Participants in the sample 
were reached online, informed consent was obtained, and data 
was collected via on online questionnaire between February 10, 
2021 and March 29, 2021. During the data collection process, 
participants were reached by sending links via their hospital 
appointment or communication phone numbers. Illiterate or 
technologically inexperienced participants filled out the survey 
with the help of their caregivers. [12].

Table I. Distribution of participants reached in the sample by strata

Sex Age Groups
Total Population Sample

Size(n)Size (n) Distribution (%)

Female

18-25 831 8.97 50

26-35 1191 12.86 71
36-45 1127 12.17 67
46-55 1252 13.51 75
56-65 1379 14.89 83

Male

18-25 375 4.05 22

26-35 581 6.27 35
36-45 643 6.94 39
46-55 792 8.55 48
56-65 1093 11.79 65

Total 9264 100.00 555

The online questionnaire consisted of two parts; where the 
first part included the socio-demographic characteristics of 
the participants (8 questions) and the second part included 
questions about awareness, use and satisfaction with the e-Nabız 
(15 questions) [12].

Statistical Analysis

The data of the study were analysed by the researcher using 
SPSS, through Kolmogorov-Smirnov test, Student’s t test, Mann-
Whitney U test and X2 test. p<0.05 was accepted as the statistical 
significance level.

3. RESULTS

During the study, data were collected by reaching 458 out of 555 
people (a response rate of 82.5%). Of the participants, 59.4% 
were female (n:272). The median age of participants was 44.0 
years (range:19–72). The median age of the females was 42.0 
(range:19–68, n:272), and the median age of the males was 48.0 
years (range:19–72, n:186) (p= 0.002).
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Table II. Distribution of socio-demographic characteristics of participants 
by sex

Socio-demographic 
characteristics

Sex Total
Female Male p

n % n % n %
Age groups (year)
<25 29 10.7 12 6,5 41 9.0
26-35 67 24.6 31 16.7 98 21.4 0.054*

36-45 58 21.3 39 21.0 97 21.2
46-55 47 17.3 38 20.4 85 18.6
55+ 71 26.1 66 35.5 137 29.9
Education
Illiterate/Literate/
PrimarySchool

58 21.3 6 3.2 64 14.0
0.001*

Secondary School 39 14.3 25 13.4 64 14.0
High School 68 25.0 67 36.0 135 29.5
University/
Postgraduate/PhD

107 39.3 88 47.3 195 42.6

Marital status
Married 201 73.9 153 82.3 354 77.3
Single 54 19.9 31 16.7 85 18.6 0.013*

Divorced/widowed 17 6.3 2 1.1 19 4.1
Income
Low 18 6.6 15 8.1 33 7.2
Middle 155 57.0 101 54.3 256 55.9 0.775*

High 99 36.4 70 37.6 169 36.9
Employment status
Public sector 89 32.7 93 50.0 182 39.7
Private sector 20 7.4 35 18.8 55 12.0 0.001*

Retired 16 5.9 46 24.7 62 13.5
Unemployed 9 3.3 6 3.2 15 3.3

*Pearson Chi-Square Test

Socio-demographic characteristics affecting e-Nabız 
registration

It was determined that 69.4% of the male participants were 
registered at the e-Nabız, which was higher than the registration 
rate of female participants (57.4%) (p:0.012). While, 83.7% of 
the participants in the 26-45 age group were registered with 
the e-Nabız, only 41.6% of those aged 55 and above were 
registered (p:0.001). University graduates in the study group 
were registered to the e-Nabız at the highest rate (81.5%), while 
only 20.3% of the illiterate/literate/primary school graduates 
were registered (p:0.001). It was determined that 74% of those 
with high income and 54.5% of those with low income were 
registered to the e-Nabız (p:0.001).
Public sector employees were registered at the e-Nabız (91.2%) 
at a much higher rate than the other employment groups 
(p:0.001). The 44.9% majority of the females declared that they 
were housewives, and only 33.6% of them were registered at the 
e-Nabız (p:0.0001) (Table III).

Table III. Distribution of e-Nabız application registration by socio-
demographic characteristics

Being registered to 
 e-Nabız

Total

Yes No P
n % n % n %

Sex
Female 156 57.4 116 42.6 272 100.0 0.012*

Male 129 69.4 57 30.6 186 100.0
Age Groups (year)
<25 20 48.8 21 51.2 41 100.0
26-35 82 83.7 16 16.3 98 100.0
36-45 76 78.4 21 21.6 97 100.0 0.001*

46-55 50 58.8 35 41.2 85 100.0
55+ 57 41.6 80 58.4 137 100.0
Education
Illiterate/Literate/
Primary School

13 20.3 51 79.7 64 100.0

 Secondary School 26 40.6 38 59.4 64 100.0
 High School 87 64.4 48 35.6 135 100.0 0.001*

 University/
Postgraduate/PhD

159 81.5 36 18.5 195 100.0

Marital status
 Married 224 63.3 130 36.7 354 100.0
 Single 51 60.0 34 40.0 85 100.0 0.586*

 Divorced/widowed 10 52.6 9 47.4 19 100.0
Income
 Low 18 54.5 15 45.5 33 100.0
 Middle 142 55.5 114 44.5 256 100.0 0.001*

 High 125 74.0 44 26.0 169 100.0
Employment status
 Publicsector 166 91.2 16 8.8 182 100.0
 Privatesector 27 49.1 28 50.9 55 100.0
 Retired 37 59.7 25 40.3 62 100.0 0.001*

 Unemployed 4 26.7 11 73.3 15 100.0
 Student 10 45.5 12 54.5 22 100.0
Housewife 41 33.6 81 66.4 122 100.0
Health status
Healthy 82 59.4 56 40.6 138 100.0
Occasional,non-
serious health  
problem

108 68.4 50 31.6 158 100.0 0.141*

Chronic diseases 95 58.6 67 41.4 162 100.0
Total 285 62.2 173 37.8 458 100.0

*Pearson Chi-Square Test

Prevalence of e-Nabız usage by participants

Among all participants, 61.6% declared that they have used the 
e-Nabız; 56.6% of the females and 68.8% of the males have used 
it (:0.008,Table IV, Figure 1). Of those who said they had used 
the e-Nabız, 80.5% stated that they could use it by themselves 
without assistance, and the results were similar for the females 
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and males (p:0.765). Also, 88.6% of those using the e-Nabız were 
using it via smart phones, and the results were similar for the 
males and females (p:1.000). However, half of the users (54.9%) 
stated that they rarely use it (p:0.934, Table IV).

Table IV. Distribution of e-Nabız use by sex
Sex Total

Female Male p
n % n % n %

e-Nabız system 
usage
   Never use 118 43,4 58 31,2 176 38,4
   Use 154 56,6 128 68.8 282 61.6 0.008* 

0.765* 

 

 

 

1.000* 

 

 

 

0.934*

Management of 
e-Nabız (n:282)
   Use by themself 125 81,2 102 79.7 227 80.5

   Use with support 29 18,8 26 20.3 55 19.5

How e-Nabız is used 
(n:280)
   By computer 17 11,2 15 11.7 32 11.4
   By smartphone 135 88,8 113 88.3 248 88.6

Frequency of 
e-Nabız Use (n:277)
   Rarely 83 55,3 69 54,3 152 54,9
   Once a month 39 26,0 35 27,6 74 26,7
   Once a week 16 10,7 15 11,8 31 11,2
   Every few days 12 8.0 8 6,33 20 7,2

Total 272 100.0 186 100.0 458 100.0

*Pearson Chi-Square Test

Figure 1. Prevalence of e-Nabız use by sex

Socio-Demographic characteristics affecting the use of the 
e-Nabız

Participants in the 26-45 age group used e-Nabız the most 
(82.7%), while only 41% of those aged 55 and above used it 

(p:0.001). The participants who graduated from university used 
e-Nabız more (81.5%), while only 18.8% of illiterate/literate/
elementary school graduates used it (p:0.001). High-income 
participants (73.4%) used the e-Nabız more than the others 
(p:0.001). When employment status is considered, e-Nabız usage 
(90.1%) by public employees was found to be much higher than 
the others. The 44.9% majority of female participants declared 
that they were housewives, and only 33.6% of this group declared 
that they had used the e-Nabız (p:0.001). e-Nabız usage was 
found to be similar among marital status and health subgroups 
(p:0.386 and p:0.144 respectively, Table V).

Table V. Distribution of e-Nabız usage by socio-demographic 
characteristics

Use of The e-Nabız System

Yes No p
n % n %

Age groups (Year)
<25 20 48.8 21 51.2
26-35 81 82.7 17 17.3 0.001*

36-45 75 77.3 22 22.7
46-55 50 58.8 35 41.2
55+ 56 40.9 81 59.1
Education
 Illiterate/Literate/Primary 
 School

12 18.8 52 81.3

 Secondary School 26 40.6 38 59.4 0.001*

 High School 85 63.0 50 37.0
 University/Postgraduate/
PhD

159 81.5 36 18.5

Marital status
 Married 222 62.7 132 37.3
 Single 51 60.0 34 40.0 0.386*

 Divorced/widowed 9 47.4 10 52.6
Income
 Low 17 51.5 16 48.5
 Middle 141 55.1 115 44.9 0.001*

 High 124 73.4 45 26.6
Employment status
 Publicsector 164 90.1 18 9.9
 Privatesector 27 49.1 28 50.9
 Retired 36 58.1 26 419 0.001*

 Unemployed 4 26.7 11 73.3
 Student 10 45.5 12 54.5
 Housewife 41 33.6 81 66.4
Health status
 Healthy 81 58.7 57 41.3
 Occasional,non-serious

 Health problem

107 67.7 51 32.3 0.144*

 Chronic diseases 94 58.0 68 42.0
Total 282 100.0 176 100.0

*Pearson Chi-Square Test
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Level of e-Nabız awareness

In this study, 81.7% of participants stated that they had heard 
about the e-Nabız. While, the majority of males stated that they 
had heard about the system, three out of every four females 
in the study stated that they had heard about it (p:0.001). 
Participants heard about e-Nabız mostly from public health 
service announcements on television and from social media 
(45.4%, 40%, p:0.002, p:0.014 respectively).

TableVI. Distribution of e-Nabız Awareness by Sex
Sex Total

Female Male p
n % n % n %

Heard of 
e-Nabız
   Yes 203 74.6 171 91.9 374 81.7
   No 69 25.4  15  8.1 84 18.3 0.001*

Source of Information
Social Media(Facebook,Twitter. etc.), Web
   Yes 96 35.3 87 46.8 183 40.0 0.014*

   No 176 64.7 99 53.2 275 60.0
Public 
Spot
   Yes 107 39.3 101 54.3 208 45.4 0.002*
   No 165 60.7 85 45.7 240 54.6
Newspaper
   Yes 20 7.4 19 10.2 39 8.5 0.364*

   No 252 92.6 167 89.8 419 91.5
Television, 
radio etc.
   Yes 68 25.0 58 31.2 126 27.5 0.177*

   No 204 75.0 128 68.8 332 72.5
Friends
   Yes 77 28.3 53 28.5 130 28.4 1.000*

   No 195 71.7 133 71.5 328 71.6
Family
   Yes 4 1.5 1  0.5 5 1.1 *
   No 268 98.5 185 99.5 453 98.9
Total 272 100.0 186 100.0  458 100.0

*Pearson Chi-Square Test

4. DISCUSSION

In this study, it was aimed to reveal the usage status and 
factors affecting the use of e-Nabız by adults living in a town 
in the northern Turkey during the pandemic period, when the 
importance and necessity of e-Nabız became more prominent. 
Data were successfully collected online from 458 individuals 
selected with a stratified sample, composed of 59.4% females 
and 40.6% males with a total response rate of 82.5%.
Although, the vast majority of participants (81.7%) were aware of 
e-Nabız, we found that a remarkable percentage of participants 
(18.3%) know nothing about e-Nabız. When the findings of 

the study were compared with the literature, it was observed 
that they were similar to other study findings [15-18]. In most 
studies, we see that almost all participants are aware of e-Nabız.
The educational level variable seems to be a determining factor 
in the awareness of digital health practices and that participants 
with higher educational levels have more knowledge about the 
e-Nabız than those with lower educational levels [16,19].
In our study, participants stated that they heard about the 
e-Nabız mostly from public service advertisements, followed by 
social media (40.0%), friends (27.4%), and information sources 
(27.5%) such as television and radio. In a master’s thesis on 
e-Nabız and e-Health literacy, it was reported that nearly half of 
those who were aware of the e-Nabız application, heard about it 
from social media and the internet [16].
We found that the majority of participants (81.7%) did not 
reflect their knowledge about e-Nabız at a similar rate. Only 
slightly more than half (61.6%) of respondents use the e-Nabız 
system. Our study differs from other studies regarding the usage 
of e-Nabız system [12,17,20-22 ]. The reason for the difference 
may be due to the fact that the study was conducted in a region 
of northern Turkey and that e-Nabız was needed more in 2021 
and during the pandemic period.
In our study, we found that 38.4% of participants never used 
e-Nabız, and that more than half (54.9%) of those who claimed 
to use it only used it rarely. In a study conducted by Demir 
with 422 university students, 88% had never used e-Nabız, and 
5.7% used it rarely [12]. In the announcement of the e-Nabız 
application, the success rate was not achieved in terms of the 
application’s content and usage frequency, but there was a small 
difference in usage. In Demir’s study, participants may use 
e-Nabız less because they were relatively healthier and were in 
a younger age group.
In the current study, we found that the 26 – to 45-year-old group 
used the e-Nabız the most, and that those aged 55 and older 
used it less. As participants grew older, their independent usage 
rates decreased, and they needed more assistance from others. 
It was determined that older people tended to use information 
technology less than younger people, and there were differences 
between those born or raised with information technology tools 
compared to those who were not [23,25].
According to this study, males significantly indicated that they 
used e-Nabız more (males: 68%, females: 56%). This may be due 
to the high educational levels of male participants. In a study of 
409 participants, 53.7% of the females and 38.3% of the males 
used e-Nabız [17]. The reason for this difference in our study 
was that the distribution of e-Nabız needs was not overlapping 
due to the level of education and chronic diseases.
In our study, we found that those with higher educational levels 
had more knowledge about e-Nabız and used it more. Our study 
supported literary data showing a positive relationship between 
education levels and e-Nabız usage [16,17,20]. This may be the 
reason why individuals with a higher level of education follow 
developments closely and gain new knowledge and skills as a 
result of their approaches to seeking information.
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We found that almost all participants working in the public 
sector used e-Nabız, while others used much less. This can be 
explained by the fact that public sector employees are more 
trained and more familiar with using systems such as computers, 
smartphones, etc. due to their work. In the Kıraç and Yılmaz 
study, 38.1% did not work anywhere, 41.6% worked in the 
private sector, and 20.3% in the public sector [17].
In our study, those with higher incomes used e-Nabız more 
than others. Buying a computer or other device for access to 
the internet requires money, and it is difficult for low-income 
individuals who cannot own such devices to have the available 
technology and necessary skills [26, 27].
In our study, 49.3% of participants who used e-Nabız stated 
that they used it to make or cancel appointments in healthcare 
centers; 14.6% said that they used it to view their health history 
to evaluate and interpret services received from the health 
care organizations they visited; and a very few said that they 
were using it to record blood pressure, blood sugar levels, 
heart rate, and weight information by adding data or sharing 
health data with health professionals in other institutions. 
[12,15,17,18,20,22] The findings of our study were similar to 
other study findings in this regard.

Limitation

A limitation of our findings is that the study excludes sicker, less 
educated, poorer, more distant groups, etc., who did not apply 
to the hospital during the study duration. We suggest that our 
findings be evaluated in this context. 

Conclusion

The majority of participants in this study were knowledgeable 
about the e-Nabız, which became more important during the 
pandemic period, but higher educated male public employees 
and those aged between 26 and 45 use the e-Nabız at a higher 
rate than other age and employment groups. People who use the 
e-Nabız mostly use it to access their health record and to make 
or cancel appointments. Training activities can be planned for 
other services offered by the e-Nabız explaining how citizens can 
benefit from the e-Nabız. Increasing health literacy, creating a 
useful medical record, and keeping the personal medical records 
of citizens in a safe environment by developing the e-Nabız can 
increase the use of this health application. In order to increase 
the use of e-Nabız and improve health literacy, e-Nabız training 
can be added to the training given to patients and their relatives 
in healthcare institutions. Further research is needed involving 
individuals with different socio-demographic characteristics.
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ABSTRACT
Objective: The aim of this study was to reveal the effect of apocynin (APO) on the factors involved in obesity-related endothelial 
dysfunction (ED) and atherosclerosis (AS).
Materials and Methods: Male Wistar albino rats were divided into control (CNT), high-fat diet (HFD) and HFD+APO groups. HFD 
and HFD+APO groups were fed HFD for sixteen weeks. APO (25 mg/kg) was administered to the HFD+APO group for the last four 
weeks. The effects of APO on: AS-related metabolic parameters (triglyceride, total cholesterol, high-density lipoprotein-cholesterol, 
insulin and leptin), oxidative stress (OS), [ malondialdehyde, glutathione, nicotinamide adenine dinucleotide phosphate (NADPH)-
oxidase-2, oxidised-low-density lipoprotein (ox-LDL) and 8-hydroxy-2-deoxyguanosine], low-density lipoprotein and ox-LDL uptake 
potential (activin receptor-like kinase-1 and lectin-like oxidized low-density lipoprotein receptor-1, respectively), tissue inflammation 
(myeloperoxidase, monocyte-chemoattractant-protein-1, tumor necrosis factor-alpha), ED (endothelial-nitric oxide synthase, 
inducible-nitric oxide synthase, nitric oxide), programmed cell death (terminal deoxynucleotidyl-transferase-dUTP-nick-end 
labeling, cleaved-poly-ADP-ribose-polymerase, gasdermin-D N-terminal fragment, caspase-1), smooth muscle cell transformation 
(alpha-smooth muscle actin), histology and ultrastructure of thoracic aorta were evaluated.
Results: In obesity, APO had an ameliorative effect on metabolic parameters, OS, inflammation, ED, programmed cell death and ox-
LDL uptake potential, but not on foam cell formation and LDL uptake potential.
Conclusion: Apocynin may improve ED and AS in obesity by suppressing OS-linked factors involved in the early stage of AS.
Keywords: Apocynin, Atherosclerosis, Endothelial dysfunction, Oxidative stress, Obesity, High-fat diet

1. INTRODUCTION

Obesity is a disease characterized by a chronic low-grade 
inflammation causing a vicious cycle consisting of insulin 
resistance, oxidative stress (OS) and endothelial dysfunction 
(ED). It forms the basis of early and accelerated atherosclerosis 
(AS) [1]. The nicotinamide adenine dinucleotide phosphate 
(NADPH) oxidase (NOX) enzyme family is one of the most 
prominent producers of reactive oxygen species (ROS), which 
has been linked to atherogenesis [2]. NOX-2 in the endothelial 
cells (EC) is a major producer of ROS, giving rise to ED which 
predisposes cardiovascular complications in obesity [3].

ED, defined as the deterioration of endothelium-dependent 
vasodilatation due to decreased nitric oxide (NO) bioactivity 
in the vessel wall [4], has been associated with AS, 
hypercholesterolemia [5] and obesity [6]. Obesity is closely 
linked to ED via the presence of ROS in addition to reduced 
NO production [4] and/or NO bioavailability leading to 
impaired vasodilatation. The main cause of the onset of ED 
is the reduced NO bioavailability that may be a result (i.) of 
decreased endothelial NO synthase (e-NOS) protein expression 
[5,7] and (ii.) increased inducible NOS (i-NOS) activity. 
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Because, decreased e-NOS expression results in decreased 
NO production and increased i-NOS activity reduces NO 
bioavailability by causing peroxynitrite formation from NO and 
e-NOS uncoupling that lead to the production of superoxide 
instead of NO [7]. It has been shown that a high-fat diet (HFD) 
increases i-NOS expression and decreases e-NOS expression in 
the aorta [8].
Atherosclerosis is the fundamental pathophysiological 
process underlying cardiovascular diseases. It begins with the 
retention of low-density lipoprotein cholesterol (LDL-c) in 
the subendothelial space, followed by oxidative modification 
of LDL to oxidized-LDL (ox-LDL) [9]. Activin receptor like-
kinase-1 (ALK-1) is a receptor that functions in the uptake and 
transcytosis of LDL into the cell [10]. Ox-LDL plays a key role in 
AS, mostly through the scavenger receptor lectin-like oxidised 
low density lipoprotein receptor-1 (LOX-1), which enables its 
uptake into the cells [11]. It has been demonstrated that AS is 
associated with increased LOX-1 activity and gene knock-out 
of LOX-1 lead to a reduction in atherogenesis in LDL receptor 
deficient mice fed with a high-cholesterol diet [12].
Apocynin (APO) is an acetophenone that has an ameliorating 
effect on cardiovascular disorders. It acts as an inhibitor of 
NOX-2, in addition, as an antioxidant and scavenger of non-
radical oxidant species [13]. Previous studies have reported that 
APO decreases blood pressure, increases e-NOS activity and 
resulting NO levels in the aorta by elevating e-NOS expression 
in spontaneously hypertensive rats [14]; decreases i-NOS 
expression in the aorta of diabetic rats [15] and descends the 
progression of AS in apoE-deficient mice [2].
Apocynin may ameliorate ED and AS in a wild – type obesity animal 
model through its anti-inflammatory and antioxidant effects. To 
address this issue, this study aimed to reveal the effect of APO on 
the factors involved in the development of ED and subsequent AS as 
a result of OS associated with HFD-induced obesity in wild – type 
rats. Meanwhile, this is the first study in the literature to address 
ALK-1 involvement regarding LDL uptake, and the effect of APO 
on pyroptosis in HFD-induced obesity-related ED/AS.

2. MATERIALS and METHODS

Animals and Experimental Design for an Obesity Model

Twenty-one adult male Wistar albino rats (aged two months, 
250-300g) obtained from the Marmara University Experimental 
Animal Implementation and Research Center (DEHAMER), 
were used for this study. The animals were randomly assigned 
to three groups (7 animals per group). Standard control (CNT) 
group was fed with a standard laboratory chow (6% fat, 24% 
protein,70% carbohydrate) diet while HFD and HFD+APO 
groups were fed with HFD (45% saturated fat, 20% protein, 
35% carbohydrate) for 16 weeks to obtain an obesity model. All 
animals were kept in 12/12 hours light/dark conditions. Access 
to water for the animals was ad libitum. Based on previous 
studies, solvent [16], APO administration method, dosage [16-
18] and timing [19] were determined. APO (TRC, Toronto, 
Canada, 25 mg/kg dose dissolved in 8% dimethyl sulfoxide) 

and vehicle dimethyl sulfoxide were administered by orogastric 
gavage to the HFD+APO and HFD groups, respectively, five 
days a week for the last four weeks. Since, it has been shown 
in previous studies that the administration of APO (at the dose 
applied and above) alone to the standard control group does not 
have a significant effect on the tissues [16, 20, 21], we excluded 
the use of APO treated standard control group in this study to 
avoid unnecessary animal sacrifice. The rats were weighed once 
a week. The applied animal design was approved by the Marmara 
University Local Ethical Committee for Experimental Animals 
(07.05.2018-50.2018.mar). None of the rats died during the 
6-week study. Finally, after 12 hours fasting by removal of chow, 
the rats were decapitated under light ether anaesthesia, then 
trunk blood and thoracic aorta tissue samples were collected. All 
the experiments and analyses were performed in blinded study 
groups by investigators.

Biochemical Analysis

The collected thoracic aorta tissue samples and serum were 
biochemically analysed by the ELISA method using commercial 
ELISA kits. The blood samples were centrifuged at 15000 rpm 
for 15-20 minutes. The aorta tissue samples were homogenized 
as 10% homogenates in phosphate buffered saline (PBS) solution 
(pH: 7.4). The homogenates were centrifuged at 15000 rpm for 15 
minutes and supernatants were collected. Leptin (E-EL-M0039, 
Elabscience Biotechnology, Houston, USA), insulin, total 
cholesterol (TC), triglyceride (TG) and high-density lipoprotein 
cholesterol (HDL-c) (YLA0037RA, YLA0388RA, YLA0770RA 
and YLA0444RA, respectively, YL Biont, Shanghai, China) 
levels were measured in the serum. Malondialdehyde (MDA), 
glutathione (GSH) (MBS728071 and MBS265966, respectively, 
MyBioSource, San Diego, USA), tumor necrosis factor-alpha 
(TNF-α), monocyte-chemoattractant-protein-1 (MCP-1), ox-
LDL (E0764RA, E0193RA and E0699RA, respectively, BTLab, 
Shanghai, China), NO (ADI-917-020, Enzo Life Sciences, 
Lausen, Switzerland), 8-hydroxy-2-deoxyguanosine (8-OHdG) 
levels and, myeloperoxidase (MPO) activity (SL2044Hu and 
SL1230Hu, respectively, Sunlong Biotech, Hangzhou, China) 
were measured in aorta tissue homogenates.
All procedures applied in the ELISA method were performed 
according to the manufacturer’s instructions. Metabolic disorders 
caused by HFD were assessed by serum TG, TC, HDL-c, insulin 
and leptin levels. Lipid peroxidation and antioxidant capacity in 
the aorta were assessed by MDA and GSH levels, respectively. 
Inflammation was assessed by MPO activity, MCP-1 and TNF-α 
levels. Oxidative damage was assessed by ox-LDL and 8-OHdG 
(a marker for oxidative DNA damage) levels. Endothelial 
function was assessed by NO levels.

Histological Analysis

The aorta tissues were fixed in 10% formalin for 24 hours 
and routinely processed for light microscopic examination. 
Processed tissues were embedded and blocked in paraffin wax. 
Approximately, 4-µm thick paraffin sections were stained with 
haematoxylin-eosin (HE) and Verhoeff–Van Gieson stain. 
Stained aorta sections were observed under a light microscope 
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(Olympus BX51, Tokyo, Japan) and photographed. Medial 
elastic fiber degeneration (MEFD) and medial extracellular 
matrix accumulation (MEMA) were scored from 0 to 3 (0: 
none, 1: mild, 2: moderate and 3: severe). Smooth muscle 
cell nucleus (SMCN) number in the tunica media area was 
counted for each sample and expressed as SMCN / area (mm2). 
Tunica intima + tunica media thickness (IMT) was measured 
in equally spaced 15 randomized parts of each specimen slide 
using Image J-Fiji 1.53c Software. Mean of measurements was 
evaluated as IMT value. Histopathological analyses were scored 
by two investigators blinded to the groups and the investigators’ 
assessments concurred.

Immunohistochemical Analysis

Immunohistochemical staining was performed according to 
a previous protocol [16]. Assessed primary antibodies (all 
incubated at 4 °C) were: (i) NOX-2 as a marker of oxidative stress 
(1:200, bs-3889R, Bioss Antibodies, Woburn, Massachusetts, 
USA), (ii) e-NOS, (iii.) i-NOS as markers of ED (1:300 and 1:50, 
NB300-500 and NB300-605, Novus Biologicals, Centennial, 
USA), (iv) LOX-1 as a marker of ox-LDL uptake (1:200, BS-
2044R, Bioss Antibodies) and (v) α-SMA as a marker of foam 
cell formation potential (1:2000, ab7817, Abcam, Cambridge, 
UK). Randomized five parts of each field were evaluated to 
calculate the density of immunoreactivity (ir), and density was 
expressed as the ratio of the DAB-stained area to the total related 
vessel wall area (%). To detect DNA strand breaks resulting in 
programmed cell death, terminal deoxynucleotidyl transferase-
mediated dUTP nick-end labelling (TUNEL) method was 
performed using a commercial kit (EMD-Millipore, Darmstadt, 
Germany) according to the manufacturer’s protocol. To evaluate 
TUNEL staining in tunica media, positive vascular smooth 
muscle cell (VSMC) nuclei were counted per 5 optical field (40× 
objective) at random locations in the vessel wall of the sections 
of each rat. TUNEL positive cell index was calculated by dividing 
the total number of TUNEL positive cell nuclei to the total cell 
nuclei number in the counted areas.

Transmission Electron Microscopy

Approximately 3 mm3 pieces of aorta samples were fixed with 
2.5% glutaraldehyde in PBS (pH 7.2, 0.1 M) for 12 hours at 4 
°C. Then, the samples were post-fixed in 1% osmium tetroxide 
in PBS and dehydrated by passing through an ascending series 
of alcohols. Dehydrated samples were cleared in propylene 
oxide and embedded in Epon 812 (45359, Sigma–Aldrich 
Chemical, Schaffhausen, Switzerland).1-μm semi-thin sections 
were stained with toluidine blue. Ultrathin sections (60-80 nm-
thick) were contrasted using uranyl acetate and lead citrate then 
were observed using a JEOL 120 EXII transmission electron 
microscope (Tokyo, Japan).

Western Blot Analyses

Tissue samples from the aorta were homogenized in 1x 
Radioimmunoprecipitation assay buffer (50 mM Tris–HCl, 
pH 8.0, 150 mM NaCl, 1% NP40, 0.5% Na-deoxycholate, 
0.1% SDS) containing protease inhibitor cocktail (Complete, 

EDTA-free Protease Inhibitor Cocktail Tablets, Roche, Rotkreuz, 
Switzerland) using homogenizer. The tissue homogenates were 
centrifuged at 14,000 g for 15 min and the supernatant was 
collected. Total protein amounts were quantified using Take3™ 
Multi-Volume Plate (BioTek Instruments Inc., Vermont, 
USA). Proteins of 30 µg were separated by 10% SDS-PAGE 
electrophoresis and transferred to the nitrocellulose membranes. 
Membranes were incubated with primary and secondary 
antibodies. Primary antibodies used in this study were Beta-
actin, i-NOS, e-NOS, cleaved-poly-ADP-ribose-polymerase 
(c-PARP) as a marker of apoptosis (1:500, 1:400, 1:500 and 
1:500, NB600-501, NB300-605, NB300-500, and NBP2-27335; 
respectively, Novus Biologicals), caspase-1 and GSDMDC1 as 
markers of pyroptosis (1:200, sc-56036 and sc-393581; Santa 
Cruz Biotechnology, Dallas, USA) and ALK-1 as a marker of 
LDL uptake (1:200, sc-101556; Santa Cruz Biotechnology). All 
antibodies were HRP-conjugated. The bands were visualized 
using chemiluminescent HRP substrates (Western Bright 
ECL-Advansta, K-12045-050). Quantification was performed 
using Chemiluminescence Imaging System (Celvin S, BioStep, 
Burkhardtsdorf, Germany).

Ribonucleic Acid Isolation and Quantitative Real-Time 
Polymerase Chain Reaction Analysis

Ribonucleic acid (RNA) was isolated from fresh frozen tissues 
with PureLink™ RNA Mini Kit (12183018A, Thermo Fisher 
Scientific, Waltham, USA) according to the manufacturer’s 
instructions. All RNA lysates were stored at – 80 °C until use. 
High-Capacity cDNA Reverse Transcription kit (4368814, 
Thermo Fisher Scientific) was used for cDNA synthesis in a 
reaction volume of 20 μL. Taqman expression assays (4453320, 
Thermo Fisher Scientific) were used for gene expression 
analysis. Quantitative real-time polymerase chain reaction 
(qRT-PCR) was performed in 20 μL of final reaction volume 
according to manufacturer’s recommendations for cycling 
conditions. All reactions were performed in duplicate for 
reference housekeeping gene beta actin, oxidized low-density 
lipoprotein receptor1 (OLR1), activin receptor like kinase 1 
(ACVRL1) and nitric oxide synthase 3 (NOS3) by using Light 
Cycler 480 instrument (Roche, Roche Diagnostics International 
AG, Rotkreuz, Switzerland). Relative expression was quantified 
by delta-delta Ct method after normalization of target gene 
expressions relative to the house keeping gene expression.

Statistical Analyses

Graph-Pad Prism 8.0.1 (GraphPad Software, San Diego, USA) 
program was used for statistical analysis. One-Way ANOVA 
method and post – hoc Tukey test for multiple comparisons 
were used for all statistical analyses. P < 0.05 was considered 
significant. All data are expressed as the mean ± standard error 
of the mean (SEM).
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3. RESULTS

Body Weight Gain

At the end of the 16-week period, animals in the HFD group had 
increased (P < 0.0001) body weight gain compared to the CNT 
group. When the two groups fed a high-fat diet were compared 
within themselves, weight gain was less (P < 0.0001) in the APO-
administered group (Figure 1a).

Figure 1. The effect of HFD and APO on body weight gain and serum 
fasting metabolic parameters. *P < 0.05, ***P < 0.001 and ****P < 0.0001 
vs CNT group, +P < 0.05 and ++++P < 0.0001 vs HFD group. All data were 
expressed as mean ± SEM (n=7).

Biochemical Serum Analysis

Serum TG and TC levels were increased significantly in the 
HFD (P < 0.0001 for both) and the HFD+APO (P < 0.0001 for 
TG and P < 0.001 for TC) groups while serum HDL-c levels 
were decreased significantly in the HFD group (P < 0.001) 
compared to the CNT group. APO decreased TG and TC levels 
but increased HDL-c levels significantly (P < 0.0001 for TG and 
TC, P < 0.05 for HDL-c) compared to the HFD group (Figure 
1b-1d).
Serum insulin and leptin levels were increased significantly in 
the HFD (P < 0.0001 for both) and HFD+APO groups (P < 
0.001 for insulin and P < 0.05 for leptin) compared to the control 
group. APO administration decreased both insulin and leptin 
levels significantly (P < 0.0001 for both) compared to the HFD 
group (Figure 1e and 1f).

Biochemical Tissue Analysis

In the HFD group, aortic MDA levels increased significantly 
compared to the CNT group (P < 0.001) while the APO had 
significantly decreased MDA levels compared to the HFD group 
(P < 0.0001, Figure 2a). In the HFD group, GSH levels decreased 
significantly compared to CNT group (P < 0.0001) while APO 
significantly increased GSH levels compared to the HFD group 
(P < 0.0001, Figure 2b). In the HFD group, MPO activity (P < 
0.0001), MCP-1 (P < 0.01) and TNF-α (P < 0.01) levels increased 
significantly compared to the CNT group. APO significantly 
decreased MPO activity (P < 0.0001), MCP-1 (P < 0.05) and 
TNF-α (P < 0.01) levels compared to the HFD group (Figure 

2c-2e). In the HFD group, ox-LDL (P < 0.001) and 8-OHdG (P < 
0.05) levels increased significantly compared to the CNT group. 
APO significantly decreased 8-OHdG levels compared to the 
HFD group (P < 0.05, Figure 2g). In the HFD group, NO levels 
decreased significantly compared to the CNT group (P < 0.0001). 
In the HFD+APO group, NO levels increased significantly 
compared to the HFD group (P < 0.0001, Figure 2h).

Figure 2. The effect of HFD and APO on (a) MDA, (b) GSH, (c) MPO 
activity, (d) ox-LDL, (e) 8-OHdG, (f) MCP-1, (g) TNF-α and (h) NO 
levels in aorta tissue. *P < 0.05, **P < 0.01, ***P < 0.001 and ****P < 
0.0001 vs CNT group, +P < 0.05, ++P < 0.01 and ++++P < 0.0001 vs HFD 
group. All data were expressed as mean ± SEM (n=7)

Aorta Histology

Staining with HE demonstrated the structure of both the elastic 
lamina and the cellular density of tunica media. The CNT group 
had a smooth alignment of endothelium and elastic lamina 
(Figure 3a). The HFD group displayed prominent disintegration 
of elastic lamina (expressed as MEFD), accumulation of mucoid 
extracellular matrix (expressed as MEMA) and foam cells 
(Figure 3b). Treatment with APO ameliorated elastic lamina 
alignment and reduced MEMA (Figure 3c). Verhoeff–Van 
Gieson staining displayed the elastic lamina which was regularly 
structured in the CNT group (Figure 3d) and disintegrated in 
the HFD group (Figure 3e), but in the HFD+APO group the 
elastic lamina showed nearly regular morphology (Figure 3f). 
Toluidine blue stained sections displayed both elastic lamina 
and media structure; in the CNT group, elastic lamina aligned 
regularly (Figure 3g) whereas in the HFD group the medial 
layer showed disintegrated and expanded morphology besides 
in some regions the cellularity was reduced (Figure 3h). On the 
other hand, the HFD+APO group demonstrated regeneration in 
the elastic lamina and reduction of the space between the lamina 
besides the regular cellularity (Figure 3ı).

Medial elastic fiber disintegration and MEMA were increased in 
both the HFD (P < 0.0001 for both) and the HFD+APO (P < 0.01 
and P < 0.0001, respectively) groups significantly , compared to the 
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CNT group. APO decreased MEFD (P < 0.01) and MEMA (P < 
0.001) levels significantly compared to the HFD group (Figure 3j 
and 3k). The value of SMCN/Area (mm2) indicating cellular loss, 
significantly decreased in the HFD group compared to the CNT 
group (P < 0.01). APO reversed this reduction close to CNT values 
(P < 0.05, Figure 3l). IMT increased in both HFD and HFD+APO 
groups, but it was not statistically significant (Figure 3m).

Figure 3. Representative photomicrographs of HE (a-c), Verhoeff 
Van Gieson (d-f) and Toluidine blue (g-ı) – stained aorta tissue. ►: 
endothelium; →: (b) foam cell formation, (e) impairment of elastic 
lamina, (h) twisted smooth muscle cell nucleus; broken arrows: mucoid 
extracellular matrix, ⁕: elastic lamina; ⁕⁕: thickness in elastic lamina; Ʌ: 
reduction in cellularity of smooth muscle cells. Histopathological score for 
the (j) MEFD, (k) MEMA, (l) SMCN/area (mm2) and (m) IMT. **P < 
0.01 and ****P < 0.0001 vs CNT group, +P < 0.05 ++P < 0.01, +++P < 0.001 
and ++++P < 0.0001 vs HFD group. All data were expressed as mean ± SEM 
(n=7). Scale bar: a-f: 20 µm; g-ı: 10µm, insert: 10µm.

Immunohistochemistry Assays
Compared to the CNT group, TUNEL positivity (P < 0.0001, 
Figure 4a2 and 4a4), i-NOS-ir levels (P < 0.01, Figure 4c2 and 
4c4), LOX-1-ir levels (P < 0.0001, Figure 4e2 and 4e4) and NOX-
2-ir levels (P < 0.01, Figure 4f2 and 4f4) were significantly higher 
while e-NOS-ir levels (P < 0.001, Figure 4b2 and 4b4) were 
significantly lower in the HFD group. APO treatment reversed 
these levels [(P < 0.001 for TUNEL positivity, Figure 4a3 and 
4a4), (P < 0.01 for i-NOS-ir, Figure 4c3 and 4c4), (P < 0.0001 for 
LOX-1-ir Figure 4e3 and 4e4), (P < 0.01 for NOX-2-ir, Figure 
4f3 and 4f4) and (P < 0.001 for e-NOS-ir Figure 4b3 and 4b4)] 
compared to the HFD group. α-SMA-ir levels were decreased 
in the HFD group compared to the CNT group and increased 
in the HFD+APO group compared to the HFD group. But the 
differences among the groups were not statistically significant 
(Figure 4d1-4d4).

Figure 4. Representative photomicrographs of immunohistochemically 
stained aorta tissue and corresponding graphs of immunoreactive area 
levels. **P < 0.01, ***P < 0.001 and ****P < 0.0001 vs CNT group, ++P 
< 0.01, +++P < 0.001 and ++++P < 0.0001 vs HFD group. All data were 
expressed as mean ± SEM (n=7). Scale bar: 20 µm.

Transmission Electron Microscopy

In CNT group, regularly arranged elastic lamina and in addition 
to local collagen fibers were observed (Figure 5a) while in HFD 
group, elastic lamina deteriorated and there was an increase in 
collagen between them (Figure 5b). In the HFD+APO group, 
improved appearance of elastic lamina and a decrease in collagen 
fiber density were observed (Figure 5c).

Figure 5. Representative electron micrographs of aorta tissue. ►: (a,c) 
Regular elastic lamina, (b) irregular elastic lamina; ⁕ : (a) endothelial cell, 
(b-inset) increased and disorganized collagen fibers, (c) reduced density 
of collagen fibers, Sm: smooth muscle cell. Scale bar: 10 µm; insert: 2 µm

Western Blot Analysis

The levels of c-PARP (P < 0.01), caspase-1 p10 (P < 0.0001) 
and GSDMD-N (P < 0.01) increased significantly in the HFD 
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group compared to the CNT group, while APO reversed these 
levels compared to the HFD group (P < 0.01, P < 0.0001 and 
P < 0.05, respectively, Figure 6a-6c). The level of e-NOS (P < 
0.05) decreased while the level of i-NOS (P < 0.01) increased 
in the HFD group compared to the CNT group, and APO 
reversed both levels (P < 0.05, Figure 6d and 6e) compared to 
the HFD group. The level of ALK-1 increased in the HFD group 
compared to the CNT group and reversed in the HFD+APO 
group, but the difference between groups was not statistically 
significant (Figure 6f).

Figure 6. Representative immunoblot images and the protein expression 
levels in aorta tissue. The expression levels of each band were determined 
using scanning densitometry and normalized to beta-actin. *P < 0.05, **P 
< 0.01 and ****P < 0.0001 vs CNT group, +P < 0.05 ++P < 0.01 and ++++P 
< 0.0001 vs HFD group. All data were expressed as mean ± SEM (n=7).

qRT-PCR Analysis

The differences in mRNA expression levels of NOS-3 (e-NOS) 
and ACVRL1 (ALK-1) genes between groups were not statistically 
significant while only mRNA expression level of OLR1 (LOX-
1) gene was statistically significant in the HFD+APO group 
compared to the HFD group (P < 0.05, Table I).

Table Ι. Gene expression levels in aorta tissue. 

      CNT

     Group 

    HFD

   Group

HFD+APO

    Group
NOS3 0,9939 ± 0.3 1.197 ± 0.6 0.2593 ± 0.03
ACVRL1 1.584 ± 0.6 1.630 ± 0.4 2.388 ± 0.5
OLR1 1.772 ± 0.5 0.6144 ± 0.1 2.908 ± 0.7 * 

NOS3: Nitric oxide synthase 3, ACVRL1: Activin receptor-like kinase 1, OLR1: 
Oxidized low-density lipoprotein receptor 1, CNT: Standard control group,   HFD: 
High-fat diet group, HFD+APO: High-fat diet+Apocynin group.  *P < 0.05 vs 
HFD group. Results were expressed as fold change compared to control. All data 
were expressed as mean ± SEM (n=7).

4. DISCUSSSION

Our study demonstrated that treatment of obese rats with APO 
for 4 weeks restored weight gain and parameters relevant to 
metabolic disturbance (TG, TC, HDL-c, insulin, leptin), OS 
(NOX-2, MDA, GSH, 8-OHdG), ED (NO, e-NOS, i-NOS), 
inflammation (MPO, MCP-1, TNF-α), programmed cell 
death (TUNEL, c-PARP, caspase-1, GSDMD-N), histologic 
damage and cellular ox-LDL uptake ( LOX-1) which occurs in 
atherogenesis.
Apocynin is a natural inhibitor of the NOX-2 enzyme which is the 
main isoform of NOX family members up-regulated in obesity 
and HFD-induced vascular OS [3]. It limits the progression of 
AS in mice by NOX inhibition after the disease developed [22]. 
A previous study demonstrated a link between HFD-induced 
NOX-2 activity and weight gain, and administration of APO 
resulted in less weight gain [3]. Similar to these results, the weight 
gain levels in our study showed that APO significantly decreased 
the increased weight gain in the HFD group. Also, this decrease 
was paralleled by the significant decrease of NOX-2 expression, 
which implies oxidative stress, with APO administration in our 
study.
In obesity, hyperlipidaemia, a cardiovascular risk factor 
characterized by high TC, high TG and reduced HDL-c levels, is 
considered to be responsible for atherogenesis emergence [23]. 
In our obesity model, high fat consumption resulted in higher 
TC, higher TG and lower HDL-c levels in serum similar to 
previous studies [3, 4, 8] and APO reversed these levels similar to 
a previous study [24]. But our TC result did not support Gamez-
Mendez’s study, which showed that there was no significant 
difference via APO administration [4]. This difference may be 
caused by the use of different animal strains and dosage of APO 
from those used in our study.
Excess adiposity results in chronic hyperinsulinemia which 
occurs in atherogenesis by increasing growth and proliferation 
of VSMCs, monocyte/macrophage recruitment to endothelium, 
ROS production and inflammation, transport of LDL cholesterol 
into VSMCs and causing hypertension, especially ED [25]. In 
this study, as a result of HFD, hyperinsulinemia developed in 
HFD-fed rats in parallel with increased adiposity. APO reversed 
hyperinsulinemia similar to previous studies [3, 26]. These 
results indicate that APO may contribute to the suppression of 
ED/AS by reducing hyperinsulinemia in obesity.
In obesity, leptin is responsible for the relationship between ED 
and obesity, as it acts on the regulation of vascular tone / NO 
production and associated with proinflammatory mechanisms 
and ROS production leading to ED [4]. In addition, it stimulates 
ECs, leading to adhesion of monocytes and their migration 
from blood into tissue [27]. In the present study, we observed 
hyperleptinemia in HFD group and APO reversed this effect, 
similar to a previous report [4], indicating that APO may exhibit 
its ED-improving and AS-suppressive effects by reducing 
hyperleptinemia.
A high saturated fat diet over a long period of time functions as 
a stimulator of OS that is responsible for organ pathophysiology 
[28]. In our study, in addition to increased NOX-2 level, the other 
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OS markers: increased MDA, decreased GSH and increased 
8-OHdG levels in the HFD group were significantly reversed by 
APO, indicating its suppressor effect on OS, similar to previous 
studies [16, 26, 29, 30].
In this study the results showed that (i.) MPO activity levels, 
(ii.) proinflammatory TNF-α, which participates in AS via 
stimulating superoxide production by NOX in ECs and VSMCs 
[31], and (iii.) MCP-1, which has a key role in monocyte/
macrophage infiltration into vessel wall in the initial stage of 
AS [32], levels were increased along with ox-LDL levels in obese 
rats. But APO reversed TNF-α and MCP-1 levels as reported in 
previous studies [2, 33] and to our knowledge this is the first 
study demonstrating the impact of APO on ED/AS in HFD-
induced obesity and MPO link. It is inferred from these results 
that APO has a limiting effect on AS by suppressing monocyte 
involvement and subsequent proinflammatory cytokine 
production, which contributes to the progression of AS.
Obesity leads to ED via increased ROS production by NOX-2 
which causes a depletion on vasoprotective NO levels [3]. NO is 
the key regulator of vasodilatation. It has several antiatherogenic 
effects acting to inhibit platelet adhesion and aggregation, 
decrease leukocyte adhesion to endothelium and migration into 
vessel, VSMC proliferation [34, 35] and inhibit proinflammatory 
cytokine /chemokine expression [5]. Under physiological 
conditions, it is generated by e-NOS. But, in pathological 
circumstances such as OS and inflammation, it is generated 
by i-NOS in excessive amounts, disturbing endothelium-
dependent vasodilatation. i-NOS decreases e-NOS activity 
by competing with it for its cofactor [34]. Continuous NO 
production by i-NOS may also impair signal cascades linking 
endothelial receptors to e-NOS activation [35]. ED can also be 
a result of decreased e-NOS expression and/or e-NOS activity 
[5]. As described in previous reports, ED is marked with NO 
decrement [4, 8], e-NOS expression reduction [36] and i-NOS 
expression induction [8] and can be reversed by perfusion of 
APO in obese subjects [37]. In our study, impaired endothelial 
function parameters were reversed by APO as in previous 
studies, demonstrating elevated NO levels [4, 14] and e-NOS 
expression [14] in addition to lowered i-NOS expression [15], 
indicating that APO in this study may supress ED.
Progression of atherogenesis occurs through the response of 
inflammatory cells to native and modified lipids accumulating 
in the subendothelial region [38]. In addition, ox-LDL 
formation by ROS has an atherogenic effect via inducing foam 
cell formation and accumulation of adhesion molecules, ox-
LDL, neutrophils and monocytes in the vessel lumen that result 
in atherogenic plaque and cell death [39]. Besides, oxidation 
of LDL may be carried out by MPO in the endothelium [38]. 
So, resulting ox-LDL increases NOX activity and decreases 
e-NOS activity in the vessel [7]. LOX-1 which is a scavenger 
receptor present in ECs, VSMCs, platelets, macrophages and 
fibroblasts, participates in ED and AS via mediating ox-LDL 
uptake into the cells. Obesity induces LOX-1 expression. In 
the pathogenesis of AS, monocyte adhesion to activated ECs 
occurs. Monocytes in the subendothelial space transform into 
macrophages, internalize modified lipids such as ox-LDL and 

form foam cells. VSMCs migrate into the subendothelial space 
and proliferate there, then synthesize collagen. Foam cells, 
VSMCs and deposited collagen form atherosclerotic plaque. Ox-
LDL binding to elevated LOX-1 results in several atherogenic 
and/or proinflammatory effects in the vessel wall that promote 
this pathogenesis. Namely, it increases (i.) LOX-1 expression 
and ox-LDL uptake by ECs and VSMCs, resulting foam cell 
formation, (ii.) proinflammatory cytokine expression such as 
TNF-α and MCP-1, hence monocyte attachment to ECs, (iii.) 
NOX-2 and NOX-4 expression, hence ROS production and 
OS, besides (iv.) collagen synthesis, (v.) apoptosis, (vi.) VSMC 
migration and proliferation. On the other hand, it decreases 
e-NOS activity/expression and endothelial NO level [40]. In our 
study it was observed an increase of oxidative and inflammatory 
parameters and changes in NO metabolism in the HFD group, 
however NOX-2 inhibitor apocynin treatment reversed all these 
parameters except ox-LDL to the control levels by regulating the 
oxidant/antioxidant balance.
Antioxidants have been reported to be inhibitors of LDL 
oxidation [39]. In this study, as an antioxidant agent, APO 
decreased the markedly alleviated LOX-1 protein expression 
levels. But, in contrast, gene expression levels were lower in the 
HFD group (statistically not significant) compared with the CNT 
group and were significantly higher in the HFD+APO group. 
This may because of that high LOX-1 protein expression levels 
in the HFD group, increased with alleviating OS, may induce 
a negative feedback mechanism on LOX-1 gene expression. 
Hence, it may result in a decrease in gene expression. But APO 
by means of its strong antioxidant effect may suppress OS and 
prevent related LOX-1 protein expression levels from reaching 
the similar levels as in the HFD group. Since LOX-1 protein 
level was low in the HFD+APO group, the negative feedback 
mechanism was not activated, and LOX-1 gene expression levels 
may have remained high for a longer period in the HFD+APO 
group.
The initiation of AS is believed to occur from retention and 
accumulation of cholesterol-rich particles, especially LDL-c, 
in the subendothelial space. ALK-1 can function as a binding 
protein for uptake and transcytosis of LDL-c throughout vascular 
endothelium [10, 41]. LDL-c is not degraded when taken into 
cells via ALK-1 [38]. It has been demonstrated that ALK-1 activity 
alleviated in atherosclerotic vessel, and it is thought to have a role 
in VSMC proliferation in AS [41]. For the first time, this study 
investigated the difference in ALK-1 expression in obesity to 
assess LDL uptake. ALK-1 protein and mRNA expression did not 
differ significantly between the groups. This result may be related 
to the fact that increased LDL concentration in athero-prone areas 
in the vessel wall is caused by increased LDL retention rather than 
increased uptake of LDL [38].
Foam cell formation is a hallmark of AS. It may be generated from 
both macrophages and VSMCs [42]. Over a high cholesterol 
loading, VSMCs undergo dedifferentiation and downregulate 
some genes that is specific for contractile phenotype including 
α-SMA to switch to secretory phenotype in atherosclerotic 
lesions [43]. In our study, HFD and APO did not affect the 
α-SMA protein expression significantly. We demonstrated the 
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presence of lipid loaden foam cell formation by VSMCs in media 
layer in HE stained sections. But it is concluded from α-SMA 
results that HFD consumption has not yet caused a phenotypic 
transition in VSMCs that will participate in plaque formation in 
the intima.
High levels of cholesterol, ox-LDL, TNF-α and ROS act as 
inducers of apoptosis and pyroptosis in many stages of AS. 
In the early stage of AS, apoptosis and pyroptosis in ECs 
lead to loss of endothelial function and integrity, resulting in 
increased permeability for lipid and monocyte which will form 
foam cells [44, 45]. In the progressing stages of AS, apoptosis 
and pyroptosis in EC, VSMCs and macrophages participate 
in destabilization of atheromatous plaque and thrombosis 
formation [44, 46]. As reported in previous studies [13, 47,48], 
in our study, we demonstrated the suppressor effect of APO on 
apoptosis marked with reduced c-PARP protein levels, which 
indicates apoptotic caspase-3 activity, in addition to TUNEL 
positivity, and on pyroptosis marked with reduced caspase-1 
and GSDMD-N protein levels in addition to TUNEL positivity. 
Besides, TUNEL positivity was overt especially in ECs and 
VSMCs supporting a previous report for pyroptosis [49]. The 
simultaneous increase in TUNEL positivity of tunica media, ox-
LDL and LOX-1 expression levels in our study supported the 
fact that high levels of ox-LDL cause an increment in apoptosis 
of VSMCs through LOX-1 [50].
Histopathologic and ultrastructural evaluations revealed 
a correlation with other results demonstrating metabolic 
disturbance and presence of factors leading to atherosclerosis. 
In the HFD group, we examined disintegration/disorganization 
in elastic lamina, VSMC nuclei loss, foam cell formation, 
expanded elastic lamella, twisted SMCN, mucoid extracellular 
matrix accumulation and increase/ disorganization of collagen 
fibers. APO administration significantly regressed these results, 
demonstrating a suppressor effect of APO on HFD-induced 
vessel pathology at an aorta tissue basis.

Conclusion

It is probable that APO demonstrates its improving effect on 
HFD-induced obesity linked ED/AS-related factors by acting on 
OS, programmed cell death, ox-LDL uptake and inflammation 
mechanisms.
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ABSTRACT
Objective: This study aims to evaluate the effects of the rs965623242 reference single nucleotide polymorphism (SNP) on the ZIC5 
gene in patients with neural tube defect (NTD).
Patients and Methods: One hundred sixty-eight controls and one hundred sixty-eight NTD patients were included in the study. 
Deoxyribonucleic acid (DNA) isolation from peripheral blood samples was carried out for all participants. rs965623242 polymorphic 
region was amplified by polymerase chain reaction (PCR) and then sequenced.
Results: In the 5’ untranslated region (UTR) of the first exon, guanine (G) to adenine (A) base change was detected in the 38th base of 
NM_033132.5. G to A base change was determined as GG genotype in 117 (69.6%), AG genotype in 30 (17.86%), and AA genotype in 
21 (12.5%) patients. In the control group, GG genotype in 107 (63.7%), AG genotype in 23 (13.7%) and AA genotype in 38 (22.7%) were 
observed. The statistically significant difference was observed between the NTD and the control groups in ZIC5 genotypes or allele 
frequencies [p=0.044, odds ratio (OR)=0.49 (0.27-0.88) and p=0.021, OR=0.65 (0.46-0.93), respectively].
Conclusion: ZIC5 rs965623242 polymorphism may have a protective role in the NTD development in the Eastern Anatolian population, 
in Turkey. Although, these findings demonstrate that the rs965623242 polymorphism is associated with NTD, we do not clarify how 
its expression is affected during the embryonic period and ongoing processes. We will need advanced ongoing genetic and clinical 
studies to obtain more detail.
Keywords: Congenital anomalies, Neural tube defect, Spina bifida, ZIC5 gene, Polymorphism

1. INTRODUCTION

Spina bifida, also known as neural tube defects (NTDs), affects 
around 0.57–13.87% of the population and is the second most 
frequent birth condition globally [1]. In Turkey, the disease 
is seen in 1.5% to 6.3% of cases [2]. During the first three or 
four weeks of pregnancy, the neural tube begins to collapse. 
Delays in closure lead to NTD. In many parts of the world, 
there is a significant incidence of non-transferable diseases 
(NTDs), which varies according to the geographical region, 
season of pregnancy, gender of the diseased fetus, ethnicity, 
socioeconomic status of the family, and mother age [3]. The 
word “spina bifida” refers to a broad category of developmental 
defects. Spina bifida, meningocele, myelomeningocele, 
encephalocele, anencephaly, dermal sinus, stretched medulla 
spinalis, syringomyelia, diastemomyelia, and lipoma are the 

most prevalent of these abnormalities [4]. According to reports, 
genetic and environmental variables can have a role in the 
occurrence of NTD. The neural tube may not close properly as a 
result of maternal malnutrition during pregnancy, health issues 
such as high blood pressure, diabetes, obesity, and fever, as well 
as some medications and environmental contaminants [5].
Parallel to the new techniques used in molecular genetics, 
several possible gene polymorphisms and mutations that cause 
NTDs were identified. It is known that genetic research is being 
done to determine the cause of spina bifida. It has been proposed 
recently that the ZIC gene family may be involved in neural 
tube closure and abnormalities. NTD is commonly observed 
in humans with 13q deletion syndrome, which lends support 
to this observation. The 13q3.3 minimum deletion region is 
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where the ZIC2 and ZIC5 genes are located [6]. The human 
genome has five ZIC genes: ZIC1, ZIC2, ZIC3, ZIC4, and ZIC5. 
ZIC genes participate in neural crest induction, suppression of 
neurogenesis, and mediolateral segmentation during mouse 
brain development [7, 8].
Mice lacking ZIC2 showed signs of a broad range of NTDs, 
including spina bifida aperta, spina bifida oculus, anencephaly, 
and exencephaly [9–11]. In the Xenopus genus, neural crest 
development is known to be induced by the ZIC5 gene [12]. 
It has been demonstrated that ZIC5 deficiency in mice results 
in a variety of abnormalities, including NTDs and craniofacial 
abnormalities including hypoplasia. Despite evidence that the 
ZIC5 gene has a role in neural tube closure and neural crest 
development in experimental animals, ZIC5 gene mutation 
screening has not been carried out for human patients with neural 
tube defects [13]. The cerebellar chain-finger transcription 
factors encode the ZIC2 and ZIC5 genes. Every zinc finger motif 
has two histidines in the alpha (α) helix area, two tetrahedral 
structures in the beta (β)-sheet region, and a zinc atom in the 
center. The ZIC5 gene has three exons. In all five genes, the first 
intron-exon limit was maintained. In addition, the boundary of 
the second intron-exon is conserved in ZIC1, ZIC2 and ZIC3 
but not in ZIC4 and ZIC5 [14-16].
Research indicates that the ZIC5 gene plays a role in both the 
etiopathogenesis and neurulation processes of NTD [12, 13]. 
There is no information in the literature about the relationship 
between the likelihood of acquiring neural tube abnormalities 
and mutations or polymorphisms in the ZIC5 gene. As a 
result, we looked into the ZIC5 gene’s rs965623242 promoter 
polymorphism in patients with NTD and contrasted the findings 
with those of controls who resided in Turkey’s Eastern Anatolian 
region.

2. PATIENTS and METHODS

After the approval of the Non-Interventional Research Ethics 
Committee of Firat University (Decision number: 158/9, 
dated 02.06.2011) was obtained, the study was carried out by 
obtaining verbal and written consent from the families. 168 
patients who underwent surgery with the diagnosis of NTD 
at Fırat University Hospital Pediatric Surgery Clinic and 168 
control individuals participated in the study between June 2011 
and September 2016. Care was taken to collect the samples used 
in the study from similar geographical regions. For the genotype 
analyses, blood samples taken for the routine preoperative 
biochemistry tests from all participants, who were admitted 
to the outpatient clinic due to circumcision and trauma, were 
used. In the selection of control subjects, the criteria of absence 
of any congenital anomaly and genetic disease in the family, 
and similar age, gender, and region of residence were taken into 
consideration. Blood samples were collected into biochemistry 
tubes coated with ethylenediaminetetraacetic acid (EDTA) and 
for the genotyping analysis, they were conserved at – 20°C. 
An anamnesis form including each patient’s demographic 
characteristics and clinical history was filled. The type of defect 
in the patients was recorded. The participants were asked about 

maternal age, whether there were similar cases in the family, 
and whether there was any consanguineous marriage. To reveal 
possible teratogenic causes (besides birth anamnesis); drug 
usage in the mothers’ periconceptional period, whether or not 
the use of vitamin B12 and folic acid, and whether they had a 
feverish illness during the 3rd-4th weeks of pregnancy were asked. 
After a detailed examination of the patients, whether there was 
any other nervous system anomaly or other system anomalies 
accompanying spina bifidia was recorded.

DNA extraction

Genomic DNA extraction from blood samples was performed 
using Wizard® Genomic DNA Purification Kit (CAT # A1120, 
Promega, USA), designed for the DNA isolation from 300 µL 
of blood. After the samples were thawed and kept at room 
temperature, the isolation process followed the manufacturer’s 
protocol and some modifications were made to the isolation 
protocol. 900 µL of cell lysis solution was added into the 1.5 
mL tubes and then 300 µL blood was added into each tube 
after pipetting it 5-6 times. The tubes were kept at room 
temperature for 10 minutes and centrifuged at 15,000 x g speed 
for 20 seconds at 4oC temperature. After centrifugation, the 
supernatants were discarded, leaving approximately 10-20 µL 
of liquid at the bottom of the tube. The tubes were vortexed at 
high speed for 15-20 seconds, 350 µL of nuclei lysis solution was 
added into each tube and the vortexing process was performed 
again. After the tubes were centrifuged at 13.00x g speed for 1 
min at 25oC temperature, the supernatants were discarded and 
the remaining liquid at the bottom of the tubes was pipetted 5-6 
times with a Pasteur pipette to break down the white cells. To 
precipitate proteins in the blood, about 120 µL of precipitation 
solution was added to the nuclear lysate at room temperature. 
After vortexing the tubes vigorously for 10-20 seconds, small, 
different brown shades of protein clusters were seen. The 
samples were centrifuged at 15,000 x g for 3 minutes at 25oC 
temperature. 300 µL of isopropanol and the supernatants were 
added respectively into the fresh 1.5 mL centrifuge tubes. After 
the tubes were shaken thoroughly, DNAs were seen as white 
residue at the bottom of the tubes. The samples were centrifuged 
at 15,000 x g for 1 minute at 25oC temperature. 900 µL of 70% 
ethanol was added into each tube and the tubes were shaken 
gently. The centrifugation process was repeated at 15,000 x g for 
1 minute at 25oC temperature. After the DNA washing process 
was completed, the tubes were placed on the clean paper as 
the tubes’ mouths were faced upwards, so ethanol was exactly 
removed. Tubes were allowed to air dry for 5-10 minutes and 
100 µL of DNA rehydration solution was added to each tube. 
The tubes were incubated at 37°C for 60 minutes to rehydrate the 
DNA and then stored at 2-8°C temperature. DNA concentration 
and purity were analyzed by a nanodrop device (Maestrogen, 
MaestroNanodrop, USA), and then DNA concentration was 
diluted to 1-10 ng.
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Conventional polymerase chain reaction (PCR), DNA 
sequencing and genotyping

To evaluate the polymorphisms for the ZIC5 gene, complete 
sequences of genes were obtained by using the Ensembl 
genome database [17]. Primers used to perform amplification 
of the ZIC5 gene promoter region on human DNA, were 
designed with the help of a free primer designation tool 
[18] and purchased from the Sentebiolab (Ankara, Turkey). 
The nucleotide sequence for the forward (F) primer is 
5′-CAGGCCAGGCTCAAACTTCTGCA-3′ and for the reverse 
(R) primer is 5′-GGGGCTCCATCAGAACTACACAATCA-3′. 
PCR conditions were set according to the protocol described 
by Zhang et al [19]. After the optimization process, the PCR 
protocol was adjusted to our laboratory conditions. The PCR 
reaction mix was prepared by using 8 μL of template DNA, 5μL 
of 10X PCR buffer, 5 μL of 25 mM MgCl2, 0.5 μL of Taq DNA 
polymerase, 5 μL of 2.5 mM deoxyribonucleotide triphosphates 
(dNTPs), 0.5 μL of Taq DNA polymerase and 2μL each of 20 
pmol of F and R primers. The total volume was completed 
with 50 μl of nuclease-free water. PCR denaturation step was 
carried out for 5 minutes at 95°C and 30 seconds at 95°C, the 
annealing step for 30 seconds at 58.4°C, the elongation step 
for 40 minutes at 72°C, and the extension step for 7 minutes at 
72°C. The total PCR reaction consisted of 36 cycles and all steps 
were performed sequentially. To determine the specificity and 
quality of the DNA amplification process, PCR products were 
run on the 3% agarose gel. For the electrophoresis process, 5X 
Tris/Borate/EDTA (TBE) buffer was used. 6X loading buffer and 
PCR products were mixed and then loaded into the wells of the 
gel. 7 μL of 100 base pair (bp) DNA marker (Fermentas) was 
loaded into the first and last wells of the gel to determine the size 
of the bands. The gel was run at 60 V at room temperature for 1 
hour and finally, it was visualized under ultraviolet (UV) light. 
A 431 bp product was obtained as a result of amplification of the 
ZIC5 gene region containing the rs965623242 polymorphism ( 
Figure 1).

A 401 bp product

Figure 1. Control of the PCR products by agarose gel electrophoresis. 100 bp 
of DNA marker and 431 bp PCR products belonging to exon 1 of the ZIC5 
gene were obtained by 2% agarose gel electrophoresis with ethidium bromide 
(EtBr) staining. Forward (5’-CAGGCCAGGCTCAAACTTCTGCA-3’) 
and reverse (5’-GGGGCTCCATCAGAACTACACAATCA-3’) primers 
were used to amplify the promoter of ZIC5 gene..

Polymerase chain reaction products were sent to the RefGen 
Gene Research and Biotechnology laboratory (Ankara, Turkey) 
for the sequencing process. The sequencing results were 
compared with a DNA baser program to determine whether 

polymorphism existed. For bioinformatics analysis of the ZIC5 
gene variants, DIANA tools [20], miRDB [21], 1000 Genomes 
[ 22], The Exome Aggregation Consortium (ExAC) [23], the 
Single Nucleotide Polymorphism Database (dbSNP) of the [24] 
and Variation Viewer [25] were utilized.
Statistical Analysis
All descriptive and inferential statistical analyses were 
performed with IBM SPSS version 22.0 software (Chicago, IL, 
USA). Data are presented in counts, percentages, mean, and 
standard deviation (SD) values. The Kolmogorov-Smirnov test 
was conducted to determine whether the data were distributed 
normally. The deviation from Hardy-Weinberg equilibrium 
(HWE) was verified by using the Chi-square (χ2) test which was 
also used to make a comparison between groups, for the analysis 
of the association between two qualitative variables and allele 
and genotype frequencies. The magnitude of the association 
between ZIC5 rs965623242 polymorphism and NTD was 
expressed with the help of odds ratio and 95% confidence interval 
(CI). Demographic, clinical, and laboratory data were compared 
using the χ2 test, Student’s t-test, and one-way ANOVA test. To 
decide the statistical significance or insignificance of the results, 
the p-value was accepted as < 0.05.

3. RESULTS

Demographic, clinical, and laboratory results of all subjects are 
indicated in Table I. 69.7% of the patients are from Elazig province 
and 31.3% from its surrounding provinces in the Eastern Anatolia 
Region of Turkey. Sex ratio of the children was 79 (47%) for females 
and 89 (53%) for males in the control group and 98 (58.3%) for 
females and 70 (41.7%) for males in the NTD group. The mean 
age of the children was 2.38±2.83 years [3.28 ± 4.21 for females 
(1 month-17 years old) and was 3.24 ± 4.15 years for males (1 
month-14 years old)] for the control group and 2.22±3.13 years 
(2.24 ± 3.37 years for females and 2.38 ± 3.14 years for males) for 
the NTD group. There was no statistically significant difference 
in terms of the mean age of children and mothers between the 
control and NTD groups (p>0.05).

Table I. Demographic, clinical, and laboratory findings for each group
Parameters NTD 

(n=168)
Control (n=168) p-value

Age (years) 2.22 ± 3.13 2.38 ± 2.83 NS
Female/male 98/70 79/89 NS
Meningosel/ Meningomyelosel 10/158 —— ——
History of the other baby with 
NTD in the family

21 (12.5%) 0 (0%) 0.0000

Consanguinity between parents 46 (27.4%) 16 (9.52%) 0.0001
Iron supplements used during 
pregnancy

25 (14.8%) 30 (17.9%) NS

Mother’s age during pregnancy 
(years)

27.35 ± 5.31 26.22±5.68 NS

NTD: Neural tube defect, NS: Non-significant. Results are expressed as mean ± 
standard deviation (SD). p < 0.05 was considered significant when compared with 
the control group.
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Genotype and allele distributions

All samples were successfully sequenced and the sequencing 
results are indicated in Figure 2a. The specific DNA sequence 
obtained from the sequencing analysis is illustrated in the Figure 2b.

(A) GG genotype (B) GA genotype (C) AA genotype

Figure 2a. Typical raw data for rs965623242 (G>A) polymorphism obtained by using Sanger sequencing instruments. Polymorphic nucleotide was 
represented with a black arrow. G nucleotide was the ancestral allele and A nucleotide was the polymorphic allele. (a) Single “G” peak shows a GG
homozygous genotype. (b) The presence of both “G” and “A” peaks indicates a G/A heterozygous genotype. (c) Single “A” peak demonstrates a AA 
homozygous genotype. GenBank accession number of ZIC5 gene was NG_053065.1.

3'-CGGCCGCAAGCACGGGGGCGAATCCCCGCTGGGTCGAGGGCCTGAACGGGAG/ACCAATCGAGCAGCCGAGGCTACTGCCA
ATCACGCGGCTCCCTCCAATCCCACCCGTGCCATTTCCAAAATCTCGGTCCCACTGTGCAGCTCAAATGTGGTGTTCACTCTGCCAATC
GCTGGAGGATAGAGTGGGAACAGGAATAAGCAGAGTTAAGAGGCCAGGACAAAAGAAGTTAAAGAGCGCCCAATACATAC-5'

Figure 2b. 5’ untranslated region (UTR) sequence of ZIC5 gene. The genomic position of rs965623242 polymorphism was NC_000013.10:g.100624126C>T, 
which is located in the 5’ UTR of the ZIC5 gene.

The distribution of genotypes and allele frequencies of ZIC5 
gene variants are presented in Table II. All SNPs were analyzed 
in the HWE in NTD and control subjects (p˃0.05). Between the 
patient and control groups, statistical significance was detected in 
genotype distributions and allele frequencies of the analyzed SNP 
(p=0.044, OR=0.49 (0.27-0.88) for patients; p=0.021, OR= 0.65 
(0.46 – 0.93) for controls). Genotype distribution of rs965623242 
G>A SNP was determined in 117 (69.6%) NTD patients for wild-
type genotype, 30 (17.86%) for heterozygote genotype, and 21 
(12.5%) for polymorphic genotype. Furthermore, for rs965623242 
G>A SNP, 107 (63.7%) of control subjects were homozygous for 
wild type genotype, 23 (13.7%) were heterozygous, and only 38 
(22.7%) were polymorphic homozygous. Allele frequencies in 
NTD patients were 0.79 for the wild G allele and 0.21 (12.5%) for 
the polymorphic A allele. The frequency of wild type allele was 
0.71 and that of the polymorphic allele was 0.29, which represented 
22.7% of the examined control subjects. The frequency of the 
AA genotype in NTD patients (12.5%) was significantly lower 
compared to control male subjects (22.7%).

Table II. Genotypes and allele frequencies of ZIC5 gene variant i.e. 
rs965623242 in control and NTD groups.

rs16835198 NTD (n=168) Control (n=168) p and 
OR (95% CI) values

Genotypes

GG 
GA 
AA

117 (69.6%) 
30 (17.86%) 
21 (12.5%)

107 (63.7%) 
23 (13.7%) 
38 (22.7%)

0.044 
0.71 (0.39-1.26)

Alleles

G 
A

0.79 
0.21

0.71 
0.29

0.02 
0.65 (0.45-0.92)

NTD: Neural tube defect, OR: Odds ratio, CI: Confidence interval, NS: 
Nonsignificant. χ2 and Fischer tests were performed. χ2 analysis of the genotypes 
and alleles for NTD subjects was performed versus control subjects. Results are 
expressed as percentages. p < 0.05 was considered significant when compared with 
the control group.
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As of the submission date, no report of this variant’s allele 
frequency has been found in the Turkish population or any other 
populations. Potential microribonucleic acid (miRNA) binding 
sites of the polymorphic region were investigated using DIANA 
tools and miRDB [20,21]. It was predicted that miRNA binding 
sites which were not determined, were found in the polymorphic 
region. Reference SNP reports are illustrated in Figure 3.

4. DISCUSSION

In the current study, we examined the rs965623242 polymorphism 
in the 5’-UTR region of the ZIC5 gene in the formation of NTDs. 
The decreased frequency of the rs965623242 AA genotype may 
be a protective factor rather than a risk factor for NTD. This 
is the first study worldwide to examine this polymorphism in 
terms of such birth defects.
In our literature review, however, we could not find any 
study on the effects of this polymorphism on NTD and other 
neurological diseases. However, two studies are searching for the 
relationships between ZIC2 gene polymorphisms and NTD. In 
the first of these, Brown et al. [27], screened for the polyhistidine 
tract polymorphism in the ZIC2 gene in 192 NTD patients but 
they did not find any association between this polymorphism 
and NTDs. In other studies, Costa Lima et al. [28], similarly 
analyzed the same polymorphism in 138 NTD patients and their 
families, but they also did not find a significant relationship 
between the mentioned polymorphism and NTD. Recently, two 
important studies have been conducted that may be indicative 
of the pathogenic effects of the ZIC5 gene, especially on fetal 
development. In the first study, a match between rare copy 
number variations (CNV) in the ZIC5 gene and abnormal 
voluntary movement was identified in a mouse model of global 

developmental disorder [29]. In the second study, a Whole 
Exome Sequencing (WES) study was performed in couples with 
recurrent miscarriages, and missense, non-pathogenic changes 
were detected in the ZIC2 and ZIC5 genes in the patient group 
[30]. In the present study, the polymorphic variant appears to 
be protective for NTD. However, the mechanisms underlying 
the conservation of the rs965623242 polymorphism remain 
unknown. A small part of SNPs have significant effects on 
the phenotypes, while most of them have no or very limited 
effects [31]. SNPs can convert an amino acid to another one 
(nonsynonymous), be silent (synonymous) or be seen in a 
noncoding region. Although the promoter activity, messenger 
ribonucleic acid (mRNA) conformation and translational 
effects of the rs965623242 polymorphism are not yet known, 
our bioinformatics analysis showed that this region did not 
coincide with any miRNA or transcription factor binding sites 
[20, 21]. Although the transcriptional effects of the rs965623242 
polymorphism in the ZIC5 gene have not been revealed by 
luciferase reporter experiments, the phenotypic effects of the 
ZIC5 AA genotype can be explained by the effects of the ZIC5 
gene on cell proliferation. The central nervous system (CNS) 
develops from a special region of the ectoderm layer called 
the neural plate, which is located in the dorsal midline of the 
embryo. Since the rate of cell division is faster along the edges 
of the neural plate than in the middle section, the neural plate 
thickens, expands and takes the shape of a groove during the 
development of the neural tube [32]. In this process, regulation 
of the cell division rate is critical. It has been demonstrated that 
high expression of the ZIC5 gene accelerates the progression 
of lung, liver, melanoma and colorectal cancers, increasing 
cell proliferation through the activation of signaling pathways 
such as CCNB1/CDK1, Wnt/β catenin, FAK/STAT3 and 

Figure 3. Reference SNP (rs) reports [26].



253
http://doi.org/10.5472/marumj.1493354
Marmara Med J 2024;37(2): 248-255

Marmara Medical Journal

ZIC5 gene variants in neural tube defects Original Article
Onalan et al.

CDK1/CDC25c, while its suppression has antiproliferative and 
antineoplastic effects [33-38]. Recently, the ZIC5 gene has been 
shown to play a role in induction along with Wnt downstream 
signals and Notch upstream signals [38]. Prevention of neuronal 
closure (NC) induction occurs through early embryonic 
exposure to ketamine, which inhibits notch-targeted gene 
expression, including the ZIC5 gene [40]. Based on the effects of 
the ZIC5 gene on cell proliferation, the AA genotype may cause 
low expression levels, and NC problems by producing a negative 
effect on the cell division along the edges of the neural plate.
In the present study, the G allele frequency was 0.71 and the A 
allele frequency was 0.29 in the control group. However, in the 
literature reviews, the frequency of the T allele was reported 
as 3/125568 in the TOPMED project [41] and 0/2188 in the 
Alfa Project [42]. In our study, unlike these two projects, the 
frequency of the T variant allele was found to be higher in the 
population of Elazig and its surrounding provinces. Different 
geographically separated populations may be exposed to 
different selective environmental conditions, but population-
specific selection may result in an increase in population 
differentiation of the target locus. Nevertheless big differences 
in rare allele frequencies (RAF) caused by geographical region 
differences are more prone to be caused by allelic surfing which 
is defined as genetic drift during population expansion after 
a bottleneck, rather than natural selection. By looking at our 
findings in the genetic epidemiological scope, it is necessary to 
investigate the RAF differences that occur in NTD susceptibility 
variants and can be explained by natural selection or allele 
surfing [43-45].
The most interesting aspects of the current study are that the 
frequency of the rs965623242 polymorphism in our society is 
defined regionally, the frequency in our society is higher than 
in other societies and, the NTD and ZIC5 gene relationship is 
revealed for the first time at the polymorphism level. The most 
important limitations of our study are that it was performed 
in a small cross-sectional patient group and only promoter 
polymorphisms were analyzed. Although it was scheduled to 
sequence the entire gene at the beginning of the current study, 
serious problems were experienced in duplicating the target 
region despite many primer combinations being tried. For this 
reason, we continued to work with the promoter region primers 
that worked best. In line with our experience, it is recommended 
that the gene region contains a high percentage of GC and that it 
be sequenced by amplifying it in very small regions.

Conclusion

In conclusion, since, multifactorial events including 
environmental and genetic factors are very important for the 
etiology of NTD, reporting the prevalence of this variant in 
different populations and revealing the disease relationships 
are very important. The effects of factors such as maternal age, 
health problems (e.g. obesity), consanguinity degree, drugs used 
by the mother during the pregnancy and maternal nutrition on 
the functioning of this allele are also unknown. To determine 
whether rs965623242 and the other polymorphisms in the ZIC5 
gene are susceptible to NTD disease, genetic studies including a 

higher number of patients in both the Turkish population and 
other populations are needed.
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ABSTRACT
Myosin heavy chain 9 (MYH9)-related platelet disorders (MYH9-RD) belong to the group of inherited thrombocytopenias 
characterized by giant platelets and Döhle bodies. The process leading to the diagnosis of MYH9-RD in a 13-year-old male patient, 
followed by the diagnosis of chronic immune thrombocytopenic purpura (ITP), is described. The patient had thrombocytopenia 
with increased mean platelet volume since he was a little boy. Low CD41, CD42 and CD61 levels were detected in blood tests sent to 
complete missing diagnostic tests. Platelet aggregation tests were also abnormal. The requested genetic test revealed a heterozygous 
mutation in the MYH9 gene. The patient’s audiogram and kidney functions were normal. In conclusion, because MYH9-RD appears 
to be rare, it is of great importance to maintain a high index of suspicion when managing patients diagnosed with chronic ITP. 
Additional complaints and findings should be considered at every outpatient clinic examination to make a more accurate diagnosis 
and prevent unnecessary treatments.
Keywords: Thrombocytopenia, Chronic ITP, MYH9, Mean Platelet Volume, Children

1. INTRODUCTION

Myosin heavy chain 9 (MYH9)-related platelet disorders 
(MYH9-RD), which have been previously described in four 
inherited syndromes (Epstein syndrome, Fechtner syndrome, 
Sebastian syndrome, May-Hegglin anomaly), are a group of 
hereditary thrombocytopenias characterized by giant platelets 
and Döhle body [1]. Diagnosis of May-Hegglin and Sebastian 
syndromes is based on congenital macrothrombocytopenia 
and characteristic leukocyte inclusions [2]. In contrast, Epstein 
and Fechtner syndrome diagnosis was defined in patients 
with additional features such as cataracts, hearing loss, and 
nephropathy, which usually lead to end-stage renal disease [3]. 
The disease locus mapped to chromosome 22q12.3-q13.2 in 1999, 
and a year later, mutations in the MYH9 gene were identified 
in all four conditions [4]. It was designated as MYH9-RD 
(OMIM155100) [5]. The MYH9 gene (22q13.1) encodes the 
heavy chain of the nonmuscular myosin A isoform of class II 
(myosin-9), a cytoskeletal contractile protein. Myosin-9 is found 
in most cell types and tissues. There are heterozygous pathogenic 
variants due to mutations in the MYH9 gene. MYH9-RD is a 
rare disease with a worldwide prevalence of 1-9:1 million.

Mild forms are discovered by chance, and severe conditions are 
often misdiagnosed. Therefore, the prevalence may be higher 
than observed. Platelet transfusion should be considered for 
active bleeding that cannot be stopped otherwise, for life – 
or organ-threatening bleeding, and bleeding at critical sites. 
Eltrombopag or platelet transfusion can be used to prepare 
affected individuals for elective surgery [6]. Antifibrinolytic 
agents and desmopressin are used to treat bleeding. Hearing 
loss, kidney complications, and cataracts are treated standardly. 
People with severe hearing loss benefit from a cochlear implant 
[7].
In this case, we report a patient’s clinical manifestations and 
management with a c.5593-4G-A mutation in the heterozygous 
MYH9 NM_002473.5 gene.

2. CASE REPORT

A 13-year-old male patient came with complaints of nosebleeds 
and easy bruising accompanied by thrombocytopenia. No 
bleeding, petechiae, purpura or ecchymosis was observed on 
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the patient’s examination. It was learned that the patient had no 
history of bleeding more than usual during circumcision. No 
other features were found in his background. The patient’s father 
had kidney stones.
When the patient’s past examinations were examined, it was 
seen that he had thrombocytopenia with an increase in MPV 
since 2015. In the peripheral smear, 70% of the neutrophils, 
30% of the lymphocytes and 30% of the erythrocytes were 
normochromic normocytic. Platelets were generally large 
in each field of the peripheral blood smear, with an average 
of seven single and clustered platelets in some areas. When 
the platelet count was 95,000/mm3, MPV was 11 fL. the 
hemogram was examined in a citrate tube, considering the 
patient’s ethylenediaminetetraacetic acid (EDTA) phenomenon. 
However, it was observed that thrombocytopenia did not 
improve. A qualitative platelet disorder panel was analyzed by 
flow cytometry to exclude Bernard Soulier syndrome due to 
its mild thrombocytopenic course. Flow cytometry analysis of 
platelets revealed low CD41, CD42b and CD61 values. Platelet 
function tests were repeated for Glanzman and Bernard Solier 
syndrome. In the PFA-100 analysis performed to evaluate 
bleeding time, the closure time with collagen/ADP and collagen/
epinephrine was over 180 seconds; this value was longer than 
expected. Platelet aggregation was positive with ristocetin. The 
platelet aggregation test was inadequate for collagen, ADP and 
epinephrine. With the current results, grey platelet syndrome 
or MYH9-related macrothrombocytopenia was considered in 
the patient. Genetic testing was requested because our hospital 
could not view the electron microscopic image. As a result of 
genetic analysis, a heterozygous mutation was detected in the 
MYH9 gene. The result was determined as NM_002473.5 
c5593-4G>MYH9-associated thrombocytopenia.
After the patient was diagnosed with macrothrombocytopenia 
genetically linked to MYH9, an audiogram was taken to detect 
sensorineural hearing loss and no hearing loss was detected. 
Renal functions were normal, and nephropathy was not 
observed. The patient is being followed closely for possible 
complications in the future.

3. DISCUSSION

In MYH9-RD, the presence and severity of spontaneous 
bleeding are related to the degree of thrombocytopenia. Most 
affected individuals do not bleed spontaneously; Fatal bleeding 
is rare. Symptoms can develop at any time between infancy and 
adulthood [8]. 72% of patients are diagnosed before the age of 
35. Kidney damage begins with proteinuria and microhematuria 
and gradually progresses to end-stage renal disease (ESRD) [9].
MYH9-RD is a rare disease with approximately 300 cases 
reported in the literature [10]. The cause of some of the patients 
followed up with a diagnosis of chronic ITP may be such rare 
diseases. While investigating the etiological causes of the patient 
we have been following with the diagnosis of chronic ITP for 
years, we detected c.5593-4G-A heterozygous mutation in the 
MYH9 NM_002473.5 gene. Although, various modifications 
have been associated with the development of nephritis, they 

were not detected in our patient [9]. Although, sensorineural 
hearing loss is associated with some platelet defects, it was 
not detected in our patient [11]. MYH9-RD is inherited in an 
autosomal dominant manner. The mother or father of the case 
we identified did not have thrombocytopenia. Denovo mutation 
is detected in approximately 35% of index cases without family 
history [12].
In conclusion, although MYH9-RD is rare, the index of 
suspicion should be kept high in every new complaint or finding 
in patients. They should be followed up with the diagnosis of 
chronic ITP, and further examinations should be performed to 
determine why thrombocytopenia develops.
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ABSTRACT
Extra cranial carotid artery dissection is one of the most important complications associated with blunt head and neck trauma. It 
is a major cause of ischemic stroke in young adults. We report a case of internal carotid artery dissection which caused transient 
hemiparesis, horizontal gaze to right and anisocoria in a 19-year-old male motorcyclist involved in a collision. Unenhanced brain 
computed tomography scan showed well defined infarction in the right frontotemporoparietal area. Digital subtraction angiography 
showed complete occlusion of the proximal cervical right internal carotid artery. Moreover, intimal dissection was observed in distal 
cervical left internal carotid artery which did not limit blood flow to the brain. A stent was placed at the site of dissection in the left 
internal carotid artery. Intravenous heparin was commenced to avoid further thrombosis. He was discharged home 40 days after the 
accident with oral anticoagulation. Extra cranial carotid artery dissection is a rare condition which may happen after a non-significant 
neck trauma. Accordingly, the diagnosis of a cervical vascular dissection requires strong clinical suspicion.
Keywords: Case report, Carotid artery, Traumatic dissection, Cerebral infarction, Traffic injuries

1. INTRODUCTION

Extra cranial carotid artery dissection is one of the most 
important complications associated with blunt head and 
neck trauma [1]. However, this event is not common and is 
frequently associated with non-life threatening injuries; which 
can be missed on initial examination in the emergency room [2]. 
Compression against the spine in case of cervical rotation and 
extension may cause carotid dissections [3]. It is a major cause 
of ischemic stroke in young adults [1,3].
Motor vehicle accident is the most significant risk factor 
for carotid artery dissection in previously healthy patients. 
Inconveniently, most patients remain asymptomatic until the 
occurrence of cerebral ischemia and define focal neurological 
deficits usually for longer than 24 hours [4].
Here, we report a case of traumatic carotid dissection; the aim 
is to attract suspicion regarding this entity as a potentially 
under-recognized condition behind minor traumatic medical 
complaints.

2. CASE REPORT

We report the case of a 19-year-old male motorcyclist involved in 
a collision. He was brought to the emergency room by ambulance. 
At arrival he was agitated and uncooperative. Following 
administration of 2 mg midazolam intravenously he became 
slightly sedated and the initial examinations were done. His vital 
signs were as follows: blood pressure, 115/80 mm Hg; pulse rate, 
85 beats/min; respiratory rate, 12 breaths/min and SpO2, 96%. 
The initial physical examination revealed multiple abrasions 
in the upper and lower limbs as well as his right shoulder and 
an abrasion on the penis, without other significant findings. He 
underwent extended focused assessment with sonography in 
trauma (eFAST) and computed tomography (CT) scan of the 
brain, neck, chest and abdomen which appeared normal. The 
patient’s medical history was procured from his father, who 
subsequently arrived at the emergency department. The patient 
had no notable past medical history and was not on any specific 
medications. Furthermore, there was no record of familial diseases. 
However, the patient  has  a history of alcohol intake. Another 
examination was performed 6 hours after admission. He was 
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alert and conscious and complained of pain in the neck and right 
pelvic bone. However, his neck, chest, abdominal, pelvic and back 
examinations were unremarkable. The patient was discharged 
and advised to visit a neurosurgery clinic for further evaluation 
with cervical spine magnetic resonance imaging (MRI).
Two days after discharge, he was transported to our emergency 
department for weakness, lethargy and dizziness. He 
also  complained  of transient hemiparesis, however there were 
no obvious neurological deficits on examination. His pupils 
were midsized and reactive to light bilaterally. A brain CT 
scan was performed, which did not have any specific point. He 
was transferred to the general ward for further management. 
The next day, his family announced that he had taken some 
opium the night before due to pain and insomnia. Therefore, 
a toxicology consultation was requested. The patient had 
acceptable vital signs including blood pressure, 95/60 mm Hg; 
pulse rate, 53 beats/min; respiratory rate, 13 breaths/min and 
SpO2, 98%. A horizontal gaze to right and anisocoria with right 
side pupil 4 mm and left side pupil 2 mm in the ambient light 
were observed. He also had left hemiparesis. The blood glucose 
level was 185 mg/dl and he had a normal venous blood gas 
analysis (pH, HCO3-, and PCO2 were 7.43, 23.4 mmol/L and 
35.3 mmHg, respectively). These findings were more compatible 
with a structural problem of brain rather than opium poisoning.
Unenhanced brain CT scan showed well defined infarction 
in the right frontotemporoparietal area as well as right to left 
midline shift (Figure 1). The patient underwent decompressive 
craniotomy and admitted postoperatively to the intensive care 
unit to provide integrated clinical treatment. Transthoracic 
echocardiography was performed the next day to exclude 
cerebral embolic event associated vegetations or mitral valve 
disease. There was normal sinus rhythm, ejection fraction was 
60, and there was no structural abnormality in cardiac chambers.

Figure 1. Unenhanced brain CT scan. Note the ischemic area in the right 
frontotemporoparietal region as well as right to left midline shift.

Computed tomography angiography (CTA) of extracranial 
carotid arteries demonstrated normal internal, external and 
common carotid artery of both sides, without any signs of 
stenosis or filling defect. Both vertebral arteries were normal 
as well. Nevertheless, digital subtraction angiography (DSA) 
showed complete occlusion of the proximal cervical right 
internal carotid artery (Figure 2).

Figure 2. Digital subtraction angiography. Note the occlusion of the right 
internal carotid artery, distal to the carotid bifurcation

The stopped blood flow was consistent with the massive right 
ischemic stroke. Moreover, intimal dissection was observed 
in distal cervical left internal carotid artery which did not 
limit blood flow to the brain. A stent was placed at the site of 
dissection in the left internal carotid artery. Intravenous heparin 
was commenced to avoid further thrombosis. He was discharged 
home 40 days after the accident with oral anticoagulation with 
aspirin and clopidogrel for 3 months.

He was last visited 4 months after the accident, at which time he 
was alert and oriented. His cranial nerve examination revealed a 
visual acuity of hand motion in right eye and left-sided seventh 
nerve palsy. He had left hemiparesis which was more severe at 
the lower limb. He was referred to a rehabilitation facility for 
prolonged neuromotor rehabilitation. Timeline of symptoms, 
diagnosis, and treatment of the patient are given in Table I.
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3. DISCUSSSION

Dissection of the cervical carotid artery in the context of 
blunt head or neck trauma is a potentially devastating injury 
due to the considerable huge ischemic stroke in young adults. 
On average, symptoms of ischemic stroke appear in 2 days; 
however, this can be delayed up to about 4 months [5]. It is a 
rare condition  that  makes up approximately 0.08 to 0.4% of 
all traumatic injuries [6]. The main mechanisms of the injury 
include rotation and extension of the neck. Unexpectedly, even 
a non-significant neck trauma may cause cervical carotid artery 
dissection [1,7].
During the acute phase, the clinical presentation may remain 
subtle, unless the dissection is complicated with thrombus 
formation and subsequent infarction of the underlying brain 
[4]. Unfortunately, it is impossible to identify a damage 
mechanism based on the history taken from the patient, 
especially after traffic accidents. Accordingly, the diagnosis of 
a cervical vascular dissection requires strong clinical suspicion. 
On physical examination, the neck should be evaluated for 
petechiae or bruising, and auscultation for neck bruits should be 
performed. Bedside ultrasound imaging can help in assessment 

of cervical artery dissection, nevertheless it is not a sensitive 
test for small intimal tears [1,8,9]. Unfortunately these were not 
done in our case.
Digital subtraction angiography is the gold standard protocol 
for the diagnosis of cervical artery dissection; hence, CTA has a 
sensitivity of 66-98% in comparison with DSA [10]. CTA could 
not find culprit lesion in our case, but the DSA showed complete 
occlusion of the proximal cervical right internal carotid artery. 
The stopped blood flow was consistent with the massive right 
ischemic stroke. Of course, this delayed diagnosis did not help 
to change the prognosis of our patient.
The best action should be taken in the shortest possible time, 
in managing the emergency patient. Therefore, cervical CTA 
can be helpful in high-speed accidents, where the vascular 
damage is considered [11]. Doppler sonography is also useful 
in the diagnosis of changes in the flow profile with a sensitivity 
of 79% and a specificity of 94% in comparison with CTA [12]. 
If the findings were positive, the best possible therapy for the 
patient may be implemented after consultation with a vascular 
neurologist.
Fully alert and well-oriented patients benefit from antiplatelet 
drug therapy. In contrast, patients suffering from progressive 

Table I. Timeline of the patient’s examination and therapy
Hour/Day Event Investigation/ Treatment

Hour 0/Day 0
Collision involving a motorcyclist. agitation, 
uncooperation. acceptable vital signs, abrasions in the 
upper and lower limbs and penis.

Bedside eFAST scan – normal.
CT scan of the brain, neck, chest and abdomen – normal

Hour 6/Day 0 Haemodynamically stable, conscious, complain of pain in 
the neck and right pelvic bone.

Neck, chest, abdominal, pelvic and back examinations – unremarkable.
Discharged and advised to visit a neurosurgery clinic for further evaluation with 
cervical spine MRI in 7 days

Day 2 Readmission due to weakness, lethargy, dizziness and 
transient hemiparesis.

Neurological examination – normal.
Brain CT scan – unremarkable.
Admission in general ward for observation

Day 2 Family’s account of him consuming opium the previous 
night due to pain and insomnia. Toxicology consultation.

Day 3
Visit on ward by toxicologist. Acceptable vital signs, 
including respiratory rate, 13 breaths/min and SpO2, 98%.

Horizontal gaze to right, anisocoria, left hemiparesis.

Blood glucose, 185.
Normal venous blood gas analysis.
Brain CT scan – infarction in the right frontotemporoparietal area as well as right to 
left midline shift.
Decision for decompressive craniotomy.
Admission in ICU

Day 4 Ongoing review.

Transthoracic echocardiography – ejection fraction 60, no structural abnormality in 
cardiac chambers.
CT angiography – without any signs of stenosis or filling defect in internal, external 
and common carotid arteries.

Day 12 Ongoing review.
Digital subtraction angiography – complete occlusion of the proximal cervical right 
internal carotid artery and intimal dissection in distal cervical left internal carotid 
artery without limitation of blood flow to the brain.

Day 14 Stent placement at the site of dissection in the left internal carotid artery.
Intravenous heparin to avoid further thrombosis.

Day 40 Ongoing review. Approved for discharge by neurosurgery 
team.

Refer to a rehabilitation clinic.
Reviewed in clinic in about 80 days.

Day 120 Reviewed in neurosurgery clinic. Scheduled for cranioplasty.
Refer to a rehabilitation clinic.
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neurological symptoms may benefit more from surgical 
treatment. However, due to its perioperative morbidity and 
mortality, open surgery is currently advocated for potentially 
life-threatening conditions. Minimally invasive stenting has 
become an extremely effective and safe method for vascular 
repair, instead [1]. However, our patient was conscious at the 
time of discharge after the initial visit; it seems that he was not 
well informed about neurological red flags at that time, as his 
neurological exam was initially unremarkable.
He was returned to the hospital with weakness, lethargy and 
dizziness; but a complete neurological exam was not performed 
due to the history of opium consumption.  While, there were 
obvious neurological deficits, including hemiparesis, anisocoria 
and horizontal gaze, brain CT scan showed massive infarction 
in the right frontotemporoparietal area and midline shift. 
Therefore, he had lost the golden time for the diagnosis and 
treatment due to delayed referral. However,  according to the 
DSA, intimal dissection in the distal cervical left internal carotid 
artery  was diagnosed and treated using stent placement and 
anticoagulant therapy.
In conclusion, we consider that without proper diagnosis and 
treatment, this lesion could cause a similar stroke on the left 
side in the future. ICA dissection is a differential diagnosis 
to consider in trauma patients presenting with hemiparesis. 
Numerous case studies of traumatic ICA dissection can be 
found in the existing medical literature [1-3,6,7,11]. The patient 
in our case study was brought to our emergency department 
two days after his accident, presenting symptoms of weakness, 
lethargy, and dizziness. He also reported experiencing transient 
hemiparesis. Despite the patient’s initial CT scan presenting 
as normal, medical professionals should have considered the 
potential for an ICA dissection given the patient’s complaints. 
It would have been prudent to conduct an angiography prior to 
the onset of a massive CVA.
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