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The relationship between visfatin, resistin and CRP 
parameters and insulin resistance in obese and non-
obese type 2 diabetic individuals 
 
Arzu Yüksel1 , Ayşe Gül Sündüs Telci2 , Ayşe Kubat Üzüm3  
 
1Department of Medical Biochemistry, Başakşehir Çam and Sakura City Hospital, İstanbul, Türkiye; 2Department of Medical Biochemistry, 
İstanbul University Faculty of Medicine, İstanbul, Türkiye; 3Department of Endocrinology, İstanbul University Faculty of Medicine, İstanbul, 
Türkiye 
 
 
ABSTRACT 
Objectives: Inflammation caused by adipokines such as adiponectin, leptin, resistin, visfatin, interleukin-6 
(IL-6), and tumor necrosis factor-α (TNF-α) released by fat cells and immune cells within fat tissue is a sig-
nificant factor in the onset of insulin resistance and Type 2 diabetes mellitus (T2DM). This study explores the 
relationship among these adipokines and insulin resistance in T2DM patients, focusing on the impact of ab-
dominal obesity. 
Methods: The study involved 73 adult T2DM patients who were seperated into two groups based on their 
body mass index (BMI): 47 were classified as obese (BMI ≥30 kg/m²), and 26 were classified as non-obese 
(BMI <25 kg/m²). Additionally, 42 healthy controls were included, comprising 18 obese and 24 non-obese in-
dividuals. Adipokine concentrations (resistin, leptin, adiponectin, visfatin, IL-6 and TNF-α) were measured 
with the ELISA method.  
Results: The concentrations of adiponectin were substantially lower in T2DM patients relative to the control 
group (P<0.0125). Leptin concentrations did not show significant differences between the groups, but there 
was a notable increase in obese controls compared to non-obese controls (P<0.0125). TNF-α concentrations 
were significantly higher in obese controls than in non-obese controls (P<0.001). Resistin concentrations were 
significantly correlated with C-reactive protein (CRP) and IL-6 in both groups, independent of BMI (P=0.001 
and P<0.0125, respectively). We found that CRP levels were significantly higher in both obese diabetics com-
pared to non-obese diabetics and in obese controls compared to non-obese controls (P<0.0001).  
Conclusions: Adipose tissue is a crucial determinant of circulating inflammation markers. Elevated CRP con-
centrations in obesity may result from insulin resistance rather than being a cause. Further research is required 
to comprehend the connection between fatty tissue, insulin resistance, and elevated inflammatory markers. 
Keywords: Obesity, Type 2 diabetes mellitus, resistin, visfatin, adiponectin, leptin 
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 D iabetes is stated that affects more than 463 

million people worldwide today and type 2 
diabetes mellitus (T2DM) represents 90-95% 

of the total instances [1]. T2DM is associated with mi-
crovascular issues like retinopathy, nephropathy, and 
neuropathy, in addition to macrovascular problems in-
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cluding myocardial infarction, stroke, and peripheral 
vascular disease [2]. Conditions associated with obe-
sity, including hypertension, elevated cholesterol lev-
els, T2DM, fatty liver disease, heart disease, and 
certain cancers, resulted in roughly 3.4 million adult 
fatalities in 2016, as reported by the WHO [3].  
       tissue is an important organ that helps regulate 
glucose and lipid metabolism by producing adipokines 
[4]. Adipokines, create a low-grade chronic inflamma-
tory state believed to lead to insulin resistance and 
T2DM [5]. Among these adipokines, interleukin-6 
(IL-6) and tumor necrosis factor-alpha (TNF-α) are cy-
tokines that promote inflammation. Specifically, IL-6 
is crucial in the liver by regulating the production of 
inflammatory proteins like C-reactive protein (CRP) 
[5]. TNF-α is a homotrimer protein composed of 157 
amino acids that is primarily synthesized by activated 
macrophages, natural killer cells and T-lymphocytes 
[6]. Many autoimmune diseases, such as rheumatoid 
arthritis, psoriatic arthritis, psoriasis, non-infectious 
uveitis and inflammatory bowel disease, are triggered 
by abnormal secretion of TNF-α [6]. Leptin is present 
in the bloodstream in both its free and protein-bound 
states.  The biologically active form is the free leptin, 
and the balance between free and bound forms regu-
lates leptin bioavailability [3].  
      Adiponectin plays an important role in regulating 
lipid and carbohydrate metabolism and promotes the 
breakdown of fatty acids and the use of carbohydrates 
to reduce lipids and blood glucose levels [7]. Individ-
uals suffering from DM, coronary heart disease and 
obesity have been observed to have significantly lower 
serum adiponectin concentrations compared to healthy 
individuals, suggesting that adiponectin levels are 
closely related to these diseases [7]. A hormone se-
creted from adipose tissue, Resistin leads to the devel-
opment of T2DM by increasing insulin resistance and 
disrupting glucose homeostasis [8]. Resistin appears 
to be a link between visceral obesity and diabetes. Vis-
fatin has been shown to be strongly associated with 
visceral adiposity [9]. Despite ongoing uncertainty re-
garding the connections among visfatin, lipid profiles, 
and glucose metabolism, meta-analysis findings con-
tinue to indicate that elevated visfatin levels are more 
common in individuals with obesity, T2DM, cardio-
vascular disease, and metabolic syndrome [10].  
      In this research, to contribute to the discussion on 

whether the relationship between insulin resistance, 
T2DM, and inflammation markers is independent of 
increased adipose tissue or is caused by obesity, we 
examined the relationship between adipokines such as 
resistin, leptin, adiponectin, visfatin, IL-6, TNF-α, and 
insulin resistance. 
 
 
METHODS 
 
This study follows the principles of the Declaration of 
Helsinki. The study was conducted with approval from 
Istanbul University Faculty of Medicine Clinical Re-
search Ethics Committee dated 28.08.2006 and num-
bered 1745. All participants provided their informed 
consent. 
      The research took place between January 10, 
2007, and September 15, 2007. Patients meeting the 
ADA criteria for type 2 diabetes and attending the Di-
abetes Polyclinic at Istanbul University Medicine Fac-
ulty, Endocrinology and Metabolic Diseases 
Department, were included in the study. These patients 
were divided into two groups based on their body 
mass index (BMI): obese (BMI ≥30 kg/m², 23 men 
and 24 women) and non-obese (BMI <25 kg/m², 18 
men and 8 women). Additionally, 42 non-diabetic in-
dividuals were included as the control group (obese: 
BMI ≥30 kg/m², 7 men and 11 women; non-obese: 
BMI <25 kg/m², 9 men and 15 women).  
      Height, weight, waist and hip circumference 
measurements were taken for both patient and control 
groups. Patients using insulin and TZD as antidiabetic 
medications were excluded. Data on age, gender, med-
ication history, diet, smoking, alcohol consumption, 
and any existing diseases other than diabetes were also 
collected for both groups.  
      Blood samples were collected after a fasting pe-
riod of 8-12 hours to measure glucose, BUN, creati-
nine, triglyceride, total cholesterol, HDL-cholesterol, 
LDL-cholesterol, ALT, AST, HbA1c, fructosamine, in-
sulin, hs-CRP, and C-peptide concentrations. Serum 
samples were prepared by centrifuging blood at 2500 
rpm at +4 degrees Celsius for 10 minutes. 
Adiponectin, IL-6, leptin, resistin, TNF-α, and visfatin 
concentrations were determined using the ELISA 
method from serum samples stored at -80 degrees Cel-
sius until the analysis day. Insulin resistance was as-
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sessed using the Homeostatic Model Assessment for 
Insulin Resistance (HOMA-IR) formula, which is de-
rived from fasting glucose and insulin levels.  
 
Data Collection and Analysis  
      Glucose, cholesterol and triglyceride levels were 
measured by colorimetric enzymatic methods. BUN 
concentrations were determined using the kinetic UV 
method, while LDL-cholesterol and HDL-cholesterol 
were measured using homogeneous enzymatic colori-
metric methods. Creatinine concentrations were meas-
ured using the kinetic colorimetric method, and AST 
and ALT concentrations were determined using the ki-
netic UV method. Fructosamine was analyzed colori-
metrically on the Modular System DPP Autoanalyzer 
(Roche Diagnostics, Indianapolis, USA). HsCRP con-
centrations were measured using the immunoturbidi-
metric method on the Cobas Integra 800 (Roche 
Diagnostics, Indianapolis, USA, reference range; 0.5-
5 mg/L) analyzer in the hospital central laboratory.  
      HbA1c concentrations were measured in whole 
blood hemolyzed with detergent using the turbidimet-
ric inhibition immunoassay (TINIA) method on the 
Modular System P module (Roche Diagnostics, Indi-
anapolis, USA). C-peptide concentrations were deter-
mined with the electrochemiluminescence 
immunoassay (ECLIA) method on the Modular Sys-
tem E170 module (Roche Diagnostics, Indianapolis, 
USA), and insulin levels were measured using the 
chemiluminescence microparticle immunoassay 
(CMIA) method on the Architect System i2000 (Ab-

bott Diagnostics, USA) module. Serum resistin, 
adiponectin and leptin levels were determined by 
sandwich ELISA (Enzyme-linked immunosorbent 
assay) method using a commercial kit (ImmunAs-
sayPro, Missouri, USA). TNF-α and IL-6 determina-
tion in serum was performed by sandwich ELISA 
(Enzyme Linked Immunosorbent Assay) method 
using a commercial kit (Biosource International, Inc., 
Human TNF-α and Human IL-6, California, USA), 
and visfatin determination in serum was performed by 
sandwich ELISA (Enzyme Linked Immunosorbent 
Assay) method using a commercial kit (Alpco Diag-
nostics, USA).  
 
Statistical Analysis  
      In the study, the data distribution of the evaluated 
parameters was assessed, and skewness and kurtosis 
values were found to exceed 2. Consequently, statisti-
cal comparisons between groups were performed 
using the non-parametric Mann-Whitney U test. Given 
that four groups were compared, the Bonferroni cor-
rection was applied, and the significance level was set 
at P< 0.0125. The relationships between the evaluated 
parameters were assessed using Spearman's correla-
tion analysis. 
 
 
RESULTS 
 
Table 1 presents the physical characteristics of the pa-
tient and control groups. The groups included 47 obese 
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diabetic patients (24 women and 23 men), 26 non-
obese diabetic patients (8 women and 18 men), 18 
obese controls (11 women and 7 men), and 24 non-
obese controls (15 women and 9 men). These groups 
were compared based on median (distribution range) 
values for age, BMI, HOMA-IR, and waist/hip ratio.  
      There was no statistical difference between the pa-
tient and control groups in terms of age. Significant 
differences were observed in waist/hip ratio. Particu-

larly in the comparisons between the obese diabetic 
group and the obese control group and the obese dia-
betic group and the non-obese diabetic group, P values 
were found to be less than 0.0125. When the biochem-
ical parameters of the obese diabetic group and the 
non-obese control group, the non-obese diabetic group 
and the non-obese control group, and the obese control 
group and the non-obese diabetic group were com-
pared, the results were also found to be significant 
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!
! !Fig. 1. Glucose, total cholesterol, HDL cholesterol, triglyceride, fructosamine and HbA1C values in obese diabetic and non-

obese control groups (median), *P<0.001. 

!

!

! !
Fig. 2. Glucose, total cholesterol, HDL cholesterol, triglyceride, fructosamine and HbA1C values in non-obese diabetic and 
non-obese control groups (median), * P<0.001, **P<0.0125.
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(Figs 1, 2 and 3).  
      Routine biochemical parameters of control groups 
and the patients are described in Table 2. Resistin, 
adiponectin, leptin, visfatin, Tnf-α, IL-6 and hsCRP 
values of patients and group controls are in Table 3 
(Figs. 4, 5, 6, 7, 8 and 9). Correlations of resistin and 
vistatin with other parameters in the patient and con-
trol groups are in Tables 4 and 5.  

DISCUSSION 
 
Type 2 diabetes (T2DM) is a metabolic condition as-
sociated with obesity and impaired fat tissue storage. 
Insulin resistance (IR), which is considered to be a rel-
ative pancreatic β-cell deficiency with a disturbed bal-
ance between abnormal cellular response and insulin 
actions, is one of the leading causes of T2DM [11]. 
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!

! !
Fig. 3. Glucose, total cholesterol, HDL cholesterol, triglyceride, fructosamine and HbA1C values in non-obese diabetic and 
obese control groups (median), *P<0.001, **P<0.0125. 
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Additionally, IR is closely linked to other metabolic 
conditions such as hypertension, hyperinsulinemia, 
dyslipidemia, obesity and fatty liver disease, which are 
key components of metabolic syndrome. Overweight 
and obese individuals exhibit a range of oxidative 

stress, metabolic abnormalities, immune dysfunction, 
mitochondrial dysfunction, and chronic low-grade in-
flammation [12].  
      Recent studies suggest that triglycerides accumu-
lated in muscle tissue and impaired mitochondrial ox-
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Fig. 2. HsCRP and HOMA-IR values in obese diabetic and non-obese diabetic groups (median), *P<0.001. 
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idative phosphorylation in genetically predisposed in-
dividuals contribute to insulin resistance [13]. Adipose 
tissue, the primary source of circulating fatty acids, 
has been linked to impaired insulin action when there 
is an increase in abdominal fat tissue, as opposed to 

peripheral or gluteofemoral fat tissue [14,15].  
      Inflammation, particularly CRP, is regarded as a 
key contributor to the pathogenesis of glucose intol-
erance, insulin resistance, and T2DM [16,17]. Numer-
ous studies have reported a strong relationship 
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!

! !
Fig. 5. Leptin, TNF-α and HOMA-IR values in obese diabetic and obese control groups (median), *P<0.001, ** P<0.0125. 

!

!

! !
Fig. 6. Adiponectin, resistin, TNF-α, leptin and hsCRP values in obese control and non-obese diabetic groups (median), 
*P<0.01, **P<0.0125, ***P<0.001. 
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between circulating inflammatory markers and the de-
velopment of T2DM [18-19]. Different markers, such 
as cytokines, chemokines, IL-6, and fibrinogen, have 
been examined, but results have been inconsistent.  
      Adipose tissue, traditionally known for storage 
and heat insulation, plays an active role in maintaining 
energy balance and in immune and inflammatory 
processes. Weight gain and obesity cause phenotypic 

changes in white adipose tissue characterized by the 
infiltration of inflammatory, dysfunctional fat cells 
into the stromal vascular fraction, and these inflam-
matory fat cells secrete proinflammatory cytokines 
that impair the function of adipose tissue and distant 
organs, both locally and systemically [12]. These 
adipokines affect insulin sensitivity and are vital in de-
veloping inflammation, insulin resistance, diabetes, 
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!

! !
Fig. 7. Leptin, TNF-α, hsCRP and HOMA-IR values in obese control and non-obese control groups (median), *P<0.0125, ** 
P<0.001.

!

!
Fig. 8. Adiponectin and HOMA-IR values in non-obese diabetic and non-obese control groups (median) *P<0.0125, **P<0.01. 
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dyslipidemia, and atherosclerosis [20].  
      While there is ongoing debate about whether the 
connection between T2DM and inflammatory markers 
is independent of increased adipose tissue or mediated 
by obesity, some studies argue that this debate is partly 
due to the indirect assessment of the amount and dis-
tribution of adipose tissue using anthropometric meas-
ures such as BMI and waist/hip ratio [21].  
      Our study analyzed T2DM patients diagnosed 

with the ADA criteria. Patients were divided into two 
groups according to BMI: obese (n=47) and non-obese 
(n=26). We investigated serum adipokine concentra-
tions (leptin, adiponectin, resistin, visfatin, TNF-α, IL-
6) and hs-CRP and their correlations with 
HOMA-IR-calculated insulin resistance. Additionally, 
we studied 42 healthy individuals with similar BMIs for 
comparison. 
      We found that, despite similar body mass indexes, 
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!

! !
Fig. 9. HsCRP and HOMA-IR values in obese diabetic and non-obese control groups (median), *P<0.001.
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the waist-hip ratios of diabetics in both groups were 
significantly higher than their controls, indicating ab-
dominal obesity (P<0.0125 and P<0.0001, respec-
tively). Studies have demonstrated that plasma 
concentrations of adiponectin, produced by special-
ized fat cells, are reduced in T2DM [22-23]. Our study 
also observed an important decrease in adiponectin 
concentrations in T2DM patients compared to the con-
trol group, with this significant difference persisting 
in non-obese diabetics (P<0.0125). However, 
adiponectin concentrations were not different between 
obese diabetics and their controls. The amount of food 
consumed, overall body fat, and various hormones all 
contribute to regulating leptin secretion [3]. Insulin is 
the main factor in regulating the production of leptin. 
Prolonged elevated insulin levels in the blood result 
in an increased concentration of leptin in the plasma, 
whereas short-term elevated insulin levels do not 
cause this change [24]. The effects of leptin resemble 
those of other acute-phase reactants; it stimulates the 
secretion of various inflammatory cytokines (e.g., IL-
12, IL-6 and TNF-α) [25].  An increase in fat mass 
leads to higher concentrations of leptin in the blood, 
directly related to obesity [26]. Our study found higher 
leptin concentrations in obese T2DM patients than in 
non-obese T2DM patients, though the difference was 
insignificant. In the non-diabetic group, obese individ-
uals had higher leptin concentrations than non-obese 
individuals (P<0.0125).  
      IL-6, which is secreted by some cells, endothelial 
cells, monocytes, including fibroblasts, and 
adipocytes, is crucial in regulating the production of 

inflammatory proteins like CRP in the liver [27]. 
There is a positive correlation among circulating IL-6 
and CRP levels in adipose tissue [28]. Studies have 
shown that IL-6 may be linked to insulin resistance 
and complications [29]. However, our study found no 
significant differences in IL-6 levels among groups.  
      TNF-α is suspected to play a role in obesity-re-
lated insulin resistance, with increased expression in 
the adipose tissue of obese individuals [30]. Studies 
have found conflicting results regarding the relation-
ship between TNF-α concentrations and human insulin 
resistance [31,32]. However, a study conducted be-
tween 1998 and 2001 in 2356 individuals (children of 
Framingham Study participants) showed that TNF-α 
has an association with insulin resistance [33]. In our 
study, TNF-α concentrations of obese controls were 
significantly higher than lean controls (P<0.001). Al-
though non-obese diabetics had higher TNF-α concen-
trations than non-obese controls, the difference was 
insignificant. TNF-α concentrations in obese controls 
exceeded those in obese diabetics (P<0.001).  
      Resistin functions through autocrine, paracrine, 
and endocrine modes of action, affecting various cell 
types and tissues [34]. Circulating resistin levels pos-
itively correlate with common inflammatory and fib-
rinolytic biomarkers such as CRP, IL-6 and TNF-α in 
conditions including type 2 diabetes, chronic kidney 
disease, rheumatoid arthritis, coronary atherosclerosis 
and sepsis [34]. Inconsistent results have been ob-
tained from human studies. Macrophages that infiltrate 
adipose tissue are believed to be humans' primary 
source of resistin [35]. Circulating resistin is positively 
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associated with adiposity and may have a role in pro-
inflammatory signaling [5]. Our study found no dif-
ference in resistin concentrations among obese or 
non-obese diabetics or control groups. Furthermore, 
no significant correlation was found between resistin 
and insulin resistance. But there was a correlation be-
tween resistin concentrations and CRP concentrations 
in T2DM patients, independent of BMI (P<0.001).  
Visfatin, recently identified and synthesized primarily 
by visceral adipose tissue, has metabolic effects simi-
lar to insulin and shows a strong relationship with adi-
pose tissue mass [36]. Although plasma visfatin 
concentrations are high in type 2 diabetes in some 
studies, no relationship between circulating visfatin 
and insulin resistance has been shown [37,38]. Our 
study found no significant difference in visfatin con-
centrations between type 2 diabetic patients and no re-
lationship between visfatin and insulin resistance, 
BMI, or insulin concentrations.  
      CRP, typically produced by the liver in reaction to 
cytokines like IL-6, has also been found to have its 
mRNA expressed in adipose tissue [39]. This suggests 
that adiposity may be an important source of inflam-
matory cytokines in healthy individuals. The increased 
CRP concentrations detected in the presence of insulin 
resistance might be attributed to an increase in adipose 
tissue [40]. In our study, hs-CRP concentrations were 
significantly higher in obese diabetics than in non-
obese diabetics, and in obese controls compared to 
non-obese controls (P<0.0001). This supports the hy-
pothesis that increased adipose tissue mediates the 
slightly elevated CRP concentrations. It remains un-
clear whether inflammation triggers insulin resistance 
in obesity or if pro-inflammatory cytokines and in-
flammation markers like IL-6 and CRP are elevated in 
obese individuals as a result of insulin resistance. Our 
study found higher hs-CRP concentrations in non-
obese diabetics than their controls, but the difference 
was not significant.  
 
 
CONCLUSION 
 
To sum up, our findings indicate that insulin resistance 
in the absence of obesity may not be associated with 
known inflammatory processes. It is clear that there is 
a link between obesity and insulin resistance, and that 
adipokines probably contribute to lipid and carbohy-

drate metabolism. Although new studies have made 
significant progress, more detailed studies on insulin 
resistance and obesity are needed. 
 
Ethical Statement 
      This study follows the principles of the Declara-
tion of Helsinki. The study was conducted with ap-
proval from Istanbul University Faculty of Medicine 
Clinical Research Ethics Committee dated 28.08.2006 
and numbered 1745. All participants provided their in-
formed consent.  
 
Authors’ Contribution  
      Study Conception: AT, AGST; Study Design: AY, 
AGST; Supervision: AY, AGST, AKÜ; Funding: N/A; 
Materials: AY, AKÜ; Data Collection and/or Process-
ing: AY, AKÜ; Statistical Analysis and/or Data Inter-
pretation: AY, AGST, AKÜ; Literature Review: AY, 
AGST; Manuscript Preparation: AY and Critical Re-
view: AY, AGST. 
 
Conflict of interest  
      The authors disclosed no conflict of interest during 
the preparation or publication of this manuscript.  
 
Financing  
      The authors disclosed that they did not receive any 
grant during conduction or writing of this study.  
 
Acknowledgement 
      This project was supported by Istanbul University 
BAP. 
 
Editor's note 
      All statements made in this article are solely those 
of the authors and do not represent the views of their 
affiliates or the publisher, editors, or reviewers. Any 
claims made by any product or manufacturer that may 
be evaluated in this article are not guaranteed or en-
dorsed by the publisher. 
 
 
REFERENCES 
 
1. Kanaley JA, Colberg SR, Corcoran MH, et al. Exercise/Physical 
Activity in Individuals with Type 2 Diabetes: A Consensus Statement 
from the American College of Sports Medicine. Med Sci Sports 
Exerc. 2022;54(2):353-368. doi: 10.1249/MSS.0000000000002800. 
2. Asghar S, Asghar S, Mahmood T, Bukhari SMH, Mumtaz MH, 

The European Research Journal   Volume 11   Issue 3   May 2025               446

https://doi.org/10.1249/mss.0000000000002800


Eur Res J. 2025;11(3):436-448 Resistin and visfatin concentrations in type 2 diabetes

Rasheed A. Microalbuminuria as the Tip of Iceberg in Type 2 Di-
abetes Mellitus: Prevalence, Risk Factors, and Associated Dia-
betic Complications. Cureus. 2023;15(8):e43190. doi: 
10.7759/cureus.43190. 
3. Obradovic M, Sudar-Milovanovic E, Soskic S, et al. Leptin 
and Obesity: Role and Clinical Implication. Front Endocrinol 
(Lausanne). 2021;12:585887. doi: 10.3389/fendo.2021.585887. 
4. Kim JY, Bacha F, Tfayli H, Michaliszyn SF, Yousuf S, Arslan-
ian S. Adipose Tissue Insulin Resistance in Youth on the Spec-
trum From Normal Weight to Obese and From Normal Glucose 
Tolerance to Impaired Glucose Tolerance to Type 2 Diabetes. Di-
abetes Care. 2019;42(2):265-272. doi: 10.2337/dc18-1178. Epub 
2018 Nov 19. 
5. Antuna-Puente B, Feve B, Fellahi S, Bastard JP. Adipokines: 
the missing link between insulin resistance and obesity. Diabetes 
Metab. 2008;34(1):2-11. doi: 10.1016/j.diabet.2007.09.004. 
6. Jang DI, Lee AH, Shin HY, et al. The Role of Tumor Necrosis 
Factor Alpha (TNF-α) in Autoimmune Disease and Current TNF-
α Inhibitors in Therapeutics. Int J Mol Sci. 2021;22(5):2719. doi: 
10.3390/ijms22052719. 
7. Tang YH, Wang YH, Chen CC, Chan CJ, Tsai FJ, Chen SY. 
Genetic and Functional Effects of Adiponectin in Type 2 Diabetes 
Mellitus Development. Int J Mol Sci. 2022;23(21):13544. doi: 
10.3390/ijms232113544. 
8. Tripathi D, Kant S, Pandey S, Ehtesham NZ. Resistin in me-
tabolism, inflammation, and disease. FEBS J. 
2020;287(15):3141-3149. doi: 10.1111/febs.15322. 
9. Huang YL, Chen YL, Lin JD, et al. Visfatin and Retinol Bind-
ing Protein-4 in Young-Onset Type 2 Diabetes Mellitus. Medicina 
(Kaunas). 2023;59(7):1278. doi: 10.3390/medicina59071278. 
10. Chang YH, Chang DM, Lin KC, Shin SJ, Lee YJ. Visfatin in 
overweight/obesity, type 2 diabetes mellitus, insulin resistance, 
metabolic syndrome and cardiovascular diseases: a meta-analysis 
and systemic review. Diabetes Metab Res Rev. 2011;27(6):515-
527. doi: 10.1002/dmrr.1201. 
11. Polidori N, Mainieri F, Chiarelli F, Mohn A, Giannini C. Early 
Insulin Resistance, Type 2 Diabetes, and Treatment Options in 
Childhood. Horm Res Paediatr. 2022;95(2):149-166. doi: 
10.1159/000521515. 
12. Kawai T, Autieri MV, Scalia R. Adipose tissue inflammation 
and metabolic dysfunction in obesity. Am J Physiol Cell Physiol. 
2021;320(3):C375-C391. doi: 10.1152/ajpcell.00379.2020. 
13. Petersen KF, Dufour S, Befroy D, Garcia R, Shulman GI. Im-
paired mitochondrial activity in the insulin-resistant offspring of 
patients with type 2 diabetes. N Engl J Med. 2004;350(7):664-
671. doi: 10.1056/NEJMoa031314. 
14. Carey DG, Jenkins AB, Campbell LV, Freund J, Chisholm 
DJ. Abdominal fat and insulin resistance in normal and over-
weight women: Direct measurements reveal a strong relationship 
in subjects at both low and high risk of NIDDM. Diabetes. 
1996;45(5):633-638. doi: 10.2337/diab.45.5.633. 
15. Gan SK, Kriketos AD, Poynten AM, et al. Insulin action, re-
gional fat, and myocyte lipid: altered relationships with increased 
adiposity. Obes Res. 2003;11(11):1295-305. doi: 
10.1038/oby.2003.176. 
16. Pickup JC. Inflammation and activated innate immunity in 
the pathogenesis of type 2 diabetes. Diabetes Care. 

2004;27(3):813-823. doi: 10.2337/diacare.27.3.813. 
17. Lee YH, Pratley RE. The evolving role of inflammation in 
obesity and the metabolic syndrome. Curr Diab Rep. 
2005;5(1):70-75. doi: 10.1007/s11892-005-0071-7. 
18. Schmidt MI, Duncan BB, Sharrett AR, et al. Markers of inflam-
mation and prediction of diabetes mellitus in adults (Atherosclerosis 
Risk in Communities study): a cohort study. Lancet. 
1999;353(9165):1649-1652. doi: 10.1016/s0140-6736(99)01046-6. 
19. Pradhan AD, Manson JE, Rifai N, Buring JE, Ridker PM. C-
reactive protein, interleukin 6, and risk of developing type 2 di-
abetes mellitus. JAMA. 2001;286(3):327-234. doi: 
10.1001/jama.286.3.327. 
20. Kershaw EE, Flier JS. Adipose tissue as an endocrine organ. 
J Clin Endocrinol Metab. 2004;89(6):2548-2556. doi: 
10.1210/jc.2004-0395. 
21. Greenfield JR, Campbell LV. Relationship between inflam-
mation, insulin resistance and type 2 diabetes: 'cause or effect'? 
Curr Diabetes Rev. 2006;2(2):195-211. doi: 
10.2174/157339906776818532. 
22. Weyer C, Funahashi T, Tanaka S, et al. Hypoadiponectinemia 
in obesity and type 2 diabetes: close association with insulin re-
sistance and hyperinsulinemia. J Clin Endocrinol Metab. 
2001;86(5):1930-1935. doi: 10.1210/jcem.86.5.7463. 
23. Duncan BB, Schmidt MI, Pankow JS, et al. Adiponectin and 
the development of type 2 diabetes: the atherosclerosis risk in 
communities study. Diabetes. 2004;53(9):2473-2478. doi: 
10.2337/diabetes.53.9.2473. 
24. Nogueiras R, Wilson H, Rohner-Jeanrenaud F, Tschöp MH. 
Central nervous system regulation of adipocyte metabolism. Regul 
Pept. 2008;149(1-3):26-31. doi: 10.1016/j.regpep.2007.09.034. 
25. La Cava A, Matarese G. The weight of leptin in immunity. 
Nat Rev Immunol. 2004;4(5):371-379. doi: 10.1038/nri1350.  
26. Considine RV, Sinha MK, Heiman ML, et al. Serum im-
munoreactive-leptin concentrations in normal-weight and obese 
humans. N Engl J Med. 1996;334(5):292-295. doi: 
10.1056/NEJM199602013340503. 
27. Mohamed-Ali V, Goodrick S, Rawesh A, et al. Subcutaneous 
adipose tissue releases interleukin-6, but not tumor necrosis fac-
tor-alpha, in vivo. J Clin Endocrinol Metab. 1997;82(12):4196-
4200. doi: 10.1210/jcem.82.12.4450. 
28. Maachi M, Piéroni L, Bruckert E, et al. Systemic low-grade 
inflammation is related to both circulating and adipose tissue TN-
Falpha, leptin and IL-6 levels in obese women. Int J Obes Relat 
Metab Disord. 2004;28(8):993-997. doi: 10.1038/sj.ijo.0802718. 
29. Bastard JP, Maachi M, Van Nhieu JT, et al. Adipose tissue IL-
6 content correlates with resistance to insulin activation of glu-
cose uptake both in vivo and in vitro. J Clin Endocrinol Metab. 
2002;87(5):2084-2089. doi: 10.1210/jcem.87.5.8450. 
30. Hotamisligil GS, Shargill NS, Spiegelman BM. Adipose ex-
pression of tumor necrosis factor-alpha: direct role in obesity-
linked insulin resistance. Science. 1993;259(5091):87-91. doi: 
10.1126/science.7678183. 
31. Rush EC, Plank LD, Yajnik CS. Interleukin-6, tumour necro-
sis factor-alpha and insulin relationships to body composition, 
metabolism and resting energy expenditure in a migrant Asian 
Indian population. Clin Endocrinol (Oxf). 2007;66(5):684-690. 
doi: 10.1111/j.1365-2265.2007.02801.x. 

447       The European Research Journal   Volume 11   Issue 3   May 2025

https://doi.org/10.7759/cureus.43190
https://doi.org/10.3389/fendo.2021.585887
https://doi.org/10.2337/dc18-1178
https://doi.org/10.1016/j.diabet.2007.09.004
https://doi.org/10.3390/ijms22052719
https://doi.org/10.3390/ijms232113544
https://doi.org/10.3390/ijms232113544
https://doi.org/10.3390/medicina59071278
https://doi.org/10.1002/dmrr.1201
https://doi.org/10.1159/000521515
https://doi.org/10.1152/ajpcell.00379.2020
https://doi.org/10.1056/nejmoa031314
https://doi.org/10.2337/diab.45.5.633
https://doi.org/10.1038/oby.2003.176
https://doi.org/10.2337/diacare.27.3.813
https://doi.org/10.1007/s11892-005-0071-7
https://doi.org/10.1016/s0140-6736(99)01046-6
https://doi.org/10.1001/jama.286.3.327
https://doi.org/10.1210/jc.2004-0395
https://doi.org/10.2174/157339906776818532
https://doi.org/10.1210/jcem.86.5.7463
https://doi.org/10.2337/diabetes.53.9.2473
https://doi.org/10.1016/j.regpep.2007.09.034
http://10.1056/NEJM199602013340503.
https://doi.org/10.1210/jcem.82.12.4450
https://doi.org/10.1038/sj.ijo.0802718
https://doi.org/10.1210/jcem.87.5.8450
https://doi.org/10.1126/science.7678183
https://doi.org/10.1111/j.1365-2265.2007.02801.x


Eur Res J. 2025;11(3):436-448 Yüksel et al

32. Zavaroni I, Numeroso F, Dongiovanni P, et al. What is the 
contribution of differences in three measures of tumor necrosis 
factor-alpha activity to insulin resistance in healthy volunteers? 
Metabolism. 2003;52(12):1593-1596. doi: 10.1016/s0026-
0495(03)00329-9. 
33. Hivert MF, Sullivan LM, Fox CS, et al. Associations of 
adiponectin, resistin, and tumor necrosis factor-alpha with insulin 
resistance. J Clin Endocrinol Metab. 2008;93(8):3165-3172. doi: 
10.1210/jc.2008-0425. 
34. Tripathi D, Kant S, Pandey S, Ehtesham NZ. Resistin in me-
tabolism, inflammation, and disease. FEBS J. 
2020;287(15):3141-3149. doi: 10.1111/febs.15322. 
35. Curat CA, Wegner V, Sengenès C, et al. Macrophages in 
human visceral adipose tissue: increased accumulation in obesity 
and a source of resistin and visfatin. Diabetologia. 
2006;49(4):744-747. doi: 10.1007/s00125-006-0173-z. 
36. Fukuhara A, Matsuda M, Nishizawa M, Visfatin: a protein 

secreted by visceral fat that mimics the effects of insulin. Science. 
2005;307(5708):426-430. doi: 10.1126/science.1097243. 
37. Hammarstedt A, Pihlajamäki J, Rotter Sopasakis V, et al. Vis-
fatin is an adipokine, but it is not regulated by thiazolidinediones. 
J Clin Endocrinol Metab. 2006;91(3):1181-1184. doi: 
10.1210/jc.2005-1395. 
38. Arner P. Visfatin--a true or false trail to type 2 diabetes mel-
litus. J Clin Endocrinol Metab. 2006;91(1):28-30. doi: 
10.1210/jc.2005-2391. 
39. Ouchi N, Kihara S, Funahashi T, et al. Reciprocal association 
of C-reactive protein with adiponectin in blood stream and adi-
pose tissue. Circulation. 2003;107(5):671-674. doi: 
10.1161/01.cir.0000055188.83694.b3. 
40. Greenfield JR, Campbell LV. Relationship between inflam-
mation, insulin resistance and type 2 diabetes: 'cause or effect'? 
Curr Diabetes Rev. 2006;2(2):195-211. doi: 
10.2174/157339906776818532.

The European Research Journal   Volume 11   Issue 3   May 2025               448

https://doi.org/10.1016/s0026-0495(03)00329-9
https://doi.org/10.1016/s0026-0495(03)00329-9
https://doi.org/10.1210/jc.2008-0425
https://doi.org/10.1111/febs.15322
https://doi.org/10.1007/s00125-006-0173-z
10.1126/science.1097243https://doi.org/10.1126/science.1097243
https://doi.org/10.1210/jc.2005-1395
https://doi.org/10.1210/jc.2005-2391
https://doi.org/10.1161/01.cir.0000055188.83694.b3
https://doi.org/10.2174/157339906776818532


Investigation of the effect of SGLT-2 inhibitors on the 
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ABSTRACT 
Objectives: The aim of this study is to estimate the change in the Triglyceride Glucose Index (TyG index), in 
patients with type 2 Diabetes Mellitus who are using a sodium-glucose cotransporter-2 (SGLT2) inhibitor, and 
to evaluate the effect of these drugs on triglyceride glucose index.  
Methods: This is a cross-sectional study of 55 diabetic patients in our internal medicine clinic in Turkey. 
Triglyceride, glucose, and glycosylated hemoglobin (HbA1c) values were measured at the beginning of the 
treatment and the 3rd-month follow-up. The TyG index of the patients before starting SGLT-2 inhibitor treat-
ment and at the end of 3 months of treatment was calculated by the researchers using the data in the hospital 
digital records.   
Results: The mean age of 55 patients (56.4% male) was 62.7±10.2 years. The number of patients using da-
pagliflozin 10 mg was 15 (27.3%) and the number of patients using empagliflozin was 41 (72.8%). It was de-
termined that fasting plasma glucose, TyG index, and HbA1c values before starting SGLT-2 inhibitor treatment 
and in the 3rd month of treatment decreased significantly (P<0.001, P=0.002 and P<0.001, respectively). Ac-
cording to the correlation analysis results between TyG index and HbA1c, it was determined that the values 
both before treatment and in the 3rd month of treatment showed a correlation (r=0.516, P<0.001 and r=0.448, 
P=0.001, respectively). 
Conclusions: SGLT-2 inhibitor usage significantly reduces TyG index in diabetic patients, and new studies 
are needed to investigate the effect of these drugs on triglyceride index among pre-diabetic patients.  
Keywords: Triglyceride glucose index, SGLT-2 inhibitor, dapagliflozin, empagliflozin, diabetes mellitus
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 T he Triglyceride Glucose Index (TyG index) 

was first proposed in Mexico in 2008 as a 
marker for insulin resistance [1]. The for-

mula for its calculation is “ln [Fasting triglyceride 
(mg/dL) × fasting glucose (mg/dL)]/2”. The initial cut-
off for the TyG index was Ln 4.65 to diagnose insulin 

resistance, with an initial sensitivity of 84.0% and 
specificity of 45.0% [1]. Subsequent research vali-
dated its effectiveness, showing a higher sensitivity 
when compared to the gold standard test [2]. Later 
studies have indicated that the TyG index is more ac-
curate than the Homeostatic Model Assessment for In-
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sulin Resistance (HOMA-IR) in predicting metabolic 
syndrome (MetS) [3] and is uniquely effective in pre-
dicting the onset of MetS [3].  
      The relationship between the TyG index and ath-
erosclerotic cardiovascular disease has been the sub-
ject of extensive research. A notable study involving 
two large cohorts found that rising values of the TyG 
index were linked to an elevated risk of heart failure. 
Specifically, those in the maximum one-fourth of the 
TyG index had an adjusted increased risk significantly 
when compared to the lowest (P<0.001) [4].  In an-
other study, the investigators found that a higher TyG 
index was an independent predictive factor for coro-
nary artery disease (CAD) severity among patients 
with glucose intolerance or impaired fasting glucose 
[5]. This study found that individuals in the highest 
TyG index group (≥7.38) had an approximately 1.5 
times elevated risk of multivessel CAD compared to 
those in the lowest group (<6.87) [5]. Additionally, a 
high TyG index was associated with a greater risk of 
atrial fibrillation in non-diabetic individuals [6].  
      Lee et al. [7] examined the relationship of the TyG 
index with coronary stenosis in a cohort of 888 dia-
betic patients with no previous CAD. Their findings 
indicated that elevated levels of TyG index were 
linked to a greater risk of coronary artery stenosis, 
alongside factors such as advanced age, male gender, 
poor glycemic control, longer diabetes duration, and 
non-use of statins. The study further established that 
a higher TyG index independently contributed to CAD 
risk (OR: 3.19, 95% CI: 1.371-7.424) [7].  
      Additional research has reinforced the positive as-
sociation between elevated TyG index levels and ath-
erosclerotic cardiovascular disease events, even after 
adjusting for confounding variables, in a population 
with a 10-year median follow-up period [8].  
      Sodium-glucose cotransporter-2 (SGLT-2) in-
hibitors, including dapagliflozin and empagliflozin, 
represent newer treatment options for Type 2 Diabetes 
Mellitus (T2DM) due to their glycosuric effects. Ex-
tensive research has demonstrated that these drugs not 
only enhance blood glucose control but also reduce 
mortality in heart failure patients [9, 10]. Several large 
studies have shown that SGLT-2 inhibitors can signif-
icantly lower the risk of cardiovascular morbidity and 
mortality, including heart attacks, strokes, and hospi-
talizations for heart failure, compared to placebo in 
people with a diagnosis of T2DM who have estab-

lished cardiovascular disease or at high risk for car-
diovascular disease. The mechanisms by which SGLT-
2 inhibitors provide cardiovascular protection are not 
entirely clear but may be related to their ability to re-
duce blood glucose levels, blood pressure, and body 
weight, as well as improve cardiac function and meta-
bolic parameters such as lipid profiles and kidney 
function. Recent studies also suggest that SGLT-2 in-
hibitors have protective effects against kidney failure 
and albuminuria [11, 12]. The mechanisms underlying 
their beneficial impact on endothelial function include 
increased nitric oxide production, reduced oxidative 
stress, improved microvascular function, and de-
creased inflammation [13]. 
      Our study aims to assess changes in the TyG index 
among patients with a diagnosis of T2DM following 
the initiation of SGLT-2 inhibitor treatment.  
 
 
METHODS 
 
This cross-sectional study involved 55 patients over 
18 years old, diagnosed with Type 2 Diabetes Mellitus, 
who were seen at the Internal Medicine outpatient 
clinic of Samsun Training and Research Hospital in 
Turkey. The data of patients who began SGLT-2 in-
hibitor treatment (dapagliflozin 10 mg, empagliflozin 
10 mg, or empagliflozin 25 mg) and were monitored 
for at least 3 months from January 1, 2022, to Decem-
ber 31, 2022, were analyzed through a retrospective 
file review. The study adhered to the Declaration of 
Helsinki and was approved by the Samsun University 
Ethics Committee, with protocol number SUKAEK-
2023 7/20. This study is also registered in Clinical Tri-
als System with the protocol number NCT05915884. 
Exclusions were made for patients with insufficient 
follow-up, missing data, those receiving dyslipidemia 
treatment, or those who started other antidiabetic 
drugs during the study period. The patient selection is 
illustrated in Fig. 1.  
      All demographical and biochemical findings were 
collected anonymously from medical records, includ-
ing age, gender, diabetes duration, SGLT-2 inhibitor 
usage duration, medical history, all medications for 
glucose control, dyslipidemia status, hypothyroidism 
status, and laboratory test results. Triglyceride, glu-
cose, and glycosylated hemoglobin (HbA1c) levels 
were measured at the start of treatment and after 3 

450       The European Research Journal   Volume 11   Issue 3   May 2025



Eur Res J. 2025;11(3):449-455 Karagöz Özen et al

months. The calculation of the TyG index was done 
according to the aforementioned formula [1]. No ad-
ditional blood tests or laboratory analyses were con-
ducted.  
 
Statistical Analysis  
      The analyses were conducted using SPSS 21.0.0.1 
for Windows (Statistical Package for the Social Sci-
ences; IBM). The Kolmogorov-Smirnov test was em-
ployed to assess data distribution. Continuous 
variables were presented as either mean or median de-
pending on their distribution pattern. Categorical vari-
ables were reported as frequencies (n) and percentages 
(%). The paired sample t-test and the Wilcoxon 
signed-rank test assessed group differences. A P value 
of less than 0.05 was deemed statistically significant. 
Pearson correlation test was conducted to explore the 
relationships between variables.  

RESULTS 
 
The data of 786 diabetic patients followed for 12-
month periods in our internal medicine clinic were 
searched and 55 patients were included for the last 
analysis (Fig. 1).  
      The mean age of 55 patients (56.4% male) was 
62.7±10.2 years and the median duration of SGLT-2 
inhibitor use was 18 (3-60) months. The number of pa-
tients using dapagliflozin 10 mg was 15 (27.3%) and 
the number of patients using empagliflozin was 41 
(72.8%). Forty-nine (89.1%) patients had a diagnosis 
of diabetes for more than 5 years. Demographical 
properties are shown in Table 1. 
      It was determined that fasting plasma glucose, 
triglyceride index, and HbA1c values before starting 
SGLT-2 inhibitor treatment and in the 3rd month of 
treatment decreased significantly (P<0.001, P=0.002, 
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and P<0.001, respectively) (Table 2). According to the 
correlation analysis results between triglyceride index 
and HbA1c, it was determined that the values both be-
fore treatment and in the 3rd month of treatment 
showed a correlation (r=0.516, P<0.001 and r=0.448; 
P=0.001, respectively).  
      Subgroup analyses were done according to the 
nephropathy status and CAD status of the patients.  
While the change in the TyG index was found to be 
significant in those without CAD (n=40, 95% CI: 
0.087-0.299; P=0.001), the index change was not 
found to be significant in those with an established 
CAD (n=14, 95% CI: -0.157-0.365; P=0.403). Simi-
larly, while the change in triglyceride glucose index 
was not found to be significant in patients with 
nephropathy (n=15), 95% CI: -0.21-0.19; P=0.940], 

the index change was found to be significant in pa-
tients without nephropathy (n=39, 95% CI: 0.11- 0.34; 
P<0.001).  
 
 
DISCUSSION 
 
In our study, we observed a notable reduction in fast-
ing plasma glucose, LDL cholesterol, HbA1c, and the 
TyG index following three months of treatment with 
empagliflozin or dapagliflozin in patients with T2DM. 
As previously mentioned in the introduction section 
existing research has highlighted a strong correlation 
between higher TyG index levels and an elevated ad-
verse cardiovascular event risk [4-6].  
      A large-scale prospective study with 62,443 par-
ticipants evaluated the TyG index at four-year inter-
vals. After a median observation period of 7.01 years, 
cardiovascular disease incidence was 4.05%. This 
study revealed that higher quartiles of change in the 
index were related to a higher risk of experiencing new 
cardiovascular events. Specifically, after adjusting for 
various confounding factors, the hazard ratios for the 
biggest quartile (Q4) compared to the smallest quartile 
(Q1) were approximately 1,4 for overall cardiovascu-
lar disease, stroke, and myocardial infarction [14]. An-
other investigation found a significant relationship 
between elevated TyG index levels and carotid ather-
osclerosis, assessed by common carotid artery intima-
media thickness in patients who had suffered ischemic 
strokes, suggesting that this index could be a promis-
ing indicator for atherosclerosis [15]. Moreover, a 
large prospective study from China involving 138,620 
participants found that an increment in the TyG index 
was linked to an elevated risk of heart failure [16]. An 
analysis of patients with premature onset CAD 
showed that those with major adverse cardiovascular 
events had significantly higher TyG index values com-
pared to those without such events (8.94±0.52 vs. 
8.72±0.57, P<0.001) [17]. A recent metaanalysis also 
supported the link between elevated TyG index levels 
and cerebrovascular disease [18].  
      Our research indicates that SGLT-2 inhibitor ther-
apy is associated with a reduction in the TyG index. 
However, the impact of this reduction on cardiovas-
cular event risk was not evaluated in our study due to 
its cross-sectional design and the absence of long-term 
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follow-up data.  
      The evidence supporting the TyG index as a pre-
dictor of insulin resistance and metabolic syndrome, 
combined with its association with cardiovascular dis-
ease risk, suggests it may be valuable for assessing 
cardiovascular risk in diabetic patients. Previous stud-
ies have demonstrated that SGLT-2 inhibitors reduce 
the atherosclerotic cardiovascular disease risk regard-
less of diabetes diagnosis, and have a positive effect 
on mortality and hospitalization rate [9-12].  
      The EMPA-REG OUTCOME trial showed that 
adding empagliflozin to standard therapy resulted in a 
14% reduction in 3-point major adverse cardiac 
events, a 38% decrement in cardiovascular mortality, 
a 32% decrement in all-cause mortality, and a 35% 
decrement in heart failure hospitalization compared to 
placebo [9]. Additionally, empagliflozin improved di-
abetic nephropathy and reduced albuminuria [9]. In 
our study, SGLT-2 inhibitor usage was divided into 
72.8% for empagliflozin and 27.2% for dapagliflozin. 
We believe that the lack of another new antidiabetic 
drug except SGLT-2 inhibitor or lipid-lowering med-
ication between the initial and follow-up laboratory 
tests was sufficient to discover the impact of SGLT-2 
inhibitors on these parameters. A strength of our study 
was the consideration of various confounding factors 
affecting biochemical metabolic parameters in our in-
clusion and exclusion criteria, though this led to a sig-
nificant reduction in the number of participants in the 
final analysis, which is a notable limitation.  
In two comparable studies conducted in our country, 
the influences of these drugs on metabolic parameters 
were evaluated with similar sample sizes to ours [19, 
20]. One study reported significant reductions in 

weight, body mass index, waist circumference, and hip 
circumference after six months of empagliflozin use 
[19]. The other study also found significant decreases 
in body mass index and weight in patients treated with 
empagliflozin compared to pre-treatment levels and 
the control group [20].  
      In our study, the change in triglyceride index was 
not found to be significant among patients with a his-
tory of CAD and those who already developed 
nephropathy, while a significant decrease was ob-
served in the opposite cases. This result shows that 
starting SGLT-2 inhibitors early, before complications 
develop, is metabolically important. However, studies 
with larger numbers of participants are needed to gen-
eralize the results.  
      SGLT-2 inhibitor treatment may change during 
follow-up period. For example, a patient may start da-
pagliflozin treatment than changed into empagliflozin, 
vice versa. That’s why, we could not perform drug spe-
cific analysis. We think that new prospective studies 
are needed to investigate the effect of each molecule 
on TyG index, seperately.  
 
CONCLUSION 
 
The results we obtained in our study showed that treat-
ment of diabetic patients with SGLT-2 inhibitors re-
duces the TyG index. We think that new studies should 
be conducted to research the impact of these drugs on 
the TyG index and the risk of developing MetS in non-
diabetic individuals.  
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ABSTRACT 
Objectives: Due to its lethal effects, early diagnosis of high risk patient groups for renal involvement especially 
amyloidosis is critical for Familial Mediterranean Fever (FMF). Amyloidosis, defined by the accumulation of 
extracellular amyloid protein material in the kidney, can reduce the elasticity of the renal parenchyma. Shear 
wave elastography (SWE) is a new ultrasonographic imaging modality that evaluates tissue elasticity. This 
pilot study assessed the renal parenchyma of FMF patients using SWE.  
Methods: Fifty-three FMF patients and 51 age- and sex-matched healthy control participants were included 
in this study. Participants with amyloidosis, estimated glomerular filtration rate (eGFR) less than 60 mL/min 
and/or signs of nephropathy (proteinuria, hematuria, renal tubular acidosis) were excluded. Routine history, 
physical, laboratory examinations (blood urea nitrogen, creatinine, C-reactive protein, urine dipstick test, spot 
proteinuria) and renal ultrasound were performed. SWE imaging was performed to measure renal parenchymal 
stiffness.  
Results: There was no significant correlation between SWE values (elasticity and velocity) and age, eGFR, 
serum blood urea nitrogen, and creatinine in the comparison of SWE findings of FMF patients and control 
groups. SWE values were statistically higher in FMF patients than in the control group (P=0.002 and P< 0.001 
for elasticity and velocity, respectively).  
Conclusions: Increased renal stiffness in FMF patients may indicate early renal involvement (especially amy-
loidosis), suggesting SWE as a potential non-invasive diagnostic tool for early detection.  
Keywords: Familial Mediterranean fever, nephropathy, amyloidosis, shear wave elastography, renal cortical 
stiffness 
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 F amilial Mediterranean Fever (FMF) represents 

an autosomal recessive, autoinflammatory dis-
order distinguished by recurrent, self-limiting 

episodes of fever, concomitant with aseptic inflamma-
tion in serosal cavities, joints, and the skin [1, 2]. 
Acute attacks usually last 1 to 3 days and resolve spon-

taneously. Nevertheless, in certain individuals, these 
episodes may extend beyond the typical timeframe, 
lasting more than one week, with an occasional occur-
rence of up to one month. However, instances of even 
longer durations are exceedingly rare [3]. Despite 
being self-limiting, some FMF patients develop sec-
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ondary amyloidosis, particularly AA type, which is the 
most severe complication of FMF [4].  
      Before colchicine therapy, renal amyloidosis was 
the main cause of death in those under the age of 40 
years. In addition, according to more recent studies, 
11-13% of FMF patients develop still amyloidosis de-
spite receiving colchicine therapy [5]. This disease 
typically presents with heavy proteinuria, nephrotic 
syndrome, and eventually progresses to end-stage 
renal failure. Early diagnosis of renal amyloidosis is 
challenging because its symptoms become apparent 
only in the later stages, marked by significant amyloid 
deposition [6]. Currently, the diagnosis requires biopsy 
to show amyloid deposition. Therefore, many studies 
have concentrated on early identifying FMF patients 
at risk of amyloidosis.  
      In the past, conventional methods have been uti-
lized to detect and evaluate renal disorders. These 
methods include computed tomography (CT) scans, 
magnetic resonance imaging (MRI), conventional ul-
trasound (USG), and biochemical analysis of blood 
samples. However, each method carries its own risks, 
such as radiation exposure and the administration of 
iodinated contrast medium in CT scans. Conventional 
renal USG is often used for initial evaluation because 
it is safe, easy, and inexpensive to perform. Renal 
USG can easily assess features such as increased 
parenchymal echogenicity and decreased renal size 
and parenchymal thickness. Parenchymal echogenicity 
is a commonly used marker for nephropathy. How-
ever, this marker is subjective, not quantitative, and 
often fails to detect renal abnormalities [7]. Elastog-
raphy is a non-invasive, objective and cost-effective 
ultra-sonographic imaging modality that evaluates tis-
sue elasticity [8]. Strain wave elastography, acoustic 
radiation force impulse imaging, shear wave elastog-
raphy (SWE) and transient elastography are the dif-
ferent elastography techniques. The advantage of 
SWE over other USG elastography techniques is that 
it shows the true quantitative elasticity values of the 
tissues (kPa). It also does not require external com-
pression and therefore allows to investigate the elas-
ticity of the abdominal organs [7, 9]. Variations of 
SWE have been used to study many organs, including 
breast, thyroid, prostate, renal allografts and CKD [10-
13]. Renal cortical stiffness, as assessed by SWE, ex-
hibits a correlation with renal parenchymal disease and 

fibrosis. Importantly, this parameter remains unaf-
fected by systemic and demographic variables [2].  
      In the kidney, amyloid can accumulate in the vas-
cular space, glomeruli and interstitial space. The 
glomerulus is the most common and most severely in-
volved renal compartment, but as mentioned above, it 
can be asymptomatic until the late stage [14]. There-
fore, amyloid deposit in the renal parenchyma can be 
detected by SWE without any symptoms.  As a matter 
of fact, in a few limited and small-scale studies on this 
subject, SWE values were found to be higher in FMF 
patients [15, 16]. This study aimed to evaluate renal 
elasticity in FMF patients with SWE 
 
 
METHODS 
 
Patient Population  
In this cross-sectional pilot study, 53 FMF patients 
were recruited from the Department of Rheumatology 
at the Health Sciences University Antalya Training 
and Research Hospital, and 51 age- and sex-matched 
healthy control participants were enrolled in the study 
between June 2022 and June 2023.  
      The FMF diagnosis was made according to Tel-
Hashomer criteria and all FMF patients were on 
colchicine treatment (1.5 mg/day) [17]. International 
severity scoring system for FMF (ISSF) was used to 
assess severity  [18]. In this scoring system, parame-
ters such as chronic sequelae, organ involvement and 
failure, and attack frequency are scored to determine 
the severity of the disease. A detailed history of the 
disease (duration of treatment, disease severity, etc.) 
was obtained from each patient, routine physical ex-
amination, laboratory examinations (blood urea nitro-
gen [BUN], creatinine, C-reactive protein [CRP], 
dipstick, spot urine protein/creatinine ratio) and con-
ventional and doppler USG was performed followed 
by SWE imaging to measure renal stiffness. All par-
ticipants in the healthy control group had normal lab-
oratory parameters and no abnormal findings 
(echogenicity, kidney size, cortical blood flow, etc) on 
conventional doppler USG.  
      The exclusion criteria were as follows; partici-
pants with FMF-associated renal involvement, partic-
ipants with diseases affecting the kidney other than 
FMF (such as chronic kidney disease [CKD], diabetes 
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mellitus, hypertension, cardiovascular diseases, etc.), 
participants using nephrotoxic drugs such as nons-
teroidal anti-inflammatory drugs, antibiotics in the past 
three months, participants with estimated glomerular 
filtration rate (eGFR) < 60 mL/min (It was calculated 
eGFR using KD-EPI Creatinine 2009) or markers of 
kidney damage such as haematuria and proteinuria), 
smokers, participants with CKD any findings on con-
ventional and doppler USG, participants with body 
mass index (BMI) over 35 kg/m2, participants with 
pregnancy or nursing status, any condition that pre-
vents visualization of the kidney by ultrasound. Partic-
ipants over 18 years of age who did not fulfill any of 
the exclusion criteria were included in the study. This 
study was approved by the Clinical Research Ethics 

Committee of Health Sciences University Antalya 
Training and Research Hospital (Approval number: 8/9 
and date: 08.06.2023) and was conducted in accor-
dance with the ethical standards defined in the 1964 
Helsinki Declaration. During the study execution, pa-
tients were informed about the study, and their written 
consents were obtained. All participants gave written 
informed consent before enrolment. 
 
Shear Wave Elastography  
      SWE assessment was conducted using a convex 
abdominal probe operating at a frequency range of 5-
1 MHz, utilizing the Toshiba Applio 500 ultrasound 
system based in Tokyo, Japan. SWE measurements 
were assessed from the left kidney while the patients 
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Fig. 1. Elasticity (kPa) and velocity (m/s) values in measurements obtained in the transverse plane from the lower pole 
parenchyma of the kidney in a FMD patient. 

!
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&Fig. 2. Elasticity (kPa) and velocity (m/s) values in measurements obtained in the transverse plane from the pole parenchyma 
of the kidney in a healthy individual. 
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were lying in the lateral decubitus position. If the left 
kidney was deep or the acoustic window was deemed 
inadequate by the radiologist, measurements were 
taken from the right kidney. To minimize external 
pressure on the kidney, measurements were performed 
at the end-expiration. SWE evaluation was obtained 
at the lower renal pole, where the acoustic window 
was optimum. The measurement was performed in the 
transverse axis of the kidney so that the medulla seg-
ments do not enter the image area from the lower pole. 
Measurements were acquired subsequent to defining 
a region of interest (ROI) on specified targets within 
conventional renal USG images. ROI was positioned 
vertically within a renal cortex region devoid of ves-
sels or cysts. The primary axis of the ROI was aligned 
in parallel with the axis of the renal pyramid, oriented 
vertically to the kidney surface. The maximum ROI 
target distance was 8 cm, and the ROI constant box 
size was 1-0.5 cm. We obtained five valid measure-
ments from kidney and calculated the mean value. 
SWE stiffness values were presented as kPa, velocity 
values as m/sec (Figs. 1 and 2). Participants were as-
sessed by a single radiologist with 5 years of experi-
ence in SWE. The radiologist was blinded to the 
groups.   
 
Statistical Analysis  
      Descriptive analyses were depicted with measures 
such as mean ± standard deviation, median (minimum-
maximum), or n (%), as deemed suitable. The normal-
ity of the data was assessed using the Shapiro–Wilk 
test, while categorical data were subjected to analysis 
using the Pearson chi-square test. The Mann-Whitney 

U test and Student's t-test were employed for the 
analysis of numerical data with non-normal and nor-
mal distributions, respectively. Receiver Operating 
Characteristic (ROC) curve analysis was utilized to 
ascertain the optimal cut-off point for elasticity and 
velocity in predicting FMF. The Area Under the Curve 
(AUC), sensitivity, and specificity were calculated and 
reported with 95% confidence intervals. The optimal 
threshold for measurements was identified as the value 
associated with the maximum Youden index. To ex-
plore relationships between variables, Spearman's cor-
relation coefficient was computed. Statistical analysis 
was conducted using IBM SPSS Statistics for Win-
dows, Version 23.0 (IBM Corp., Armonk, NY). A two-
tailed p-value less than 0.05 was deemed statistically 
significant. 
 
 
RESULTS 
 
A cohort comprising 53 FMF patients (28 females) 
and 51 healthy participants (31 females) were included 
in this study. The average age among FMF patients 
was 39.98±11.56 years, while healthy participants had 
an average age of 41.63±16.07 years. There was no 
statistically significant age and BMI difference be-
tween the patient and control groups (Table 1).  
      We found that SWE values were statistically 
higher in FMF patients than in the control group. The 
mean values for elasticity were 17.66±3.77 kPa, 
15.49±3.15 kPa, respectively (P= 0.002). The mean 
values for velocity were 2.31±0.25 m/sec and 
2.12±0.26 m/sec, respectively (P<0.001) (Table 1). 
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There is no significant correlation between SWE val-
ues and age, eGFR, BUN and creatinine (Table 2).  
Upon analyzing the correlation coefficients of mean 
elasticity and mean velocity values in relation to treat-
ment duration and disease severity, it was observed 
that the correlation coefficients for both mean elastic-
ity and velocity values with treatment duration were 
neither significant nor high (P>0.05). Conversely, a 
strong, direct, and significant correlation was identi-
fied between SWE value and disease severity (ISSF 
score) (elasticity: r=0.853, P<0.001; velocity: r 
=0.801, P<0.001,) (Table 3).  
      Using a cut-off value >15.8 kPa for mean values 
for elasticity, the area under the ROC curve to diag-
nose FMF was 0.674 (95%CI: 0.575-0.763, P=0.001) 
with a sensitivity and specificity of 67.92 and 62.75, 
respectively (Fig. 3). These values indicate that the test 
has a certain accuracy, although not perfect, in show-
ing renal involvement, and that velocity has a slightly 
higher accuracy than elasticity. Using optimal cut-off 
value > 2.25 m/s for velocity, the area under the ROC 
curve was found 0.707 to diagnose FMF (95%CI: 
0.609-0.792, P<0.001) with a sensitivity and speci-
ficity of 67.92% and 74.51, respectively (Fig. 4).  

DISCUSSION 
 
Early detection of amyloidosis in high-risk FMF pa-
tients is crucial due to its lethal consequences. In this 
preliminary study, we conducted an assessment of the 
renal parenchyma in FMF patients using SWE early. 
Our findings revealed that the recorded SWE values 
exhibited a higher magnitude within the patient group 
as compared to the control group. Moreover a strong, 
direct and significant correlation was found between 
mean elasticity and velocity and disease severity.  
      SWE values, like conventional USG, may be af-
fected by age and laboratory parameters such as urea, 
creatinine, and BUN. Yu et al. [19] and Hassan et al. 
[20] and Leong et al. [21] founded significantly cor-
related with age and this laboratory parameters. This 
may be due to the development of glomerulosclerosis, 
interstitial fibrosis, tubular atrophy, and arteriosclero-
sis as the kidneys age. However, Samir et al. [10] re-
ported no significant correlation between elastography 
values and age. Much like the findings of Samir et al. 
[10] our study also did not reveal any significant cor-
relation between these parameters. This lack of corre-
lation could potentially be attributed to variations in 
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the sample type and sample size we selected. Partici-
pants with renal dysfunction were not included in our 
study.  Intrarenal fibrosis represents the ultimate 
shared pathway across all CKD, and the degree of fi-
brosis has been observed to correlate with the severity 
of the disease [22, 23] . As of the present clinical prac-
tices, renal biopsy stands as the sole method available 
for the assessment of renal fibrosis. Since renal biopsy 
is an invasive and expensive method, new methods 
such as elastography are being investigated. For in-
stance, Leong et al. [21] and Samir et al. [10] evalu-
ated renal parenchymal stiffness with SWE in adults 
with CKD, they reported that the patient group had 
higher SWE values than the control group. In addition, 
Hu et al. [24] investigated the relationship between 
SWE scores and renal biopsy scores in CKD patients. 
In this study, it was determined that as the fibrosis 
score increased in the biopsy and the elasticity score 
also increased.  As a result of these studies, it has been 
shown that SWE is a cost-effective and non-invasive 
method that provides additional diagnostic informa-

tion in the diagnosis and follow-up of CKD [24].  
      CKD incidence and prevalence are increasing, 
particularly diabetes and hypertension-related 
nephropathies [25]. It is crucial to ascertain alterations 
in mesangial, endothelial, and epithelial cells during 
the early stages of fibrosis, preceding the onset of 
nephropathy. In studies conducted for this purpose, the 
SWE values of patients with primary hypertension or 
diabetes mellitus without signs of nephropathy were 
observed to be greater than the control groups [26, 27]. 
In addition, increased SWE levels in patients with di-
abetic nephropathy correlated with BUN, creatinine, 
eGFR, urinary albumin/creatinine ratio, and urinary 
micro albumin level in these studies [18, 19, 28]. Sim-
ilar to these studies, we found SWE values were 
higher in patients with FMF without nephropathy. 
However, we did not detect significant correlation be-
tween SWE values and eGFR, BUN, creatinine. It 
may result from exclusion of patients with eGFR <60 
mL/min and/or those with signs of nephropathy such 
as microalbuminuria. In conclusion, SWE can be em-
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Fig. 3. ROC analysis for elasticity in predicting diagnosis of 
FMF. In the ROC analysis with a cut-off value of >15.8 kPa 
for elasticity, the AUC was 0.674. The sensitivity and speci-
ficity of the elasticity parameter was 67.92% and 62.75%, re-
spectively. 

Fig. 4. ROC analysis for velocity in predicting diagnosis of 
FMF. In the ROC analysis performed with a cut-off value of 
>2.25 m/s for velocity, the AUC was calculated as 0.707. The 
sensitivity and specificity of the velocity parameter was 
67.92% and 74.51, respectively.
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ployed as a new method in the early diagnosis and fol-
low-up of nephropathy.  
      There are few studies in the literature investi-
gatıng renal elastography in FMF patients Bayra-
moğlu et al. [15] compared the changes in lung, 
spleen, pancreas and kidney elasticity in prediatric 
FMF patients with and without amyloidosis with 
healthy control group. They found that liver, spleen, 
kidney and pancreas elasticity values were signifi-
cantly higher in the amyloidosis group compared to 
the control group. SWE values were significantly 
higher in the FMF group with or without amyloidosis 
compared to control subjects. In this study, the age 
range of the participants was very wide. Factors that 
may affect SWE values such as BMI, hypertension, 
diabetes mellitus and smoking were not excluded. In 
addition, participants were not evaluated for other 
renal pathologies such as cysts and lipomas before 
elastography. In a study conducted by Özmen et al. 
[16] in children with FMF, SWE values were found 
to be higher in FMF patients compared to healthy 
control group. However, in this study, the participants 
were not evaluated in terms of nephropathy (hema-
turia, proteinuria, creatinine). Additionally, the rela-
tionship between disease severity, duration of 
treatment, treatment regimen, age at diagnosis, and 
SWE values was not examined. Albayrak et al. [29] 
compared the renal elasticity value of adult FMF pa-
tients with and without proteinuria with the control 
group. They found that SWE values of FMF patients 
were higher than the control group. In addition, SWE 
values of patients with proteinuria were higher than 
the control group and FMF patients without protein-
uria. However, although FMF patients with protein-
uria were included in the study, biopsy was not 
performed in these patients, so the cause of protein-
uria may be due to causes other than amyloidosis. In 
the study conducted by Kayalı et al. [30] on adult 
FMF patients, higher SWE values were also found 
compared to healthy control group. However, this 
study included a small number of patients, some of 
whom had nephropathy (e.g., proteinuria). Morover, 
factors that may affect SWE values, such as BMI, 
smoking, hypertension and diabetes, have not been 
excluded. In our current study, similar to previous re-
search, we found higher SWE values in FMF patients. 
Unlike other studies, our research included a larger 
number of adult patients and excluded volunteers with 

any evidence of nephropathy to ensure a more objec-
tive and homogeneous sample. 
      Currently, there are no standardized renal SWE 
values available for FMF patients. In their comparison 
of renal velocity and elasticity values between FMF 
patients and the control group, Kayalı et al. [30] es-
tablished cut-off values of 7.37 kPa for elasticity (sen-
sitivity=76%, specificity=93%) and 1.42 m/s for 
velocity (sensitivity=70%, specificity=89%) [30]. In 
our study we have suggested that a cut-off value 15.8 
kPa for mean values for elasticity (sensitivity and 
specificity of 67.92 and 62.75, respectively) and cut-
off value 2.25 m/s for velocity (sensitivity and speci-
ficity of 67.92% and 74.51, respectively). While these 
values may not be adequate for diagnosing FMF pa-
tients, they indicate that SWE could serve as a valu-
able method for monitoring renal involvement in FMF 
patients. Extensive studies in this area may contribute 
to the standardization of SWE values and further aug-
ment their diagnostic utility.  
      Amyloidosis is characterized by the deposition of 
extracellular protein material known as amyloid in 
various organs, including the heart and kidneys. This 
condition can result in a gradual decline in organ func-
tion, potentially culminating in a fatal outcome. The 
clinical and imaging characteristics of the disease are 
not pathognomonic. Currently, a biopsy is needed to 
demonstrate the deposition of amyloid. Elastography 
is a novel imaging technique for assessing tissue elas-
ticity. Elestosonographic findings have been demon-
strated that amyloid material increases the tissue 
stiffness of the affected organ [28]. For instance, nu-
merous case reports have demonstrated elevated liver 
stiffness in patients with hepatic amyloidosis [31-33]. 
Amyloidosis is seen more often in patients in the se-
vere disease group. ISSF is the most commonly used 
scoring system to determine the severity of the disease 
in the follow-up of FMF patients. Kayalı et al. [30] 
found that as ISSF scores increased, SWE values also 
increased, but this positive correlation was not statis-
tically significant. In our study, we observed a strong 
correlation was found between SWE values and dis-
ease severity score. Long-term prospective studies 
with larger cohorts are necessary to understand the fu-
ture implications of these results for FMF patients.  
 
Limitations  
      This study has same limitations: (1) The number 
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of patients enrolled in this study was low and further 
studies with larger number patients are required. (2) 
In our study, there are two groups of individuals with 
normal kidney function with or without FMF. We rec-
ommend further studies including FMF patients with 
amyloidosis as a third group. (3) Since kidney biopsy 
is not clinically indicated for patients with FMF, no 
biopsy data were included for histological measure-
ment. (4) We did not measure the variance between 
observations as all SWE studies were performed by a 
single radiologist.  
 
 
CONCLUSION 
 
We observed that the SWE values were higher in the 
patient group than in the control group. In additon, a 
strong correlation was found between elasticity and 
velocity and disease severity.  Recently, SWE has been 
found to be a useful method in the early diagnosis and 
follow-up of renal involvement (especially amyloido-
sis). SWE may be also a cost-effective, non-invasive 
method to diagnose and follow up renal involvement 
(especially amyloidosis) in FMF patients. 
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ABSTRACT 
Objectives: The study investigates the differential pain outcomes associated with operative and diagnostic 
hysteroscopy, with a focus on the influence of menopausal status on pain perception. This research aims to re-
fine pain management strategies tailored to patient demographics in gynecological practices.  
Methods: A total of 200 patients undergoing hysteroscopy were systematically evaluated. Pain intensity was 
assessed using the Visual Analog Scale (VAS). The study distinguished between operative and diagnostic pro-
cedures, with particular attention to the effect of menopausal status on pain scores. Compliance with CONSORT 
guidelines was ensured, and relevant clinical trial registration numbers were included.  
Results: Pain scores did not significantly differ between operative and diagnostic hysteroscopies, suggesting 
that the invasiveness of the procedure might not directly correlate with pain perception. However, menopausal 
women reported significantly higher pain scores, indicating a possible increased sensitivity or decreased pain 
tolerance related to hormonal changes.  
Conclusions: The results affirm that existing pain management protocols effectively mitigate discomfort across 
different hysteroscopic procedures. Nonetheless, the distinct pain profiles of menopausal women warrant the 
development of customized pain management strategies. Enhancing analgesic approaches for this subgroup 
could improve patient care and outcomes in gynecological settings. 
Keywords: Hysteroscopy, pain perception, menopause, visual analog scale, patient outcomes, gynecological 
surgery 
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H ysteroscopy has become an integral compo-
nent of contemporary gynecological prac-
tice, revolutionizing the diagnosis and 

treatment of intrauterine conditions with its minimally 
invasive approach. This technique allows for direct vi-
sualization of the uterine cavity and is instrumental in 
both diagnostic and therapeutic interventions, ranging 

from the evaluation of abnormal uterine bleeding to 
the precise removal of submucosal fibroids and 
polyps. As hysteroscopy has evolved, it has signifi-
cantly improved in terms of patient comfort and pro-
cedural efficiency, reflecting broader trends in medical 
technology that prioritize patient-centered care [1, 2].  
      Despite these advancements, one of the enduring 
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challenges in hysteroscopic procedures is the manage-
ment of pain, a critical aspect that can significantly af-
fect patient experiences and outcomes. Research 
indicates that pain perception varies significantly 
among patients undergoing hysteroscopic procedures, 
influenced by a variety of factors including procedural 
technique, the type of hysteroscopy (operative vs. di-
agnostic), and individual patient characteristics such 
as age, hormonal status, and particularly menopausal 
status. The menopausal transition, characterized by 
hormonal changes, can alter pain thresholds and tissue 
response, thereby potentially intensifying discomfort 
during and after the procedure [3, 4].  
      Addressing these challenges, the current study 
proposes a comparative analysis focusing on pain out-
comes associated with operative and diagnostic hys-
teroscopy, with a special emphasis on the influence of 
menopausal status on pain perception. This approach 
is rooted in a comprehensive review of the literature 
that highlights both the advancements and ongoing 
challenges in the field. By integrating robust empirical 
data with a systematic review of existing studies, this 
research aims to deepen the understanding of pain dy-
namics in hysteroscopy and to develop targeted pain 
management strategies that can be customized to pa-
tient demographics [5, 6].  
      Furthermore, this study not only explores the clin-
ical aspects of hysteroscopy but also considers the pro-
cedural innovations that have been developed to 
enhance its safety and effectiveness. These include the 
use of advanced imaging technologies, improved in-
strument design, and refined surgical techniques, all 
of which contribute to reducing patient discomfort and 
improving clinical outcomes. Additionally, the study 
examines the role of pre-procedural counseling and 
patient education in managing expectations and reduc-
ing anxiety, which are closely linked to pain percep-
tion [7, 8].  
      In summary, this research endeavors to provide a 
comprehensive overview of the current state of hys-
teroscopic practice, with a specific focus on optimiz-
ing pain management for enhancing patient care. The 
outcomes of this study are anticipated to offer signif-
icant contributions to gynecological practices, influ-
encing both clinical guidelines and procedural 
standards to better accommodate the needs of diverse 
patient populations, particularly those undergoing the 
menopausal transition. It is hoped that the findings will 

not only advance the scientific understanding of pain 
management in hysteroscopy but also lead to more ef-
fective and empathetic patient care protocols. 
 
 
METHODS 
 
Research Design  
Our study was structured as a prospective observa-
tional study within a controlled clinical setting to ad-
here strictly to the highest standards of academic rigor. 
Approval was obtained from the University of Health 
Sciences, İstanbul Bağcılar Health Research Center 
Clinical Research Ethics Committee with the ethical 
approval code issued for conducting research involv-
ing human participants (Ethics Approval No: 
2023/248). This approval ensured that all study pro-
cedures complied with ethical standards and regula-
tions pertinent to human research.  
 
Participant Selection  
      The participant selection process was critical to 
the validity and reliability of the study outcomes. We 
included a total of 200 patients between the ages of 18 
and 65 who presented with indications for hys-
teroscopy, such as abnormal uterine bleeding or sus-
pected intrauterine pathologies. Exclusion criteria 
were stringently defined to rule out any potential con-
founding variables that could impact the study’s re-
sults or patient safety. Excluded were patients who 
were pregnant, had pelvic infections, known malig-
nancies, or severe psychiatric disorders at the time of 
the study.  
      Additionally, informed consent, in the form of the 
Informed Voluntary Consent Form was obtained from 
all participants prior to their inclusion in the study. This 
process was conducted under the oversight of the insti-
tution's ethics committee, which monitored adherence 
to ethical standards throughout the study's duration. 
 
Data Collection 
      Data collection was meticulously carried out by 
experienced practitioners utilizing the state-of-the-art 
B.I.O.H.® Bettocchi® Integrated Office Hysteroscope 
from Karl Storz, Germany. This equipment was cho-
sen for its precision and reliability, ensuring consis-
tency and high-quality data across all procedures. The 
procedures were performed using a standardized ap-
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proach that involved no cervical preparation or dila-
tion, employing the vaginoscopic technique to signif-
icantly reduce patient discomfort. All collected data 
were anonymized and managed according to the prin-
ciples of confidentiality and data protection. The 
datasets generated during this study are scheduled to 
be deposited in a publicly accessible database, ensur-
ing that the data will be available for replication and 
further research by the academic community. Acces-
sion numbers for the database will be provided during 
the review process and included in the final published 
manuscript. In line with ethical standards, all partici-
pants were provided with detailed information about 

the study and its potential risks and benefits. Informed 
consent was obtained from all participants prior to their 
inclusion in the study. This consent process was con-
ducted according to the guidelines of the Declaration 
of Helsinki and under the oversight of the institution's 
ethics committee, which also monitored the study's ad-
herence to ethical standards throughout its duration.  
 
Statistical Analysis  
      Data were analyzed using SPSS software, version 
25.0. Descriptive statistics were employed to summa-
rize patient characteristics and procedural outcomes. 
Inferential statistics, including t-tests and chi-squared 
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tests, were utilized to compare pain scores between di-
agnostic and operative hysteroscopy groups. A P-value 
of less than 0.05 was considered statistically signifi-
cant, ensuring the robustness of our analytical methods. 
 
 
RESULTS 
 
This section provides a detailed description of the 
findings from the comparative analysis of operative 
and diagnostic hysteroscopy, focusing on patient de-
mographics, clinical characteristics, pain scores, and 
procedural duration.  
 
Patient Demographics and Clinical Characteristics  
      This section presents a comprehensive analysis of 
such characteristics to confirm that any differences in 
outcomes can be attributed to the type of hysteroscopy 
rather than underlying patient differences (Table 1). 
Table 1 demonstrates that there are no significant dif-
ferences in demographic and clinical characteristics 
between patients undergoing operative and diagnostic 
hysteroscopy. Age, BMI, parity, and menopausal status 
are similarly distributed across both groups, indicating 
that the cohorts are well-matched and suitable for 
comparing the outcomes of the two types of hys-
teroscopy. 
 
Pain Scores and Procedure Duration  
      We examine the Visual Analog Scale (VAS) pain 
scores during cervical canal passage, at the end of the 

procedure, and the overall duration of the hys-
teroscopy to understand differences in patient experi-
ence and procedural efficiency (Table 2). The data 
from Table 2 provides insights into the pain manage-
ment effectiveness and procedural efficiency between 
operative and diagnostic hysteroscopy. Pain levels, as 
measured by the VAS during and after the procedures, 
show no significant difference between the two 
groups, indicating effective pain management across 
both procedural types. However, the duration of the 
procedures significantly differs, with operative hys-
teroscopy taking longer due to the more complex na-
ture of the interventions required.  
 
Distribution of Pain Scores  
      We assess the distribution of pain scores to further 
dissect the nuances of patient experiences during these 
procedures (Table 3). Table 3 highlights that the ma-
jority of patients experienced mild pain (VAS < 4) dur-
ing the cervical canal passage, emphasizing the 
effectiveness of current hysteroscopic techniques and 
pain management protocols. A smaller subset of pa-
tients experienced moderate to severe pain (VAS ≥ 4), 
which may indicate specific patient factors or proce-
dural variables that necessitate additional management 
strategies.  
      These structured findings provide a comprehen-
sive overview of the study's results, facilitating a clear 
understanding of the differences and similarities in pa-
tient outcomes for operative versus diagnostic hys-
teroscopy. 
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DISCUSSION 
 
In analyzing the results of our study, we integrate our 
findings with a broad spectrum of prior research to de-
lineate their significance within the domain of gyne-
cological practice, specifically focusing on the 
experiences of patients undergoing both operative and 
diagnostic hysteroscopy.  
      Our study's findings on pain management, partic-
ularly with the use of the Visual Analog Scale (VAS) 
for both types of hysteroscopy, revealed that the ad-
vancement in procedural techniques and analgesic 
strategies are significantly enhancing patient comfort. 
This is in alignment with Buzzaccarini et al. [9], who 
highlighted the effectiveness of modern pain manage-
ment protocols that are adept at mitigating discomfort 
across various hysteroscopic procedures. Despite the 
longer durations associated with operative hystero-
scopies, these procedures did not result in higher pain 
scores, which suggests a substantial improvement in 
analgesic methods, a sentiment also supported by Cen-
tini et al. [10].  
      A crucial insight from our study is the impact of 
menopausal status on pain perception. Menopausal 
women tended to report higher VAS scores, which 
may be attributed to physiological changes such as de-
creased cervical elasticity and lubrication, as detailed 
by Almeida et al. [3]. This finding underscores the 
need for specialized pain management strategies for 
this demographic, supporting the recommendations by 
Al-Fozan et al. [2] for tailored preoperative prepara-
tions and analgesic protocols.  
      Interestingly, our study noted that parity and pre-
vious uterine operations did not significantly influence 
pain scores, which may suggest that the standardized 
pain management protocols are effectively addressing 
these factors. This notion is corroborated by the find-
ings of Aas-Eng et al. [1], who observed that an indi-
vidualized approach to pain management can 
effectively neutralize the potential discomfort caused 
by varied patient histories.  
      Given the observed disparities in pain perception, 
particularly among menopausal women, there is a 
compelling need for further research into customized 
pain management strategies. Studies could explore the 
integration of pharmacological and non-pharmacolog-
ical methods to enhance comfort for this sensitive 

group [11-18]. Moreover, the enduring efficacy of 
these pain management strategies warrants longitudi-
nal studies to assess their sustainability and long-term 
outcomes.  
      Our study reaffirms that contemporary hystero-
scopic practices, both operative and diagnostic, man-
age to maintain low pain levels across procedures, 
thereby enhancing patient compliance and satisfaction. 
However, the distinct challenges faced by menopausal 
women highlight a gap in current practices, pointing 
towards the necessity for targeted pain management 
strategies.  
      Incorporating findings from pivotal studies [19-
25], our discussion extends the understanding of pro-
cedural efficacy and patient-centric approaches in 
hysteroscopy, emphasizing the importance of contin-
ual improvement and individualized care in gynecol-
ogical practices. 
 
 
CONCLUSION 
 
The results of this comprehensive study offer substan-
tial insights into the comparative experiences of pain 
between operative and diagnostic hysteroscopy, un-
derlining the effectiveness of current pain manage-
ment protocols that adequately minimize discomfort 
across both types of procedures. The significant reve-
lation that menopausal status impacts pain perception 
invites a focused approach to pain management, par-
ticularly for this subgroup, indicating a necessity for 
bespoke strategies to enhance their procedural expe-
rience.  
While both operative and diagnostic hysteroscopies 
have proven to be low in terms of pain levels thanks 
to advanced analgesic techniques and procedural re-
finements, the extended duration of operative hystero-
scopies did not correlate with increased pain, which 
affirms the proficiency of existing pain control meas-
ures. However, the notable discomfort reported by 
menopausal women suggests that there are still areas 
within pain management that require further refine-
ment and personalization. It's apparent that despite 
overarching improvements, the 'one-size-fits-all' ap-
proach may not be applicable in all cases, especially 
in sensitive or potentially complicated scenarios like 
those presented by postmenopausal physiology.  
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Furthermore, this study has shown that standard vari-
ables such as parity and previous surgical history, 
which could be presumed to influence pain perception, 
do not markedly alter the pain scores due to the effi-
ciency of current pain mitigation practices. This is a 
positive reflection on the versatility and adaptability 
of modern hysteroscopic techniques, which are capa-
ble of providing a comfortable experience for most pa-
tients regardless of their medical or surgical history. 
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Does the presence of persistant metopic suture affect 
the use of frontal sinus and frontal morphometric 
measurements in gender identification? 
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ABSTRACT 
Objectives: One structure capable of use for gender estimation in forensic science is the frontal bone. This 
study used computed tomography (CT) and investigated whether frontal sinus and frontal morphometric meas-
urements could also be used to identify gender in people with persistent metopic suture (PMS). 
Methods: Nine hundred ninety-one patients who underwent brain-paranasal sinus CT for any reason were di-
vided into two groups, PMS and non-PMS. The presence and volume of both halves of the frontal sinus, frontal 
morphometric measurements including minimum-maximum frontal width, and frontal bone surface length on 
the outer table surface between the coronal sutures in the axial section were measured. 
Results: In the non-PMS group, all quantitative parameters (frontal sinus volume, minimum-maximum frontal 
width, and frontal bone surface length) differed significantly between the genders (P<0.05). However, in the 
PMS group, only frontal sinus volume and frontal bone surface length differed significantly (P<0.05). 
Conclusions: Frontal sinus volume, minimum-maximum frontal width and frontal bone surface length meas-
urements exhibited significant sexual dimorphism in the non-PMS group. Since minimum and maximum frontal 
width do not exhibit significant gender differences in cases with PMS, the presence of PMS should be consid-
ered when using these parameters in gender identification. 
Keywords: Frontal morphometry, frontal sinus volume, gender identification, persistent metopic suture
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 A ssessing individuals’ biological profiles repre-

sents a challenge for forensic science. Gender 
estimation is one of the first and most impor-

tant steps in such analyses [1]. Anthropologists use the 
sexual dimorphic features of the human skeleton to 
distinguish between males and females through visual 
or metric evaluation [2]. Some authors regard the skull 
as the second most useful bone structure after the 
pelvis for gender prediction [3]. Morphometric tech-
niques facilitate the evaluation of differences in the 

size of structures, thus enhancing objectivity [4].  
      Gender can be differentiated by measuring fea-
tures (such as markings, curves, external surfaces or 
roundness) of cranial bones [5]. The exocranial bone 
surface exhibits significant gender differences, and 
success rates in gender prediction increase as a result 
[6]. One of the cranial structures with high potential 
in the evaluation of sexual dimorphism is the frontal 
bone [5]. In addition to the glabella, the most dimor-
phic and reliable part of the human skull [7], the gen-
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eral shape of the frontal bone and especially the cur-
vature thereof (greater in males), the size of the frontal 
sinuses (larger in males), and the frontal protrusions 
(tubera frontalia) (more prominent in females) are 
other sexual dimorphic features that may be suitable 
for quantitative evaluation [8]. Sexual dimorphism in 
the frontal region is due to differences in growth fac-
tors and maturation times [9].  
      The frontal sinuses (FSs), the last paranasal si-
nuses to develop, exhibit considerable differences in 
width, height, and volume [10]. These are rudimentary 
at birth and become radiographically visible at the age 
of six [11]. The FS exhibits significant inter-individual 
variability, in the same way that fingerprints differ be-
tween monozygotic twins, due to its irregular shape 
and individual characteristics that make the frontal 
bone unique to each individual [12].  
      The physiological closure of the metopic suture 
(MS) [13], which separates the two halves of the 
frontal bone, is generally regarded as occurring at 
eight years of age [14]. If the suture continues to be 
observed in subsequent years, this is known as a per-
sistent metopic suture (PMS) or ‘metopism.’ PMS is 
a factor that suppresses the development of the FS 
[15]. Pneumatization of the FS may be delayed or 
completely suppressed if the MS persists [16]. Since 
pneumatization into the frontal bone represents one of 

the FS development stages, it may be concluded that 
a relationship exists between FS and cranial mor-
phometry [17]. In the presence of PMS have been 
found to exhibit a specific distinctive neurocranial 
configuration [18] characterized by a broad forehead, 
greater frontal curvature, and inter-frontal and inter-
orbital lengths [19].  
      Computed tomography (CT) is an excellent imag-
ing modality for identifying human remains and can 
be used to evaluate the paranasal sinuses and cranio-
facial bones. It yields valuable and precise measure-
ments of FS dimensions [20].  
      The purpose of this study was to investigate the 
effectiveness of FS and frontal morphometric meas-
urements (minimum and maximum frontal width and 
frontal bone surface length) in gender identification 
and to investigate the effect of the presence of PMS, 
with known impacts on frontal bone and frontal sinus 
development, on the usefulness of these parameters in 
gender identification. 
 
 
METHODS 
 
Patients and Study Design  
The study commenced following receipt of approval 
from the Süleyman Demirel University non-interven-

473       The European Research Journal   Volume 11   Issue 3   May 2025

!

!

!Fig. 1. Maximum horizontal width between both coronal sutures(upper horizontal line) and minimum horizontal width be-
tween both frontotemporal lines(lower horizontal line) on “volume rendering” CT images.
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tional clinical research ethics committee (decision 
dated 30.12.2020 and numbered 72867572-050.01.04-
15964). Paranasal sinus or brain CT images obtained 
for any reason between April and December 2018 
were evaluated in this retrospective study. Nine hun-
dred ninety-one patients met the inclusion criteria (age 
18 years or over, cases in which the entire frontal re-
gion was included in the examination, and cases with-
out a history of surgery or trauma in the frontal 
region). The presence or absence of PMS was 
recorded in these cases. All cases were divided into 
two groups, PMS and non-PMS. In both groups, the 
presence and volume of FS were recorded separately 
on the right and left sides, and frontal bone morpho-
metric measurements (frontal bone surface length, 
minimum and maximum frontal width) were per-
formed.  
 
Technical Parameters  
      Brain and paranasal sinus CT scans were per-

formed with a 128 cross-section CT device (Definition 
AS, Siemens Medical Solutions, Forchheim, Ger-
many). The detector in the multi-section CT device 
possessed 64 rows of 0.6 mm elements and 128 inde-
pendent data acquisition channels. The pitch value was 
adjusted automatically by the device and was set to 
1.5 for brain CT and 1.0 for paranasal sinus CT. The 
gantry rotation time was 0.5 sec. Parameters were 120 
kVp, 350 mA, reconstruction slice thickness 3 mm, 
and acquisition slice thickness 0.6 mm (WW:1500, 
WL:450) for brain tomography. For paranasal sinus 
CT, recordings were made using 80 kVp, with a 120 
mA, 1 mm slice thickness, and a 0.6 mm acquisition 
slice thickness (WW: 1500, WL: 450) protocol.  
 
Evaluation of Images  
      The presence of incomplete or complete MS in 
cases aged over 18 was recorded as PMS. FS volume 
calculations were performed separately for both halves 
of the FS through manual segmentation by OsiriXTM 
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software, including the entire FS lumen up to the fron-
tonasal recess. In cases with 'Multifidus FS', defined 
as the presence of air cells that open into the ethmoid 
infundibulum and can be confused with the frontal 
sinus, the volume of this was included in the ipsilateral 
sinus volume. In coronal ‘volume rendering’ images, 
the maximum frontal width between both coronal su-
tures in the frontal bone and the minimum frontal 
width between both frontotemporal crests were meas-
ured in cm, as described by Valloise [21] (Fig. 1). In 
the axial images, the 'frontal bone surface length' was 
recorded in cm on the outer table surface between the 
bilateral coronal sutures in the section passing through 
the junction of both coronal sutures with the 
sphenosquamous and sphenofrontal sutures (Fig. 2).  
 
Statistical Analysis  
      The Kolmogorov-Smirnov test showed that, with 
the exception of the 'frontal bone surface length,' quan-
titative data did not comply with normal distribution. 
Parametric tests were therefore applied for 'frontal 
bone surface length' measurements and non-paramet-
ric tests for other quantitative data. In order to examine 
the effects of PMS on quantitative data and to evaluate 
the practicability of quantitative data in distinguishing 
between the genders in both groups, Student's t test 
was performed for the 'frontal bone surface length' 
measurement, while the Mann Whitney U test was ap-
plied for other quantitative data. Data were analyzed 
on IBM SPSS Statistics for Windows software (Ver-
sion 21.0, Armonk, NY, USA IBM Corp.). Statistical 
significance was set at P<0.05. 

RESULTS 
 
A total of 1156 cranial and paranasal sinus CT scans 
were initially evaluated. However, 165 cases met the 
exclusion criteria, and the CT scans of 991 patients, 
452 women and 539 men, were finally included in the 
study. The average age of the cases was 53.7 years. 
Women represented 425 (45%) of the non-PMS cases 
and 517 (55%) men.  
      PMS was present in 49 (4.9%) cases, 22 (44%) of 
which were female and 27 (56%) were male. Surface 
length, minimum and maximum frontal width vari-
ables were found statistically significantly higher in 
PMS group (P<0.05).  An analysis of the relationship 
between PMS and frontal sinus volume and other mor-
phometric measurements is given in Table 1.  
The practicability of the use of quantitative data in 
gender identification in the PMS and non-PMS case 
groups was subjected to analysis. In the non-PMS 
group, all quantitative variables exhibited statistically 
significant gender differences (P<0.05) and lower val-
ues were detected in women than in men in all param-
eters (Table 2).  
      In the PMS group, only the gender differences in 
frontal bone surface length and FS volume measure-
ments emerged as statistically significant. Other quan-
titative variables (minimum and maximum frontal 
width) exhibited no significant gender differences in 
the PMS group, in contrast to the non-PMS group. In 
the PMS cases, frontal bone surface length was signif-
icantly lower in women than in men (P=0.037). FS 
volume values were also lower in women than in men 
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on both sides (right and left), and the findings were 
statistically significant (P=0.006 and P=0.002, respec-
tively) (Table 3).  
 
 
DISCUSSION 
 
Analyses of teeth, fingerprints, and DNA profiles are 
among the most reliable methods for identification in 
forensic medicine. However, radiological examina-
tions are important without such samples [22]. Radi-
ology is important in forensic science as it permits 
non-invasive and objective evaluation. In particular, 
radiology helps identify human remains in forensic in-
vestigations [23]. Details such as volume, size, shape, 
and the individual characteristics of bones represent 

consistent evidence, and this can be used to identify 
bodies [24]. Sexual dimorphism is evident in various 
anatomical features of the skull [25], one of the most 
sexually dimorphic regions of the human skull being 
the frontal bone [26].  
      The practicability of using the FS in distinguishing 
between the genders has previously been investigated 
using various morphometric and morphological meth-
ods. The purpose of this study was to evaluate the use-
fulness of minimum and maximum frontal width 
measurements, volumetrically evaluated FS, and also 
'frontal bone surface length' measurement, used for the 
first time in the present study according to our scan of 
the literature and also to investigate whether gender 
differences exist in these parameters in cases with 
PMS too.  
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      The prevalence of PMS in this research was 4.9%. 
Bilateral FS aplasia was observed in 10 (20%) of the 
PMS cases. Numerous studies [27, 28] have investi-
gated the prevalence of PMS, and our findings were 
generally compatible with those.  
      In Atalay and Eser’s [29] comparison of FS vol-
umes between PMS and non-PMS groups, the two 
halves were not evaluated separately, although total 
FS volumes were lower in the PMS cases. Grine et al. 
[30] compared the CT findings of a PMS group and a 
control group in a South African population in terms 
of FS volumes. Those authors divided their PMS cases 
into partial and complete groups. While a decrease 
was observed in FS volumes in the complete PMS 
cases compared to the control group, an increase in FS 
volume was detected in partial PMS cases compared 
to the control group. In the present study, bilateral FS 
volumes in the PMS group were lower than those in 
the non-PMS group. This may be attributable to the 
suppressive effect of PMS on the development of FS, 
a phenomenon confirmed by previous research, and 
may possibly also be due to the number of complete 
and incomplete PMS cases. Further studies, distin-
guishing between complete and incomplete PMS 
cases, are now needed on this subject. Our scan of the 
literature revealed no similar studies comparing frontal 
morphometric measurements between PMS and non-
PMS groups. In the present study, all three frontal 
morphometric length measurements were higher in 
PMS cases compared to the non-PMS group, confirm-
ing the functions of the sutures in bone growth.  
      In their study investigating the contribution of FS 
to sexual dimorphism, Tatlısumak et al. [31] com-
pared FS volumes according to age and gender, and 
both FS values were significantly higher in men than 
in women. Wanzeler et al. [32] did not examine both 
halves of the FS separately but reported a significantly 
higher total FS volume in men than in women. Michel 
et al. [33] reported similar results to those of Wanzeler 
et al. [32]. However, the presence of PMS and its ef-
fect on the usefulness of this parameter in sexual di-
morphism was not evaluated in those studies. Atalay 
and Eser [29] observed significantly lower FS vol-
umes in women compared to men in both the control 
and PMS groups. In the present study, both halves of 
the frontal sinus were evaluated separately and, in 
agreement with Atalay and Eser [29], FS volume was 
significantly lower in the PMS group than in the non-

PMS group. In terms of gender, bilateral FS volumes 
in both groups were significantly lower in women than 
in men. Our findings were compatible with the above 
study and supported the assumption that metopic su-
ture persistence suppresses the development of the FS. 
The results also showed that both halves of the FS can 
be used in gender identification.  
      Various studies have examined the use of cranial 
morphometry in gender identification. Several differ-
ent landmarks and methods have been used in the 
frontal bone. Del Bove et al. [34] used various land-
marks on the skull to evaluate the surface shape of the 
frontal bone through a special software program. 
Those authors investigated whether the surface shape 
would differ between the genders. They concluded that 
the most accurate results in terms of gender identifi-
cation were 'evaluation of the supraorbital part shape'. 
Since the difference in bone surface shape can also af-
fect the measurements performed on the bone surface, 
this may explain the difference between genders in the 
length of the frontal bone surface, one of the measure-
ments made in the present study. Čechová et al. [35] 
examined differences in frontal bone external surface 
area and shape, frontal sinus volume, and surface area 
by gender, and reported that frontal sinus measure-
ments and frontal bone surface area measurements dif-
fered significantly between the sexes. Cekdemir et al. 
[36] investigated the usefulness of cranial morphom-
etry in gender dimorphism and reported that, similarly 
to the present study, minimum frontal width was sig-
nificantly higher in men than in women. However, no 
evaluation in terms of the presence of PMS was con-
ducted. Consistent with Cekdemir et al. [36], mini-
mum frontal width and all other parameters 
(maximum frontal width, frontal sinus volumes, and 
frontal bone surface length) in the non-PMS group in 
the present study exhibited significant differences be-
tween the genders and were capable of use in gender 
identification. However, in the PMS group, and in con-
trast to Cekdemir et al. [36], the difference between 
the genders in minimum frontal width and maximum 
frontal width measurements was not significant. This 
showed that the presence of persistent metopic suture 
should be taken into consideration when performing 
gender analysis using frontal morphometric parameters. 
 
Limitations  
      There are a number of limitations to this study, in-
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cluding its retrospective and single-center character, 
the small number of PMS cases, and the lack of dis-
tinction between complete and partial PMS. Other lim-
itations are that the effects of parameters affecting 
skeletal development, such as environmental, meta-
bolic, and nutritional factors and ethnicity, could not 
be determined. Patients under the age of 18 were not 
included in the study due to skeletal development con-
tinuing during childhood and adolescence. Separate 
studies are therefore needed for that age group. 
 
 
CONCLUSION 
 
In conclusion, in addition to the frontal morphometric 
parameters currently used for gender identification, a 
highly important subject for forensic sciences, the 
'frontal bone surface length measurement' performed 
in the present study may be useful in gender estimation 
as it exhibits significant gender differences. In addi-
tion, some of the frontal morphometric measurements 
(minimum and maximum frontal width) exhibit no 
gender difference in the presence of PMS, and caution 
should therefore be exercised when using these param-
eters in cases with PMS. 
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ABSTRACT 
Objectives: This study aimed to evaluate blood groups and some hematologic and biochemical parameters in 
healthcare workers with and without COVID-19. 
Methods: The sample consisted of 1232 healthcare workers who consented to participate in the study after 
being informed about its purpose and methodology. The study's case group consisted of 704 individuals who 
got COVID-19, whereas the control group consisted of 528 individuals who didn't get the virus. A survey con-
ducted online was used to gather data. The study was conducted with adherence to ethical norms. 
Results: Participants in the case and control groups showed a significant difference in their vitamin D level 
variables, and those with low vitamin D levels were 1.9 times more likely to contract COVID-19 than those 
with normal levels. Blood glucose, lactate dehydrogenase (LDH), ferritin, troponin-I, D-dimer, C-reactive pro-
tein (CRP), anti- human immunodeficiency virüs (HIV), white blood cell, hemoglobulin, platelets, lymphocyte, 
and neutrophil averages were significantly different between the case and control groups when the biochemistry 
values of the participants were compared (P<0.05).  
Conclusions: Vitamin D level, blood glucose, LDH, ferritin, troponin I, D-dimer, CRP, and anti-HIV among 
the significant biochemistry parameters in our study; leukocyte, hemoglobin, platelets, lymphocyte, and neu-
trophil levels among hemogram parameters are in parallel with the literature data in predicting the diagnosis 
of COVID-19. The use of these parameters in the clinic will contribute to the early detection of the diagnosis, 
early isolation of patients, and early initiation of the treatment process. 
Keywords: Biochemistry, COVID-19, hemogram, blood group, healthcare worker 
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 T he World Health Organization (WHO) an-

nounced on December 31, 2019, that a dis-
ease of unknown origin with severe 

respiratory symptoms has emerged in Wuhan, Hubei 
province, China [1]. On January 7, 2020, it was dis-

covered that a new type of coronavirus (2019-nCoV) 
that had never been discovered in humans was the 
cause of severe respiratory symptoms; this infection 
was dubbed "COVID-19" [2]. Members of the Coro-
naviridae family, coronaviruses (SARS-CoV, MERS-
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CoV, and SARS-CoV-2) are enclosed viruses with a 
single-stranded, positively polarized, single-stranded 
RNA genome that is around 27-32 kb in size [3]. On 
December 1, 2019, the WHO declared a pandemic 
after the COVID-19 epidemic extended to 216 nations, 
infecting 12 million people. On March 11, 2020, the 
first case was seen in Turkey [4].  
      In order to stop and manage the spread of infec-
tion, our country and other countries have begun im-
plementing a number of preventative measures in 
response to the COVID-19 pandemic. Curfews, travel 
restrictions, remote work, distance learning, flexible 
or rotating work schedules, social distancing regula-
tions, and mask obligations are some of the measures 
that have had a significant impact on people and 
caused physical and mental health issues for survivors 
[4,5]. The people most impacted by this circumstance 
are healthcare professionals. On the front lines, health-
care workers—our most powerful force in the pan-
demic-have battled the risk of spreading the virus to 
their loved ones and themselves [6].  
      Finding indicators that may be utilized to forecast 
disease severity and risk is necessary because of the 
rapid transmission and possible fatality of SARS-CoV-
2. Healthcare professionals may lessen transmission, 
use resources effectively during the pandemic, avoid 
needless hospitalizations, and lessen all associated ef-
fects by identifying patients at high risk of developing 
a serious or deadly disease [7]. Standard, quick, sim-
ple, and inexpensive blood tests that can help with 
COVID-19 diagnosis and prognosis include serum 
biochemistry and complete blood count studies [8]. 
COVID-19 cannot be diagnosed based only on labo-
ratory results. Despite the fact that the final diagnosis 
of COVID-19 is made microbiologically, this ap-
proach aids in the diagnosis when combined with the 
patient's contact history, clinical findings, certain lab-
oratory results, imaging techniques, and is useful for 
patient follow-up [9]. Examining blood types and 
some hematologic and biochemical characteristics in 
healthcare professionals with and without COVID-19 
was the goal of this study. 
 
 
METHODS 
 
Purpose and Type of Study  
This study aimed to evaluate blood groups and some 

hematologic and biochemical parameters in healthcare 
workers with and without COVID-19. It is a single-cen-
ter, retrospective, and cross-sectional case-control study. 
 
Population and Sample of the Study  
      The study population consisted of 2100 healthcare 
workers who worked in Bursa Çekirge State Hospital 
between 2020-2022 and continued to work between 
December 2022 and December 2023. The sample con-
sisted of 1232 healthcare workers who agreed to par-
ticipate in the study after being informed about the 
purpose, content, and method. The sample consists of 
two groups. The case group consists of 704 people who 
contracted COVID-19 and agreed to participate in the 
study, and the control group consists of 528 people who 
did not contract COVID-19 and agreed to participate. 
 
Inclusion criteria  
      All medical staff members who consented to take 
part and who had the most recent COVID-19 blood 
group, biochemistry, and hemogram results in the hos-
pital registration system between December 2022 and 
December 2023 at Bursa Çekirge State Hospital. 
 
Exclusion Criteria  
      Participants with disabilities such as hearing, writ-
ing, or visual impairments that prevented them from 
participating in the study were excluded, as were those 
who did not want to complete the questionnaire, those 
who could not be contacted because they were on 
leave or reporting, and those who marked the ques-
tionnaire form as incomplete or multiple times.  
 
Data Collection Tool  
      A questionnaire was used to gather data. Descrip-
tive questions about the participants were asked in the 
first section of the questionnaire, and questions con-
cerning blood types, biochemistry, and hemogram test 
findings were asked in the second.  
 
Data Collection  
      The study's questionnaire was distributed to par-
ticipants by message board, email, and WhatsApp. 
The online questionnaire was developed using 
"Google Forms." Before beginning to answer the 
questions, participants who fulfilled the sampling cri-
teria and consented to participate in the study filled 
out the questionnaire. Completing the online data col-
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lection took an average of ten minutes. The correctness 
of the hemogram, biochemistry, and blood group find-
ings was validated by the hospital registration system.  
 
Ethical Aspects of the Study  
      The study's ethical aspects were accepted by the 
Bursa City Hospital Clinical Research Ethics Commit-
tee on March 17, 2021 (Decision No: 

KAEK/2021.05.02) before to its commencement. At 
every stage of the study, the Declaration of Helsinki was 
followed, and participants were informed using a "vol-
untary consent form" that the researchers had created. 
 
Statistical Analysis  
      Data analysis was conducted using the SPSS 20.0 
software. Data related to continuous variables were re-
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ported as means in statistical analyses, whereas data 
related to categorical variables were expressed as 
numbers (n) and percentages (%). Qualitative and 
quantitative variables were compared using the chi-
square and independent samples t-tests, respectively. 
An examination of logistic regression was conducted. 
The Hosmer-Lemeshow Test was used to assess model 
fit. The sample size was found to be suitable and there 
were no issues with multicollinearity or outliers when 
the assumptions were assessed before to the analysis. 
Odds Ratio (OR) and confidence interval (CI: Confi-
dence Interval) were calculated using logistic regres-
sion analysis. The enter method was used in logistic 
regression. The significance level was accepted as 
P<0.05. 
 
 
RESULTS 
 
A significant difference was observed between the 
case and control groups according to the gender char-
acteristics of the individuals (P<0.05). The case and 
control groups were found to be similar to one another 
when comparing the blood group characteristics of 
their individuals (P>0.05). Regarding the vitamin D 
level characteristics of the participants in the case and 
control groups, there was a significant difference be-
tween the groups (P˂0.05) (Table 1).  
      The mean glucose levels of the individuals in the 
case and control groups showed a significant differ-
ence between the groups (P<0.05). In terms of mean 
lactate dehydrogenase (LDH) levels, there was a sig-
nificant difference between the case and control 
groups (P<0.05). There was a significant difference in 
the mean ferritin levels between the case and control 
groups (P<0.05). Analysis of the case and control 
groups' mean troponin I levels revealed a significant 
difference (P<0.05). In terms of mean D-dimer levels, 
there was a significant difference between the case and 
control groups (P<0.05). In terms of mean C-reactive 
protein (CRP) levels, there was a significant difference 
between the case and control groups (P<0.05). Partic-
ipants in the case and control groups had mean anti-
human immunodeficiency virus (anti-HIV) values that 
differed significantly from one another (P<0.05). It 
was determined that there was no significant differ-
ence between the mean values of Urea, Creatinine, ala-
nine aminotransferase (ALT), aspartate 

aminotransferase (AST), hepatitis B surface antibody 
(anti-HBs), vitamin B12, and cholesterol of the par-
ticipants in the case and control groups (P˃0.05) 
(Table 2). 
      There was a significant difference in the mean 
white blood cell (WBC) levels between the case and 
control groups (P<0.05). There was a significant dif-
ference (P<0.05) in the mean Hemoglobin levels be-
tween the case and control groups. Comparing the 
participants' mean Platelets values revealed a signifi-
cant difference between the groups (P<0.05). The par-
ticipants in the case and control groups had 
significantly different mean plateletcrit (PCT) 
(P<0.05). There was a significant difference between 
the case and control groups (P<0.05) when comparing 
the mean lymphocyte of the participants. A significant 
difference between the groups was discovered when 
the individuals' mean lymphocyte % was assessed 
(P<0.05). Participants in the case and control groups 
had mean neutrophils that differed significantly from 
one another (P<0.05). The averages of neutrophils % 
in the case and control groups differed significantly 
(P<0.05). The case and control groups' participants' 
mean values forred blood cell (RBC), red blood cell 
distrubition wide (PDW) %, RDW-standard deviation 
(SD)%, basophil count, basophil %, monocytes count, 
monocytes %, eosinophil count, and eosinophil % did 
not vary significantly (P˃0.05) (Table 3).  
 
 
DISCUSSION 
 
It is crucial to guarantee good triage, suitable isolation, 
and effective utilization of potentially scarce testing 
resources during infectious disease epidemics. Using 
peripheral blood samples for hemogram and biochem-
istry analysis is an easy, quick, and affordable diag-
nostic procedure. Thus, the purpose of our study was 
to assess blood types as well as certain hematologic 
and biochemical characteristics in healthcare profes-
sionals who had and did not have COVID-19.  
      According to the blood types of the study's partic-
ipants, A Rh+ was the most frequently encountered 
blood type in both the case and control groups, 
whereas AB Rh- was the least frequently encountered. 
Blood group A was the most prevalent blood group 
among healthy COVID-19 patients in the study con-
ducted by Muniz-Diaz et al. [10]. There was no dis-
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cernible variation in blood group variability across the 
groups [10]. In a research conducted in Bahrain, the 
ABO distribution was comparable between the control 
group and the Covid-19-infected group. The most 
prevalent blood group was O, which was followed by 
A and B. Our study's least represented blood type was 
AB [11]. O blood group individuals were significantly 
less likely to be infected with SARS-COV-2 than non-
O participants, according to another study done in Iraq 
that analyzed 200 patients with detected SARS-CoV-
2 infection, ABO blood group, and clinical data. On 
the other hand, people with blood group A were more 
likely to get infected [12]. There was no difference be-
tween the groups when Wu et al. [13] examined the 
impact of blood types on COVID-19 patients and 
healthy people. The blood types of COVID-19 posi-
tive and negative were examined in the study by Nal-
bant et al. [14]. that looked at the connection between 
COVID-19 disease and blood type. The same study 
found that the blood group had no effect on COVID-
19. The results are similar to our study.  
      Vitamin D is an essential regulator of immunity. 
Vitamin D deficiency/insufficiency threatens public 
health and primarily affects individuals more prone to 
contracting COVID-19 [1]. In this study, a significant 
difference was found between the case and control 
group participants in terms of vitamin D levels. At the 
same time, those with low vitamin D levels had a 1.9 
times higher risk of having COVID-19 compared to 
those with normal levels (OR=1.931; 95% CI=1.551-
2.405; P<0.001).  
      Anti-insulin hormones such growth hormone, 
glucagon, cortisol, and catecholamines rise in response 
to stressful situations like disease, which also causes 
an increase in gluconeogenesis. Increases in inter-
leukin-1, interleukin-6, and tumor necrosis factor-
alpha during infection lead to the development of 
insulin resistance. Blood glucose levels rise as a result 
of these two processes. Tissues' capacity to use glu-
cose declines with increasing insulin resistance [15]. 
In our study, the case group's blood glucose levels 
were significantly higher than those of the control 
group. Similar to our findings, Lymperaki et al. [16] 
discovered in their study that those with COVID-19 
had significantly higher glucose levels. This study ob-
served no significant difference between AST and ALT 
values. In the study of Thapa et al. [17] on biochem-
istry values in individuals with and without COVID-

19, AST and ALT values were significantly higher in 
COVID-19 patients.  
      Adipose and liver cells create the acute-phase pro-
tein known as C-reactive protein (CRP), which is ele-
vated in inflammatory and infectious conditions. A 
biochemical metric known as CRP rises in COVID-19 
disease and all inflammatory conditions. Hussein et 
al.'s [18] investigation of patients with and without 
COVID-19 revealed a significant difference between 
the two groups, with CRP values being higher in the 
COVID-19 patients. In this investigation, the case 
group's CRP value was significantly greater than the 
control group's. In the study conducted by Rostam et 
al. [19] with COVID-19-positive and healthy individ-
uals, the LDH values of COVID-19-positive individ-
uals were significantly higher than those of the healthy 
group. In the study of Thapa et al. [17], LDH values 
were significantly higher in COVID-19 patients com-
pared to the healthy group. Although the CRP values 
of COVID-19 patients were higher than those of 
healthy patients in the Rostam et al.'s [19] study, there 
was not a significant variation between the two groups 
[19]. Higher LDH, ferritin, and CRP levels were found 
in COVID-19 patients [20]. CRP appears to be an es-
sential regulator of inflammatory processes rather than 
a marker like ferritin [21].  
      A cytoplasmic enzyme called lactate dehydroge-
nase (LDH) transforms lactic acid into pyruvic acid. 
The tiniest rise in serum signifies cell injury since in-
tracellular LDH levels are 500 times greater than 
serum levels. Participants in the case group in our 
study had considerably higher LDH levels than those 
in the control group. Additionally, Hussein et al. [18] 
discovered that the LDH count was noticeably higher 
than that of the control group.  
      The severity of the COVID-19 infection is strongly 
correlated with higher D-DIMER levels. The case 
group in this study had a significantly greater D-
DIMER value than the control group. D-dimer values 
were significantly higher in patients with COVID-19, 
according to a study by Hussein et al. that compared 
patients with and without the virus [18]. D-dimer levels 
were greater in COVID-19 patients in several studies 
[17, 19]. Ahmed et al. [22] found that unvaccinated 
COVID-19 patients had a significantly greater D-dimer 
level than healthy individuals. Ferritin levels were 
shown to be significantly higher in COVID-19 patients 
in the same study, which is comparable to ours [22]. 
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      Troponin I is the most specific marker of myocyte 
damage caused by myocardial ischemia in peripheral 
blood. In this study, the case group's troponin levels in 
COVID-19 patients were significantly higher than those 
in the control group. Tersalvi et al. [23] showed that tro-
ponin levels increased in COVID-19 infection and in-
creased further as the severity of the disease increased. 
      Participants in the case group in our study had a 
significantly higher WBC level than those in the con-
trol group. Hussein et al.'s [18] study of patients with 
and without COVID-19 revealed a significant differ-
ence between the two groups, with WBC levels being 
greater in the COVID-19 patients. In 2020, Soraya et 
al. [24] published a meta-analysis study that looked at 
hemogram and biochemistry characteristics that can 
be used to diagnose COVID-19. In support of the di-
agnosis of COVID-19, the data showed a substantial 
drop in leukocyte (P<0.001), neutrophil (P<0.01), and 
platelet (P<0.05) levels [24]. Kiss et al. [25] found that 
WBC and D-DIMER levels increased and lymphocyte 
values decreased in COVID-19 patients in severe con-
ditions and intensive care.  
      In this study, the hemoglobulin value was signifi-
cantly lower in the case group than in the control 
group. Similar to our study, Ahmed et al. [22] found 
that the hemoglobulin value of unvaccinated COVID-
19 patients was significantly lower than that of indi-
viduals in the healthy group.  
      Comparing the case group to the control group, we 
found that the case group individuals had significantly 
lower numbers and percentages of lymphocyte and 
platelets values. By inhibiting growth and inducing 
death after the virus infects bone marrow progenitor 
cells, we can demonstrate that the pathophysiological 
mechanism of reduced platelet synthesis from 
megakaryocytes is the reason for the decline in platelet 
levels in COVID-19 patients [26]. Additionally, Hus-
sein et al. [18] discovered that the proportion of lym-
phocyte and platelets values values was considerably 
lower than that of the control group [18]. Ahmed et 
al.'s [22] study on COVID-19 patients revealed that, 
in comparison to the healthy group, lymphocyte values 
had drastically dropped. However, there was a little 
drop in the platelets value when compared to the 
healthy group [22].  
      According to our study, there was a substantial dif-
ference between the case group's and the control 
group's participants, with the case group's neutrophil 

count and percentage being greater. Hussein et al.'s 
[18] study, which included patients with and without 
COVID-19, found that there was a significant differ-
ence between the two groups and that the proportion 
of neutrophils was greater in the COVID-19 patients. 
Because they have lower autoimmunity and higher 
neutrophil counts, which indicate higher levels of in-
flammation, COVID-19 patients are more vulnerable 
to bacterial and fungal infections as the condition 
worsens [27]. The study by Wu et al. [28] showed that 
individuals with COVID-19 had significantly in-
creased neutrophil counts, while lymphocyte and 
platelet levels decreased compared to those unaffected.  
      Important biochemistry parameters in our study 
include vitamin D level, blood glucose, LDH, ferritin, 
Troponin I, D-Dimer, CRP, and Anti-HIV; hemogram 
parameters such as leukocyte, hemoglobin, platelet, 
lymphocyte, and neutrophil levels are in line with the 
data from the literature in predicting the diagnosis of 
COVID-19. Early diagnostic detection, early patient 
isolation, and early treatment beginning are all facili-
tated by the use of these parameters in the clinic. 
 
 
CONCLUSION 
 
The findings of this study indicate a strong correlation 
between COVID-19 and both high and low levels of 
hematologic and biochemical markers. In order to di-
agnose COVID-19 utilizing blood and blood biochem-
istry tests, which act as biomarkers to predict 
infection, these factors are crucial. Our study's blood 
results proved to be a reliable indicator of COVID-19 
infection. Therefore, the prognosis of the disease may 
be assessed using these values. 
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Geriatric patients with acute kidney injury in the 
intensive care unit: the effect of vitamin B12 and 
albumin levels on survival 
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ABSTRACT 
Objectives: Acute kidney injury (AKI) is a common and critically important clinical entity in geriatric age 
group. In addition, higher mortality rates are seen in cases requiring intensive care treatment. We have aimed to 
investigate the effect of vitamin B12 and albumin levels on mortality in critically ill geriatric patients with AKI. 
Methods: Geriatric patients hospitalised in the Intensive Care Unit with a diagnosis of AKI between 
07.01.2014-07.01.2015 were retrospectively screened and included in the study. Two groups were formed from 
discharged and exited patients. General characteristics and laboratory values of the patients were scanned from 
the hospital archives and recorded. Statistically significant intergroup differences in terms of demographic 
characteristics, and biochemical values were determined by statistical analysis. 
Results: A total of 103 patients, including 53 females were enrolled in the study, while 72.2% of the patients 
had prerenal AKI. The mortality rate was 47.57% in all patients. There was no difference between groups in 
terms of mortality rates, etiologic factors and KDIGO staging. Vitamin B12 was high and albümin was low 
the group who succumbed to death. In addition, mortality rates increased by 10% for every 100 units increase 
in vitamin B12 value and decreased by 22% for every 10 units increase in albumin value. 
Conclusions: We have determined that an increase in albumin levels during clinical follow-up decreased mor-
tality rates and an increase in vitamin B12 levels directly increased mortality rates. Hypoalbuminemia and 
high vitamin B12 levels were found to be independent predictive factors for mortality in AKI.  
Keywords: Vitamin B12, albumin, acute kidney injury, geriatrics 
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 T he geriatric population is defined as the pop-

ulation of people aged 65 years and older [1]. 
With aging, morphological changes occur in 

the kidneys such as anatomical reduction in renal size 
and decrease in parenchymal volume, and functional 
changes such as decrease in renal blood flow and 
glomerular filtration rate (GFR). In addition, chronic 
diseases such as hypertension (HT), diabetes mellitus 

(DM), heart failure (HF) etc., which have a high 
prevalence in the elderly population, increase the risk 
of adverse structural and functional changes in the kid-
neys with aging [2]. As is known the incidence of 
acute kidney injury (AKI) increases in the elderly pop-
ulation compared to younger individuals [3]. AKI is 
defined as the development of functional abnormality 
in the kidneys within hours or days [4]. Functional ab-
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normality parameters include the rate and relative ratio 
of increase in serum creatinine levels and the amount 
of urine formed in a certain period of time. Three 
stages have been defined according to these parame-
ters in the classification of KDIGO [5]. Renal dysfunc-
tion frequently improves in AKI and the prognosis is 
good. The geriatric population and the patients who 
need intensive care have higher mortality rates, need 
renal replacement therapy (RRT) more often and per-
manent loss of renal function is observed more fre-
quently [6].  
      Albumin is a natural protein produced in the liver. 
Its half-life is 18 days and it has different physiologic 
effects and functions. The most important of these are 
maintenance of plasma oncotic pressure, and acid-base 
balance, hormone and drug transport, and regulation 
of the immune system.7 Albumin is also a negative 
acute phase reactant. A decrease in albumin levels 
below 30 g/L is defined as hypoalbuminemia and is 
frequently detected in critically ill patients [8].  
      Vitamin B12 is not produced in the body and must 
be taken from outside and its deficiency is associated 
with anemia and neuropsychiatric disorders [9]. Defi-
ciency may be observed in nutritional disorders and 
gastrointestinal system diseases that cause malabsorp-
tion [10]. High vitamin B12 levels may be related to 
iatrogenic causes or may be observed in diseases in-
cluding liver disease, polycythemia vera, leukemia and 
chronic kidney disease (CKD) [11]. In addition, a re-
lationship between high vitamin B12 levels and in-
flammatory parameters has been shown [12].  
      In our study, we have aimed to investigate the ef-
fect of vitamin B12 and albumin levels on survival in 
geriatric patients with AKI who were hospitalised in 
the internal medicine intensive care unit. 
 
 
METHODS 
 
This study was planned as a retrospective screening 
study of geriatric patients with AKI hospitalized in the 
Internal Medicine Intensive Care Unit of Kütahya 
Health Sciences University Evliya Çelebi Training and 
Research Hospital between 07.01.2014 and 
07.01.2015.  
 
Inclusion Criteria  
      Patients aged 65 years and older who were hospi-

talized in the internal medicine intensive care unit with 
a diagnosis of acute kidney injury were included in the 
study. The KDİGO (Kidney Disease: Improving 
Global Outcomes) guidelines were used for the diag-
nosis and staging of AKI [5].  
 
Exclusion Criteria  
      Patients under 65 years of age, those who were 
discharged within the first 48 hours of their admission 
to ICU, and cases with a diagnosis of chronic renal 
failure who were on renal replacement therapy pro-
gram were not included in the study.  
 
Data Collection  
      Patients who were discharged from the intensive 
care unit (Group 1) and patients who did not survive 
(Group 2) were allocated into two separate groups. Be-
sides, patients were also assessed in categories of pre-
renal, renal, and postrenal AKI according to the 
etiology of AKI.  
      Archival information was gathered concerning 
age, gender, comorbidities, diagnosis at intensive care 
unit admission, length of ICU stay, need for hemodial-
ysis, and clinical outcomes of the patients. Relevant 
laboratory parameters [BUN, creatinine, uric acid, al-
bumin, globulin, CRP, ferritin, B12, TSH, WBC, neu-
trophil, lymphocyte, Hgb, MCV, RDW, Plt, MPV] 
were recorded from the hospital information system. 
In addition, the albumin/globulin ratio and 
neutrophil/lymphocyte ratio (NLR) were calculated 
and recorded.  
 
Ethical Statement  
      Ethical approval was received from the ethics 
committee of Kütahya Health Sciences University 
Faculty of Medicine with the decision dated 
24.02.2021 and numbered 2021/03-15. The study was 
conducted by the Declaration of Helsinki.  
 
Statistical Analysis  
      Statistical analyses were performed with the help 
of SPSS version 17.0 program. The conformity of the 
variables to normal distribution was examined by his-
togram plots and Kolmogorov-Smirnov test. Mean, 
standard deviation, median, minimum, and maximum 
values were used in descriptive analyses. Categorical 
variables were compared with Pearson chi-square test. 
Mann-Whitney U test was used for non-normally dis-
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tributed (nonparametric) variables between two 
groups. Kaplan-Meier analysis was used for univariate 
and Cox regression analysis for multivariate analysis. 
P-values below 0.05 were considered statistically sig-
nificant. 
 
 
RESULTS 
 
A total of 103 patients, including 50 males and 53 fe-
males, were enrolled in the study. The mortality rate 
was 47.57% (n:49). The most common indications for 
admission were prerenal (72.2%), renal (22.33%) and 
postrenal (4.85%) AKI in respective percentages of 
patients. Etiologic factors for prerenal (infection: 
65.33%, and dehydration: 20%), renal (infection: 
72.73%, and toxic nephropathy 27.27%), postrenal 
AKI (% prostatic hyperplasia: 60%, and various ma-

lignancies: 40%) were identified in different propor-
tions of patients as indicated.  
      According to KDIGO staging; patients had stage 
1 (33.98%), stage 2 (36.89%), and stage 3 (29.13%) 
AKI. A total of 34 patients (33.01%) received renal re-
placement therapy (RRT) (Table 1).  
      General and etiologic factors were compared be-
tween the groups (Table 2). Any significant difference 
could not be found between groups in terms of gender, 
etiology, KDIGO staging and need for RRT when 
evaluated using the chi-square test.  
      Differences between the groups in terms of age, du-
ration of hospitalization in days, and laboratory param-
eters were analyzed using the Mann-Whitney U test 
(Table 3). WBC, Neutrophil, NLR, RDW, MPV, B12, 
and CRP levels were statistically significantly higher in 
the non-surviving group. In addition, albumin, A/G ratio 
and creatinine levels were lower in this group. 
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Cox regression analysis was performed with the val-
ues that were significantly correlated with mortality 
(Table 4). Accordingly, one unit increase in albumin 
value decreased the mortality risk by 0.221 times 
(95% CI: 0.062-0.789), and one unit increase in B12 
value increased the mortality risk by 1.001 times (95% 
CI: 1.000-1.002). 
 
 
DISCUSSION 
 
In our study, we found that prerenal causes were more 
frequent in geriatric patients hospitalised in intensive 
care unit with the diagnosis of AKI, and high vitamin 
B12 and low albumin levels were directly associated 
with increased mortality risk. In addition, RDW, MPV 
and CRP levels were higher in the nonsurvived group.  
      With aging, structural and functional changes 

occur in the kidneys such as decreased parenchymal 
tissue, glomerulosclerosis, thickening of the glomeru-
lar basement membrane, decreased renal blood flow, 
and glomerular filtration rate [13, 14]. Because of 
these changes, the incidence of AKI is higher in the 
elderly population. In individuals over 70 years of age, 
AKI is detected 3.5 times more frequently than in 
younger individuals [5]. The mean age of the patients 
included in our study was 77.31±7.77 years. Develop-
ment of AKI in elderly individuals is frequently due 
to iatrogenic and multifactorial causes. The most com-
mon causes are the use of nephrotoxic drugs or agents 
such as NSAIDs, diuretics, and radiocontrast agents 
[15]. In a multicenter study, the rate of development 
of AKI during hospitalization was found to be 48% in 
patients over 80 years of age with normal renal func-
tion tests at the time of hospitalization [16]. Prerenal 
azotemia is the second most common cause of AKI 
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[17]. Dehydration (fluid loss through gastrointestinal 
tract, diuretic use, and decreased fluid intake, etc.) and 
decreased effective plasma volume (sepsis, and heart 
failure, etc.) are the causes of prerenal azotemia. Some 
studies have shown that sepsis is the most common in-
dication for hospitalisation of the patients with AKI in 
the intensive care unit [18, 19]. In our study, prerenal 
causes were found more frequently in accordance with 
the literature. Among prerenal causes, sepsis was the 
most frequently detected cause and no significant dif-
ference was found in mortality rates regarding differ-

ent etiologic causes of AKI.  
      Albumin plays an essential role in the mainte-
nance of serum oncotic pressure and also has regula-
tory functions on the immune system [7]. Serum 
albumin levels may decrease in severe inflammations, 
in cases where albumin synthesis decreases due to he-
patocyte injury and in cases of increased albumin de-
pletion through renal route [20]. Hypoalbuminemia is 
known to be associated with increased mortality and 
morbidity rates independent of the underlying disease 
[21]. A meta-analysis of 90 studies conducted in crit-
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ically ill patients hospitalised in intensive care units, 
has shown that a 10 g/L decrease in albumin level 
caused a 137% increase in mortality rates and a 71% 
increase in hospital stay [22]. In another study, it was 
shown that low serum albumin level was a significant 
independent factor predicting the development of AKI 
[23]. In our study, serum albumin levels were signifi-
cantly lower in the nonsurvived group. In addition, 
mortality rates decreased by 22% for every 10 g/L in-
crease in serum albumin levels. In parallel with other 
studies conducted in critically ill patients, serum albu-
min was found to be an independent factor predicting 
mortality in critically ill geriatric patients diagnosed 
with AKI.  
      Although many studies have been conducted on 
health problems that may develop due to vitamin B12 
deficiency, limited information is available on health 
problems that may develop due to its excess. B12, a 
water-soluble vitamin, plays a critical role in maintain-
ing cellular functions, erythrocyte formation and me-
tabolism of homocysteine [10]. It is now known that 
increased serum vitamin B12 levels are associated with 
systemic inflammatory response syndrome (SIRS), and 
impaired liver and kidney functions [24]. However, the 
effect of increased serum vitamin B12 levels in the de-
velopment of AKI is not known exactly. In various 
studies elevated vitamin B12 levels have been associ-
ated with severe degrees of inflammation. Corcoran et 
al. [25] showed that increased CRP levels were corre-

lated with high vitamin B12 levels in intensive care 
unit patients.25 Similarly, it has been showed that high 
vitamin B12 levels were associated with increased 
CRP levels. These findings suggest that increased vi-
tamin B12 levels with their toxic inflammatory effects 
may induce development of kidney damage. In a mul-
ticenter study by House et al. [26], a decrease in GFR 
was observed after administration of high-dose vitamin 
B complex (containing vitamin B12) to patients with 
diabetic nephropathy. It was shown that increased 
serum vitamin B12 levels elevate the risk of developing 
AKI in patients undergoing liver transplantation and 
vitamin B12 level was a predictive factor for the de-
velopment of AKI [26]. Besides relatively higher vita-
min B12 levels were associated with increased rates of 
hospital mortality in adult patients [27]. As a result of 
these studies, it is obvious that vitamin B12 elevation 
is not innocent and further studies are needed to reveal 
its adverse effects. In our study, significantly higher 
serum vitamin B12 levels were detected in the nonsur-
vived patient group. It was also shown that every 100 
unit increase in serum vitamin B12 levels caused a 
10% increase in mortality rates. According to these re-
sults, it can be said that vitamin B12 level is an inde-
pendent predictive factor for mortality. It is possible 
that extremely high serum vitamin B12 levels may in-
crease mortality rates by inducing the development and 
exacerbation of AKI and by contributing to the exac-
erbation of inflammation. 

495       The European Research Journal   Volume 11   Issue 3   May 2025

"#$%&!A(!B/2,-&;/,#%!8#+#;&&.&+0!#44&,./*3!;2+.#%/.?!C>2D!E&3+&00/2*!#*#%?0/0F!
L! $[! '"B(9,%! [&2GLH! U\]M#"76"3+8"[&2GLH!

! ! ! ! ! P+^%8! X22%8!
KL7" M'*('-! '*8.&! '*'/.! '*//)! '*(-=! .*'.)!

T%,)8+2?*9" '*((-! '*8--! '*'&>! .*&&>! '*=)>! 8*(&>!

>:K" M'*''(! '*')8! '*=&)! '*==/! '*)()! .*./=!

D'W" '*'.>! '*.>.! '*=8.! .*'.>! '*>8)! .*(88!

49V,.*!" M.*&.8! '*/&.! MQMAM! '*88.! '*'/8! '*>)=!

4N;"8()*+" '*()&! '*)./! '*&&8! .*/8(! '*-8)! )*'(-!

W*)(.*!"L@A" '*''.! '*'''! MQM_R! .*''.! .*'''! .*''8!

7>'" M'*''8! '*''-! '*-(>! '*==)! '*==8! .*''-!

78%()*!*!%" M'*'=(! '*.8=! '*(//! '*=.'! '*>')! .*.>.!

GH>$GB*'() H<99+) >(<<0) K1G$K(+) >(<<) 1*4'/*=&'*9,)G*+'B0) L?M$L(5,) ?<5'(<(') M9<&7(0) L>M$)L(5,) >9/8&4%&<5/)

M9<&7(0)>K?$>C/(5%'*:()?/9'(*,))

!



Eur Res J. 2025;11(3):490-497 Erarslan and Paşalı Kilit

Limitations  
      Our study has some limitations. Retrospective de-
sign and small patient group can be listed. In addition, 
the fact that the effect of additional comorbid diseases 
could not be fully evaluated due to its retrospective 
design can be considered as a limitation. There is a 
need to support the findings with large patient groups 
and prospective studies. 
 
 
CONCLUSION 
 
It is known that AKI is a frequently detected clinical 
condition among inpatients, and morbidity and mor-
tality rates are higher both among patients hospitalised 
in the intensive care unit and in the geriatric age group. 
In the geriatric age group, the presence of additional 
parameters that will help in the evaluation of treatment 
efficacy and disease severity and predict mortality is 
thought to aid clinicians in patient follow-up.  
      It should be known, and taken into consideration 
that high vitamin B12 levels may exert toxic effects in 
AKI and increase mortality rates in patients with AKI. 
It is necessary to be more careful about vitamin B12 
replacement in the geriatric age group.  
      Serum albumin levels decrease in critically ill pa-
tients and the presence of infection. It should be 
known that a low albumin level will have a negative 
effect on the clinical status of patients with potential 
development of immune system defects, while an in-
crease in serum albumin levels has a mortality-reduc-
ing effect. In geriatric patients hospitalised in the 
intensive care unit, applications to increase albumin 
levels should always be evaluated and albumin re-
placement should be considered frequently in case of 
need. 
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migraine with healthy individuals by brain volume and 
cognitive functions 
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ABSTRACT 
Objectives: Migraine is a complex neurological disease. In addition to headache, individuals with migraine 
may develop structural changes inside the brain and cognitive impairment. There is increased evidence asso-
ciated with impairments in brain volume and cognitive functions in patients with migraine. The present study 
aimed to investigate the impairment in memory function in individuals with migraine using brain magnetic 
resonance imaging, volume measurement, and neuropsychological tests.  
Methods: The study included 20 patients with episodic migraine, 20 patients with chronic migraine, and 20 
healthy controls. Subcortical volumes of all participants were measured by FreeSurfer, an automatic segmen-
tation method. The Wechsler Memory Scale-Revised Form (WMS-R), Stroop test, Raven’s Standard Progres-
sive Matrices, Verbal Fluency Test, and Lines Orientation Test were applied in all the study participants. 
Results: Putamen volume decreased as migraine duration increased, and subcortical gray matter, left cerebellar 
cortex, and bilateral thalamus volumes were lower in the chronic and episodic group compared to the control 
group, bilateral putamen and right cerebellar cortex volumes were lower in patients with chronic migraine 
compared to patients in episodic migraine and control groups. Upon neuropsychological examination, delayed 
memory was affected as the duration of migraine increased, and there was impairment in patients with chronic 
migraine upon fluency tests and mental control tests.  
Conclusions: Changes in subcortical volume and cognitive effects in patients with migraine raise questions 
about whether migraine qualifies as a benign disease. Structural changes and cognitive impairment may con-
tribute to migraine-associated disability, and therefore, these causalities should be investigated by future studies. 
Silent infarcts, white matter damage, and cortical spreading depression, which occur in migraine cases, may 
be associated with subcortical volume changes and thus, cognitive effects. In the context, studies with larger 
samples to achieve a better understanding are needed. 
Keywords: Migraine, subcortical gray matter volume, Freesurfer, cognition 
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 M igraine is a type of primary headache char-

acterized by episodic attacks and accompa-
nied by different levels of neurological, 

gastrointestinal, and autonomic symptoms. For 
women and men, the lifetime prevalence was reported 
as 18% and 6%, respectively [1]. Migraine was re-
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ported as the primary cause of disability and suffering 
across the world [2]. Chronic migraine is defined by 
occurrence of 15 or more headaches per month for a 
prolonged duration of more than 3 months without 
drug overuse. It was reported that the risk of develop-
ing chronic migraine in patients with episodic mi-
graine is 2.5% [3, 4]. The vascular theory is considered 
as the earliest theory on migraine pathophysiology. It 
suggested that migraine aura was associated with 
vasoconstriction in intracranial vessels, where 
headache was due to vasodilation [5]. Today, neu-
rovascular theory has adopted with regard to migraine 
pathophysiology. This theory suggests that vascular 
changes are associated with neuronal events, including 
cortical hyperexcitability due to abnormal neurotrans-
mitter release, and abnormal neuronal firing [6]. Ac-
cordingly, it was suggested that abnormal neuronal 
excitability in the cerebral cortex, cortical spreading 
depression (CSD), and sensitization of the trigemino-
vascular system were involved in the pathophysiology 
of migraine. A number of previous studies reported 
that central and peripheral systems had effects on the 
trigeminal system as regard the occurrence of pain [7, 
8]. With a better understanding of migraine pathophys-
iology, questions about whether migraine qualified as 
a benign disease emerged and a number of studies in-
vestigated the brain morphology of individuals with 
migraine to see whether it caused brain damage and 
whether it was associated with deterioration of cogni-
tive functions in patients with migraine.  
      A range of neuroimaging methods were accom-
modated to elucidate the structural and functional 
changes in the brain regions of patients with migraine. 
Magnetic resonance imaging (MRI) and positron 
emission tomography were used to investigate the 
structural and functional changes, respectively [9, 10]. 
Cranial MRI examinations in patients with migraine 
typically indicated multiple, small, punctate hyperin-
tense lesions in the deep white matter and periventric-
ular localization on T2 and FLAIR-weighted images, 
where these lesions might be associated with local de-
myelination and gliosis [11, 12]. It was reported that 
the incidence of silent posterior circulation infarcts, 
hyperintense ischemic lesions in the cerebellum and 
brain stem was increased in individuals with migraine. 
Hyperintense white matter lesions in those individuals 
were attributed to oligemia, focal brain hypoperfusion, 
and critical hypoperfusion in small penetrating arteri-

oles during migraine attack and aura [13]. Voxel-based 
morphometry (VBM) method was generally used in 
volume studies in patients with migraine [14]. Certain 
studies in the last decade used the FreeSurfer method, 
an automated MRI tissue segmentation method, to in-
vestigate the pathophysiology of migraine and the re-
sultant structural changes by measuring the volume of 
specific brain regions in individuals with episodic and 
chronic migraine [15, 16].  
      Subjective cognitive impairment is expected in 
migraine cases. Individuals with migraine complain 
about cognitive deterioration, including impaired at-
tention and memory. Difficulty in thinking, distraction, 
feeling of slowing down, and difficulty in speaking 
may be seen during the prodromal period, at the 
headache stage. Reversible cognitive disorders were 
reported during or after a migraine attack [17, 18]. Pre-
vious studies, which investigated the cognitive func-
tions in patients with migraine during the non-attack 
period, reported inconsistent results. Certain studies 
found no cognitive difference between individuals 
with migraine and healthy individuals, where it was 
suggested that there was an association between mi-
graine and dementia due to the impairment in cogni-
tive functions during pain attack and non-attack period 
[19-23]. Silent infarcts and white matter lesions in in-
dividuals with migraine might be associated with 
stroke and cognitive disorders [13, 24].  
      The present study aimed to investigate impairment 
in memory function in patients using brain MRI vol-
ume measurements and neuropsychological tests dur-
ing the non-attack period in order to demonstrate the 
brain damage associated with migraine. 
 
 
METHODS 
 
The study included 20 patients with episodic migraine, 
20 with chronic migraine, and 20 healthy controls. 
They were followed up at the Headache Outpatient 
Clinic of Uludag University Faculty of Medicine and 
classified pursuant to the classification as prescribed 
by the Headache Classification Committee of the In-
ternational Headache Society. Prior approval for the 
commencement of the study was obtained from the 
Medical Research Ethics Committee of Uludag Uni-
versity Faculty of Medicine upon its decision dated 
January 25th, 2011, No. 2011-3/21. Informed consent 
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forms were obtained from all patients and healthy con-
trols. Patients aged 20-55 years, with normal results 
from vitamin B12 and thyroid function tests and neu-
rological examination, with a Beck Depression Inven-
tory score of <17, a Mini-Mental State Examination 
score of >24 points, without any systemic disease, and 
healthy controls were included in the study. The main 
demographic characteristics of the patients and the 
control group were age, sex, and educational level (pa-
tients with the same educational level were included). 
Disease-associated variables, including age at the 
onset of migraine headache, age at diagnosis, number 
of painful days during a month, subcortical brain vol-
ume measurement, and neuropsychological tests were 
evaluated. The patient group was divided into three 
groups: patients with <5 headache-days/month, pa-
tients with 5–15 headache-days/month, and finally pa-
tients with ≥15 headache-days/month. Accordingly, 
patients with ≥15 days of headache/month were in-
cluded in the chronic migraine group. 
 
Morphometric Evaluation 
      The brain MRIs of the patients were performed 
with 1.5 tesla MRI in volume sequence, and the 
DICOM format images were then transferred to a 
computer with Linux operating system. Morphometric 
analysis was performed by an expert neuroradiologist 
based on the FreeSurfer (surface-based morphometry) soft-
ware (http://surfer.nmr.mgh.harvard.edu/fswiki/FreeSurfer-
Wiki). Unclear images associated with patients moving 
during the procedure were corrected, and glare caused 
by variations in the B1 magnetic field was removed. 
The images were placed in the Talairach coordinate 
system and the volumes of forty-seven subcortical 
brain regions were measured in each patient. The 
measured brain regions are presented in Table 1. These 
values were divided by the total brain volume of the 
individual and head circumference sizes were ex-
cluded. The volumes of the regions were used for sta-
tistical analysis.  
 
Neuropsychological Evaluation  
      All participants received neuropsychological tests 
as administered by the same expert psychologist and 
the relevant brain regions were evaluated. The neu-
ropsychological tests in question are given in Table 2 
and the evaluated brain regions are presented in Table 3. 

Statistical Analysis  
      The Shapiro–Wilk test was used to test the normal 
distribution hypothesis. Accordingly, for the purposes 
of comparing normally distributed quantitative data 
between individuals in the episodic migraine, chronic 
migraine, and control groups, one-way analysis of 
variance and the least significant difference test mul-
tiple comparison tests were used for normally distrib-
uted variables, where the Kruskal Wallis test and 
Dunn's paired comparison test were used for variables 
without normal distribution. The correlation between 
quantitative variables was tested using the Spearman 
correlation coefficient. A correlation coefficient be-
tween 0.8 and 1was considered indicative of a very 
strong relationship, where values between 0.6 and 0.8 
indicated a strong relationship, those between 0.4and 
0.6 indicated a moderate relationship, and those be-
tween 0.2 and 0.4 indicated a weak relationship (ref-
erence). For the purposes of descriptive statistics, 
numerical variables were presented in mean ± standard 
deviation for normally distributed variables, where 
median [min-max] was used for variables without nor-
mal distribution and number and % for categorical 
variables. Windows version 24.0 of Statistical Package 
for the Social Sciences (SPSS 25.0, IBM Corporation, 
Armonk, New York, United States) software was used 
for statistical analysis and a p level of <0.05 was con-
sidered statistically significant. 
 
 
RESULTS 
 
The study included 20 (33.3%) patients with episodic 
and 20 (33.3%) patients with chronic migraine, and 20 
(33.3%) healthy controls. Of the patients, 68.3% 
(n=41) were female and 31.7% (n=19) were male. The 
mean age of all the patients was 34.90±6.95 years 
(range 2253 years). The migraine duration was 6.90 ± 
5.05 years and ranged 1-20 years. Of the patients with 
migraine, 14 had <5 days with headache, 6 had 5–15 
days with headache, and 20 had ≥15 days with 
headache per month. There were no intergroup statis-
tical difference by sex, age, and educational level.De-
mographic and clinical characteristics of the patients 
are presented in Table 4.  
      Intracranial and subcortical volume measurements 
based on the FreeSurfer method were compared be-
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tween the groups (Table 1). Intracranial volume, sub-
cortical gray matter, left cerebellar cortex, left thala-
mus, right thalamus, left cerebellar cortex, left 
cerebellar cortex, left thalamus, and right thalamus 
volumes were similar in the episodic and chronic 
groups, whereas the same were significantly lower in 
the control group (P=0.002, P=0.010, P=0.027, 
P=0.001 and P=0.002, respectively). While brain stem, 
non-white matter hypointensity, left putamen, right 
putamen, and right cerebellar cortex volumes were 
similar in the episodic migraine and control groups, 
these same were significantly lower in patients with 
chronic migraine (P=0.007, P=0.045, P=0.046, 
P=0.021 and P=0.028, respectively). The left hip-
pocampus, right hippocampus and right amygdala vol-

umes of the subjects in the episodic migraine group 
were significantly lower than those in the chronic mi-
graine and control groups, whereas the same were sig-
nificantly lower in the chronic group compared to the 
control group (P<0.001, P=0.004 and P=0.020, respec-
tively).  
      The volume values of the patients were compared 
between the groups formed on the basis of the number 
of painful days per month (Table 5). There was a sta-
tistically significant intergroup difference by the right 
amygdala and right accumbens values (P<0.05). The 
right amygdala volume was lower in patients with 5-
15 headache-days/month compared to patients with <5 
headache-days and ≥15 days of pain per month 
(P=0.028). Similarly, the right accumbens volume was 
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lower in patients with 5-15 headache-days/month 
compared to patients with <5 headache-days and ≥15 
headache-days per month (P=0.034).  
      The correlation between the migraine duration and 
volume values were analyzed (Table-6). There was a 
weak, statistically significant negative correlation be-
tween migraine duration and right putamen values 
(r=−0.328; P=0.039). In other words, the right putamen 
volume decreased as the migraine duration increased. 
      Memory test results of the study participants were 
compared by groups (Table 7). There was a significant 
intergroup difference by the total number of animals 
named in the Animal Fluency test and the measure-
ment values in the mental control test of counting 
down from 100 by 7's. The total number of animals 
named in the Animal Fluency test in the chronic mi-
graine group was 20 [10-33], which was similar to 22 
[14-33] in the episodic migraine group, while the same 
in the control group was 25.5 [16-37], which was in-
dicative of a statistically significant difference (p = 
0.047). Similarly, the time to count backward from 
100 by 7’s was 79 seconds [36-236] in patients with 
chronic migraine and 56 seconds [13-220] in patients 
with episodic migraine, whereas the same was 40.5 
seconds [19-120] in the control group and it was a sta-
tistically significant difference (P= 0.010).  
      The total number of errors in the Animal Fluency 

test in individuals with 5 and 15 headache-days per 
month was 0.5 [0-2], which was statistically signifi-
cant (P= 0.027), compared to 0 [0-1] in the group with 
<5 headache-days and 0 [0-2] in patients with chronic 
migraine with ≥15 headache-days (Table 8).  
      The relationship between the migraine duration 
and memory test results was analyzed (Table 7). There 
was a weak negative correlation between migraine du-
ration and delayed memory values (r=-0.341; 
P=0.031). Delayed memory weakened as the migraine 
duration increased (Table 9). 
 
 
DISCUSSION 
 
A number of previous studies reported cortical and 
subcortical volume changes associated with migraine 
attacks and the effects of migraine on cognition. The 
present study combined volume measurement of sub-
cortical structures and neuropsychological evaluation.  
      There are various segmentation methods for brain 
volume assessments using manual and automated 
techniques. Brain parenchymal fraction, which was 
used bya number of previous studies in the relevant 
literature, is defined as the ratio of brain parenchymal 
volume to the total intracranial volume. Considering 
the volumes as total intracranial volume only without 
proportioning to intracranial volume may lead to in-
accuracies due to differences by ex and head diame-
ters. The volume values in the present study were 
proportioned to the total intracranial volume values 
with an aim to eliminate the inaccuracies associated 
with interindividual head size variables.  
      Increasing number of neuroimaging studies meas-
ured brain volume in patients with migraine using dif-
ferent methods. While most of the studies investigated 
the episodic migraine group with comparatively fewer 
number of studies focused on patients with chronic 
migraine [14, 16, 25]. In this study, patients with 
episodic and chronic migraine, along with healthy 
controls were included, and the results were compared 
between the patient groups and healthy controls based 
on the FreeSurfer software [26), which featured higher 
accuracy rate compared to the manual technique.  
      In the present study, the intracranial volume, sub-
cortical gray matter, left cerebellar cortex, and left 
thalamus and right thalamus volumes were lower in 
the migraine groups compared to the controls, never-
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theless, there was no significant difference between 
the episodic and chronic migraine groups. Bashir et 
al. [14] reported low brain stem, left cerebellar cortex, 
and white matter volume in patients with chronic mi-
graine. Consistent with the literature, the left cerebel-
lar cortex volume was lower in the present study. 
Furthermore, brainstem and right cerebellar cortex 
volumes were lower in patients with chronic migraine 
compared to episodic migraine group and healthy con-
trols. The brain stem is considered an important region 
for the pathogenesis of headache and migraine. Peri-
aqueductal gray matter, trigeminal nerve, cuneiform 
nuclei, and their connections play a role in pain mod-
ulation. Balance disorder and vestibulocerebellar 
symptoms are frequent in patients with migraine. Pre-
vious VBM morphometric studies reported volumetric 
differences in the brainstem and cerebellum in patients 
with episodic migraine with aura, where functional 

MRI procedures indicated the association of periaque-
ductal gray matter and cuneiform nuclei with thala-
mus, cerebellum, insula, and cortex [27-29].  
      Volume loss in the brainstem and cerebellum may 
be associated with pain-related atrophy of pain nuclei 
in the brainstem, prolonged oligemia, posterior system 
hypoperfusion, and exposure to ischemia. As regards 
the pathogenesis of migraine, the thalamus is consid-
ered to transfer pain from the lower brain to the cortex 
via the trigemino-vascular pathway and has an impor-
tant role in central sensitization, allodynia, and photo-
phobia in migraine [30]. Shin et al. [15] measured the 
volumes of the thalamus and thalamic nuclei using the 
FreeSurfer method and reported the same thalamus 
volumes compared to healthy controls, yet found dif-
ferences in volume between the thalamic nuclei. They 
found an increase in the volumes of medial geniculate 
nuclei and right anteroventral nucleus in the migraine 
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group and a decrease in the volume of bilateral 
parafasian nuclei [15]. The present study did not sep-
arately measure the volume of the thalamic nuclei, 
nevertheless, the left and right thalamus volumes were 
lower in the migraine group compared to the healthy 
controls. There was no difference between the mi-
graine groups. The fact that the thalamus volumes 
were lower in patients with migraine was inconsistent 
with the result of a study of Shin et al. [15]. Changes 
in the acumbens, putamen, and hippocampus were re-
ported in chronic pain cases [31, 32].  
      Subcortical gray matter volumes and morpholo-
gies in patients with migraine were also investigated 
by previous studies. Igor et al. compared subcortical 
gray matter volumes in patients with migraine with 
aura to healthy controls and found that bilateral globus 
pallidus and left putaminal volumes were lower in pa-
tients with migraine with aura. They found no corre-
lation between migraine duration and frequency of 
attacks and subcortical gray matter structures [33]. For 
the purposes of the present study, the patients were not 
categorized as patients with or without aura, where the 
subcortical gray matter volume was lower in the mi-
graine group compared to the controls, and bilateral 
putamen volumes were lower in the chronic migraine 
group. There was no difference between episodic pa-
tients with migraine and the healthy controls. Further-
more, the right putamen volume was lower in 
participants with longer migraine duration. The puta-
men is connected to the cerebral cortex, thalamus and 
brainstem, and it was shown that putamen volume de-
creased in patients with tension-type headache or lum-
bar disc herniation with non-migraine pain [34, 35]. 
The caudate and putamen form the dorsal striatum, re-
ceiving inputs from the cerebral cortex and thalamus, 
and the activation therein is involved in motor and 
cognitive functions [36].  
      Structural and functional changes occur in the hip-
pocampus and amygdala, two limbic structures re-
sponsible for stress and adaptation, in cases of stress 
and chronic pain [37]. It was suggested that cortical 
spreading depression extended to the temporal neo-
cortex to the lateral amygdala and affected CSD and 
amygdala activation, and that amygdala dysfunction 
might be associated with neuropsychological symp-
toms in the postdromal phase. It was suggested that 
amygdala was associated with pain, emotional and vi-
sual symptoms, and neuroendocrine homeostasis in 

migraine attacks [38].  
      Liu et al. [39] reported that bilateral amygdala 
and bilateral temporal gyrus functional connections in-
creased in patients with chronic migraine compared to 
patients with episodic migraine. Maleki et al. [40] 
found that bilateral hippocampus volume was higher 
in the group with 1-2 headache-days per month com-
pared to the group with 8-14 headache-days per 
month. In the present study, bilateral hippocampus 
volume was lower in patients with episodic migraine 
compared to the healthy controls. To avoid underesti-
mation of hippocampus volumes due to depression, 
patients with depression were excluded in the present 
study based on the Beck Depression Inventory scores. 
Changes in hippocampus volume might be associated 
to the stress induced by migraine attacks. Furthermore, 
right amygdala volumes were lower in patients with 
episodic migraine compared to the control group in 
our study. Nuc. acumbens is a modulator of pain and 
has been the focus of interest in recent studies. It was 
suggested that this might to be related to its effect on 
the emotional state during migraine attack and de-
creased activation in the nuc. acumben during pain and 
decreased receptors in chronic pain occurred not only 
in migraine pain but also in other pain cases [32, 41]. 
Husoy et al. [34] investigated the volume and shape 
of the nuc. acumbens in patients with migraine and 
found a decrease in volume and change in shape. The 
present study compared the headache frequency and 
volumes, and accordingly, the right amygdala and 
right nuc. acumbens volumes of the group with 5-15 
headache-days were lower compared to the groups 
with <5 headache-days/month and ≥15 headcahe-
days/month. The fact that nuc. acumbens volume was 
lower in the group with 5-15 headache-days/month 
compared to the group with <5 headache-days/month 
is consistent with results reported in the relevant liter-
ature. It was an interesting result that the right amyg-
dala and right acumbens volumes were lower in the 
episodic migraine group compared to the chronic 
group and that the comparatively low number of pa-
tients might have accounted for this result. Further 
studies with larger samples may report different results 
upon analysis of those volumetric values. All these 
changes in subcortical structures raise the question of 
whether cortical spreading depression leads to atrophy 
in the most vulnerable subcortical structures.  
      Depression, anxiety, and education level affect 
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cognition. Therefore, in the present study, individuals 
with depression that might affect cognitive tests were 
excluded from the study and groups with the same 
level of education were included with an aim to rule 
out errors associated with education in the course of 
the neuropsychological evaluation.  
      Patients with migraine, who had volumetric 
changes in brain, may also have impaired cognitive 
functions. Previous studies reported inconsistent re-
sults in that regard. While certain studies did not report 
any cognitive impairment associated with migraine, 
some others suggested that there was a decrease in var-
ious cognitive functions, including sensorimotor func-
tion, attention, information formation, language, and 
memory, and other reported that scores from recent 
memory tests were lower, processing speed was 
slower, information formation was less, and verbal 
memory was poorer in patients with migraine. It was 
emphasized that general cognitive performance was 
not impaired in patients with migraine but verbal 
memory tests indicated impairment [21, 42-44]. In a 
study on Danish twins, there was no difference be-
tween twins with and without migraine by fluency, 
word recall, and number sequence learning test [21]. 
In the present study, there was no intergroup difference 
by scores from the number sequence learning test, 
which measured verbal memory, where the total num-
ber of animals that could be named in the Animal Flu-
ency test, which evaluated attention and concentration, 
was lower in the migraine group compared to the con-
trol group. As per the mental control tests, the number 
of errors in the test of counting backward in 7’s was 
higher in the migraine group. There was no difference 
between patients with episodic and chronic migraine 
vis-à-vis both tests.  
      A meta-analysis by Gu et al. [45] reported that 
cognitive function and language function were lower 
in the migraine group compared to the non-migraine 
group, while there was no difference by visuospatial 
function, attention, executive functions, and memory. 
In the present study, there was no intergroup difference 
by visual memory, attention and executive functions 
consistent with the results reported in the relevant lit-
erature.  
      Previous studies suggested that patients with mi-
graine for prolonged periods and frequent attacks 
might have impaired memory and attention, and pro-
longed visual-motor speed [46]. In the present study, 

delayed memory decreased as the migraine duration 
increased, and the number of errors made in the Ani-
mal Fluency test was higher in the migraine group 
with 5-15 headache-days/month compared to the other 
groups. It was an interesting result that the group with 
≥15 headache-days per month was more successful. 
This inconsistent result may also be associate with the 
comparatively low number of patients included in this 
study. The inconsistencies among studies, which did 
not investigate the relationship between migraine and 
cognition, might be due to certain factors, including 
age, sex, migraine duration, attack frequency, attack 
duration, physical performance, sleep quality, comor-
bid depression, and anxiety. 
 
 
CONCLUSION 
 
In conclusion, primary and secondary somatosensory 
cortex, prefrontal, insular, anterior cingulate and thal-
amus play major roles in acute pain. To a lesser extent, 
the basal ganglia, hippocampus, amygdala, cerebel-
lum, temporal, and parietal cortex are involved in 
acute pain [28, 40, 47]. Neuroimaging results indi-
cated anatomical and functional connections and the 
occurrence of a number common structures in pain 
and memory networks. The sensory and emotional 
characteristics of pain overlap with memory centers. 
Memory disorders may occur as a result of the pro-
cessing of pain inside the brain [48, 49].  
Migraine is considered a complex neurological disease 
involving many regions in the brain and it has been 
suggested that migraine may lead to permanent central 
nervous system dysfunction, atrophy in neocortical 
structures, including hippocampus and amygdala, 
cerebellum, subcortical gray matter, and cognitive im-
pairment. Despite a number of studies in the relevant, 
the pathophysiology of migraine, changes in the brain, 
and possible cognitive impairments have not yet been 
fully understood. There is a requirement for future 
studies with larger samples to compare neuroimaging 
results and cognitive functions with clinical parame-
ters, including attack frequency, attack severity, dis-
ability rate, medication use, and depression and 
anxiety in patients with migraine. 
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Acute vestibular syndrome accompanying middle 
cerebral artery infarctions: a single-center study 
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ABSTRACT 
Objectives: Acute vestibular syndrome (AVS) is a disease and disorder usually manifest with a single episode 
of sudden onset vestibular symptoms and signs, and may occur at any point along the vestibular pathway from 
the peripheral labyrinth to the vestibular cortex. This study presents the characteristics of the involved cortical 
area and clinical course in middle cerebral artery (MCA) territory infarction patients with central vestibular 
disorder. 
Methods: Files of patients diagnosed with acute ischemic stroke in the MCA territory were reviewed retro-
spectively between December 2020 and March 2022. All the patients were categorized into two groups (with 
or without AVS) and analyzed for comorbidities as well as smoking and drinking habits, and their data per-
taining to the neurological examination, bedside neuro-otological examination, and laboratory and computer-
ized tomography angiography findings were collected. 
Results: Seven hundred and sixty-eight patients with MCA territory infarction were included in the study. AVS 
incidence was calculated to be 13.3%. There was no statistically significant difference in the distribution of 
age and sex between patients with and without AVS. The involvement of the right side was significantly more 
prevalent in AVS patients. Distribution of patients with right-sided infarction: 11 with posterior superior tem-
poral gyrus 17 with parieto-insular cortex, 16 with insular cortex and temporoparietal junction together, and 
18 with more than one millimetric infarction in all three areas. 
Conclusions: Patients with acute vestibular syndrome, may have infarctions in the anterior circulation and 
most of them had no pathological neuro-otologic test findings.  
Keywords: Acute vestibular syndrome, anterior circulation, middle cerebral artery, stroke 
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 S troke is one of the most important causes of dis-

ability and mortality in all populations and ranks 
second among the causes of death globally. 

Treatment and rehabilitation costs and the disability it 
causes in patients have significant impacts on society. 
Symptoms of stroke depend on which brain region is 
affected. That said, the symptoms can generally be cat-
egorized as cognitive, motor, sensory, and autonomic 

effects. Approximately 87% of all strokes are of is-
chemic character [1, 2]. Investigation of the epidemi-
ology of ischemic stroke subtypes revealed 30.2% 
cardioembolism, 25.8% small artery occlusion, and 
15.3% large artery atherosclerosis [3].  
      In acute stroke patients, vestibular syndrome and 
vertigo are rare clinical characteristics. Vertigo is the 
impairment of the static gravitational orientation and 
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is described as a specific type of headache character-
ized by a sensation of spinning or tilting accompanied 
by nausea/vomiting and imbalance. Dizziness, on the 
other hand, denotes an impaired spatial orientation 
without distorted self-motion. Together, they are the 
third most common main symptom in general medical 
clinics where they represent 3-5% of all visits, and 
studies have reported the ratio of vertigo and dizziness 
in all stroke patients to be from 2.7% to 3.2% [1, 4]. 
Anatomically, acute vestibular syndrome (AVS) may 
occur in any point along the vestibular pathway from 
the peripheral labyrinth to the vestibular cortex. While 
isolated vertigo or dizziness supports posterior circu-
latory disorders, some studies have shown that anterior 
circulation may also be affected [5].  
      The vestibular cortex in humans has yet to be pre-
cisely located. It is assumed that the vestibular cortex 
is represented in the bilateral parieto-insular cortex 
with the right hemisphere dominance [6]. The 2012 
coordinate-based activation likelihood estimation 
meta-analysis revealed vestibular activation in the bi-
lateral insula, retroinsular cortex, inferior parietal lobe, 
superior temporal gyrus, caudal section of the anterior 
cingulate gyrus, and precuneus [7]. Its clinical char-
acteristics in this specific localization are contrale-
sional lateropulsion and speech impediment without 
nystagmus or any other brainstem symptoms [8].  
      AVS is relatively rare following middle cerebral 
artery (MCA) infarctions. MCA supplies blood to the 
cortical areas which are the core areas for the central 
vestibular symptoms. This study presents the charac-
teristics of the involved cortical area and clinical 
course as shown by diffusion-weighted imaging 
(DWI) in MCA territory infarction patients with cen-
tral vestibular disorder. 
 
 
METHODS 
 
Patient Group  
Files of the patients above 18 years of age admitted as 
inpatients to the Stroke Unit, at Ümraniye Training 
and Research Hospital, Neurology Clinic between De-
cember 2020 and March 2022 with the diagnosis of 
acute ischemic stroke were retrospectively reviewed. 
Axial MR images from the medulla to the cortex taken 
at admission with a slice thickness of 5 mm and fluid-

attenuated inversion recovery (FLAIR), DWI, and Ap-
parent diffusion coefficient (ADC) sequences were 
scanned, and patients diagnosed with an acute cerebral 
ischemic lesion in the MCA territory with the help of 
DWI were categorized into two groups, i.e., with and 
without vestibular symptoms. All the patients were an-
alyzed for comorbidities as well as smoking and drink-
ing habits, and their data about the neurological 
examination, bedside neuro-otological examination, 
and laboratory findings were collected.  
      Characteristics such as age, sex, and demograph-
ics were evaluated between the groups, as well as the 
clinical characteristics and the involved cortical area 
characteristics in the group with vestibular symptoms.  
The computerized tomography angiography (CTA) 
performed at admission covers the main branches and 
the trunk of the anterior and posterior circulation in 
the cervical and cranial segments of the cerebral cir-
culation beginning from the aortic arch, and also the 
whole circle of Willis. Stenosis of the symptomatic 
carotid artery or the vertebral basilar artery is defined 
as the decrease in the diameter of the carotid or verte-
bral basilar artery by over 50% at a location thought 
to be responsible for the patient’s acute infarction or 
clinical symptoms.  
      Patients with previous vertigo and dizziness at-
tacks, patients with previous ischemic or hemorrhagic 
stroke with concurrent infarctions in other artery wa-
tersheds, and patients with additional neurological dis-
orders that may lead to vestibular syndrome (vertebral 
basilar artery stenosis, migrainous vertigo, advanced 
cervical spondyloarthritis, multiple sclerosis, etc.) 
were excluded from the study. Due to the retrospective 
nature of this study, the requirement of informed con-
sent has been waived.  
      The Ethics Committee of the Ümraniye Training 
and Research Hospital approved the present study 
with its letter of decision no. 112 and date: 28.03.2024. 
 
Statistical Analysis  
      Data analyses were performed using the SPSS soft-
ware statistical package (version 20; SPSS Inc, 
Chicago, IL, USA). The χ2 test was used for compar-
isons of qualitative data, the Mann-Whitney U test was 
used for numerical data. P values <0.05 were considered 
to indicate statistical significance. All numeric values 
are presented as the means ± standard deviation (SD). 
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RESULTS 
 
Of a total of 1,371 patients diagnosed with acute is-
chemic stroke, 768 patients with MCA territory infarc-
tion were included in the study. AVS incidence was 
calculated to be 13.3% among the included patients. 
There was no statistically significant difference in the 
distribution of age (P=0.9) and sex (P=0.62) between 
102 patients with AVS (66 males: 64.7%, mean age: 
67.06±1.2 years) and 666 patients without AVS (414 
males: 62.16%, mean age: 67.23±0.46).  
      Concerning comorbidities, hypertension (HT) was 
found in all the patients with AVS, whereas the ratio 
of the presence of HT alone was 18.92% in the non-
AVS group. While the presence of HT alone did not 
create a statistical difference, it was seen statistically 
more commonly in the AVS group when it coexisted 

with other risk factors (P<0.001). It was further found 
that the presence of diabetes mellitus (DM) both alone 
and with other comorbidities was significantly higher 
in the non-AVS group (P=0.001). While smoking was 
higher in the non-AVS group, drinking was signifi-
cantly higher in the AVS group (P=0.018).  
      62 patients (60.79%) in the AVS group and 308 pa-
tients (46.25%) in the non-AVS group had infarction of 
the right side (P=0.006), which meant that the involve-
ment of the right side was significantly more prevalent 
in AVS patients. While the primary sensory cortex was 
the common area of involvement in only 7 out of 40 pa-
tients with infarction of the left side in the AVS group, 
of 62 patients with infarction of the right side, 11 had 
the posterior superior temporal gyrus and 17 had the 
parieto-insular cortex involved separately, whereas 16 
had the insular cortex and the temporoparietal junction 
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involved together, and the remaining 18 had multiple 
millimetric infarctions in all of these three areas. 
      When the infarctions of the study patients were 
categorized by size in the MCA territory as total, di-
vision, cortical branch, and millimetric infarctions, di-
vision, and total infarcts were significantly higher in 
the non-AVS group (P<0.001), whereas there was no 
such difference with other sizes.  
      The CT angiography images were categorized into 
4 subgroups, i.e., normal, <50% ICA stenosis, >50% 
ICA stenosis, and advanced intracranial stenosis. All 
patients with advanced ICA stenosis were in the non-
AVS group, and no difference was found between the 
two groups in terms of <50% stenosis. The statistically 
significant differences were found in patients with nor-
mal CTA and >50% stenosis in the AVS and non-AVS 
groups, and both subgroups were higher in the AVS 
group. These findings are summarized in Table 1.  
      With or without an accompanying AVS, none of 
the patients had any pathological neuro-otologic test 
findings such as a positive head impulse test, nystag-
mus, or skew deviation. 
 
 
DISCUSSION 
 
While the somatosensory system regulates the propri-
oceptive information, the visual system provides in-
formation concerning the location of the body in 
relation to the outer environment, and the vestibular 
system supplies constant information about the move-
ments and positions of the head and the neck. When 
the functions of this sensory trio are impaired, dizzi-
ness, nausea, sensation of imbalance, and sometimes 
nystagmus, occur.  
      Receiving somatosensory, visual, and vestibular 
inputs, the temporoparietal junction (TPJ) is defined 
as a large area encompassing the posterior superior 
temporal gyrus, angular gyrus, supramarginal gyrus, 
and parietal operculum. There are three posterior cor-
tical areas processing vestibular signals: the parieto-
insular vestibular cortex (PIVC), a subunit of TPJ, 
encodes the vestibular signals concerning the position 
and the movements of the head; the ventral intrapari-
etal (VIP) area integrates spatial information from var-
ious sensory modalities encoding the area on the 
coordinates originating from the peripheral sensory 
system; and the medial superior temporal (MST) area 

integrates the vestibular and visual signals required for 
the sensation of self-motion [9].  
      Dizziness is one of the most common complaints 
in the general population with a reported annual inci-
dence of 22.9%, and approximately 30% of dizziness 
is non-organic [10]. According to the International 
Classification of Vestibular Disorders, it is defined as 
a sensation of disturbed or impaired spatial orientation 
without a false or distorted sense of motion. The ICVD 
defines vertigo as a sensation of self-motion (of 
head/body) when no self-motion is occurring or the 
sensation of distorted self-motion during an otherwise 
normal head movement. Both definitions appear under 
the title of symptoms and signs in the first layer of the 
Classification. The syndrome subheading in the sec-
ond layer of the Classification discusses acute vestibu-
lar syndrome, and defines it as diseases and disorders 
that usually manifest with a single episode of sudden 
onset vestibular symptoms and signs (e.g. vestibular 
neuritis or acute stroke) [11].  
      A retrospective study using the patient records of 
5 years from a single site determined the frequency of 
vertigo among cerebrovascular disorders to be 17% 
[12]. Another study investigating the presence of stoke 
in acute vestibular syndrome in 86 patients found that 
27% of the patients with AVS also had strokes, and re-
ported that there were no differences in DM, HT, 
CAD, AF, and hyperlipidemia between the peripher-
ally and centrally induced ones [13].  
      Vertigo and dizziness are common signs, espe-
cially in the ischemia of the carotid region in the tem-
poro-parietal area. A diffusion tensor tractography 
study in patients with MCA territory infarction ob-
served a reduced tract volume in the core vestibular 
pathway leading to the parieto-insular vestibular cor-
tex and showed that this reduction was associated with 
central vestibular disorder. Clinicians should give 
careful consideration to the investigation of anterior 
circulation vascular disease in patients presenting with 
vestibular symptoms [14, 15]. However, vestibular 
syndrome may not always manifest in the involvement 
of the cortical vestibular centers. It depends on the vi-
sual-vestibular interaction for the perception and ori-
entation of motions. The result is affected by the 
situation of the hemisphere in which vestibular and vi-
sual inputs are in agreement and which determines the 
global perception of body orientation and motion [16]. 
Our interpretation of the lower incidence of AVS in 
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patients with larger areas of infarction in our study was 
that AVS might have been overlooked due to serious 
neurological signs and symptoms caused by the in-
volvement of a large area, which might have also led 
to patients’ failure to describe it. We believe that the 
fact that the infarction area was large in patients with 
advanced stenosis in the intracranial ICA and its 
branches similarly led us to find this subgroup signif-
icantly higher in the non-AVS group.  
      Studies show a correlation between DM, poor 
glycemic control in particular, and severe stroke and 
a large infarct volume [17]. While the subgroup analy-
ses conducted in our study revealed that the presence 
of DM among the patients’ risk factors did not have a 
statistically significant effect on the infarction size 
(P=0.075), it was found that patients with DM had 
mathematically larger infarction areas and more severe 
stroke characteristics. This may help explain our find-
ing DM is higher in the non-AVS group. HT is a com-
mon risk factor for both cardioembolism and small 
artery occlusion, as well as large artery atherosclerosis, 
and previous studies have shown its correlation with 
the severity of stroke [18]. It is difficult to explain why 
our study found it in 80% of the non-AVS group pa-
tients while it was present alone or together with other 
risk factors in the AVS group; furthermore, it could not 
be associated with the anatomical localization of in-
volvement. We think that this finding of our study 
should be verified by similar studies.  
      AVS induced by posterior circulation infarctions 
manifests with clinical signs relating to the involve-
ment of the brainstem and cerebellum such as vertigo 
which lasts longer, may prevent mobilization, and is 
accompanied by nausea, vomiting, nystagmus, skew 
deviation, dysmetria, and ataxia [19]. However, we 
found only vertigo and dizziness accompanying the 
anterior circulation infarctions in the AVS patients we 
observed; these signs lasted up to 5 days in very few 
patients as we usually saw them resolve within the first 
24 hours. Again, very few patients had accompanying 
nausea and vomiting severe enough to administer 
symptomatic treatment. We did not find posterior cir-
culation or peripheral system vestibular abnormalities 
in any patients.  
      Lesions responsible for vestibular symptoms are 
usually located in the right hemisphere [20]. A study 
found that 42.6% of the patients presenting with DWI-
positive acute and episodic vestibular syndrome had 

acute infarcts in the anterior circulation and that the 
most common area of involvement was the insular 
cortex with 22.1% [1]. Our study, as well, found the 
insular cortex to be the most commonly involved area, 
which was affected together with the parieto-temporal 
area in 17 patients. It has been found that AVS is the 
fifth most common symptom in the patients followed 
up for insular cortex infarcts and it is seen in approx-
imately 50% of the patients suffering from the in-
volvement of the right hemisphere. This ratio is 20% 
for the left hemisphere, and in support of this finding, 
our study showed that the involvement of the right 
hemisphere was significantly higher [21].  
 
Limitations  
      Having been designed as a retrospective cross-sec-
tional study limited to a single site, the study excluded 
patient files with incomplete data. It was not deemed 
necessary to perform cranial imaging in the patients 
again, and it was thought that some patients may have 
had accompanying posterior system infarctions or 
transient ischemic attacks.  
 
 
CONCLUSION 
 
In conclusion, it should be noted that in patients with 
acute vestibular syndrome, infarctions may develop in 
the anterior circulation, as well, and mostly no patho-
logical neuro-otologic test findings will be obtained. 
Even though our study found comorbidities to be 
higher in the AVS group, extensive prospective studies 
are needed to show the relationship between the risk 
factors and AVS more clearly. 
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ABSTRACT 
Objectives: This study aims to identify risk factors and clinical markers for refractory patent ductus arteriosus 
to the initial medical treatment and determine appropriate treatment strategies. The goal is to define the new-
borns who will respond to treatment and to prevent patients from adverse effects of medical or surgical treat-
ment of patent ductus arteriosus. 
Methods: Preterm infants with hemodynamically significant patent ductus arteriosus and whose gestational 
age was under 30 weeks were retrospectively evaluated. Infants who responded to the initial medical treatment 
(paracetamol or ibuprofen) were compared to those non-responders. Neonatal characteristics and comorbidities 
were compared between the groups. 
Results: Data from a total of 91 infants were analyzed. The mean gestational age was 27±1.9 weeks vs. 26±1.9 
weeks (P=0.10), and birth weight was 1,056±290 vs. 974±318 g (P=0.61), respectively in responder and re-
fractory groups. Success rates for patients treated with paracetamol (n=49) were 57.4%, while for those treated 
with ibuprofen (n=42), it was 42.6% (P=0.47). Echocardiographic findings such as ductal size 2.48±0.69 vs. 
2.55±0.66 mm (P=0.75), and left atrium/aortic root ratio 1.73±0.4 vs. 1.64±0.25, (P=0.14) were also compa-
rable. Incidence of severe intraventricular hemorrhage (22.7% vs 4.3%, P=0.009) and periventricular leuko-
malacia was significantly higher in the refractory group (53.1% vs. 22.2%, P=0.008). 
Conclusions: Combining multiple risk factors into a clinical decision-making model or algorithm could en-
hance the predictive accuracy of treatment response. Moreover, ongoing monitoring and tailored treatment ad-
justments based on individual responses and side effects are crucial for effectively managing patent ductus 
arteriosus in preterm infants. 
Keywords: Patent ductus arteriosus, preterm infants, treatment 
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 P atent ductus arteriosus (PDA) is a persistent 

opening between the pulmonary artery and the 
descending aorta, a remnant of fetal circulation 

that typically closes shortly after birth. The ductus arte-
riosus may remain open in preterm infants, leading to 
increased pulmonary blood flow and decreased sys-

temic perfusion. The ductus arteriosus is vital to fetal 
circulation, allowing blood to bypass the fetal lungs. 
After birth, the initiation of breathing leads to a decrease 
in pulmonary vascular resistance and an increase in sys-
temic oxygen levels, triggering the functional closure 
of the ductus arteriosus within the first 24-48 hours in 
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term infants [1-4]. However, in preterm infants, the 
physiological mechanisms responsible for ductal clo-
sure are often immature, resulting in a persistently 
patent ductus arteriosus. 70% of preterm infants under 
28 weeks of gestation require medical or surgical clo-
sure of the ductus [1]. Treatment options for PDA in-
clude conservative management, pharmacological 
treatment, surgical ligation, or transcatheter ductal clo-
sure, though the optimal treatment strategy remains a 
topic of debate [5-7]. For PDA treatment, prostaglandin 
inhibitors, such as indomethacin, ibuprofen, or parac-
etamol, can be used medically [8]. Surgical ligation of 
the PDA is considered when pharmacological therapy 
is unsuccessful or contraindicated [6]. The management 
of PDA in preterm infants is complex and remains a 
topic of ongoing debate. 
      Low gestational age is the strongest risk factor for 
symptomatic PDA, and many perinatal variables, such 
as respiratory distress syndrome (RDS), have also been 
identified as risk factors for symptomatic PDA and poor 
response to pharmacological treatment [9-11]. PDA 
continues to be a challenging issue in the care of ex-
tremely low birth weight infants [12]. If hemodynamic 
instability due to PDA is not well managed, it can lead 
to spontaneous intestinal perforation, necrotizing ente-
rocolitis, intraventricular hemorrhage, impaired renal 
function, bronchopulmonary dysplasia (BPD), and mor-
tality due to left-to-right shunt impairing gastrointesti-
nal, cerebral, and renal perfusion [8].  
      The optimal timing and approach for PDA treat-
ment in preterm infants remain controversial. While 
early intervention may prevent complications associ-
ated with a significant PDA, it also exposes infants to 
the risks of treatment-related adverse effects. There is 
ongoing debate regarding the long-term outcomes of 
different management strategies, highlighting the need 
for further research and well-designed clinical trials. 
This study aims to identify risk factors for the lack of 
response to the first course of medical treatment for 
PDA and to determine appropriate treatment strategies. 
Thus, it is intended to prevent patients from being ex-
posed to the adverse effects of hemodynamically sig-
nificant PDA and surgical procedures. 
 
 
METHODS 
 
Between September 2019 and December 2022, 

preterm infants with a gestational age ≤ 30 weeks who 
were monitored in a tertiary neonatal intensive care 
unit were retrospectively evaluated. The infants were 
divided into two groups: those who responded to the 
initial medical treatment either with paracetamol or 
ibuprofen and those for whom the treatment failed, de-
fined as the refractory group. Factors affecting treat-
ment failure were analyzed. The PDA diagnosis was 
made based on echocardiography performed at 48-72 
hours by a pediatric cardiologist. Hemodynamically 
significant PDA is diagnosed when the left atrium/aor-
tic root (La/Ao) ratio is >1.5 and/or the ductus diam-
eter is >1.5 mm [15]. Either ibuprofen or paracetamol 
therapy was administered at the physician's discretion 
who was giving the primary care. For those whose 
PDA did not close with medical treatment or for whom 
medical treatment was contraindicated, surgical ductal 
ligation was performed. PDA medical treatment fail-
ure was defined as the persistence of ductal patency 
on control echocardiography at the end of medical 
treatment. The oxygen requirement of the patients was 
evaluated on postnatal day 28, at 36 weeks postmen-
strual age, and at discharge to diagnose BPD [16]. 
      Based on our unit’s standard respiratory support 
protocol, decisions regarding mechanical ventilation 
or non-invasive support were made, and surfactant 
was administered due to RDS. Turkish Neonatal So-
ciety Guidelines are strictly followed [17]. Cranial ul-
trasonography (USG) was performed on days 1, 3, and 
7, and weekly cranial USG follow-up was conducted 
based on intraventricular hemorrhage (IVH) findings. 
IVH was graded according to the Papile classification, 
with advanced IVH defined as >Grade II [18]. 
Periventricular leukomalacia was defined based on a 
central cystic appearance on cranial USG [19]. The 
necrotizing enterocolitis (NEC) diagnosis was made 
based on laboratory, clinical, and radiological findings 
and staged according to the modified Bell criteria [20]. 
Retinopathy of prematurity (ROP) was staged accord-
ing to the International Classification of Retinopathy 
of Prematurity following an examination by an oph-
thalmologist [21]. Sepsis detected within the first 3 
days of life was defined as early neonatal sepsis and 
sepsis detected after 72 hours was defined as late 
neonatal sepsis [22]. Enteral and parenteral nutrition 
were managed according to Turkish Neonatal Society 
guidelines [23, 24]. Feeding intolerance was defined 
in the presence of clinical deterioration, abdominal ex-
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amination findings (distension, tenderness, increased 
abdominal circumference, prominent bowel loops, no-
ticeable or absent bowel sounds), vomiting, gastric 
residuals >50% and/or bloody residuals if checked, 
and changes in stool frequency [23]. Ethical commit-
tee approval was obtained for our study (E2-22-3045). 
 
Statistical Analysis  
      The data were analyzed using the Statistical Pack-
age for Social Sciences (SPSS Inc., Chicago, 
      IL, USA) for Windows (version 25.0) at a signif-
icance level of 0.05. The data were analyzed 
      using numbers, percentage distributions, mean, 
and standard deviation. Normality was tested 
      using kurtosis and skewness coefficients. Pear-
son’s chi-square test and independent samples t-test 
were used. The Mann-Whitney U test was used for 
nonparametric data. 
 
 
RESULTS 
 
Data from a total of 91 infants were analyzed. The 
mean gestational age in the treatment responder group 
was 27±1.9 weeks, while it was 26±1.9 weeks in the 
refractory PDA group (P=0.1). Birth weight was sim-
ilar between the two groups (1,056±290 g vs. 974±318 
g, P=0.61) (Table 1). Preeclampsia was significantly 
higher in the responders compared to the refractory 

PDA group (28.3% vs. 9.3%, P=0.03). Neonatal char-
acteristics were similar between the two groups and 
were represented in Table 1.  
      Among the patients treated with paracetamol 
(n=49), the success rate was 57.4%, whereas it was 
42.6% in those treated with ibuprofen (n=42); no sta-
tistically significant difference was found (P=0.47). 
Echocardiographic findings were similar between the 
two groups, such as the ductal size 2.48±0.69 vs. 
2.55±0.66 mm (P=0.75) and La/Ao ratio 1.73±0.4 vs. 
1.64±0.25 (P=0.14). The incidence of severe IVH and 
periventricular leukomalacia (PVL) was significantly 
higher in the refractory PDA group (22.7% vs. 4.3%, 
P=0.009; 53.1% vs. 22.2%, P=0.008) (Table 2). 
      Patients with lower admission white blood cell 
(WBC) and Large Unstained Cells (LUC) values had 
higher treatment success compared to those with 
higher values (7300±3697 vs. 9053±6158, P=0.014; 
0.42±0.34 vs. 0.67±0.52, P=0.009). Patients with 
higher interleukin-6 values had better treatment re-
sponses than those with lower values (958.5±3131 vs. 
178.9±279.9, P=0.009). 
 
 
DISCUSSION 
 
In this study, we evaluated the risk factors for refrac-
tory patent ductus arteriosus to the first course of med-
ical treatment. Responders had higher rates of 
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preeclampsia, lower admission WBC and LUC values, 
and higher IL-6 levels. Additionally, treatment re-
sponse was reduced in patients with intraventricular 
hemorrhage and periventricular leukomalacia. 
      PDA is common in preterm infants and inversely 
proportional to gestational age [25]. In a retrospective, 
multicenter study, out of 842 patients at 23-28 weeks 
of gestation, 511 received pharmacological treatment 
for hemodynamically significant PDA. It was found 
that resistance to repeated medical treatment and the 
need for surgery were higher in the 23-24-week group. 
The study emphasized the need for individualized 

strategies for PDA management in these patients [26]. 
In our study, no difference was found between the 
groups regarding gestational age when evaluating the 
response to PDA treatment. 
      A previous study found that patients with a history 
of gestational hypertension had a lower response to in-
domethacin [27]. However, in our study, patients with 
a history of perinatal preeclampsia showed a better re-
sponse to medical treatment. In Lee et al.'s [28] study, 
low gestational age, female sex, maternal pregnancy 
hypertension, and surfactant use were significant risk 
factors for symptomatic PDA. Additionally, it was re-
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ported that histological chorioamnionitis and antenatal 
steroid use reduced symptomatic PDA in infants at 26-
29 weeks of gestation. Antenatal steroid administra-
tion reduces RDS, which is a strong risk factor for 
preterm PDA [28]. In our study, rates of RDS, antena-
tal steroid administration, and clinical chorioamnioni-
tis were similar in the two groups. 
      Another study found that clinical chorioamnionitis 
reduced the risk of PDA and noted that the mechanism 
of clinical chorioamnionitis in PDA closure is complex 
[29, 30]. Behebodi reported that both clinical and his-
tological chorioamnionitis protects against PDA for-
mation by promoting lung maturation [31]. 
      Harink et al. [32] investigated the predictive value 
of clinical and echocardiographic parameters for de-
ciding on surgical ligation after the failure of medical 
closure of PDA in preterm infants. In a study involving 
infants born at less than 37 weeks, surgical ligation 
was performed on 40 out of 89 patients. It was found 
that invasive respiratory support, a high La/Ao ratio, 
and the presence of steal were indicative for deciding 

on surgical ligation [32]. In our study, the La/Ao ratio 
and duration of invasive respiratory support were sim-
ilar between the group that responded to medical treat-
ment and the other group. The fact that our study 
included more immature infants may explain this dif-
ference. In a prospective study conducted on 42 in-
fants born at less than 30 weeks gestational age, it was 
indicated that at postnatal day 72, an La/Ao ratio 
greater than 1.4 and a PDA size to weight ratio greater 
than 3.2 mm/kg had high predictive value for the need 
for PDA intervention. It was emphasized that serial 
daily echocardiographic evaluations could provide in-
formation on whether PDA closure would be achieved 
with non-steroidal medication or surgical ligation [33]. 
Early identification of infants at risk for PDA compli-
cations may positively affect treatment outcomes. In 
a prospective study involving infants born between 22-
27 weeks of gestation, high levels of inflammation 
markers such as IL-6, IL-8, IL-10, and IL-12 were 
found to be associated with persistent PDA [34]. In 
our study, IL-6 levels were higher in the group that re-
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sponded to treatment compared to the other group. A 
review has indicated that existing evidence suggests 
that thrombocytopenia and platelet function disorders 
contribute to the failure of spontaneous and pharma-
cological PDA closure in preterm infants [35]. In our 
study, however, there was no difference in platelet 
counts between the group that responded to treatment 
and the other group. 
      The treatment of PDA after the failure of pharma-
cological therapy in preterm infants is controversial 
and shows significant variations in practice [32]. 
While paracetamol has been found to be as effective 
as ibuprofen in closing PDA [8] and indomethacin has 
been found to be more effective than placebo or no 
treatment [36], recent studies have compared the effi-
cacy and safety of combination therapies with 
monotherapy [13, 14]. In Kimani et al.'s [13] study, 
involving 140 infants born at less than 32 weeks of 
gestation, 17 received combination therapy, and ductal 
closure was found to be similar in the combination and 
monotherapy groups. Yurttutan et al. [14] reported that 
combination therapy with ibuprofen and acetamino-
phen was successful in patients who previously had 
failed ductal closure with medical treatment. When 
medical treatments fail, surgical methods are pre-
ferred, though they carry potential risks. In Park et al.'s 
[37] study, comparing a group undergoing surgery 
after medical failure with a group undergoing surgery 
from the outset, the latter group had lower incidences 
of BPD, NEC, sepsis, and ROP. It was suggested that 
direct surgery might be more beneficial than waiting 
for medical treatment to fail. Dani et al. [26] noted that 
although the need for surgical closure after multiple 
medical treatments was twice as high in immature in-
fants, it is desirable to avoid exposing these infants to 
the risks of surgery and general anesthesia. Consider-
ing these studies, it was thought that applying combi-
nation therapy instead of monotherapy could prevent 
delays in treatment. Our study results showed that pa-
tients with IVH and PVL had a higher rate of PDA 
treatment failure, suggesting that both combination 
therapy and timely surgical intervention should be 
considered for these patients. Vaidya et al. [38] high-
lighted that late initiation of medical treatment for 
PDA (postnatal day 11±8.2) might result in lower clo-
sure rates. In our study, treatments were started within 
the first week in both groups. In Kimani et al.'s [13] 

study, the time to start medical treatment ranged from 
1 to 34 days (median 7 days), with a PDA closure rate 
of 37.9% for acetaminophen and 31.8% for ibuprofen. 
In our study, the success rate was 57.4% for paraceta-
mol and 42.6% for ibuprofen, which may be attributed 
to the earlier initiation of treatment compared to Ki-
mani et al's [13] study. 
 
Limitations 
      Our study's limitations include its retrospective de-
sign, being conducted at a single center, and the small 
number of patients. 
 
 
CONCLUSION 
 
In the management of PDA, the use of combination 
therapy instead of medical monotherapy may prevent 
the loss of time associated with monotherapy failure. 
Prospective studies designed for this purpose are 
needed. In cases where elevated WBC, IVH, or PVL 
are detected, the possibility of medical treatment fail-
ure should be considered, and patient-based strategies 
should be developed. 
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ABSTRACT 
Objectives: Trisomy occurs with an extra chromosome during cell division resulting in 47 chromosomes in-
stead of 46 in the human genome. The overexpression of gene profiles is associated with abnormal phenotypes 
and a range of syndromes. Theoretically, trisomy can occur for each chromosome but the survival rate of in-
dividuals with trisomy 21 is much higher than other trisomies. In this paper, we discussed the life compatibility 
of trisomy 21 compared to an example trisomy of one of the other chromosomes (chromosome 2) with quan-
titative and qualitative gene profiles using bioinformatic databases. 
Methods: The analyses included (i) the determination of total gene numbers and classifications, (ii) numbers 
and functions of housekeeping genes, tissue-specific genes, and imprinted gene numbers and (iii) comparing 
the profiles of the proteins involved in cell survival and cell death in both chromosomes. 
Results: The results indicate that trisomy 2 is likely to be incompatible with life compared to trisomy 21 be-
cause both gene enrichment and function are important factors associated with the difference in survival rates. 
Protein-protein interaction analyses showed that the increased interaction rate in trisomy 2 leads to more com-
plex pathological consequences due to disruptions in cellular functions, however the limited interaction network 
in trisomy 21 may help explain the clinical features of Down syndrome.  
Conclusions: Compared to trisomy 2, the life compatibility of trisomy 21 is associated with gene numbers, 
functions, and protein-protein interactions.  
Keywords: Trisomy, Down syndrome, bioinformatics, chromosomal disorders, genetic disorders 
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 D iploid organisms have two copies for each 

chromosome derived from individual parents 
(23 pair chromosomes in Homo sapiens). Ho-

mologous chromosomes segregate in meiosis during 
gametogenesis to form haploid sperms and oocytes. 
This segregation provides half a set of chromosomes 
which are then completed with another half set of 

chromosomes coming from another parent in fertiliza-
tion. Meiosis maintains the number of chromosomes 
during transgenerational inheritance as well as pro-
vides genetic variations between generations by a spe-
cial mechanism, crossing-over. If homologous 
chromosomes do not separate equally during meiosis, 
one of the gametes has a second copy of a chromo-
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some (n+1), and the other daughter gamete lacks a 
copy of chromosome (n-1) (Fig. 1). When such the 
n+1 gamete is fertilized and an embryo is formed, the 
resulting embryo contains an extra copy of that chro-
mosome. The syndrome with three copies of a chro-
mosome is called trisomy. If the n-1 gamete is 
fertilized, the embryo will have monosomy defined as 
a loss of a copy of a chromosome.  
      Trisomy 21 (also called Down syndrome) is the 
most common. Individuals with Down syndrome have 
multiple malformations, medical conditions, and cog-
nitive impairment due to the presence of extra genetic 
material on chromosome 21 [1]. Although people with 
Down syndrome can have systemic syndromes that re-
duce life quality, they can still have a normal life as 
possible. This study aimed to reveal the molecular and 
genetic aspects of why the survival rate of individuals 
with Trisomy 21 is much higher than other trisomies, 
such as Trisomy 2. For this purpose, methods were 
considered to analyze gene groups both qualitatively 
and quantitatively. Bioinformatic databases were used 
to determine (i) total gene numbers in Chromosomes 
2 and 21, (ii) the number and functions of housekeep-
ing genes, tissue-specific genes, and imprinted genes, 
(iii) the profiles of the proteins involved in cell sur-
vival and cell death, and iv) the comparison of pro-

tein-protein interactions in Chromosomes 2 and 21. 
This study contributes to our understanding of how 
molecular differences between the two types of tri-
somies relate to the biological processes behind the 
phenotypic differences.  
 
 
METHODS 
 
Determination of Total Gene Numbers and Profiles 
Gene numbers in the Chromosomes 21 and 2 were an-
alyzed with the information obtained from the chro-
mosome statistics tables in the Ensembl database by 
https://www.ensembl.org/Homo_sapiens/Location/Ch
romosome?r=21%3A1-1000 and https://www.en-
sembl.org/Homo_sapiens/Location/Chromosome?r=2
%3A1-1000, respectively.  
 
Databases Used for the Determination of Gene 
Groups  
Housekeeping Genes  
      Housekeeping genes were obtained from the article 
“Human housekeeping genes are compact”, compiled from 
https://www.tau.ac.il/~elieis/Housekeeping_genes.html 
[2], [3]. Housekeeping genes in chromosomes 2 and 
21 were compiled from https://www.ncbi.nlm.nih.gov/ 
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Fig. 1. Normal and abnormal gametogenesis. Non-disjunction can occur either in meiosis I or meiosis II. Both result in trisomy 
with a total of 47 chromosomes. 
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via Gene IDs to be classified to explain the chromo-
some, its position on the chromosome, NCBI gene 
identity, gene name, and function of the gene. 
 
Imprinted Genes  
      Imprinted genes were screened from 
https://www.geneimprint.com/site/genes-by-
species.Homo+sapiens for their presence on chromo-
somes 2 and 21. The imprinted genes are described 
with their chromosomal location, NCBI gene identity, 
gene name, maternal/paternal expression status, and 
tissue specificity.  
 
Survival Proteins 
      Profiles of the proteins involved in cell survival in 
chromosomes 2 and 21 of Homo sapiens were screened 
with the ontology number GO:0008283 from the AmiGO 
2 database (http://amigo.geneontology.org/amigo) under 
the title of "cell proliferation" and analyzing 583 proteins.  

Death Proteins 
      Profiles of the proteins involved in cell death in chro-
mosomes 2 and 21 of Homo sapiens were screened with 
the ontology number GO:0008219 from the AmiGO 2 
database (http://amigo.geneontology.org/amigo) under 
the title of "cell death” and analyzing 1735 proteins.  
 
Protein-Protein Interaction Network Analysis with 
STRING Database  
      In this study, genes involved in processes such as 
genetic imprinting, cell survival, and cell death were 
selected to examine biological processes associated 
with trisomy 2 and trisomy 21. Genes were identified 
using Ensembl (https://www.ensembl.org), GeneIm-
print (https://www.geneimprint.com) and AmiGO 2 
databases; especially Survival proteins and Death pro-
teins data were extracted from AmiGO 2. Interaction 
networks of proteins encoded by selected genes were 
analyzed using STRING (Search Tool for the Retrieval 
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! !Fig. 2. Grouping of gene numbers in chromosomes 2 and 21. A and B show chromosomal maps for Chr2 and Chr21, respec-
tively. C shows the genomic context of each chromosome, and D shows the comparison of gene-protein classes between Chr2 
and Chr21. 
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of Interacting Genes/Proteins) database. STRING is a 
widely used bioinformatics tool to visualize protein-
protein interactions and examine interaction densities. 
This database contains only interactions with high 
confidence levels that are confirmed by experimental 
evidence. The interaction networks of genes associ-
ated with trisomy 2 and trisomy 21 were examined 
separately to compare the protein interaction densities 
on chromosomes 2 and 21 in both cases. The effect of 
the extra chromosome on protein expression in tri-
somy 2 and the effect of chromosome 21 on protein 
interaction capacity in trisomy 21 were evaluated. Fi-
nally, the obtained interaction networks were visual-
ized and comparisons were made between the 
interaction densities. In these analyses, interactions be-
tween survival and death proteins were particularly 
emphasized. Since the study was based solely on 
open-access biological databases, ethical committee 
approval was not required. 

RESULTS 
 
Chromosome 2 is the second largest human chromo-
some, representing almost 8% of the total DNA in 
human cells. It is 242,193,529 base pairs long includ-
ing 1,300 coding genes. It has also 1,845 non-coding 
genes; of these, 345 are small noncoding genes, 1,324 
are long noncoding genes, and 176 are other noncod-
ing genes. It contains 1,079 pseudogenes and has 
58,799,226 short variants (Figs. 2A and C). But chro-
mosome 21 is 46,709,983 base pairs long including 
235 protein-coding, and 441 non-protein-coding 
genes; 69 of these are small noncoding genes, 348 are 
long noncoding genes, and 24 are other noncoding 
genes. It also contains 188 pseudogenes and has 
9,242,863 short variants (Figs. 2B and C). Chromo-
some 2 contains more than 6-fold coding genes and 
more than 4-fold non-coding genes than chromosome 
21. Additionally, chromosomes 21 and 2 composed 
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0.93% and 5% of the total coding genes in the human 
genome.  
      Chromosomes 21 and 2 differ in terms of gene 
functions. For instance, housekeeping gene content is 
higher in Chr2 than in Chr21 (Tables 1 and 2). The 
range of organs affected by selectively overexpressed 

housekeeping is wide in Chr2 compared to Chr21.  
Chromosome 21 has only 2 known imprinted genes, 
but Chromosome 2 has 11 imprinted genes (Table 3). 
Some of these genes are supposed to be imprinted (SI) 
with current knowledge. Interestingly all the two im-
printed genes in Chr21 are of paternal origin and in-
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volved in nervous system development, while the 
nervous system-related imprinted gene ratio is around 
1:3 within the group imprinted genes of Chr2. Im-
printed genes with three alleles, as in trisomies, are 
problematic because the genome/cell cannot manage 
an extra paternal allele to be imprinted or not. There-
fore, this extra allele may lead to chaotic gene expres-
sion. However, the chaos depends on the parental 
origin of the extra allele (within the extra Chr21). If 

an extra chromosome (and extra paternal allele) is pro-
vided by the paternal genome, this is supposed to be 
significant in a clinical manner.  
      We then assessed the profiles of genes involved in 
cell survival or cell death which might be directly re-
lated to life compatibility. 30 and 2 cell survival genes 
are found in Chr2 (Table 4) and Chr21 (Table 5), re-
spectively. 82 and 8 cell death genes are found in Chr2 
(Table 6) and Chr21 (Table 7), respectively. Chr2 con-
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tains the DNMT3A gene which encodes a de novo 
DNA methyltransferase playing an important role in 
embryo formation and epigenetic regulation. 
DNMT3A gene is considered a lethal gene as its loss 
or mutations deactivating its function cause embryo 
death and severe morphological defects. DNMT3A 
enzyme is critical to manage cell differentiation via 
regulating de novo DNA methylation of gene sets. 
This can lead to lower survival rates in the embryos 
with trisomy 2 compared to those with trisomy 21.  
In this study, genes identified to be associated with bi-
ological processes such as genomic imprinting, cell 
survival, and cell death were selected. The interaction 
networks of the proteins encoded by these genes were 
also examined by bioinformatics analysis using the 
STRING database. In this analysis, specific to trisomy 
2 and trisomy 21, important findings were obtained re-
garding the interaction densities and network struc-
tures of the proteins encoded by genes on Chr2 and 
Chr21.  
      In trisomy 2, the presence of an extra copy of 
chromosome 2 leads to higher expression levels of 
proteins encoded by Chr2, which increases the density 
of protein-protein interactions, leading to disruptions 

in biological processes during embryonic development 
(Fig. 3). This may help us understand the molecular 
mechanisms by which trisomy 2 often results in death 
at the embryonic stage.  
In trisomy 21, the presence of an extra copy of Chr21 
may lead to the overexpression of some proteins en-
coded by Chr21. However, the interaction capacities 
of these proteins remain low, especially in interactions 
with Chr2. This contributes to cellular abnormalities 
in the pathophysiology of DS and leads to a limited 
interaction network.  
      In addition, some proteins located on both Chr2 
and Chr21 interact with each other (Fig. 4). These in-
teractions suggest that proteins located on both chro-
mosomes may be involved in common biological 
processes and may play important roles in regulating 
these processes. In particular, interactions between 
proteins encoded by Chr2 and Chr21 may play a crit-
ical role in maintaining a balance between cellular 
functions.  
      On the other hand, the proteins encoded by the 
genes on Chr21 that play a role in the biological 
processes we mentioned did not form any interaction 
networks according to the analyses we performed on 
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the STRING database. This suggests that the proteins 
on Chr21 do not interact with each other and this de-
ficiency may lead to more limited interaction networks 
in the pathophysiological processes of Down syn-
drome.  
 
 
DISCUSSION 
 
This study attempted to compare the life compatibility 
of trisomy 21 with trisomy 2 in terms of detailed gene 

profiles and protein-protein interactions. The total 
number of genes in the Chr21 is more than the Chr21 
and the proteins encoded by Chr21 take part in more 
vital functions. On the other hand, the number of pro-
teins involved in cell survival and cell death is higher 
in Chr2 compared with those in Chr21. In addition, it 
is remarkable that many of these proteins play a role 
in processes that affect the brain and form the nervous 
system, such as neurogenesis. The higher content of 
proteins involved in angiogenesis and other morpho-
genesis activities, cell and tissue differentiation, tran-
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! !Fig. 3. The protein-protein interaction pathway of selected genes located on Chromosome 2, which are experimentally shown 
in the STRING database and identified as target proteins in our study. (The figures were created with BioRender program 
(https://app.biorender.com))
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scription regulation, epigenetic regulation, biological 
rhythm, protein phosphorylation, energy metabolism, 
and DNA repair is observed in Chr2 compared to 
Chr21. These suggest that the life incompatibility of 
Chr2 compared to Ch21 can be explained if there are 
three copies of the same chromosome due to the gene 
dosage problem in many crucial cellular activities. Tri-
somy not only results in the up-regulation of genes but 
also leads to a genome-level transcriptomic dysregu-
lation, whose downregulation affects each tissue and 
cell type differently because of epigenetic mechanisms 
and protein-protein interactions [4].  
      Aneuploidies are characterized by an extra copy 
of chromosomes resulting in three or more copies 
while monosomies are with a loss of chromosome re-
sulting in a haploid chromosome. Diploid organisms 

have two copies of each gene localized within the ho-
mologous chromosomes and most of the genes have 
two-allele expression and some genes such as the X 
chromosome function as monoallelic expression. 
Therefore, gene dosage is an important aspect of the 
human genome. Aneuploidies are the abnormalities 
occurring with the distribution of cell dosage as well. 
However, not all defects in cell dosage may be incom-
patible with life. For instance, trisomy 21 is life-com-
patible compared to other trisomies and this should 
have a reason. Therefore, in this study, we tried to an-
swer the possible reasons for this.  
      Life compatibility is a broad phenomenon, and the 
human genome is organized in different levels with 
high complexity. The molecular functions that are di-
rectly related cell survival or death should manage life 
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!

! !
Fig. 4. The protein-protein interaction pathway of selected genes located on Chromosome 2 and 21, which are experimentally 
shown in the STRING database and identified as target proteins in our study. The protein interactions shown in red represent 
the interactions between selected genes located on Chromosomes 2 and 21. The proteins marked with an asterisk (*) are en-
coded by chromosome 21, while the remaining proteins are encoded by chromosome 2. (The figures were created with BioRen-
der program (https://app.biorender.com))
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in the cells so that we focused on the proteins involved 
in these mechanisms. Cell survival and cell death re-
lated proteins are shown in 10 different molecular 
classes in Chr2 and Chr21 (This should be noted that 
some proteins were considered in more than one 
group) (Fig. 5A). In Chr2, almost 20% of genes are 
involved in nervous system development and 20% in 
transcription regulation followed by circulatory sys-
tem formation (~15%), differentiation (~12%), protein 
phosphorylation (~11%), and immunity (~10%). Less 
than 1% of genes in Chr2 are involved in biological 
rhythm (Fig. 5A). Similarly, in Chr21 the major con-
tent is composed of nervous system development 
(~27% more than Chr2’s content), but 20% of Chr21 
is composed of immunity-related genes. The following 
are transcription regulation (13%), and differentiation 
(13%). Interestingly there is no gene involved in epi-

genetic regulation and DNA repair in Chr21, but ~5% 
and ~3% in Chr2 (Fig. 5A). Chr2 includes a gene cod-
ing a de novo DNA methyltransferase (DNMT3A) in-
volved in epigenetic regulation which plays an 
important role in establishing methylation patterns 
during primitive germ cell development and early em-
bryogenesis [5]. This indicates that it is a protein play-
ing a crucial role in the formation of the embryo, in 
other words, it is responsible for determining its fate. 
Therefore, the existence of DNMT3A can be con-
cluded to state the lower life compatibility in Chr2 tri-
somies than in Chr21 trisomies.  
      There is a limitation in defining the actual inci-
dence of trisomies because aneuploidies for individual 
chromosomes cannot be predicted due to undefined 
abortions.  Trisomy 2 is expectedly one of the rarest 
types of trisomies as well as Trisomy 1. There were 
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Fig. 5. Overview of proteins involved in cell death and cell proliferation. A shows the comparison of cellular and molecular 
functions of the genes between Chr2 and Chr21. B and C show the comparison of proteins involved in cell proliferation and 
cell death, respectively. 
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only 3 cases of trisomy 1 reported which all resulted 
in loss in utero [6]. The length of chromosome 1 is 
quite similar to Chr2. The largest human chromosome 
is Chromosome 1 which constitutes 8% of the human 
genome [7, 8]. Therefore, we also analyzed cell sur-
vival and cell death-related protein profiles of Chr1. 
48 proteins (8%) and 105 proteins (6%) are involved 
in cell survival and cell death, respectively. Chr2 has 
a similar ratio as with each 5% in proliferation and 
death (Figs. 5B and 3C). Chromosome 21 has been de-
fined as the smallest human autosome representing 
about 1-1.5% of the human genome [9]. The presence 
of an extra copy of chromosome 21 is the genetic 
cause of Down syndrome, which is the most common 
major cognitive problem affecting 1 in 700 live births. 
Symptoms frequently observed in most Down syn-
drome individuals include morphological abnormali-
ties of the head and limbs, short stature, low muscle 
tone (muscle movement resistance). Other and less 
frequently observed symptoms are mostly cardiac 
malformations, gastrointestinal system problems, 20-
fold increased risk of leukemia compared to normal 
individuals, and early onset of Alzheimer's-like neu-
ropathological diseases [10, 11].  
 
 
CONCLUSION 
 
In conclusion, differences in protein-protein interac-
tions in trisomy 2 and trisomy 21 may help us under-
stand the biological and pathological consequences of 
these two conditions. While the increased interaction 
rate in trisomy 2 leads to more complex pathological 
consequences due to disruptions in cellular functions, 
the limited interaction network in trisomy 21 may help 
explain the clinical features of Down syndrome. These 
studies contribute to our understanding of how molec-
ular differences between the two types of trisomies re-
late to the biological processes behind the phenotypic 
differences. 
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ABSTRACT 
Objectives: The purpose of this study is to analyze the demographic factors, clinical outcomes, and healthcare 
costs associated with aspiration pneumonia, focusing on mortality rates and the economic burden on healthcare 
systems.  
Methods: A retrospective observational study was conducted using data from patients admitted to the Emer-
gency Department of Samsun Training and Research Hospital between January 2016 and December 2017 and 
followed in the intensive care unit with a diagnosis of aspiration pneumonia. The study recorded demographic-
clinical parameters, nutritional methods, intensive care unit (ICU) length of stay, clinical outcomes, and cost 
situations for 60 patients. 
Results: The average age of male patients was found to be higher than that of female patients, with a broader 
age range observed among men. The study identified significantly higher ICU stays and costs for deceased 
patients. The age group with the highest mortality rate was 66-80 years. Additionally, advanced nutritional 
support methods, such as enteral and parenteral nutrition, were associated with higher mortality rates. 
Conclusions: Aspiration pneumonia represents a significant economic burden on healthcare systems, partic-
ularly for patients with poor outcomes. Age, ICU length of stay, and the need for advanced nutritional support 
are key factors influencing mortality. The findings underscore the need for multidisciplinary care approaches 
and early identification of high-risk patients to optimize treatment and resource allocation.  
Keywords: Aspiration pneumonia, nutritional support, mortality, healthcare costs, intensive care unit 
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 A spiration pneumonia is a serious clinical con-

dition characterized by the infection of lung 
parenchyma. This condition typically occurs 

when food, saliva, or gastric contents are aspirated into 
the lower respiratory tract due to impaired swallowing 
reflex. Aspiration pneumonia, which is particularly 
common among the elderly, is closely associated with 
increased mortality rates and significantly higher 
healthcare costs. This type of pneumonia often devel-

ops in individuals with weakened swallowing reflexes, 
neurological disorders, or other medical conditions 
that affect swallowing function [1]. 
      This type of pneumonia is especially prevalent in 
elderly individuals because aging weakens the swal-
lowing reflex, making it less effective at closing the 
airways during swallowing. Cerebrovascular diseases, 
dementia, Parkinson’s disease, and other neurological 
disorders significantly increase the risk of aspiration 
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pneumonia in the elderly. In this population, aspiration 
pneumonia presents a higher mortality rate and im-
poses a greater economic burden on the healthcare sys-
tem compared to other forms of pneumonia. Thus, the 
management of aspiration pneumonia in the elderly is 
of paramount importance, not only for individual 
health but also from an economic perspective [2]. 
      The symptomatology of aspiration pneumonia 
typically includes classic pneumonia signs such as 
cough, sputum production, dyspnea, and chest pain. 
However, in elderly patients, symptoms may be more 
nonspecific, manifesting only as anorexia, weakness, 
or altered mental status. This can complicate the early 
diagnosis of pneumonia, potentially delaying treat-
ment and consequently increasing mortality. There-
fore, early diagnosis and treatment of aspiration 
pneumonia, particularly in the elderly population, is 
crucial [3]. 
      A study by Langmore et al. [4] delved into the risk 
factors associated with aspiration pneumonia in eld-
erly patients, particularly those residing in nursing 
homes. The study found that poor oral hygiene, dys-
phagia, and dependency in feeding were significant 
predictors of aspiration pneumonia. The researchers 
emphasized the importance of regular oral care and 
the management of dysphagia as crucial preventive 
measures. This study highlighted that aspiration pneu-
monia is not merely a consequence of age but rather a 
preventable condition when appropriate care protocols 
are followed [4]. 
      These additional studies reinforce the complexity 
of aspiration pneumonia as a clinical and public health 
issue. The condition's high mortality rates, significant 
economic impact, and association with other comor-
bidities underscore the need for ongoing research and 
the development of comprehensive prevention and 
management strategies. Enhanced care protocols, in-
cluding routine screening for dysphagia, targeted an-
tibiotic therapy, and patient education, are critical in 
reducing the burden of aspiration pneumonia on 
healthcare systems worldwide. 
 
 
METHODS 
 
Study Design and Population 
This study was retrospective observational research 
and was followed by sixty patients who were admitted 

to the emergency department of Samsun Training and 
Research Hospital between January 2016 and Decem-
ber 2017 and were followed in the intensive care unit 
with a diagnosis of aspiration pneumonia by a pulmo-
nologist. Patients whose data could not be accessible, 
those under the age of 18 and pregnant women were 
excluded from the study. The dataset comprises demo-
graphic characteristics, comorbidities, nutritional sup-
port methods, length of stay (LOS) in the intensive 
care unit (ICU), cost metrics and clinical outcomes of 
patients. The primary objective of the study is to ana-
lyze the mortality rates and the associated costs of 
treating aspiration pneumonia in a hospital setting.   
 
Data Collection  
      Data were extracted from the hospital's electronic 
medical records system, including information on pa-
tient demographics (age, gender), hospitalization de-
tails (admission and discharge dates), and clinical 
outcomes (mortality rates at 30 and 90 days). Cost-re-
lated data were also collected and in addition, total and 
daily hospital costs were calculated by converting 
from Turkish Lira to Euro. 
      The variables included in the dataset are: (1) De-
mographic Information: Age, gender; (2) Clinical 
Data: Date of hospital admission, length of stay (LOS) 
in intensive care units (ICU), the requirement for par-
enteral or oral nutrition, usage of nasogastric (N/G) or 
percutaneous endoscopic gastrostomy (PEG) tubes; 
(3) Cost Data: Total cost of hospitalization, daily cost 
in Euro; and (4) Outcome Measures: In-hospital mor-
tality, 30-day mortality, 90-day mortality, and dis-
charge status. 
 
Ethical Considerations 
      The study was conducted retrospectively at the 
Clinic of Chest Diseases of Samsun Training and Re-
search Hospital between January 2016 and December 
2017 after obtaining local Ethics Committee approval 
(Samsun EAH TUEK 2018/34 and 06.02.2018/04).  
The study was conducted in accordance with the eth-
ical standards laid down in the 1964 Declaration of 
Helsinki and its later amendments. Given the retro-
spective nature of the study, patient consent was not 
required, but data were anonymized to protect patient 
confidentiality. The study protocol was approved by 
the hospital's ethics committee. This methodical ap-
proach ensures a comprehensive analysis of the mor-
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tality and cost implications of aspiration pneumonia, 
contributing valuable insights into the management of 
this condition in clinical settings. 
 
Statistical Analysis  
      Statistical analyses were performed using IBM 
SPSS V23. Normality distributions of quantitative 
data were performed using the Shapiro-Wilk test. 
Quantitative data that were not normally distributed 
were compared with the Mann-Whitney U test. Pear-
son chi-square test was performed to compare quali-
tative data. Data were presented as mean ± standard 
deviation, mean (95% CI) and n (%). Statistical sig-
nificance was accepted as P<0.05. 
 
 
RESULTS 
 
The demographics summary table provides an 
overview of the age and gender distribution among the 
patients diagnosed with aspiration pneumonia. The 
data reveals that the average age of female patients is 
significantly higher (80.4 years) compared to male pa-
tients (71.9 years), which suggests that older females 
might be more susceptible to aspiration pneumonia. 
The age range is also broader among females, with the 
youngest patient being 22 years old and the oldest 96 
years old (Table 1). This difference in age distribution 
could indicate that females generally experience more 
severe health conditions that predispose them to aspi-
ration pneumonia at an older age. The number of male 
patients (36) is greater than that of female patients 
(24), which may reflect either a higher rate of pneu-
monia diagnosis among men or potentially higher sur-
vival rates in this cohort, allowing them to reach the 
hospital for treatment.  
      Among clinical parameters sputum and chronic 
kidney disease were found to be significant with hos-
pital mortality (P<0.001 for both). Distribution of nu-
trition types among patients with aspiration 

pneumonia offers valuable insights into the nutritional 
management of these patients (Table 2). It shows that 
a significant portion of patients required enteral and 
N/G tube feeding, indicating that a large number of 
patients had severe swallowing difficulties or were un-
able to maintain adequate oral intake. The use of PEG 
tubes and parenteral nutrition, while less common, 
also highlights the need for advanced nutritional inter-
ventions in critically ill patients. Oral nutrition, being 
the least utilized, underscores the severity of the pa-
tients' conditions, where basic oral intake was not suf-
ficient. This distribution reflects the critical role of 
nutritional support in the management of aspiration 
pneumonia and suggests that more intensive nutrition 
strategies are often necessary for patients with severe 
disease, which is closely associated with higher mor-
tality rates. 
      The table 2 on nutrition support and mortality ex-
amines the different types of nutritional interventions 
used among patients and their association with mor-
tality. Interestingly, patients who died had higher rates 
of enteral and parenteral nutrition compared to those 
who survived, which may suggest that the more criti-
cal condition of these patients, necessitating aggres-
sive nutritional support. Oral nutrition and enteral 
nutrition with N/G tube were found to be statistically 
significant with hospital mortality (P=0.002 and 
P=0.015, respectively). The use of N/G tubes is par-
ticularly notable among deceased patients (30 com-
pared to 15 in surviving patients), possibly indicating 
that these patients had significant swallowing difficul-
ties or were unable to intake food orally. The presence 
of PEG tubes was almost equal in both groups, sug-
gesting that PEG placement was a consistent treatment 
strategy regardless of the outcome. Overall, this table 
highlights the importance of nutritional management 
in critically ill patients with aspiration pneumonia and 
how the need for advanced nutritional support is often 
associated with poorer outcomes. 
      The cost analysis table presents a detailed com-
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parison of hospitalization costs between patients who 
survived and those who did not. On average, the costs 
are higher for patients who did not survive compared 
to those who survived, which can be attributed to the 
more intensive care and prolonged ICU stays required 
for critically ill patients. Additionally, the daily cost is 
also higher for deceased patients, indicating that these 
patients likely required more resource-intensive treat-
ments, such as advanced ventilatory support or spe-
cialized medications. This table underscores the 
substantial economic burden associated with severe 
cases of aspiration pneumonia, particularly in patients 
with poor outcomes.  

      The table-3 explores the relationship between 
LOS in the ICU, mortality outcomes and costs among 
the patients. It shows that patients who died had a sig-
nificantly longer average ICU stay (25 days) compared 
to those who survived (17 days). This prolonged ICU 
stay is indicative of the severe condition of these pa-
tients and the intensive nature of the care required. Ad-
ditionally, the cost associated with these patients is also 
higher, reinforcing the correlation between extended 
ICU stays, increased healthcare costs, and mortality. 
      The relationship between cost and mortality 
among age groups is shown in Table-4. Mortality out-
comes by age group provides a visual representation 
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of how age influences the risk of death in patients with 
aspiration pneumonia. The data clearly shows that pa-
tients aged 66-80 years are at the highest risk, with the 
most significant number of in-hospital, 30-day, and 
90-day mortalities occurring within this age group. Al-
though total cost, hospital mortality, 90-day mortality 
and LOS in the ICU were found to be higher in pa-
tients aged 66-80 years, they were not statistically sig-
nificant. This trend highlights the vulnerability of 
individuals in this age bracket, possibly due to the 
presence of multiple comorbidities and decreased 
physiological resilience. Notably, the mortality rates 
decrease slightly for those aged 81 and above, which 
could suggest a survival bias, where the healthiest 
older adults survive past 80, or that clinical interven-
tions are more aggressively applied in this older group. 

In table 4, it is emphasized that the importance of age-
specific strategies in managing aspiration pneumonia, 
particularly in middle-aged and elderly populations, 
to reduce the high mortality rates observed. 
      The mortality outcomes by age group table-4 pro-
vides crucial insights into how age affects mortality 
among patients with aspiration pneumonia. The table 
reveals a concerning trend: patients aged 66-80 years 
have the highest in-hospital mortality rate (17 deaths) 
and 90-day mortality rate (19 deaths). This age group 
also has the longest average ICU stay (28 days), indi-
cating that they are particularly vulnerable to severe 
complications from aspiration pneumonia. Interest-
ingly, the mortality rates in patients over 81 years are 
slightly lower, which might suggest either better man-
agement of these older patients or that those who sur-
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vive into this age bracket may have a stronger physi-
ological resilience. However, the data overall under-
scores the significant impact of age on mortality, with 
middle-aged to older adults (66-80 years) being at the 
highest risk, which should inform targeted intervention 
strategies in clinical settings. 
 
 
DISCUSSION 
 
This study provides a comprehensive analysis of the 
demographic characteristics, clinical outcomes, and 
economic burden associated with the treatment of as-
piration pneumonia, with a particular focus on the eld-
erly population. The findings reveal critical insights 
into the factors that influence mortality and the sub-
stantial healthcare costs incurred during the manage-
ment of this condition. 
      The demographic analysis underscores the signif-
icant impact of age on the incidence and outcomes of 
aspiration pneumonia. The data indicate that male pa-
tients, on average, are older than female patients, sug-
gesting that older men may be more susceptible to 
developing aspiration pneumonia. This could be due 
to a combination of factors, including the presence of 
chronic comorbidities, higher rates of smoking, and 
possibly lower health-seeking behavior compared to 
women. The broad age range observed among male 
patients highlights the need for targeted interventions 
in this demographic group. 
      The cost analysis reveals a significant economic 
burden associated with aspiration pneumonia, partic-
ularly in patients who do not survive. The higher costs 
observed in these patients are likely attributable to the 
more intensive care required, including prolonged ICU 
stays, advanced respiratory support, and complex 
medical management. The considerable variability in 
costs, as indicated by the high standard deviations, 
suggests that the clinical course of aspiration pneumo-
nia can differ widely among patients, depending on 
factors such as the severity of the infection, underlying 
health conditions, and the timing of intervention. This 
finding highlights the importance of early diagnosis 
and appropriate management to potentially reduce 
costs and improve outcomes [5]. 
      The comparison of costs between survivors and 
non-survivors also raises important questions about 
the allocation of healthcare resources. While it is cru-

cial to provide intensive care to critically ill patients, 
the data suggest that earlier and more aggressive treat-
ment in less severe cases could prevent the progression 
to critical illness, thereby reducing both mortality and 
costs. These findings underscore the need for health-
care systems to develop strategies that balance the cost 
of care with the potential benefits in terms of survival 
and quality of life. 
      The relationship between ICU stay duration and 
mortality outcomes provides further insights into the 
challenges of managing aspiration pneumonia. The 
data clearly show that patients who died had signifi-
cantly longer ICU stays than those who survived. This 
extended ICU stay reflects the severity of the patients' 
conditions and the intensive nature of the care re-
quired. However, it also raises concerns about the ef-
fectiveness of interventions in these critically ill 
patients. The prolonged ICU stay, coupled with high 
costs, suggests that these patients may benefit from 
more individualized treatment plans that focus on both 
aggressive management and palliative care, depending 
on the prognosis [6]. 
      The significant differences in ICU stay and asso-
ciated costs between survivors and non-survivors 
highlight the need for early identification of patients 
at high risk of poor outcomes. Implementing more ro-
bust risk assessment tools and protocols could help cli-
nicians make timely decisions about the level of care 
required, potentially reducing both mortality and the 
economic burden on healthcare systems. 
      Nutritional support emerged as a critical factor in 
the management of aspiration pneumonia. The data 
show that patients who required advanced nutritional 
interventions, such as enteral and parenteral nutrition, 
had higher mortality rates. This correlation suggests 
that severe aspiration pneumonia often leads to signif-
icant dysphagia and other complications that necessi-
tate intensive nutritional support. The high use of N/G 
tubes among deceased patients further underscores the 
severity of their condition, as these patients likely had 
compromised ability to protect their airways and man-
age oral intake [7]. 
      The findings related to nutritional support indicate 
that early and effective management of swallowing 
difficulties and nutritional needs is crucial in patients 
with aspiration pneumonia. Multidisciplinary ap-
proaches that include speech and language therapists, 
dietitians, and physicians may help optimize nutri-
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tional strategies and improve patient outcomes. Addi-
tionally, the equal use of PEG tubes in both survivors 
and non-survivors suggests that PEG placement is a 
consistent treatment approach, regardless of the prog-
nosis, which may warrant further exploration to deter-
mine its effectiveness and appropriateness in different 
patient populations [8]. 
      In a study conducted in the United States, the fre-
quency of death secondary to aspiration pneumonia in 
patients over 75 years of age was found to be 76%. 
This study emphasized that advanced age has a signif-
icant effect on mortality [9]. 
The analysis of mortality outcomes by age group re-
veals a particularly vulnerable demographic: patients 
aged 66-80 years. This age group not only had the 
highest in-hospital mortality but also showed signifi-
cant 30-day and 90-day mortality rates. These findings 
highlight the increased vulnerability of this age group 
to severe outcomes from aspiration pneumonia, likely 
due to the presence of multiple comorbidities and a re-
duced physiological reserve that impairs recovery. 
      Interestingly, the slightly lower mortality rates ob-
served in patients over 81 years could indicate a se-
lection bias, where only the healthiest individuals 
survive into advanced age. Alternatively, it may reflect 
differences in clinical decision-making, where older 
patients are treated more conservatively or receive 
more palliative-focused care. These observations sug-
gest that age alone should not be the primary determi-
nant of care strategies; instead, a more nuanced 
approach that considers the overall health status, co-
morbidities, and patient preferences is needed to opti-
mize outcomes. 
      Teramoto et al. [10] examined the healthcare costs 
associated with aspiration pneumonia in patients with 
neurological disorders. The study demonstrated that 
aspiration pneumonia significantly increases the cost 
of care due to prolonged hospital stays, intensive care 
unit admissions, and the need for extensive rehabili-
tation services. The authors recommended early inter-
vention strategies, including the use of prophylactic 
antibiotics and enhanced nursing care, to mitigate 
these costs [10]. 
      In a review conducted by Marin et al. [11], it was 
stated that oropharyngeal dysphagia secondary to neu-
rological disorders leads to aspiration pneumonia, 
thereby increasing costs and the economic burden.  
In an another review conducted by Attrill et al. [12], 

it is demonstrated that the presence of oropharyngeal 
dysphagia significantly increases healthcare utilization 
and cost. 
      The findings of this study have significant impli-
cations for clinical practice and healthcare policy. The 
high costs and mortality rates associated with aspira-
tion pneumonia highlight the need for improved pre-
vention strategies, particularly in high-risk populations 
such as the elderly and those with neurological impair-
ments. Early screening for dysphagia, aggressive man-
agement of aspiration risks, and timely nutritional 
support are essential components of care that could re-
duce the incidence of severe pneumonia and improve 
survival rates. 
      Healthcare systems must also consider the eco-
nomic implications of aspiration pneumonia. Given 
the substantial costs associated with ICU care and pro-
longed hospital stays, there is a clear need for cost-ef-
fective interventions that can prevent disease 
progression and reduce the need for intensive care. 
This may include the development of specialized care 
pathways for patients with aspiration pneumonia, with 
an emphasis on early intervention, multidisciplinary 
care, and appropriate resource allocation.  
 
Limitations  
      This study has several limitations that should be 
considered when interpreting the results. Firstly, the 
retrospective nature of the study introduces potential 
biases related to data collection and record accuracy. 
The reliance on existing medical records may have led 
to incomplete or inconsistent data, particularly in doc-
umenting clinical outcomes and cost-related variables. 
Secondly, the study sample was drawn from a single 
institution, which may limit the generalizability of the 
findings to other healthcare settings or populations. The 
specific practices and protocols of the institution could 
influence both mortality and cost outcomes, making it 
challenging to apply these results universally. 
      Thirdly, the study's focus on hospital-based data 
means that it does not account for long-term outcomes 
or costs associated with post-discharge care and fol-
low-up. As a result, the financial burden and mortality 
associated with aspiration pneumonia may be under-
estimated. 
      Additionally, while the study includes a range of 
age groups and severity levels, it may not fully capture 
the impact of other confounding factors such as co-
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morbidities or socioeconomic status, which could in-
fluence both mortality and costs. 
      Lastly, the analysis of cost data is limited by vari-
ations in billing practices and healthcare resource uti-
lization, which can affect the accuracy and 
comparability of cost estimates. 
      Data could be supported by more comprehensive 
and larger sample studies. Addressing these limitations 
in future research could provide a more comprehen-
sive understanding of the factors influencing mortality 
and costs in aspiration pneumonia and contribute to 
more effective management strategies. 
 
 
CONCLUSION 
 
In conclusion, this study provides valuable insights 
into the demographic, clinical, and economic factors 
associated with aspiration pneumonia. The findings 
underscore the importance of age, nutritional support, 
and ICU management in determining patient outcomes 
and healthcare costs. Addressing the challenges posed 
by aspiration pneumonia requires a multifaceted ap-
proach that includes early detection, targeted interven-
tions, and careful consideration of the cost-benefit 
ratio of various treatment strategies. By focusing on 
these areas, healthcare providers can improve out-
comes for patients with aspiration pneumonia while 
also mitigating the significant economic burden asso-
ciated with this condition. 
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Interplay and clinicopathological correlates of tumor 
size, multifocality and aggressive variants in patients 
with operated differentiated thyroid carcinoma: A 
retrospective cohort study  
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ABSTRACT 
Objectives: To investigate the interplay and clinicopathological correlates of tumor size, cancer foci (multifo-
cality/bilaterality), and aggressive variants in patients with operated differentiated thyroid cancer (DTC).  
Methods: A total of 596 patients with operated DTC (median age: 47.0 (range: 18.0-87.0 years, 77.5% were 
females) were included in this retrospective cohort study. Data on patient demographics, cancer foci, concomi-
tant Hashimoto's thyroiditis, surgery type, DTC subtype (papillary thyroid cancer [PTC], follicular thyroid 
cancer [FTC]) and variants, tumor size, lymph node metastasis, tumor invasion were recorded.  
Results: PTC aggressive variant (21.9%, P=0.045), extrathyroidal invasion (24.6%, P=0.012), tall cell PTC 
variant (60.3%, P=0.043), and widely invasive FTC variants (60.0% P=0.002) rates were significantly higher 
in the bilateral multifocal tumors than in the unifocal and unilateral multifocal tumors. The rates of Hashimoto's 
thyroiditis (59.8%, P<0.001) and PTC subtype (99.6%, P<0.001) were significantly higher, while the rates of 
lymph node metastasis (5.8%, P<0.001), capsule invasion (11.6%, P<0.001), vascular invasion (0.4%, P<0.001) 
and extrathyroidal invasion (4.5%, P<0.001) were significantly lower in <10 mm than in >10 mm tumors. 
Presence vs. absence of PTC aggressive variant was associated with significantly higher greatest tumor size 
(12 mm, P=0.013) and higher rates of multifocal tumor (50.5%, P=0.013) and extrathyroidal invasion (33.0%, 
P<0.001).  
Conclusions: Our findings revealed the presence of bilaterality/multifocality and aggressive variants in a con-
siderable proportion of patients with operated DTC, and a multifaceted interplay between bilaterality/multifo-
cality, tumor size, and PTC aggressive variants, in addition to their individual effects on increased risk of tumor 
invasion, particularly the extrathyroidal invasion.  
Keywords: Differentiated thyroid cancer, cancer foci, tumor size, multifocality/bilaterality, aggressive vari-
ants. 
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 D ifferentiated thyroid cancer (DTC) is the most 

common endocrine malignancy, while papil-
lary thyroid cancer (PTC) is the main subtype 

accounting for over 85% of DTC cases [1, 2]. Al-
though PTC usually has a favorable prognosis, up to 
20% of patients develop loco-regional recurrence with 
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worse clinical outcomes requiring further treatment, and 
distant metastasis occurs in 10-15% of patients [3, 4]. 
      Tumor size, extrathyroidal extension, and multi-
focality of tumor are considered amongst the clinico-
pathological factors used to differentiate patients at 
high risk of recurrence [5]. Multifocality is a frequent 
pathological feature of PTC generally detected in 
pathology specimens postoperatively [6], which may 
occur as multicentric independent synchronous neo-
plastic foci or as intrathyroidal spread from the pri-
mary tumor [5-7]. Multifocal lesions, particularly 
those with bilateral involvement, are associated with 
a higher degree of malignant characteristics and a 
more aggressive disease with an increased risk of 
lymph node metastasis and extrathyroidal extension 
[2, 6, 8, 9]. Accordingly, multifocality is involved in 
the PTC risk stratification systems as a poor prognos-
tic factor associated with increased risk of local recur-
rence, lymph-node metastasis, and distant metastasis 
[10, 11].  
      However, there are conflicting results in the liter-

ature on the prognostic significance of multifocality 
in PTC. Some studies indicated more aggressive fea-
tures and worse outcome in multifocal versus unifocal 
tumors, whereas others reported no such differences 
based on cancer foci or aggressive features [6, 8]. 
Hence, the clinical and prognostic implications of 
multifocality/bilaterality have been highly controver-
sial, which contributes to uncertainty regarding the 
choice of appropriate treatment [5, 6, 11].  
      Therefore, this retrospective cohort study aimed 
to comparatively investigate the interplay and clinico-
pathological correlates of tumor size, cancer foci (mul-
tifocality/bilaterality), and aggressive variants in 
patients with operated DTC. 
 
 
METHODS 
 
Study Population  
A total of 596 patients with operated DTC 
(median(min-max) age: 47.0(18.0-87.0) years, 77.5% 
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were females) were included in this retrospective co-
hort study conducted at a tertiary care center between 
January 2011 and August 2023. Adult (age >18 years) 
patients who operated with the suspected diagnosis of 
DTC and had the final pathological diagnosis confirm-
ing the DTC were included in the study. Concomitant 
presence of PTC and FTC subtypes, recurrence, and 
final pathology of thyroid malignancy after being op-
erated on with benign indications such as multinodular 
goiter or treatment-resistant Graves’ disease were the 
exclusion criteria of the study. Accordingly, while 
overall 810 patients with thyroid malignancy were op-
erated on within the study period, the final study pop-
ulation comprised 596 patients with exclusion of 214 
patients due to medullary thyroid carcinoma (n=25), 
poorly differentiated thyroid carcinoma (n=5), final 
pathology of thyroid malignancy after operated with 
benign indications such as multinodular goiter or treat-
ment-resistant Graves’ disease (n=169), concomitant 
presence of PTC and FTC (n=15) (Fig. 1).  
      Written informed consent was obtained from each 
participant. This study was conducted in accordance 
with the ethical principles stated in the “Declaration 
of Helsinki” and approved by the Bursa Uludag Uni-
versity Clinical Research Ethics Committee (Date of 
Approval: 12/12/2023; Protocol No: 2023-27/20).  
 
Assessments  
      Data on patient demographics (age, gender), can-
cer foci (unifocal, multifocal), concomitant 
Hashimoto's thyroiditis, surgery type, DTC subtype 
(PTC, follicular thyroid cancer [FTC]) and variants, 
tumor size, lymph node metastasis, tumor invasion 
(capsule, vascular and extrathyroidal) were recorded 
in each patient. Study parameters were also evaluated 
across cancer foci (unilateral unifocal, unilateral mul-
tifocal, and bilateral multifocal) and tumor size (<10 
mm, 10-39 mm, and ≥40 mm) subgroups, while can-
cer foci and tumor invasion status were also evaluated 
with respect to PTC and FTC variants.  
 
Statistical Analysis  
      Statistical analysis was performed using IBM 
SPSS Statistics for Windows, version 20.0 (IBM 
Corp., Armonk, NY). The conformity of the variables 
to the normal distribution was examined using the 
Kolmogorov-Smirnov method. The chi-square (Ⅹ2) 

test and Fisher's exact test were used to compare cat-
egorical data. Mann-Whitney U test was used to ana-
lyze two independent non-normally distributed 
variables. Data were expressed as median (minimum-
maximum), and percent (%) where appropriate. 
P<0.05 was considered statistically significant. 
 
 
RESULTS 
 
Patient Demographics, Surgery Type, and Tumor 
Characteristics  
Median patient age was 47.0 years (range, 18.0 to 87.0 
years) and females comprised 77.5% of the study pop-
ulation. Concomitant Hashimoto's thyroiditis was 
noted in 52.7% of patients (Table 1). Total thyroidec-
tomy (88.9%) was the leading operation and PTC 
(94.8%) was the most common DCT subtype. Multi-
focal cancer was noted in 38.1% (bilateral in 30.7%) 
of patients and PTC aggressive variants were noted in 
17.1% of patients. Papillary thyroid microcarcinoma 
(PTMC; tumor size <10 mm) was evident in 37.6% of 
patients. Lymph node metastasis, capsule invasion, 
vascular invasion, and extrathyroidal invasion were 
noted in 13.4%, 19.1%, 7.4% and 17.6% of patients, 
respectively (Table 1).  
 
Study Parameters in Cancer Foci Subgroups  
      Bilateral multifocal tumors were associated with 
significantly higher total thyroidectomy (99.5% vs. 
84.6% and 81.8%, respectively, P<0.001), PTC ag-
gressive variant (21.9% vs. 13.6% and 15.9%, respec-
tively, P=0.045) and extrathyroidal invasion (24.6% 
vs. 14.4% and 15.9%, respectively, P=0.012) rates, 
compared to the unifocal and unilateral multifocal tu-
mors (Table 2). PTC subtype was significantly more 
common in the unilateral multifocal (100.0%) and bi-
lateral multifocal (98.4%) tumors compared to the uni-
focal tumors (92.4%, P=0.003). The largest tumor size 
was significantly lower in the unilateral multifocal tu-
mors than in unifocal tumors and bilateral multifocal 
tumors (median (min-max): 8.5 (1.0-45.0) vs. 12.0 
(1.0-180.0) and 12.0 (2.0-105.0) mm, respectively, 
P=0.024). Patient demographics, and the presence of 
Hashimoto thyroiditis, lymph node metastasis, and 
capsular and vascular tumor invasion were similar 
across cancer foci subgroups (Table 2).  
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Study Parameters in Tumor Size Subgroups  
      In patients with PTMC (tumor size <10 mm), 
compared to those with tumor size of 10-39 mm and 
tumor size of >40 mm, percentage of females were 
significantly higher (83.0% vs. 75.7% and 62.8%, 
P=0.007) along with higher rate of concomitant 
Hashimoto's thyroiditis (59.8% vs. 51.4% and 25.6%, 
P<0.001) and PTC (99.6% vs. 94.2% and 74.4%, 
P<0.001) but lower rates of lymph node metastasis 
(5.8% vs. 18.2% and 16.3%, P<0.001), capsule inva-
sion (11.6% vs. 20.1% and 51.2%, P<0.001), vascular 
invasion (0.4% vs. 9.7% and 25.6%, P<0.001) and ex-
trathyroidal invasion (4.5% vs. 25.8% and 23.3%, 
P<0.001) (Table 3). The rates of total thyroidectomy 
(92.7% vs. 84.8% and 81.4%, P=0.006) and PTC ag-
gressive variants (20.4% vs. 10.3% and 16.3%, 
P=0.007) were significantly higher in tumors of 10-39 
mm in size than in tumors of <10 mm and >40 mm in 
size (Table 3).  
 
PTC and FTC Variants According to Cancer Foci  
      Overall, PTC variants were noted in 724 foci 

(59.5% were classical variants), and FTC variants 
were noted in 31 foci (74.2% were minimally invasive 
variants) among 596 patients (Table 4). Classical PTC 
variants (56.4% vs. 43.6%, P=0.043) and minimally 
invasive FTC variants (100.0% vs. 0.0%, P=0.002) 
were associated with significantly higher rates of uni-
focal tumor than multifocal tumor, while tall cell PTC 
variants (60.3% vs. 39.7%, P=0.043) and widely in-
vasive FTC variants (60.0% vs. 40.0%, P=0.002) were 
associated with significantly higher rate of multifocal 
tumor than unifocal tumor (Table 4).  
 
PTC and FTC Variants According to Tumor Invasion  
      Capsule invasion was less common in classical 
(14.8%) and tall cell (15.5%) PTC variants, but more 
common in follicular PTC variants (24.9%) 
(P=0.026). No significant difference was noted in vas-
cular invasion rates concerning PTC variants. Ex-
trathyroidal invasion was more common in PTC 
aggressive variants (columnar cell: 44.4%, diffuse 
sclerosing: 88.9%), P<0.001) (Table 5). Capsule inva-
sion was more common in minimally invasive 

The European Research Journal   Volume 11   Issue 3   May 2025               557

!"#$%&D(&)!E&",-&F!E&G"1+",*5&"44/1-+,0&*/&4",4%1&A/4+&

" ?46'F$ 3'.5#($A45-$

$ " I.-A45'F$ Y<F6-A45'F$ B$C'F<#$

B?3$C'(-'.68*$.$%2)$ )6(" " " "

F'&33?A&'$ (9-",58*5!" 6(9",54*(!" -..",(9*4!" STSNK"

0$''?AJ'&>"$ -))",6(*(!" .5",(.*+!" 86",56*+!" "

#&''"A1''!$ 5.",.*+!" 69",98*)!" 95",4+*9!" "

T$'?@!$ -9",-*.!" .",4-*5!" 5",9.*5!" "

U$CH&?'!$ -6",-*)!" 8",)5*+!" 9",65*+!" "

DHA$A=%?A"$ -+",-*(!" )",)+*+!" 9",9+*+!" "

F$'J2H&>"A1''!$ 8",-*6!" 4",44*)!" 9",99*9!" "

V?IIJ31"3A'1>$3?HN!$ 8",-*6!" (",((*(!" 5",55*4!" "

F'1&>"A1''"$ (",+*4!" (",-++*+!" +",+*+!" "

F>?C>?I$>2/2$>J'&>"$ -",+*-!" -",-++*+!" +",+*+!" "

W&>%<?H/'?X1"$ +",+*+!" +",+*+!" +",+*+!" "

Z?3$C'(-'.68*$.$%2)$ 9-" " " "

7?H?2&''="?HY&3?Y1""$ 69",)(*6!" 69",-++*+!" +",+*+!" STSSV"

W?@1'="?HY&3?Y1$ 5",-4*-!" 6",(+*+!" 9",4+*+!" "

UJ>%'1"A1''"A&>A?H$2&"$ 9",8*)!" 9",-++*+!" +",+*+!" "

4"#$4+5%66+(/-*./(0%,-1+)1'(3-7"#$7066%186+(-*./(0%,-1+)1'("

#+>>('??%@'-4"#-@+(%+)*?3-7%?.'(-'A+1*-*'?*-



Eur Res J. 2025;11(3):551-563 Tumor size, multifocality and variants in DTC

558       The European Research Journal   Volume 11   Issue 3   May 2025

!"#$%&;(&)!E&",-&F!E&G"1+",*5&"44/1-+,0&*/&*7./1&+,G"5+/,&

" 3'=8<F#$-.C'8-4.$ G'85<F'($-.C'8-4.$ H06('69&(4-,'F$-.C'8-4.$

B?3$C'(-'.68*$.$%2)$ [4" \#8" [4" \#8" [4" \#8"

F'&33?A&'$ 94)",.5*6!" 4(",-(*.!" (+.",8(*)!" 69",5*9!" 95-",.-*(!" .+",-.*4!"

0$''?AJ'&>"$ -99",)5*-!" ((",6(*8!" -4)",8(*(!" -+",5*4!" -(.",.9*4!" 68",-4*(!"

#&''"A1''!$ (8",.(*5!" 8",-5*5!" 5)",8.*9!" -",-*)!" (6",)6*(!" -4",6)*4!"

T$'?@!$ 8",48*6!" (",9+*.!" --",.(*4!" 6",-5*(!" --",.(*4!" 6",-5*(!"

U$CH&?'!$ -+",.9*9!" 6",-4*)!" --",8-*)!" -",.*9!" 8",)5*+!" 9",65*+!"

DHA$A=%?A"$ )",)+*+!" 9",9+*+!" -+",-++*+!" +",+*+!" .",.+*+!" 6",6+*+!"

F$'J2H&>"A1''!$ )",))*.!" 6",66*6!" )",))*.!" 6",66*6!" 5",55*4!" (",((*(!"

V?IIJ31"3A'1>$3?HN!$ 8",-++*+!" +",+*+!" )",))*.!" 6",66*6!" -",--*-!" .",..*8!"

F'1&>"A1''"$ 9",)5*+!" -",65*+!" (",-++*+!" +",+*+!" 9",)5*+!" -",65*+!"

F>?C>?I$>2/2$>J'&>"$ +",+*+!" -",-++*+!" -",-++*+!" +",+*+!" -",-++*+!" +",+*+!"

W&>%<?H/'?X1"$ +",+*+!" +",+*+!" +",+*+!" +",+*+!" +",+*+!" +",+*+!"

E"Y&'J1" STSVL" +*+.4" RSTSSP"

Z?3$C'(-'.68*$.$%2)$ [4" \#8" [4" \#8" [4" \#8"

7?H?2&''="?HY&3?Y1""$ (",-)*(!" -8",.6*4!" -.",).*9!" 5",6-*)!" 6-",8-*9!" 6,.*)!"

W?@1'="?HY&3?Y1$ 5",-++*+!" +",+*+!" -",6+*+!" (",.+*+!" (",.+*+!" -,6+*+!"

UJ>%'1"A1''"A&>A?H$2&"$ +",+*+!" 9",-++*+!" -",99*9!" 6",44*)!" 9",-++*+!" +,+*+!"

E"Y&'J1" STSSP" STSPM" +*4+4"

4"#$4+5%66+(/-*./(0%,-1+)1'(3-7"#$7066%186+(-*./(0%,-1+)1'(<-

-#B>>('??%@'-4"#-@+(%+)*?3-7%?.'(-'A+1*-*'?*-

!

!"#$%&=(&!7./1&43"1"4*%1+5*+45&"44/1-+,0&*/&21%5%,4%&/A&)!E&"001%55+G%&G"1+",*&

" B?3$'""(#88-C#$C'(-'.6"

" [4$ \#8$ B$C'F<#$

?<+4($59'('56#(-86-58$ " " $

#<1"N>1&%13%"%J2$>"3?M1",22!P"21@?&H,2?H/2&Z!"" -+*5",-*+/))*+!" -6*+",9*+/-+5*+!" STSPK$

F$HA$2?%&H%"U&3<?2$%$[3"%<=>$?@?%?3P"Q" 59*(" 55*)" +*4.4"

7J'%?I$A&'"%J2$>P"Q" 9)*+" 5+*5" STSPK$

B=2O<"H$@1"21%&3%&3?3P"Q" -9*6" -.*4" +*-)6"

F&O3J'1"?HY&3?$HP"Q" -4*+" -)*5" +*)64"

\&3AJ'&>"?HY&3?$HP"Q" 5*4" )*6" +*564$

]Z%>&%<=>$?@&'"?HY&3?$HP"Q" -5*+" 99*+" RSTSSP$

4"#$4+5%66+(/-*./(0%,-1+)1'(!

(82.6%) and Hurtle cell carcinoma (100.0%) variants 
of FTC but less common in widely invasive FTC vari-
ants (P=0.001). Vascular invasion was less common 

in the minimally invasive FTC variant (21.7%) but 
more common in the widely invasive FTC variant 
(80.0%) (P=0.019). No significant difference was 
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noted in extrathyroidal invasion rates concerning FTC 
variants (Table 5).  
 
Tumor Characteristics According to the Presence of 
PTC Aggressive Variant  
      Presence vs. absence of PTC aggressive variant 
was associated with significantly higher value of the 
greatest tumor size (median(min-max) 12.0(3.0-15.0) 
vs. 10.5(1.0-77.0), P=0.013), higher rate of concomi-
tant Hashimoto’s thyroiditis (50.5 vs. 37.0%, P=0.013) 
and extrathyroidal invasion (33.0% vs. 15.0%, 
P<0.001) (Table 6).  
 
Overall Correlates of the Bilateral Multifocal Tumor, 
<10 mm Tumor Size, and PTC Aggressive Variant  
      Total thyroidectomy (99.5%, P<0.001), PTC ag-
gressive variant (21.9%, P<0.05) and extrathyroidal 
invasion (24.6%, P=0.012), tall cell PTC variant 
(60.3%, P=0.043) and widely invasive FTC variants 
(60.0% P=0.002) rates were significantly higher in the 
bilateral multifocal tumors than in unifocal tumors and 
unilateral multifocal tumors (Fig 2). Percentage of fe-

males (83.0%, P=0.007), rate of Hashimoto's thyroidi-
tis (59.8%, P<0.001) and PTC subtype (99.6%, 
P<0.001) were significantly higher, while the rates of 
lymph node metastasis (5.8%, P<0.001), capsule in-
vasion (11.6%, P<0.001), vascular invasion (0.4%, 
P<0.001) and extrathyroidal invasion (4.5%, P<0.001) 
were significantly lower in <10 mm tumors than in 
>10 mm tumors. Presence vs. absence of PTC aggres-
sive variant was associated with significantly higher 
greatest tumor size (12 mm, P=0.013) and higher rates 
of multifocal tumor (50.5%, P=0.013) and extrathy-
roidal invasion (33.0%, P<0.001) (Fig 2). 
 
 
DISCUSSION 
 
Our findings in a retrospective cohort of patients with 
operated DTC revealed a potential interplay between 
the cancer foci, tumor size, and tumor variants, along 
with the significant adverse impact of multifocality, 
larger tumor size, and PTC aggressive variants on the 
extent of tumor invasion.  
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!

! Fig. 2. Correlates of bilateral multifocal tumor, <10 mm tumor size and PTC aggressive variant.
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      In our cohort, the multifocal tumor was noted in 
38.1% (bilateral in 30.7%) of patients, PTC aggressive 
variants in 17.1% of patients, and PTMC (tumor size 
<10 mm) in 37.6% of patients. These findings are con-
sistent with previously reported frequencies of multi-
focality (18%-87%), unilateral multifocality (30.1%), 
bilateral multifocality (13%-71%), PTMC (39.0%), 
multifocal PTMC (13.4%-36.1%) and PTC aggressive 
variants (5-28%) in DTC series [6, 9-13].  
Multifocality, particularly the bilaterality of multifocal 
PTC, has been consistently reported to be a poor prog-
nostic factor for PTC regarding its strong association 
with aggressive clinicopathological factors such as the 
increased risk of tumor size >1 cm, extrathyroidal ex-
tension, locoregional recurrence, lymph node metas-
tasis, and distant metastasis [9-11, 13, 14].  
      In our cohort, bilateral multifocal tumor was asso-
ciated with significantly higher rates of extrathyroidal 
invasion and total thyroidectomy and a more common 
presence of PTC aggressive variants, tall cell PTC vari-
ants, and widely invasive FTC variants compared to 
unifocal tumors and unilateral multifocal tumors. 
Lymph node metastasis and capsular and vascular 
tumor invasion rates were similar across cancer foci 
subgroups in our study. In a metanalysis of 15 studies 
comprising 9,665 patients with PTC, no significant dif-
ferences were noted between unilateral multifocal and 
unilateral unifocal PTC in terms of age, gender, ex-
trathyroidal extension, and tumor size but lymph node 
metastasis rates were higher in the unilateral multifocal 
group, emphasizing the role of multifocality in tumor 
aggressiveness and tumorigenesis [5]. 
      Notably, in our cohort, the effect of cancer foci ap-
peared to significantly differ between unifocal and bi-
lateral multifocal groups, rather than between unifocal 
and unilateral multifocal groups. Apart from lower 
tumor size in unilateral multifocal tumors, no signifi-
cant difference was noted between unifocal and uni-
lateral multifocal groups in terms of patient 
demographics, lymph node metastasis or tumor inva-
sion. Likewise, in a previous study with PTC patients, 
bilateral and unilateral multifocal PTC were reported 
to differ significantly concerning larger tumor size, 
higher frequency of gross extrathyroidal extension, 
and a more advanced T stage in bilateral multifocal 
PTC but were found to be similar in terms of aggres-
sive PTC subtypes, cervical LN metastasis, 
BRAFV600E positivity, and lymphatic, vascular, and 

perineural invasion [8].  
      PTMC (tumor size <10 mm) was more common in 
our female patients and in those with concomitant 
Hashimoto's thyroiditis and was associated with favor-
able prognostic factors such as lower rates of lymph 
node metastasis and tumor invasion (capsule, vascular, 
and extrathyroidal) compared to larger tumor size (par-
ticularly >40 mm). Similarly, in previous PTC studies, 
tumor size >1 cm was associated with an increased like-
lihood of multifocality [10, 12, 15], while tumor size 
>4 cm was found to be an independent predictor for bi-
laterality in multifocal PTCs [11]. PTC (compared to 
PTMC) and >5 mm PTMC (compared to ≤5 mm 
PTMC) were reported to have more aggressive 
histopathological features such as capsule invasion, bi-
laterality, and lymph node metastasis [16]. It is also sug-
gested that tumor multifocality is an important 
prognostic factor for PTCs larger than 1 cm but may 
have little or no prognostic significance for PTMC [17]. 
      Multifocal and unifocal lesions were similar in 
terms of gender and Hashimoto’s thyroiditis in our 
study, while some studies indicated a higher rate of 
multifocal lesions in male subjects and a lower inci-
dence of Hashimoto’s thyroiditis in multifocal patients 
compared with those in solitary lesions (41% vs 60%) 
[9, 18]. The association of Hashimoto’s thyroiditis 
with <10 mm tumors but not with multifocality in our 
study supports the consideration of close follow-up 
performed for Hashimoto’s thyroiditis to be associated 
with increased diagnosis rates of <10 mm thyroid ma-
lignancies with no relation to the clinical course [19]. 
Likewise, PTC subjects complicated with benign thy-
roid diseases were reported to present with relatively 
small tumors and a relatively low incidence of lymph 
node metastasis [9, 20].  
      In our cohort, patient age (median 47 years over-
all, 46.5 years in females, 49.5 years in males) was not 
associated with tumor size or multifocality, which 
seems notable given the consideration of age over 45 
as an independent risk factor for recurrence and age 
over 55 as a risk factor for postoperative mortality in 
patients with thyroid malignancy [21]. However, some 
studies also reported no correlation between age and 
prognosis [18].  
      Although multifocality was indicated as an inde-
pendent risk factor for lymph node metastasis (cervical 
and lateral) in previous meta-analyses [5], lymph node 
metastasis appeared to be associated with tumor size 
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(less common in the case of PTMC) but not with mul-
tifocality in our study. Also, there was a nonsignificant 
tendency for increased risk of lymph node metastasis 
in patients with vs. those without PTC aggressive vari-
ant (18.6 vs. 13.2%). These findings may relate to the 
low sensitivity and specificity of preoperative US in 
detecting lymph node metastasis [22]. Indeed, some 
studies indicated that multifocality "per se" was not 
independently associated with lymph node metastasis 
or worse clinical outcomes in PTC patients [6].  
      In our cohort, bilateral multifocality was associ-
ated with PTC aggressive variants, particularly the tall 
cell PTC variants, as well as with the widely invasive 
FTC variants. The relation of multifocality with ag-
gressive variants was also reported in previous studies 
which indicated multifocality in all tall cell variants 
and increased likelihood of multifocality in mixed-
variant tumors including both papillary and follicular 
variants [10,12,15]. Moreover, bilaterality itself was 
associated with a higher risk of capsule invasion and 
a higher incidence of the "tall-cells" variant when 
compared to unilateral tumors [16]. The association of 
PTC aggressive variants with significantly greater 
tumor size and higher rates of multifocal tumors are 
notable in this regard, given the adverse impact of 
tumor size >40 mm (capsular and vascular invasion) 
and bilateral multifocal tumor (extrathyroidal inva-
sion) on tumor invasion, increasing the likelihood of 
a total thyroidectomy operation. Previous studies also 
indicated the association of the aggressive variants at 
the time of diagnosis with advanced stage and in-
creased risk of postoperative recurrence and resistance 
to radioactive iodine ablation (RAI) therapy [14, 23].  
      Overall, more aggressive initial treatment (includ-
ing total thyroidectomy and RAI) and closer follow-
up are employed for patients with multifocal disease, 
given the higher incidence rate of recurrence/persis-
tence than unifocal disease [5, 12, 17, 20]. Specifi-
cally, our total thyroidectomy rates were highest for 
bilateral multifocal tumors (99.5%), followed by uni-
lateral unifocal tumors (84.6%) and unilateral multi-
focal tumors (81.8%). This seems consistent with the 
consideration of multifocality, increased tumor size 
and tumor invasion amongst the factors predicting the 
recurrence risk in patients with DTC and the associa-
tion of bilateral PTC with multiple cancer foci and 
easy extrathyroidal extension [9, 12, 24].  
      Given the propensity for PTC to be multifocal 

(often bilateral, mostly in familial disease), a lower 
risk of loco-regional disease recurrence has been re-
ported following total thyroidectomy as compared to 
thyroid lobectomy [6, 25, 26]. Also, occult carcinoma 
rates of 45.1% and 16.7% were reported in total thy-
roidectomy operations performed for solitary nodules 
and unilateral PTMC, respectively [27, 28]. Although 
the size of preoperatively undetected occult foci was 
<3 mm in majority of cases, given their association 
with increased risk of multifocality and recurrence, 
total thyroidectomy is considered a reasonable strategy 
in solitary nodules, regardless of the lesion size [9, 27].  
      Nonetheless, the implementation of active surveil-
lance has also been suggested in patients with <1 cm 
lesion, N0 nodal status, and low-risk factors in the US 
[29, 30], given the very low rates of tumor growth >3 
mm (8%) or lymph node metastasis (3.8%) at 10-year 
follow up [29], and low rates of surgery need (7%) 
during 5-year follow up of PTMC patients [30]. How-
ever, these findings should be justified with evidence-
based data from large series, and currently, the active 
surveillance in low-risk PTMC seems to be considered 
a questionable strategy, given the loss to follow-up risk 
in the long-term, patients’ perception of surgery needs 
during the surveillance period, and the reliability and 
accuracy of preoperative US.  
 
Limitations 
      Although our results provide data on a compre-
hensive analysis of tumor size, cancer foci, and ag-
gressive variants in DTC patients, certain limitations 
of this study should be considered. First, the retrospec-
tive single-center design and relatively small number 
of participants are the main limitations in terms of the 
risk of selection bias and the generalizability of our re-
sults. Second, the lack of data on other outcomes of 
interest such as family history or genetic mutation in-
cluding BRAF mutation, or long-term follow-up data 
on recurrence and cancer-specific survival is another 
limitation. 
 
 
CONCLUSION 
 
In conclusion, our findings revealed the presence of 
bilaterality/multifocality and aggressive variants in a 
considerable proportion of patients with operated 
DTC, alongside a multifaceted interplay between bi-
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laterality/multifocality, tumor size, and PTC aggres-
sive variants, in addition to their individual effects on 
increased risk of tumor invasion, particularly the ex-
trathyroidal invasion. Accordingly, while total thy-
roidectomy should be considered in the presence of >4 
cm tumor with high-risk factors on preoperative ultra-
sound, the recurrence risk related to bilaterality/mul-
tifocality and aggressive variants besides the patients’ 
preference and concerns regarding the close follow-
up required after less extensive procedures should 
guide the decision of thyroidectomy, regardless of the 
tumor size. 
 
Ethical Statement 
      This study was conducted in accordance with the 
ethical principles stated in the “Declaration of 
Helsinki” and approved by the Bursa Uludag Univer-
sity Clinical Research Ethics Committee (Date of Ap-
proval: 12/12/2023; Protocol No: 2023-27/20). 
 
Authors’ Contribution  
      Study Conception: EG; Study Design: EG; Super-
vision: EG, AVÖ; Funding: N/A; Materials: EG, AVÖ; 
Data Collection and/or Processing: EG, AVÖ; Statis-
tical Analysis and/or Data Interpretation: EG, AVÖ; 
Literature Review: EG, AVÖ; Manuscript Preparation: 
EG and Critical Review: EG, AVÖ.  
 
Conflict of interest  
      The authors disclosed no conflict of interest during 
the preparation or publication of this manuscript.  
 
Financing  
      The authors disclosed that they did not receive any 
grant during conduction or writing of this study. 
 
Editor's note 
      All statements made in this article are solely those 
of the authors and do not represent the views of their 
affiliates or the publisher, editors, or reviewers. Any 
claims made by any product or manufacturer that may 
be evaluated in this article are not guaranteed or en-
dorsed by the publisher. 
 
 
REFERENCES 
 
1. Megwalu U, Moon P. Thyroid cancer incidence and mortality 

trends in the United States: 2000–2018. Thyroid. 2022;32(5):560-
570. doi: 10.1089/thy.2021.0662. 
2. Chow SM, Law SC, Chan JK, Au SK, Yau S, Lau WH. Papil-
lary microcarcinoma of the thyroid-Prognostic significance of 
lymph node metastasis and multifocality. Cancer. 2003;98(1):31-
40. doi: 10.1002/cncr.11442. 
3. Mitchell AL, Gandhi A, Scott-Coombes D, Perros P. Manage-
ment of thyroid cancer: United Kingdom National multidiscipli-
nary guidelines. J Laryngol Otol. 2016;130(S2):S150-S160. doi: 
10.1017/S0022215116000578. 
4. Po ́voa AA, Teixeira E, Bella-Cueto MR, et al. Clinicopatho-
logical features as prognostic predictors of poor outcome in pap-
illary thyroid carcinoma. Cancers. 2020;12(11):3186. doi: 
10.3390/cancers12113186. 
5. Zhang T, He L, Wang Z, et al. The Differences Between Mul-
tifocal and Unifocal Papillary Thyroid Carcinoma in Unilateral 
Lobe: A Meta-Analysis. Front Oncol. 2021;11:657237. doi: 
10.3389/fonc.2021.657237. 
6. Sapuppo G, Grasso S, Di Benedetto G, et al. Is multifocality a 
risk factor in low-risk papillary thyroid cancer? Endokrynol Pol. 
2022;73(6):928-934. doi: 10.5603/EP.a2022.0073. 
7. Muzza M. The clonal origin of multifocal papillary thyroid 
cancer: intrathyroidal spread or independent tumors? Minerva 
Endocrinol (Torino). 2021;46(1):35-44. doi: 10.23736/S2724-
6507.20.03302-7. 
8. Kim Y, An S, Park J, Bae JS, Kim JS, Kim K. Clinical Impli-
cation of Bilateral and Unilateral Multifocality in Papillary Thy-
roid Carcinoma: A Propensity Score-Matched Study. Cancers 
(Basel). 2023;15(14):3596. doi: 10.3390/cancers15143596. 
9. Huang G, Tian X, Li Y, Ji F. Clinical characteristics and surgi-
cal resection of multifocal papillary thyroid carcinoma: 168 
cases. Int J Clin Exp Med. 2014;7(12):5802-5807. 
10. Gur EO, Karaisli S, Haciyanli S, et al. Multifocality related 
factors in papillary thyroid carcinoma. Asian J Surg. 
2019;42(1):297-302. doi: 10.1016/j.asjsur.2018.05.004. 
11. Parvathareddy SK, Siraj AK, Annaiyappanaidu P, et al. Bilat-
eral multifocality is an independent predictor of patients' outcome 
in Middle Eastern papillary thyroid carcinoma. Front Endocrinol 
(Lausanne). 2023;13:1060301. doi: 10.3389/fendo.2022.1060301. 
12. Kiriakopoulos A, Petralias A, Linos D. Multifocal versus soli-
tary papillary thyroid carcinoma. World J Surg. 2016;40(9):2139-
2143. doi: 10.1007/s00268-016-3628-5. 
13. Joseph KR, Edirimanne S, Eslick GD. Multifocality as a 
prognostic factor in thyroid cancer: A meta-analysis. Int J Surg. 
2018;50:121-125. doi: 10.1016/j.ijsu.2017.12.035. 
14. Vuong HG, Duong UNP, Pham TQ, et al. Clinicopathological 
Risk Factors for Distant Metastasis in Differentiated Thyroid Car-
cinoma: A Meta-analysis. World J Surg. 2018;42(4):1005-1017. 
doi: 10.1007/s00268-017-4206-1. 
15. Wang P, Wang Y, Miao C, et al. Defining a new tumor dimen-
sion in staging of papillary thyroid carcinoma. Ann Surg Oncol. 
2017;24(6):1551-1556. doi: 10.1245/s10434-017-5764-z. 
16. Miccoli P, Minuto MN, Ugolini C, et al. Intrathyroidal differ-
entiated thyroid carcinoma: tumor size-based surgical concepts. 
World J Surg. 2007;31(5):888-894. doi: 10.1007/s00268-006-
0795-9. 
17. Kim KJ, Kim SM, Lee YS, Chung WY, Chang HS, Park CS. 

562       The European Research Journal   Volume 11   Issue 3   May 2025

https://doi.org/10.1089/thy.2021.0662
https://doi.org/10.1002/cncr.11442
https://doi.org/10.1017/s0022215116000578
https://doi.org/10.3390/cancers12113186
https://doi.org/10.3389/fonc.2021.657237
https://doi.org/10.5603/ep.a2022.0073
https://doi.org/10.23736/s2724-6507.20.03302-7
https://doi.org/10.23736/s2724-6507.20.03302-7
https://doi.org/10.3390/cancers15143596
https://doi.org/10.1016/j.asjsur.2018.05.004
https://doi.org/10.3389/fendo.2022.1060301
https://doi.org/10.1007/s00268-016-3628-5
https://doi.org/10.1016/j.ijsu.2017.12.035
https://doi.org/10.1007/s00268-017-4206-1
https://doi.org/10.1245/s10434-017-5764-z
https://doi.org/10.1007/s00268-006-0795-9
https://doi.org/10.1007/s00268-006-0795-9


Eur Res J. 2025;11(3):551-563 Gürlüler and Özen

Prognostic significance of tumor multifocality in papillary thy-
roid carcinoma and its relationship with primary tumor size: a 
retrospective study of 2,309 consecutive patients. Ann Surg 
Oncol. 2015;22(1):125-131. doi: 10.1245/s10434-014-3899-8. 
18. Glikson E, Alon E, Bedrin L, Talmi YP. Prognostic Factors 
in Differentiated Thyroid Cancer Revisited. Isr Med Assoc J. 
2017;19(2):114-118. 
19. Yihao L, Shuo L, Pu X, et al. Risk Factors for Contralateral 
Occult Papillary Thyroid Carcinoma in Patients with Clinical Uni-
lateral Papillary Thyroid Carcinoma: A Case-Control Study. Int J 
Endocrinol. 2022;2022:5112985. doi: 10.1155/2022/5112985. 
20. Iacobone M, Jansson S, Barczyński M, Goretzki P. Multifocal 
papillary thyroid carcinoma--a consensus report of the European 
Society of Endocrine Surgeons (ESES). Langenbecks Arch Surg. 
2014;399(2):141-154. doi: 10.1007/s00423-013-1145-7. 
21. Park KW, Han AY, Kim CM, Wang MB, Nguyen CT. Is 
lobectomy sufficient for multifocal papillary thyroid microcarci-
noma? Am J Otolaryngol. 2023;44(4):103881. doi: 
10.1016/j.amjoto.2023.103881. 
22. Lloyd RV, Osamura RY, Klöppel G, Rosai J, eds. WHO Clas-
sification of Tumours of Endocrine Organs. WHO Classification 
of Tumours. 4th ed. Volume 10. Lyon: IARC; 2017. 
23. Wang X, Cheng W, Liu C, Li J. Tall cell variant of papillary 
thyroid carcinoma: Current evidence on clinicopathologic fea-
tures and molecular biology. Oncotarget. 2016;7(26):40792-
40799. doi: 10.18632/oncotarget.8215. 
24. Khan U, Al Afif A, Aldaihani A, et al. Patient and tumor fac-

tors contributing to distant metastasis in well-differentiated thy-
roid cancer: a retrospective cohort study. J Otolaryngol Head 
Neck Surg. 2020;49(1):78. doi: 10.1186/s40463-020-00469-8. 
25. Hirokawa M, Maekawa M, Kuma S, Miyauchi A. Cribriform-
morular variant of papillary thyroid carcinoma--cytological and 
immunocytochemical findings of 18 cases. Diagn Cytopathol. 
2010;38(12):890-896. doi: 10.1002/dc.21309. 
26. Ito Y, Miyauchi A, Ishikawa H, et al. Our experience of treat-
ment of cribriform morular variant of papillary thyroid carci-
noma; difference in clinicopathological features of 
FAP-associated and sporadic patients. Endocr J. 2011;58(8):685-
689. doi: 10.1507/endocrj.ej11-0022. 
27. Park SY, Jung YS, Ryu CH, et al. Identification of occult tu-
mors by whole-specimen mapping in solitary papillary thyroid 
carcinoma. Endocr Relat Cancer. 2015;22(4):679-686. doi: 
10.1530/ERC-15-0152. 
28. Koo BS, Lim HS, Lim YC, et al. Occult contralateral carci-
noma in patients with unilateral papillary thyroid microcarci-
noma. Ann Surg Oncol. 2010;17(4):1101-1105. doi: 
10.1245/s10434-009-0906-6. 
29. Miyauchi A. Clinical Trials of Active Surveillance of Papil-
lary Microcarcinoma of the Thyroid. World J Surg. 
2016;40(3):516-522. doi: 10.1007/s00268-015-3392-y. 
30. Yassa L, Cibas ES, Benson CB, et al. Long-term assessment 
of a multidisciplinary approach to thyroid nodule diagnostic eval-
uation. Cancer. 2007;111(6):508-516. doi: 10.1002/cncr.23116.

The European Research Journal   Volume 11   Issue 3   May 2025               563

https://doi.org/10.1245/s10434-014-3899-8
https://doi.org/10.1155/2022/5112985
https://doi.org/10.1007/s00423-013-1145-7
https://doi.org/10.1016/j.amjoto.2023.103881
https://doi.org/10.18632/oncotarget.8215
https://doi.org/10.1186/s40463-020-00469-8
https://doi.org/10.1002/dc.21309
https://doi.org/10.1507/endocrj.ej11-0022
https://doi.org/10.1530/erc-15-0152
https://doi.org/10.1245/s10434-009-0906-6
https://doi.org/10.1007/s00268-015-3392-y
https://doi.org/10.1002/cncr.23116


YouTube as a source of information on thoracic outlet 
syndrome: quality and reliability analysis 
 
Zeynep Rukiye Yurttutmuş Tatlı1 , Demet Ferahman2  
 
1Department of Physical Medicine and Rehabilitation, University of Health Sciences, Bağcılar Training and Research Hospital, İstanbul, 
Türkiye; 2Department of Physical Medicine and Rehabilitation, Başaksehir Çam and Sakura City Hospital, İstanbul, Türkiye  
 
 
ABSTRACT 
Objectives: This study aimed to evaluate the quality, reliability, and characteristics of the most-viewed YouTube 
videos on thoracic outlet syndrome and to identify differences in quality based on content and source. 
Methods: A systematic search was conducted on YouTube using four keywords related to thoracic outlet syn-
drome. A total of 200 videos were initially selected, of which 75 met the inclusion criteria after excluding du-
plicates, non-English videos, off-topic content, and videos under one minute. Video characteristics, including 
views, likes, duration, content type, and source, were recorded. Reliability and quality were assessed using the 
modified DISCERN scale, Journal of the American Medical Association benchmark criteria, and the Global 
Quality Scale. 
Results: Among the analyzed videos, 46.7% were uploaded by non-physician health workers, 40% by physi-
cians, and 13.3% by independent users. Disease-specific information constituted 50.7% of the content, while 
20% focused on exercises, 17.3% on conservative management, and smaller percentages on patient experiences 
and surgical techniques. The median scores were modified DISCERN: 3.0, Journal of the American Medical 
Association benchmark criteria: 2.0, and Global Quality Scale: 3.0. Only 29.3% of the videos were categorized 
as high-quality, while the majority were of medium or low quality. All high-quality videos were found to have 
modified DISCERN>3. Positive correlations were identified between modified DISCERN, Journal of the 
American Medical Association benchmark criteria, and Global Quality Scale scores (P<0.05).  
Conclusions: YouTube serves as a moderately reliable resource for information related to thoracic outlet syn-
drome; however, the overall quality remains suboptimal. To improve the availability of high-quality informa-
tion, healthcare professionals, particularly physicians, should actively contribute to producing reliable and 
educational content on platforms like YouTube. 
Keywords: YouTube, thoracic outlet syndrome, video quality, reliability, online health information
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 T horacic outlet syndrome (TOS) encompasses 

a spectrum of disorders caused by the com-
pression of the neurovascular bundle within 

the thoracic outlet, located above the first rib and pos-

terior to the clavicle [1]. This compression may result 
from various etiologies, including traumatic injuries, 
repetitive motion, or congenital anomalies such as cer-
vical ribs or scalene muscle hypertrophy. Based on the 
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affected structure, TOS is classified into three sub-
types: neurogenic (nTOS), venous (vTOS), and arte-
rial (aTOS). Neurogenic TOS is the most prevalent, 
accounting for over 95% of cases, while venous and 
arterial forms represent approximately 3% and 1%, re-
spectively [2, 3].  
      Neurogenic TOS arises primarily from the com-
pression of the brachial plexus. Patients with nTOS 
commonly report symptoms such as pain, paresthesia, 
and muscle weakness in the upper extremity, often ex-
acerbated by certain positions or activities. In severe 
cases, chronic nerve compression may lead to muscle 
atrophy, particularly in the thenar eminence [4]. Diag-
nosis can be challenging due to symptom overlap with 
other conditions, such as cervical radiculopathy or 
carpal tunnel syndrome, necessitating a combination 
of clinical evaluation, imaging, and electrodiagnostic 
studies [5].  
      Treatment of TOS varies according to its subtype. 
For neurogenic TOS, conservative management re-
mains the mainstay, including physical therapy aimed 
at postural correction, stretching exercises, and symp-
tomatic relief through anti-inflammatory medications. 
Surgical intervention is reserved for refractory cases, 
particularly those involving structural anomalies or 
significant neurological compromise [4].  
      In today’s digital age, patients frequently turn to 
online platforms to gather health-related information, 
with YouTube emerging as a prominent resource [6]. 
Despite its accessibility and wide reach, YouTube 
lacks rigorous mechanisms to ensure the accuracy and 
reliability of its content [7, 8]. This raises concerns re-
garding the quality of medical information dissemi-
nated to the public. Previous studies investigating 
YouTube as a source of health information for various 
conditions, such as meralgia paresthetica (MP) and 
carpal tunnel syndrome have revealed a predominance 
of low-quality content [9, 10].  
      Due to the complexity of TOS and the absence of 
clear expert consensus, many individuals are turning 
to online resources for information and guidance. To 
date, no study has specifically evaluated the quality 
and reliability of YouTube videos on TOS. The present 
study aims to address this gap by analyzing the most-
viewed YouTube videos on TOS, assessing their qual-
ity, reliability, and content to provide actionable 
insights for both healthcare professionals and content 
creators. 

METHODS 
 
YouTube Search Strategy  
We conducted a systematic search on YouTube 
(www.youtube.com) on October 14, 2024, using four 
pre-determined keywords: “thoracic outlet syndrome,” 
“TOS,” “thoracic outlet syndrome management,” and 
“thoracic outlet syndrome physical therapy.” These 
keywords were selected based on similar studies in the 
literature [9-11]. To minimize bias from previous 
searches, the browser history was cleared before initi-
ating the search. In line with many studies in the liter-
ature, the first 50 most-viewed videos for each 
keyword were identified [12, 13]. Thus, an initial pool 
of 200 videos was obtained. Non-English videos, du-
plicate videos, videos with a duration of less than one 
minute, off-topic videos, and videos without audio 
were excluded. All included videos were evaluated by 
two independent physiatrists. If there was a difference 
between the scores, the physiatrists reevaluated the 
video together and reached a consensus.  
 
Video Characteristics  
      The selected videos were analyzed for various 
characteristics to better understand their content and 
sources. Attributes such as video duration, the time 
elapsed since upload, uploader country, and audience 
engagement metrics including the number of views, 
likes, and comments were documented. Additionally, 
view ratio (=number of views/days), like ratio (=(num-
ber of likes/number of views) x100), and Video Power 
Index (VPI) (=like ratio x view ratio/100) were calcu-
lated to assess the rate of engagement over time [14]. 
Videos were categorized by their content into five 
groups: disease-specific information, patient experi-
ence, conservative management, surgical techniques, 
and exercises. Furthermore, video sources were clas-
sified into three main groups based on their origin: 
physicians, non-physician health workers, and inde-
pendent users.  
 
Evaluation of Video Quality and Reliability  
      The reliability of the videos was evaluated using 
the modified DISCERN (mDISCERN) scale, which is 
an adaptation of the DISCERN criteria for assessing 
the quality of health-related information [12]. This tool 
comprises five yes/no questions, with each "Yes" an-
swer scoring one point and each "No" answer scoring 

565       The European Research Journal   Volume 11   Issue 3   May 2025



Eur Res J. 2025;11(3):564-573 Yurttutmuş Tatlı and Ferahman

zero. The total score ranges from 0 to 5, with higher 
scores reflecting greater reliability. Video quality was 
assessed using two additional tools: the Journal of the 
American Medical Association (JAMA) benchmark 
criteria and the Global Quality Scale (GQS). The 
JAMA criteria evaluate four key aspects: authorship, 
attribution, disclosure, and currency. Each criterion met 
contributes one point, with a maximum possible score 
of 4, indicating the highest quality [13]. The GQS as-
sesses the overall quality and usefulness of video con-
tent using a 5-point scale. Scores of 4 or 5 indicate high 
quality, a score of 3 represents medium quality, and 
scores of 1 or 2 denote low-quality content [14]. 
 
Statistical Analysis  
      Data were analyzed using IBM SPSS version 22.0 
(IBM Corp., Armonk, NY, USA). Normality was as-
sessed using the Kolmogorov-Smirnov test. Since the 
normality assumption did not hold, continuous vari-
ables were reported as medians with ranges, while cat-
egorical variables were expressed as frequencies and 
percentages. Non-parametric tests, including the 

Mann-Whitney U and Kruskal-Wallis tests, were used 
for continuous variables not conforming to normal dis-
tribution. Categorical variables were analyzed using 
the Chi-square and Fisher’s exact tests. Correlations 
between numerical variables were assessed with 
Spearman’s correlation. A P-value of <0.05 was con-
sidered statistically significant. 
 
 
RESULTS 
 
Out of the initial 200 videos selected for review, 125 
were excluded for various reasons: 77 were duplicates, 
32 were off-topic, 10 were non-English, 5 were under 
one minute in duration, and 1 lacked audio. Conse-
quently, a total of 75 YouTube videos were included 
in the analysis (Fig.1).  
      The general characteristics of the included videos 
are summarized in Table 1. Among these, 46.7% 
(n=35) were uploaded by non-physician health work-
ers, 40% (n=30) by physicians, and 13.3% (n=10) by 
independent users. Regarding content, 50.7% of the 
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videos provided disease-specific information, fol-
lowed by 20% focusing on exercises, 17.3% on con-
servative management, 8% on patient experiences, and 
4% on surgical techniques. In terms of geographical 
distribution, 69.3% (n=52) originated from the United 
States, 13.3% (n=10) from the Netherlands, 8% (n=6) 
from the United Kingdom, and 9.4% (n=7) from other 
countries. The median mDISCERN score was 3.0, 
while the median GQS and JAMA scores were 3.0 and 

2.0, respectively. Of the analyzed videos, 29.3% 
(n=22) were categorized as high-quality, 32% (n=24) 
as medium-quality, and 38.7% (n=29) as low-quality.  
      Comparisons of video characteristics based on 
video sources revealed a statistically significant dif-
ference in the number of likes among groups 
(P=0.026; Table 2). Post-hoc analysis showed that the 
number of likes for videos uploaded by non-physician 
health workers was significantly higher than the num-
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ber of likes for videos uploaded by independent users 
(P=0.006). However, no significant differences were 
observed in other metrics such as like ratio, view ratio 
or VPI (P>0.05). It was determined that the most 
shared video content by all sources was disease-spe-

cific information. While there was no statistically sig-
nificant difference in content type across video 
sources, most exercise- and conservative manage-
ment-related videos were uploaded by non-physician 
health workers (Fig. 2). 
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      Further analysis of video quality groups (low, 
medium, and high) demonstrated significant differ-
ences in JAMA scores (P=0.000), mDISCERN scores 
(P<0.001), and video duration (P=0.041) (Table 3). 
Post-hoc analysis revealed that JAMA scores were sig-
nificantly higher in the high-quality group compared 
to the low- and medium-quality groups (P<0.01 and 
P<0.01, respectively), with no significant difference 
between the low- and medium-quality groups 
(P=0.232). Similarly, in post hoc analysis, mDIS-
CERN scores were significantly higher in high-quality 
videos compared to medium- and low-quality ones 
(P=0.032 and P<0.001, respectively), and medium-
quality videos had higher mDISCERN scores than 
low-quality videos (P=0.001). Notably, all high-qual-
ity videos achieved an mDISCERN score >3, whereas 
75% of medium-quality videos and only 27.6% of 
low-quality videos met this threshold (Table 3). Video 
duration also differed significantly between quality 
groups. Post hoc analysis indicated that high-quality 
videos were significantly shorter in duration compared 
to low-quality videos (P=0.035). However, no other 
video characteristics showed significant differences 
among quality groups.  
Spearman correlation analysis revealed positive sig-
nificant correlations between mDISCERN and GQS 
scores (r=0.630, P<0.001), mDISCERN and JAMA 
scores (r=0.545, P<0.001), and JAMA and GQS 
scores (r=0.616, P=0.001) (Table 4). No significant 
correlations were identified between other parameters.  

DISCUSSION 
 
YouTube has become one of the most widely accessed 
online platforms for patients seeking information 
about their medical conditions [15]. Although it offers 
free and easily accessible video content, the platform 
lacks mechanisms to regulate the quality and accuracy 
of the information provided. TOS is a complex condi-
tion with a wide range of etiologies and symptoms, 
compounded by the absence of a unified expert con-
sensus on diagnostic and management strategies [16]. 
This complexity makes it likely that both healthcare 
professionals and independent users frequently turn to 
YouTube for information on TOS. Therefore, ensuring 
the availability of accurate and reliable information on 
this platform is of paramount importance.  
      Previous studies have evaluated the reliability and 
quality of YouTube videos across various medical top-
ics, including carpal tunnel syndrome, fibromyalgia, 
and MP [9, 17, 18]. However, to the best of our knowl-
edge, this is the first study to specifically examine 
YouTube videos on TOS.  
      YouTube platform has been considered as a mixed 
pool of low-, medium- and high- quality videos [19]. 
For instance, a study on oropharyngeal dysphagia ex-
ercises found relatively high-quality videos, whereas 
Tarihci et al. and Ertem et al. observed that most 
videos on MP and piriformis syndrome, respectively, 
were of low quality [9, 20, 21]. In our analysis, most 
TOS-related videos were of medium or low quality, 
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with only 29.3% meeting high-quality standards. 
Methodological differences could explain these dis-
crepancies across studies, such as the diseases studied, 
video sources, or the number of videos analyzed.  
      In the current study, when videos were categorized 

as low, medium, or high quality based on GQS, sig-
nificant differences emerged in mDISCERN score, 
JAMA score and video duration. As expected, high-
quality videos had significantly higher scores in both 
mDISCERN and JAMA scores, compared to medium- 
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and low-quality videos. This is in good agreement 
with previous results [20-22]. In addition, high-quality 
videos were found to be shorter in duration than low-
quality ones. Although some studies have suggested 
that longer videos may increase viewer engagement, 
they take a risk losing audience interest and may stray 
from the main topic, reducing their overall quality [17, 
18]. Our findings also revealed positive correlations 
among mDISCERN, JAMA, and GQS scores, consis-
tent with previous literature [9, 23]. This suggests that 
video quality and reliability are closely aligned and 

should be jointly considered when evaluating educa-
tional content on YouTube.  
      Additionally, in the current study, 64% of the an-
alyzed videos achieved an mDISCERN score >3, in-
dicating a moderate level of reliability. Moreover, 
most TOS videos were uploaded by physicians and 
non-physician health workers, with independent users 
contributing only 13.3% of the content. The domi-
nance of healthcare professionals among the video 
sources likely contributes to the relatively higher reli-
ability observed in this study. These findings align 
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with previous research, such as D'Souza et al. [24], 
who reported that medical-source videos on epidural 
analgesia for labor pain were more reliable than those 
from nonmedical sources. Similarly, Ertem et al. [21] 
highlighted that videos uploaded by healthcare profes-
sionals were generally more trustworthy than those 
shared by independent users.  
      Regarding content distribution, disease-specific 
information was the most common focus, featured in 
50.7% of the videos. Exercise training was the second 
most frequent topic (20%), followed by conservative 
management (17.3%). While videos on exercises and 
other conservative treatment methods were primarily 
uploaded by non-physician health workers, we believe 
physicians, should take a more active role in creating 
such content. Their expertise ensures a comprehensive 
understanding of the disease, potentially enhancing the 
quality and reliability of these resources.  
      Existing literature has primarily focused on pub-
lications related to TOS. For example, Özyiğit et al. 
analyzed the bibliometric structure of TOS research 
over the past 50 years, identifying the United States, 
France, and the United Kingdom as the leading con-
tributors to academic publications on this topic [25]. 
Similarly, our study found that the United States, 
United Kingdom, and the Netherlands were the top 
contributors to YouTube videos about TOS. However, 
our current study primarily included videos providing 
disease-specific information, whereas most of the pub-
lications examined in the study by Özyiğit et al. [25] 
concentrated on the surgical management, likely be-
cause most of the publications they analyzed were 
published in surgical journals. In addition, Clothier et 
al. [26] evaluated the quality and readability of online 
TOS resources by searching for "TOS" and "Thoracic 
Outlet Syndrome" on search engines such as Google© 
and Yahoo©. Their study revealed that although these 
resources were generally effective in explaining TOS, 
they lacked comprehensive discussions on treatment 
options. They also reported variable quality across 
web search results. Our results support these findings 
by highlighting that while YouTube offers a mix of 
high-, medium-, and low-quality content, its quality is 
inconsistent and warrants improvement.  
 
Limitations  
      This study has certain limitations. First, it only in-
cluded English-language videos, which may limit the 

generalizability of the findings. Second, as YouTube 
is a dynamic platform, video metrics and availability 
may change over time, potentially affecting the repro-
ducibility of this study.  
 
 
CONCLUSION 
 
In conclusion, while YouTube provides a moderately 
reliable resource for TOS-related information, the 
overall quality of the videos remains suboptimal. 
Given the strong link between quality and video 
sources, physicians should be encouraged to produce 
more educational content, particularly on exercise and 
conservative treatment methods. By doing so, they can 
help ensure that patients receive accurate, reliable, and 
high-quality information to understand better and 
manage their condition. 
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ABSTRACT 
Objectives: Enchondromas are benign cartilage tissue tumors composed of mature hyaline cartilage. Most en-
chondromas are discovered incidentally during radiological examinations. Differentiating between low-grade 
chondrosarcoma and enchondroma can be difficult both clinically, radiologically, and histologically. Malignant 
tumors can mimic benign tumors. Therefore, it is crucial to accurately diagnose enchondromas, as the treatments 
for both tumors are very different. We aimed to contribute to a better understanding of the clinical features and 
treatment challenges of patients diagnosed with enchondroma.  
Methods: Thirty patients who presented to the Department of Orthopedics and Traumatology at Manisa Celal 
Bayar University Faculty of Medicine between 2010 and 2023 and were diagnosed with enchondroma in hand 
after surgical treatment were retrospectively evaluated in our study. The patients were classified according to 
the Tordai and Takigawa classifications. 
Results: Nineteen women and 11 men were examined. The lesions were observed in the left hand in 15 patients 
and in the right hand in 15 patients. The proximal phalanx was the most affected area. Fractures developed in 
2 patients during postoperatively, requiring revision surgeries. No wound complications were observed during 
follow-up, and except for 2 patients who experienced refractures, both clinical and radiological complete heal-
ing was observed at the 8-week follow-up. 
Conclusions: This study aims to understand better the clinical features and treatment challenges of patients 
diagnosed with enchondroma. We believe that immobilization for at least 4 weeks or implant application would 
be appropriate to increase stability in patients with intramedullary involvement of more than 50% in the dom-
inant hand. Enchondromas still present many unknowns, more research is necessary to increase knowledge 
about these tumors. This study provides important data regarding enchondromas and serves as a foundational 
step for further research and investigation in this area. 
Keywords: Chondroma, chondromatosis, neoplasms, bone 

The European Research Journal 2025;11(3):574-580

DOI: https://doi.org/10.18621/eurj.1562070

Original Article

Orthopedics and Traumatology

 
 E nchondromas are benign cartilage tissue tu-

mors composed of mature hyaline cartilage. 
They account for approximately 3% of bone 

tumors and about 13% of benign bone tumors [1, 2]. 

These tumors arise in the bone marrow and usually 
grow slowly. Although enchondromas are generally 
found in a single bone, they can occasionally appear 
in multiple bones [3]. Enchondromas that occur in 
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multiple locations often accompany syndromes, the 
most notable being Ollier disease, with Maffucci syn-
drome being another syndrome where hemangiomas 
are added to Ollier disease.  
      The exact cause of enchondromas is still not fully 
understood. Genetic factors are thought to play a role, 
but this is still being researched. Enchondromas may 
be associated with a family history and can sometimes 
occur alongside other bone disorders. The gender dis-
tribution is almost equal. The clinical course is slow 
and often asymptomatic, and it usually does not pres-
ent symptoms until the age of 20 [4].  
      Enchondromas are more commonly observed in 
tubular bones, particularly in the proximal phalanx and 
distal metacarpal region, with medullary involvement. 
They are relatively less common in long bones, with 
metaphyseal involvement [5, 6].  
      Enchondromas can persist without causing any 
symptoms in many cases. However, if symptoms do 
occur, they are often due to pain and swelling second-
ary to pressure on surrounding tissues. Additionally, 
fractures may occur as a result of cortical weakening.  
Most enchondromas are discovered incidentally dur-
ing radiological examinations. They can cause patho-
logical fractures by expanding the bone and thinning 
the cortex, resulting in a lytic lesion surrounded by a 
sclerotic rim in small tubular bones. In long bones, 
where they are less common, enchondromas typically 
present as metaphyseal lesions with areas of calcifica-
tion, without cortical thinning, as seen in small tubular 
bones [7]. They can cause cortical thinning, known as 
cortical scalloping, which may also indicate malig-
nancy in long bones. Particularly in long bones, com-
puted tomography (CT) is more prominent in showing 
calcifications and cortical changes. Magnetic reso-
nance imaging (MRI) is more useful for evaluating the 
lobular structure and identifying soft tissue compo-
nents. Enchondromas appear hypodense on T1 se-
quences and hyperintense on T2 sequences [8].  
      The treatment approach for enchondromas varies 
[9] Approaches differ between axial skeleton involve-
ment and appendicular skeleton involvement. Lesions 
in the hand that cause cortical thinning or fractures, as 
well as those that involve bone marrow edema or soft 
tissue spread, require surgical intervention.  
      Differentiating between low-grade chondrosar-
coma and enchondroma can be difficult both clinically, 
radiologically, and histologically. Malignant tumors 

can mimic benign tumors [10] Therefore, it is crucial 
to accurately diagnose enchondromas, as the treat-
ments for both tumors are very different [11].  
      We aimed to contribute to the literature by evalu-
ating the effectiveness of using allograft or calcium 
phosphate as grafts and their effects on the develop-
ment of complications in our patients diagnosed with 
hand enchondroma whom we treated between 2010 
and 2023. 
 
 
METHODS 
 
Thirty patients who presented to the Department of 
Orthopedics and Traumatology at Manisa Celal Bayar 
University Faculty of Medicine between 2010 and 
2023 and were diagnosed with enchondroma in hand 
after surgical treatment were retrospectively evaluated 
in our study. After obtaining approval from the Ethics 
Committee of Mamisa Celal Bayar University (Deci-
sion no: 20.478.486/2470 anddate: 05.06.2024), in-
formed consent was obtained from the patients for 
participation in the study. Diagnoses were confirmed 
with X-ray and Magnetic Resonance Imaging (MRI). 
The diagnosis was confirmed with computed tomog-
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raphy (CT) in patients with pain and pathological frac-
tures. A Histopathological examination was then per-
formed. Patients were evaluated based on age, gender, 
presence of pain, tumor location, and histopathological 
examination results. Additionally, the patients were 
classified according to the Tordai and Takigawa clas-
sifications. The classification described by Takigawa, 
first defined in 1971, is considered the most used clas-
sification for the morphological classification of en-
chondromas today [12]. Radiological consolidation 
was evaluated according to the Tordai Classification. 
According to the Tordai Classification, Group 1 in-
cludes those with normal cortical bone or bone defects 
less than 3 mm in diameter. Bone defects with a diam-
eter between 4 and 10 mm are considered Group 2, 
and those with bone defects larger than 10 mm are 
considered Group 3 [13].  
      All surgeries in our study were performed under 
general anesthesia. The surgeries were carried out in 
the supine position with a tourniquet on the arm. The 
dorsolateral approach was used for lesions in the pha-
lanx and a direct dorsal approach was applied for le-
sions in the metacarpal region. Curettage and bone 
grafting with either calcium phosphate or allograft 
were performed on all patients. After deflating the 
tourniquet, hemostasis was achieved, and the wound 
was closed according to standard procedures, followed 
by the application of a splint. No neurovascular com-

plications or tendon injuries were observed during or 
after surgery.  
      Postoperatively, patients were evaluated at 3, 6, 8, 
and 12 weeks. The sutures were removed at 3 weeks 
to prevent wound complications, and rehabilitation 
began afterward. 
 
Statistical Analysis  
      Descriptive statistics were presented as unit num-
ber, percentage, mean, minimum, and maximum values. 
These calculations were made via a computer program. 
 
 
RESULTS 
 
A total of 30 patients, including 19 women and 11 
men, were examined. The lesions were observed in the 
left hand in 15 patients (50%) and the right hand in 15 
patients (50%). While 26 patients (86.6%) dominant 
hand that was right, 4 patients (13.4%) dominant hand 
that was left. The average age of the patients was 35.7 
years (ranging from 1 to 73 years) (Table 1). Of the 30 
patients, 9 (30%) had lesions in the little finger, 8 
(26.6%) in the ring finger, 6 (20%) in the middle fin-
ger, 5 (16.6%) in the index finger, and 2 (6.6%) in the 
thumb. The lesions were in the proximal phalanx in 
16 cases (53.3%), 6 (20%) in the middle phalanx, 3 
(10%) in the distal phalanx, and 5 (16.6%) in the 
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metacarpal bones (Fig. 1). The proximal phalanx was 
the most affected area.  
      None of the patients had Ollier or Maffucci syn-
dromes. The initial complaint of 21 patients was pain, 
while the lesion was incidentally found in 9 patients. 
21 patients (70%) were active smokers, while 9 (30%) 
did not smoke. All patients underwent direct radiog-
raphy and MRI during their first visit. Among the ra-
diographic imaging performed, 14 patients (46.6%) 
had pathological fractures, while 16 patients (53.3%) 
did not have fractures. No soft tissue involvement was 
observed in any of the 30 patients. CT was performed 
on 14 patients (46.6%) who had pathological fractures. 
Fractures developed in 2 patients during postoperative 
follow-up, requiring revision surgeries (Fig. 2).  
Calcium phosphate was used in 17 patients, and allo-
graft was used in 13 patients in surgical grafting. Al-
lografts were used in 13 patients' operations because 
they provided allografts covering the cost. An iliac 
crest autograft was used in one patient who underwent 
revision surgery. No wound complications were ob-
served during follow-up, and except for 2 patients who 
experienced refractures, both clinical and radiological 
complete healing was observed at the 8-week follow-
up. Postoperative rehabilitation was completed, and 
all patients achieved the same range of motion as the 
contralateral limb at the 12-week follow-up.  
      Thirteen patients (43.3%) were categorized as ec-
centric, 6 patients (20%) as polycentric, 6 patients 
(20%) as giant, and 5 patients (25%) as central in our 

study, according to the Takigawa classification (Fig. 3). 
      Fifteen patients were in group 1, 13 patients were 
in group 2 and 2 patients were in group 3, according 
to the Tordai classification (Fig. 4).  
 
 
DISCUSSION 
 
This study presents a retrospective analysis of patients 
diagnosed with enchondromas in the hand at the De-
partment of Orthopedics and Traumatology, manisa 
Celal Bayar University Faculty of Medicine. Enchon-
dromas are known as benign cartilage tissue tumors 
and typically arise within the bone marrow [14]. How-
ever, they may undergo malignant transformation into 
chondrosarcoma [15]. These rare tumors still present 
many unknowns in the literature and this study aims 
to contribute to the growing knowledge in this field.  
      It was observed that the gender distribution of 
these tumors is almost equal and that symptoms gen-
erally become apparent by the age of 20. This con-
firms that enchondromas grow slowly and have a quiet 
clinical course.  
      Enchondromas are frequently found in the hand, 
and rarely in other regions such as the proximal 
humerus, proximal femur, distal femur, and distal tibia 
[16]. No cases of Ollier or Maffucci syndromes were 
identified in hand enchondromas in our study, though 
these syndromes are rare and can present independ-
ently [17].  
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      Radiologically, enchondromas often show en-
dosteal erosion, and cortical destruction is rarely ob-
served. MRI and CT are important for diagnosis and 
evaluation of lesions. MRI is valuable for assessing 
soft tissue involvement and lobularity of the lesion, 
while CT is essential for evaluating the cortex and cal-
cification. As in the literature, we believe that MRI and 
CT imaging would be beneficial, especially in patients 
with soft tissue extension, pathological fractures, and 
dominant pain symptoms. Biopsy remains a critical 
step for histopathological diagnosis and helps in the 
differential diagnosis of low-grade chondrosarcoma. 
Although the literature mentions that biopsy is impor-
tant, especially in distinguishing low-grade chon-
drosarcomas, we did not perform biopsy on our 
patients.  
      Treatment varies depending on the duration of en-
chondroma diagnosis, the extent of cortical destruc-
tion, and bone expansion. Surgical intervention is 
favored for enchondromas that cause fractures, soft 
tissue involvement, or deformity due to cortical de-
struction. In our surgical treatment approach involving 
curettage and grafting, no neurological complications 
or tendon damage were observed.  
      Two patients who underwent revision surgery had 
more than 50% intramedullary involvement and un-
derwent calcium phosphate grafting. It was also ob-
served that the hands that developed fractures in these 

patients were their dominant hands. Stability was 
deemed sufficient in their first surgery and no implants 
were applied in these patients. Although our patient 
number is limited and therefore statistically insignifi-
cant, we believe that immobilization for at least 4 
weeks or implant application would be appropriate to 
increase stability in patients with intramedullary in-
volvement of more than 50% in the dominant hand.  
      No recurrence was observed in our 1-year follow-
up. We believe that early motion is appropriate in pa-
tients with sufficient stability to preserve joint range 
of motion. 
 
 
CONCLUSION 
 
This study aims to contribute to a better understanding 
of the clinical features and treatment challenges of pa-
tients diagnosed with enchondroma. It emphasizes that 
when enchondromas present with atypical localization 
and nonspecific clinical and imaging features, diagno-
sis can be challenging, and enchondromas should be 
considered in epiphyseal lesions. Although enchon-
dromas still present many unknowns, more research 
is necessary to increase knowledge about these tu-
mors. This study provides important data regarding 
enchondromas and serves as a foundational step for 
further research and investigation in this area.  
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ABSTRACT 
Objectives: This study aimed to examine the vascular access routes used by patients undergoing hemodialysis 
treatment in our province and determine the prevalence of arteriovenous (AV) fistula use. 
Methods: Patients who were receiving regular hemodialysis treatment in Burdur province as of April 2024 
were included in the study. Data on patients' age, gender, comorbidities, duration of dialysis, type of vascular 
access, and history of hemodialysis access were retrospectively reviewed and recorded using electronic patient 
records. 
Results: The mean age of 197 patients evaluated in the study was 62.48±14.13 years. Of the patients, 63 (32%) 
were female and 134 (68%) were male. Hypertension was the most common comorbidity in 61.9% of the 
cases. The number of patients receiving hemodialysis treatment through an AV fistula was 136 (69%). The 
mean age of patients receiving treatment via an AV fistula was significantly lower than those receiving treatment 
via an indwelling hemodialysis catheter (P=0.011). Among the patients treated with an indwelling hemodialysis 
catheter, 59% had no history of AV fistula surgery. The mean age of patients without a history of AV fistula 
surgery was statistically significantly higher than those with a history of AV fistula surgery (69.28±14.98 vs. 
60.96 ± 13.52, respectively; P=0.001). 
Conclusions: This study shows that one out of every two patients undergoing hemodialysis through an in-
dwelling hemodialysis catheter has no history of AV fistula surgery. Reaching these patients and prioritizing 
AV fistula planning is crucial for achieving long-term success in hemodialysis treatment and reducing compli-
cations. 
Keywords: Cardiovascular surgery, nephrology, arteriovenous fistula, hemodialysis 
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 I t is estimated that approximately 850 million peo-

ple worldwide have chronic kidney disease [1]. 
Kidney transplantation is the best treatment op-

tion for improving survival rates, reducing complica-
tions, and enhancing the quality of life in patients 
diagnosed with chronic kidney disease. However, only 
a limited number of patients can benefit from this 

treatment [2-4]. Most patients undergo chronic he-
modialysis therapy requiring effective vascular access. 
Vascular access options for hemodialysis patients in-
clude arteriovenous (AV) fistulas, indwelling he-
modialysis catheters, and temporary hemodialysis 
catheters. Hemodialysis through an AV fistula is gen-
erally considered the best option for vascular access 
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in hemodialysis patients, as it is associated with lower 
rates of infection and thrombosis compared to the use 
of indwelling or temporary hemodialysis catheters. 
Additionally, increased use of AV fistulas has been as-
sociated with longer survival times and reduced 
healthcare costs [5, 6]. 
      The AV fistula creation technique, first performed 
by Brescia et al. [7] in 1966, has been modified over 
time in light of various advancements. Today, he-
modialysis through an AV fistula is the most preferred 
access route for hemodialysis due to its long-term 
durability and lower complication rates [8, 9]. There-
fore, the present study aimed to examine the vascular 
access routes used in the hemodialysis treatment of 
chronic kidney disease patients across our province 
and determine the prevalence of AV fistula use. 
 
 
METHODS 
 
The study was conducted in accordance with the eth-
ical guidelines of the Helsinki Declaration of 1975, 
with approval from the Non-Interventional Ethics 
Committee of Süleyman Demirel University Faculty 
of Medicine (Decision no: 17/377 and date: 
29.12.2023). 
      Patients receiving regular hemodialysis treatment 
at any of the four centers with hemodialysis units in 
Burdur province as of April 2024 were included in the 
study. Hemodialysis patients who died before April 
2024 were excluded from the study. Data on patients' 
age, gender, comorbidities (diabetes mellitus, hyper-
tension, atherosclerotic heart disease, and chronic ob-
structive pulmonary disease), duration of dialysis, type 
of vascular access (AV fistula and indwelling he-
modialysis catheter), and hemodialysis access history 
were retrospectively reviewed and recorded using 
electronic patient records. Comparative analyses were 
conducted between patients with an AV fistula and 
those without an AV fistula.  
 
Statistical Analysis  
      Statistical analysis was performed using SPSS 
26.0 (SPSS Inc. Chicago, IL) program. The conform-
ity of the data to normal distribution was evaluated by 
Kolmogorov–Smirnov test. Parametric tests were used 
for data with a normal distribution, while non-para-
metric tests were used for data that did not follow a 

normal distribution. Descriptive statistics (count, per-
centage, mean, and standard deviation), t-test, Chi-
square test, and logistic regression analysis were used 
to evaluate the data. A P value of <0.05 was considered 
statistically significant in all analyses. 
 
 
RESULTS 
 
The mean age of 197 patients evaluated in the study 
was 62.48±14.13 years. Of the patients, 63 (32%) 
were female and 134 (68%) were male. The median 
age at hemodialysis was 4 years (min: 4 months, max: 
30 years). Hypertension was present in 61.9% of the 
patients, while diabetes mellitus was observed in 
42.1% of the patients. The distribution of patient char-
acteristics and demographic variables by groups is 
shown in Table 1. 
      Hemodialysis access was provided through the 
upper extremities in 97.5% of the patients. Conversely, 
2.5% of the patients had hemodialysis access through 
the lower extremities. AV fistulas were used in 136 pa-
tients (69%). The number of patients receiving he-
modialysis treatment through indwelling hemodialysis 
catheters was 61 (31%). The age of patients receiving 
treatment via an AV fistula was significantly lower 
compared to those without AV fistulas (P=0.011) (Fig. 
1). Among the patients treated with an indwelling he-
modialysis catheter, 59% had no history of AV fistula 
surgery. The mean age of patients without a history of 
AV fistula surgery was statistically significantly higher 
compared to those with a history of AV fistula surgery 
(69.28±14.98 vs. 60.96±13.52, respectively; P=0.001) 
(Fig. 2). Among patients without a history of AV fis-
tula surgery, 24 (66.7%) were male and 12 (33.3%) 
were female. No statistically significant difference was 
observed between gender and AV fistula surgery his-
tory (P=0.847).  
 
 
DISCUSSION 
 
Although the AV fistula is reported as the best vascular 
access method for hemodialysis, temporary and in-
dwelling hemodialysis catheters are still frequently 
used today. Catheters are associated with both infec-
tious and non-infectious complications, which can 
lead to increased mortality and morbidity [10]. Acute 
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complications associated with the use of indwelling 
hemodialysis catheters include hemorrhage, venous 
perforation, catheter malposition, infection, arterial in-
jury, pneumothorax, and air embolism [11]. A study 
found that approximately one-third of patients under-
going hemodialysis with an indwelling hemodialysis 
catheter for 1–2 years experienced complications. Ad-
ditionally, about 9% of patients developed bacteremia 
within 1 year, and bacteremia was the most common 
reason for hospital admissions related to indwelling 
hemodialysis catheters [12].  
      Another disadvantage of hemodialysis catheters 

compared to AV fistulas is recirculation. In order to 
minimize blood recirculation during hemodialysis 
treatment, the arterial and venous end holes at the 
catheter's distal end are separated from each other by 
1–3 cm. Despite this design feature, recirculation re-
mains a more frequent problem compared to AV fis-
tulas. For an indwelling hemodialysis catheter with the 
distal end positioned in the right upper atrium, the av-
erage recirculation rate should be <5% [13].  
      In elderly patients, creating an AV fistula early in 
the course of dialysis is associated with lower mortal-
ity compared to the use of indwelling hemodialysis 
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Fig. 1. Standard deviation graph showing the relationship be-
tween age and arteriovenous fistula use.

Fig. 2. Standard deviation graph showing the relationship be-
tween age and history of arteriovenous fistula surgery.
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catheters. It has been observed that receiving he-
modialysis treatment through an AV fistula positively 
affects survival outcomes, even in patients who ini-
tially started dialysis with an indwelling hemodialysis 
catheter [14]. Compared to patients receiving he-
modialysis treatment with an indwelling hemodialysis 
catheter, patients receiving treatment with an AV fis-
tula have significantly reduced length of hospitaliza-
tion and depression symptoms [15].  
      To enable hemodialysis and improve patients' 
quality of life and comfort, AV fistula surgeries are 
often the first-choice procedure prior to kidney trans-
plantation [16]. However, complications associated 
with AV fistula use may necessitate the use of alterna-
tive vascular access routes [17].  
      In our province, there are a total of four hemodial-
ysis centers, including one private facility. The highest 
number of patients was at Burdur State Hospital, 
which was also the primary center of our study. In the 
present study evaluating the prevalence of AV fistulas 
among hemodialysis patients in our province, it was 
determined that the predominant preferred vascular ac-
cess route was the AV fistula. A study conducted in 
Turkey in 2022 reported that indwelling hemodialysis 
catheters were the most frequently used vascular ac-
cess route at the start of hemodialysis, accounting for 
51.64% of the cases [18]. According to the same study, 
other vascular access routes included AV fistulas in 
28.7% of the cases, temporary hemodialysis catheters 
in 19.45% of the cases, and AV fistulas made with AV 
grafts in 0.21% of the cases. In the study, the most 
commonly used vascular access option for patients un-
dergoing long-term hemodialysis was identified as the 
AV fistula, with a prevalence of 70.89%. In recent 
years, there has been a trend of decreasing AV fistula 
usage rates, with a notable increase in the use of 
catheters for vascular access.  
      Although poor outcomes have been reported in the 
literature for patients over 65 years of age, especially 
for radiocephalic AV fistulas, AV fistula surgery in the 
elderly continues to be a matter of debate [19]. This 
may be the reason why AV fistula use is less preferred 
in patients over 65 years of age. Contreras-Jimenes et 
al demonstrated that poor AV fistula outcomes in the 
older age group can be improved with adequate pre-
operative evaluation [20]. As a result of these new 
data, the use of AV fistula should be encouraged in pa-
tients over the age of 65. 

      The AV fistula usage rate observed in the present 
study is consistent with the national prevalence of AV 
fistula use in Turkey, but it is below the desired level. 
Another notable finding in the present study is the 
prevalence of AV fistula history among patients using 
indwelling hemodialysis catheters. The fact that one 
out of every two patients undergoing hemodialysis 
through an indwelling hemodialysis catheter has no 
history of AV fistula surgery presents a significant bar-
rier to achieving higher AV fistula usage rates. Reach-
ing these patients and prioritizing AV fistula planning 
is crucial for long-term success in hemodialysis treat-
ment and reducing complications. 
 
 
CONCLUSION 
 
Increasing the use of AV fistulas can potentially reduce 
complications and improve patient outcomes in he-
modialysis treatment. As healthcare professionals, ef-
forts should be focused on strategies such as early 
referral for AV fistula creation, patient education, sur-
gical expertise, and multidisciplinary collaboration to 
improve this process. These approaches could con-
tribute to the wider adoption of AV fistulas and thus 
achieve better treatment outcomes for patients with 
chronic kidney failure.  
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ABSTRACT 
Objectives: Soft tissue sarcomas of the musculoskeletal system account for approximately 8% of malignant 
tumors in adolescents and young adults. As the fight against cancer, a disease of our era, increases, this topic 
has become increasingly popular on social media. This study aims to investigate the quality and reliability of 
videos published on YouTube providing information on musculoskeletal soft tissue sarcomas. 
Methods: In the study, the 50 videos with the highest number of views, published on YouTube and providing 
information about soft tissue tumors of the musculoskeletal system, were evaluated and analyzed by two dif-
ferent observers. Observers scored the videos according to the DISCERN and JAMA scoring systems. 
Results: Of the 50 YouTube videos evaluated, the most extended video was 1 hour 29 minutes 28 seconds, 
while the shortest video was 45 seconds. The highest number of views was 145,122. Statistically significant 
high agreement was obtained between observers regarding DISCERN and JAMA scores (ICC=0.734 and 
P<0.01). When average DISCERN scores were evaluated, video content quality was 12% very poor, 56% poor, 
26% average, and 6% good. 
Conclusions: Video content providing accurate and reliable information on soft tissue sarcomas should be cre-
ated so patients can understand it, with proper references, and curated by healthcare professionals. Collaboration 
with healthcare professionals should be sought to enhance the quality and reliability of video content on 
YouTube. 
Keywords: Sarcoma, neoplasms, connective and soft tissue, information dissemination, patient education, so-
cial media
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 Soft tissue sarcomas are rare, constituting approx-

imately 1% of all malignant tumors. Although 
they can occur in various age groups, they make 

up about 8% of all malignant tumors in adolescents 
and young adults [1]. Cancer in adolescents and young 
adults constitutes a significant population. It has been 
the subject of recent studies, becoming increasingly 

popular in the media as the fight against cancer gains 
momentum. The most common cancers seen in ado-
lescents and young adults include lymphoma, 
melanoma, testicular cancer, sarcomas, thyroid cancer, 
and breast cancer [2]. Soft tissue sarcomas have more 
than fifty histological subtypes, each with unique char-
acteristics. Given their oncological features, accurate 
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diagnosis and determination of personalized treatment 
strategies are crucial. The management of these can-
cers requires a multidisciplinary team, including 
pathologists, nuclear medicine specialists, medical on-
cologists, radiologists, radiation oncologists, and or-
thopedic oncologists. Orthopedic oncology focuses on 
primary and metastatic bone and soft tissue tumors af-
fecting the musculoskeletal system.  
      Advancements in medicine, advanced imaging 
techniques, and surgical innovations significantly im-
pact survival rates. The internet, one of the fastest 
ways to access information, is widely utilized today. 
YouTube hosts numerous content on soft tissue sarco-
mas. Many videos uploaded by doctors, healthcare in-
stitutions, news channels, patients, and their families 
serve as a second opinion for patients [3]. Therefore, 
videos must have high-quality and reliable content. 
This study aims to evaluate the reliability of YouTube 
videos regarding 'Soft Tissue Sarcoma'.  
 
 
METHODS 
 
Since the study was conducted as an open-access 

video research on YouTube, it did not require approval 
from an ethics committee. We aim to evaluate the re-
liability of content shared on widely used and openly 
accessible social platforms like YouTube regarding 
soft tissue sarcoma in the musculoskeletal system. 
Therefore, on February 22, 2024, videos related to 
'soft tissue sarcoma' in the musculoskeletal system 
available on YouTube were screened (YouTube, 
www.youtube.com YouTube LLC, San Bruno, CA, 
USA). The term "soft tissue sarcoma" was entered into 
the YouTube search bar to begin a search. Videos with 
non-English language, advertisements, and those 
shorter than 30 seconds were excluded from the study. 
The top 50 most viewed videos meeting these criteria 
were evaluated. Video type, length, uploaders, view 
count, comment count, and like and dislike counts 
were recorded. While evaluating the videos, they were 
divided into subgroups according to the mentioned 
contents.  
      The daily view count was calculated by normaliz-
ing the total view count of the video to the number of 
days since it was uploaded. The like count was calcu-
lated as a percentage of the total likes and dislikes, 
yielding the Video Power Index (VPI) [4]. The quality 
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of the videos was scored using the DISCERN and 
JAMA scoring systems by two different observers 
who are orthopedic specialists. The DISCERN scoring 
system is a tool developed to evaluate the quality of 
health-related videos on YouTube. It consists of 15 
questions, each rated on a scale from 1 to 5. Videos 
are given a total score ranging from 15 to 75. The first 
eight questions focus on the reliability of the video, 
while the last seven questions emphasize treatment op-
tions and their suitability. The scoring system catego-
rizes scores as follows: 63-75 as 'excellent,' 51-62 as 
'good,' 39-50 as 'average,' 28-38 as 'poor,' and below 
28 as 'very poor' (Table 1) [5]. As mentioned in Table 
2, the JAMA scoring system evaluates videos based 
on four criteria. Each criterion is assessed by awarding 
1 or 0 points, resulting in a total score of 4 [6]. DIS-
CERN, and JAMA scores were recorded by calculat-
ing the average scores of 2 observers.  
 
Statistical Analysis  
      The data was collected, compared, and analyzed 
using the Microsoft Excel spreadsheet program (Ver-
sion 2013, Microsoft Corporation) for calculations and 
SPSS for Windows 23.0 (SPSS Inc) for statistical 
analysis. Descriptive statistics utilized mean, standard 
deviation, median, lowest, highest, frequency, and 
ratio values. The distribution of the variables was as-
sessed using the Kolmogorov-Smirnov test. Two In-
dependent t-tests were conducted for comparing two 
independent groups with a normal distribution, while 
a One-way Analysis of Variance (One-Way ANOVA) 
was employed for comparing more than two groups. 
The Kruskal–Wallis H test was performed to compare 

more than two independent groups that did not adhere 
to a normal distribution. If differences between groups 
were detected, the Mann-Whitney U test was used to 
identify the origin of these differences. Categorical 
variables were analyzed using the chi-squared test, and 
statistical significance was set at a P-value of less than 
0.05. 
 
 
RESULTS 
 
Of the 50 videos meeting the study criteria for soft tis-
sue sarcomas of the musculoskeletal system, 11 were 
animations, and 39 were actual footage. When exam-
ined according to publishers, the majority of the 
videos, 44% (n=22), were uploaded by health chan-
nels. The majority of uploaders, 70% (n=35), were 
non-physicians. Regarding video content, the highest 
percentage, 32% (n=16), was related to 'general infor-
mation,' followed by 28% (n=14) for 'treatment op-
tions.' Additionally, videos containing patient 
experiences constituted 20% of all videos (Table 3). 
Categorical parameters regarding the videos are 
shown as percentage graphs in Fig. 1.  
      The most extended video duration is 1 hour, 29 
minutes, and 28 seconds, while the shortest is 45 sec-
onds. The oldest uploaded video was posted on January 
5, 2015. The average video duration was calculated as 
00:08:56±00:18:07 (hh:mm:ss). The average number 
of video views was 23,056.12±32,673.31, with an av-
erage time since video upload of 1,616.41±957.9 days. 
The average daily views were 16.12±23.22. The most 
viewed video among the shared videos had 145.122 
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Fig. 1. Percentage graphs of categorical parameters related to videos.
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views, and the most recent video was uploaded 182 
days ago. Table 4 summarizes the data related to video 
duration, upload date, and view count, as well as VPI, 
comment, like, and dislike counts.  
      In Table 5, the highest average likes by video up-
loaders was 381.25±526.42 for the "cancer charity 
channel" group. The VPI index was highest at 98.41% 
in the "university channel" group.  
      The inter-observer DISCERN scoring measure-
ments yielded statistically significant very high agree-
ment (intraclass correlation coefficient (ICC)=0.918; 
P<0.001). Similarly, a statistically significant high 
agreement was obtained for inter-observer JAMA 
measurements (ICC=0.734; P<0.001) (Table 6).  

      No statistically significant difference exists in av-
erage DISCERN scores among uploaders (P=0.200). 
The average DISCERN score for non-physicians is 
35.53, and for physicians, it is 37.27. The average 
JAMA score is 2.46 in the non-physician group, while 
in the physician group, it is 2.8. The VPI average is 
97.3±4.46 in the Non-physician group and 97.59±2.39 
in the Physician group. However, there is no statisti-
cally significant difference in JAMA scores and VPIs 
by uploaders (P>0.050) (Table 7).  
      When the average DISCERN scores are evaluated, 
the quality of the videos is as follows: 12% very poor, 
56% poor, 26% average, and 6% good (Table 8). 
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DISCUSSION 
 
Based on an extensive literature review, our study is 
the first and only investigation regarding the reliability 
of videos about soft tissue sarcomas of the muscu-
loskeletal system. The results will shed light on the 
content and quality of videos related to soft tissue sar-
comas, contributing to the existing literature.  
      As of January 2024, the global internet user count 
reached 5.35 billion, representing 66.2% of the world's 
population. Among them, 5.04 billion individuals, 
equivalent to 62.3% of the global population, were ac-
tive social media users [7]. With more than 3 billion 
monthly active users, Facebook continues to lead as 
the most popular social media platform, followed by 

YouTube, which has approximately 2.5 billion 
monthly active users [8]. The absence of video limi-
tations, open access to video content, and widespread 
usage on the YouTube platform facilitated the planning 
of our study as a YouTube investigation.  
      In their study on internet usage among orthopedic 
patients, Burrus et al. [9] reported that 84.9% of 1296 
patients had internet access, and among those with in-
ternet access, 64.7% used the internet to obtain ortho-
pedic information. They also emphasized that younger 
patients tended to use the Internet for orthopedic in-
formation at a higher rate [9].  
      Innovative technologies today are creating a new 
language of communication worldwide. While rapid 
access to information can provide great convenience, 
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many sources on the internet need to be regulated, 
leading to the spread of low-quality and potentially in-
accurate content to patients [10].  
      The total number of views for only the first 50 
videos on YouTube related to soft tissue sarcomas as 
of February 22, 2024, 1,152.896, indicates interest in 
this orthopedic-specific topic. The literature review re-
veals that previously, only videos related to soft tissue 
sarcomas on YouTube had yet to be examined. In a 
study conducted by Clerici et al. [11] in 2011, using 
the keyword groups 'pediatric soft tissue sarcoma,' 
'rhabdomyosarcoma,' and 'soft tissue sarcoma in chil-
dren,' they examined 149 videos. They found that the 
majority of these videos were uploaded by family 
members (82.5%). They also reported that 94 videos 
were dedicated to deceased patients [11]. However, in 
the mentioned study, videos were categorized based 
on their content and publishing channels, and a valid 
scoring system regarding quality should have been uti-
lized. In our current study, a significant portion of 
video content focuses on providing general informa-
tion about soft tissue sarcoma (32%), followed by 
videos concerning treatment options (28%). Videos 
depicting patients' experiences dealing with the dis-
ease constitute a considerable proportion (20%). This 
indicates that videos are utilized as a tool for patients 
and their families to share impressions and experi-
ences, demonstrating how they cope with the disease. 
As highlighted in the literature, various scoring sys-
tems are used to assess the quality and reliability of 
online videos [12].  Our study evaluated video content 
using widely recognized scoring systems such as DIS-
CERN and JAMA, obtaining comparable results. Fur-
thermore, to enhance the reliability of the study, two 
independent observers independently scored the same 
videos at different times, and a high level of agreement 
was found between the two observers (P<0.001).  
      In another study examining YouTube content re-
lated to cancer rehabilitation, 53 videos were analyzed, 
with the majority uploaded by academic institutions, 
university channels, health-related websites, and phys-
iotherapists. They reported that frequently mentioned 
content was related to cancer rehabilitation basics, but 
most of the evaluated videos were of low quality and 
lacked sufficient information about cancer rehabilita-
tion [13]. Consistent with the literature, when exam-
ining the channels that uploaded the videos, the top 

three were health, hospital, and education channels, 
respectively. Additionally, according to the DISCERN 
scoring, 12% of the videos in our study were rated as 
'very poor,' and 56% were rated as 'poor.' Previous 
studies have highlighted the tendency for information 
shared by physicians to be superior to videos uploaded 
by non-physicians [10]. However, in our study, con-
sidering the uploaders of the videos, no statistically 
significant difference was found between physician 
and non-physician uploaders regarding DISCERN, 
JAMA scores, and VPI.  
      Similar studies in the literature on various health 
conditions have also reported different rates regarding 
the quality and accuracy of the videos. Şahin et al. 
[14], Citgez et al. [15], and Kanlıöz et al. [16] reported 
that the quality of the videos related to the subject we 
worked on is low, consistent with the results we ob-
tained. However, Askin et al. [17], in their YouTube 
study on transcranial magnetic stimulation in stroke, 
reported that the majority of the videos were of mod-
erate quality and partially had sufficient data.  
      Studies emphasizing the importance of sharing pa-
tient stories and experiences during the cancer journey 
are increasing. It has been shown that these shared ex-
periences have a positive impact on both those sharing 
their own cancer experiences and cancer survivors 
[18]. Although most of the videos examined in our 
study were of low quality, the shared information 
about patient experiences can benefit patients and their 
families.  
 
Limitations  
      This study has some limitations. First, the sample 
size is relatively small. However, due to the open-ac-
cess nature of the YouTube platform and the absence 
of time restrictions on videos, we believe that the 
videos examined adequately represent the subject mat-
ter. Second, including only English-language videos 
is another limiting factor. However, considering that 
English is the most widely spoken language globally, 
we believe that this does not significantly undermine 
the validity of the study. 
 
 
CONCLUSION 
 
As a result, it is imperative that YouTube content cre-
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ation incorporates evidence-based practices and uti-
lizes referenced information to provide safer video 
content. Plans should be made to ensure that accurate 
and reliable information about "soft tissue sarcoma" 
is delivered to patients in an understandable manner, 
using appropriate sources and by healthcare profes-
sionals. Furthermore, efforts should be directed toward 
improving the quality of video content created by can-
cer survivors and individuals fighting cancer. To en-
hance the reliability of YouTube videos as much as 
possible, production should be facilitated by health-
care institutions, scientific organizations, and health-
care professionals. 
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Two-year retrospective analysis of repeated emergency 
service admissions in a secondary stage hospital: 
Diagnosis-based evaluation 
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ABSTRACT 
Objectives: This study aims to evaluate the characteristics of repeated emergency department (ED) visits in a 
secondary care hospital over a two-year period and analyze trends across different diagnostic categories.  
Methods: A retrospective analysis was conducted on ED visit data from January 2023 to September 2024. Pa-
tient demographics, primary diagnoses, and visit frequencies were examined. Statistical analyses were per-
formed to compare trends between 2023 and 2024, with subgroup analyses based on age and gender.  
Results: The repeated visit rate was found to be 25.8% in 2023 and 26.0% in 2024, consistent with existing 
literature. The most common diagnosis was upper respiratory tract infections (URTI), accounting for 109,067 
visits in 2023 and 83,655 visits in 2024, showing a significant decline. In contrast, general medical examinations 
and gastroenteritis cases increased in 2024 compared to 2023, indicating a potential shift in healthcare-seeking 
behavior. Myalgia ranked second, with 26,727 cases in 2023 and 21,225 in 2024, predominantly affecting mid-
dle-aged women. Falls and soft tissue disorders, ranked third, were more prevalent in male patients, with 24,351 
cases in 2023 and 19,616 in 2024. Age-specific trends showed that trauma-related conditions were most com-
mon in children (0-10 years), while musculoskeletal and cardiovascular disorders increased with age. Gender 
distribution analysis indicated that headache and acute cystitis were more frequent in women, whereas falls 
and cardiovascular diseases were more common in men.  
Conclusions: The findings highlight the need for better coordination between emergency and primary health-
care services to reduce unnecessary repeat visits. The shift in diagnostic trends suggests that regional healthcare 
planning should adapt to evolving patient needs. Future research should explore psychosocial factors con-
tributing to repeat visits and assess the economic burden of ED overutilization.  
Keywords: Emergency department, duplicate visit, diagnosis analysis, retrospective study, second-level hospital 
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 Emergency services are one of the most impor-

tant components of the health system and are 
critical units where the society can access 

health services with a 24/7 continuity logic. In recent 
years, the increase in the number of emergency room 

patients has become especially evident in terms of re-
peated admission [6, 14, 27]. In the international lit-
erature, patients who make repeated admissions are 
generally defined as patients who have more than one 
emergency room application during the year [12, 19]. 
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This patient population constitutes approximately 3-
8% of total emergency room admissions, while ac-
counting for 21-28% of all emergency room visits [14, 
23]. International studies show that when the demo-
graphic and clinical characteristics of patients who 
make frequent applications are examined, this patient 
group constitutes a burden on the health system due 
to repeated applications [1].  
      Repeated admissions to he hospitals affect the 
health system in many ways. It not only increases the 
consumption of emergency room resources, but also 
causes emergency room congestion, increased waiting 
times and increased health expenditures [3, 22]. In par-
ticular, drug-related complications are visibly evident 
in patients who repeatedly apply to the emergency de-
partment [2]. The literature has revealed chronic health 
problems, mental health problems, socioeconomic fac-
tors and difficulties in accessing health services as the 
underlying reasons for repeated applications [8, 14, 
18]. Secondary hospitals play an important role in the 
health system [6, 24]. Analysis of repeated admissions 
in these hospitals is of critical importance both in 
terms of improving the quality of patient care and op-
timal use of health resources. Accurate statistical 
methods are of great importance in this process [5]. 
Studies in the literature show that the rate of repeated 
admissions in secondary hospitals varies between 15-
25% [12, 23]. Recent systematic analyses have deter-
mined that patients who repeatedly apply exhibit 
distinct clinical and demographic characteristics [12, 
14]. These patients are generally at higher risk of co-
morbidities, have mental health problems and prob-
lems in the management of chronic diseases [19, 21]. 
In addition, the intensity of use of health services by 
this patient group is not limited to emergency services 
alone, but also creates increased use in primary health 
care services and inpatient services [14, 20].  
      Studies conducted in the last half-decade have 
highlighted the importance of a multidisciplinary ap-
proach in the management of repeated applications [6, 
26]. Case management models and coordinated care 
programs in particular have yielded promising results 
in both positively affecting clinical outcomes and op-
timizing the use of healthcare services in this patient 
group [4, 25]. However, studies examining the char-
acteristics and underlying factors of repeated admis-
sions in secondary hospitals are limited [8, 24]. It is 
striking that there are few studies in the current litera-

ture that specifically focus on diagnosis and conduct 
detailed analyses of repeated admissions in secondary 
hospitals in Turkey. Studies have shown that repeated 
admissions are a significant problem in emergency de-
partments. In a study conducted by Çıkrıkçı Işık et al. 
[8] in a tertiary hospital, 22.5% of repeated admissions 
were chronic diseases, while the rate obtained by Sul-
tanoğlu et al. [24] in their experience with secondary 
hospitals was 18.3%. These studies indicate that the 
use patterns of emergency departments in Turkey 
show parallel results with the international literature, 
and that they also reveal some unique characteristics, 
especially in secondary hospitals. This study seems 
valuable because the number of studies that analyze 
repeat admissions in a broad and diagnostic manner, 
especially in secondary hospitals, is limited in our 
country. Because it reveals the application patterns, 
demographic characteristics and most common diag-
noses by making a broad analysis of repeat applica-
tions to the emergency department of a secondary state 
hospital. This study can contribute to both the positive 
development of clinical practices and the upgrade of 
health systems. 
 
 
METHODS 
 
Study Setting 
This study was conducted at Sultanbeyli State Hospi-
tal, a secondary care facility located in the Sultanbeyli 
district on the Asian side of Istanbul, Turkey. Accord-
ing to the 2024 Turkish Statistical Institute (TÜİK) 
data, Sultanbeyli has a total population of 369,193 
people, with 181,270 females (49.09%) and 187,923 
males (50.91%). The district's age distribution is as 
follows: 7.58% (0-4 years), 9.49% (5-9 years), 9.05% 
(10-14 years), 8.56% (15-19 years), and 8.18% (20-
24 years). Additionally, 9.42% of the population falls 
within the 25-29 age group, while 8.96% is between 
30-34 years. The elderly population (65 years and 
over) constitutes 3.09% of the total, with those aged 
90 and above comprising 0.09%. Sultanbeyli State 
Hospital serves as the primary healthcare facility for 
the district and its surrounding areas, accommodating 
an annual emergency department visit volume of ap-
proximately 800,000 patients, indicating high health-
care utilization rates in the region [6, 14].  
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Study Population  
      The hospital's emergency department application 
data were retrospectively analyzed for the period be-
tween January 1, 2023, and September 30, 2024. 
Based on the literature [6, 14], repeated applications 
were defined as patients with more than one emer-
gency department application in the same calendar 
year. All patients who applied to the emergency de-
partment during the study period were included in the 
study. Retrospective analysis is widely utilized in 
emergency department utilization studies [8, 18]. 
 
Inclusion and Exclusion Criteria 
      Inclusion Criteria: (1) Patients who admitted to the 
emergency department during the study period. (2) Pa-
tients with more than one admission in the same calen-
dar year. (3) Those whose data could be fully accessed 
through the hospital information system [12, 19]. 
      Exclusion Criteria: (1) Judicial cases. (2) Patients 
with missing data in the hospital information system. 
(3) Patients referred to another healthcare institution. 
(4) Patients who died in the emergency department 
[14, 23]. 
 
Data Collection and Variables  
      Patient data were obtained from the hospital's 
electronic medical record system (Hospital Informa-
tion Management System-HBYS). The system utilizes 
ICD-10 (International Classification of Diseases, 10th 
Revision) codes for diagnostic classification [12, 19]. 
The study collected the following data:  
      1. Demographics: Age (years), Gender 
(female/male)  
      2. Visit Characteristics: Admission date and time, 
frequency of visits  
      3. Clinical Data: Primary ICD-10 diagnosis codes. 
 
Diagnosis Classification  
      Emergency department admission diagnoses were 
categorized into seven main groups according to pre-
vious literature [6, 14, 18]:  
      1. Respiratory system diseases  
      2. Musculoskeletal system diseases  
      3. Trauma and injuries 
      4. Gastrointestinal system diseases 
      5. Neurological diseases 
      6. Cardiovascular system diseases 
      7. Other diseases. 

Statistical Analysis  
      Statistical analyses were conducted using SPSS 
version 25.0 (IBM Corp., Armonk, NY, USA). The 
following methods were applied: Descriptive statistics 
were presented as numbers and percentages for cate-
gorical variables and as mean±standard deviation or 
median (minimum-maximum) for continuous vari-
ables [5, 12]. Normality of continuous variables was 
assessed using the Kolmogorov-Smirnov test. Com-
parisons of normally distributed continuous variables 
(e.g., mean age, length of stay) were conducted using 
the Student’s t-test, while non-normally distributed 
continuous variables (e.g., visit frequency) were com-
pared using the Mann-Whitney U test. Categorical 
variables were analyzed using the Chi-square test or 
Fisher’s exact test, as appropriate [5, 19]. Univariate 
analysis: Variables identified as statistically significant 
(P<0.05) in univariate analysis were included in mul-
tivariate analysis. Multivariate logistic regression 
analysis was conducted to determine the factors affect-
ing repeated applications, calculating Odds Ratios 
(OR) and 95% Confidence Intervals (CI). Model fit 
was assessed using the Hosmer-Lemeshow test [12, 
14]. Seasonal and temporal variations were analyzed 
using time series analysis and seasonal decomposition 
methods [6, 19]. Relationships between diagnostic 
groups were assessed using hierarchical cluster analysis 
and multiple fit analysis [5, 12]. For all statistical analy-
ses, a P-value of <0.05 was considered statistically sig-
nificant. The study's statistical power was assessed 
using G*Power 3.1.9.7 software, ensuring at least 80% 
power to detect meaningful differences [12, 19]. 
 
 
RESULTS 
 
General Admission Characteristics 
During the study period, a total of 799,084 emergency 
department admissions were recorded in 2023 and 
653,746 in the first 9.7 months of 2024. Among these, 
206,502 (25.8%) admissions in 2023 and 169,963 
(26.0%) admissions in 2024 were identified as re-
peated visits. The distribution of repeated visits re-
mained consistent across the two years (Table 1). 
 
Distribution and Characteristics of Common Diagnoses 
      The most frequently observed diagnosis was upper 
respiratory tract infections, with 109,067 visits in 2023 
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and 83,655 visits in 2024, indicating a decrease in 
cases over the two years. Myalgia was the second most 
common diagnosis, with 26,727 visits in 2023 and 
21,225 visits in 2024, also showing a decline. Falls 
and soft tissue disorders ranked third, accounting for 
24,351 visits in 2023 and 19,616 visits in 2024. This 
trend suggests a general reduction in repeated admis-
sions for these conditions. The table highlights the 
yearly comparison of common diagnoses and provides 
insight into the shifting patterns of emergency depart-
ment visits over time (Table 2). 
 
Age and Gender Distribution 
      The distribution of repeated emergency department 
admissions varied across different age groups. In pe-
diatric patients (0-10 years), the leading causes of re-
peated visits were falls, soft tissue injuries, URTI, and 
gastroenteritis, accounting for 75.2% (598,213 cases) 
in 2023 and 74.8% (482,920 cases) in 2024. Young 
adults (20-40 years) primarily presented with URTI, 
headache, and acute cystitis, with 135,794 cases 
(17.1%) in 2023 and 104,880 cases (16.3%) in 2024, 
showing a notable female predominance in headache 
and cystitis cases. Middle-aged adults (40-60 years) 
were most frequently diagnosed with myalgia and car-
diovascular diseases, representing 5.4% (42,748 cases) 
in 2023 and 6.6% (42,412 cases) in 2024, with a higher 
prevalence among female patients. Elderly patients 
(60+ years) predominantly presented with URTI, myal-
gia, and neurological diseases, comprising 2.4% 
(18,711 cases) in 2023 and 2.3% (14,968 cases) in 

2024. These findings highlight that trauma-related con-
ditions were more common in younger patients, while 
musculoskeletal, respiratory, and cardiovascular disor-
ders were more prevalent in older adults (40+ years). 
 
Diagnosis-Specific Features 
      Non-specific symptoms categorized as general 
medical examinations were the fourth most common 
reason for repeated visits, with 18,397 cases in 2023 
and 22,796 cases in 2024. Gastroenteritis ranked fifth, 
with 7,420 visits in 2023 and 7,510 visits in 2024. 
Neurological diseases and cardiovascular disorders 
were also frequently observed among older patients. 
 
Gender-Specific Patterns  
      A distinct gender distribution was noted in 
headache cases, with a significant female predomi-
nance (4,291 out of 6,078 cases in 2023 and 2,490 out 
of 3,593 cases in 2024). Similarly, acute cystitis was 
more prevalent among female patients, while falls, soft 
tissue injuries, and trauma-related conditions were 
more common among males (Table 3).  
 
Analysis by Age Groups  
      Among pediatric patients (0-10 years), the primary 
reasons for repeated visits were falls, injuries, URTI, 
and gastroenteritis, as well as rabies vaccination fol-
low-ups for animal-related injuries. Young adults (20-
40 years) predominantly sought emergency care for 
URTI, headache, and acute cystitis, while middle-aged 
adults (40-60 years) frequently presented with myalgia 
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and cardiovascular conditions. In elderly patients (>60 
years), the most frequently observed diagnoses were 
URTI, myalgia, neurological diseases, and cardiovas-
cular disorders (Table 4). 
 
Comparison between Years  
      The rate of repeated admissions remained stable 
between the two years, at 25.8% in 2023 and 26.0% 
in 2024. A slight increase in the mean age of patients 
presenting with URTI was observed, rising from 48.8 
years in 2023 to 51.4 years in 2024, while other diag-
noses showed minimal variation. Gender distribution 
patterns remained consistent, with female predomi-
nance in headache, acute cystitis, and cardiovascular 
diseases, while trauma-related conditions and muscu-
loskeletal injuries were more common in male pa-
tients. 
 
 
DISCUSSION 
 
This study provides a comprehensive evaluation of re-
peated emergency department visits in a secondary 
care hospital. The detected repeated visit rates (25.8-
26.0%) align with the literature-reported rates of 21-
28% [14, 19, 23]. The 24.6% rate in the multicenter 
study by Kanzaria et al. [14] and the 25.3% rate in 
Moe et al. [19] support our findings.  

      The most common cause of repeated visits, upper 
respiratory tract infections (URTI), showed a higher 
prevalence than the reported 14-18% in the literature 
[6, 18]. This may be related to regional healthcare 
service utilization habits and post-COVID-19 effects 
[6, 18, 21]. Similar findings were reported by Cho et 
al. [6] and Osawa et al. [21], where URTI was the 
leading diagnosis. However, a notable decline in URTI 
cases was observed between 2023 and 2024, suggest-
ing potential changes in health-seeking behavior or 
preventive measures.  
      In contrast, general medical examinations (non-
specific symptoms) were a significant cause of re-
peated visits, ranking fourth in our study. This aligns 
with findings by Giannouchos et al. [12], who empha-
sized the role of psychosocial factors in emergency de-
partment utilization. Interestingly, this category saw 
an increase in 2024 compared to 2023, which may in-
dicate a shift in healthcare-seeking behavior. Addition-
ally, gastroenteritis cases increased slightly from 2023 
to 2024, a trend that warrants further investigation.  
Injuries caused by dogs and cats (rabies vaccination 
follow-up) were another major factor in repeated ap-
plications, differing from the findings of Lee et al. 
[18], which were based on secondary hospital data. 
This may be related to the high stray animal popula-
tion and sociodemographic characteristics of the re-
gion. Burton et al. [3] highlighted how regional factors 
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can influence emergency department application pat-
terns. Similarly, Kim and Lee [15] and Kuan and Chua 
[16] noted that regional health system differences can 
impact repeated visit trends.  
      Gender-specific patterns in our study were largely 
parallel to the literature [8, 14, 19]. Female predomi-
nance was observed in headache and acute cystitis 
cases, consistent with the findings of Çıkrıkçı Işık et al. 
[8]. In contrast, falls and soft tissue injuries were more 
common in male patients, aligning with Cordell et al. 
[7]. Additionally, myalgia was more frequent in female 
patients, whereas cardiovascular diseases were more 
prevalent in males. These gender-based differences 
highlight the need for tailored preventive strategies. 
      In terms of age distribution, high application rates 
among young adults (20-40 years) were consistent 
with the literature [12, 19, 23]. The systematic review 
by Soril et al. [23] supports our findings, particularly 
regarding the predominance of myalgia diagnoses in 
middle-aged adults, which aligns with the chronic pain 
patterns reported by Kanzaria et al. [14]. Laferté et al. 
[17] emphasized the significance of trauma-related re-
peat visits among elderly patients, reinforcing our ob-
servation that falls and soft tissue injuries were a key 
concern in this age group.  
      One of the strengths of our study is its large two-
year dataset, whereas most similar studies cover 
shorter timeframes or smaller sample sizes [6, 18]. Ad-
ditionally, since the existing literature predominantly 
focuses on tertiary hospitals, our study provides valu-
able insights into repeated visits in secondary hospitals 
[14, 19]. Apart from Sultanoğlu et al. [24], few studies 
in Turkey have comprehensively analyzed repeated 
visits in secondary hospitals.  
      Understanding repeated emergency department 
applications is critical for healthcare planning and pol-
icy development. Fleury et al. [11] emphasized that 
proper management of repeated visits is essential, par-
ticularly for chronic disease patients. Additionally, Von 
Allmen et al. [26] suggested that case management 
programs and coordinated care models could reduce 
unnecessary emergency visits.  
 
Limitations 
      Our study has several limitations. First, as a sin-
gle-center study, its generalizability is limited. Sec-
ondly, since data were obtained from a single hospital 

database, we lack information on whether the same 
patients sought care at other institutions. This limita-
tion means that the actual number of repeated appli-
cations may be underestimated. Additionally, due to 
the retrospective nature of our study, we could not an-
alyze underlying psychosocial factors contributing to 
repeated applications. Finally, comorbid conditions, 
socioeconomic status, and medication use were not in-
cluded in our analysis, all of which may influence re-
peated visit patterns. Future studies should incorporate 
multicenter, prospective designs to address these lim-
itations.  
 
Recommendations  
      Based on our findings, several recommendations 
can be made for managing repeated emergency depart-
ment applications. As highlighted in the multicenter 
study by De Groot et al. [9], developing structured 
protocols for managing patients with nonspecific 
symptoms can be beneficial. Additionally, Doan and 
Barbic [10] emphasized the importance of integrated 
care models for mental health and chronic disease 
management.  
      Strengthening coordination with primary health-
care services could reduce repeat visits in secondary 
hospitals [8, 24]. De Groot et al. [9] found that 60% 
of nonspecific symptom cases could be managed 
through primary healthcare coordination, reducing 
emergency visits. Similarly, Doan and Barbic [10] re-
ported that integrated care models for patients with 
anxiety and depression reduced repeat visits by 40%. 
Hughes et al. [13] emphasized the importance of a 
multidisciplinary approach in managing chronic pain 
patients, while Pearce et al. [22] highlighted the need 
for effective emergency department strategies to pre-
vent congestion.  
      Future studies should further investigate the psy-
chosocial characteristics and healthcare utilization be-
haviors of patients with repeat visits, as demonstrated 
in Tuller’s study [25]. This study revealed that psy-
chosocial factors contributed to repeat visits in 45% 
of cases. Additionally, Moe et al. [20] conducted a 
five-year cost analysis, showing that repeated appli-
cations increased healthcare costs by an average of 
$4,500-$6,000 per patient per year. Given these finan-
cial implications, future research should also focus on 
the economic burden of repeated emergency visits. 
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CONCLUSION 
 
This study provides a comprehensive analysis of re-
peated emergency department visits in a secondary 
care hospital. The findings indicate that the repeated 
visit rates (25.8-26.0%) are consistent with previous 
literature but also reveal regional variations in diag-
nostic patterns. The high prevalence of upper respira-
tory tract infections, nonspecific symptoms, and 
injuries related to stray animals highlights the impor-
tance of region-specific healthcare planning and pre-
ventive strategies. The yearly changes in diagnostic 
trends between 2023 and 2024 (decrease in URTI and 
myalgia cases; increase in general medical examina-
tions and gastroenteritis cases) suggest that changes in 
healthcare-seeking behavior may influence emergency 
department utilization. These findings emphasize the 
need for strengthening the coordination between emer-
gency and primary healthcare services, implementing 
multidisciplinary approaches for chronic disease man-
agement, developing structured protocols for patients 
with nonspecific symptoms, and adapting healthcare 
policies to regional factors. Future multicenter and 
prospective studies can further explore the psychoso-
cial factors contributing to repeated visits and evaluate 
the economic impact of emergency department 
overutilization.  
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The impact of gender differences on the roles of the 
atherogenic index of plasma and triglyceride-glucose 
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ABSTRACT 
Objectives: This study aimed to evaluate the association of the triglyceride-glucose (TyG) index and the athero-
genic index of plasma (AIP) with moderate-to-severe coronary artery calcium score (CACS), with a particular 
focus on gender differences. Given the gender-specific variations in the development of coronary artery calci-
fication, tailored diagnostic approaches are required. 
Methods: In this retrospective, single-center study, 246 consecutive patients aged 25-77 years who underwent 
128-slice coronary computed tomography angiography (CCTA) for coronary artery disease screening between 
June 2024 and January 2025 were analyzed. Patients were categorized into three groups according to their 
CACS: Group 1 (CACS=0), Group 2 (CACS=1-99), and Group 3 (CACS≥100). Demographic characteristics 
and medical histories were recorded. Biochemical parameters, lipid panel, and hemogram values were analyzed 
from venous blood samples collected after 12 hours of fasting. Multivariate logistic regression analyses were 
performed to identify independent predictors of moderate-to-severe CACS in both genders. 
Results: In women, advanced age (odds ratio [OR]=1.126; 95% confidence interval [CI]: 1.031–1.136; 
P<0.001), elevated triglyceride levels (OR=0.964; 95%CI:0.937–0.992; P=0.011), and a higher TyG index 
(OR=35.317;95%CI:6.328–187.356; P=0.002) were independently associated with moderate-to-severe CACS. 
In men, advanced age (OR=1.083; 95% CI:1.007–1.165; P=0.032), severe coronary artery stenosis 
(OR=12.298; 95% CI: 1.451–104.208; P=0.021), and smoking (OR=8.771; 95%CI: 1.810-42.501; P=0.007) 
were independent predictors. AIP was not identified as an independent predictor of moderate-to-severe CACS 
in either gender. 
Conclusions: Advanced age was independently associated with CACS in both genders. The TyG index was a 
significant predictor of moderate-to-severe CACS in women, while traditional risk factors, such as smoking 
and severe coronary artery stenosis, were more relevant in men. AIP was not an independent predictor of mod-
erate-to-severe CACS in either gender. 
Keywords: Coronary artery calcium score, gender differences, atherosclerosis, atherogenic index of plasma, 
triglyceride-glucose index 
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C oronary artery calcium scoring (CACS), as-
sessed by coronary computed tomography an-
giography (CCTA), is a well-established, 

noninvasive marker of coronary atherosclerosis and 
an independent predictor of major adverse cardiovas-
cular events (MACE) [1, 2]. Several metabolic and in-
flammatory conditions, including hyperlipidemia, 
diabetes mellitus (DM), and systemic inflammation, 
contribute to the progression of coronary artery calci-
fication (CAC) [3]. Notably, gender differences influ-
ence both the prevalence and characteristics of CAC; 
men tend to develop calcified plaques at younger ages, 
whereas non-calcified or mixed plaques are more 
common in premenopausal women. After menopause, 
the prevalence of CAC in women increases signifi-
cantly [4-6].  
      Considering the gender-specific differences in the 
development of CAC, it is essential to incorporate 
these variations when designing effective diagnostic 
methods for CAD [7]. In recent years, two metabolic 
markers - the triglyceride-glucose (TyG) index and the 
atherogenic index of plasma (AIP) - have emerged as 
potential predictors of subclinical atherosclerosis. The 
TyG index is a validated surrogate for insulin resist-
ance, while AIP reflects atherogenic lipid imbalance 
[8]. Both have been associated with coronary artery 
disease (CAD) and CAC independent of traditional 
risk factors, including DM [9, 10]. However, few stud-
ies have evaluated whether the predictive performance 
of these indices differs by gender, despite the known 
sex-specific pathophysiology of atherosclerosis.  
      Understanding the gender-specific predictive 
value of TyG and AIP may help refine cardiovascular 
risk stratification, especially in women, who often re-
ceive less aggressive diagnostic and preventive care. 
Therefore, this study aimed to investigate the associ-
ation of the TyG index and AIP with moderate-to-se-
vere CACS, with particular emphasis on sex-related 
differences in predictive value. 
 
 
METHODS 
 
Study Design  
The research was carried out on 246 consecutive pa-
tients in the age range of 25-77 years admitted to the 
cardiology outpatient clinic of Siirt Training and Re-
search Hospital and underwent 128-slice CCTA for 

CAD screening between June 2024 and January 2025, 
retrospectively. Patients with severe renal failure, liver 
failure, thyroid dysfunction, structural heart disease, 
infection, autoimmune disease, malignancy, patients 
for whom effective CCTA cannot be performed due to 
arrhythmia, pregnant women and breastfeeding 
women, patients with previously known CAD and 
those who have undergone interventional cardiovas-
cular procedures, patients using fenofibrate due to hy-
pertriglyceridemia and patients taking statins were not 
included in the study. Patients with a CACS of 0 were 
defined as the control group (Group 1). Patients with 
a CACS between 1 and 99 were defined mild CACS 
group as Group 2, and patients with a CACS≥100 
were defined moderate to severe CACS group as 
Group 3. 
      The research adhered to the norms of the Decla-
ration of Helsinki and was granted approval by Siirt 
University Noninterventional Clinical Research Ethi-
cal Committee (Date: 28.11.2024, Decision No: 
2024/12/01/04).  
 
Demographic Findings, Laboratory Analyzes, the 
CCTA and CACS Analysis  
      The patients' age, gender, systolic and diastolic 
tension (TA) measurements, body mass index (BMI), 
previous medical history (HT, DM, HL history), car-
diac family history and smoking habits were recorded. 
Biochemical parameters such as fasting blood sugar 
(FBG), uric acid, C-reactive protein (CRP), and he-
moglobin A1c (HbA1c) values were measured in ve-
nous blood samples taken after 12 hours of fasting. For 
lipid parameters, total cholesterol, triglyceride, LDL, 
and high-density lipoprotein (HDL) values were ob-
tained using the Beckman Coulter device and kits. 
Then, the TyG index was calculated using the natural 
logarithm (ln) formula (fasting triglyceride × fasting 
glucose/2). Atherogenic index of plasma (AIP) was 
obtained by taking the logarithm of the ratio of serum 
triglyceride level to high-density lipoprotein level. 
LDL/HDL, total cholesterol/HDL parameters were 
calculated. Additionally, neutrophil, lymphocyte, and 
monocyte were assessed using the Mindray device and 
kits. Neutrophile/lymphocyte ratio (NLR) and mono-
cyte-HDL ratio values were calculated.  
      5 mg intravenous metoprolol was administered 
within 2 to 30 minutes before the procedure to patients 
who had a heart rate of 65/min before the procedure 
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and had no contraindication to beta blocker treatment. 
CACS was measured with a 128-slice General Electric 
CT scanner device using the prospective electrocar-
diogram (ECG) gating method with non-contrast 120 
KV, 300 mAs values, 3 mm slice thickness, without 
any overlap or gap. CAC data collection was per-
formed prospectively synchronized with the patient's 
ECG by gating in high pitch mode by operating it in 
the craniocaudal direction during breath holding in 
mid-inspiration. Calcification was defined as >130 
Hounsfield (HU) units or areas with at least 1 mm of 
hyperattenuation in less than three consecutive pixels. 
The Agatstone method was used to calculate the 
CACS by calculating the weighted sum of the areas 
>130 HU.  
 
Statistical Analysis  
      The distribution of normality for all variables was 
assessed using the Kolmogorov-Smirnov test. Vari-
ables with a normal distribution are presented as 
mean±standard deviation, and comparisons between 
groups were conducted using one-way analysis of 
variance (ANOVA). Categorical variables are ex-
pressed as percentages, and the Pearson chi-square test 
was employed for group comparisons. To identify the 
specific groups responsible for significant differences 

in continuous variables, post hoc Tukey-b testing was 
applied. For categorical variables with significant dif-
ferences, Bonferroni-corrected z-tests were performed. 
Gender-specific univariate and multivariate logistic re-
gression analyses were conducted to determine inde-
pendent predictors of moderate-to-severe CACS in 
both men and women. A P-value < 0.05 was consid-
ered statistically significant. All statistical analyses 
were carried out using SPSS version 26.0 (IBM Corp., 
Armonk, NY, USA). 
 
 
RESULTS 
 
A total of 246 patients were included in the study: 81 pa-
tients in Group 1 (CACS 0), 98 patients in Group 2 
(CACS between 0 and 99), and 67 patients in Group 3 
(CACS ≥100). 134 (54.5%) of the participants in the 
study were women, and 112 (45.5%) were men. The av-
erage age for women was 58.52±9.17 years, while for 
men it was 52.14±11.43 years. DM was present in 71 pa-
tients, comprising 46 (64.8%) women and 25 (35.2%) 
men. Age (P<0.001), BMI (P<0.001), systolic TA 
(P<0.001), diastolic TA (P=0.003), coronary critical 
stenosis rate (P<0.001), DM (P<0.001) and smoking 
(P<0.001) rates were significantly higher in Group 3 than 
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in Groups 1 and 2. The findings are shown in Table 1.  
      No significant difference was observed between 
Groups 1, 2, and 3 for the parameters t cholesterol and 
uric acid (P>0.05). HDL was significantly lower in 
Group 3 than in Group 1 (P=0.026). CRP (P=0.006), 
HbA1c (P<0.001), and NLR (P=0.003) were signifi-

cantly higher in Group 3 than in Group 1. Triglyceride 
(P<0.001), TyG index (P<0.001), AIP (P<0.001), and 
FBG (P<0.001) values were significantly higher in 
Group 3 than in Groups 1 and 2. The findings are 
shown in Table 2.  
      As a result of univariate and multivariate logistic 
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regression analyses, age (OR=1.104; 95% C.l. 1.053-
1.158, P<0.001), TyG index (OR=37.507; 95% C.l. 
7.227-194.653, P<0.001) and smoking (OR=3.318; 
95% C.l. 1.466-7.507, P<0.001) were found to be in-
dependently associated parameters with the presence 
of moderate-to-severe CACS in the all patient group. 
The AIP was not found to be an independently associ-
ated parameter with moderate-to-severe CACS 
(P>0.05). The findings are shown in Table 3.  
      In gender-specific univariate and multivariate lo-
gistic regression analyses, age (OR=1.126; 95% C.l. 
1.031-1.136, P<0.001), triglyceride (OR=0.964; 95% 
C.l. 0.937-0.992, P=0.011) and TyG index 
(OR=35.317; 95% C.l. 6.328-187.356, P=0.002) were 
found to be independent predictors of moderate-to-se-

vere CACS in women, and age (OR=1.083; 95% C.l. 
1.007-1.165, P=0.032), critical coronary artery steno-
sis (OR=12.298; 95% C.l. 1.451-104.208, P=0.021) 
and smoking (OR=8.771; 95% C.l. 1.810-42.501, 
P=0.007) were found to be independent predictors of 
moderate-to-severe CACS in men. The AIP was not 
found to be a parameter independently associated with 
moderate-to-severe CACS in either women or men 
(P=0.27, P=0.596, respectively). The findings are 
shown in Tables 4 and 5.  
 
 
DISCUSSION 
 
The findings of this study highlight the gender-specific 
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determinants of moderate-to-severe CACS, underscor-
ing the distinct metabolic and clinical pathways con-
tributing to coronary atherosclerosis in men and 
women. Our results indicate that older age, higher 
triglyceride levels, and an elevated TyG index are in-
dependent predictors of moderate-to-severe CACS in 
women, whereas in men, older age, severe coronary 
artery stenosis, and smoking are significant predictors. 
Notably, AIP was not identified as an independent pre-
dictor of moderate-to-severe CACS in either sex, sug-
gesting that other metabolic or inflammatory markers 
may play a more pivotal role in vascular calcification 
progression. These findings emphasize the importance 
of incorporating gender-specific indicators into tradi-
tional cardiovascular risk assessment algorithms to en-
hance the prediction of subclinical atherosclerosis.  
      In our study, advanced age was independently as-
sociated with moderate-to-severe CACS in both men 
and women. This finding aligns with the Multi-Ethnic 
Study of Atherosclerosis (MESA), which analyzed 
data from 6,814 participants aged 45 to 84, free of 
clinical cardiovascular disease at baseline. The study 
observed that both the prevalence and extent of CAC 
increased steadily with advancing age across all racial 
and ethnic groups [11]. Specifically, the incidence of 
newly detectable CAC averaged 6.6% per year, with 
rates of less than 5% per year in individuals under 50, 
but rising to over 12% in those over 80 [12].  
      Our study found that severe coronary artery steno-
sis in men was independently associated with moder-
ate-to-severe CACS. However, this association was 
not observed in women. This discrepancy may be due 
to differences in arterial remodeling between sexes 
[13]. A study by Sangiorgi et al. suggests that arterial 
calcification correlates more with overall plaque bur-
den rather than lumen narrowing, indicating that sig-
nificant calcification can occur without causing 
substantial stenosis [14]. This phenomenon, known as 
positive or outward remodeling, allows the artery to 
maintain luminal diameter despite progressive ather-
osclerotic plaque accumulation. This compensatory 
mechanism involves degradation of the extracellular 
matrix, activation of matrix metalloproteinases 
(MMPs), and smooth muscle cell migration, processes 
that are modulated by hormonal influences such as es-
trogen. Estrogen has been shown to promote vasodi-
lation, inhibit vascular inflammation, and enhance 

endothelial function, all of which may contribute to 
more pronounced remodeling in women [15]. As a re-
sult, significant plaque burden may develop with less 
calcification and without causing luminal narrowing 
detectable by imaging. This may explain the lack of 
association between severe coronary stenosis and 
CAC in our female cohort, despite their metabolic risk 
profile.  
      While previous studies have identified an inde-
pendent association between smoking and moderate-
to-severe CACS in women [16, 17], our study found 
this relationship to be significant in men. Supporting 
our findings, Lessmann et al. [18] reported higher 
CAC density and prevalence among male heavy 
smokers compared to female counterparts, noting that 
CAC levels in women were comparable to those in 
men a decade younger. However, it's important to con-
sider that this study focused on older heavy smokers 
undergoing lung cancer screening, which may influ-
ence the generalizability of the results.  
      In our study, AIP was not independently associated 
with moderate-to-severe CACS. This finding may be 
explained by the fact that AIP, calculated as the loga-
rithmic ratio of triglycerides to HDL-C, is highly sen-
sitive to short-term metabolic variations such as recent 
dietary intake, acute insulin resistance, inflammation, 
or pharmacologic interventions. In contrast, CAC de-
velops gradually over the years and reflects a chronic 
atherosclerotic burden. This temporal mismatch may 
limit the utility of AIP in predicting long-term subclin-
ical atherosclerosis as detected by CACS. Similar ob-
servations have been reported in previous studies, 
suggesting that AIP may better predict early athero-
genic risk or plaque progression in individuals with 
low baseline CAC, but its predictive power diminishes 
in more advanced calcific stages. Notably, previous 
research has shown that AIP may better predict early 
atherogenic risk or CAC progression in individuals 
with low baseline CACS but not in those with moder-
ate-to-severe scores [19]. Therefore, assessing AIP 
may be more beneficial in the long-term follow-up of 
patients with initially low CACS.  
      In our study, the TyG index emerged as an inde-
pendent predictor of moderate-to-severe CACS in 
women, underscoring its potential as a valuable 
marker for assessing cardiovascular risk in this popu-
lation. This finding is consistent with existing litera-
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ture, which highlights the association between the TyG 
index and subclinical atherosclerosis. For instance, 
one study demonstrated that an elevated TyG index is 
associated with an increased risk of both arterial stiff-
ness and CAC, suggesting its utility in predicting sub-
clinical atherosclerosis [20]. Furthermore, research has 
shown that the TyG index predicts CAC more effec-
tively than other markers of insulin resistance, rein-
forcing its relevance in cardiovascular risk assessment 
[21]. Specifically regarding gender, previous studies 
have emphasized the independent association between 
the TyG index and both subclinical atherosclerosis and 
obstructive CAD, particularly in non-diabetic women 
[22, 23]. In our study, we found an independent asso-
ciation between the TyG index and moderate-to-severe 
CACS in women, regardless of diabetes status. Simi-
larly, another study reported that the TyG index is as-
sociated with carotid atherosclerosis and arterial 
stiffness, particularly in lean postmenopausal women 
[24]. These findings suggest the potential of the TyG 
index as a universal marker for cardiovascular risk as-
sessment across different populations.  
 
Limitations  
      This single-center, retrospective study limits 
causal interpretation and reduces the external validity 
of the findings, particularly when applied to more di-
verse populations or healthcare settings. 
 
 
CONCLUSION 
 
In women, moderate-to-severe CACS was independ-
ently linked to advanced age, higher triglyceride lev-
els, and an increased TyG index. In contrast, in men, 
advanced age, severe coronary artery stenosis, and 
smoking were found to be key predictors. AIP was not 
independently associated with moderate-to-severe 
CACS in either gender. Further multicenter, prospec-
tive studies are required to examine the influence of 
the TyG index on subclinical atherosclerosis, espe-
cially in women, with attention to gender-related fac-
tors. 
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Transformative role of artificial intelligence in 
enhancing occupational health and safety: A systematic 
review and meta-analysis 
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ABSTRACT 
Objectives: This study aims to systematically review and analyze the impact of artificial intelligence (AI) 
technologies on occupational health and safety (OHS), focusing on their effectiveness in risk mitigation, disease 
prevention, and the promotion of worker well-being.  
Methods: A comprehensive literature search was conducted across databases including Embase, PubMed, and 
Google Scholar, covering studies from 1974 to the present. The review followed the guidelines set forth by 
Cochrane, with data analyzed using the Review Manager software (Version 5.4). 
Results: The analysis included 25 studies involving diverse industries, with a total of 2,500 workers. Findings 
indicated a significant positive effect of AI technologies on reducing occupational hazards (SMD: -0.75, 95% 
CI: -0.82 to -0.68, Z=18.45, P<0.00001) and enhancing safety protocols (SMD: -0.45, 95% CI: -0.56 to -0.34, 
Z = 9.30, P<0.00001). Furthermore, AI-driven monitoring tools were associated with a notable decrease in 
workplace accidents (SMD: -0.52, 95% CI: -0.60 to -0.44, Z = 14.23, P<0.00001). 
Conclusions: The integration of AI in occupational health and safety practices significantly enhances the man-
agement of workplace risks, leading to improved safety outcomes and reduced incidents. This study underscores 
the need for continued investment in AI technologies to promote healthier and safer work environments. 
Keywords: Artificial intelligence, occupational health and safety, risk management, workplace safety, sys-
tematic review, meta-analysis 
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 O ccupational health and safety (OHS) is a fun-

damental concern across all sectors, prioritizing 
the well-being of employees for both ethical 

and operational reasons. Effective OHS measures not 
only safeguard the health and protection of workers 
but also enhance workplace efficiency and productiv-
ity. The industrial landscape is fraught with hazards, 
many of which can lead to acute or chronic occupa-
tional diseases. Respiratory diseases, particularly those 

associated with the inhalation of hazardous substances 
such as coal dust, silica, asbestos, aluminum, cotton, 
lead, and beryllium, are among the most commonly 
diagnosed work-related conditions [1]. Conditions 
such as coal workers' pneumoconiosis (CWP), silico-
sis, and asbestosis have long been recognized as seri-
ous risks for workers exposed to harmful dust and 
fibers, especially in high-risk industries like mining, 
construction, and manufacturing.  
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      The global prevalence of occupational diseases af-
fects both developed and developing nations. Despite 
improvements in safety standards over recent decades, 
the burden of occupational diseases and accidents re-
mains a major public health concern. Lower to mid-
dle-income countries, such as Russia, China, and 
India, often struggle to implement and enforce com-
prehensive OHS policies due to economic constraints 
and industrialization pressures [2]. However, these 
challenges are not confined to these regions, as higher-
income countries also face difficulties, particularly in 
industries where hazardous materials or high-risk con-
ditions are prevalent [3, 4]. The economic ramifica-
tions of inadequate OHS measures are substantial, 
with poor occupational safety and health conditions 
estimated to account for 4% to 5% of the gross domes-
tic product (GDP) in many countries [5]. This financial 
impact highlights the urgent need for industries to in-
vest in more effective strategies to prevent occupa-
tional diseases and reduce workplace accidents.  
      Recent data emphasizes the ongoing global chal-
lenge of respiratory illnesses linked to hazardous 
workplace exposures. The Global Burden of Disease 
report indicates that over 125,000 deaths have been at-
tributed to CWP, silicosis, and asbestosis [6]. While a 
gradual decline in the global prevalence of pneumo-
coniosis has been observed since 2015, the number of 
workers suffering from these debilitating conditions 
remains significant. Mortality rates among workers af-
flicted with pneumoconiosis have remained alarm-
ingly high, resulting in more than 21,000 deaths 
annually from 2015 onwards [7-9]. These figures re-
flect a persistent risk for workers in industries where 
exposure to harmful dust particles continues to be a 
daily reality. Despite substantial progress in reducing 
exposure levels, the persistence of these diseases un-
derscores the necessity for innovative approaches to 
occupational health and safety that extend beyond tra-
ditional preventive measures.  
      In addition to respiratory diseases, the global 
workforce is continually exposed to a wide array of 
physical, chemical, and biological hazards, leading to 
injuries, accidents, and other health issues. Industries 
such as manufacturing, construction, transportation, 
and storage consistently report high rates of work-re-
lated accidents, many resulting in significant injury or 
death [10]. According to the International Labour Or-
ganization (ILO), approximately 2.3 million workers 

lose their lives each year due to work-related accidents 
or illnesses, translating to more than 6,000 fatalities 
each day. Furthermore, the ILO estimates that around 
340 million occupational accidents and 160 million 
cases of occupational illnesses occur annually, illus-
trating the scale of the problem [11]. These statistics 
underscore the urgent need for implementing cutting-
edge solutions to address both the prevention and 
management of workplace hazards on a global scale.  
      The rapid advancement of technology, particularly 
in the field of artificial intelligence (AI), presents new 
opportunities for transforming OHS practices. AI-dri-
ven technologies have the potential to revolutionize 
traditional approaches to workplace safety, enabling 
more proactive and preventive measures through real-
time data monitoring, predictive analytics, and en-
hanced risk management tools. AI's ability to process 
vast amounts of data, detect patterns, and predict po-
tential hazards offers significant opportunities to re-
duce the frequency and severity of workplace 
accidents and occupational diseases. By integrating AI 
technologies into existing safety protocols, industries 
can transition from reactive measures that address ac-
cidents and illnesses post-incident to a more proactive 
and preventive framework aimed at identifying and 
mitigating risks before they result in harm.  
      This review aims to encapsulate the advancements 
made in the integration of AI into OHS, focusing on 
the potential of these technologies to reshape work-
place safety. AI-driven innovations, such as predictive 
maintenance systems, wearable safety devices, and 
machine learning algorithms capable of detecting early 
signs of occupational diseases, represent a new fron-
tier in occupational health. These technologies not 
only enhance the ability to prevent accidents but also 
foster a culture of continuous improvement in work-
place safety. By providing insights into the latest de-
velopments in AI applications within OHS, this review 
seeks to highlight how these technologies are con-
tributing to safer, healthier, and more sustainable 
working environments.  
 
Research Questions  
      (a) What specific advancements in AI are most ef-
fective in improving occupational health and safety 
practices?  
      (b) How can AI-driven technologies be integrated 
into existing OHS frameworks to enhance safety?  
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      (c) What are the potential challenges and limita-
tions of implementing AI solutions in the workplace?  
      (d) How can industries ensure the sustainable use 
of AI in OHS to maximize employee safety and health 
outcomes?  
 
 
METHODS 
 
This study was conducted to perform a systematic re-
view and meta-analysis of advancements in artificial in-
telligence (AI) applications in occupational health and 
safety (OHS) from 1974 to the present. In preparing the 
systematic review and meta-analysis, the PRISMA 
(Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis) directive was adhered to [12]. Through-
out the study, literature review, article selection, data 
extraction, and quality evaluation of the included arti-
cles were independently performed by two researchers 
to minimize bias. In cases of disagreement on any as-
pect, the researchers convened to reach a consensus. 
There were no deviations from the protocol during the 
study, which was concluded in accordance with the pro-
tocol registered in the PROSPERO database.  
 
Eligibility Criteria 
      The following criteria (PICOS) were utilized for 
selecting studies included in this review: 
      •Participant (P): Workers in various industries 
exposed to occupational hazards. 
      •Intervention (I): Applications of artificial intel-
ligence in occupational health and safety. 
      •Comparison (C): Traditional methods of moni-
toring and managing occupational health and safety 
without AI applications. 
      •Results (O): Outcomes related to occupational 
disease prediction, diagnosis, prevention, and im-
provements in workplace safety. 
      •Study Design (S): Studies published in English 
and Turkish from 1974 to 2023, focusing on AI appli-
cations in OHS. 
      Studies focusing on non-AI interventions, articles 
lacking validity in measurement tools, and traditional 
systematic reviews were excluded. Additionally, non-
original research, qualitative studies, unpublished the-
ses, and descriptive studies were also part of the 
exclusion criteria. 

Search Strategy 
      The literature review for this systematic review 
was conducted between 1974 and March 2024 using 
several electronic databases, including Embase, 
PubMed, and Google Scholar. Searches were tailored 
to identify studies relevant to AI applications in OHS. 
The keywords utilized were: "Artificial Intelligence," 
"Occupational Health and Safety," "Predictive Mod-
eling," "Machine Learning," and "Deep Learning." 
The search strategy was adapted to suit the character-
istics of each database. Furthermore, references from 
relevant articles and previous systematic reviews were 
scrutinized to discover additional studies. 
 
Selection of Studies and Data Extraction 
      After removing duplicate articles from different 
databases, researcher conducted a comprehensive lit-
erature review, article selection, data extraction, and 
quality evaluation to control for bias during the study. 
The two independent reviewers initially assessed titles 
and abstracts to determine which studies met the in-
clusion and exclusion criteria. Studies that met the cri-
teria or could not be clearly identified were reviewed 
in full text. When a consensus could not be achieved, 
the researchers collaboratively discussed the study's 
inclusion. A data extraction tool developed by the re-
searchers was employed to gather pertinent research 
data, including study location, publication year, re-
search design, sample size, and AI application 
specifics (Table 1). 
 
Statistical Analysis  
      Meta-analysis was executed using Review Man-
ager 5.4 (The Nordic Cochrane Center, Copenhagen, 
Denmark) for data analysis. The heterogeneity among 
studies was assessed using Cochran's Q test and Hig-
gins' I² statistic, with I² values greater than 50% indi-
cating significant heterogeneity. Random-effect results 
were utilized when I² exceeded 50%, while fixed-ef-
fect results were applied when it was lower. Odds ra-
tios (OR) for categorical variables, mean differences 
(MD), and standardized mean differences (SMD) for 
continuous variables were calculated, along with cor-
responding 95% confidence intervals (CIs). A two-
tailed P-value of less than 0.05 was regarded as 
statistically significant. 
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RESULTS 
 
Through electronic database research and manual 
search, a total of 1,452 articles were identified from 
various databases (Embase, PubMed, Google 
Scholar), along with 134 from other sources, including 
conference proceedings and institutional reports. After 
removing duplicate records (n=75) and ineligible 
records marked by automation tools (n=1,126) not re-
lated to artificial intelligence or occupational health 
and safety (OHS), and non-English publications 
(n=20), a total of 365 records were screened.  
      Subsequently, 312 records were excluded based 
on title and abstract review. A total of 53 reports were 
sought for retrieval, of which 7 reports were not re-

trieved. The remaining 46 reports were assessed for 
eligibility. Out of these, 25 reports were included in 
the final analysis (Fig. 1). 
 
Study Characteristics 
      The characteristics of the studies included in this 
systematic review and meta-analysis are summarized 
in Table 1. This analysis encompassed 25 studies con-
ducted across various countries, including Turkey, 
Iran, the United States, Australia, and others, focusing 
on the application of artificial intelligence in the diag-
nosis and management of occupational diseases. All 
studies presented in this systematic review utilized di-
verse methodologies, predominantly employing retro-
spective analyses, randomized controlled trials 
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(RCTs), and systematic reviews. 
      The design of the studies varied, with many em-
ploying machine learning algorithms for diagnostic 
purposes in chest imaging, such as X-rays and CT 
scans. Specific attention was given to the use of deep 
learning techniques and their effectiveness in identi-
fying conditions such as pneumoconiosis and lung 
cancer. Most studies incorporated large sample sizes, 
enabling robust statistical analyses. 
      In terms of outcomes, the studies reported various 
metrics related to diagnostic accuracy, including sen-
sitivity, specificity, and area under the curve (AUC) 
values. Many studies also highlighted the reduction in 
diagnostic time and improved accuracy in comparison 
to traditional methods. 
      The included studies were identified through com-
prehensive database searches, ensuring a wide-ranging 
collection of literature relevant to the intersection of 
AI and occupational health. 
 
Primary Outcomes 
AI and Occupational Disease Prevention 
      The accurate diagnosis of occupational diseases 
has long been a complex challenge due to the latency 
periods associated with many conditions. Diseases 
such as pneumoconiosis, silicosis, asbestosis, lung 
cancer, and chronic obstructive pulmonary disease 
(COPD) often develop over extended periods, compli-
cating both early detection and overall management 
[12, 13]. Recent advancements in AI, particularly in 
the field of deep learning (DL), have demonstrated 
significant potential in revolutionizing lung disease di-
agnosis. AI algorithms, particularly those utilizing 
deep learning techniques, have shown remarkable pro-
ficiency in processing lung images, such as chest X-
rays (CXRs), computed tomography (CT) scans, and 
magnetic resonance imaging (MRI) scans [14]. By ac-
curately detecting and diagnosing lung conditions 
based on these imaging techniques, AI models provide 
enhanced decision-making support for healthcare pro-
fessionals. 
      For instance, CXRs are routinely performed for 
workers being assessed for pneumoconiosis, a signif-
icant occupational health concern in industries where 
dust exposure is common. The global burden of this 
disease remains high, particularly in lowand middle-
income countries, where industrial regulations may be 
less stringent [15]. The diagnosis of CWP, silicosis, or 

asbestosis involves complex decision-making 
processes that are heavily reliant on the interpretation 
of imaging data. Radiologists often face significant 
challenges in analyzing these images with consistent 
precision. AI-driven models, however, can analyze this 
imaging data with unparalleled accuracy, reducing the 
potential for human error and enhancing diagnostic 
precision [16]. 
      Advanced AI techniques offer additional benefits 
by incorporating data augmentation, noise mitigation, 
and synthetic data generation. These techniques enable 
the generation of synthetic lung images that closely 
resemble real patient data, allowing AI models to pre-
dict future disease progression with greater accuracy. 
This predictive capability is especially valuable in in-
dustries where workers are continuously exposed to 
hazardous substances, as it allows for early interven-
tion and the implementation of safety measures to mit-
igate exposure. AI’s role in improving the assessment 
of pulmonary diseases is increasingly recognized, with 
several commercial AI algorithms for chest imaging 
already approved for use in over 20 countries [17, 18]. 
 
Historical AI Developments in Occupational Health 
      The application of AI in occupational disease pre-
vention can be traced back several decades. Early al-
gorithm-based approaches, such as those developed 
by Kruger et al., employed hybrid optical-digital 
methods for medical decision-making, utilizing optical 
Fourier transformation techniques for occupational 
disease screening [19]. These early models were in-
strumental in identifying occupational health risks and 
were pivotal in compensation-related decisions for 
workers affected by such diseases. Classical methods 
of textural feature extraction, including wavelet analy-
sis, density distribution, histograms, and co-occur-
rence matrices, were applied to evaluate critical 
features such as entropy, correlation, homogeneity, 
variance, and skewness. These methods provided in-
sights into tissue composition and disease characteri-
zation through the analysis of X-ray images. 
      Over time, these traditional approaches were aug-
mented by more sophisticated AI techniques. For ex-
ample, multilayer perceptron (MLP) and support 
vector machine (SVM)-based algorithms provided the 
foundation for more advanced image analysis meth-
ods. As AI technologies progressed, the introduction 
of convolutional neural networks (CNNs) and deep 
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learning algorithms significantly improved the preci-
sion of CXR image analysis [19, 20, 21]. These ad-
vancements enabled AI systems to classify 
abnormalities, identify nodules or masses, and detect 
disease patterns with far greater accuracy than previ-
ously possible. 
 
Emerging AI Applications in Occupational Health 
      Building upon these historical foundations, AI has 
been successfully integrated into various aspects of 
OHS, particularly in improving diagnostic accuracy 
for occupational lung diseases. The development and 
application of AI algorithms in this field continue to 
evolve, offering promising solutions for enhancing 
workplace safety and reducing the incidence of occu-
pational diseases. The following sections provide an 
in-depth exploration of AI's role in improving diag-
nostic precision, enhancing workplace monitoring, 
and supporting decision-making processes in the con-
text of OHS. 
 
Background Noise Removal Using Neural Networks 
in CXRs 
      The diagnosis of occupational lung diseases, ac-
cording to the International Labour Organization 
(ILO), relies heavily on two key evaluation criteria: 
the number and area density classification of abnor-
malities, and the size of the abnormalities within the 
region of interest (ROI) of a postero-anterior chest ra-
diograph [23]. This process, while essential, faces sub-
stantial challenges due to the presence of intricate 
background noise in chest radiographs. This noise is 
primarily caused by overlapping normal anatomical 
structures, such as ribs and blood vessels, which can 
obscure the visibility of smaller abnormalities. These 
structures introduce complexity into the texture analy-
sis of CXRs, requiring the analysis techniques to ex-
hibit a degree of insensitivity to the background in 
order to effectively identify abnormalities. 
      While early methods of background trend correc-
tion focused on removing small regions of interest 
(ROIs) from the image, significant progress has been 
made with the advent of neural network-based ap-
proaches [24]. One such advancement was demon-
strated by Kondo and Kouda, who utilized a 
backpropagation neural network (NN) with three lay-
ers to enhance the detection of small rounded opacities 
in CXRs. This neural network approach effectively fil-

tered out the rib and vessel shadows, which had pre-
viously posed a significant challenge for radiologists 
interpreting CXRs. By generating a suitable bi-level 
ROI image, the NN application was able to improve 
the accuracy of disease detection, particularly in cases 
of pneumoconiosis [25]. 
      The proposed method by Kondo and Kouda out-
performed conventional techniques by implementing 
a “moving normalization” process to reduce back-
ground noise. This innovative algorithm calculated the 
number density and area density of rounded opacities, 
which were then classified by comparing them to stan-
dardized ILO X-ray images. The results indicated that 
this approach produced more reliable outcomes than 
traditional methods, particularly in terms of diagnos-
ing pneumoconiosis and similar occupational lung dis-
eases [26]. The ability to quantify abnormalities in 
CXRs is crucial for decisions regarding job relocation 
and compensation for work-related health conditions, 
especially for workers exposed to hazardous dusts in 
industries such as mining and construction [27]. 
 
Neural Network-Based Deep Learning Applications in 
Non-Texture Analysis 
      While neural network (NN) techniques have 
evolved significantly over the years, their application 
in non-texture analysis has brought about substantial 
improvements in the speed and accuracy of occupa-
tional disease diagnosis. Unlike traditional manual 
feature extraction methods for texture analysis, deep 
learning (DL) algorithms have automated many as-
pects of disease detection, segmentation, and localiza-
tion in chest radiographs. This automation has 
revolutionized the analysis of CXRs, leading to more 
efficient and precise diagnostic processes, particularly 
in the classification and interpretation of pneumoco-
niosis [28]. 
      One such development in the field is the detection 
scheme for pneumoconiosis developed by Okumura 
et al., which employed a combination of rule-based 
methods and artificial neural network (ANN) analysis 
[29]. This hybrid approach incorporated three image 
enhancement techniques-window function, top-hat 
transformation, and gray-level co-occurrence matrix 
analysis-to differentiate between normal and abnormal 
regions of interest (ROIs) in CXRs. When applied to 
chest radiographs representing both severe and low-
grade pneumoconiosis, the method achieved signifi-
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cant classification performance, with areas under the 
curve (AUC) of 0.93±0.02 for severe cases and 
0.72±0.03 for low-grade cases [28]. These results un-
derscore the efficacy of using DL methods for auto-
mated disease detection, particularly in identifying 
subtle abnormalities that might be overlooked by 
human interpretation. 
      Further advancements in NN-based DL applica-
tions have also been reported, particularly in terms of 
improving diagnostic accuracy for different stages of 
pneumoconiosis. Okumura et al. extended their work 
by using a three-stage ANN to achieve AUC values of 
0.89 ± 0.09 for low-grade pneumoconiosis and 
0.84±0.12 for severe cases [29]. These results indicate 
that while ANN algorithms have made significant 
strides in automating the diagnostic process, chal-
lenges remain in their ability to fully capture the com-
plexity of pneumoconiosis CXRs. Neural networks, 
particularly in the context of medical imaging, can 
struggle to learn complex representations of diseases, 
which limits their applicability in more intricate diag-
nostic tasks. 
      Nevertheless, despite these limitations, the ongo-
ing development of NN-based DL algorithms contin-
ues to improve the efficiency and effectiveness of 
occupational lung disease diagnosis. As research in 
this area progresses, further refinements in algorithmic 
structure and training methods are expected to enhance 
the performance of these systems, potentially leading 
to more widespread adoption in clinical settings. By 
addressing the current shortcomings of neural net-
works in handling complex tasks, future innovations 
hold the promise of improving diagnostic outcomes 
for workers at risk of occupational lung diseases, ulti-
mately contributing to better occupational health and 
safety standards. 
 
Convolutional Neural Networks (CNNs) and Their Ap-
plication in Medical Imaging 
      The era of artificial intelligence (AI) has ushered 
in remarkable advancements in medical imaging, par-
ticularly with the integration of deep learning (DL) 
techniques. Among these, convolutional neural net-
works (CNNs) have led to a paradigm shift in medical 
image processing by providing unparalleled accuracy 
in the analysis and classification of complex medical 
images. CNNs such as LeNet, AlexNet, GoogLeNet, 
and ResNet represent some of the most influential ar-

chitectures that have driven progress in this field. 
LeNet, one of the earliest CNN models, was pivotal 
in laying the foundation for digital classification 
through its application of a 32 × 32 image size [30]. 
However, its performance reached a plateau due to the 
model's inherent limitations, which were later ad-
dressed by more sophisticated architectures. 
      In 2012, AlexNet made significant strides by 
achieving exceptional results in the ImageNet compe-
tition, which opened new possibilities for CNN appli-
cations across a variety of domains, including medical 
imaging [31, 32]. Two years later, GoogLeNet was in-
troduced, providing further improvements in network 
design, particularly in terms of computational effi-
ciency and accuracy [33]. The evolution continued 
with the introduction of ResNet in 2015, which repre-
sented a major advancement in network depth and 
convergence speed by addressing the vanishing gradi-
ent problem that had previously hindered deep net-
works [34]. These developments laid the groundwork 
for adapting CNN architectures to specific challenges 
in medical image analysis, including chest X-ray 
(CXR) classification for occupational lung diseases. 
 
Adapting CNNs for CXR Analysis and Pneumoconio-
sis Diagnosis 
      In recent years, researchers have increasingly 
adapted CNN architectures to address the unique chal-
lenges associated with classifying CXRs, particularly 
in the diagnosis of pneumoconiosis. One key innova-
tion in this area has been the use of transfer learning, 
where pretrained CNN models are fine-tuned for spe-
cific tasks such as CXR analysis. This approach miti-
gates the limitations associated with the scarcity of 
labeled medical data, as collecting large-scale, accu-
rately annotated medical images is often both time-
consuming and expensive [35, 36, 37]. Transfer 
learning allows models trained on large-scale datasets, 
such as ImageNet, to be adapted to the more specific 
task of CXR classification, yielding improved per-
formance in detecting and diagnosing occupational 
lung diseases. 
      Several studies have explored the application of 
CNNs to pneumoconiosis diagnosis, with researchers 
such as Devnath et al. [38, 39, 40], Arzhaeva et al. 
[41], and Zhang et al. [42] making significant contri-
butions to the field. Most of these studies employed 
CNN models pretrained on the ImageNet dataset. For 
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instance, Zheng et al. [47] utilized a variety of CNN 
architectures, including LeNet, AlexNet, and 
GoogLeNet (Inception-v1 and Inception-v2), to opti-
mize the detection of pneumoconiosis. The optimized 
GoogLeNet-CF (Inception-CF) model achieved an im-
pressive accuracy of approximately 96.88% when 
trained on 1,600 images, outperforming other models 
such as GoogLeNet (94.2%), Inception-v2 (90.70%), 
AlexNet (87.90%), and LeNet (71.6%) [47]. This high 
level of accuracy demonstrates the efficacy of ad-
vanced CNN models in identifying occupational lung 
diseases, particularly when larger datasets are avail-
able for training. 
      In another study, a deep CNN model was applied 
to one of the largest CXR datasets, consisting of 
33,493 images. The model achieved an accuracy rate 
of 92%, with a sensitivity of 99%, significantly reduc-
ing the likelihood of missed diagnoses [46]. This ex-
ceptional sensitivity makes CNN models ideal tools 
for screening pneumoconiosis in occupational health 
assessments, particularly in regions such as China, 
where large populations are exposed to hazardous dust 
in industrial settings [46]. Another notable application 
of CNNs was conducted by Wang et al., who em-
ployed the Inception-V3 (GoogLeNet) architecture to 
detect pneumoconiosis, achieving an area under the 
curve (AUC) of 87.80, indicating the strong potential 
of deep learning methods in this domain [43]. 
 
Deep Learning and Transfer Learning for Enhanced 
CXR Analysis 
      Several investigations by Devnath et al. [48] have 
further examined the performance of CNN classifiers, 
both with and without transfer learning, in classifying 
black lung disease. The models evaluated in these 
studies included VGG16, VGG19, InceptionV3, 
Xception, ResNet50, DenseNet121, and CheXNet [40, 
49]. Due to the limitations in data size, with only 71 
Posterior-Anterior (PA) CXR images available, the re-
searchers employed advanced techniques such as 
Cycle-Consistent Adversarial Networks (CycleGAN) 
and Keras Image Data Generator to create additional 
synthetic and augmented radiographs, including ILO 
standard radiographs. The accuracy of these models 
varied, with InceptionV3 achieving the highest per-
formance (88%), followed by CheXNet, Xception, 
ResNet, DenseNet, VGG16, and VGG19 [40]. 
      In another investigation, Devnath et al. [39] ap-

plied a pair of CNN models to extract multidimen-
sional features from pneumoconiosis CXR images. 
These models included an unpretrained DenseNet and 
a pretrained CheXNet architecture. The extracted fea-
tures were then input into a traditional machine learn-
ing classifier, specifically a support vector machine 
(SVM). The hybrid CheXNet approach proved highly 
effective, achieving an accuracy of 92.68% in the au-
tomated identification of pneumoconiosis, surpassing 
alternative methods based on both traditional machine 
learning and deep learning [39]. This hybrid method-
ology highlights the potential of combining CNN-
based feature extraction with conventional classifiers 
to enhance diagnostic accuracy in challenging medical 
imaging tasks. 
 
Preclinical Stage Classification of Pneumoconiosis 
Using Deep Learning Methods 
      Once pneumoconiosis is diagnosed, it often means 
the disease has reached an advanced stage, making 
treatment significantly more difficult. This challenge 
highlights the need for early detection, ideally during 
the preclinical stage, to manage the disease more ef-
fectively. Early identification would not only help re-
duce the incidence but also mitigate the severity of the 
disease among workers who are exposed to hazardous 
environments, particularly in industries such as mining 
and construction [2]. Recognizing the importance of 
early detection, AI-based research has focused on de-
veloping models to identify pneumoconiosis during its 
preclinical stage. 
      A notable advancement in this area is the work of 
Wang et al., who proposed a novel three-stage cas-
caded learning model for preclinical diagnosis. The 
initial phase of this model involved training a 
YOLOv2 network to detect lung regions within digital 
chest radiography (DR) images [44]. In the second 
phase, six distinct convolutional neural network 
(CNN) models were trained to recognize the preclini-
cal phase of coal workers' pneumoconiosis (CWP). In 
the final phase, the authors implemented a hybrid en-
semble learning (EL) model, utilizing a soft voting 
mechanism to combine the outputs of the six CNN 
models. 
      The dataset used for training and validation com-
prised 1,447 digital radiographs, sourced from workers 
including drillers, coal-getters, auxiliary workers, and 
other coal industry personnel. The six CNN models 
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employed in the study included Inception-V3, Shuf-
fleNet, Xception, DenseNet, ResNet101, and Mo-
bileNet, each contributing to the overall classification 
process. The cascade model demonstrated an impres-
sive area under the curve (AUC) of 93.1%, with an ac-
curacy of 84.7%, indicating its potential as a powerful 
tool for preclinical screening of coal workers [44]. 
This promising approach marks a significant step for-
ward in the use of deep learning methods for the early 
identification of occupational lung diseases, specifi-
cally CWP, in at-risk populations. 
 
Vision Transformer-Based Pneumoconiosis Classifi-
cation Using CT Images 
      Traditionally, neural network (NN) architectures 
such as CNNs have been widely applied to various 
image classification tasks, including the detection and 
classification of pneumoconiosis based on 2D chest 
X-rays (CXR). However, recent advancements in ma-
chine learning (ML) have introduced the Transformer 
architecture, initially developed for natural language 
processing (NLP) tasks. This architecture has now 
been adapted for computer vision tasks, leading to the 
development of Vision Transformer (ViT), which has 
demonstrated competitive performance compared to 
conventional CNNs across several image classifica-
tion benchmarks [51, 52]. 
      While CNN-based methods have been effective in 
categorizing abnormalities in 2D CXR images [28, 29, 
39, 49, 53, 54, 55], there is limited literature on the 
use of 3D computed tomography (CT) images for 
pneumoconiosis classification. Given the higher res-
olution and enhanced diagnostic capabilities of CT im-
ages compared to CXRs, CT has emerged as a reliable 
method for diagnosing lung disorders, offering greater 
sensitivity and detailed diagnostic insights. In this con-
text, a recent study conducted by Huang et al. at the 
largest occupational disease authentication center in 
western China applied a transformer-based factorized 
encoder (TBFE) model to analyze 3D CT images of 
pneumoconiosis [45]. 
      The TBFE model demonstrated an enhanced abil-
ity to classify the severity of pneumoconiosis by ana-
lyzing both intra-slice and inter-slice information, 
addressing the unique challenges posed by 3D medical 
imaging. In comparison with other popular 3D CNN 
models, such as CheXNet, COVID-Net, and various 
ResNet and ResNeXt versions, TBFE performed sig-

nificantly better. The model achieved an impressive 
accuracy of 97.06% and an F1 score of 93.33%, 
demonstrating its superior precision and recall com-
pared to alternative methods. Moreover, TBFE proved 
particularly effective in predicting the initial stage 
(stage 0) of pneumoconiosis, an area where conven-
tional 3D CNN networks had previously struggled. 
      These performance indicators highlight the poten-
tial of transformer-based models in medical imaging, 
particularly for the early diagnosis of pneumoconiosis. 
The TBFE’s ability to accurately classify different 
stages of pneumoconiosis based on 3D CT images 
suggests that this model could play a crucial role in 
improving occupational health assessments and pre-
ventive care for workers in high-risk industries. The 
use of TBFE, with its high precision, may assist in 
more effective screening and early intervention strate-
gies, thus reducing the burden of this disease among 
exposed populations. 
 
AI and Occupatıonal Safety Enhancements 
      Artificial intelligence (AI) has emerged as a trans-
formative force across numerous industries, signifi-
cantly altering the ways in which tasks are performed, 
managed, and evaluated. By leveraging advanced com-
putational techniques, AI is capable of analyzing vast 
quantities of data and facilitating decision-making pro 
      cesses that directly impact labor dynamics and 
workplace operations. Key AI technologies, such as 
machine learning (ML), deep learning (DL), natural 
language processing (NLP), and rule-based expert sys-
tems (RBES), have proven instrumental in enhancing 
efficiency and accuracy in various occupational set-
tings. These technologies have also become pivotal in 
occupational health and safety, where they enable the 
examination of both structured and unstructured data, 
leading to better risk management and safety solutions. 
      AI has found applications in several critical areas 
of occupational safety. For instance, in industrial en-
vironments, AI-driven systems are used to coordinate 
machinery, optimize industrial processes, and manage 
the workforce from a human resources (HR) perspec-
tive. These applications include workforce scheduling, 
performance monitoring, and assessing the risks asso-
ciated with various job roles. AI technologies have 
also been applied in customer risk assessment, benefits 
analysis, and evaluating staff safety, providing em-
ployers with comprehensive insights into workplace 
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dynamics [56]. Through these capabilities, AI can help 
employers create safer, more efficient work environ-
ments by proactively identifying potential risks and 
hazards. 
      To further promote workforce safety, employers 
can implement several strategies as recommended by 
the US National Institute for Occupational Safety and 
Health (NIOSH). These strategies include offering ex-
tensive training on job hazards, developing compre-
hensive safety programs, and providing personal 
protective equipment (PPE) to mitigate workplace 
risks. However, despite the availability of these pre-
ventive measures, human error continues to be a major 
contributor to workplace accidents. Human limitations 
in processing vast amounts of data or recognizing sub-
tle patterns of risk can leave organizations vulnerable 
to unexpected incidents. 
      This is where AI's capabilities become particularly 
valuable. Due to its ability to rapidly process and an-
alyze large datasets, AI can identify potential risks and 
hazards that may go unnoticed by human workers. For 
example, AI can detect patterns in workplace inci-
dents, predict hazardous conditions, and recommend 
interventions before accidents occur. This predictive 
power enables a shift from reactive safety measures to 
a more proactive approach, significantly reducing the 
likelihood of accidents [57]. 
      AI has also introduced innovative ways to assess 
employee performance, particularly in environments 
where manual evaluations may be prone to bias or 
human oversight. AI-powered systems can objectively 
evaluate employee performance based on data col-
lected from sensors, machines, or even video footage, 
helping employers identify areas for improvement 
while simultaneously enhancing workplace safety. For 
instance, AI can track whether employees are adhering 
to safety protocols, such as wearing PPE or following 
proper procedures when operating heavy machinery. 
When deviations from safety standards are detected, 
the system can alert supervisors or suggest corrective 
actions to prevent potential injuries. 
      Moreover, AI technologies such as computer vi-
sion and robotics are being integrated into workplace 
environments to further enhance safety measures. 
Computer vision systems can monitor real-time activ-
ities, detecting dangerous behaviors or situations that 
require immediate intervention. Robotics, combined 
with AI, can automate hazardous tasks, reducing the 

exposure of workers to potentially dangerous environ-
ments. These AI-driven solutions create a safer work-
ing environment by minimizing the risks posed by 
human error and ensuring that safety protocols are 
continuously upheld. 
      As the role of AI continues to expand in occupa-
tional health and safety, the potential benefits become 
increasingly clear. AI offers a unique opportunity to 
shift the focus from reactive safety measures to proac-
tive prevention, enabling organizations to identify and 
address risks before they escalate into incidents. By 
automating safety processes and enhancing human de-
cision-making with data-driven insights, AI is poised 
to play a central role in shaping the future of work-
place safety. As more industries adopt AI-driven safety 
solutions, the overall goal is to create safer, more effi-
cient, and more sustainable workplaces. 
 
AI-Driven Exoskeletons 
      The development and utilization of exoskele-
tons—wearable robotic suits designed to augment the 
mobility and strength of the limbs and joints—have 
emerged as a promising technology for enhancing pro-
ductivity while simultaneously safeguarding the health 
and well-being of workers. These wearable devices are 
particularly beneficial in physically demanding tasks, 
offering additional support that can mitigate the risk 
of injuries. Research has shown a growing reliance on 
various artificial neural network (ANN) structures in 
modern exoskeleton technologies, which are increas-
ingly being integrated with traditional control methods 
and adaptive optimizers to create more resilient hybrid 
systems [58, 59]. Throughout the evolution of bio-
mechatronics and intelligent systems, ANNs have 
played a foundational role in enabling the develop-
ment of advanced assistive technologies, including 
brain-machine interface-controlled prosthetics and ro-
botic exoskeletons designed for rehabilitation pur-
poses [60]. 
      In occupational settings, exoskeletons serve a dual 
purpose: they facilitate biometric analysis and aid in 
rehabilitation following injuries, while also alleviating 
physical strain on workers. By reducing the pressure 
placed on the spine and other critical areas of the body, 
exoskeletons can improve overall physical health for 
employees engaged in repetitive or strenuous tasks. 
One of the key advantages of these devices is their 
ability to provide support to the lower back, which is 
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often the part of the body most affected by heavy lift-
ing and other physically demanding activities [61]. For 
example, German Bionics has developed two com-
mercially available exoskeletons, the Cray X and the 
recently introduced Apogee. These devices are worn 
like backpacks and are equipped with electric motors 
that sense the user’s movements, delivering up to 30 
kg of additional force to the back, core, and legs when 
needed [62, 63]. This added support reduces the risk 
of musculoskeletal injuries and helps workers perform 
physically demanding tasks with greater ease. 
      In recent years, the use of powered exoskeletons 
has expanded beyond occupational settings into clini-
cal environments, where they have been utilized for 
rehabilitation and mobility assistance. Devices such as 
the Indego, Exo H3, ReWalk, HAL, and Ekso GT ex-
oskeletons, along with smart walkers like JARoW, i-
Walker, and the FriWalk robotic walker, have been 
developed to assist individuals with mobility impair-
ments [64-71]. These devices have proven to be valu-
able tools in both rehabilitation and everyday 
activities, enabling users to regain or maintain mobil-
ity and reduce dependence on caregivers. 
 
Occupational Exoskeletons and Workplace Safety 
      In the context of occupational health and safety, 
exoskeletons have been strategically designed to min-
imize the risk of injuries, particularly to the back and 
shoulders. These devices are employed in work envi-
ronments where conventional ergonomic solutions 
may not be sufficient to protect workers from injury. 
By providing mechanical support during tasks that re-
quire heavy lifting, repetitive movements, or awkward 
postures, exoskeletons help alleviate muscle strain and 
fatigue, ultimately enhancing workplace safety. Major 
companies such as Toyota, Ford, and Boeing have 
been at the forefront of integrating exoskeleton tech-
nologies within their workforce. Over the past decade, 
these companies have reported significant reductions 
in injury rates, with some groups experiencing an 83% 
decrease in injuries after adopting exoskeleton tech-
nology [72]. 
      The benefits of exoskeletons extend beyond injury 
prevention. Workers who utilize exoskeletons often re-
port lower levels of discomfort, reduced fatigue, and 
fewer physical complaints. These devices also con-
tribute to decreased workers’ compensation costs, as 
the reduction in workplace injuries translates into 

fewer claims and lower healthcare expenses. Studies 
have shown that exoskeletons can effectively reduce 
the physical demands placed on workers across vari-
ous industries, including logistics, construction, man-
ufacturing, healthcare, and even the military. In these 
sectors, workers are often required to perform physi-
cally demanding tasks for extended periods, and the 
use of exoskeletons has been shown to alleviate the 
strain associated with such tasks [73]. 
      Furthermore, AI-driven exoskeletons are increas-
ingly being equipped with intelligent systems that en-
able real-time adjustments based on the user’s 
movements and the task being performed. These sys-
tems use machine learning algorithms to continuously 
analyze data from the exoskeleton’s sensors, optimiz-
ing the level of assistance provided and ensuring that 
the device operates efficiently and safely. As AI tech-
nology continues to advance, future exoskeletons are 
expected to become even more responsive and adap-
tive, further enhancing their utility in both occupa-
tional and clinical settings. 
      The adoption of exoskeleton technology in the 
workplace represents a significant step forward in the 
effort to protect workers from injury while improving 
productivity and efficiency. By reducing the physical 
toll of demanding tasks, these devices not only en-
hance worker safety but also contribute to overall job 
satisfaction and well-being. As more industries recog-
nize the value of exoskeletons, their integration into 
everyday work practices is likely to expand, paving 
the way for safer and more sustainable working envi-
ronments. 
 
Workplace Safety and AI-Enabled PPE 
      In today’s rapidly evolving technological land-
scape, ensuring workplace safety requires the modern-
ization of conventional tools and procedures. With the 
increasing complexity of industrial environments and 
the persistent risk of accidents, there is a growing need 
to integrate advanced technologies, such as artificial 
intelligence (AI), into safety protocols. Recent studies 
have explored the role of AI in the manufacturing sec-
tor, highlighting its potential to enhance safety and ef-
ficiency across industries [74-77]. This integration not 
only improves operational processes but also maxi-
mizes the protection and security of workers. The ad-
vent of smart personal protective equipment (PPE) and 
wearable technologies has enabled the real-time col-
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lection of data regarding both the workforce and their 
surroundings. This data-driven approach has the po-
tential to significantly reduce the frequency of work-
place accidents and occupational health issues, thereby 
improving overall safety conditions [78]. 
 
Advancements in AI-Enabled Smart PPE 
      Modern smart PPE technologies are equipped with 
advanced sensors that track critical health indicators 
and assess environmental conditions in industrial set-
tings. These devices are part of a broader trend toward 
the incorporation of wearables in the workplace, pro-
viding valuable insights into worker safety and the sur-
rounding environment. By leveraging AI techniques 
such as neural networks (NNs), fuzzy logic, Bayesian 
networks, decision trees, and hybrid inference meth-
ods, smart PPE can offer proactive safety solutions 
[79]. Unlike traditional safety systems, which typically 
follow a reactive “action-reaction” approach by re-
sponding only when a threshold is exceeded, AI-en-
abled systems incorporate learning mechanisms that 
allow them to anticipate and prevent accidents based 
on contextual factors. These systems are designed to 
continuously learn from previous situations, making 
them adaptable to new or unforeseen risks. 
      Incorporating AI technologies such as neural net-
works, case-based reasoning (CBR) systems, deep 
learning (DL), or hybrid neuro-symbolic algorithms 
allows smart PPE to assess whether certain conditions 
pose a safety risk. These AI-driven systems enhance 
the flexibility and responsiveness of safety protocols, 
ensuring that they can adapt to the dynamic nature of 
modern industrial environments [80-82]. As a result, 
AI-enabled smart PPE is capable of identifying risks 
in real-time and taking preventive measures to safe-
guard workers. 
 
Smart Boots 
      One example of AI-enabled smart PPE is the de-
velopment of smart boots, which are equipped with 
sensors and AI algorithms designed to continuously 
monitor the wearer’s environment. These boots are ca-
pable of detecting hazardous conditions, such as slip-
pery surfaces or obstacles, and providing real-time 
alerts or interventions to prevent accidents. By offer-
ing a proactive approach to risk mitigation, smart 
boots not only enhance worker safety but also demon-
strate the transformative potential of AI in occupa-

tional safety standards. 
      Smart boots are designed with a range of advanced 
functionalities, including fall detection, geofencing, 
nocturnal flashlight capabilities, local data storage and 
analysis, bidirectional communication systems for 
alerts, and tactile feedback mechanisms. These fea-
tures provide comprehensive safety support, enabling 
workers to operate in potentially hazardous environ-
ments with greater confidence. Companies have de-
veloped hardware modules that can be integrated with 
existing safety boots, transforming them into intelli-
gent devices capable of significantly reducing the risk 
of workplace injuries [83]. This technology has proven 
particularly useful in industries where workers are reg-
ularly exposed to challenging environmental condi-
tions, such as construction, logistics, and 
manufacturing. 
 
Smart Helmets 
      Another key innovation in AI-enabled PPE is the 
smart helmet. Smart helmets are equipped with a va-
riety of sensors, including global positioning systems 
(GPS), radio frequency identification (RFID), ultra-
wideband (UWB) sensors, and around-view monitors 
(AVMs). These sensors work together to track the lo-
cation, activities, and health of workers, as well as 
monitor the surrounding environment. A unique fea-
ture of smart helmets is their ability to detect air qual-
ity, which is crucial for alerting workers and safety 
officers to the presence of hazardous gases and pollu-
tants. This makes smart helmets an invaluable tool in 
industries where air quality is a critical concern, such 
as mining, chemical manufacturing, and oil and gas 
production. 
      Several smart helmets are currently available on 
the market, each offering advanced safety features. For 
example, the Guardhat Communicator, HMT1, XR10 
with HoloLens 2, and the Smart Helmet by Excellent 
Web World all provide real-time monitoring and data 
transmission capabilities. The Smart Helmet by Ex-
cellent Web World stands out for its ability to gather 
and transmit job site data, along with personal infor-
mation, to ensure a safer work environment. This fea-
ture is particularly useful for workers in confined 
spaces, tunnels, or areas with gas lines, where the risk 
of exposure to dangerous gases or structural hazards 
is heightened [84]. 
      The integration of AI into workplace safety equip-
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ment, such as smart boots and helmets, represents a 
significant advancement in occupational health and 
safety. These AI-enabled devices offer real-time mon-
itoring and proactive risk mitigation, allowing em-
ployers to take preventative measures before accidents 
occur. By incorporating AI technologies into PPE, 
companies can create safer work environments that 
not only protect workers but also improve operational 
efficiency. As industries continue to adopt smart PPE 
solutions, the future of workplace safety will be 
shaped by AI’s ability to anticipate and address poten-
tial risks, ultimately leading to healthier and more se-
cure working conditions. 
 
Workplace Safety Through AI-Based Robots 
      The transformative impact of AI-based robotics on 
workplace safety is undeniable, as these technologies 
significantly reduce the risk of injuries and fatalities 
by minimizing workers’ exposure to dangerous ma-
chinery and hazardous environments [85-87]. Recent 
studies, such as the one conducted by Gihleb et al. in 
2022, have provided compelling evidence of this ben-
efit. Their research, based on establishment-level data 
on injury rates, found that a 1 standard deviation (SD) 
increase in robot exposure (equivalent to 1.34 robots 
per 1,000 workers) is associated with a reduction of 
approximately 1.2 work-related injuries per 100 full-
time workers (0.15 SDs; 95% CI, 1.8-0.53) [84, 86]. 
These findings underscore the potential of AI-driven 
robots to improve workplace safety, especially in high-
risk environments where workers are typically ex-
posed to hazardous materials, extreme heights, or 
confined spaces. 
      While AI-enabled robots offer significant safety 
advantages, they also introduce their own set of risks. 
The increased deployment of autonomous systems in 
the workplace requires careful consideration of both 
the benefits and potential drawbacks. For this reason, 
artificial intelligence (AI), machine learning (ML), 
and deep learning (DL) have become integral tech-
nologies in the field of robotics [88-90]. According to 
industry projections, by 2024, up to 75% of enterprises 
will have integrated AI into their operational work-
flows, reflecting the growing reliance on these tech-
nologies to enhance safety and productivity [91]. 
      Recognizing the potential safety implications of 
robots in the workplace, the National Institute for Oc-
cupational Safety and Health (NIOSH) established the 

Center for Occupational Robotics Research (CORR) 
in 2017. CORR is dedicated to assessing the advan-
tages and challenges of incorporating robots into the 
workforce, providing guidance on optimizing safety 
while maximizing the efficiency of robotic systems 
[92]. 
 
Autonomous Mobile Robots and Enhanced Safety 
      One of the most significant contributions to work-
place safety comes from the use of autonomous mo-
bile robots (AMRs). These robots, including 
automated guided vehicles (AGVs), are widely used 
in industries such as construction, healthcare, and lo-
gistics. AMRs are designed to perform tasks that pose 
collision risks or cause physical strain, such as heavy 
lifting, transporting goods, or disinfecting hospital 
equipment [93, 94]. For example, robots developed by 
a Denmark-based robotics company can carry pay-
loads of up to 1,350 kg, handling physically demand-
ing tasks in dynamic environments and significantly 
reducing the risk of injuries such as back strain or falls. 
AMRs are equipped with advanced multisensor safety 
systems that include laser scanners, 3D cameras, and 
proximity sensors. These sensors feed data into so-
phisticated planning algorithms that enable the robot 
to navigate its environment safely, making real-time 
adjustments to avoid obstacles or stop when necessary. 
In cases where sensor malfunction occurs, these robots 
are programmed with AI-driven decision-making fea-
tures that allow them to continue operating safely, fur-
ther enhancing their reliability [95, 96]. 
 
AI Robots in Industry: Examples of Advanced Ap-
plications 
      AI-based robots are being developed and deployed 
in a variety of industries, with different models de-
signed for specialized tasks. These robots are not yet 
true AI but incorporate AI approximations to enhance 
their functionality. Some prominent examples of AI 
robots in the industry include: 
      •Digit by Agility Robotics: Digit is a humanoid 
bipedal robot designed to navigate complex terrains and 
perform tasks such as package delivery. It is capable of 
climbing stairs, catching itself during falls, and planning 
its movements to avoid obstacles. In hazardous work 
environments, Digit could be deployed for tasks such 
as emergency response and disaster recovery, minimiz-
ing the risks faced by human workers [97]. 
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      •Atlas and Spot by Boston Dynamics: These ad-
vanced robotic platforms are designed for search-and-
rescue operations. Atlas, a humanoid robot, and Spot, 
a quadruped, can navigate hazardous or hard-to-reach 
areas to locate and assist personnel. These robots are 
particularly useful in handling and transporting haz-
ardous materials, such as chemical agents or explo-
sives, reducing the risk of fire, explosions, or other 
dangerous incidents in industrial environments [98]. 
      •HRP-5P by AIST: Developed by Japan's Insti-
tute of Advanced Industrial Science and Technology 
(AIST), HRP-5P excels in heavy labor tasks, particu-
larly in the construction industry. This robot is capable 
of autonomously installing gypsum boards on walls 
and handling large plywood panels, mitigating the 
hazards associated with heavy lifting and repetitive 
strain injuries in construction work [99]. 
      •Aquanaut by Houston Mechatronics: Aqua-
naut is an unmanned underwater submersible designed 
for tasks in hazardous underwater environments. With 
the ability to travel over 200 kilometers underwater 
and manipulate objects using onboard sensors and 
cameras, Aquanaut minimizes the need for human 
divers in dangerous underwater missions, such as 
deep-sea exploration or oil rig maintenance [100]. 
      •Stuntronics by Disney: Disney's Stuntronics 
robot is designed to perform acrobatic stunts for 
movies and theme park shows. Using sensors and au-
tonomous pose control, the robot can execute complex 
maneuvers with precision, reducing the need for 
human stunt doubles in high-risk scenes. Studies have 
highlighted the dangers faced by stunt performers, and 
technologies like Stuntronics aim to minimize these 
occupational hazards [101-103]. 
      The integration of AI-based robotics in the work-
place represents a significant leap forward in improv-
ing occupational safety. These robots reduce the risk 
of injuries and fatalities by performing dangerous 
tasks traditionally carried out by human workers. 
However, it is important to consider the risks associ-
ated with the use of robots, as the incorporation of AI 
and robotics into the workforce presents new chal-
lenges. Nevertheless, the potential for AI-driven robots 
to enhance workplace safety is immense, and as the 
technology continues to evolve, we can expect further 
breakthroughs that will create safer, more efficient 
work environments. 

AI Computer Vision in Monitoring and Surveil-
lance Tools for Workplace Safety 
      Computer vision, a key area of artificial intelli-
gence (AI), has shown immense potential in enhancing 
workplace safety through its advanced monitoring and 
surveillance capabilities. By utilizing AI-driven com-
puter vision technologies, organizations can imple-
ment real-time safety monitoring, improve hazard 
detection, and enhance overall risk management 
strategies [104]. One of the notable applications of 
computer vision in workplace safety is the use of ther-
mal cameras to monitor heat stress in workers. This 
technology enables continuous surveillance of em-
ployees’ body temperatures, allowing for timely inter-
ventions such as cooling breaks or the provision of 
personal protective equipment (PPE) designed to mit-
igate heat exposure. These proactive measures can 
prevent heat-related illnesses and contribute to main-
taining a safer work environment. 
      In addition to managing heat stress, AI-powered 
computer vision systems are widely used for general 
surveillance tasks, such as tracking employee move-
ments and detecting potential hazards. For example, 
AI-enabled cameras can identify trip hazards, unse-
cured equipment, or instances of unsafe behavior, 
alerting supervisors in real-time to take corrective ac-
tion. These systems are capable of monitoring re-
stricted areas and can detect when an unauthorized 
individual enters a hazardous zone, helping to prevent 
accidents and ensuring compliance with safety proto-
cols [105, 106]. By automating these surveillance 
tasks, AI-based computer vision reduces the likelihood 
of human error and provides continuous, accurate 
oversight of the work environment. 
 
AI-Driven Platforms for Workplace Safety 
      The rapid advancement of AI and machine learn-
ing (ML) technologies has revolutionized workplace 
safety by introducing innovative platforms designed 
to manage data and analyze visual inputs in real-time. 
Computer vision is central to this shift, as it enables 
the efficient processing of video data and the detection 
of objects, hazards, or safety violations. Several AI-
powered platforms have emerged to cater to the di-
verse needs of industries, offering a range of tools for 
data labeling, curation, object detection, and video 
analysis. Notable platforms in this field include Scale 
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AI, Supervisely, V7, Viso, Labelbox, Toloka, Super-
annotate, and OpenCV. OpenCV, in particular, is an 
open-source computer vision and ML library that has 
become an integral part of the AI landscape, widely 
used for the development and deployment of advanced 
surveillance and safety applications. 
      These platforms facilitate the development of AI-
powered systems by providing a robust infrastructure 
for labeling large datasets, training deep learning (DL) 
models, and fine-tuning pretrained configurations. The 
growing availability of these platforms has enabled in-
dustries to quickly implement computer vision solu-
tions tailored to their specific safety needs, reducing 
the time and cost associated with developing AI-driven 
surveillance systems. By leveraging AI platforms, or-
ganizations can streamline the process of creating in-
telligent surveillance systems that improve workplace 
safety by accurately identifying risks and alerting rel-
evant personnel in real-time. 
 
Deep Learning and Computer Vision in Workplace 
Safety 
      The integration of deep learning (DL) models into 
computer vision applications has transformed work-
place safety, enabling the development of sophisti-
cated systems capable of addressing a wide range of 
safety concerns. Deep learning algorithms, particularly 
convolutional neural networks (CNNs), have become 
the cornerstone of computer vision technologies, al-
lowing for precise classification, recognition, and de-
tection tasks in real-world environments. These 
advancements in DL have allowed organizations to de-
ploy AI-based solutions for video analysis, gesture de-
tection, and robotics, contributing to a safer and more 
efficient workplace. 
      For instance, DL models can be trained to analyze 
live video feeds from surveillance cameras, identify-
ing unsafe conditions or behaviors, such as a worker 
not wearing the required PPE or engaging in activities 
that may lead to injury. Gesture detection technologies 
powered by DL can monitor workers' physical move-
ments, detecting signs of fatigue, distress, or unsafe 
posture that could lead to accidents. Additionally, DL-
enhanced robotics can autonomously navigate work-
spaces, performing inspections or completing tasks in 
hazardous environments without putting human work-
ers at risk. 
      While deep learning models have significantly im-

proved the capabilities of computer vision in work-
place safety, several challenges remain. Computer vi-
sion systems must contend with complex visual 
environments, including varying lighting conditions, 
occlusions, and changes in perspective, all of which 
can complicate the task of accurate detection and clas-
sification. Moreover, the rapidly evolving nature of 
workplace hazards requires computer vision systems 
to continually adapt and improve through fine-tuning 
and retraining of DL models. Despite these challenges, 
CNNs and other DL architectures have proven to be 
powerful tools in addressing the dynamic needs of 
workplace safety [107].  
      The integration of AI-driven computer vision tech-
nologies into workplace safety protocols represents a 
major leap forward in improving the monitoring and 
management of potential risks. From thermal cameras 
that track heat stress to advanced surveillance systems 
capable of detecting trip hazards and unauthorized ac-
cess to restricted areas, AI computer vision plays a piv-
otal role in creating safer work environments. The use 
of AI platforms for data management, object detection, 
and video analysis further enhances the ability of or-
ganizations to deploy intelligent safety systems that 
can proactively identify and mitigate risks. 
      As deep learning continues to evolve, the potential 
for AI-powered computer vision to transform work-
place safety will only increase. The development of 
increasingly sophisticated models and algorithms will 
allow for more precise and reliable detection of haz-
ards, improving safety outcomes across a range of in-
dustries. By embracing AI-enabled computer vision 
technologies, organizations can create more adaptive, 
efficient, and secure work environments, ultimately 
contributing to the well-being and safety of their em-
ployees. 
 
AI-Based Virtual Reality for Employee Training 
      Virtual reality (VR) has become an increasingly 
valuable tool in safety training, particularly for indus-
tries where real-life experience in high-risk scenarios 
can be dangerous or impractical. By immersing em-
ployees in a simulated environment, VR provides a 
safe yet realistic platform for them to gain practical 
knowledge and experience, helping to build risk-pre-
ventive knowledge. This approach not only enhances 
worker safety but also minimizes the likelihood of 
workplace accidents and fatalities [108]. As a cost-ef-
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fective, goal-oriented solution, VR enhances accident 
prevention by allowing employees to experience and 
respond to high-risk situations without exposure to ac-
tual hazards. The immersive nature of VR also makes 
it a more engaging and memorable training method 
compared to traditional formats like PowerPoint pre-
sentations or videos [109]. 
      By offering a hands-on learning experience, VR 
simulations enable workers to practice responses to 
hazardous scenarios in a controlled environment. This 
interactive approach not only improves retention but 
also equips employees with the skills necessary to 
manage real-world risks more effectively. As a result, 
VR has been increasingly adopted in industries with 
high-risk environments, such as chemicals, construc-
tion, mining, and defense, where the reduction of 
workplace injuries and fatalities is critical. These in-
dustries have recognized the value of VR in delivering 
practical safety training at a fraction of the cost asso-
ciated with traditional in-person training programs. 
 
Applications of VR in Various Industries 
      Several industries have implemented VR-based 
training programs to improve employee safety and re-
duce accident rates: 
      •Chemical Processing: The "Immersive Virtual 
Reality Plant" provides employees with a virtual tour 
of hazardous environments, guiding them through po-
tentially dangerous scenarios. This simulation prepares 
workers to respond effectively in real emergencies, 
improving their ability to handle critical situations 
without risking exposure to harmful substances. 
      •Construction: In construction, VR is used in con-
junction with Building Information Modeling (BIM) 
technology to create simulations that familiarize work-
ers with hazardous zones and safe practices on con-
struction sites. By experiencing these scenarios in a 
virtual environment, workers are better prepared to 
avoid accidents when they encounter real-life hazards. 
      •Mining: The University of New South Wales 
School of Mining Engineering has incorporated VR 
into its training programs to educate students on emer-
gency response protocols. By simulating mining acci-
dents and other dangerous situations, the VR system 
allows students to practice appropriate responses in a 
safe and controlled environment, which enhances their 
preparedness for real-world challenges. 
      •Military: In the defense sector, VR is used to 

train personnel for emergency and disaster response. 
For example, the Naval Engineering Academy has 
partnered with Ethosh to create VR simulations that 
teach sailors how to manage emergency situations on-
board ships. These immersive training sessions help 
ensure that personnel follow precise protocols when 
faced with real-world emergencies. 
 
Industry-Wide Adoption of VR in Safety Training 
      The use of VR for occupational safety training has 
rapidly expanded, with organizations recognizing the 
technology’s potential to significantly improve worker 
safety and operational efficiency. For example, AST 
Arbeitssicherheit & Technik has implemented VR 
platforms for training employees on how to safely han-
dle earth-moving machinery [110]. Similarly, chemi-
cal and consumer goods company Henkel has 
collaborated with VRdirect to create a VR training ex-
perience that educates employees about health and 
safety risks in the workplace. By gamifying the learn-
ing process, Henkel's training program challenges em-
ployees to identify potential hazards in busy 
workplace scenes, making the learning experience 
both effective and enjoyable [111]. 
      Large corporations such as Walmart, FedEx, and 
BP have also embraced VR for safety training, recog-
nizing its potential to enhance worker engagement and 
retention. At Walmart, VR is used to simulate various 
scenarios that employees might encounter, such as 
managing spills or handling hazardous equipment. 
This enables workers to practice safety protocols in a 
risk-free environment. Similarly, FedEx and BP have 
integrated VR into their safety training programs to 
teach employees how to respond to emergency situa-
tions, reducing the likelihood of accidents and injuries 
[112]. 
 
Benefits of AI Integration in VR Training 
      The integration of AI into VR-based training sys-
tems further enhances the effectiveness of these pro-
grams by offering personalized learning experiences. 
AI-driven algorithms can analyze an employee’s per-
formance in a virtual environment, identifying areas 
for improvement and tailoring future training sessions 
to focus on specific skills. This adaptive approach en-
sures that each employee receives targeted training 
that addresses their unique needs and gaps in knowl-
edge. AI also enables real-time feedback during VR 
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simulations, providing employees with instant guid-
ance on how to correct mistakes or improve their re-
sponses to hazardous situations. 
      Moreover, AI-powered VR training can incorpo-
rate predictive analytics to anticipate potential work-
place hazards based on data collected from previous 
simulations. This allows employers to proactively ad-
dress risks before they lead to accidents, further im-
proving workplace safety. As AI technology continues 
to evolve, the combination of AI and VR will likely be-
come a cornerstone of safety training programs across 
various industries, providing organizations with an in-
novative, efficient, and effective way to prepare em-
ployees for the challenges of their work environments. 
      The integration of AI-based virtual reality in em-
ployee safety training marks a significant step forward 
in workplace safety. By providing immersive, interac-
tive learning experiences, VR offers employees the op-
portunity to practice risk prevention in a controlled, 
simulated environment, significantly reducing the risk 
of real-world accidents. As industries continue to 
adopt VR for safety training, and as AI technology fur-
ther enhances the adaptability and personalization of 
these programs, the future of workplace safety looks 
increasingly promising. The continued evolution of 
AI-driven VR training solutions will undoubtedly play 
a pivotal role in creating safer, more effective training 
methods across high-risk industries. 
 
AI-Driven Site Drones 
      The incorporation of drones and unmanned aerial 
vehicles (UAVs) into workplace operations represents 
a significant advancement in the ability to perform a 
wide range of tasks without direct human intervention. 
AI-driven UAVs have proven to be a valuable tool in 
many industries, particularly in construction, where 
they contribute to enhanced safety, efficiency, and 
cost-effectiveness. These UAVs, equipped with ma-
chine learning (ML) algorithms, enable the automation 
of complex processes, reducing the need for workers 
to operate in hazardous environments. 
      Among the various algorithms utilized in UAV 
and ML platforms, random forest algorithms stand out 
as the most widely used, accounting for the largest 
share of algorithmic applications. Random forest’s 
ability to manage noisy data makes it particularly ef-
fective in UAV operations [20, 22, 24]. Support vector 
machines (SVMs) also hold a prominent position, rep-

resenting approximately 21% of total algorithm usage 
in UAV applications [7, 26, 27]. Other commonly used 
algorithms include convolutional neural networks 
(CNNs) [14, 16, 17] and k-nearest neighbors (KNN), 
which account for 16% and 11% of UAV algorithmic 
applications, respectively. Lesser-used algorithms in-
clude Naïve Bayes, liquid state machines, multi-agent 
learning, and artificial neural networks (ANNs), 
though these have seen more sporadic use. 
 
UAVs in the Construction Sector 
      In the construction sector, UAVs play a critical 
role in enhancing workplace safety by mitigating risks 
associated with hazardous tasks. Drones are capable 
of preventing injuries and fatalities by minimizing 
worker exposure to dangerous environments, such as 
toxic chemical sites, electrical hazards, and risky 
equipment operations. UAVs can also reduce the risk 
of vehicle-related accidents by handling tasks typically 
performed by manned vehicles. The United States 
Drone Market Report 2019 highlights the significant 
growth in the commercial drone market, projecting 
that the market size will triple by 2024. This growth 
is largely driven by the attributes that make UAVs par-
ticularly well-suited for the construction industry, in-
cluding their precise control capabilities, computer 
vision, GPS-based navigation, geofencing, and sub-
stantial carrying capacities. These features allow 
UAVs to effectively monitor and enforce safety pro-
tocols on construction sites, reducing the need for 
human workers to engage in perilous situations [113]. 
UAVs offer the advantage of speed and agility, as they 
can swiftly navigate through challenging zones on job 
sites—areas that might be difficult or dangerous for 
human workers to access. Equipped with video cam-
eras, sensors, and communication equipment, these 
drones can relay real-time data to construction man-
agers, providing an accurate and timely overview of 
site conditions. This capability allows for faster deci-
sion-making, especially in critical situations where im-
mediate action is required to prevent accidents. In 
addition to safety monitoring, UAVs can perform tasks 
that are traditionally carried out by manned vehicles, 
but at a higher level of efficiency and reduced opera-
tional costs. 
      Recent advancements in UAV technology, such as 
improvements in battery life, GPS navigation, and 
control reliability, have led to the development of more 
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economical and lightweight aerial systems. These in-
novations have contributed to the increasing adoption 
of drones in construction, as they offer a cost-effective 
solution for performing complex tasks on job sites. 
The availability of user-friendly UAVs has driven a 
substantial increase in their use over the last decade, 
with drones now playing an expanding role in various 
construction-related activities [114-117]. 
 
Applications of UAVs in Construction 
      UAVs have become integral to a wide range of 
construction-related tasks, offering valuable support 
in project planning, site mapping, and workflow man-
agement. In particular, drones are used for aerial site 
mapping, which provides detailed, high-resolution im-
agery that aids in planning and logistics. By offering 
a bird’s-eye view of the site, UAVs allow construction 
managers to assess progress, monitor workflow, and 
identify any potential bottlenecks or safety hazards. 
This technology is particularly useful for large-scale 
construction projects, where manual inspections and 
site assessments can be time-consuming and dangerous. 
      Drones are also used to conduct inspections of 
construction sites, assessing the structural integrity of 
buildings and identifying maintenance needs. This ap-
plication of UAVs reduces the need for workers to per-
form high-risk inspections in hard-to-reach areas, such 
as tall structures or confined spaces, thereby enhanc-
ing safety. UAVs equipped with advanced sensors can 
detect structural weaknesses or damage that might not 
be visible to the naked eye, allowing for timely repairs 
and preventing accidents. 
      Beyond construction, UAVs have been employed 
in various other domains within architecture, engineer-
ing, and urban planning. These applications include 
traffic surveillance [118], landslide monitoring [119, 
120], cultural heritage preservation [119, 121], and 
urban planning [122, 123]. In these areas, drones offer 
unparalleled advantages in terms of data collection, ef-
ficiency, and safety. For example, UAVs can survey 
large areas in a fraction of the time it would take hu-
mans, while providing detailed and accurate data that 
informs decision-making. 
 
Best Uses of Drones in Construction Safety 
      Several key applications of UAVs have been iden-
tified as the most effective in promoting safety within 
the construction sector: 

      •Aerial Site Mapping: UAVs provide high-reso-
lution images and 3D models of construction sites, en-
abling project managers to assess progress and safety 
conditions in real-time. This allows for proactive iden-
tification of potential hazards before they escalate into 
dangerous situations. 
      •Safety Inspections: Drones can conduct safety 
inspections of hazardous or difficult-to-reach areas, 
such as scaffolding or rooftops, reducing the need for 
workers to perform dangerous tasks. By providing de-
tailed visual data, UAVs help construction teams iden-
tify safety risks and address them promptly. 
      •Logistics Management: UAVs are capable of 
monitoring the flow of materials and equipment on 
construction sites, ensuring that resources are being 
used efficiently and safely. This application minimizes 
the risk of accidents related to equipment misuse or 
improper handling of materials. 
      •Hazard Monitoring: UAVs can monitor envi-
ronmental hazards, such as gas leaks, chemical spills, 
or electrical risks, using advanced sensors. By detect-
ing these hazards in real-time, drones help to protect 
workers from exposure to dangerous substances or 
conditions. 
      The increasing use of UAVs in construction has had 
a significant impact on workplace safety, reducing the 
number of accidents and fatalities associated with high-
risk tasks. As the technology continues to evolve, the 
role of AI-driven UAVs in ensuring the safety and effi-
ciency of construction sites is expected to grow, with 
even more sophisticated applications on the horizon. 
 
Pre-Construction Site Inspections 
      Pre-construction site inspections are a critical 
component in the planning and execution phases of 
any building project. These inspections help assess site 
conditions, identify potential hazards, and ensure that 
the site is ready for the commencement of construction 
activities. However, some areas of a construction site 
may be unstable or difficult to access, posing signifi-
cant risks to human inspectors. To address these chal-
lenges, drone technology has emerged as a 
transformative solution, enabling remote assessments 
without requiring inspectors to physically enter haz-
ardous zones. 
      Drones can be deployed to conduct site inspec-
tions efficiently and safely, allowing for detailed off-
site evaluations that significantly reduce the risks 
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associated with traditional inspection methods. By uti-
lizing drones equipped with advanced imaging tech-
nology, such as 3D mapping software, nearand 
far-infrared cameras, and laser range finders, construc-
tion teams can gather precise data and measurements, 
minimizing the need for repeated inspections. This not 
only enhances safety but also curtails costs related to 
workforce requirements and potential project delays 
[114]. As a result, drones provide a practical and cost-
effective alternative to manual site inspections, allow-
ing project managers to assess site conditions in 
real-time while keeping personnel out of harm’s way. 
 
Maintenance Inspections 
      Drones are also proving to be invaluable for main-
tenance inspections of tall structures, such as skyscrap-
ers, towers, and bridges, where traditional inspections 
often involve significant risks and expenses. Personnel 
tasked with inspecting these structures are exposed to 
the dangers associated with working at great heights, 
and the logistics of accessing these sites can be com-
plex and costly. Drones, however, can perform sched-
uled maintenance inspections autonomously, 
mitigating the need for human inspectors to engage in 
risky operations. By utilizing AI-powered drones, con-
struction teams can monitor the condition of these 
structures, identify potential issues, and schedule re-
pairs before they escalate into safety concerns [113]. 
AI-driven drones equipped with cameras and sensors 
can capture high-resolution images and videos of hard-
to-reach areas, such as the upper levels of skyscrapers 
or the undersides of bridges. This data is then analyzed 
by AI algorithms to detect structural anomalies, such 
as cracks, corrosion, or other signs of wear and tear, 
allowing for timely intervention. In addition to reduc-
ing safety risks, drone-based maintenance inspections 
also lower costs by minimizing the need for scaffold-
ing, cranes, or other expensive equipment typically re-
quired for manual inspections. 
 
AI-Driven Drones in Industry 
      The rise of AI-powered intelligent solutions has 
driven innovation in the field of drone technology, 
with companies such as Folio3 and Percepto leading 
the way in providing automated drone systems that 
streamline industrial processes. Folio3, based in Cal-
ifornia, is a prominent developer of AI-driven solu-
tions that offer businesses across various industries the 

ability to leverage drones for improved operational ef-
ficiency. Percepto, another key player in this space, 
specializes in creating comprehensive hardware and 
software solutions for AI-driven drones. Their AIM vi-
sual data management system, powered by artificial 
intelligence and deep learning (DL), is used in a vari-
ety of applications, including site surveys, construc-
tion inspections, 3D modeling, and security patrols. 
Percepto’s drone-in-a-box system, available in three 
distinct models, is designed to operate autonomously, 
requiring minimal human intervention. These drones 
are trusted for use in industries such as mining, energy, 
and construction, where they can monitor site condi-
tions, detect gas leaks, and perform other critical func-
tions. The ability of these drones to capture and 
analyze visual data in real-time provides businesses 
with valuable insights that improve safety, efficiency, 
and decision-making. Moreover, Percepto’s AI-driven 
drones have earned global recognition from regulatory 
bodies, further solidifying their role in advancing 
safety and operational standards within various indus-
tries. 
 
Advanced Drone Models for Hazardous Environ-
ments 
      One of the most notable examples of a drone de-
signed for high-risk environments is the LEMUR S 
drone, developed by Brinc, a Nevada-based company 
specializing in innovative drone technology. The 
LEMUR S features a quadcopter configuration and is 
equipped with advanced night vision capabilities, 
making it ideal for inspections and surveillance in low-
visibility conditions. With a flight duration of 31 min-
utes and the ability to remain idle for up to 10 hours 
while continuously recording video and audio, the 
LEMUR S is particularly suited for scenarios involv-
ing heightened risk, such as search and rescue mis-
sions or emergency response efforts [124]. 
      Designed with first responders in mind, the 
LEMUR S drone is equipped with an integrated mi-
crophone and video recording system, enabling it to 
facilitate conversations and gather reconnaissance data 
in real-time. This feature is especially valuable in sce-
narios where human access is either too dangerous or 
impractical, such as during natural disasters, building 
collapses, or hazardous material spills. By providing 
first responders with crucial information about the en-
vironment and the conditions within it, the LEMUR S 
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drone enhances situational awareness and improves 
the effectiveness of response efforts, ultimately con-
tributing to better safety outcomes. 
      The integration of AI-driven drones into pre-con-
struction and maintenance inspections represents a sig-
nificant leap forward in enhancing safety, efficiency, 
and cost-effectiveness in various industries. By lever-
aging advanced imaging technologies and AI-powered 
analytics, drones allow construction teams to assess 
site conditions remotely, reducing the need for human 
workers to enter dangerous or hard-to-reach areas. 
This not only mitigates risks but also improves the ac-
curacy of inspections, leading to better decision-mak-
ing and project outcomes. As the technology continues 
to evolve, AI-driven drones will play an increasingly 
important role in transforming the way inspections are 
conducted, setting new standards for safety and oper-
ational excellence across industries. 
 
Second Outcomes 
      A total of 25 studies reported on various outcomes, 
including accident reduction, safety protocol improve-
ments, and disease prediction accuracy (Table 2). 
In Table 2, the results of the systematic review and 
meta-analysis on the impact of artificial intelligence 
(AI) applications in occupational health and safety 
(OHS) are presented. A total of 25 studies were ana-
lyzed, focusing on various outcomes, including acci-
dent reduction, safety protocol improvements, and 
disease prediction accuracy. 
 
AI and Accident Reduction 
      The analysis indicated a significant positive effect 
of AI technologies on reducing workplace accidents. 
The pooled results showed a standardized mean dif-
ference (SMD) of -0.75 (95% CI: -0.82 to -0.68, Z = 
18.45, P<0.00001), illustrating the strong impact of AI 
in enhancing workplace safety [17, 19, 21]. These 
findings suggest that AI-driven interventions effec-
tively mitigate risks associated with occupational haz-
ards, leading to fewer incidents in various industrial 
settings. 
 
AI and Safety Protocol Improvements 
      The effectiveness of AI applications in improving 
safety protocols was also highlighted. The overall ef-
fect size for this outcome was recorded at -0.45 (95% 

CI: -0.56 to -0.34, Z=9.30, P<0.00001) [38, 47, 51, 
54]. This demonstrates that AI technologies play a cru-
cial role in refining safety protocols, ensuring adher-
ence to best practices, and enhancing overall 
workplace safety. 
 
AI and Disease Prediction Accuracy 
      Furthermore, AI applications demonstrated sub-
stantial improvements in disease prediction accuracy. 
The cumulative SMD for this outcome was -0.66 
(95% CI: -0.75 to -0.57, Z=9.35, P<0.00001) [67, 71, 
87, 102]. AI algorithms proved to be effective in ana-
lyzing large datasets to identify risk factors and predict 
health outcomes, underscoring their potential in occu-
pational health assessments. 
 
 
DISCUSSION 
 
This systematic review and meta-analysis aimed to ex-
plore the transformative impact of artificial intelli-
gence (AI) technologies on occupational health and 
safety (OHS). The findings indicate that the integra-
tion of AI in workplace practices significantly en-
hances risk mitigation, disease prevention, and overall 
worker well-being. These results corroborate existing 
literature highlighting the critical role of AI in promot-
ing safer work environments and reducing occupa-
tional hazards [18, 37]. 
      The analysis revealed a substantial reduction in 
workplace accidents attributed to AI applications, with 
a standardized mean difference (SMD) of -0.75 (95% 
CI: -0.82 to -0.68, P<0.00001). This finding aligns 
with previous research, which emphasized the efficacy 
of AI-driven interventions in minimizing risks associ-
ated with occupational hazards [45, 57]. For instance, 
studies have demonstrated that predictive analytics 
and real-time monitoring systems substantially de-
crease the frequency and severity of accidents, thereby 
enhancing workplace safety [64, 77]. 
      AI technologies also play a pivotal role in improv-
ing safety protocols, yielding an overall effect size of 
-0.45 (95% CI: -0.56 to -0.34, P<0.00001) [82, 90]. 
The ability of AI to analyze large datasets and identify 
patterns enables organizations to refine safety proce-
dures and implement preventive measures effectively. 
This proactive approach is crucial, especially in high-
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risk industries where the potential for accidents is el-
evated [96, 114]. 
      Furthermore, the review highlighted significant 
advancements in disease prediction accuracy, with an 
SMD of -0.66 (95% CI: -0.75 to -0.57, P<0.00001) 
[118, 124]. AI algorithms demonstrate remarkable pro-
ficiency in identifying risk factors and predicting 
health outcomes, thereby contributing to early inter-
vention strategies. This capability is particularly vital 
in addressing occupational diseases that may develop 
insidiously over time [86, 92]. 
      The results of this study underscore the necessity 
for continuous investment in AI technologies to further 
enhance OHS practices. Despite the positive outcomes 
associated with AI integration, challenges remain, in-
cluding the need for standardized methodologies and 
comprehensive training for workers in utilizing these 
technologies [100, 113]. Additionally, ethical consid-
erations regarding data privacy and the potential dis-
placement of jobs due to automation must be 
addressed [106, 112]. 
      In conclusion, the integration of AI into occupa-
tional health and safety represents a significant leap 
forward in managing workplace risks and improving 
employee well-being. The evidence from this system-
atic review supports the urgent need for industries to 
embrace AI-driven solutions to foster safer, healthier 
work environments [93, 96, 121]. As the field contin-
ues to evolve, ongoing research and collaboration be-
tween industry stakeholders will be essential in 
optimizing the application of AI in OHS [108, 117]. 
 
 
CONCLUSION 
 
This systematic review and meta-analysis have eluci-
dated the transformative potential of artificial intelli-
gence (AI) technologies in enhancing occupational 
health and safety (OHS). The integration of AI in var-
ious workplace practices has demonstrated significant 
benefits in risk mitigation, disease prevention, and the 
promotion of worker well-being.  
      The findings reveal a substantial reduction in 
workplace accidents, underscoring the efficacy of AI-
driven interventions in minimizing occupational haz-
ards. Additionally, the analysis highlights the positive 
impact of AI on improving safety protocols and en-

hancing disease prediction accuracy. These advance-
ments not only contribute to safer work environments 
but also reflect a shift towards more proactive and pre-
ventive OHS strategies.  
      Despite the promising outcomes associated with 
AI technologies, challenges remain, including the need 
for standardized practices, comprehensive training for 
workers, and ethical considerations related to data pri-
vacy and job displacement. Addressing these issues 
will be crucial for the successful implementation and 
sustainability of AI applications in OHS.  
      In conclusion, the evidence presented in this study 
supports the urgent need for industries to invest in AI 
technologies to foster healthier and safer working en-
vironments. Continued research and collaboration 
among stakeholders will be vital in optimizing the in-
tegration of AI in occupational health and safety, ulti-
mately leading to improved outcomes for workers 
across various sectors. 
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Brain tumors. A bibliometric analysis of forty years by 
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ABSTRACT 
Objectives: Science mapping is a systematic approach to analyzing the intricate network of relationships in 
the scientific literature. Science mapping methodology investigates the networks of relationships among sci-
entific articles, authors, journals, keywords, and research topics. This study aims to comprehend the literature 
in the field of brain tumors. 
Methods: Our study covers the period 1980-2022. Our study uses the Web of Science database for literature 
reviews and bibliometric analyses. The obtained data were filtered and classified. The 10,777 articles were an-
alyzed in five sections. Some of sections are: structural analysis of the articles, analysis of countries, keyword 
analysis, thematic analysis, and the collaboration analysis. 
Results: The articles have been published in 1761 journals. The average citation per article is 38.22. The 
highest h and g-index values belong to Cancer Research. For thematic analysis, the period from 1980 to 2022 
has been analyzed. During 2021-2022, 'Deep Learning' and 'Brain Tumors' formed the motor themes. The au-
thors' collaboration network is analyzed. Kun LE is the author with the most collaborations. 
Conclusions: Upon examining thematic maps from all periods, it is assessed that the likely topics and scopes 
of future research on brain tumors will be biomarkers, personalized treatments, artificial intelligence, im-
munotherapy, and pediatric brain tumors. 
Keywords: Brain tumors, science mapping, thematic analysis, literature, web of science 
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 Brain tumors, also called intracranial neoplasms, 

are a heterogeneous group of abnormal 
growths that develop within the brain or sur-

rounding tissues. These tumors may be classified 
based on their tissue of origin, histological character-
istics, and their potential for malignancy. Primary 
brain tumors originate within the brain itself and can 
be further categorized into gliomas, meningiomas, and 
other less common types [1]. 
      Clinical manifestations are variable. Manifesta-

tions depend on the tumor's size, location, and growth 
rate. Common symptoms include headaches, seizures, 
cognitive impairment, motor deficits, and visual dis-
turbances. Diagnostic modalities encompass neu-
roimaging techniques, such as magnetic resonance 
imaging (MRI) and computed tomography (CT) scans, 
and histopathological examination of biopsy speci-
mens for accurate tumor classification. The manage-
ment of brain tumors necessitates a multidisciplinary 
approach. Treatment options include surgical resec-
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tion, radiation therapy, chemotherapy, immunotherapy, 
and targeted therapies. The prognosis for individuals 
with brain tumors varies widely, depending on factors 
such as tumor type, stage, and genetic characteristics 
[2, 3]. 
      In the United States, there were an estimated 
25,000 new cases of primary malignant brain tumors 
in 2020. In 2020, it was estimated that nearly 18,000 
people in the United States died from brain and other 
nervous system cancers [4]. 
      Science mapping is a systematic approach to ana-
lyzing the intricate network of relationships in the sci-
entific literature through quantitative methods and 
visualization techniques. It serves as a methodology 
employed to analyze scientific knowledge dynamics 
visually. This methodology investigates the networks 
of relationships among scientific articles, authors, jour-
nals, keywords, and research topics. Science mapping 
enables researchers, policymakers, and institutions to 
discern trends and make informed decisions. Science 
mapping relies on various data sources that provide ac-
cess to comprehensive records. Prominent among these 
sources are academic databases such as Web of Sci-
ence, PubMed, Scopus, and Google Scholar [5]. 
      This study aims to comprehend the literature in the 
field of brain tumors, identify the main research topics, 
and visualize connections that could lead to potential 
collaborations and new discoveries. These efforts in-
volve analyzing scientific publications on brain tumors 
to demonstrate how research topics and subfields have 
evolved. The collaboration among research groups 
will be utilized to understand the general trends and 
emphases in the field by identifying significant scien-
tific journals and frequently used terms. 
 
 
METHODS 
 
Our study's data collection and analysis process is il-
lustrated in Fig. 1. Our study uses the Web of Science 
(WoS) database for literature reviews and bibliometric 
analyses. The data scan was conducted on November 
15, 2023. The obtained data were filtered and classi-
fied. Articles titled "Brain Tumors" and "Brain Tumor" 
were scanned in the WoS database. The "Research Ar-
ticle” and “Review Article” article types were se-
lected. The language was set to "English," and the 
WoS index chosen was "SCI, SCI-Expanded, and 

SSCI" Articles from 2023 were excluded from the 
scope, as new articles are still being entered into the 
database. As a result, 10,777 articles were included in 
the analysis. 
      The 10,777 articles were analyzed in five sections. 
The first section involved the structural analysis of the 
articles. The second section included the analysis of 
countries, authors, journals, and articles, the third sec-
tion dealt with keyword analysis, the fourth section 
comprised thematic analysis, and the fifth included 
collaboration analysis. The analysis merged the key-
word "Brain Tumor" under "Brain Tumors." 
 
Structure Analysis 
      In this section, analyses have been conducted on 
articles, journals, the annual increase in the number of 
articles, total number of authors, authors of single-au-
thored documents, international co-authorship, the av-
erage number of co-authors per document, keywords, 
references, the average age of documents, and the av-
erage citations per document. 
 
Countries, Authors, Sources, Documents Analysis 
      Analyses of the Corresponding Author's Country, 
Author Impact, Source Local Impact, and Most Local 
Cited Documents have been conducted. In the analysis 
of the corresponding author's country, the total number 
of publications (TNP), single and multiple-country 
publications (SCP & MCP), and the multiple-country 
publication ratio (MCP Ratio) have been calculated. 
The MCP Ratio represents the proportion of articles 
involving authors from multiple countries relative to 
the total number of articles. The tables and figures in 
the analyses are constructed based on the h, g, and m 
index values. 
      Variables in the analyses include Year of Publica-
tion (YP), YYP= Year 2023-Year of Publication, 
Global Citations (GC), Local Citations (LC), the ratio 
of LC to GC (LC/GC), annual local citations 
(LC/YYP), and annual global citations (GC/YYP). LC 
represents the number of citations an article receives 
from other articles examined in the analysis, whereas 
GC represents the number of citations an article re-
ceives from all articles indexed in the Web of Science 
(WoS). 
 
Authors Keyword Analysis 
      In this analysis, a word cloud has been generated. 
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The most frequently used top 50 keywords have been 
included in the analysis. A trend topic analysis has 
been conducted to identify the keywords' initial usage 
and peak frequency times. For this analysis, keywords 
used at least five times a year have been selected. 
      Another analysis under this topic is the 'co-occur-
rence network of authors' analysis, which was carried 
out with 39 keywords. In the analysis, clusters con-
sisting of circles in different colors are formed. A cir-
cle represents each keyword. The size of the circle is 
directly proportional to the frequency of use of the 
keyword, while the thickness of the lines connecting 
the circles is directly proportional to the co-occurrence 
frequency of the keywords. 
 
Thematic Analysis 
      The research period (1980-2022) has been divided 
into four sub-periods based on the number of docu-
ments. These sub-periods are designated as 1980-
1999, 2000-2012, 2013-2020, and 2021-2022. 
Thematic analysis was conducted using 2000 key-

words. The most recurrent keywords have been clus-
tered into thematic groups. The two most frequently 
recurring words represent each cluster. The size of the 
circles is proportional to the frequency of use of the 
keywords they represent. The thematic or strategic di-
agram is divided into four quadrants. Each quadrant 
has been analyzed in terms of centrality and density. 
Density is represented along the y-axis, while central-
ity is represented along the x-axis. Centrality denotes 
the significance of the theme, while density indicates 
its development. The four quadrants of the thematic 
diagram are Motor Themes, Niche Themes, Emerging 
or Declining Themes, and Basic Themes. 
      Motor Themes: Located in the top right quadrant 
of the thematic diagram. They indicate high density 
and centrality. These are significant themes. 
      •Niche Themes: Situated in the bottom right quad-
rant of the diagram. They represent high density but 
low centrality. These are themes that have lost signif-
icance and are isolated. 
      •Emerging or Declining Themes: These are found 
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in the top left quadrant of the diagram. They denote 
low density and centrality. These are themes that are 
either newly emerging or declining in importance. 
      •Basic Themes: Positioned in the bottom left 
quadrant of the diagram. These themes have low den-
sity but high centrality. They are seriously researched 
themes and form the main focus of the studies. 
      A Thematic Evolution Map covering four periods 
has been created to analyze theme changes over the 
years. The size of the nodes indicates the multitude of 
keywords, while the flow lines between nodes depict 
the direction of evolution of the thematic clusters. 
 
Collaboration Network Analysis 
      Authors, Institutions, and Countries Collaboration 
Network analyses have been conducted in this analy-
sis. Each author, institution, or country is represented 
in the figures by a circle. Those collaborating have 
formed clusters in distinct colors. The size of the circle 
and the thickness of the lines connecting the circles 
are directly proportional to the collaboration intensity 
of the author, institution, or country. 
 
 
RESULTS 
 
Structure Analysis 
The foundational data is presented in Fig. 2. The arti-
cles have been published in 1761 journals. The annual 

increase in the number of articles is 5.96%. A total of 
38,406 authors have penned these articles. The rate of 
international author collaboration stands at 16.88%. In 
these articles, 14,485 keywords and 238,127 refer-
ences have been employed. The average citation per 
article is 38.22. 
      In Brain Tumors, the annual numbers of academic 
articles produced between 1980 and 2022 are pre-
sented in Fig. 3. The increase in the number of annual 
articles is noteworthy. The quantity of articles has con-
tinuously escalated, and this surge in volume has par-
ticularly intensified since the mid-2000s. The increase 
taken after the year 2018 is particularly noteworthy. 
 
Countries, Authors, Sources, Documents Analysis 
      The countries of the authors of the analyzed arti-
cles and the number of articles are presented in Fig. 4. 
Authors from the USA exhibit a distinct superiority. 
However, the MCP Ratio value for US authors is low. 
This indicates a lower level of international collabo-
ration among US authors. Chinese authors rank second 
regarding the number of articles, but their MCP Ratio 
values are higher. The contribution of Chinese authors 
to international collaborations is more significant. Eu-
ropean countries also contribute considerably to article 
production, and their MCP Ratio values are high. The 
h, g, and m-index, TC, NP, and PY-Start values of the 
top 20 authors are presented in Table 1. The highest h 
and g-index values belong to Kun LE, followed by 
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! !Fig. 4. Corresponding author’s country.
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Black PM. The author who has reached the highest m-
index value is Gajjar A, followed by Black PM and 
Wen PY. 
      Table 2 presents the top 20 journals ranked by 
their H-index values. These journals have collectively 
published 24.61% of the total articles. The highest h 
and g-index values belong to Cancer Research. Neuro-
Oncology holds the distinction of having the highest 
m-Index value. Cancer Research also leads in terms of 
the total number of citations received. The highest 
TC/NP value source is the Proceedings of the National 
Academy of Sciences of the United States of America. 
      The top 20 articles with the highest LC values are 
presented in Table 3. The most recent publications in-
clude Sajjad M, 2019; Deepak S, 2019; and Anaraki 
AK, 2019. The oldest article is by Libermann TA and 
is dated 1985. Havaei M, 2017, authors the article with 
the highest LC value, while the one with the highest 
GC value is by Singh SK, 2003. The paper by Havaei 
M, 2017 also stands out for having the highest 
LC/YYP and GC/YYP values. Regarding the LC/GC 
Ratio, the article by Anaraki AK, 2019, has emerged 
as particularly noteworthy. 

Authors Keyword Analysis 
      In Fig. 5, the articles' top 50 most frequently used 
keywords are presented as a word cloud, and the top 
20 are shown in a frequency table. The keyword 'Brain 
Tumors' is often used so predominantly that it can ob-
scure other keywords in the word cloud. 
      Therefore, to avoid this overshadowing, 'Brain Tu-
mors' is not displayed in the word cloud. The key-
words with the highest frequency among authors are 
'Brain tumors,' 'Glioma, ' ' glioblastoma,' and 'Mag-
netic resonance imaging.' Fig. 6 illustrates the trend of 
these keywords over the years. Between 1993 and 
1995, the keywords 'Autoradiography,' 'Bromod-
eoxyuridine,' 'Thymidine Kinase,' 'Hyperthermia,' 
'Bcnu,' and 'Ganciclovir' were more prevalent, whereas 
in recent times, terms like 'Brain Tumor Classifica-
tion,' 'Brain Tumor Detection,' 'Deep Learning,' 'Brain 
Tumor Segmentation,' 'Classification,' and 'Neuro-On-
cology' have gained more prominence. 
      In the context of medical research, the utilization 
of specific terminologies peaked in certain years: 
"Brain Tumors" in 2014, "Glioma" in 2013, "Glioblas-
toma" in 2016, and "Magnetic Resonance Imaging" in 
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2018. Fig. 7 presents a co-occurrence network of the 
top 50 keywords. 
      These keywords are clustered into three distinct 
groups. The red cluster represents "Brain Tumors," 
while the blue cluster indicates "Glioma." The green 
cluster, however, does not have a dominant keyword. 
The red cluster can be characterized as "Neuro-Oncol-
ogy and Brain Tumor Research," the blue as "Brain 

Tumor Subtypes and Therapies," and the green as 
"MRI-based Brain Tumor Analysis and Segmenta-
tion." The most robust connections within this network 
are observed between Brain Tumors-Glioma, Brain 
Tumors-MRI, Brain Tumors-Glioblastoma, Brain Tu-
mors-Pediatric, Glioma-Meningioma, and Glioma-
Glioblastoma. The size of the circles in the network 
graphically represents the frequency of usage of each 
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keyword, while the thickness of the lines connecting 
these keywords correlates with the frequency of their 
co-occurrence. 
 
Thematic Analysis 
      For thematic analysis, the period from 1980 to 
2022 has been subdivided into four sub-periods. The-
matic maps have been created for these periods. The 
thematic map covering 2021 and 2022 has been shared 
(Fig. 8). During 2021-2022, 'Deep Learning' and 
'Brain Tumors' formed the motor themes, while 
'GlioblastomaMultiforme' and 'Epidemiology' repre-

sented the niche themes. Additionally, 'Glioma' and 
'Brain Metastases' emerged as emerging themes, with 
'Cancer' and 'Glioblastoma' constituting the basic 
themes. 
      In addition to Thematic Maps, a four-period The-
matic Evolution Mapping has been created to examine 
the changes and developments of themes over the 
years (Fig. 9). According to this, during the 2021-2022 
period, themes such as Brain Tumors, Glioma, 
GlioblastomaMultiforme, Deep Learning, Epidemiol-
ogy, and Cancer Brain Metastases have emerged. The 
Brain Tumors theme has been informed and enriched 
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by sub-themes, including Brain, Childhood, and Brain 
Tumors. 
 
Collaboration Network 
      The authors' collaboration network is depicted in 
Fig. 10. 

      Each circle in the figure represents an author. It is 
observed that the authors are grouped into five clus-
ters. The cluster with the highest number of authors, 
containing 12, is the red cluster. Kun LE is the author 
with the most collaborations. Following Kun LE, the 
authors with the most collaborations are Boyett JM, 
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! Fig. 11. Institutions collaboration network.



Eur Res J. 2025;11(3):639-653 Kuytu

Packer RJ, and Gajjar A. The Institutions Collabora-
tion Network is shown in Fig. 11. 
      The top 30 institutions were considered, and the 
Louvain Algorithm was used. The institutions have 
formed four clusters. Institutions within the same color 
clusters collaborate in publishing articles. The institu-
tion with the most collaborations is the University of 
California San Francisco, followed by Harvard Univ. 
As indicated by the thickness of the lines, the institu-
tional pairs with the most collaborations are Univ Penn 
– Children Hosp Philadelphia, Harvard Univ – Mas-
sachusetts Gen Hosp, and Baylor Coll Med – ST Jude 
Children Res Hosp. The results of the Countries Col-
laboration Network are presented in Fig. 12. 
      The top 30 countries were considered, and the 
Louvain Algorithm was used. Two clusters have 
formed. The red cluster includes 15 countries, while 
the blue cluster includes 5. The red cluster is more cen-
tralized and centered around the USA's collaboration. 
The countries with the most collaborations are USA - 
Canada, USA - China, and USA - Germany. 
 
 
DISCUSSION 
 
Science mapping is the process of analyzing and vi-

sualizing a scientific subject. This analysis and visu-
alization can encompass scientific studies, articles, and 
other academic resources. Through this technique, the 
main and sub-topics in a broad research field, the in-
terrelationships and trends among them, and signifi-
cant developments and connections can be discerned. 
Methods such as text mining and data visualization are 
encompassed within the scope of science mapping. 
Bibliometric analysis examines the literature macro-
scopically and presents a projection. Therefore, those 
wishing to track the scientific outputs in a research 
field and their developmental process prefer this 
analysis method [5]. 
      Eugene Garfield has made significant contribu-
tions to the field of scientometrics. He is one of the 
most pivotal figures in the field of scientometry. 
Garfield laid the foundation that led to the WoS, today 
one of the most crucial platforms for citation and an-
alytical information searching. It serves not only as an 
academic library but also as a rich dataset. WoS en-
compasses innumerable citation links and metadata, 
expanding daily. WoS is a comprehensive and inter-
national bibliographic database, making it the most ef-
ficacious bibliographic data source for conducting 
bibliometric and similar analyses [6]. Our use of the 
Web of Science (WoS) in our analyses is significant 
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for these reasons. Consequently, our data are highly 
reliable. 
      The Bibliometrix program was used for the analy-
sis of the data. This program is an open-source soft-
ware developed on R-based science mapping. The R 
programming language originated in the 1990s and 
has become a fundamental computational tool for re-
search in various fields, from statistics to medicine. 
One of its key features is facilitating learning through 
producing meaningful graphics [7, 8]. In our study, we 
have utilized this program feature to visualize the topic 
of brain tumors with rich graphics. 
      Our study's analyses of countries, authors, sources, 
and documents have been based on the h, g, and m in-
dices. The h (Hirsch) index reflects a scenario where 
an author has at least an "h" number of papers, each 
receiving at least "h" citations. The h-index analyzes 
a researcher's cumulative scientific impact. It exam-
ines a researcher's productivity and citations and meas-
ures it as a single number. It is a reliable and robust 
indicator of scientific success. In addition to individual 
assessments, medical journals, publishers, institutions, 
and universities can also be evaluated with the h-index 
[9]. The G index aims to represent the distribution of 
citations better. The G-index has been developed to 
measure global citation performance more accurately. 
Its advantage is that it highlights articles that receive 
numerous citations. Therefore, more weight is given 
to highly cited articles [10]. The m-index is a version 
of the h-index. The h-index increases with the length 
of a career. The m-index has been developed to facil-
itate comparisons among academics with varying 
lengths of academic careers. In comparing researchers 
with varying lengths of careers, this can be utilized to 
mitigate the effects of time [9]. 
      This study presents detailed statistical information 
on articles related to brain tumors. Within this scope, 
1,761 sources, 10,777 documents, and 38,406 authors 
have been examined. The number of single-authored 
documents is 409. The frequency of international co-
authorship is approximately 17%, while the co-author 
per document is 6.21. The average age of documents 
is around 15%, and the average citations per document 
are 38.22. 
      It has been determined that studies on brain tumors 
have increased steadily over the years. This is sup-
ported by the advancements recorded in the medical 
field. However, it is noteworthy that there has been a 

significant increase in the annual number of articles 
published after 2018. Undoubtedly, this increase is in-
fluenced by the classification of central nervous system 
tumors by the World Health Organization in 2021 [11] 
and the inclusion of some new tumors in this classifi-
cation [12]. Similarly, the role of immunotherapy stud-
ies and bioinformatics in this increase is notable [1]. In 
recent years, studies related to technologies such as 
deep learning and machine learning, which have be-
come widespread in the medical field, also have a sig-
nificant share in this increase [13, 14]. 
      The highest h and g-index values belong to Kun 
LE and Black PM, respectively. The highest m-index 
value belongs to Gajjar A. Professor Larry E. Kun, 
after an extensive and fruitful career in the field of ra-
diation oncology, passed away in 2018. He served in 
significant institutions such as the American Society 
for Radiation Oncology, the American Board of Radi-
ology, and research hospitals. Professor Peter M. 
Black is a neurosurgeon. He is engaged in the field of 
neurosurgery at Brigham and Women's and Children's 
Hospital and Harvard Medical School. He is a member 
of the Congress of Neurological Surgeons and the 
World Federation of Neurosurgical Societies. Profes-
sor Amar Gajjar is affiliated with St. Jude Children's 
Research Hospital. He was honored with the Scott and 
Tracie Hamilton Endowed Chair in Brain Tumor Re-
search. 
      The most effective journal is Cancer Research, 
published by the American Association for Cancer Re-
search. Its impact factor is 11.3. It is indexed in nu-
merous databases. Its TC/NP (Total Cites/Number of 
Papers) value is also very high. Regarding h-index and 
g-index values, the second journal is the Journal of 
Neurosurgery, the official publication of the American 
Association of Neurological Surgeons. Its impact fac-
tor is 4.1. The highest m-index value belongs to 
Neuro-Oncology, the official publication of the Neuro-
Oncology Society. It is also affiliated with the Japan 
Neuro-Oncology Society and the European Neuro-On-
cology Society. Its impact factor is 15.9. 
      The article by Havaei M, 2017 [15] holds the high-
est LC value, while the highest GC value belongs to 
the article by Singh SK, 2003 [16]. Both articles dis-
cuss significant developments relevant to their respec-
tive years of publication. The subject of Havaei M, 
2017 is glioblastomas, specifically related to a brain 
tumor segmentation method based on deep neural net-
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works. Deep neural networks are among the most sig-
nificant applications of artificial intelligence in our 
daily lives [17]. This study is particularly programmed 
with the deep neural network machine learning 
method adapted for image data [15]. The article by 
Singh SK, 2003 reports identifying and purifying a 
cancer stem cell from human brain tumors of different 
phenotypes. The stem cell was isolated by expressing 
the surface marker CD133. Stem cells are used in re-
searching tumor development and treatments. 
      The article with the highest LC value belongs to 
Havaei M, 2017 [15], while the one with the highest 
GC value is attributed to Singh SK, 2003 [16]. Both 
articles discuss significant advancements relevant to 
their respective years of publication. The work by 
Havaei M in 2017 relates to a brain tumor segmenta-
tion method based on deep neural networks adapted 
for glioblastomas. Deep neural networks represent one 
of the most significant applications of artificial intel-
ligence in our daily lives [17]. In the study, deep neural 
networks tailored explicitly for image data have been 
programmed using machine learning methods [15]. 
The article by Singh SK in 2003 reports identifying 
and purifying a cancer stem cell from human brain tu-
mors of various phenotypes. The stem cell was iso-
lated by expressing the surface marker CD133. The 
isolation of this stem cell is pivotal in researching 
tumor development and treatments. 
      The most frequently used keywords drawing sig-
nificant attention include glioma, glioblastoma, mag-
netic resonance imaging, medulloblastoma, and deep 
learning. The most common primary brain tumor orig-
inates from glial cells, known as Glioma [18]. 
Glioblastoma, a type of glioma, is the most common 
and aggressive malignant brain tumor [18]. In recent 
years, studies have increased, particularly on Gliomas 
and Glioblastomas. Immunotherapy, encompassing 
methods like cancer vaccines, oncolytic viruses, and 
immune checkpoint inhibitors, has recently become a 
significant option in Glioblastoma treatment [19]. 
Medulloblastoma is the most common embryonal 
tumor of the central nervous system in childhood [20]. 
There have been advancements in its treatment in re-
cent years. Multimodal treatment and appropriate risk 
stratification have increased long-term survival rates 
across all ages [20]. Deep learning, a branch of artifi-
cial intelligence, is one of today's fundamental tech-
nologies based on artificial neural networks [21]. It is 

rapidly becoming widespread in healthcare services, 
especially visual recognition [21]. Numerous studies 
have been conducted on using this technology for di-
agnosing brain tumors [22-24]. According to the trend 
topics analysis results, the frequently used keywords 
mentioned above have become trend topics in recent 
years. In addition, 'brain tumor classification' has also 
emerged as a trending topic in recent years. This may 
be due to the Classification of Tumors of the Central 
Nervous System study conducted by the WHO in 
2021. Numerous articles related to the study have been 
published in recent years [25-27]. 
      In the thematic map derived from recent studies, 
the dominant themes are deep learning, magnetic res-
onance imaging, brain tumors, and the blood-brain 
barrier. Deep learning is used in magnetic resonance 
imaging to detect brain tumors at an early stage [22-
24]. The blood-brain barrier poses a challenge in de-
livering therapeutics to the brain and tumor, with some 
brain tumors producing a blood-tumor-barrier [28]. 
Research to overcome these barriers to enhance the ef-
fects of anti-cancer treatments has become popular in 
recent years [29-30]. 
      Upon examining thematic maps from all periods, 
it is assessed that the likely topics and scopes of future 
research on brain tumors will be biomarkers, person-
alized treatments, artificial intelligence, immunother-
apy, and pediatric brain tumors. 
 
Limitations 
      This bibliometric analysis of brain tumor research 
over four decades has notable limitations. Its depend-
ence on bibliographic databases can lead to selection 
biases, excluding non-indexed and grey literature that 
might contain important contributions. While citation 
metrics indicate academic influence, they don't capture 
the clinical relevance of research. Additionally, evolv-
ing terminologies and indexing standards may com-
plicate keyword normalization. However, the study's 
strength lies in its methodological rigor and visualiza-
tion of thematic trends. Future research should con-
sider alternative impact indicators, use machine 
learning for semantic analysis, and include diverse 
scholarly contributions. The Bibliometrics program 
may make mistakes in the analysis of some expres-
sions. In our study, the expressions "magnetic reso-
nance imaging" and "mri" were evaluated as two 
different concepts. 
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CONCLUSION 
 
In conclusion, this bibliometric analysis of brain tumor 
research over the past four decades represents a sem-
inal contribution to the scientific understanding of 
global research trends, intellectual structure, and 
emerging thematic frontiers within the field. Through 
the rigorous application of science mapping method-
ologies, this study unveils pivotal shifts in research 
foci, influential scholarly networks, and the evolution 
of key conceptual frameworks that have shaped con-
temporary neuro-oncology. The originality of this 
work lies in its comprehensive synthesis of an exten-
sive body of literature, offering an unprecedented 
panoramic view of scientific progress while identify-
ing critical knowledge gaps and future research trajec-
tories. By illuminating the intricate interplay between 
innovation, collaboration, and knowledge dissemina-
tion, this study not only advances bibliometric schol-
arship but also provides an indispensable reference for 
researchers, policymakers, and funding bodies seeking 
to optimize research strategies in the relentless pursuit 
of breakthroughs in brain tumor diagnosis, treatment, 
and patient outcomes. 
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ABSTRACT 
Dysphagia is a condition affecting the passage of solid and liquid food into the stomach due to impaired swal-
lowing mechanisms caused by neurological factors like stroke, progressive diseases, and brain injury. Symp-
toms usually manifest within seconds of swallowing. In this brief review, the clinical perspective towards 
oropharyngeal dysphagia management from a speech and language therapist’s point of view in neurological 
conditions will be outlined. This review was carried out by a brief literature screening. This review includes 
swallowing performance assessment and oropharyngeal dysphagia therapy techniques. Instrumental evaluation 
techiques were typically used to determine dysphagia presence in the clinical settings. Based on the findings 
of instrumental evaluation, clinicians must decide the therapy plan. In dysphagia, treatments contain behavioral 
interventions, central nervous system stimulation, and postural techniques. Behavioral therapy approaches in-
clude maneuvers, swallowing exercises, and postural techniques. Electrical stimulation approaches, such as 
repetitive transcranial magnetic stimulation (rTMS) and transcranial direct current stimulation (tDCS), improve 
the brain's ability to change and adapt, known as neural plasticity. In conlusion, the significance of evidence-
based treatment in swallowing therapies is essential to enhance the comprehension of dysphagia therapy effi-
cacy, particularly through randomized controlled trials.  
Keywords: Neurogenic dysphagia, swallowing, behavioral therapy, speech and language therapy
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 Swallowing is a result of the complex operation 

of the oral, pharyngeal, and esophageal struc-
tures [1]. Consequently, it facilitates the passage 

of solid and liquid food into the stomach. Dysphagia 
is linked to a higher likelihood of malnutrition and 
pneumonia, and results in longer hospitalization, un-
favorable prognosis, and mortality [2]. Swallowing 
mechanisms could be impaired by various neurologi-
cal factors such as stroke, progressive neurological 

diseases, and acquired brain injury [3]. Additionally, 
a normal swallowing mechanism could be negatively 
affected by other ethiologies and known as anatomical 
disorders [4], esophageal dysphagia [5], rheumatolog-
ical disorders [6]  and dysphagia and medication-in-
duced dysphagia [7]. Dysphagia is a prevalent and 
perilous symptom associated with numerous neuro-
logical disorders. In this patient group, dysphagia is 
correlated with a considerably prolonged duration of 
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mechanical ventilation and an extended requirement 
for artificial nourishment. Neurogenic dysphagia sig-
nificantly increases the risk of pneumonia, the primary 
cause of mortality in these patients [8]. Moreover, 
swallowing problems in these patients correlate with 
diminished quality of life, inadequate pharmacological 
efficacy, and malnutrition [9]. 20-30% of dementia pa-
tients experience severe dysphagia accompanied by 
silent aspiration, which often remains unrecognized 
by the individuals themselves [10]. Swallowing diffi-
culties escalate with the advancement of cognitive de-
cline [11].When negatively affected by these 
conditions, the preceding result is named as dysphagia. 
Dysphagia, a multidimensional condition that results 
from a variety of etiological factors, has the potential 
to disrupt swallowing function, thereby presenting in-
dividuals with nutritional challenges. Oropharyngeal 
dysphagia is characterized by difficulty in starting the 
swallowing process and the impeded movement of 
food from the oral cavity to the esophagus. The pa-
tients frequently report drooling, coughing, nasal re-
gurgitation, aspiration, or choking, and symptoms of 
oropharyngeal dysphagia typically manifest within 
seconds of swallowing [12].  
      The evaluation and diagnostic methods used to as-
sess dysphagia are subject to variation and are typi-
cally determined by the patient's reported symptoms 
and risk factors. Instrumental evaluations are gold 
standart evaluations that are employed to ascertain the 
etiology of dysphagia. Modified barium swallow study 
(MBSS) and fiberoptic endoscopic evaluation of swal-
lowing (FEES) are procedures that are most frequently 
employed in the clinic to diagnose the patients with 
dysphagia [13-15].  
      After the dysphagia diagnosis, the severity of the 
dysphagia should be determined and therapy proce-
dure should commence promptly. Thus, the patient's 
quality of life is increased. Therapies for oropharyn-
geal dysphagia include behavioural interventions and 
central nervous system stimulation [16,17]. Behavioral 
interventions for oropharyngeal dysphagia include 
motor behavioral techniques, oromotor exercises, ad-
justments to body and head posture, swallowing ma-
neuvers to improve food movement and protect the 
airway, sensory and neuromuscular electrical stimula-
tion, and modifying the consistency of the food bolus. 
In addition to these approaches, Transcranial magnetic 
stimulation (TMS) and transcranial direct current stim-

ulation (tDCS) are employed to activate the central 
nervous system and address dysphagia [18, 19].  
      The present research reviews the current therapy 
and intervention options for oropharyngeal dysphagia 
induced by neurological disorders such as stroke, trau-
matic brain injury, and dementia.  
      This brief review was carried out by screening the 
dysphagia and dysphagia management in the litera-
ture. 
 
 
BEHAVIORAL THERAPY APPROACHES  
 
While dealing with oropharyngeal dysphagia, clini-
cians use maneuvers, swallowing exercises and pos-
tural techniques to either rehabilitate the dysphagic 
patients or redirect the movement of bolus in the 
oropharyngeal cavities.  
 
Swallowing Therapy Techniques  
      Effortful swallowing, Mendelsohn, supraglottic 
swallow and super-supraglottic swallow maneuvers 
are the most commonly used techniques in the clinical 
settings. Effortful swallowing maneuver increases the 
supraglottic pressure and improve base of tongue re-
traction in the patients [20]. The patient executes swal-
lowing by forcefully pressing the tongue on the hard 
palate, propelling it posteriorly while engaging the 
neck muscles. This technique is useful in the patients 
with decreased submental muscles. Effortful swallow-
ing is also thought to increase laryngeal vestibule 
movement and UES opening [21]. Mendelsohn ma-
neuver is one the most effective techniques used in the 
patients with oropharyngeal dysphagia to prevent 
bolus from falling into the airway thus protecting the 
patients from choking and premature falling [22]. The 
patient is expected to consciously control the elevation 
of the larynx to the greatest extent possible during 
swallowing. The patient is instructed to elevate the lar-
ynx as high as possible for 2-3 seconds. However, it 
is fairly a difficult technique in the patients with im-
paired cognitive abilities and motor functions. Both in 
supraglottic swallow and super-supraglottic maneu-
vers, it is aimed that the patients protect their airway 
by holding their breath voluntarily before and during 
a swallow. After a successful swallow, the patients are 
asked to form a cough to clear any bolus residue left 
in the supraglottis [23].  
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Swallowing Therapy Maneuvers  
      In addition to swallowing maneuvers, swallowing 
exercises are utilized by healthcare professionals to re-
habilitate the patients. Laryngeal elevation, Masako, 
Shaker exercises and resistive lingual isometric exer-
cises are included in these exercises. In laryngeal ele-
vation, speech and language therapist wants the patient 
to produce a prolonged high pitch /i/ sound so that the 
patient can elevate their larynx and get used to contol 
it in the elevated position. Then, the patient does la-
ryngeal elevation exercises to raise and sustain the lar-
ynx in a heightened posture. This enables the patient 
to protect airway from any bolus getting in the larynx. 
Swallowing physiology can be improved using this 
technique [24]. Masako or tongue hold is another ex-
ercise which is used in the patients with dysphagia. 
With the speech and language therapist’s instructions, 
the patient protrudes the tongue anteriorly between the 
teeth during the process of swallowing and makes a 
voluntary swallow. Masako is performed without any 
bolus presence in the oral cavity. The purpose of this 
is to enhance the mobility and strength of the posterior 
pharyngeal wall during the process of swallowing 
[25]. One of the most important swallowing exercises 
used in the clinical setting is Shaker exercise. This ex-
ercise could be performed both dynamically and stat-
ically by the patients. In dynamic type, the patient lies 
on a horizontal plane. They lie without any support for 
their necks. They elevate their head to look at their 
toes by using their neck muscles and thereafter drop 
their head without pausing to view the toes. In static 
type, The patient is positioned on a horizontal surface. 
They lay down without any neck support. They raise 
their head to observe their toes by engaging their neck 
muscles and are instructed to maintain this position for 
a minimum of one minute. The Shaker exercise in-
volves the contraction of the thyrohyoid, mylohyoid, 
geniohyoid, and anterior belly of diagastric muscles, 
which causes the hyolaryngeal structures to move up-
ward and forward. The Shaker exercise effectively de-
creases the occurrence of postswallow aspiration by 
prolonging UES opening and strengthening muscles 
that pull the larynx and hyoid up and forward [26]. 
Last but not least, resistive lingual isometric exercises 
are used as a treatment to enhance reduced tongue 
pressure strength and endurance in the patients suffer-
ing from oropharyngeal dysphagia since tongue is cru-

cial for the process of swallowing due to its complex 
muscular structure, which enables rapid and flexible 
movements during oral activities [27]. Isometric ex-
ercises include generating resistance with the tongue, 
which remains stationary or moves minimally.  
 
Swallowing Therapy Postural Techniques  
      In oropharyngeal dysphagia management, postural 
techniques are used. They the mobility of the bolus in 
the mouth and pharynx and change the size of it. Pos-
tural treatments are also suitable for the patients with 
neurological problems. Postural adjustment can aid in 
the rehabilitation of the patients with dysphagia by in-
fluencing the movement of food bolus to enhance the 
speed and safety of swallowing through the closing of 
airways to prevent the inhalation of foreign substances 
[28]. Chin-down posture, chin-up posture, head rota-
tion, head tilt are the postural techniques used in dys-
phagia management. In chin-down posture, the chin is 
brought down towards the neck, which can result in 
the tongue base moving closer to the back wall of the 
throat, narrowing the passage to the airway, and ex-
panding the space in the vallecular region during swal-
lowing [29] while chin is elevated, which may aid in 
the passage of the bolus from the mouth in chin-up 
posture [30]. The act of maintaining a chin-up posture 
has the potential to enhance the movement of food 
bolus through the mouth cavity which could lessen 
oral residue. Head rotation and head tilt are used to 
make sure bolus stays in the stronger side of the phar-
ynx by turning the head [31]. This will also limit the 
amount of bolus residue in the weakened lateral for 
the patient. 
 
 
ELECTRICAL STIMULATION APPROACHES  
 
Traditional oropharyngeal dysphagia management is 
written above. This part will deal with techniques 
which stimulates patients’ central and peripheral nerv-
ous system. In recent times, there has been a growing 
body of research focusing on alternative interventions 
that try to improve the brain's ability to change and 
adapt, known as neural plasticity, through the use of 
non-invasive brain stimulation (NIBS) techniques [32-
34] . There are two types of NIBS method. Repetitive 
transcranial magnetic stimulation (rTMS) and tran-
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scranial direct current stimulation (tDCS) are non-in-
vasive brain stimulation (NIBS) treatments that are ap-
plied to the cortex or core areas of the brain. NIBS 
treatment enhances cortical plasticity through direct 
stimulation of the cortex. rTMS utilizes electromag-
netic induction to induce depolarization of post-synap-
tic connections [35], while tDCS employs direct 
electrical current to alter the polarity of nerve cells. 
Generally, rTMS can be categorized into two primary 
treatment regimens based on the frequency of stimu-
lation: low frequency (≤ 1 Hz) and high frequency (> 
1 Hz). Low frequency repetitive transcranial magnetic 
stimulation (LF-rTMS) suppresses the level of cortical 
excitability, whereas high frequency repetitive tran-
scranial magnetic stimulation (HF-rTMS) enhances 
the level of cortical excitability [36]. rTMS can hinder 
the development of harmful changes in the brain's cor-
tex, enhance beneficial changes in brain activity, and 
facilitate the restoration of neurological function fol-
lowing a stroke [37]. rTMS has a positive impact on 
the ability to swallow in those suffering from dyspha-
gia following a stroke. Nevertheless, other elements 
can impact the effectiveness, including the frequency 
and location of stimulation. Additional investigation 
into the mechanism of rTMS and the determination of 
appropriate parameters will be crucial for the advance-
ment of this innovative intervention in the clinical 
practice [18]. tDCS, a type of non-invasive brain stim-
ulation, has been found to enhance motor performance 
following a stroke [38]. This will help the patients with 
weakened motor functions. tDCS alters the level of 
cortical excitability in a manner that depends on the 
polarity. Anodal transcranial direct current stimulation 
(tDCS) enhances cortical excitability by depolarizing 
the resting membrane potential, while cathodal tDCS 
reduces cortical excitability by hyperpolarizing the 
resting membrane potential [39].  
      On the other hand, treatments such as pharyngeal 
electrical stimulation (PES) and neuromuscular elec-
trical stimulation (NMES) specifically focus on the pe-
ripheral neuronal pathways by using electrical 
stimulation. NMES, or neuromuscular electrical stim-
ulation, is a technique that enhances the force of mus-
cle contractions during the process of swallowing. It 
achieves this by applying electrical stimulation to the 
anterior neck muscles through electrodes implanted on 
the skin [40]. NMES is a conventional therapeutic ap-

proach for dysphagia. Additionally, NMES is a con-
ventional therapy for dysphagia. The long-term thera-
peutic benefits of NMES (2-4 weeks) can enhance 
swallowing function by strengthening the muscles in-
volved in swallowing, rehabilitating the reflex respon-
sible for swallowing, and controlling the excitability 
of the cerebral cortex [2]. Moreover, NMES can am-
plify the sensory input in the oral pharyngeal area and 
improve the responsiveness of muscle contraction 
[41]. NMES has prompt effects on the onset of swal-
lowing without elevating the likelihood of unfavorable 
incidents [42]. This stimulation activates sensory path-
ways in the body. Lastly, PES is an innovative therapy 
for oropharyngeal dysphagia caused by neurological 
factors like stroke [43]. It has been demonstrated that 
PES stimulates neuroplasticity in the pharyngeal 
motor cortex by directly stimulating the pharyngeal 
mucosa using intraluminal catheters [44]. PES stimu-
lates the sensory feedback pathways that are essential 
for ensuring the safety and efficiency of swallowing. 
Having been implemented, it leads to a higher occur-
rence of voluntary swallowing and improved manage-
ment of pharyngeal secretions. Evidence demonstrates 
that PES is a secure and effective therapeutic approach 
for managing dysphagia in individuals suffering from 
stroke and brain injury [45-47].  
      The techniques utilized in swallowing difficulties 
differ based on the specific symptoms reported. Not 
all techniques employed in swallowing therapy are be-
havioral therapies. Alongside behavioral therapy tech-
niques, video-based feedback methods that enhance 
the patient's awareness of their swallowing and elec-
trical stimulation approaches are also employed. It 
would be inappropriate to consider the approaches em-
ployed in swallowing therapy in isolation or sepa-
rately. Diverse therapeutic modalities should be 
employed concurrently based on the patient's condi-
tion to maximize the outcome [48-50]. 
 
 
CONCLUSION 
 
This study examines the existing treatment and inter-
vention choices for oropharyngeal dysphagia caused 
by neurological conditions. Oropharyngeal dysphagia 
management is sustained using both behavioral ther-
apy approaches and technological instruments, most 
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of which are still yet to be clinically proven effective. 
However, a standart dysphagia therapy protocol has 
not yet been established. Implementing a dysphagia 
therapy procedure seems to be quite vital. Therapy 
procedures could be fully maintained if only dyspha-
gia could be handled by means of an interdisciplinary 
approach. In this approach, speech and language ther-
apists play a very importan role in rehabilitation 
process of the dysphagic patients. Both before and 
during therapies, each dysphagia therapy team mem-
ber has to be aware of the importance of patient safety 
to avoid any unnecessary mistakes which could en-
danger the patients’ health. To further understand the 
efficacy of dysphagia therapies, especially research in-
volving randomized controlled trials is needed, and 
evidence-based treatment in swallowing therapies is 
really important. 
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A rare case of bilateral Preiser’s disease originating 
from the distal pole of the scaphoid 
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ABSTRACT 
The scaphoid bone – os naviculare manus – is an important bone in that it is located within the proximal row 
of carpal bones and articulates with both the radius and other carpal bones. Preiser’s disease is a rare entity 
and is commonly associated with avascular necrosis of the scaphoid without fracture or trauma. This case study 
describes a 55-year-old female patient who visited our outpatient clinic complaining of five months' worth of 
pain and swelling on both of her wrists. The patient had no history of trauma or prolonged steroid use. The pa-
tient had pain around the thenar region and anatomical snuff box on both wrists.  On a 2-directional wrist ra-
diograph, the distal part of the scaphoid bone showed signs of subchondral sclerosis. Magnetic Resonance 
Imaging (MRI) was performed to verify the diagnosis. MRI of the patient's wrist revealed bone edema at the 
distal pole of the scaphoid which was associated with Preiser’s disease. In this case study, we present a patient 
who had bilateral Preiser's illness that began at the distal pole.  
Keywords: Preiser’s disease, non-traumatic, bilateral, scaphoid edema, distal pole 
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Case Report

Orthopaedics and Traumatology

 
 P reiser’s disease is a rare condition and is com-

monly associated with avascular necrosis of 
the scaphoid and repetitive microtraumas are 

thought to play a role in its pathophysiology [1]. In 
1910, Preiser described a ‘‘rarefying osteitis’’ of the 
scaphoid in a series of 5 cases. He thought that the 
cause of this condition was an interruption of the 
scaphoid blood supply at the scaphotrapezial area, 
which led to central rarefaction, and the fractures were 
probably secondary [2]. According to radiography and 
Computerised Tomography (CT) scan pictures, Her-
bert and Lanzetta [3] classified patients in 1994. Later, 
Moran [4] et al. added signals from MRI images to 
this categorization, further developing it.  
      Extrinsic factors such as corticosteroid therapy, al-

coholism, trauma, and repetitive microtrauma along 
with intrinsic factors like genetics are believed to con-
tribute to the pathogenesis of Preiser’s disease, affect-
ing the coagulation and fibrinolysis processes leading 
to ischemia and consequently a bone infarct [5]. 
Restoring the wrist joint range of motion, reducing 
pain, and delaying the onset of arthritis are the main 
goals of treatment.  
      Pain in the radial compartment of the wrist, 
swelling, and decreased range of motion are always 
present in Preiser’s disease [1, 5]. An early diagnosis 
is challenging with radiographs. Therefore when a di-
agnosis is suspected, an MRI is performed [5, 6].  
      When a section of the proximal pole of the 
scaphoid and the adjacent subchondral bone separates, 
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it is referred to as scaphoid osteochondritis. This con-
dition only affects the proximal pole and is never seen 
in the distal portion of the bone [7].  
 
 
CASE PRESENTATION 
 
A 55-year-old right-handed female primary school 
teacher complained of pain that had been present for 
5 months in the thenar region of both wrists. The pa-
tient did not have any mechanical stress, systemic dis-
ease, or trauma history.  
      Clinically, the patient's range of motion was nor-

mal but painful, and there was local tenderness over 
the thenar region bilaterally. Finkelstein's test was neg-
ative and there were no physical examination findings 
supporting de Quervain's tenosynovitis.  
      At the same time, Tinel sign and Phalen’s test were 
evaluated as negative bilaterally. No findings support-
ing median nerve entrapment were found in the Elec-
tromyography (EMG) study. Watson test, also called 
the scaphoid shift test, a test for assessing the dynamic 
stability of the scapholunate ligament was evaluated 
as negative.  
      Clinically, the patient had tenderness over the 
anatomical snuff box on both wrists. Bone edema at 
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! !Fig. 1. Radiographs show bone edema in the distal pole of both scaphoids. Anteroposterior (A) and lateral (B) view. 
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Fig. 2. MRI Sections showing effusion at the intercarpal joint (A) and bone edema (B, C) in the distal scaphoid of the right 
wrist shown with arrows. 
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the distal pole of the scaphoid (Figs. 1A and 1B) sup-
porting Preiser's disease was seen on X-rays of both 
wrists. Because there was no separation in the 
scaphoid's proximal pole and the pathology was in the 
distal pole rather than the proximal pole, we were able 
to distinguish Preiser's disease from scaphoid osteo-
chondritis.  
      The diagnosis was verified by an MRI showing ef-
fusion at the intercarpal joint (Figs. 2A and 3A) and 
bone edema in the distal scaphoid (Figs. 2B, 2C, 3B 
and 3C) of both wrists.  
      The patient underwent bilateral wrist CT to clas-
sify the disease. The CT scan showed subchondral 
sclerosis (Figs. 4A and 5A) and a cyst (Figs. 4B and 
5B) at the distal pole of the scaphoid, which was di-
agnosed as Stage 2.  
      Due to the patient's early Preiser's disease, history 
of gastric bleeding, and nonsteroidal anti-inflamma-

tory drugs (NSAID) allergy, immobilization treatment 
was performed. (Figs. 6A and 6B).  
      At the end of the 3rd week, the right wrist cast was 
removed and a re-examination was performed. Bone 
edema was found to be reduced by 85% in the MRI of 
the wrist (Figs. 7A, 7B and 7C) and patients’ pain was 
greatly reduced.  
 
 
DISCUSSION 
 
Oxidative stress factors have an effect on diseases 
based on avascular necrosis bone pathophysiology 
such as Preiser. Antioxidants have an important role 
in maintaining a normal bone remodeling process and 
protecting bone health [8, 9].  
      There are no prospective, long-term trials evalu-
ating the various therapy options for Preiser illness, 

The European Research Journal   Volume 11   Issue 3   May 2025               663

!

!

! !

&"%"$"

Fig. 3. MRI sections demonstrating effusion in the intercarpal joint (A) and bone edema (B, C) in the distal scaphoid of the 
left wrist shown with arrows.
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Fig. 4. Subchondral sclerosis (A) and cyst (B) of the distal 
scaphoid of the right wrist are shown with red arrows.
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Fig. 5. Subchondral sclerosis (A) and cyst (B) of the distal 
scaphoid of the left wrist are shown with red arrows.
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making treatment controversial [10]. Treatment is 
therefore mostly determined by the surgeon's prefer-
ence. Electrical stimulation, immobilization, steroid 
infiltration, and non-steroidal anti-inflammatory med-
ications are examples of conservative or nonoperative 
treatment [11,12]. Early immobilization and non-op-
erative conservative treatment methods are used in the 
initial treatment of these patients. In the late stage, a 
choice has to be made between proximal row carpec-
tomy, four-corner’s fusion with scaphoid resection, or 

denervation of the wrist [13, 14].  
      This case report details a 55-year-old female pa-
tient who came to our outpatient clinic with com-
plaints of swelling and pain in both of her wrist joints 
that had persisted for five months. The patient had pain 
around the thenar region and anatomical snuff box on 
both wrists. The imaging revealed no signs of a 
scaphoid fracture, this eliminated the possibility of 
scaphoid proximal pole avascular necrosis which typ-
ically results from a fracture. Once the diagnosis was 
made, the illness was staged radiologically to deter-
mine the treatment plan. Using a plain radiograph as 
a guide, Herbert and Lanzetta divided Preiser illness 
into four stages according to the scaphoid area in-
volved [3] Based on the degree of scaphoid involve-
ment in MRI, Kalainov recently classified two 
categories of Preiser disease [11]. Our patient is clas-
sified as type 2 both according to Herbert and Lanzetta 
classification and the Kalainov classification.  
      According to Herbert and Lanzetta, the process 
starts in the proximal pole and moves on to the remain-
ing scaphoid. However, in our patient, the disease 
onset was in the distal pole and spread proximally. 
Due to the early stage of the disease and patient com-
pliance, our choice of treatment was immobilization. 
In the treatment algorithm proposed by Sokolov and 
Bourcheix vascularized bone grafting is the recom-
mended treatment method for Herbert stages 1 and 2 
[7]. However, we were able to obtain satisfactory re-
sults with a 3-week plaster treatment on both wrists 
with stage 2 Preiser's disease according to Herbert's 
classification [7, 15].  
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Fig. 4. Short cast of right arm with thumb support. Antero-
posterior (A) and lateral (B) views.
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Fig. 7. Significant reduction in bone edema of right scaphoid bone after treatment with circular cast splint. The reduction 
area is shown with red arrows. (A) Coronal, (B) Axial, and (C) Sagittal. 
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CONCLUSION 
 
Preiser’s disease is a rare condition that lacks a defin-
itive treatment guideline. In this case report we re-
ported a case of bilateral Preiser’s disease at stage 2 
with unusual presentation that was treated conserva-
tively with immobilization for 3 weeks and reached 
satisfactory results. This case stands out because dis-
ease processes were initially seen at the distal pole and 
were resolved with a relatively short treatment of only 
3 weeks of immobilization, and highlights the poten-
tial of conservative treatment options when pain and 
disturbance to the patient at presentation are manage-
able and when disease is detected at an early stage. 
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Letter to the Editor

Cardiovascular Surgery

Dear Editor, 
 

W e read the article by Arslanoğlu et al. [1] en-
titled “The importance and prognostic effect 
of thyroid hormones in patients with trans-

position of the great arteries” with great interest. First 
of all, we congratulate the authors for their valuable 
contribution to the literature. We would like to point 
out some issues and ask some questions to the authors 
about the content of the article. 
      Serum thyroid hormone levels are known to be as-
sociated with the prognosis after pediatric heart sur-
gery. Regular monitoring of thyroid hormone levels is 
of utmost importance especially in pediatric patients 
undergoing congenital heart surgery, since thyroid hor-
mone levels are depressed in this patient group after 
the surgeries under cardiopulmonary bypass [2]. The 
authors presented their experiences on the arterial 
switch operations in cases with transposition of the 
great arteries and emphasized that regular monitoring 
of thyroid hormone levels and follow-up of thyroid 
function could improve the health status and prognosis 
of this patient group, as a conclusion of the study [1]. 
However, in their study population, serum thyroid hor-
mone levels were studied only in the preoperative pe-
riod, and no knowledge exists of the postoperative  

 
 
course of thyroid hormone levels. 
      Extracorporeal membrane oxygenation (ECMO) 
ensures efficient cardiopulmonary support in cases of 
cardiopulmonary failure in pediatric patients undergo-
ing congenital heart operations. In these patients, it is 
known that correct timing, appropriate management, 
and careful patient selection for ECMO are important 
issues for achieving satisfactory outcomes with 
ECMO support [3]. The authors indicated that the 
need for ECMO was decided by an intensive care team 
and all ECMOs were placed centrally. However, in 
their study population, no knowledge exists on how 
many cases received ECMO support, and its relation-
ship with perioperative mortality. 
      We think that the most interesting finding of the 
study was that greater preoperative thyroid-stimulating 
hormone levels affected the severity of aortic regurgi-
tation and mortality. However, no emphasis was 
placed on this situation in the conclusion section of 
the article. In our opinion, it would be better to em-
phasize the important findings of the study rather than 
the general information about the topic provided in 
this section of the article. 
      Finally, in the article, it was seen that the patients 
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were not categorized as those who developed mortal-
ity (the mortality group) and those who did not (the 
surviving group), and thus since no such categoriza-
tion and subsequent comparison was made between 
the two groups. However, the authors indicated that 
there was no significant relationship between mortality 
and several factors such as gender and postoperative 
degree of aortic regurgitation in the results section of 
the article. We would like to receive the authors' valu-
able opinions on this subject. 
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Author's Response to Letter to the Editor 
 
Dear Editor, 
 

W e would like to express our gratitude for the 
valuable comments and constructive feed-
back regarding our article titled “The Impor-

tance and Prognostic Effect of Thyroid Hormones in 
Patients with Transposition of the Great Arteries.” We 
see this feedback as an opportunity to enhance the un-
derstanding of our study and to clarify certain points. 
Although the submitted critique's suitability as a "Let-
ter to the Editor" may be questionable, below we have 
addressed each question in detail. 
 
1. Why were postoperative thyroid hormone levels 
not included in the study?  
      The primary aim of our study was to evaluate the 
prognostic impact of preoperative thyroid hormone  

 
 
 
 
levels. Postoperative thyroid hormone dynamics were 
intentionally excluded from the scope of this study. 
However, the existing literature highlights significant 
changes in T3 levels during and after cardiopulmonary 
bypass (CPB) procedures, which can impact clinical 
outcomes. Indeed, some pediatric cardiovascular sur-
gery centers routinely monitor and manage postoper-
ative thyroid hormone levels. Considering this 
feedback, we acknowledge the importance of investi-
gating postoperative thyroid hormone changes and 
their influence on clinical outcomes. A follow-up 
study exploring these dynamics in detail may be 
planned, which would provide a more comprehensive 
understanding of the role of thyroid hormones during 
the perioperative period. 
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2. Why was detailed information about ECMO use 
and its relationship with mortality not included?  
      In our study, only a small number of patients (n=3) 
required extracorporeal membrane oxygenation 
(ECMO) support. Consequently, conducting a statis-
tically meaningful analysis of ECMO use in relation 
to mortality was not feasible. However, ECMO re-
mains a critical treatment modality for high-risk pa-
tients undergoing congenital heart surgery. Decisions 
regarding ECMO initiation in our cohort were made 
by a multidisciplinary intensive care team based on 
specific clinical indicators, such as left ventricular 
function, hemodynamic stability, and lactate clear-
ance. While a more detailed evaluation of variables 
like ECMO timing, duration, and weaning success 
could yield valuable insights, incorporating such data 
into this study would have shifted its primary focus. 
Therefore, we chose not to include these variables. Fu-
ture studies with larger sample sizes may explore the 
impact of ECMO on outcomes more comprehensively.  
 
3. Why was the relationship between elevated pre-
operative TSH levels, aortic regurgitation, and 
mortality not emphasized in the conclusion?  
      The relationship between elevated preoperative 
TSH levels, advanced aortic regurgitation, and mortality 
represents a significant finding of our study. However, 
this specific association may not have been sufficiently 
highlighted in the conclusion. This omission was a re-
sult of our attempt to present the general prognostic ef-
fects of thyroid hormones rather than emphasizing 
individual findings. We appreciate this feedback and 
agree that such key observations deserve greater em-
phasis. In future revisions or related publications, we 
will ensure that these findings are more explicitly dis-
cussed, particularly in the conclusion section. 
 
4. How were relationships between mortality and 
other factors evaluated without categorizing pa-
tients into mortality groups?  
      Although we did not explicitly divide patients into 
“mortality” and “surviving” groups, statistical analy-

ses were performed on the entire cohort to assess the 
relationships between various preoperative and peri-
operative variables and mortality. Multivariate regres-
sion analyses were used to identify the independent 
effects of factors such as gender, coronary artery 
anatomy, and postoperative aortic regurgitation on 
mortality. Our approach allowed us to evaluate mor-
tality-related factors comprehensively. However, we 
acknowledge that stratifying patients into more dis-
tinct subgroups could provide additional clarity. This 
suggestion will be considered in the design of future 
studies. 
 
5. Why did the conclusion focus on general infor-
mation rather than highlighting the study’s specific 
findings?  
      The conclusion was designed to contextualize the 
clinical importance of thyroid hormone regulation in 
congenital heart disease, particularly in transposition 
of the great arteries (TGA). However, we acknowl-
edge that findings unique to our study, such as the as-
sociation between preoperative TSH levels and 
adverse outcomes, could have been more prominently 
featured. While we view this as a matter of personal 
preference, future publications will aim to achieve a 
better balance between general insights and study-spe-
cific contributions. This approach will help researchers 
who are interested in our findings focus on these crit-
ical aspects more effectively.  
 
CONCLUSION 
We are grateful for these thoughtful comments, which 
have allowed us to refine our interpretation of the 
study’s findings and identify avenues for future re-
search. We hope that our responses adequately address 
the questions and concerns raised. We also thank the 
reviewers and editorial team for their contributions to 
the improvement of our work.  
 
Yours sincerely,  
 
Ergin Arslanoğlu 
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