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ABSTRACT
Aims: It is very important to evaluate patients presenting with chest pain in terms of major adverse cardiovascular events 
(MACE) and many risk scoring systems have been developed for this purpose. In this study, we aimed to evaluate the MACE 
prediction performance of the newly developed symptoms, history of vascular disease, electrocardiography, age and troponin 
(SVEAT) score for patients presenting with chest pain.
Methods: This study was designed as a retrospective observational clinical trial.  MACE occurring within 30 days; Myocardial 
infarction (MI), percutaneous coronary intervention (PCI), coronary artery bypass graft (CABG) and sudden cardiac death 
were considered the primary endpoints of the study. Patients over 18 years of age presenting with chest pain were included in 
the study. Patients with ST segment elevation on electrocardiography (ECG), hemodynamic instability and traumatic chest pain 
were excluded.  
Results: The study included 557 patients and the mean age was 54.52±12.56 and the age distribution range was 23-95. Significant 
results for SVEAT score (AUC:0.988, 95%CI:0.978-0.997, p<0.001) and history, electrocardiography, age, risk factors and 
troponin (HEART) score (AUC:0.960, 95%CI:0.942-0.979, p<0.001) were obtained from ROC analysis of the effect of SVEAT 
and HEART scores on MACE.
Conclusion: The newly developed SVEAT score was superior to the HEART score in predicting adverse negative cardiac events 
in patients presenting with chest pain.
Keywords: Chest pain, emergency, risk score, cardiovascular event

INTRODUCTION
Chest pain is one of the most common reasons for being 
admitted to the emergency department. Clinically, acute chest 
pain may be associated with a clinical condition with a high 
mortality rate such as myocardial infarction (MI), pulmonary 
thromboembolism, aortic dissection; it may also be associated 
with musculoskeletal diseases, pain reflected from internal 
organs such as gastrointestinal tract or sometimes psychiatric 
causes.1

Coronary artery disease (CAD) is now one of the most 
common causes of mortality and morbidity. In the United 
States, it is estimated that approximately 1.0 million people 
present with acute chest pain annually and 300.000 to 400.000 
people die due to MI.2 Studies show that cardiovascular 
diseases account for 45% of deaths in women and 38% of 
deaths in men under the age of 75 in Europe.3,4 Heart and 
artery diseases are predicted to be staying as the top cause of 
death for a long time as a result of the expected increase in the 
estimated life expectancy.5

Acute coronary syndrome (ACS) must be quickly differentiated 
from other clinically similar conditions. Studies have shown 

that approximately 2-4% of patients with undetected MI on 
initial presentation are wrongly discharged, accounting for 
20-39% of all emergency malpractice cases.6,7 Therefore, early 
diagnosis of ACS in patients defined as low risk group is of 
critical importance. Many risk scoring systems have been 
developed in this patient group in order to start treatment 
with early diagnosis and to decrease the median mortality 
related to ACS. 

The usability of the risk scoring system can be evaluated by its 
performance in detecting the possibility of developing MACE 
in the early period.8 The Thrombolysis in Myocardial Infarction 
(TIMI) score,9 the Global Registry of Acute Coronary Events 
(GRACE)10 and the History, Electrocardiography, Age, Risk 
Factors and Troponin (HEART) generation HEART score11 
are risk scoring systems used in patients presenting with 
chest pain. However, there is no current consensus on which 
of these scoring systems is more reliable for the emergency 
department.12

Symptoms, Vascular Disease History, Electrocardiography, 
Age and Troponin (SVEAT) risk score, presented as a slightly 

https://orcid.org/0000-0002-1554-0873
https://orcid.org/0000-0003-2529-2946
https://orcid.org/0000-0002-3578-4015
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better performance than the currently widely used HEART 
score.13 SVEAT scoring system, in the case of an acute attack 
event, higher acceleration, negative scoring in the event of 
no event and a much wider scoring range. The ratios of the 
clinical risk composite were seen to increase with a wider 
score range.14 In addition, a change in the ECG in the SVEAT 
scoring was defined with much sharper boundaries and the 
characteristics of chest pain were considered in detail and 
vascular diseases were also included in the score.14 This study 
aimed to compare SVEAT and HEART scores in terms of  
MACE predictability in patients presenting to the emergency 
department with chest pain.

METHODS
Ethics
The study followed the principles of the Declaration of 
Helsinki revised in 2013. This study has been approved by the 
Ankara Etlik City Hospital No. 1 Local Ethics Committee for 
Clinical Researches (Date: 01.11.2023, Decision No: AEŞH-
EK1-655-2023).

Study Design and Participants
The study consisted of patients who were admitted to the 
city hospital emergency department with complaints of 
acute chest pain between 01.01.2022 and 31.12.2023. Patients 
who had not previously been used for either scoring system 
(SVEAT and HEART) for patient outcomes were included in 
the study. Patients with hemodynamic instability, acute MI 
detected on admission ECG, those presenting with chest pain 
due to trauma, and those with incomplete medical records 
were excluded from the study. A total of 557 patient files from 
1162 patients presenting with chest pain who met the study 
criteria were analyzed (Figure 1). The number of patients to 
be included in the study was determined using the G-power 
3.1.9.4 program with a power of 80% and a significance level 
of p<0.05.

Troponin level was obtained from the data of the fourth 
generation ultra-high sensitivity troponin assay (Elecysd 
Roche Kit) and determined as the upper normal limit 
Troponin (TnT-hs) level equivalent to 14 ng/L (pg/ml). 

Data Collection
The risk scores of all patients were calculated according to 
SVEAT and HEART scores. The parameters required for 
SVEAT scoring are given in Table 1. In addition, age, gender 
and underlying medical comorbidities (diabetes, hypertension, 
intracranial hemorrhage and stroke) were recorded. MI 
requiring revascularization or medical treatment and sudden 
cardiac arrest MACE occurring after readmission within 30 
days were accepted as the study endpoints.

Statistical Analysis
SPSS 20.0 for Windows® statistical software (IBM Inc. 
Chicago, IL, USA) was used for statistical analysis. Number Figure 1. Patients' inclusion status in the study

Table 1. SVEAT scoring system

Component Characteristics Points

Symptoms	 Typical unstable angina pectoris	 3

Stable angina, Canadian Cardiovascular 
Society Class I or II 1

Non-cardiac chest pain -2

Vascular disease Recent myocardial infarction or 
percutaneous coronary intervention <90 
days

2

Coronary artery bypass grafting >5 years 2

Prior coronary event other than above 1

Prior revascularization for peripheral 
disease or carotid disease 2

ECG Dynamic or new ischemic ST or T wave 
changes 3

ST depression of unknown duration 
without cause 2

ST changes with left ventricular 
hypertrophy, intraventricular conduction 
delay, digitalis, or metabolic issue	

1

Old Q wave indicating prior myocardial 
infarction or pre-existing ST 
changes	

1

No ST changes	  0

Normal ECG in the presence of severe 
ongoing chest pain -2

Age (years) >75	 2

50-75	 1

30-49	 0

<30	  -1

Troponin I (ng/ml) 0.7 or higher 5

>0.12 but <0.7 2

2>0.04 but <or=0.12	  1

Normal (<or=0.004) with unclear duration 
of chest pain 0

Normal after >4 h of constant chest pain -2
SVEAT: Symptoms, Vascular Disease History, Electrocardiography, Age and Troponin,                                                  
ECG: Electrocardiography
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(n), percentage (%), mean, standard deviation, median, 
minimum and maximum values were used in the presentation 
of descriptive data. The conformity of the data to normal 
distribution was assessed using the Kolmogorov-Smirnov 
test. Pearson Chi-square test and Fisher's exact test were used 
for comparison of categorical data, T test for comparison 
of two independent numerical data, Mann-Whitney U test 
for unequal distribution of data, Kruskal-Walles Test and 
ANOVA tests were used for comparison of two numerical 
data. ROC analysis of the area under the curve was used to 
compare the predictability of MACE of SVEAT and HEART 
scores. p<0.05 and 95% confidence interval were accepted for 
statistical significance.

RESULTS
The files of 1162 patients who presented with chest pain were 
reviewed and 557 patients were included in the study. The 
mean age of the patients was 54.52±12.56 years and the age 
distribution was 23-95. 233 (41.7%) of the patients included 
in the study were female. Mortality was observed in only 3 
(0.5%) of the patients included in the study.

MACE was positive in 110 patients and MACE was negative 
in 447 patients. When the factors affecting MACE were 
examined, advanced age, hypertension, diabetes, history of 
MI, percutaneous coronary intervention (PCI), coronary 
artery bypass grafting (CABG), low SVEAT and HEART 
scores were statistically significant (p<0.001). Similarly, the 
effect of hyperlipidemia history on MACE was also found 
to be significant (p:0.016). Gender and stroke history had 
no significant effect on MACE (Table 2). Significant results 
were obtained in ROC analysis for SVEAT (AUC:0.988, 
95% Cl:0.978-0.997, p<0.001) and HEART (AUC:0.960, 95% 
Cl:0.942-0.979, p<0.001) (Table 3, Figure 2).

The mean scores of SVEAT and HEART were calculated as 
1.40±4.16 and 3.28±2.44, respectively. The best thresholds 
for SVEAT and HEART were determined as 3.5 and 4.5, 
respectively. While the sensitivity and specificity for SVEAT 
were 96.4% and 97.3%, respectively; these rates were found as 
93.6% sensitivity and 87.5% selectivity for HEART. According 

to the best threshold values, the accuracy values for SVEAT 
and HEART were calculated as 541/557 (97.1%) and 494/557 
(88.7%), respectively (Table 4). These results showed that 
the SVEAT score was significant in detecting major adverse 
cardiovascular events (MACE). It was observed that MACE 
was missed by not being predicted in only 16 patients at the 
value determined as the best SVEAT threshold value. On the 
other hand, MACE unpredictability was found in 63 patients 
in HEART scoring. According to the study results, it was 
determined that the SVEAT scoring had better sensitivity and 
specificity values than the HEART score.

Table 2. MACE distribution based on risk factors

MACE (-) (n:447) MACE (+) (n:110) p value

Age 52.66±12.04 62.09±11.88 <0.001

Female sex 197 35 0.055

Hyperlipidemia 121 42 0.016

Hypertension 149 71 <0.001

Diabetes 99 51 <0.001

Stroke 9 2 0.626

MI history 108 68 <0.001

PCI 96 63 <0.001

CABG 16 14 <0.001

SVEAT (-) 0.32±2.04 8.41±3.07 <0.001

HEART 2.40±1.67 6.85±1.68 <0.001
MACE: Major adverse cardiovascular events, MI: Myocardial infarction, PCI: Percutaneous coronary 
intervention, CABG: Coronary artery bypass grafting, SVEAT: Symptoms, Vascular Disease History, 
Electrocardiography, Age and Troponin, HEART: History, Electrocardiography, Age, Risk Factors 
and Troponin

Table 3. SVEAT ve HEART scoring based on ROC analysis

Test result 
variable(s)

Under 
the curve Std. error p value

95% confidence interval

Lower 
bound

Upper 
bound

HEART 0.960 0.010 <0.001 0.942 0.979

SVEAT 0.988 0.005 <0.001 0.978 0.997
SVEAT: Symptoms, Vascular Disease History, Electrocardiography, Age and Troponin, HEART: History, 
Electrocardiography, Age, Risk Factors and Troponin, ROC: Receiver operating characteristic

Figure 2. ROC Curve of SVEAT and HEART scoring
SVEAT: Symptoms, Vascular Disease History, Electrocardiography, Age and Troponin, HEART: History, 
Electrocardiography, Age, Risk Factors and Troponin, ROC: Receiver operating characteristic

Table 4. MACE prediction of the SVEAT and HEART scoring  

Parameters Definitions SVEAT HEART

Under the curve  0.988 0.96

95% confidence 
interval  0.978-0.997 0.942-0.979

p-value  <0.001 <0.001

The best threshold  >3.5 >4.5

Event size N 557 557

Sensitivity TP/(TP+TN) 106/110 (96.4%) 103/110 (93.6%)

Selectivity TN/(TN+FP) 435/447 (97.3%) 391/447 (87.5%)

PPV TP/(TP+FP) 106/118 (89.8%) 103/159 (64.8%)

NPV TN/(FN+TN) 435/439 (99,1%) 391/398 (98.2%)

Truth (TP+TN)/(N) 541/557 (97.1%) 494/557 (88.7%)

p value  <0.001 <0.001
MACE: Major adverse cardiovascular events, SVEAT: Symptoms, Vascular Disease History, 
Electrocardiography, Age and Troponin, HEART: History, Electrocardiography, Age, Risk Factors 
and Troponin, TP: True positive, FN: False negative, TN: True negative, FP: False positive,                                 
PPV: Positive predicted value, NPV: Negative predicted value
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DISCUSSION
Early identification of risk groups in patients presenting to the 
hospital with chest pain may be the most important point for 
predicting MACE, and many different risk scoring systems 
have been developed for this purpose. Although the HEART 
score was developed for use in emergency departments for 
patients presenting with chest pain and is the most widely 
used risk score in the United States, there are studies in the 
literature showing that this scoring is not sufficient for the 
low-risk patient group.15-17 

In the HEART score, patients are divided into low, medium 
and high risk groups according to the risk of developing 
MACE. It is recommended that those in the low risk group 
be discharged and those with medium and high risk scores 
be hospitalized.18 In our study, the sensitivity of the HEART 
score of 93.6% and the specificity of 87.5% were found to 
be consistent with previous studies in the literature.16,18,19 
However, it was observed that the classification of the risk 
into high, medium and low risk groups in the distinction of 
chest pain varied depending on the evaluator. In addition, it 
was noted that some important cardiac clinical information 
in the initial evaluation was not fully used in this scoring 
and especially that significant ST depression was not clearly 
defined in the scoring.

A new scoring system (SVEAT score), developed by 
Roongsritong et al.13 and based on five clinical variables: chest 
pain symptom characteristics, history of vascular disease, 
electrocardiography, age, and troponin, has been reported 
to outperform the HEART score. Unlike the HEART and 
TIMI risk scores, the SVEAT score assigns a 5-point value to 
symptoms suggestive of ischemia and a negative value to non-
cardiac chest pain to better distinguish between subgroups. 
Furthermore, this scoring system uses the presence of 
cardiovascular disease rather than traditional risk factors and 
focuses more specifically on possible electrocardiographic 
(ECG) changes. It also assigns a higher score for troponin 
levels, resulting in a wider score range. This is thought to aid 
clinicians in their decision-making process. A limited number 
of studies in the literature have shown that the SVEAT score 
outperforms the HEART score.13

Roongsritong et al.13 compared the SVEAT score with HEART 
and TIMI scores in a prospective study of 321 patients. The 
calculated AUC values ​​were found to be 0.982, 0.921 and 
0.884 for the SVEAT score, HEART score and TIMI score, 
respectively. Male gender, hypertension, diabetes mellitus 
and hyperlipidemia are seen as statistically significant 
determinants for the 30-day MACE score. Similarly, in our 
study, the AUC value of the SVEAT score was found to be 
higher than the HEART score, and the obtained results 
support Roongsritong's13 study.

In the Antwi-Amoabeng20 study, the threshold value was 
taken as ≤4 and the SVEAT score was compared with the 
HEART score, and it was concluded that the SVEAT score is 
a reliable predictor of cardiovascular morbidity. Similarly, we 
determined the threshold values ​​as 3.5 for SVEAT and 4.5 for 
HEART. With these results, it was concluded that the SVEAT 
score has statistical significance in predicting MACE.

In the prospective study of Shahid et al.,21 which included 
60 patients and compared the SVEAT, HEART and TIMI 
risk scores, the sensitivity and specificity for the SVEAT and 
HEART scores were found to be 63.2%, 84.2% and 75.6%, 
73.2%, respectively, at similar threshold values ​​for SVEAT and 
HEART scores, and it was concluded that the SVEAT score 
was not superior to the HEART score in predicting 30-day 
MACE. In our study, 96.4% sensitivity and 97.3% selectivity 
were found for SVEAT, and 93.6% sensitivity and 87.5% 
selectivity were found for HEART, which is consistent with 
the original SVEAT study and the limited number of studies 
in the literature. This difference found by Shahid et al.21 may 
be due to the study including only a very limited patient 
population aged 45 and over. In addition, unlike this study, 
we found that male gender was more dominant and stroke did 
not have a significant effect on MACE.

In this study, factors affecting the MACE parameter in 
hospitalized patients were found to be statistically significant, 
including advanced age, hypertension, diabetes, history of 
hyperlipidemia, current MI, PCI, history of CABG, high 
SVEAT and HEART scores, and were consistent with the 
findings in the original SVEAT study.13,20

Limitations 
The study was conducted in a single tertiary care center with a 
specific sample size and the SVEAT score was compared only 
with the HEART score, which may be limitations of the study. 
It is thought that studies using other risk scoring systems 
and conducted on a larger population will contribute to the 
literature.

CONCLUSION
Based on the results of this study, we suggest that the SVEAT 
scoring system outperforms the HEART score in predicting 
the risk of MACE in patients presenting to the emergency 
department with chest pain. Further studies with diverse 
populations and larger sample sizes are needed before the 
SVEAT score can be widely applied in risk stratification.
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ABSTRACT
Aims: This study aimed to evaluate the impact of maternal body-mass index (BMI) in the first trimester on perinatal outcomes 
in pregnant women diagnosed with gestational diabetes mellitus (GDM).
Methods: This retrospective cohort study included 210 women with GDM, categorized into three groups based on first-
trimester BMI: normal weight (BMI<25.0 kg/m²), overweight (BMI 25.0–29.9 kg/m²), and obese (BMI≥30.0 kg/m²). Perinatal 
outcomes such as preterm birth, low birth weight, macrosomia, NICU admission, and Apgar scores were compared across 
groups. Multivariate logistic regression analyses were conducted to evaluate the independent association between obesity and 
adverse perinatal outcomes.  
Results: The rates of preterm birth <37 weeks (35.7%, p<0.001) and <34 weeks (11.4%, p=0.016) were significantly higher 
in the obese group. Although low birth weight (<2500 g) was observed in 10.0% of obese women, this difference was not 
statistically significant (p=0.211). Macrosomia (≥4000 g) was more frequent in the obese group (11.4%) but did not reach 
statistical significance (p=0.261). NICU admission rates were higher in obese women (22.9%, p=0.089). In adjusted analyses, 
obesity was independently associated with increased odds of preterm birth <34 weeks (adjusted OR: 6.01, p=0.012) and low 
birth weight (adjusted OR: 4.68, p=0.026). Additionally, Spearman correlation analysis revealed a weak, non-significant positive 
correlation between gestational weight gain and gestational age at birth (r=0.122, p=0.077). 
Conclusion: In pregnant women with GDM, first-trimester maternal obesity is associated with an increased risk of early 
preterm birth and low birth weight. These findings underscore the importance of assessing and managing maternal BMI early 
in pregnancy to improve perinatal outcomes. 
Keywords: Gestational diabetes mellitus, maternal obesity, perinatal outcomes, preterm birth

INTRODUCTION
Variable levels of hyperglycemia that are initially identified 
during gestation are the hallmark of gestational diabetes 
mellitus (GDM), a common metabolic disease of pregnancy.1 
Between 13.97% and 14.8% of people worldwide have GDM, 
and its incidence is rising in tandem with rising obesity 
rates.2,3 

One of the most important risk factors for the development of 
GDM is obesity, which is defined as having a pre-pregnancy 
body-mass index (BMI) of ≥30 kg/m². Compared to women 
of normal weight, those who are obese have a three to nine 
times higher risk of developing GDM.4 The primary causes of 
this association include insulin resistance and persistent low-
grade inflammation seen in obese people.5,6

Adverse prenatal outcomes, such as preterm birth, 
hypertensive problems, cesarean sections, and neonatal issues 
including low birth weight or macrosomia, are caused by both 

GDM and obesity on their own.7-11 Furthermore, these risks 
may be increased if maternal obesity and GDM coexist.12 

Although the synergistic consequences of obesity and 
GDM are becoming more well acknowledged, there are 
contradictions in the literature about which condition is 
more responsible for particular negative outcomes. These 
differences could be due to the confounding effect of excessive 
gestational weight gain (GWG), the timing of BMI assessment 
(first vs. second trimester), and differences in GDM screening 
techniques (universal vs. risk-based).13-15 

The purpose of this study was to assess the relationship 
between pre-pregnancy BMI and unfavorable perinatal 
outcomes in women with GDM. We aimed to evaluate the 
independent impact of maternal obesity on obstetric and 
neonatal problems by utilizing first-trimester BMI data and 
controlling for GWG in multivariate models.

https://orcid.org/0000-0001-5600-5597
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METHODS
This study has been approved by the Scientific Researches 
Ethics Committee of Bursa City Hospital (Date: 14.05.2025, 
Decision No: 2025/10-12). All procedures were carried out 
in accordance with the ethical rules and the principles of the 
Declaration of Helsinki.

This retrospective cohort study was conducted at a tertiary 
care center between January 2022 and December 2024. 
Medical records of 1.128 pregnant women who delivered at our 
institution and had recorded BMI values between the 8th and 
12th weeks of gestation were screened. After applying exclusion 
criteria (pre-gestational diabetes, chronic hypertension, 
multifetal gestation, and missing data), 345 patients with 
GDM diagnosed according to the International Association 
of Diabetes and Pregnancy Study Groups (IADPSG) criteria 
were identified. To obtain equal group sizes for comparison, 
210 patients were selected and categorized into three groups 
of 70 each.

GDM diagnosis was made if at least one of the following 
thresholds was met during a 75-g oral glucose tolerance test 
(OGTT): fasting plasma glucose ≥92 mg/dl, 1-hour ≥180 
mg/dl, or 2-hour ≥153 mg/dl. Based on their first trimester 
BMI, participants were categorized into three groups: normal 
weight (BMI<25.0 kg/m²), overweight (BMI 25.0–29.9 kg/m²), 
and obese (BMI≥30.0 kg/m²).

Maternal BMI was calculated using anthropometric data 
recorded during the first antenatal visit between the 8th and 
12th weeks of gestation. Maternal demographic and clinical 
characteristics including maternal age, gravidity, parity, 
smoking status, in vitro fertilization (IVF) history, and 
treatment modality (diet or insulin) were obtained from the 
hospital’s electronic medical record system.

All patients received individualized dietary counseling from 
a certified dietitian according to national gestational diabetes 
guidelines. Insulin therapy was initiated in cases where 
glycemic targets were not achieved within two weeks of diet 
modification. Dose titration was tailored according to fasting 
and postprandial blood glucose levels.

Laboratory and clinical parameters recorded in the third 
trimester or at delivery were collected. These included GWG, 
fasting glucose level, HbA1c, total cholesterol, triglycerides, 
white blood cell count (WBC), hemoglobin (Hb), and platelet 
count.

Perinatal outcomes were extracted from delivery and neonatal 
records and included gestational age at delivery, birth weight, 
macrosomia (≥4000 g), preterm birth (<37 and <34 weeks), 
1- and 5-minute Apgar scores, neonatal intensive care unit 
(NICU) admission, and mode of delivery (vaginal vs cesarean 
section).

Statistical Analysis
All data analyses were performed using IBM SPSS Statistics 
version 26.0. Descriptive statistics were used to summarize 
the demographic and clinical characteristics of the study 
population. Continuous variables were tested for normality 
using the Shapiro-Wilk test. Normally distributed variables 

were expressed as mean±standard deviation and compared 
using one-way ANOVA; non-normally distributed variables 
were expressed as median (minimum–maximum) and 
compared using the Kruskal-Wallis test. Categorical variables 
were expressed as numbers and percentages, and compared 
using the Chi-square or Fisher's exact test as appropriate.

Multivariate logistic regression models were constructed to 
assess the association between BMI categories and adverse 
perinatal outcomes, including preterm birth (<37 weeks and 
<34 weeks), low birth weight (<2500 g), macrosomia (≥4000 g), 
and NICU admission. Odds ratios (ORs) and 95% confidence 
intervals (CIs) were calculated. Two models were used: model 
1 was unadjusted; model 2 was adjusted for maternal age, 
smoking status, fasting glucose, HbA1c, treatment modality, 
and GWG. A p-value of <0.05 was considered statistically 
significant.

RESULTS
This study included a total of 210 pregnant women diagnosed 
with GDM between 2022 and 2024. All cases had complete 
data for GWG and perinatal outcomes. Patients were stratified 
into three groups based on their BMI measured at the first 
prenatal visit (8–12 gestational weeks):

- Normal weight: BMI 18.5–24.9 kg/m² (n=70)

- Overweight: BMI 25.0–29.9 kg/m² (n=70)

- Obese: BMI ≥30.0 kg/m² (n=70)

Maternal and Laboratory Characteristics
As shown in Table 1, although maternal age was higher in 
the obese group, the difference was not statistically significant 
(p=0.109). GWG was significantly lower in the obese group 
compared to the other two groups (p<0.001). Laboratory 
parameters including HbA1c, fasting glucose, WBC, and 
triglyceride levels were significantly elevated in the obese 
group (all p<0.001). Total cholesterol was also significantly 
higher in the obese group compared to the normal weight 
group, but not compared to the overweight group. Insulin 
therapy was more frequently required in obese (68.6%) and 
overweight (50.0%) women compared to normal weight 
(28.6%) women (p<0.001); however, the difference between 
obese and overweight groups was not statistically significant. 
Smoking status (p=0.402) and IVF-conceived pregnancy rates 
(p=0.218) did not differ significantly among the groups.

Perinatal Outcomes
As presented in Table 2, the rate of preterm delivery before 
37 weeks was significantly higher in the obese group (35.7%) 
than in overweight (14.3%) and normal weight (11.4%) groups 
(p<0.001). Similarly, <34-week deliveries were more common 
in the obese group (11.4%, p=0.016). The median gestational 
age was significantly lower in the obese group (37.0 weeks, 
p<0.001). Birth weight did not differ significantly between 
groups (p=0.061), and the rate of low birth weight (<2500 g) 
was also not statistically significant (10.0% in obese group, 
p=0.211). The prevalence of macrosomia (birthweight ≥4000 
g) was higher in the obese group (17.1%) than in overweight 
(10.0%) and normal weight (7.1%) groups, but the difference 
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Table 1. Demographic, clinical, and laboratory parameters by BMI group

Variable BMI normal (n=70) BMI overweight (n=70) BMI obese (n=70) p-value

Age (years) 29.00 (19.00–41.00) 30.00 (20.00–41.00) 31.00 (20.00–49.00) 0.1091

Gravida 2.00 (1.00–5.00) 2.00 (1.00–7.00) 2.00 (1.00–7.00) 0.1801

Abortus 0.00 (0.00–2.00) 0.00 (0.00–3.00) 0.00 (0.00–3.00) 0.4451

Smokers (%) 11 (15.7%) 10 (14.3%) 12 (17.1%) 0.8982

IVF-conceived pregnancies (%) 4 (5.7%) 3 (4.3%) 2 (2.9%) 0.7062

Treatment modality, n (%) <0.0012

Diet 50 (71.4%)a 35 (50.0%) 22 (31.4%)b

Insulin 20 (28.6%)b 35 (50.0%) 48 (68.6%)a

GWG (kg) 13.0 (7–17)a 12.4 (7–16)a 9.4 (6–16)b <0.0011

HbA1c (%) 5.04 (4.00–6.10)c 5.23 (4.69–6.50)b 5.65 (4.99–6.90)a <0.0011

Fasting glucose (mg/dl) 92.50 (85.00–118.00)c 95.00 (83.00–119.00)b 98.00 (83.00–295.00)a <0.0011

Hemoglobin (g/dl) 11.60 (8.30–14.00) 11.20 (7.60–14.00) 11.90 (8.60–13.80) 0.3741

White blood cell (×10³/μL) 7.80 (5.50–16.50)b 8.46 (4.17–22.70)b 10.20 (5.50–23.00)a <0.0011

Platelet (×10³/μL) 197.50 (85.00–303.00)b 200.00 (118.00–408.00) 214.00 (126.00–500.00)a 0.0221

Triglyceride (mg/dl) 176.50 (57.00–285.00)c 200.00 (58.00–347.00)b 233.00 (117.00–384.00)a <0.0011

Total cholesterol (mg/dl) 179.50 (148.00–305.00)b 210.00 (123.00–360.00)a 207.00 (120.00–474.00)a <0.0011

Data are presented as median (min–max) for continuous variables and as percentages (%) for categorical variables. BMI: Body-mass index, GWG: Gestational weight gain, 1 Kruskal–Wallis test, 2 Chi-square test 
p<0.05 was considered statistically significant. Superscripts a>b>c indicate significance in post-hoc Dunnett’s T3 test

Table 2. Comparison of perinatal outcomes by BMI groups

Variable BMI normal (n=70) BMI overweight (n=70) BMI obese (n=70) p-value

<37 weeks delivery, n (%) 8 (11.4%)b 10 (14.3%)b 25 (35.7%)a <0.0012

<34 weeks delivery, n (%) 2 (2.9%) 1 (1.4%) 8 (11.4%) 0.0162

Gestational age (weeks) 38.0 (32.0-41.0)b 38.0 (33.0-41.0)b 37.0 (32.0-42.0)a <0.0011

Birth weight (g) 3242.5 (1910.0-4200.0) 3365.0 (1745.0-4590.0) 3262.5 (1430.0-4320.0) 0.0611

Low birth weight (<2500 g) 4 (5.7%) 2 (2.9%) 7 (10.0%) 0.2112

Macrosomia (≥4000 gr) 5 (7.1%) 7 (10.0%) 12 (17.1%) 0.1602

NICU admission, n (%) 8 (11.4%) 4 (5.7%) 10 (14.3%) 0.2412

RDS 1 (1.4%) 1 (1.4%) 2 (2.9%)

TTN 4 (5.7%) 2 (2.9%) 2 (2.9%)

Hypoglycemia 1 (1.4%) 1 (1.4%) 2 (2.9%)

Hyperbilirubinemia 2 (2.9%) 0 (0%) 3 (4.3%)

Sepsis 0 (0%) 0 (0%) 1 (1.4%)

Delivery type, n (%)

Vaginal 47 (67.1%)a 40 (57.1%) 23 (32.9%)b <0.0012

Cesarean 23 (32.9%)b 30 (42.9%) 47 (67.1%)a <0.0012

Other obstetric complications, n (%) 5 (%7.1) 2 (2.9%) 8 (%11.9) 0.1442

PPROM 3 (2.9%) 1 (1.4%) 1 (1.4%)

Preeclampsia 0 (0%) 0 (0%) 4 (5.7%)

IUGR 0 (0%) 0 (0%) 2 (2.9%)

Placenta previa 2 (2.9%) 0 (0%) 0 (0%)

Placental abruption 0 (0%) 1 (1.4%) 0 (0%)

IUFD 0 (0%) 0 (0%) 1 (1.4%)

APGAR score at 1st minute 9.0 (7.0-9.0) 9.0 (7.0-9.0) 9.0 (0.0-9.0) 0.1171

APGAR score at 5th minute 10.0 (8.0-10.0)b 10.0 (8.0-10.0)b 10.0 (0.0-10.0)a 0.0071

Data are presented as median (min–max) for continuous variables and as percentages (%) for categorical variables. 1 Kruskal–Wallis test, 2 Chi-square test p<0.05 was considered statistically significant. 
Superscripts a>b indicate significance in post-hoc Dunnett’s T3 test. Pairwise comparisons of significantly different categorical variables were performed using Bonferroni-adjusted Chi-square or Fisher’s exact test 
as appropriate. Abbreviations: BMI: Body-mass index, NICU: Neonatal intensive care unit, RDS: Respiratory distress syndrome, TTN: Transient tachypnea of the newborn, PPROM: Preterm premature rupture of 
membranes, IUGR: Intrauterine growth restriction, IUFD: Intrauterine fetal demise, APGAR: Appearance, pulse, grimace, activity, respiration
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was not statistically significant (p=0.160). NICU admission 
rates were higher in the obese group (14.3%) but did not reach 
statistical significance (p=0.241). The 1-minute Apgar score 
did not differ among the groups (p=0.117), while the 5-minute 
Apgar score was significantly lower in the obese group 
(p=0.007). Obstetric complications such as preeclampsia 
(5.7%), IUGR (2.9%), and IUFD (1.4%) were observed only 
in the obese group. Cesarean delivery was significantly more 
frequent in the obese group (p<0.001).

Additionally, Spearman correlation analysis was performed 
to assess the relationship between GWG and key perinatal 
outcomes. As shown in Supplementary Table 1, a weak 
positive correlation was observed between GWG and 
gestational age at birth (r=0.122, p=0.077), although it did not 
reach statistical significance. No significant correlations were 
found between GWG and birth weight, NICU admission, or 
Apgar scores at 1 and 5 minutes.

Univariable Regression Analysis (Model 1)
In univariable regression (Table 3), obesity was significantly 
associated with an increased risk of <37-week delivery (OR: 
4.31, 95% CI: 1.78–10.42, p=0.001) and lower 5-minute Apgar 
score (β=-0.3, 95% CI: -0.6 to -0.0, p=0.025). Although not 
statistically significant, obesity was associated with higher 
odds of macrosomia (OR: 2.69, 95% CI: 0.89–8.09, p=0.078). 
No statistically significant associations were observed for <34-
week delivery, low birth weight, NICU admission, or 1-minute 
Apgar score.

Multivariable Regression Analysis (Model 2)
After adjusting for maternal age, fasting glucose, smoking, 
treatment modality, and GWG (Table 4), the following results 
were obtained:

- The association between obesity and <37-week delivery 
remained significant, and the adjusted odds ratio further 
increased (OR:6.62, 95% CI:2.11–20.74, p=0.001).

- <34-week delivery and low birth weight (<2500 g), which 
were not significant in model 1, became statistically significant 
in model 2 (p=0.012 and p=0.026, respectively).

- The association between obesity and macrosomia was not 
significant after adjustment (aOR:1.12, 95% CI: 0.27–4.62, 
p=0.880).

- Associations with NICU admission, 1-minute, and 5-minute 
Apgar scores were not significant in the adjusted model. 

Additionally, Spearman correlation analysis was performed 
to assess the relationship between GWG and key perinatal 
outcomes. As shown in Supplementary Table 1, a weak 
positive correlation was observed between GWG and 
gestational age at birth (r=0.122, p=0.077), although it did not 
reach statistical significance. No significant correlations were 
found between GWG and birth weight, NICU admission, or 
Apgar scores at 1 and 5 minutes.

Visual Summary 
The forest plots presented in Figure 1 compare the univariable 
(model 1) and multivariable (model 2) regression results for the 

Supplementary Table 1. Correlation between gestational weight gain (GWG) and perinatal outcomes

Variable Gestational age at birth (weeks)
r (p)

Birth weight (g)
r (p)

NICU admission
r (p)

Apgar score (1 min)
r (p)

Apgar score (5 min)
r (p)

GWG 0.122 (0.0772) -0.061 (0.3773) 0.025 (0.719) 0.012 (0.8611) 0.012 (0.8611)
Statistical test: Spearman correlation analysis. r, Spearman correlation coefficient; p, p-value. Abbreviations: GWG: Gestational weight gain, NICU: Neonatal intensive care unit, Apgar: Appearance, pulse, grimace, 
activity, and respiration

Table 3. Model 1–univariable logistic and linear regression results

Outcome Comparison group OR or beta 95% confidence interval p-value

Preterm <37 wks Overweight 1.29 0.48–3.49 0.614

Preterm <37 wks Obese 4.31 1.78-10.42 0.001

Preterm <34 wks Overweight 0.49 0.04 – 5.56 0.567

Preterm <34 wks Obese 4.39 0.90-21.45 0.068

Birth weight <2500g Overweight 0.49 0.09-2.74 0.413

Birth weight <2500g Obese 1.83 0.51-6.57 0.352

Macrosomia (>4000 g) Overweight 1.44 0.44-4.79 0.55

Macrosomia (>4000 g) Obese 2.69 0.89-8.09 0.078

NICU admission Overweight 0.47 0.13-1.64 0.236

NICU admission Obese 1.29 0.48-3.49 0.614

Apgar 1 min Overweight 0.0 -0.2-0.3 0.747

Apgar 1 min Obese -0.2 -0.5-0.0 0.086

Apgar 5 min Overweight 0.0 -0.2-0.3 0.915

Apgar 5 min Obese -0.3 -0.6--0.0 0.025
Reference group: Normal weight, GDM; Model 1: OR values are derived from univariable logistic regression models. Apgar scores are continuous variables and were analyzed using linear regression. Reported 
values for Apgar scores represent β (beta) coefficients (mean difference). Abbreviations: NICU: Neonatal intensive care unit, APGAR: Appearance, pulse, grimace, activity, respiration
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obese group. In the logistic regression panel (A), the adjusted 
odds ratios (aORs) for <37-week and <34-week deliveries, as 
well as low birth weight (<2500 g), were higher in model 2. 
Among these, <34-week delivery and low birth weight reached 
statistical significance only after adjustment. Regarding 
macrosomia, although a positive association was observed in 
model 1 (OR:2.69), it did not reach statistical significance and 
the association was further attenuated in model 2 (aOR:1.12). 
In the linear regression panel (B), the association between 
obesity and the 5-minute Apgar score observed in model 1 
disappeared after adjustment for covariates.

To provide a visual summary of distribution patterns, a 
heatmap was created to display the frequency of selected 
perinatal outcomes across BMI categories (Figure 2). The 
highest rates of preterm delivery (<37 and <34 weeks), 
macrosomia (≥4000 g), NICU admission, and cesarean 
section were observed in the obese group. In contrast, the 
normal weight group showed the highest rates of vaginal 

delivery. This figure highlights the overall increase in adverse 
outcomes with increasing BMI.

DISCUSSION
Our study demonstrated that preterm birth rates before both 
37 and 34 weeks of gestation were significantly higher among 
obese pregnant women with GDM. This finding suggests 
that maternal obesity may increase the risk of early delivery 
in pregnancies complicated by GDM. Increased systemic 
inflammation, insulin resistance, and endothelial dysfunction 
associated with obesity may trigger the preterm birth process 
by impairing uteroplacental perfusion and promoting early 
placental aging. As consistently noted in the literature, both 
early and late pregnancy complications are more frequently 
observed in obese pregnant women, and preterm birth stands 
out as one of the most significant outcomes.16,17 This is in line 
with our findings. A recent large-scale prospective cohort 
study provided strong support for this association by showing 
that maternal obesity in combination with GDM significantly 

Table 4. Model 2–multivariable logistic and linear regression results

Outcome Comparison group OR or beta 95% confidence interval p-value

Preterm <37 wks Overweight 1.45 0.52-4.07 0.482

Preterm <37 wks Obese 6.62 2.11-20.74 0.001

Preterm <34 wks Overweight 0.66 0.06-7.75 0.741

Preterm <34 wks Obese 12.00 1.74-82.63 0.012

Birth weight <2500g Overweight 0.76 0.13-4.51 0.759

Birth weight <2500g Obese 6.66 1.25-35.34 0.026

Macrosomia (>4000 g) Overweight 1.10 0.32-3.83 0.880

Macrosomia (>4000 g) Obese 1.12 0.27-4.62 0.880

NICU admission Overweight 0.52 0.14-1.9 0.324

NICU admission Obese 1.93 0.52-7.11 0.322

Apgar 1 min Overweight 0.08 -0.13-0.28 0.446

Apgar 1 min Obese -0.04 -0.29-0.21 0.744

Apgar 5 min Overweight 0.09 -0.1-0.28 0.362

Apgar 5 min Obese 0.0 -0.23-0.24 0.975
Reference group: Normal weight GDM; Model 2: OR values are derived from multivariable logistic regression models adjusted for age, fasting glucose, smoking, treatment type, GWG. Apgar scores are continuous 
variables and were analyzed using linear regression. Reported values for Apgar scores represent β (beta) coefficients (mean difference). Abbreviations: NICU: Neonatal intensive care unit, APGAR: Appearance, 
pulse, grimace, activity, respiration

Figure 1. Forest plot showing the association between obesity and adverse 
perinatal outcomes in GDM patients
Forest plots illustrating the association between maternal obesity and adverse perinatal outcomes in 
pregnancies complicated by gestational diabetes mellitus (GDM). Panel A presents odds ratios (log 
scale) for obesity (vs. normal BMI) in relation to preterm birth (<37 and <34 weeks), NICU admission, 
low birth weight, and macrosomia, using both univariable (Model 1, blue) and multivariable (model 2, 
green) logistic regression analyses. Panel B shows β coefficients for 1-minute and 5-minute Apgar scores 
using linear regression, again comparing model 1 and model 2. Confidence intervals are displayed for 
all estimates.

Figure 2. Heatmap visualization of selected perinatal outcomes across BMI 
categories
Heatmap visualization of selected perinatal outcomes across different BMI categories in women with 
gestational diabetes mellitus (GDM). The chart illustrates the percentage distribution of outcomes 
including <37 weeks and <34 weeks deliveries, macrosomia (≥4000g), NICU admission, vaginal 
delivery, and cesarean delivery across normal, overweight, and obese BMI groups. Darker shades 
represent higher percentages. Notably, the obese group demonstrated the highest rates of preterm 
delivery, macrosomia, NICU admission, and cesarean section.



556

Sağlam E. Obesity and GDM-related outcomes Anatolian Curr Med J. 2025;7(5):551-558

increased the risk of both spontaneous (OR 1.98; 95% CI: 
1.13–3.47) and medically indicated (OR 2.05; 95% CI: 1.25–
3.37) preterm births.18 These findings support the idea that 
the coexistence of obesity and GDM may act through multiple 
biological pathways, including inflammation, vascular 
dysfunction, and placental aging, to increase preterm birth 
risk. Conversely, one study reported that obesity was not 
significantly associated with spontaneous preterm birth in 
women with GDM but was linked only to indicated preterm 
birth.19 Such discrepancy may be attributed to differences 
in sample characteristics, study design, and definitions of 
preterm birth. Nevertheless, it is widely recognized that the 
metabolic disturbances caused by obesity, particularly in the 
presence of GDM, may amplify inflammatory mechanisms 
and increase the likelihood of preterm delivery.

In our study, the rate of low birth weight (<2500 g) was 
significantly higher among obese women with GDM, while 
macrosomia (birthweight ≥4000 g) was more frequent in 
this group, albeit not reaching statistical significance. These 
findings suggest that maternal obesity may exert dual and 
heterogeneous effects on fetal growth. On the one hand, obesity-
related metabolic dysfunctions may impair uteroplacental 
blood flow and nutrient transfer, restricting fetal growth. On 
the other hand, heightened insulin resistance and increased 
transplacental glucose transfer may predispose to excessive 
fetal growth. Several studies have reported that obese women 
had an increased risk of both intrauterine growth restriction 
(IUGR) and macrosomia.20,21 These findings highlight the 
non-uniform nature of obesity's effects on fetal development 
and underscore the importance of considering individual 
metabolic profiles and placental function when interpreting 
fetal growth outcomes.

Our findings also revealed a significantly higher cesarean 
delivery rate among obese women with GDM compared 
to those with normal BMI. This result aligns with previous 
research indicating that maternal obesity is a strong 
independent risk factor for cesarean section.22,23 Several 
mechanisms may contribute to this relationship, including 
increased incidence of labor dystocia, macrosomia, and a 
higher prevalence of pregnancy complications requiring 
surgical delivery. Furthermore, altered myometrial 
contractility and increased soft tissue impedance in obese 
women may reduce the likelihood of successful vaginal 
delivery. These factors collectively support the need for 
individualized intrapartum management strategies in obese 
pregnant women, particularly those with GDM.

In our study, NICU admission rates were numerically 
higher in the obese group compared to the normal BMI 
group, although this difference did not reach statistical 
significance. However, previous studies have demonstrated 
a clear association between maternal obesity and increased 
NICU admission risk.24,25 For instance, a large retrospective 
analysis in Belgium showed that maternal obesity was 
independently associated with a 38% higher adjusted odds 
of NICU admission in neonates born to obese mothers.24 
Similarly, in the DEPOSIT cohort study, Ray et al.25 reported 
that maternal obesity conferred a significantly higher risk of 
NICU admission, particularly in pregnancies complicated 

by diabetes. These findings underscore the need for diligent 
neonatal monitoring and preparedness in managing obese 
pregnancies complicated by GDM.

Additionally, we performed a Spearman correlation analysis 
to explore the association between GWG and key perinatal 
outcomes. The analysis revealed a weak positive correlation 
between GWG and gestational age at birth, which did not 
reach statistical significance (r=0.122, p = 0.077). However, 
no significant correlation was observed between GWG and 
birth weight, NICU admission, or Apgar scores. These results 
suggest that while GWG may have a modest influence on 
pregnancy duration, its impact on neonatal outcomes may 
be limited in this cohort. In contrast, Ke et al.26 reported 
that excessive GWG was significantly associated with 
increased risks of macrosomia, LGA, and overall pregnancy 
complications among women with GDM, particularly when 
combined with obesity. Further studies with larger sample 
sizes are warranted to clarify the potential role of GWG in 
determining perinatal outcomes in pregnancies complicated 
by GDM.

In addition to medical interventions, lifestyle modifications 
play a crucial role in the management of maternal obesity, 
especially in pregnancies complicated by GDM. Evidence 
from a recent meta-analysis including over 40.000 pregnant 
women indicates that combined diet and physical activity 
interventions can reduce the incidence of GDM by 
approximately 18% compared with standard care (RR 0.82; 
95% CI 0.74–0.94).27 Preconception counseling, individualized 
dietary plans, and regular physical activity have also been 
shown to limit excessive GWG and reduce the risk of adverse 
perinatal outcomes. Therefore, integrating structured lifestyle 
interventions early in pregnancy may improve maternal-fetal 
outcomes and reduce the healthcare burden associated with 
obesity-related complications.

In recent years, novel non-invasive ultrasonographic 
techniques, such as fetal breathing movement (FBM) analysis 
and nasal flow Doppler, have been increasingly investigated 
for their potential to predict adverse perinatal outcomes, 
including preterm birth. A prospective multicenter cohort 
study demonstrated that combining the absence or irregularity 
of FBM with a nasal Doppler inspiration/expiration (I/E) ratio 
of <1.25 predicted preterm birth within 24 hours with 94.6% 
sensitivity.28 These methods may provide additional insight 
into fetal well-being, particularly in high-risk pregnancies 
complicated by maternal obesity or GDM. Additionally, 
maternal nutritional quality assessed by validated scoring 
systems such as the healthy eating index (HEI) has also 
been linked to both fetal growth patterns and gestational 
age at delivery. For example, in a prospective multi-ethnic 
cohort study, lower HEI-2010 scores during pregnancy were 
associated with a 1.76-fold increased risk of delivering a large-
for-gestational-age (LGA) infant. This finding highlights 
the role of maternal diet quality in modulating both fetal 
development and the timing of birth.

One of the strengths of our study is the use of first-trimester 
BMI measurements, which are less influenced by gestational 
weight changes and thus offer a more accurate assessment 
of pre-pregnancy obesity. Additionally, the study controlled 
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for important confounding variables such as maternal age, 
fasting glucose levels, HbA1c, smoking status, GWG, and 
treatment modality, which enhances the robustness of the 
results. Another strength is the homogeneous selection of 
patients with GDM according to IADPSG criteria and the 
stratified analysis of perinatal outcomes.

Limitations
However, our study has some limitations. First, its retrospective 
and single-center design may limit generalizability and 
introduce information bias. Second, we lacked detailed 
data on fetal well-being assessments such as biophysical 
profiles or fetal Doppler findings, which could have enriched 
the interpretation of neonatal outcomes. Third, although 
nutritional status likely plays a role in fetal development, we 
were unable to incorporate standardized dietary assessment 
tools such as the HEI due to data unavailability. Lastly, while 
our sample size was adequate for primary outcomes, it may 
not have been powered to detect subtle differences in some 
secondary outcomes like NICU admission or macrosomia.

CONCLUSION
This study highlights the significant impact of maternal 
obesity—defined by first-trimester BMI—on adverse 
perinatal outcomes in pregnancies complicated by GDM. 
Our findings indicate that obese women with GDM are at 
higher risk for preterm birth, low birth weight, and cesarean 
delivery. Although NICU admission and macrosomia rates 
were numerically higher in this group, these differences did 
not reach statistical significance. By using first-trimester 
BMI values, our study underscores the importance of early 
pregnancy weight assessment, and indirectly, the potential 
benefit of optimizing maternal weight even before conception. 
These results suggest that both preconceptional and early 
antenatal weight management strategies may help improve 
perinatal outcomes in women with GDM. Future prospective 
studies with larger cohorts are needed to validate these 
findings and guide clinical recommendations.
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ABSTRACT
Aims: To investigate the association between the JAK2 V617F allele burden and clinical and laboratory parameters in polycythemia 
vera (PV) patients, focusing on its association with thrombotic events, disease severity, and systemic inflammatory markers.
Methods: This retrospective study included 71 patients with PV. Data were collected from medical records, including 
demographics, laboratory values, spleen size, and thrombotic history. Patients were stratified by JAK2 V617F allele burden into 
subgroups for comparative analysis. Quantitative polymerase chain reaction (PCR) was used to measure allele burden. Statistical 
analyses were performed using the Mann-Whitney U test, Kruskal-Wallis test, and Spearman correlation, with a significance 
level of p<0.05. 
Results: The median JAK2 V617F allele burden was significantly higher in women than in men (9.53% vs. 2.00%, p=0.003). 
Patients with platelet counts ≥400×10⁹/L had a significantly higher allele burden than those with counts <400×10⁹/L (8.94% vs. 
1.33%, p=0.019). There was no significant association between allele burden and thrombotic events (p=0.549) or splenomegaly 
(p=0.191). 
Conclusion: JAK2 V617F allele burden is associated with certain laboratory parameters, including platelet count, and varies by 
gender in patients with PV. Although not significantly associated with thrombotic events or splenomegaly in this cohort, allele 
burden remains a potentially valuable biomarker for disease monitoring and individualised treatment.  
Keywords: Polycythemia vera, janus kinase 2, alleles

INTRODUCTION
Polycythemia vera (PV) is the most common subtype 
among myeloproliferative neoplasms, characterized by the 
clonal proliferation of hematopoietic stem cells. The disease 
presents with an increase in red blood cell mass, leukocytosis, 
thrombocytosis, and an increased risk of thrombotic and 
hemorrhagic complications. The diagnosis is supported by 
findings such as increased blood cell production, the presence 
of JAK2 mutations, and bone marrow biopsy results (Table 
1).1,2 The pathogenesis and natural course of PV have been 
better elucidated through understanding the genetic and 
biological factors associated with disease progression.

PV is driven by constitutive activation of the JAK-STAT 
signaling pathway due to the JAK2 V617F mutation.1,2 This 
pathway activation promotes clonal hematopoiesis and 
inflammatory cytokine production, contributing not only to 
myeloproliferation but also to disease related complications. 
Over time, chronic myeloproliferation may lead to stem cell 
exhaustion, clonal evolution, and epigenetic alterations, 
increasing the risk of post-polycythemic myelofibrosis and, 
less frequently, transformation to acute myeloid leukemia.1,2

The JAK2 V617F mutation, is detected in over 95% of cases 
and serves as a critical biomarker in diagnosis.1-3 JAK2 V617F 

Table 1. Diagnostic criteria for polycythemia vera

Criterion type Criteria Diagnostic thresholds

Major criteria 1
Elevated hemoglobin, 
hematocrit, or red cell 
mass

- Hemoglobin: >16.5 g/dl 
(male), >16.0 g/dl (female) 
- Hematocrit: >49% (male), 
>48% (female) 
- Red cell mass: >25% above 
the predicted normal value

Major criteria 2 Presence of JAK2 
mutation

JAK2 V617F or JAK2 exon 
12 mutation

Major criteria 3

Hypercellular bone 
marrow biopsy 
showing trilineage 
proliferation (erythroid, 
granulocytic, and 
megakaryocytic) 
without atypia

Not required in cases with 
hemoglobin >18.5 g/dl 
(male) or >16.5 g/dl (female) 
and hematocrit >55.5% 
(male) or >49.5% (female) 
with JAK2 mutation

Minor criteria Serum erythropoietin 
level Below the normal range

Diagnostic 
requirements

- All major criteria must be met, or 
- The first two major criteria and the minor criterion 
must be met

https://orcid.org/0000-0002-2032-8877
https://orcid.org/0000-0001-9856-184X
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allele burden has been linked with both clinical features and 
prognosis of the disease.3 

This study aims to investigate the relationship between JAK2 
V617F allele burden and clinical and laboratory parameters 
in PV in greater detail. By focusing on the correlation of 
allele burden with thrombotic events, disease severity, and 
systemic inflammatory markers, the study seeks to evaluate 
the potential role of this biomarker in disease management 
and prognosis.

METHODS
This study included 71 patients diagnosed with PV. The 
diagnostic and clinical data of the patients were retrospectively 
collected from medical records. The study was approved by 
the Clinical Researches Ethics Committee of Gazi Yaşargil 
Training and Research Hospital. (Date: 27.12.2024, Decision 
No: 283), and informed consent was obtained from all 
participants. All procedures were followed with ethical 
guidelines and the tenets of the Declaration of Helsinki. 
Patients with JAK2 exon 12 mutations were excluded from 
the study. The diagnosis of PV was made according to the 
most recent WHO criteria (Table 1). At diagnosis, white 
blood cell count (WBC), neutrophil, lymphocyte, monocyte, 
hemoglobin (Hb), and platelet (PLT) counts and serum 
erythropoietin levels were recorded. Spleen size was assessed 
by abdominal ultrasonography, with lengths over 120 mm 
considered splenomegaly. A detailed history of thrombosis, 
including arterial and venous events, was obtained. 

The JAK2 V617F mutation was detected and quantified 
using a Quantitative polymerase chain reaction (PCR)-based 
method. Genomic DNA was extracted from peripheral blood 
and PCR amplification was performed using specific primers. 
Mutation burden was calculated by comparing mutant and 
total allele products via a standard curve.

Statistical Analysis
The data analyses were conducted using SPSS Version 25.0. 
Categorical variables were summarized as frequencies (%), 
and continuous variables as medians (min–max). The Mann–
Whitney U and Kruskal–Wallis tests were used for group 
comparisons. Correlations were assessed using Spearman’s 
rho, and categorical comparisons with Pearson’s Chi-square or 
Fisher’s exact test. A p-value <0.05 was considered statistically 
significant.

RESULTS
The study included 71 patients with a mean age of 58 years 
(range: 20–90). Of these, 32 (45.1%) were female, and 39 
(54.9%) were male. The median JAK2 V617F allele burden 
among all patients was 14.42%, which was used as the cutoff 
value for subgroup comparisons. The median JAK2V617F 
allele burden was 9.53% (range: 0.5–54%) in females and 
2.00% (range: 0.01–25%) in males, a statistically significant 
difference (p=0.003).

Patients were grouped by age: 46 patients (64.8%) were ≤60 
years old, and 25 patients (35.2%) were >60 years old. The 
median JAK2V617F allele burden in patients >60 years of 

age was 9.98% (range: 0.01–22.69%), compared to 4.96% 
(range: 0.01–54.00%) in those ≤60 years of age, a statistically 
significant difference (p=0.039). Gender distribution did not 
differ significantly between age groups.

Based on Hb levels, patients were categorized into two groups: 
9 patients (12.7%) with Hb <17 g/dl and 62 patients (87.3%) 
with Hb≥17 g/dl. The median JAK2V617F allele burden was 
5.55% (range: 0.50–22%) in patients with Hb <17 g/dl and 
8.39% (range: 0.01–54%) in those with Hb≥17 g/dl (p=0.653).

The median WBC count for all patients was 11×10⁹/L (range: 
5.8–21×10⁹/L). Patients were divided into two groups: 
37 patients (52.1%) with WBC<10×10⁹/L and 34 patients 
(47.9%) with WBC≥10×10⁹/L. The median JAK2V617F allele 
burden was 5.60% (range: 0.01-33.40%) in patients with 
WBC<10×10⁹/L and 8.75% (range: 0.01–54%) in those with 
WBC ≥10×10⁹/L (p=0.180).

The median PLT count for all patients was 528×10⁹/L (range: 
161–1.134×10⁹/L). Patients were classified into two groups: 26 
patients (36.6%) with PLT <400×10⁹/L and 45 patients (63.4%) 
with PLT ≥400×10⁹/L. The median JAK2V617F allele burden 
was 1.33% (range: 0.01–25%) in patients with PLT <400×10⁹/L 
and 8.94% (range: 0.03–54%) in those with PLT ≥400×10⁹/L, a 
statistically significant difference (p=0.019).

Spleen size was assessed in all patients. Splenomegaly was 
absent in 55 patients (77.5%) and present in 16 patients 
(22.5%). The median JAK2V617F allele burden was 9% (range: 
0.05–20.25%) in patients with splenomegaly and 4.48% (range: 
0.01–54%) in those without splenomegaly (p=0.191). Male 
patients had significantly larger spleens compared to females 
(p=0.003), with a mean difference of approximately 4.66 mm.

During the course of the disease, 15 patients (21.1%) had a 
history of thrombosis, while 56 patients (78.9%) did not. The 
median JAK2V617F allele burden was 9.09% (range: 0.01–
33.4%) in patients with a history of thrombosis and 6.70% 
(range: 0.01–54%) in those without (p=0.549). Comparison 
of clinical and laboratory parameters by median JAK2 allele 
burden is shown in Table 2.

DISCUSSION
The clinical course varies of PV due to genetic and phenotypic 
heterogeneity. While some patients have a stable disease course, 
others are at risk of serious complications such as thrombosis, 
cardiovascular events, myelofibrosis or transformation into 
acute leukaemia. This variability necessitates personalised 
disease management and treatment strategies.

In recent years, JAK2 V617F allele burden has emerged as a 
critical biomarker for understanding the impact of PV on 
laboratory and clinical parameters. Higher allele burden 
has been associated with an increased risk of thrombosis, 
splenomegaly, myeloproliferation, and poor prognosis.4-6,10 
However, the mechanisms underlying these associations 
and their implications for clinical management remain 
incompletely understood. A better understanding of the 
relationship between JAK2 allele burden and clinical and 
laboratory parameters is essential to improve risk stratification 
and optimise treatment strategies.
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Studies have demonstrated correlations between JAK2 V617F 
allele burden and Hb, WBC, and PLT levels. Higher allele 
burden is generally associated with higher Hb and WBC 
levels, although the relationship with PLT counts varies across 
studies. In our study, the median allele burden was 14.42% 
and we observed a trend suggesting higher Hb levels might be 
associated with increased allele burden, although the result 
did not reach statistical significance. Similarly, Vannucchi et 
al.4 reported a positive correlation between allele burden and 
Hb levels. Guglielmelli et al.5 also found significantly higher 
Hb levels in patients with increased mutation burden.

Regarding WBC counts, Larsen6 and Guglielmelli5 
found statistically significant differences in allele burden 
across different WBC levels. In our study, patients with 
WBC<10×10⁹/L had a lower median JAK2 V617F allele 
burden compared to those with WBC ≥10×10⁹/L, although 
the difference was not statistically significant. This lack of 
significance may be attributed to the relatively small sample 
size in our cohort.

In the analysis of PLT levels, we found that patients with PLT 
levels <400×10⁹/L had significantly lower JAK2 V617F allele 
burden compared to those with PLT levels ≥400×10⁹/L. This 
finding contrasts with studies by Larsen6 and Guglielmelli,5 
who reported lower PLT counts in patients with higher allele 

burdens. Differences in patient populations and disease 
duration may account for these discrepancies.

Stein et al.7 investigated the relationship between JAK2 
V617F allele burden and gender in chronic myeloproliferative 
neoplasms, identifying gender as an independent factor 
influencing allele burden variability. Females were reported 
to have lower allele burdens than men, potentially due 
to less frequent mitotic recombination events in females. 
Similarly, Karantanos et al.8 and Larsen et al.6 found that 
women had lower allele burdens than males, suggesting sex-
specific differences in disease biology. Interestingly, in our 
study, women exhibited significantly higher median JAK2 
V617F allele burdens than men (p=0.003). This discrepancy 
highlights the variability of results between cohorts and 
underlines the need for careful interpretation. Factors such as 
sample size, genetic background, and disease duration may 
contribute to these differences.

Splenomegaly, present in approximately 36% of PV patients 
at diagnosis, is a significant clinical feature that influences 
prognosis and treatment decisions.9 Vannucchi et al.4 

demonstrated a strong association between higher JAK2 V617F 
allele burden and the presence of splenomegaly, particularly 
in patients with allele burden >50%. Similarly, Guglielmelli 
et al.5 found that palpable splenomegaly was more common 
in patients with allele burden >50%. In our study, patients 
with splenomegaly had a higher median allele burden (9.00%) 
compared to those without splenomegaly (4.48%), although 
the difference was not statistically significant (p=0.191).

Cardiovascular and thromboembolic events are leading 
causes of morbidity and mortality in PV. Current treatment 
strategies aim to prevent thrombotic complications through 
phlebotomy, low-dose aspirin, and cytoreductive therapy for 
high-risk patients.1 Despite adherence to these treatments, 
thrombotic risk persists. Recent studies have focused on the 
impact of JAK2 V617F allele burden on thrombosis risk. 
Guglielmelli et al.5 reported a higher incidence of venous 
thrombosis in patients with allele burden >50% compared to 
those with ≤50%. Similarly, Vannucchi et al.4 found that an 
allele burden >75% increased thrombotic event risk. In our 
study, patients with thrombosis had higher allele burden than 
those without, although the difference was not statistically 
significant (p=0.549). The small sample size and the low 
proportion of patients with a high allele burden may explain 
this finding.

Limitations
Several limitations should be considered when interpreting 
the findings of this study. First, the retrospective design may 
introduce selection bias. Second, the relatively small sample 
size, particularly the small number of patients with high 
JAK2 allele load, may have reduced the statistical power to 
detect meaningful associations. Additionally, the lack of 
multivariate analysis prevented the adjustment for potential 
confounding factors such as age, gender, or treatment status. 
Finally, the absence of long-term data limits the ability to 
draw conclusions about prognostic value.

Table 2. Comparison of clinical and laboratory parameters by median JAK2 
allele burden

Variables JAK2 median (min-max) p

Gender, n (%)

Female 9.53 (0.50-54.00)
0.003

Male 2.00 (0.01-25.00)

Age, n (%)

≤60 4.96 (0.01-54.00)
0.039

>60 9.98 (0.01-22.69)

Hb, n (%)

<16 5.55 (0.50-22.00)
0.653

≥16 8.39 (0.01-54.00)

WBC, n (%)

<10 5.60 (0.01-33.40)
0.180

≥10 8.75 (0.01-54.00)

PLT, n (%)

<400 1.33 (0.01-25.00)
0.019

≥400 8.94 (0.03-54.00)

Epo, n (%)

<5 8.58 (0.01-54.00)
0.135

≥5 1.92 (0.01-33.40)

Spleen, n (%)

≤120 4.48 (0.01-54.00)
0.191

>120 9.00 (0.05-20.25)

Thrombosis, n (%)

Absent 6.70 (0.01-54.00)
0.549

Present 9.09 (0.01-33.40)
Mann-Whitney U test; p<0.05 is considered statistically significant.  Min: Minimum, Max: Maximum, 
Hb: Hemoglobin, WBC: White blood cell count, PLT: Platelet
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CONCLUSION
This study highlights the importance of JAK2 V617F allele 
burden in shaping the phenotypic variability of PV. The results 
suggest that allele burden may serve as a useful biomarker 
for predicting disease progression. However, larger cohorts 
and further research are needed to clarify the relationships 
between allele burden and clinical outcomes. Future studies 
should also include gender-specific analyses to improve our 
understanding of this complex disease.
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ABSTRACT
Aims: We aimed to determine the quality and readability levels of the texts that health readers access from websites related to 
HPV.
Methods: 64 websites related to "human papilloma virus" were evaluated by using the Google search engine, in terms of readability 
and website information quality. The websites were divided into 6 groups according to their origins. Ateşman and Bezirci-
Yılmaz readability formulas were used for readability, DISCERN measurement tool and JAMA criteria were used for website 
information quality and reliability. The information quality and reliability of the websites were evaluated by an obstetrician and 
gynecologist and a gynecological oncology surgeon.  
Results: When the websites were evaluated according to the Ateşman readability formula, the readability score was found to be 
57.2 and they were found to be moderately readable. According to the Bezirci-Yılmaz readability formula, the average readability 
score of all websites was found to be 12.8, that is, a readability at the undergraduate level was determined. When evaluated with 
the DISCERN tool, the average quality level of all websites was determined as "poor". It was seen that the texts prepared by the 
obstetrics and gynecology associations and the obstetricians and gynecologists were of higher quality than the other groups. It 
was observed that the quality of the texts was lower according to the gynecological oncology surgeon.
Conclusion: It is noteworthy that the texts prepared by the obstetrics and gynecology associations received higher quality scores 
than the other groups. Website information resources prepared by obstetrics and gynecology associations should be increased 
and the readability and quality of other internet health information needs to be improved. 
Keywords: Gynecology, health readers, human papilloma virus 

INTRODUCTION
The internet is increasingly used as a source of medical 
information both by healthcare professionals and patients 
due to its global accessibility, speed, and cost effectiveness.1,2 
While the rate of internet usage in Turkiye was 82.6% in the 
16–74 age group in 2021, one of the most searched about topic 
on the internet was health-related information at a rate of 
65.9%.3,4

In the United States, more than 61% of patients already use the 
Internet to inform themselves about their disease and possible 
treatment options.5 Access to useful and understandable 
health information is an important factor when making health 
decisions. The internet is crucial to the modern dissemination 
of health information, but it is clear that the quality varies 
considerably between sources.6 Numerous quality assessment 
tools have been developed to assess the quality of these 
resources.7 In addition, written texts about health can cause 
patients to be misinformed, and lead to incorrect treatment 

and diagnosis.8 In these cases, the readability of these texts, as 
well as their quality, is important. 

The human papilloma virus (HPV) is the most common 
sexually transmitted infection.9 In general, HPV is responsible 
for 90% of anal and cervical cancers and about 70% of 
vaginal and vulvar cancers. More than 200 HPV types have 
been identified and at least 14 high-risk types that can cause 
cancer were characterized. Two HPV types (16 and 18) cause 
approximately 70% of cervical cancers and precancerous 
cervical lesions.10 It was determined that seeking information 
about HPV and sexually transmitted diseases from alternative 
sources, such as the internet, increases the anxiety of women.11 

Colposcopic evaluation of malignant and premalignant 
epithelium of the vulva, vagina and cervix is performed 
according to certain visual features in terms of contour, color 
and vascular pattern using magnification after application of 
acetic acid or diluted Lugol's or Schiller's solution.12
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In this study, it was aimed to determine the quality and 
readability levels of the texts that health readers access from 
websites related to HPV.

METHODS
Ethics
The study has been approved by the Clinical Researches 
Ethics Committee of Süleyman Demirel University (Date: 
07.07.2022, Decision No: 190). All procedures were carried out 
in accordance with the ethical rules and the principles of the 
Declaration of Helsinki.

Included in this study were the first 100 websites that came 
up when typing the keywords "HPV" into the Google search 
engine on June 1st. Advertising sites, sites with no information 
about HPV, forum sites and scientific publications were 
excluded, and the remaining 64 websites were evaluated for 
readability and information quality. The origins of the websites 
(doctor, association, health institutions, newspaper, private 
laboratory, women's health websites) were recorded. The 
readability level of these recorded websites was determined 
and text quality analyses were performed. 

While determining the readability level, the formulas of 
Ateşman and Bezirci-Yılmaz, which are frequently used in 
Turkish, were employed. 

The information quality and reliability of the websites 
were evaluated by an obstetrician and gynecologist, and 
gynecological oncology surgeon. These evaluations were made 
by the two researchers independently, using the DISCERN 
measurement tool and Journal of the American Medical 
Association (JAMA) criteria. 

Readability Formulas
The Ateşman (1997) readability formula was created by 
considering two variables, which were the sentence length 
and word length. The readability score is calculated using 
these variables.

The formula used to calculate the Ateşman readability score 
is as follows: 

Readability score=198.825–40.175×(total syllables/total 
words)–2.610×(total words/total sentences).13 

In the Bezirci-Yılmaz readability formula, variables such as 
the average sentence lengths and number of syllables affect 
the readability. The formula was created by using the number 
of words in the sentence and the number of syllables in the 
words. The readability formula is as follows:

Readability score=√OKS×((H3×0.84)+(H4×1.5)+(H5×3.5)+
(H6×26.25)) 

Here, OKS is the average word count, H3 is the mean number 
of 3-syllable words, H4 is the mean number of 4-syllable 
words, H5 is the mean number of 5-syllable words, and H6 is 
the mean number of words with 6 or more syllables.14

The Bezirci-Yılmaz formula explains the readability level of a 
text by coinciding with a certain education level according to 
the education system in Turkiye (Table 1).

Quality Analysis of the Texts
Evaluation was made according to 4 criteria, including 
authorship, attribution, disclosure, and currency,which are 
included in the widely used JAMA criteria.15 During the 
evaluation, scoring was done by giving 1 or 0 points for each 
criterion, depending on whether they met the criteria or not. 
According to these criteria, the score that a website can get as 
a result of evaluation is between 0 and 4 points. 

The DISCERN questionnaire is a valid and reliable tool for 
analyzing health-related texts.16 It can be used to evaluate the 
credibility of the website and whether the sources of evidence 
are clear. The DISCERN questionnaire, which consists of 3 
sections, consists of 15 questions and 1 general evaluation. 
Questions 1 to 8 in section 1 evaluate the reliability of the 
website, questions 9 to 15 in section 2 are used to evaluate 
information about treatment options.16 Section 3 measures 
the overall quality of the website. Each question is rated on a 
5-point scale. An evaluation is made by giving 5 points if the 
text completely meets the criteria in question; 2, 3, or 4 points 
are given if it partially meets the criteria, and 1 point if the 
quality criterion is not met at all. The total DISCERN score 
is calculated by adding the ratings of the first 15 questions.18 
The score can be categorized as excellent (63–75), good (51–
62), moderate (39–50), low (27–38) or very low (<27).17 

Statistical Analysis
The data obtained as a result of the study were analyzed with 
the PAWS Statistics 18 program. As a result of the analysis, 
the categorical variables were presented as the percentage and 
frequency, and the continuous variables were presented as the 
mean, standard deviation, median, minimum, and maximum. 
According to the Shapiro-Wilk test, the continuous variables 
did not show normal distribution (p>0.05). The Wilcoxon 
signed-rank test was used to compare the dependent variables, 
and the Kruskal-Wallis H test was used to compare more than 
two independent groups. The Mann-Whitney U test with 
Bonferroni correction was used for comparisons in groups 
with statistically significant differences as a result of the 
Kruskal-Wallis H test. Statistical significance was accepted as 
p<0.05.

RESULTS
In total, 64 websites were examined for readability and the 
quality of the texts. These 64 websites were evaluated by 
basically dividing them into 6 different groups according to 
their origins (Table 2). These groups consisted of obstetrics 
and gynecology associations, newspapers, websites related to 
women's health, private health institutions, obstetricians and 

Table 1. Point of scores

Readability score Readability level

90–100 Very easy

70–89 Easy

50–69 Moderate

30–49 Hard 

1–29 Too hard
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gynecologists, and private laboratories. Among the websites, 
the HPV-related texts were mostly created by obstetricians 
and gynecologists (Table 3).

The websites were evaluated according to the readability 
formulas of Ateşman and Bezirci-Yılmaz. When the websites 
were evaluated according to the Ateşman readability formula, 
the readability score was 57.2, and they were moderately 
readable (Table 3). When the mean values between the groups 
were examined, it was observed that the texts on the websites 
created by obstetricians and gynecologists were the most 
easily readable, but when all of the groups were compared, it 
was seen that there was no difference in terms of readability 
(p=0.624) (Table 3).

According to the Bezirci-Yılmaz readability formula, the 
average readability score of all of the websites was 12.8, that 
is, a readability at the undergraduate level was determined. 

According to the Bezirci-Yılmaz readability formula, there 
was no difference in readability levels between the groups 
(p=0.534) (Table 3).

When the websites were evaluated with the JAMA criteria, 
according to both researchers, there was a statistically 
significant difference between the quality levels of the 
websites. According to both researchers, it was seen that the 
texts created by the newspapers had the lowest score, and 
the quality level of the texts created by the obstetrics and 
gynecology associations was the highest (Table 4). In the group 
evaluations, there was a statistically significant difference 
between the obstetrics and gynecology association and 
private health institution websites, between the obstetrician 
and gynecologist websites and the women's health websites 
and private health institution websites (p<0.05). There was 
a statistically significant difference between the obstetrics 
and gynecology association websites and the private health 
institution websites in the group comparisons according to 
the gynecological oncology surgeon (p<0.05).

When all of the websites were evaluated with the DISCERN 
tool, it was observed that they got 36 points according to the 
obstetrician and gynecologist, and 33 points when evaluated 
by the gynecological oncology surgeon. According to 
these results, the average quality level of all of the sites was 
determined as Poor. According to both researchers, it was 
seen that the texts prepared by the obstetrics and gynecology 
associations and obstetricians and gynecologists were of 
higher quality than the other groups. When evaluated by a 
gynecological oncology surgeon, it was determined that the 
average quality of the texts created by the newspapers was 
very poor (Table 5). In the group comparison, there was a 
statistically significant difference between the obstetrician 
and gynecologist websites and newspaper websites, according 
to both researchers.

Significant differences were found between the quality 
evaluations made by gynecological oncology surgeon and 

Table 2. Education level

Grade Education level

1–8 Primary education

9–12 Secondary education (high school)

12–16 Undergraduate

16+ Academic level

Table 3. Sources percentage of websites

  n %

Obstetricians and gynecologists 21 32.8

Private health institution 17 26.6

Women's health websites 14 21.8

Private laboratories 6 9.4

Obstetrics and gynecology associations 3 4.7

Newspaper 3 4.7

Total 64 100.0

Table 4. Formulation parameters of websites sources

Mean SD Minimum Maximum p-value

Ateşman readability formula 

Obstetrics and gynecology associations 53.8 5.3 50.3 60.0

0.624

Obstetricians and gynecologists 59.4 8.7 41.3 76.8

Newspapers 57.7 5.4 51.5 61.0

Women's health 53.6 10.9 30.9 73.3

Private laboratories 56.8 11.1 44.5 72.1

Private health institutions 57.9 7.3 44.8 71.7

Total 57.2 8.9 30.9 76.8  

Bezirci-Yılmaz readability formula

Obstetrics and gynecology associations 13.7 0.5 13.2 14.3

0.534

Obstetricians and gynecologists 12.2 2.7 7.1 17.2

Newspapers 11.4 2.0 10.0 13.7

Women's health 13.9 3.6 8.7 21.4

Private laboratories 13.6 3.4 9.2 17.5

Private health institutions 12.4 2.3 8.3 16.3

Total 12.8 2.8 7.1 21.4  
SD: Standard deviation
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obstetrician and gynecologist with JAMA (p=0.001) and 
DISCERN tool (p<0.001). It was observed that according to 
the gynecological oncology surgeon, the quality of the texts 
was lower (Table 6).

DISCUSSION 
Today, it's very easy to search the internet for information, 
and patients often turn to the internet for research about their 
illnesses. However, there's no data on how accurate this habit 
is in accessing HPV-related information. This study aimed 
to determine the quality and readability of texts accessed by 
health readers on HPV-related websites.

It is known that there are over 100.000 websites providing 
health-related information.18 With the increasing use of 
the Internet and the increase in health information on the 
Internet, it is seen that the impact on those who seek health 
information online on their medical decision making is also 
increasing.19 

One of the most searched about topics on the internet in 
Turkiye is for health-related information at a rate of 65.9%.3,4 
While the internet offers tremendous opportunities for 
sharing information, it also spreads misinformation.20 

To evaluate the quality of texts on websites, scoring is done 
according to a set of quality indicators. Today, there are 
many quality assessment tools.6 JAMA and DISCERN are 
among the frequently used quality assessment tools today. 

In this study, websites about HPV were examined using 
these two tools. Although it was seen that websites prepared 
by obstetricians and gynecologists and obstetrician and 
gynecology associations were of "medium quality" according 
to both methods, the websites were of "poor quality" when 
considered in general. 

An internet search can influence people's choices about 
whether or not to receive health care, leading to low-quality 
health information or content that can easily mislead or worry 
people.21 Attention should be paid to health information of 
varying quality. There are many studies that have carried out 
quality evaluations on health-related websites using JAMA 
and DISCERN. Maheshwari et al.22 examined 60 websites 
on postpartum pelvic health and reported that the general 
quality of health information available on the websites was of 
poor quality. 

In another study using DISCERN and JAMA, Jain et al.23 
searched websites about 55 hysterectomy operations and 
found that the quality level of the online information about 
hysterectomy was sufficient, but the readability level of these 
texts was quite low. Although quality assessment tools can 
show whether a website contains reliable information, they do 
not predict its readability.24

Readability formulas and analysis tools are developed to 
determine the readability level or difficulty level of a text. In 
order for texts containing information about health to appeal 

Table 5. Parameters of the type of specialist

Mean SD Median Minimum Maximum p-value

Obstetrician and gynecologist 

Obstetrics and gynecology associations 2.0 0.0 2.0 2.0 2.0

<0.001

Obstetricians and gynecologists 1.9 0.5 2.0 1.0 3.0

Newspapers 0.7 0.6 1.0 0.0 1.0

Women's health 1.6 1.1 2.0 0.0 3.0

Private laboratories 0.8 0.4 1.0 0.0 1.0

Private health institutions 1.0 0.5 1.0 0.0 2.0

Total 1.5 0.8 1.0 0.0 3.0  

Gynecological oncology surgeon

Obstetrics and gynecology associations 2.0 0.0 2.0 2.0 2.0

0.005

Obstetricians and gynecologists 1.5 0.7 2.0 0.0 3.0

Newspapers 0.7 0.6 1.0 0.0 1.0

Women's health 1.6 1.1 2.0 0.0 3.0

Private laboratories 0.8 0.4 1.0 0.0 1.0

Private health institutions 0.8 0.5 1.0 0.0 2.0

Total 1.3 0.8 1.0 0.0 3.0

SD: Standard deviation

Table 6. Comparision of JAMA and DISCERN

Mean SD Median Minimum Maximum p-value

JAMA
Obstetrician and gynecologist 1.5 0.8 1.0 0.0 3.0

0.001
Gynecological oncology surgeon 1.3 0.8 1.0 0.0 3.0

DISCERN
Obstetrician and gynecologist 36.4 7.6 37.0 18.0 65.0

<0.001
Gynecological oncology surgeon 33.0 6.9 33.0 17.0 63.0

JAMA: Journal of the American Medical Association, SD: Standard deviation
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to the general health readers, it should be aimed to reach a 
readability level between at least the fourth and sixth grades.25 
The use of readability formulas is increasing in order to reach 
the targeted readability levels in written health information 
materials, drug package inserts, and consent forms.26,27 

In this study, in addition to evaluating the quality level of the 
websites, the readability of the websites was also examined, 
and the Ateşman and Bezirci-Yılmaz formulas were used to 
evaluate the readability of the Turkish texts. It was found that 
these texts were moderately readable according to the Ateşman 
readability formula, and according to the Bezirci-Yılmaz 
readability formula, they were readable with an education 
level of 12 years, that is, approximately at the undergraduate 
level.

In this case, it was seen that none of the websites included 
herein met their aims. In other studies that were conducted 
on the readability of websites, difficult texts were frequently 
encountered in terms of readability.28 The readability level in 
the texts mainly prepared by the obstetrics and gynecology 
associations for patient education was not suitable for patients, 
and it is recommended to make appropriate arrangements to 
improve health literacy.29 In the current study, it was seen 
that there were a few websites that provided information 
about HPV prepared by associations. It is noteworthy that 
this information, prepared by a small number of associations, 
received higher quality scores than the other groups. 

When women first learn about their HPV carrier status, their 
susceptibility to anxiety and depression increases. With an 
appropriate treatment plan and psycho-social support, their 
anxiety decreases over time.30 In this case, HPV-related 
websites with low-quality information and poor readability 
may increase the anxiety and depression of HPV-positive 
women and hinder the treatment and follow-up processes.

Studies on the readability and quality of information on 
health-related websites have been increasing in recent years, 
but no studies could be found investigating the quality and 
readability of health websites about HPV.   Herein, it was 
observed that there was an inconsistency between the quality 
assessments of the two independent researchers. It was seen 
that the gynecological oncology surgeon scored lower than 
the obstetrician and gynecologist. It is believed that the reason 
for this was that surgeons, such as the gynecological oncology 
surgeon herein, have more up-to-date approaches.

Limitations
Health-related information from the internet can be obtained 
not only from written texts, but also from various media 
sources, such as YouTube and social media. In this study, 
the information obtained from such environments was not 
evaluated, and there were also factors other than the patient's 
education level that may affect readability, such as the font and 
font size. Such factors were not used in the evaluation herein. 
These conditions can be stated as the limitations of the study. 

CONCLUSION
In this study, the health websites prepared on HPV were found 
to be of insufficient quality and difficult to read. It can be said 

that the readability and quality of Internet health information 
needs to be improved. 
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ABSTRACT
Aims: To evaluate the prognostic impact of spread through air spaces (STAS) in patients with resected non-small cell lung 
cancer (NSCLC) and to investigate its association with clinicopathological features and survival outcomes.
Methods: A retrospective analysis was conducted on 207 patients with pathological stage IA–IIIA NSCLC who underwent 
curative-intent surgery between 2018 and 2024. STAS was defined as the presence of micropapillary clusters, solid nests, or single 
tumor cells within alveolar spaces beyond the main tumor. Patients were categorized as STAS-positive or STAS-negative. Disease-
free survival (DFS) and overall survival (OS) were estimated using the Kaplan–Meier method. Univariate and multivariate Cox 
regression models were used to assess prognostic factors.  
Results: STAS was identified in 57% of patients. STAS positivity was significantly associated with poor differentiation, a higher 
rate of lymphovascular invasion, and increased use of adjuvant chemotherapy. Median DFS was 29.9 months in STAS-positive 
patients but was not reached in STAS-negative patients (p<0.001). In multivariable analysis, STAS independently predicted 
shorter DFS (HR: 2.38; 95% CI: 1.34–4.23; p=0.003). No statistically significant association was found between STAS and OS 
(p=0.079).
Conclusion: STAS is an independent adverse prognostic factor for DFS in resected NSCLC. Its presence should be considered 
in prognostic evaluation and surgical planning, particularly in patients with early-stage disease.
Keywords: Non-small cell lung cancer, STAS, disease-free survival, prognostic factors, surgery 

INTRODUCTION
In recent years, the implementation of low-dose computed 
tomography screening programs in some countries has led 
to a declining trend in lung cancer incidence and mortality. 
However, lung cancer remains the most frequently diagnosed 
malignancy and the leading cause of cancer-related death 
worldwide. According to GLOBOCAN 2022 estimates, there 
were 2.48 million new cases and 1.82 million deaths globally, 
reflecting the ongoing burden of this disease.1 Despite 
improvements in early detection, non-small cell lung cancer 
(NSCLC) continues to exhibit aggressive biological behavior 
even in early-stage and operable disease. SEER data indicate 
that the 5-year recurrence rate after surgical resection for 
NSCLC ranges from approximately 30% to nearly 70%.2 
These findings underscore the need for robust prognostic 
stratification at the time of diagnosis, particularly in early-
stage disease. 

Several prognostic factors associated with unfavorable 
outcomes after surgical resection have been identified, 

including pleural invasion, lymphovascular invasion (LVI), 
poor tumor differentiation, wedge resection, and unknown 
lymph node status.3 In this context, spread through air spaces 
(STAS) which is described by the World Health Organization 
(WHO) in 2015, initially in lung adenocarcinoma. Since 
then, STAS has garnered increasing attention for its potential 
prognostic significance in NSCLC.4,5 STAS is defined as 
the presence of tumor cells within the adjacent alveolar 
parenchyma beyond the edge of the main tumor, detectable 
microscopically in lung cancer specimens. It has been 
reported in approximately 15% to 73% of surgically resected 
lung cancers and is associated with poor prognosis.6-10 This 
adverse prognostic association has been consistently observed 
across all major histological subtypes of lung cancer studied, 
including adenocarcinoma, squamous cell carcinoma, small 
cell carcinoma and others.11,12

While many of the traditional prognostic factors reflect 
tumor burden or invasiveness, they may not fully capture 
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microscopic patterns of tumor spread that directly influence 
the risk of recurrence. STAS represents a distinct pattern of 
tumor dissemination through alveolar spaces, independent 
of vascular or lymphatic spread.13 Importantly, its presence 
has been associated with worse outcomes even among 
patients with otherwise favorable pathological features. These 
observations suggest that STAS may serve as an independent 
prognostic marker and a valuable criterion for informing 
surgical decisions, particularly when considering sublobar 
resections.14,15 Accordingly, increasing efforts have been made 
to incorporate STAS into prognostic algorithms and clinical 
decision-making in resectable NSCLC.

Therefore, the aim of this study was to evaluate the prognostic 
significance of STAS in patients with resected NSCLC, and to 
investigate its association with clinicopathological factors and 
survival outcomes in a real-world, single-center cohort.

METHODS
Ethics
The study has been approved by the Scientific Researches 
Ethics Committee of Gülhane Training and Research Hospital 
(Date: 06.05.2025, Decision No: 2025-275). All procedures 
were carried out in accordance with the ethical rules and the 
principles of the Declaration of Helsinki.

Study Design and Participants
This retrospective single-center study included 207 patients 
who underwent curative-intent surgical resection for 
pathological stage IA–IIIA NSCLC between 2018 and 2024 
at Gülhane Training and Research Hospital. Eligible patients 
were selected based on the availability of pathological STAS 
assessment and complete clinical and follow-up data. 

Demographic variables (age, sex), smoking history, Eastern 
Cooperative Oncology Group performance status (ECOG PS), 
tumor characteristics (histological subtype, differentiation, 
tumor size), pathological features (LVI, perineural invasion 
[PNI], visceral pleural invasion [VPI]), and molecular 
markers (PD-L1 expression, mutational status) were recorded. 
Radiological staging with positron emission tomography/
computed tomography (PET/CT), type of surgical intervention 
(wedge resection, lobectomy), and lymph node evaluation 
status were also collected. Surgical approach and extent of 
resection were determined based on tumor size, location, and 
patient comorbidities. Of the total 207 patients, 9 underwent 
wedge resection and 2 underwent other forms of sublobar 
resection due to high comorbidity burden and/or small tumor 
size. The remaining patients were treated with lobectomy or 
pneumonectomy accompanied by systematic mediastinal and 
hilar lymph node sampling.

Prognostic outcomes included overall survival (OS) and 
disease-free survival (DFS). OS was defined as the time from 
the date of surgery to death from any cause, and DFS as 
the time from surgery to recurrence or death. The primary 
objective was to evaluate the prognostic impact of STAS on 
survival outcomes.

Histopathological Assessment
Histopathological evaluation was performed on resection 
specimens obtained during definitive surgery. STAS 
assessment was performed exclusively on resection specimens; 
no frozen sections or preoperative biopsies were used. All 
specimens were fixed in 10% neutral-buffered formalin and 
embedded in paraffin, and processed according to routine 
histological procedures. Four-micron thick sections were 
stained with hematoxylin and eosin (H&E) for microscopic 
examination.

STAS was defined in accordance with the 2015 WHO 
classification of lung tumors as the presence of tumor cells 
either as micropapillary clusters, solid nests, or single tumor 
cells within alveolar spaces beyond the edge of the main 
tumor. To minimize misinterpretation due to histological 
artifacts, particular attention was paid to exclude free-floating 
cell strips or fragmented clusters lacking alveolar attachment, 
as these are often considered artifacts from specimen handling 
rather than true STAS. All histopathological assessments were 
performed by an experienced thoracic pathologist as part 
of routine diagnostic practice at our institution. A second, 
independent pathology review was not conducted for this 
retrospective study. Tumor histological subtype, grade, and 
presence of lymphovascular or pleural invasion were also 
assessed and documented.

Statistical Analysis 
Clinicopathological variables were compared between STAS-
positive and STAS-negative groups using Pearson’s Chi-
squared test or Fisher’s exact test, as appropriate. Descriptive 
statistics were presented as numbers and percentages for 
categorical variables.

OS and DFS were estimated using the Kaplan–Meier method, 
and survival differences between STAS subgroups were 
assessed using the log-rank test. The median follow-up time 
was calculated using the reverse Kaplan–Meier method. 
Univariate Cox proportional hazards regression was used to 
identify factors associated with OS and DFS. Variables with a 
p-value <0.05 in the univariate analysis were included in the 
multivariate Cox regression model to identify independent 
prognostic factors. Hazard ratios (HRs) and 95% confidence 
intervals (CIs) were calculated.

All statistical analyses were conducted using IBM SPSS 
Statistics for Windows, Version 25 (IBM Corp., Armonk, NY, 
USA). A p-value <0.05 was considered statistically significant.

RESULTS
Clinicopathological Characteristics of the Patients
The clinicopathological characteristics of the 207 patients 
are summarized in Table 1. The median age was 64 years 
(min-max: 39–82), and 78.7% were younger than 70 years. 
Most patients were male (78.3%, n=162). Regarding smoking 
history, 82.2% were active or former smokers, and 17.8% had 
never smoked. STAS positivity was identified in 118 patients 
(57%), whereas 89 patients (43%) were STAS-negative.
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Lobectomy was the most common surgical approach (89.4%, 
n=185). Pathological staging revealed stage IA in 35.7% of 
patients, IB in 23.2%, IIA in 6.3%, IIB in 16.4%, and IIIA 
in 18.4%. Stage IA was significantly more common among 
STAS-negative patients (48.3% vs. 26.3%, p=0.001). 

Histologically, 60.9% of tumors were adenocarcinomas 
(n=126), 33.8% were squamous cell carcinomas (n=70), and 
5.3% were other subtypes, including large cell neuroendocrine 
carcinoma and atypical carcinoid tumors (p=0.17). In terms 
of differentiation, 10.9% were well-differentiated, 64.6% 
were moderately differentiated, and 24.5% were poorly 
differentiated. Poor differentiation was significantly more 

common in the STAS-positive group (30.9% vs. 15.9%, 
p=0.009). LVI was observed in 41.1% (n=85) of cases, with a 
higher prevalence in STAS-positive patients (47.5% vs. 32.6%, 
p=0.033). VPI was observed in 29.5% of patients, with no 
significant difference between STAS groups (p=0.358). 

Molecular status (EGFR, ALK, ROS1, KRAS) was available 
for 76 patients (36.7%), and PD-L1 expression was assessed 
in 78 patients (37.7%). Among those tested, EGFR mutations 
were detected in 8 patients (10.5%) and KRAS mutations 
in 5 patients (6.6%). All patients tested for ALK and ROS1 
rearrangements were negative. PD-L1 expression of ≥1% was 
observed in 25 patients (32.1%). The distribution of these 

Table 1. Demographic and clinicopathological parameters according to STAS status

Variables All patients n=207 STAS (+) n=118 STAS (-) n=89 p value

Age, median (min-max)
<70 years, n (%)
≥70 years, n (%)

64 (39-82)
163 (78.7%)
44 (21.3%)

64 (41-82)
91 (77.1%)
27 (22.9%)

62 (39-81)
72 (80.9%)
17 (19.1%)

0.37
0.61

Sex, n (%)
Female
Male

45 (21.7%)
162 (78.3%)

20 (16.9%)
98 (83.1%)

25 (28.1%)
64 (71.9%) 0.06

Smoking status, n (%)
Never smoker
Active/former-smoker

35 (17.8%)
162 (82.2%)

19 (17%)
93 (83%)

16 (18.8%)
69 (81.2%) 0.86

Type of surgery, n (%)
Wedge 
Lobectomy
Pneumonectomy

11 (5.3%)
185 (89.4%)

11 (5.3%)

3 (2.5%)
111 (94.1%)

4 (3.4%)

8 (9%)
74 (83.1%)

7 (7.9) 0.038

TNM stage, n (%)
1A
1B
2A
2B
3A

74 (35.7%)
48 (23.2%)
13 (6.3%)

34 (16.4%)
38 (18.4%)

31 (26.3%)
24 (20.3%)
10 (8.5%)
2.5 (2.2%)
28 (23.7%)

43 (48.3%)
24 (27%)
3 (3.4%)

9 (10.1%)
10 (11.2%)

0.001

Pathological type, n (%)
Adenocarcinoma 
SqCC
LC-NEC

126 (60.9%)
70 (33.8%)
11 (5.3%)

67 (56.8%)
46 (39%)
5 (4.2%)

59 (66.3%)
24 (27%)
6 (6.7%) 0.17

Histological grading, n (%)
Good
Moderate
Poor

21 (10.9%)
124 (64.6%)
47 (24.5%)

7 (6.4%)
69 (62.7%)
34 (30.9%)

14 (17.1%)
55 (67.1%)
13 (15.9%) 0.009

LVI, n (%)
Presence 
Absence

85 (41.1%)
122 (58.9%)

56 (47.5%)
62 (52.5%)

29 (32.6%)
60 (67.4%)

   
0.033

VPI, n (%)
Presence 
Absence

61 (29.5%)
146 (70.5%)

38 (32.2)
80 (67.8%)

23 (25.8%)
66 (74.2%)

0.358

Adenocarcinoma subtypes, n (%)
Lepidic
Acinar 
Solid 
Papillary
Micropapillary

126 (100%)
68 (54%)

90 (71.4%)
54 (42.9%)
47 (39.3%)
19 (15.1%)

30 (44.8%)
46 (68.7%)
33 (49.3%)
24 (35.8%)
13 (19.4%)

38 (64.4%)
44 (74.6%)
21 (35.6%)
23 (39%)
6 (10.2%)

0.032
0.554
0.122
0.854
0.212

PDL1, n (%)
<1
≥1

78 (100%)
53 (67.9%)
25 (32.1%)

34 (67.3%)
18 (32.7%)

16 (69.6%)
7 (30.4%) 0.843

Mutational status, n (%)
EGFR
KRAS
None

76 (100%)
8 (10.5%)
5 (6.6%)

63 (82.9%)

5 (9.6%)
4 (7.7%)

43 (82.7%)

3 (12.5%)
1 (4.2%)

20 (83.3%) 0.793

Adjuvant CT, n (%)
Presence 
Absence

141(68.1%)
66 (31.9%) 88 (74.6%)

30 (25.4%)
53 (59.6%)
36 (40.4%) 0.024

Progression 81 (39.1%) 62 (52.5%) 19 (21.3%) <0.001

Exitus 49 (23.7%) 33 (28%) 16 (18%) 0.102
STAS: Spread through air spaces, LVI: Lymphovascular invasion, VPI: Visceral pleural invasion, DFS: Disease-free survival, OS: Overall survival, CT: Chemotherapy, EGFR: Epidermal growth factor receptor; 
KRAS: Kirsten rat sarcoma virus, PD-L1: Programmed death ligand 1, SqCC: Squamous cell carcinoma, LC-NEC: Large cell neuroendocrine carcinoma, TNM: Tumor-node-metastasis (staging system).
Note: Percentages in Table 1 are calculated column-wise. Chi-square test was used for comparisons between STAS-positive and STAS-negative groups.
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molecular alterations did not significantly differ between 
STAS-positive and STAS-negative groups (p>0.05 for all 
comparisons).

Adjuvant chemotherapy was administered to 68.1% of patients 
and was significantly more common in the STAS-positive 
group (74.6% vs. 59.6%, p=0.024). No patients received 
induction therapy before surgery.

Impact of STAS on Survival Outcomes
The median follow-up duration was 36.5 months. During 
this period, the estimated median DFS was 51.7 months, and 
the median OS was 90.6 months.  However, CIs could not be 
calculated because of the high proportion of censored cases.

STAS-positive patients had significantly worse survival 
outcomes. The median DFS in the STAS-positive group was 
29.9 months (95% CI: 20.6–39.4), while it was not reached in 
the STAS-negative group (p<0.001). Similarly, the median OS 
was 62.3 months (95% CI: 35.2–89.4) in STAS-positive patients 
and was not reached in the STAS-negative group (p=0.017). 
Kaplan-Meier survival curves for DFS and OS according to 
STAS status are presented in Figure 1, 2.

In univariable analysis, in addition to STAS positivity, several 
clinicopathological variables were significantly associated 
with shorter DFS. Poor tumor differentiation (HR: 2.36; 95% 
CI: 1.56-3.58; p<0.001), presence of LVI (HR: 1.84; 95% CI: 
1.19-2.86; p=0.006) and VPI (HR: 1.90; 95% CI: 1.21-2.97; 
p=0.005) were also significantly associated with worse DFS. 
Patients who received adjuvant chemotherapy had shorter DFS 
compared to those who did not (HR: 1.87; 95% CI: 1.12-3.14; 
p=0.016). In contrast, age, sex, smoking status, type of surgery, 
and histologic subtype were not significantly associated with 
DFS. Three-year DFS rates differed significantly according to 
TNM stage, with stage IA showing the most favorable rate 
(73.6%). Table 2 summarizes the univariable analyses for DFS 
and OS.

In the multivariable Cox regression model, STAS positivity 
remained an independent predictor of disease recurrence (HR: 
2.38; 95% CI: 1.34–4.23; p=0.003). VPI was also significantly 
associated with shorter DFS (HR: 1.79; 95% CI: 1.03–3.10; 
p=0.038), as was poor differentiation (HR: 3.53; 95% CI: 1.17–
10.62; p=0.025). TNM stage, LVI, and adjuvant chemotherapy 
were not statistically significant in this model. 

In the multivariable model for OS, age ≥70 years was 
independently associated with poorer survival (HR: 2.50; 
95% CI: 1.27–4.92; p=0.008). Although STAS positivity (HR: 
1.86; 95% CI: 0.93–3.72; p=0.079) and poor differentiation 
(HR: 3.05; 95% CI: 0.84–11.03; p=0.090) demonstrated a trend 
toward poorer OS, these did not reach statistical significance. 
Other variables, including TNM stage, LVI, and adjuvant 
chemotherapy, were not independently associated with OS. 
Multivariable Cox regression analyses for DFS and OS are 
presented in Table 3.

DISCUSSION 
In this retrospective cohort study, we demonstrated that the 
presence of STAS was significantly associated with several 
adverse clinicopathological features, including higher 
pathological stage, poor tumor differentiation, and LVI. In 
multivariable analyses, STAS emerged as an independent 
predictor of DFS (HR: 2.38; 95% CI: 1.34–4.23; p=0.003). These 
findings suggest that STAS is not merely a histopathological 
observation but may reflect a more aggressive tumor biology, 
contributing to an increased risk of recurrence even in early-
stage disease.

The incidence of STAS in our cohort was 57%, which is within 
the higher range reported in the literature. Previous studies, 
such as those by Toyokawa et al.10 and Gutierrez-Sainz et al.,16 
reported STAS positivity rates of 71.2% and 73%, respectively. 
These elevated rates were largely attributed to the inclusion of 
patients with more advanced disease stages (stage II and III) in 
their cohorts. Similarly, our study also revealed a significant 
association between STAS positivity and higher pathological 
stage; stage IA disease was notably more frequent among 
STAS-negative patients (48.3% vs. 26.3%, p=0.001). These 
results support earlier findings that STAS is closely linked to 
tumor aggressiveness and may reflect more advanced tumor 
biology.

Figure 1. Kaplan-Meier curves for disease-free survival (DFS) according to 
STAS status. Median DFS was 29.9 months in STAS-positive patients and not 
reached in STAS-negative patients (log-rank p<0.001).
STAS: Spread through air spaces

Figure 2. Kaplan-Meier curves for overall survival (OS) according to STAS 
status. STAS-positive patients had significantly shorter median OS compared 
to STAS-negative patients (62.3 vs. not reached; p=0.017).
STAS: Spread through air spaces
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In addition to pathological stage, STAS was also associated with 
tumor histologic subtype and differentiation.17,18 In our study, 
STAS was more frequently observed in poorly differentiated 
tumors, further supporting its link to aggressive tumor 
behavior. Among adenocarcinoma subtypes, the absence of a 
lepidic component was associated with the presence of STAS. 

Consistent with our findings, studies by Xie et al.19 and Cao et 
al.20 have also demonstrated that the solid growth pattern is 
significantly correlated with STAS positivity.

The prognostic importance of STAS is increasingly 
recognized in the literature. In a recent study by Chen et 

Table 2. Univariable analysis for DFS and OS

Univariable for DFS Univariable for OS

Variables 3 year DFS (%) HR (95% CI) p value HR p value 

<70 years
>70 years

59.2
54.4

Reference 
1.19(0.70-2.04) 0.509 Reference 

2.48 (1.37-4.50) 0.003

Female 
Male 

62.6
56.9

Reference 
1.34 (0.76-2.36) 0.296 Reference 

1.42 (0.66-3.05) 0.358

Never smoker 
Active/former smoker

51.2
58.3

Reference 
1.08 (0.59-1.96) 0.800 Reference 

1.15 (0.51-2.58) 0.720

Wedge resection
Lobectomy 
Pneumonectomy

60.0
58.8
48.5

Reference 
0.85 (0.31-2.35)
1.12 (0.30-4.19)

0.815
0.766
0.863

Reference 
0.61 (0.28-1.71)
1.45 (0.39-5.45)

0.140
0.347
0.575

TNM stage
1A
1B
2A
2B
3A

73.6
69.7
41.0
34.2
40.9

Reference 
0.97 (0.48-1.96)
2.73 (1.15-6.48)
2.76 (1.47-5.18)
3.00 (1.60-5.51)

<0.001
0.945
0.022
0.002

<0.001

Reference 
0.52 (0.18-1.48)

3.78 (1.42-10.04)
2.00 (0.89-4.46)
2.45 (1.13-5.31)

0.003
0.226
0.008
0.091
0.023

LVI 
Absent
Present 

68
44.6

Reference 
1.84 (1.19-2.86) 0.006 Reference 

1.87 (1.06-3.31) 0.030

VPI
Absent
Present

65.3
42.3

Reference 
1.90 (1.21-2.97) 0.005 Reference 

1.54 (0.86-2.78) 0.144

STAS 
Absent
Present

76.1
44.1

Reference 
3.60 (2.13-6.06) <0.001 Reference 

2.10 (1.13-3.90) 0.019

Differantiation
Good 
Intermediate
Poor 

77.0
63.0
38.9

Reference 
2.13 (0.76-5.98)
5.19(1.80-14.95)

<0.001
0.147
0.002

Reference 
1.36 (0.41-4.53)

3.53 (0.88-10.66)

0.030
0.613
0.077

Histological subtype
Adenocancer 
Squamous cell cancer
Others

58.5
58.9
50.9

Reference 
0.86 (0.53-6.40)
1.27 (0.50-3.21)

0.693
0.562
0.601

Reference 
1.66 (0.90-3.03)
3.30 (1.24-8.77)

0.350
0.099
0.016

Adjuvant CT
Absent
Present

72.7
51.5

Reference 
1.87 (1.12-3.14) 0.016 Reference 

2.36 (1.14-4.89) 0.020

STAS: Spread through air spaces, LVI: Lymphovascular invasion, VPI: Visceral pleural invasion, DFS: Disease-free survival, OS: Overall survival, HR: Hazard ratio, CI: Confidence interval, CT: Chemotherapy, 
TNM: Tumor-node-metastasis (staging system)

Table 3. Multivariable Cox regression analysis for DFS and OS

DFS OS

Variables HR (95% CI) p value HR (95% CI) p value

Age <70 vs >70 2.50 (1.27-4.92) 0.008

TNM stage 
1A vs
1B
2A
2B
3A

Reference 
0.54 (0.22-1.36)
0.99 (0.35-2.79)
1.08 (0.41-2.88)
1.26 (0.49-3.20)

0.337
0.198
0.994
0.867
0.625

Reference
0.25 (0.07-0.89) 
1.29 (0.40-4.09)
0.59 (0.19-1.81)
0.98 (0.34-2.77)

0.106
0.032
0.666
0.364
0.976

LVI (absent vs present) 1.49 (0.86-2.56) 0.148 1.79 (0.89-3.58) 0.100

VPI (absent vs present) 1.78 (1.03-3.10) 0.038

STAS (absent vs present) 2.38 (1.34-4.23) 0.003 1.85 (0.93-3.71) 0.079

Differantiation
Good vs intermediate
Good vs poor

Reference
1.58 (0.55-4.50)
3.53 (1.17-10.6)

0.005
0.389
0.025

Reference
1.30 (0.38-4.41)

3.04 (0.84-11.03)

0.036
0.667
0.090

Adjuvant CT 1.08 (0.49-2.35) 0.844 2.20 (0.81-5.92) 0.119
STAS: Spread through air spaces, LVI: Lymphovascular invasion, VPI: Visceral pleural invasion, DFS: Disease-free survival, OS: Overall survival, HR: Hazard ratio, CI: Confidence interval, CT: Chemotherapy, 
TNM: Tumor-node-metastasis (staging system).
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al.21 focusing on stage IA lung adenocarcinoma ≤2 cm, STAS 
was found in 43.4% of cases, and its association with adverse 
pathological features, including poor differentiation and LVI, 
was confirmed. Importantly, STAS remained an independent 
prognostic factor for OS in multivariate analysis. Similarly, 
another study showed that STAS was associated with worse 
5-year DFS and OS in stage IB (T2aN0) NSCLC patients, 
emphasizing its impact even in early stage disease.6 A large-
scale analysis by the International Association for the Study of 
Lung Cancer (IASLC) included 4.061 resected NSCLC cases 
and found STAS in 22.9% of tumors. In this study, STAS was 
independently associated with both DFS and OS, regardless of 
disease stage. Based on these data, the authors suggested that 
STAS should be included in the 9th TNM classification, along 
with factors such as visceral pleural and LVI.5 According to 
our findings, STAS is an independent prognostic marker for 
DFS. While a trend toward worse OS was observed in STAS-
positive patients, this association did not reach statistical 
significance in our multivariate analysis (HR: 1.86; 95% CI: 
0.93–3.72; p=0.079). This may be explained by the relatively 
low number of events and the limited follow-up duration in 
our cohort, both of which could have reduced the statistical 
power to detect a significant difference. With longer follow-up 
and larger patient numbers, the prognostic impact of STAS on 
OS may become more evident.

Our study did not find a significant association between STAS 
and molecular markers such as PD-L1 expression or driver 
mutations. However, this should be interpreted cautiously, 
as molecular testing was unavailable in approximately two-
thirds of patients. This reflects the national healthcare context 
in Turkiye during the study period, when molecular testing 
was not routinely performed for early-stage NSCLC due to 
lack of reimbursement and limited access to targeted therapies 
and immunotherapies. Consequently, molecular profiling was 
often limited to patients with recurrence, thereby reducing 
the ability to explore correlations between STAS and specific 
molecular alterations in the overall cohort. 

The relationship between STAS and molecular alterations 
remains controversial in the literature. Lee et al.17 and 
Gutierrez-Sainz et al.16 found that EGFR mutations were less 
common in STAS-positive tumors, suggesting a potential 
inverse correlation.  In contrast, Tian et al.22 reported that 
STAS was more frequently observed in EGFR-mutant tumors 
and, demonstrated a significant association between ALK 
alterations and STAS positivity. Further insights were gained 
from a recent large-scale genomic profiling study by Ye et 
al.23 who analysed 442 resected lung adenocarcinomas using 
next-generation sequencing. They found that EGFR mutations 
were significantly less frequent in STAS-positive tumors 
(52.5% vs. 69.7%, p<0.001), while TP53 mutations and ALK 
rearrangements were enriched in the STAS-positive group. 
Taken together, these conflicting and evolving data underline 
the complexity of STAS pathogenesis and highlight the need 
for further large-scale studies with standardized molecular 
profiling to clarify these associations.

In our study, lobectomy was more commonly performed 
in STAS-positive patients. The number of patients who 
underwent sublobar resection in our cohort was limited, 

which restricts our ability to draw definitive conclusions 
regarding the impact of STAS positivity on surgical outcomes 
in this subgroup. Several studies have reported that patients 
with STAS-positive tumors who undergo sublobar resections 
such as wedge resection or segmentectomy have higher 
recurrence rates and worse disease-free and OS compared to 
those who undergo lobectomy.24,25 However, this association 
remains controversial. Kagimoto et al.26 found that 
segmentectomy provided comparable oncologic outcomes 
to lobectomy in patients with stage IA lung adenocarcinoma 
with STAS, without increasing the risk of locoregional 
recurrence. Furthermore, some investigators have suggested 
that adjuvant therapy may be warranted in STAS-positive 
patients undergoing sublobar resections, particularly in early-
stage disease, to mitigate the risk of recurrence.27 Overall, 
these results highlight the importance of considering STAS as 
both a prognostic biomarker and a factor that may influence 
surgical decision-making; however, these conclusions should 
be interpreted with caution and require validation in larger 
studies.

Limitations
This study has several limitations. First, it was a retrospective, 
single-center analysis, which may have introduced selection 
bias and limited the generalizability of the results. Second, 
although the cohort size was moderate, the number of events 
and duration of follow-up may have been insufficient to detect 
statistically significant differences in OS. Third, molecular 
testing was not performed in a substantial proportion of 
patients, and as a result, our ability to comprehensively 
evaluate the association between STAS and specific molecular 
alterations was limited.

CONCLUSION
As a result, our findings confirm that the presence of STAS is 
significantly associated with adverse pathological features and 
independently predicts DFS in resected NSCLC. These results 
highlight the potential clinical utility of STAS as a prognostic 
biomarker particularly in early-stage disease. Future 
prospective studies with longer follow-up and comprehensive 
molecular profiling are needed to validate and expand these 
findings.
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ABSTRACT
Aims: The polyuria–polydipsia syndrome encompasses three major disorders—arginine vasopressin (AVP) deficiency, AVP 
resistance, and primary polydipsia. This study aimed to differentiate AVP deficiency from primary polydipsia by evaluating 
clinical features, biochemical markers, and anterior pituitary hormone levels, using the water deprivation test as the primary 
diagnostic modality.
Methods: This retrospective observational study included 34 adult patients with polyuria–polydipsia syndrome who underwent 
a standardized inpatient water deprivation test. Patients were categorized into AVP deficiency (complete or partial) or primary 
polydipsia based on urine osmolality responses to dehydration and desmopressin. Clinical data, daily fluid intake, and nocturia 
frequency were recorded. Serum electrolytes and anterior pituitary hormones (LH, GH) were analyzed.  
Results: AVP deficiency was diagnosed in 76.4% of patients (58.8% complete, 17.6% partial), while 23.5% had primary polydipsia. 
LH and GH levels were significantly higher in the primary polydipsia group (p=0.011 and p=0.028, respectively), whereas 
AVP deficiency was associated with lower gonadotropin levels, especially in postoperative cases. Serum sodium, chloride, and 
magnesium levels were significantly lower in primary polydipsia (p<0.05), reflecting dilutional hyponatremia. Urine osmolality 
was significantly higher in primary polydipsia (p=0.011), indicating preserved concentrating ability. Nocturia occurred in 96.2% 
of patients with AVP deficiency versus 12.5% in primary polydipsia (p<0.001). 
Conclusion: The water deprivation test remains a valuable diagnostic tool for differentiating AVP deficiency from primary 
polydipsia. These retrospective findings may serve as predictive indicators in the differential diagnosis, particularly in clinical 
settings where water deprivation tests and copeptin testing are not readily available. Incorporating nocturia frequency, serum 
electrolytes, and anterior pituitary hormone levels particularly LH and GH may improve diagnostic precision and facilitate 
individualized management. 
Keywords: Polyuria–polydipsia syndrome, arginine vasopressin deficiency, primary polydipsia, water deprivation test

INTRODUCTION
The polyuria–polydipsia syndrome encompasses three 
major disorders characterized by excessive urine production 
(polyuria) and increased fluid intake (polydipsia): arginine 
vasopressin (AVP) deficiency (formerly central diabetes 
insipidus), AVP resistance (previously nephrogenic diabetes 
insipidus), and primary polydipsia.1,2 Despite sharing similar 
clinical presentations, these conditions differ significantly in 
their pathophysiology and management.3,4

AVP deficiency results from impaired AVP synthesis or 
secretion in the hypothalamic–pituitary axis and typically 
necessitates treatment with desmopressin to maintain 
water homeostasis.1,5 AVP resistance occurs when the 
renal collecting ducts do not respond to AVP, often due 
to hereditary receptor mutations or acquired causes such 

as lithium-induced nephrotoxicity.6 Primary polydipsia, 
on the other hand, involves excessive water intake that 
suppresses endogenous AVP release; management generally 
consists of fluid restriction and, in some cases, psychological 
interventions.2,7

Although acute excessive water intake in primary polydipsia 
can lead to hyponatremia, most patients maintain normal 
sodium levels unless intake exceeds renal excretory capacity. 
In AVP deficiency or resistance, patients may develop 
hypernatremia and dehydration if fluid intake is inadequate, 
but many maintain normonatremia when water access is 
unrestricted.6,7 Postoperative AVP deficiency, especially after 
neurosurgical or pituitary procedures, can compromise AVP 
secretion and disrupt the adjacent pituitary axis, resulting in 
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diminished levels of anterior pituitary hormones such as LH 
and GH.2 Psychiatric or stress-related factors may influence LH 
secretion, as stress has been shown to suppress LH pulsatility 
and reduce basal LH levels.4,8 Hence, a comprehensive 
endocrine workup, including both biochemical and hormonal 
evaluations, is crucial to ensure accurate diagnosis and 
appropriate management.4

The water deprivation test is commonly used to differentiate 
these disorders by assessing the kidneys' capacity to concentrate 
urine during dehydration, followed by administration of 
exogenous desmopressin.9 Although some centers continue 
to rely primarily on this test, newer techniques including 
hypertonic saline infusion and arginine-stimulated copeptin 
measurement have shown promise in diagnostic accuracy. 
Additionally, evaluating key serum electrolytes (sodium, 
chloride, magnesium) and anterior pituitary hormones (LH, 
GH, ACTH) may help distinguish among different types of 
polyuria–polydipsia syndromes.3

Despite the widespread use of the water deprivation test, 
differentiating between partial AVP deficiency and primary 
polydipsia remains challenging in clinical practice, especially 
in the absence of copeptin assays or when anterior pituitary 
function is not routinely evaluated. Furthermore, the 
integration of hormonal markers—such as LH and GH—
into the diagnostic framework is not well established in 
most existing studies. Therefore, this study aims to not only 
validate traditional clinical and biochemical criteria but also 
to explore the potential diagnostic utility of anterior pituitary 
hormones in distinguishing AVP deficiency from primary 
polydipsia. By addressing these gaps, our 9 findings may 
enhance diagnostic precision and contribute to more tailored 
therapeutic strategies.

METHODS
This study has been approved by the Ethics Committee of 
Clinical Researches No. 1 at Ankara Bilkent City Hospital 
(Date: 06.09.2023, Decision No: E1-23-3947) and conducted 
in accordance with the Declaration of Helsinki.

This retrospective observational study included patients 
presenting with polyuria and polydipsia to the Endocrinology 
Clinic of Ankara Bilkent City Hospital from February 
2019 to December 2024. A total of 35 patients underwent a 
standardized diagnostic evaluation, including the water 
deprivation test, conducted in the inpatient endocrinology 
unit.

Exclusion criteria included patients with significant comorbid 
conditions that could affect water metabolism or interfere 
with test interpretation. Specifically, patients were excluded 
if they had advanced chronic kidney disease (eGFR <30 ml/
min/1.73 m²), decompensated liver disease, uncontrolled 
diabetes mellitus, active malignancy, severe electrolyte 
disturbances at baseline (serum sodium <130 or >150 mEq/L), 
or inability to comply with test protocols due to cognitive or 
psychiatric disorders.

All patients underwent a standardized water deprivation test 
following hospital admission, in accordance with established 
clinical protocols.10 Participants were instructed to abstain 

from alcohol, diuretics, and desmopressin use for 24 hours 
prior to testing. Baseline measurements of body weight, 
serum sodium concentration, and plasma osmolality were 
obtained at 8:00 a.m. Urine samples were collected and urine 
osmolality was measured hourly throughout the dehydration 
period. The test was terminated upon either a ≥10% increase 
in urine osmolality between two consecutive samples or a 
≥2% reduction in body weight.

After test termination, 2 μg of intranasal desmopressin was 
administered. Urine osmolality was subsequently assessed 
at 30-minute intervals over the next two hours. A post-
desmopressin increase in urine osmolality of ≥50% was 
considered consistent with complete AVP deficiency, while 
an increase between 10% and 50% indicated partial AVP 
deficiency. Minimal or no change in urine osmolality, in the 
context of an adequate baseline value (typically >500 mOsm/
kg), was considered diagnostic of primary polydipsia. 

A single patient met diagnostic criteria for AVP resistance 
during the water deprivation test and was subsequently 
excluded from the analysis. In this case, AVP resistance was 
suspected to be secondary to chronic lithium therapy

For analytical purposes, patients with complete and partial 
AVP deficiency were merged into a single group (AVP 
deficiency), due to overlapping clinical features and similar 
management strategies. This grouping also allowed for 
enhanced statistical power in between-group comparisons.

Demographic data (age, sex, BMI) and clinical characteristics 
(symptom duration in months) were recorded. Nocturia 
frequency was classified as fewer than three, three to five, or 
more than five occurrences per night. Daily fluid consumption 
and urine output were categorized into four groups: less than 
5 liters, 5–10 liters, 10–15 liters, and more than 15 liters per 
day.

All participants underwent comprehensive biochemical 
and hormonal assessment during their initial outpatient 
endocrinology clinic visit.

All participants underwent comprehensive biochemical and 
hormonal assessment. Biochemical parameters included 
fasting blood glucose, blood urea nitrogen (BUN), creatinine, 
estimated glomerular filtration rate (eGFR), uric acid, 
albumin, serum electrolytes (sodium, potassium, chloride, 
calcium, magnesium, phosphorus), and plasma/urine 
osmolality. Urine specific gravity was also measured.

Hormonal evaluations involved thyroid hormones (TSH, free 
T4, free T3), gonadotropins (FSH, LH), sex hormones (estradiol, 
total testosterone), prolactin (PRL), adrenocorticotropic 
hormone (ACTH), cortisol, insulin-like growth factor-1 (IGF-
1), and growth hormone (GH).

Statistical Analysis
All data analyses were conducted using IBM SPSS Statistics 
version 26.0. The normality of continuous variables was 
assessed using the Shapiro-Wilk test. Continuous variables 
with normal distribution were analyzed using the independent 
samples t-test, while those without normal distribution were 
compared using the Mann-Whitney U test. Categorical 
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variables were analyzed using Fisher’s exact test. Descriptive 
statistics were expressed as mean±standard deviation 
(SD), median (minimum–maximum), or frequencies and 
percentages as appropriate. A p-value of <0.05 was considered 
statistically significant for all analyses.

RESULTS
Patient Characteristics 
Of the initial 35 patients evaluated, one was excluded due to a 
diagnosis of AVP resistance based on test findings. The patient 
had a history of chronic lithium use, suggesting secondary 
nephrogenic diabetes insipidus.

A total of 34 patients were included in the final analysis. The 
mean age was 42.7±12.6 years, and 41.2% were male. The mean 
BMI was 30.5±5.3 kg/m². The average symptom duration was 
91.97±155.3 months.

Based on the water deprivation test results, 58.8% (n=20) 
of patients were diagnosed with complete AVP deficiency, 
17.6% (n=6) with partial AVP deficiency, and 23.5% (n=8) 
with primary polydipsia. Notably, none of the patients in the 
primary polydipsia group experienced significant weight loss 
during the dehydration phase, which further supported the 
diagnosis (Table 1).

Hormonal Parameters 
Significant differences were observed in anterior pituitary 
hormone levels between groups. LH levels were significantly 
higher in the primary polydipsia group compared to the AVP 
deficiency group (11.78±11.99 vs. 5.65±7.77 U/L; p=0.011). 

Similarly, GH levels were elevated in primary polydipsia 
(0.43±0.39 µg/L vs. 0.27±0.54 µg/L; p=0.028).

ACTH levels were higher in the AVP deficiency group 
(31.90±13.70 pg/ml vs. 26.01±9.16 pg/ml), although this 
difference was not statistically significant (p=0.265). No 
significant differences were observed in cortisol, IGF-1, 
thyroid hormones, FSH, PRL, estradiol, or testosterone levels 
(Table 2).

Biochemical Parameters 
Primary polydipsia patients demonstrated significantly lower 
serum sodium (138±4 vs. 142±3 mEq/L; p=0.030), chloride 
(105±4 vs. 108±3 mEq/L; p=0.040), and magnesium (1.8±0.1 
vs. 2.0±0.2 mg/dl; p=0.010), reflecting dilutional effects from 
excessive fluid intake.

Urine osmolality was significantly higher in the primary 
polydipsia group (129±41 mOsm/kg) than in the AVP 
deficiency group (101±48 mOsm/kg; p=0.011. Plasma 
osmolality, creatinine, eGFR, calcium, and phosphorus levels 
did not differ significantly between the groups (Table 3).

Clinical Features 
Nocturia was present in 76.5% of the cohort. It was significantly 
more common in the AVP deficiency group than in primary 
polydipsia (96.2% vs. 12.5%; p<0.001). All patients reporting 
more than five episodes of nocturia per night belonged to the 
AVP deficiency group.

Daily fluid intake ranged from <5 to >15 liters/day. Most 
patients (58.8%) reported intake between 5–10 liters. Although 
patients with primary polydipsia tended to consume more 
fluid than those with AVP deficiency, this difference did not 
reach statistical significance (p=0.322).

Regarding etiology, psychogenic causes were exclusively 
observed in the primary polydipsia group. In contrast, AVP 
deficiency was attributed to idiopathic causes in 26.9%, 
postoperative causes in 26.9%, neurohypophyseal signal 
loss in 17.6%, hypophysitis in 11.8%, and rare lesions such as 
infundibulum metastasis and meningioma in 2.9% each.

Among the postoperative cases (n=9), five had non-functioning 
pituitary adenomas and two had craniopharyngiomas. All 
seven developed anterior hypopituitarism after surgery. 
Additionally, both patients with pituitary stalk meningioma 
and metastatic infundibular involvement underwent 
neurosurgical intervention and subsequently developed 
postoperative anterior pituitary hormone deficiencies. No 
patient had preoperative hypopituitarism documented prior 
to intervention (Table 4).

DISCUSSION
This study evaluated the clinical, hormonal, and biochemical 
profiles of patients with AVP deficiency and primary 
polydipsia, using the water deprivation test as the principal 
diagnostic tool. Our findings reinforce the utility of this test 
for distinguishing between these two conditions based on 
urinary and hormonal responses. We acknowledge that our 
study design lacks a comparator based on a current gold 
standard such as copeptin-based diagnostics. As a result, 

Table 1. Demographic, clinical, and etiological characteristics of patients 
with polyuria and polydipsia (n=34; one patient with AVP resistance 
excluded)

Patients n=34

Age (years), (SD) 42.7 (12.64)

Gender, female, n (%) 20 (58.8)

BMI (kg/m2) (SD) 30.5 (5.28)

Duration of polyuria and polydipsia (months) (SD) 91.97 (155.34)

Nocturia
Yes, n (%)
No, n (%)

26 (76.5)
8 (23.5)

Frequency of nocturia
<3, n (%)
3-5, n (%)
>5, n (%)

12 (46.2)
8 (30.8)
6 (23.1)

Fluid intake and output
<5, n (%)
5-10, n (%)
10-15, n (%)
>15, n (%)

2 (5.9)
20 (58.8)
8 (23.5)
4 (11.8)

Diagnosis
AVP deficiency, n (%)
Partial AVP deficiency, n (%)
Primary polydipsia, n (%)

20 (58.8)
6 (17.6)
8 (23.5)

Etiology
Idiopathic, n (%)
Post-operative, n (%)
Psychogenic, n (%)
Hypophysitis, n (%)
Infundibulum metastasis, n (%)
Meningioma, n (%)

13 (38.2)
7 (20.6)
8 (23.5)
4 (11.8)
1 (2.9)
1 (2.9)

SD: Standard deviation, BMI: Body-mass index, AVP: Arginine vasopressin
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our findings reflect internal consistency rather than external 
validation. Nevertheless, in many clinical settings where 
copeptin assays are unavailable, the water deprivation test 
remains the most feasible diagnostic approach. Our study 
aimed to assess whether additional clinical and hormonal 
parameters could enhance the interpretative value of the 
WDT in such real-world contexts.

Although the water deprivation test has known limitations 
in differentiating AVP deficiency from primary polydipsia, 
it continues to be widely used due to its accessibility and 
simplicity. By integrating clinical indicators—such as nocturia 

frequency and fluid intake—with biochemical and hormonal 
findings, we aimed to strengthen the diagnostic utility of this 
conventional test in routine endocrinology practice.

In our cohort, AVP deficiency was the predominant diagnosis 
(58.8%), followed by partial AVP deficiency (17.6%) and 
primary polydipsia (23.5%). This distribution mirrors 
patterns reported in tertiary endocrinology centers, where 
a significant portion of patients with polyuria-polydipsia 
syndrome are ultimately classified as having a complete or 
partial AVP deficiency.1,3 The mean age and BMI observed 
were consistent with previously described cohorts, reinforcing 

Table 2. Comparison of hormonal parameters between AVP deficiency and primary polydipsia groups

 

Diagnosis

AVP deficiency (n=26) Primary polydipsia (n=8)
pMean Min Max SD Mean Min Max SD

TSH, mIU/L 2.127 0.008 4.750 1.338 1.881 0.010 4.300 1.248 0.648a

fT4, ng/dl 1.07 0.67 1.39 0.17 1.20 0.89 2.10 0.41 0.745b

fT3, ng/L 3.37 1.90 4.20 0.53 3.57 3.05 4.20 0.40 0.344a

FSH, U/L 9.9 0.3 57.6 13.1 17.9 3.4 78.4 25.8 0.626b

LH, U/L 5.65 0.07 31.20 7.77 11.78 3.50 39.60 11.99 0.011b

E2, U/L 39.3 11.8 205.0 39.2 102.0 11.8 370.0 118.9 0.149b

Total testosteron, µg/L 1.3427 0.0700 4.5900 1.6421 2.1763 0.0900 7.3700 2.7889 0.443a

PRL, µg/L 15.73 0.60 112.50 21.70 21.03 5.40 48.00 15.71 0.155b

ACTH, pg/ml 31.90 5.00 57.30 13.70 26.01 13.30 37.20 9.16 0.265a

Cortisol, µg/dl 13.9 3.7 24.4 4.6 17.3 7.7 23.9 5.1 0.087a

IGF-1, µg/L 98 15 261 50 132 89 220 47 0.094a

GH, µg/L 0.27 0.05 2.20 0.54 0.43 0.10 1.10 0.39 0.028b

AVP: Arginine vasopressin, Min: Minimum, Max: Maximum, SD: Standard deviation, TSH: Thyroid stimulating hormone, fT4: Free thyroxine, fT3: Free triiodothyronine, FSH: Follicle- stimulating hormone, 
LH: Luteinizing hormone, E2: Estrodiol, PRL: Prolactin, ACTH: Adrenocorticotropic hormone, IGF-1: Insulin-like growth factor 1, GH: Growth hormone, a: Independent Samples t-test, b: Mann-Whitney U test

Table 3. Comparison of biochemical parameters between AVP deficiency and primary polydipsia groups

 
Diagnosis

AVP deficiency (n=26) Primary polydipsia (n=8)
pMean Min Max SD Mean Min Max SD

Duration of polyuria and polydipsia (month) 91 1 660 159 113 1 480 168 0.451b

Fasting blood glucose, mg/dl 90 70 110 10 86 74 108 10 0.238b

BUN, mg/dl 21 13 30 5 21 14 32 7 0.986a

Creatinine, mg/dl 0.75 0.56 1.06 0.15 0.68 0.58 0.87 0.10 0.249a

eGFR, ml/min/1.73m2 104 74 134 16 115 96 132 11 0.215b

Uric asid, mg/dl 6.0 4.2 9.4 1.3 5.0 3.0 6.8 1.3 0.058a

Albumin, g/L 42.9 36.0 47.0 2.9 42.0 36.0 47.0 3.5 0.487b

Na, mEq/L 142 134 147 3 138 130 142 4 0.030a

K, mEq/L 4.2 3.6 5.1 0.3 4.2 3.9 4.7 0.3 0.982a

Cl, mEq/L 108 102 115 3 105 99 109 4 0.040a

Ca, mg/dl 9.5 8.8 10.3 0.4 9.4 8.5 10.4 0.6 0.341a

Mg, mg/dl 2.0 1.6 2.2 0.2 1.8 1.8 1.9 0.1 0.010a

P, mg/dl 4.0 2.1 5.0 0.6 4.3 3.4 5.0 0.6 0.314a

Plasma osmolarity, mOsm/kg 287 189 302 21 290 272 305 11 0.984b

Urine osmolarity, mOsm/kg 101 48 299 48 129 99 226 41 0.011b

Urine specific gravity 1004 1000 1009 2 1005 1002 1009 2 0.370a

AVP: Arginine vasopressin, Min: Minimum, Max: Maximum, SD: Standard deviation, BUN: Blood urea nitrite, eGFR: Estimated glomerular filtration rate, Na: Sodium, K: Potassium, Cl: Chlorine, Ca: Calcium, 
Mg: Magnesium, P: Phosphorus, a: Independent Samples t-test, b: Mann-Whitney U test
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the generalizability of our sample.4 The prolonged duration of 
symptoms observed in our cohort likely reflects a combination 
of under-recognition, delayed referral, and the intermittent 
or nonspecific nature of polyuria–polydipsia presentations. 
This pattern has been similarly reported in other studies 
and underscores the diagnostic challenges posed by these 
syndromes in real-world practice.

We observed significantly higher LH and GH levels in 
patients with primary polydipsia compared to those with AVP 
deficiency. These findings are consistent with the hypothesis 
that chronic psychogenic stress or psychiatric illness may 
stimulate hypothalamic-pituitary activation, leading to 
elevated gonadotropin and GH secretion.2,4,9 Conversely, 
reduced levels of these hormones in AVP deficiency, 
particularly among postoperative patients, may reflect 
impaired hypothalamic input or direct surgical injury to the 
pituitary stalk.2

Although ACTH levels were not statistically different between 
groups, their tendency to be elevated in AVP deficiency aligns 
with prior observations of hypothalamic–pituitary–adrenal 
(HPA) axis compensation in the context of chronic free water 
loss.5,11

These findings suggest that selected anterior pituitary 
hormones—particularly LH and GH—may serve as 
adjunctive markers in the differential diagnosis of polyuria–
polydipsia syndromes, especially in settings where copeptin 
measurement is not available.8 GH secretion is known to 
exhibit significant interindividual variability and is influenced 
by multiple factors, including age, body composition, and 
comorbidities such as diabetes mellitus. While our study did 
not perform multivariate adjustment for these variables, the 
lack of significant difference in IGF-1 levels between groups 
supports the possibility that observed differences in GH may 
not reflect a true endocrine disturbance, but rather context-
dependent variability.12

We considered menopausal status in the interpretation 
of LH values. While elevated LH levels in some primary 
polydipsia patients may reflect postmenopausal physiology, 
the overall trend observed—particularly in male patients and 
premenopausal women—suggests that additional factors such 
as psychogenic stress may also play a role.

The observed reduction in LH and GH levels in patients 
with AVP deficiency was particularly pronounced in those 
with a history of neurosurgical intervention. In our cohort, 
nine patients underwent surgery for sellar or suprasellar 
lesions, including pituitary adenomas, craniopharyngiomas, 
meningioma, and metastatic lesions. All of these patients 
developed anterior hypopituitarism postoperatively, whereas 
none had documented pituitary hormone deficiencies prior 
to surgery. These findings highlight the impact of surgical 
disruption of the hypothalamic–pituitary axis on anterior 
pituitary hormone secretion, particularly gonadotropins 
and GH. Therefore, when interpreting hormonal patterns 
especially in postoperative patients acquired pituitary 
insufficiency should be considered as a potential confounder in 
the differential diagnosis of polyuria–polydipsia syndromes.

Estradiol and testosterone levels are known to vary with 
age and reproductive status. Although we recorded these 
parameters, our analysis did not include age-adjusted 
stratification due to limited subgroup size. Importantly, these 
hormones were not central to the primary aim of the study 
and were analyzed for descriptive purposes. Future studies 
may incorporate age- and sex-specific hormone reference 
ranges to improve interpretability.

Patients with primary polydipsia exhibited significantly lower 
serum sodium, chloride, and magnesium levels, consistent 
with dilutional effects of excessive water consumption.9,13 
While hyponatremia may suggest primary polydipsia, 
particularly in acute presentations, it is not always sufficient 
to establish a definitive diagnosis. Some patients presented 

Table 4. Comparison of nocturia, fluid intake, and etiological factors between AVP deficiency and primary polydipsia groups

 
Diagnosis

Total x² pAVP deficiency (n=26) Primary polydipsia (n=8)

Nocturia
Yes 25 (96.2%) 1 (12.5%) 26 (76.5%)

22.595 0.000a

No 1 (3.8%) 7 (87.5%) 8 (23.5%)

Frequency of nocturia

<3 11 (44.0%) 1 (100.0%) 12 (46.2%)

1.367 1.000a3-5 8 (32.0%) 0 (0.0%) 8 (30.8%)

>5 6 (24.0%) 0 (0.0%) 6 (23.1%)

Fluid intake and output (litres)

<5 1 (3.8%) 1 (12.5%) 2 (5.9%)

3.146 0.322a
5-10 17 (65.4%) 3 (37.5%) 20 (58.8%)

10-15 5 (19.2%) 3 (37.5%) 8 (23.5%)

15-20 3 (11.5%) 1 (12.5%) 4 (11.8%)

Etiology

Idiopathic 13 (50.0%) 0 (0.0%) 13 (38.2%)

27.070 0.000a

Post-operative 7 (27%) 0 (0.0%) 7 (20.6%)

Psychogenic 0 (0.0%) 8 (100.0%) 8 (23.5%)

Hypophysitis 4 (15.4%) 0 (0.0%) 4 (11.8%)

Infundibulum metastasis 1 (3.8%) 0 (0.0%) 1 (2.9%)

Menengiom 1 (3.8%) 0 (0.0%) 1 (2.9%)

AVP: Arginine vasopressin, a: Fisher’s Exact test
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with chronic, fluctuating symptoms or overlapping features, 
prompting further evaluation. In our cohort, water deprivation 
testing was conducted to clarify diagnosis and exclude other 
etiologies, especially in cases where clinical and biochemical 
findings were inconclusive at baseline. In contrast, the relative 
elevation of sodium and chloride levels in AVP deficiency 
reflects free water loss and the risk of hypernatremia if 
untreated.1,7,14

Interestingly, urine osmolality was significantly higher in 
the primary polydipsia group despite persistent polyuria. 
Although absolute urine osmolality values remained low in 
both groups, the relatively higher levels observed in primary 
polydipsia may reflect a partially preserved concentrating 
ability. This is consistent with previous studies suggesting that 
renal concentrating capacity may improve under supervised 
fluid restriction in chronic polydipsia cases. This suggests 
that at least partial concentrating ability is preserved in 
these patients and may become apparent during supervised 
fluid restriction. This observation supports previous reports 
indicating reversibility of renal concentrating dysfunction in 
primary polydipsia when excessive intake is curtailed.11,14

The absence of a significant difference in plasma osmolality 
between groups highlights a potential limitation of static 
plasma values in differentiating AVP deficiency from primary 
polydipsia, particularly at baseline.

Nocturia was found to be a highly discriminative symptom 
in our cohort, occurring in 96.2% of patients with AVP 
deficiency but only 12.5% of those with primary polydipsia. 
These findings align with the physiological role of AVP 
in promoting nocturnal antidiuresis and support prior 
reports that highlight nocturia as a clinical hallmark of AVP 
deficiency.2,11 Moreover, all patients reporting >5 nocturnal 
episodes belonged to the AVP deficiency group, suggesting 
that frequent nocturia may serve as a clinically useful, albeit 
non-specific, diagnostic indicator.

Although daily fluid intake tended to be higher in primary 
polydipsia, this difference did not reach statistical 
significance—potentially due to overlapping behavior patterns 
and subjective variability in intake reporting.

From an etiological standpoint, our findings confirmed that 
psychogenic factors underlie all cases of primary polydipsia, 
while AVP deficiency was associated with a heterogeneous set 
of causes, including idiopathic, postoperative, inflammatory, 
and neoplastic conditions. These results underscore the 
need for comprehensive diagnostic evaluation including 
neuroimaging and clinical history in cases suggestive of AVP 
deficiency.

While the water deprivation test has limitations,3 it remains 
accessible in most clinical settings. Our findings suggest that 
integrating clinical parameters such as nocturia frequency 
and anterior pituitary hormone levels may enhance diagnostic 
confidence in routine practice.

In recent years, the water deprivation test has been increasingly 
challenged by novel diagnostic methods such as copeptin-

based testing. Among these, arginine-stimulated copeptin 
measurement has emerged as a promising alternative with 
notable advantages. Recent studies show that hypertonic 
saline-stimulated copeptin testing yields a sensitivity of 93.2% 
and a specificity of 100% in differentiating primary polydipsia 
from central diabetes insipidus, whereas the traditional water 
deprivation test offers an accuracy of only 73.3%.8 Similarly, the 
arginine-stimulated test demonstrates a diagnostic accuracy 
of 93% (sensitivity 93%, specificity 92%) along with superior 
safety and patient comfort.15 Unlike the water deprivation 
test, which requires prolonged inpatient monitoring (8–16 
hours) and poses a risk of severe dehydration, copeptin assays 
can be performed in outpatient settings within 2–3 hours, 
with minimal side effects.8,15 However, broader adoption of 
copeptin measurement remains limited due to its higher cost, 
requirement for specialized laboratory infrastructure, and 
restricted accessibility in many healthcare systems. In settings 
where copeptin testing is unavailable, our findings indicate 
that the diagnostic performance of the traditional water 
deprivation test may be improved by incorporating additional 
clinical indicators such as nocturia frequency and anterior 
pituitary hormone levels.

Limitations
We acknowledge the inherent limitation of relying solely 
on the WDT without external validation such as copeptin-
based assays. Second, the relatively small sample size and 
unequal group distribution (26 patients with AVP deficiency 
vs. 8 with primary polydipsia) may limit the statistical power 
and generalizability of our findings. However, our study 
was not designed to re-validate the WDT itself, but rather to 
identify additional clinical and biochemical features that may 
aid interpretation in routine endocrinology settings where 
copeptin testing is unavailable. In this context, parameters 
such as nocturia frequency, serum electrolytes, and anterior 
pituitary hormone levels—particularly LH and GH—may 
improve diagnostic confidence when applied alongside the 
WDT.

Future research should focus on validating the diagnostic 
utility of anterior pituitary hormones particularly LH and GH 
as potential adjunctive markers in resource-limited settings. 
Moreover, large-scale, multicenter studies are needed to 
evaluate the long-term prognostic implications of these 
hormonal and biochemical patterns, and to refine diagnostic 
algorithms for polyuria–polydipsia syndrome.

CONCLUSION
In summary, this study highlights the continued relevance of 
the water deprivation test in differentiating AVP deficiency 
from primary polydipsia and suggests that selected anterior 
pituitary hormones may provide additional diagnostic insight. 
Clinical features such as nocturia frequency and biochemical 
markers including serum sodium and urine osmolality 
remain essential components of a comprehensive diagnostic 
approach. Tailoring diagnostic strategies to include endocrine 
and behavioral context may enhance accuracy and lead to 
more effective, individualized management plans.
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ABSTRACT
Aims: Effective postoperative analgesia is essential in thoracic surgery to preserve respiratory function, facilitate early mobilization, 
and reduce pulmonary complications. Thoracic epidural analgesia (TEA) has traditionally been regarded as the gold standard 
for pain control. However, the increasing use of minimally invasive approaches such as video-assisted thoracoscopic surgery 
(VATS) has prompted the adoption of ultrasound-guided peripheral regional anesthesia techniques, including the paravertebral 
block (PVB), erector spinae plane block (ESPB), and serratus anterior plane block (SAPB). This study aimed to compare TEA 
and peripheral regional blocks in terms of postoperative pain scores, opioid consumption, and recovery parameters in patients 
undergoing VATS procedures.
Methods: This retrospective study included patients who underwent elective VATS between January 2023 and January 2025. 
Based on the analgesic technique received, patients were divided into two groups: TEA (n=82) and peripheral block group 
(PER, n=65). Pain was assessed using the Visual Analog Scale (VAS) at the post-anesthesia care unit (PACU) and at 24, 48, and 
72 hours postoperatively. Opioid doses were standardized to morphine milligram equivalents (MME). Additional outcomes 
included intraoperative opioid use, postoperative rescue analgesia, length of hospital stay (LOS), complication rates, and 90-day 
mortality.  
Results: Patients in the TEA group had significantly lower VAS scores at all time points compared to the PER group (p<0.001). 
PACU opioid administration and total MME consumption were also significantly reduced in the TEA group (0 mg [IQR 0–2] 
vs. 2 mg [IQR 0–4], p<0.001). Although intraoperative opioid use was generally similar, TEA provided greater opioid-sparing 
effects. No significant differences were observed between groups in LOS, complication rates, or 90-day mortality. 
Conclusion: TEA demonstrated superior efficacy in postoperative pain control and opioid reduction compared to peripheral 
regional anesthesia techniques in patients undergoing VATS. While TEA remains the preferred option when feasible, ultrasound-
guided peripheral blocks offer a valuable alternative, particularly in patients with contraindications to neuraxial techniques.
Keywords: Thoracic epidural analgesia, video-assisted thoracoscopic surgery, paravertebral block, erector spinae plane block, 
serratus anterior plane block, postoperative pain

INTRODUCTION
Postoperative pain following thoracic surgery remains 
a major clinical concern due to its negative impact on 
respiratory mechanics, delayed mobilization, and increased 
risk of pulmonary complications.1 Effective pain control 
not only improves patient comfort but also contributes to 
preserving pulmonary function, minimizing complications, 
and reducing hospital length of stay (LOS).2

Thoracic epidural analgesia (TEA) has traditionally been 
considered the gold standard for postoperative pain 
management in thoracic procedures. By blocking nociceptive 
transmission at the spinal level, TEA provides effective and 

comprehensive analgesia.3 However, its routine clinical use is 
often limited due to technical complexity, the risk of severe 
central complications, and contraindications in specific 
patient populations.4,5

In recent years, ultrasound-guided peripheral regional 
anesthesia techniques have gained significant attention as 
alternative approaches to TEA.6 Among these, interfascial 
plane blocks such as the paravertebral block (PVB), erector 
spinae plane block (ESPB), and serratus anterior plane block 
(SAPB) have emerged as technically simpler, safer options 
associated with lower complication rates. PVB and ESPB are 
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strongly recommended by the PROSPECT group after VATS, 
and SAPB is also among the techniques that can provide 
effective analgesia.7 Although ESPB demonstrates superiority 
in intraoperative analgesia, it has also been shown that ESPB 
and SAPB provide similar efficacy in postoperative pain 
management.8 The safety and efficacy of these blocks are 
increasingly supported by case reports and clinical trials.9 As 
regional anesthesia approaches in thoracic surgery continue 
to evolve,10 there remains a need for further comparative 
analyses between TEA and these newer techniques. 

With the ongoing evolution of minimally invasive techniques, 
video-assisted thoracoscopic surgery (VATS) has become a 
preferred surgical approach due to reduced postoperative pain, 
shorter hospitalization, and fewer complications compared to 
open thoracotomy. The smaller incisions and limited tissue 
dissection in VATS procedures have encouraged the broader 
adoption of less invasive analgesic methods, particularly 
ultrasound-guided peripheral nerve blocks.11

Given the growing clinical experience and patient satisfaction 
associated with peripheral blocks, questions have emerged 
regarding their potential to replace TEA as the standard 
of care. In this context, the present retrospective study 
aimed to compare TEA and ultrasound-guided peripheral 
regional anesthesia techniques in terms of postoperative 
pain control, opioid consumption, and recovery outcomes in 
patients undergoing VATS. This study seeks to contribute to 
the ongoing optimization of analgesic strategies in thoracic 
surgery.

METHODS
Ethics
Ethical approval was obtained from the Koç University 
Committee on Human Researches (Date: 18.07.2025, 
Decision No: 2025.327.IRB1.054). The study was conducted in 
accordance with the principles outlined in the Declaration of 
Helsinki.

Study Design and Setting
This retrospective study was conducted using the shared 
clinical database of the Departments of Anesthesiology 
and Thoracic Surgery at Koç University Hospital. The study 
included patients who underwent VATS between January 
2023 and January 2025. 

Patient Selection
Patients were categorized into two groups based on the 
postoperative analgesic technique received: the TEA group, 
n=82 and the peripheral regional block group (PER group, 
n=65). Group allocation was determined according to 
standard clinical practice at the time of surgery, without 
randomization.

Inclusion criteria were as follows: age ≥18 years, elective 
VATS procedure (wedge resection, segmentectomy, or 
lobectomy), and availability of complete perioperative data. 
Exclusion criteria included thoracotomy, emergency surgery, 
incomplete medical records, reoperation within 72 hours, 
chronic opioid use prior to surgery, major intraoperative 

hemorrhage (>1.5 L), contraindications to regional anesthesia 
(e.g., coagulopathy or local infection), and procedures limited 
to diagnostic or minimal interventions (e.g., thoracentesis). 
Patients admitted to the intensive care unit (ICU) 
postoperatively were also excluded. Only those transferred to 
the ward after a standardized 1-hour follow-up in the post-
anesthesia care unit (PACU) were included.

All VATS procedures were performed using a standardized 
two-port technique. The first (camera) port was placed in the 
5th or 6th intercostal space along the mid-axillary line. The 
second (working) port was located in the 4th or 5th intercostal 
space, positioned either anteriorly or posteriorly depending 
on lesion location and surgical requirements. All operations 
were performed under general anesthesia using double-lumen 
endotracheal intubation to allow for single-lung ventilation.

Regional Anesthesia Techniques
All regional anesthesia procedures were performed under 
ultrasound guidance by an experienced anesthesiologist 
(M.M.), with over 10 years of experience in thoracic anesthesia 
and regional techniques. The block was administered at the 
end of surgery, immediately prior to extubation. Analgesic 
approaches included TEA, PVB, ESPB, or SAPB. The choice of 
technique was guided by surgical requirements and patient-
specific anatomy, without a predetermined preference or bias. 
Patients in the TEA group received postoperative analgesia via 
epidural patient-controlled analgesia (PCA), while patients in 
the PER group received intravenous PCA.

Data Collection
Demographic data (age, height, weight), American Society 
of Anesthesiologists (ASA) physical status classification, and 
surgical parameters (type of VATS procedure, pleurodesis, 
mediastinal lymph node dissection [MLND], and operative 
time) were retrieved from electronic health records

Intraoperative opioid use was recorded and converted to 
morphine milligram equivalents (MME) to standardize 
comparisons. Postoperative opioid administration in the 
PACU was noted as present or absent, and total administered 
doses were also converted to MME (mg). Pain was assessed 
using the Visual Analog Scale (VAS; 0–10) at four time points: 
PACU, and 24, 48, and 72 hours postoperatively, based on 
nursing records. Other outcomes included LOS, postoperative 
complications, unplanned reintubation, and 90-day mortality.

Statistical Analysis
The data analyses were conducted using IBM SPSS Statistics 
version 27.0 (IBM Corp., Armonk, NY, USA). The Shapiro–
Wilk test was used to assess the normality of distribution 
for continuous variables. Normally distributed variables 
were presented as mean±standard deviation (SD), and non-
normally distributed variables were expressed as median and 
interquartile range (IQR; 25th–75th percentile). Between-group 
comparisons were made using the independent samples t-test 
or Mann–Whitney U test for continuous variables, and the 
Chi-square test or Fisher’s exact test for categorical variables. 
A two-tailed p-value <0.05 was considered statistically 
significant.
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RESULTS
A total of 415 thoracic surgical procedures were reviewed. 
After applying inclusion and exclusion criteria, 147 patients 
were included in the final analysis: 82 in the TEA group and 
65 in the PER group (Figure 1).

Demographic and Surgical Characteristics
The two groups were comparable in terms of baseline 
characteristics. The mean age was 62.41±13.53 years in the TEA 
group and 64.46±12.54 years in the PER group (p=0.344). No 
significant differences were observed in height (167.04±9.12 
cm vs. 166.63±10.14 cm, p=0.802) or weight (73.37±14.76 kg 
vs. 74.35±13.16 kg, p=0.669). ASA physical status distribution 
(I/II/III) was similar between groups (TEA: 2/65/15 vs. PER: 
1/57/7, p=0.401).

VATS performed—wedge resection, segmentectomy, or 
lobectomy—did not differ significantly between the groups 
(p=0.474). Pleurodesis was performed in four patients in the 
TEA group and two in the PER group (p=0.584). MLND was 
conducted in 54 of 82 patients in the TEA group and 38 of 65 
in the PER group (p=0.358). The median operative time was 
125 minutes (IQR 110–150) in the TEA group and 120 minutes 
(IQR 112.5–142.5) in the PER group, with no statistically 
significant difference (p=0.070).

Intraoperative and Postoperative Opioid Use
Intraoperative fentanyl (75 µg vs. 100 µg, p=0.735) and 
remifentanil (300 µg vs. 250 µg, p=0.994) doses were similar 
between groups. However, the use of other intraoperative 
opioids (converted to MME) was significantly lower in the 
TEA group (median 2 mg [IQR 2–2]) compared to the PER 
group (2 mg [IQR 2–3], p=0.000).

PACU, opioid use was significantly less frequent in the TEA 
group (32.9%) than in the PER group (70.8%) (p=0.000). 
Additionally, the median PACU opioid dose was significantly 
lower in the TEA group (0 mg [IQR 0–2]) than in the PER 
group (2 mg [IQR 0–4], p=0.000).

Postoperative Pain Scores
VAS scores were consistently lower in the TEA group at all 
time points:

PACU: TEA 2.00 [0.00–5.00] vs. PER 5.00 [3.00–6.00], p=0.000

24 hours: TEA 1.00 [0.00–3.00] vs. PER 3.00 [1.00–4.00], 
p=0.000

48 hours: TEA 0.00 [0.00–2.00] vs. PER 3.00 [1.00–4.00], 
p=0.000

72 hours: TEA 0.00 [0.00–1.00] vs. PER 2.00 [0.00–3.00], 
p=0.000 (Figure 2).

Other Outcomes
LOS was 4 days in both groups (TEA: 4.00 [IQR 3–5] vs. PER: 
4.00 [IQR 3–4], p=0.238). No patients in either group required 
unplanned reintubation or experienced weaning failure 
beyond 48 hours (p=1.000 for both). Ninety-day mortality was 
observed in one patient in the TEA group and two patients in 
the PER group (p=0.429). Overall postoperative complication 
rates were comparable (TEA: 7/82 [8.5%] vs. PER: 5/65 [7.7%], 
p=0.853) (Table).

DISCUSSION
This retrospective study compared TEA with ultrasound-
guided peripheral regional anesthesia techniques in terms of 
postoperative pain control, opioid requirements, and recovery 
outcomes following VATS. The findings demonstrate that 
TEA provided significantly better postoperative analgesia 
than peripheral nerve blocks, as evidenced by consistently 
lower VAS scores and reduced opioid consumption at all time 
points up to 72 hours postoperatively.

In the TEA group, the median VAS score in the PACU was 
2.00, compared to 5.00 in the peripheral block group (PER), 
with statistically significant differences maintained at 24, 48, 
and 72 hours. These findings are supported by the significantly 
lower need for rescue opioids in the PACU and lower total 
opioid consumption—expressed in MME—in the TEA group.

Figure 1. Patient flow diagram
TEA: Thoracic epidural analgesia, PER: Peripheral regional block

Figure 2. Changes in Visual Analog Scale (VAS) scores for pain over time, 
categorized by group
TEA: Thoracic epidural analgesia, PER: Peripheral regional block, PACU: Post-anesthesia care unit
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Our results align with the findings of Adiyeke et al.,12 who 
reported that although TEA and PVB yielded similar outcomes 
in terms of early pain scores and ICU admission, TEA 
demonstrated superiority in several secondary parameters. 
This advantage may be attributable to the broader analgesic 
coverage provided by TEA, which includes both parietal and 
visceral components of thoracic pain through blockade of 
sympathetic and visceral fibers.13

Among the peripheral techniques evaluated in this study, 
PVB is generally considered the most centrally acting, with 
some literature reporting analgesic efficacy comparable to 
that of TEA. However, unless contraindicated, TEA continues 
to be regarded as the gold standard for thoracic surgical 
analgesia due to its depth and duration of effect.14 Similarly, 
TEA provides a broader range of analgesia by targeting both 
visceral and parietal pain components, giving it an advantage 
over peripheral techniques.15 In our study, this clinical 
superiority was supported not only by subjective pain scores 
but also by objective measures, including reduced PACU 
opioid demand and lower analgesic consumption over the 
first three postoperative days.

In the study by Jo et al.,16 it was found that all three procedures 
(PVB, ESPB and SAPB) reduced opioid use after VATS. PVB 
and ESPB were found to provide better pain control than 
SAPB. In contrast, a meta-analysis by Scorsese et al.17 found 
no statistically significant advantage of TEA over peripheral 
blocks such as PVB, ESPB, and SAPB. Despite the lack of 
significance, TEA consistently achieved greater analgesic 
efficacy. These discrepancies in findings across studies 

may stem from variations in block techniques, catheter use 
(single-shot vs. continuous), local anesthetic volumes, and 
study design. Similarly, our study showed no significant 
differences between the groups in terms of LOS, or pulmonary 
complications. Notably, the use of epidural PCA in the TEA 
group versus IV PCA in the peripheral group may explain the 
observed superiority in VAS scores in the TEA group.

In a systematic review of 16 randomized controlled trials, 
Lin et al.9 found that TEA, PVB and ESP provided effective 
postoperative analgesia after 24 hours, regardless of whether 
the single-shot or continuous catheter technique was used 
and excluding placebo or sham procedures. Despite the 
differences in PCA modality between the groups in our study, 
TEA showed superiority in both perioperative analgesic 
consumption and VAS scores up to 72 hours.

In our study, although TEA showed clear superiority in 
analgesic outcomes, there were no significant differences in 
LOS, complication rates, or 90-day mortality between the 
groups. This may be explained by the relatively low-risk nature 
of our patient, all of whom underwent minimally invasive 
VATS procedures and were managed postoperatively in the 
general ward.

It is important to emphasize that the inferior performance 
of peripheral blocks in our study should not imply 
ineffectiveness. Peripheral nerve blocks, especially ESPB 
and PVB, remain valuable options, particularly for patients 
with contraindications to neuraxial techniques or when 
TEA is technically challenging.18 ESPB, in particular, is 
widely adopted due to its ease of use and low complication 

Table. Comparison of demographic characteristics, surgical data, analgesic requirements, and postoperative outcomes between group TEA and group PER 
patients undergoing video-assisted thoracoscopic surgery (VATS) procedures

Group TEA (n=82) Group PER (n=65) p-value

Age (years) 62.41±13.53 64.46±12.54 0.344

Height (cm) 167.04±9.12 166.63±10.14 0.802

Weight (kg) 73.37±14.76 74.35±13.16 0.669

ASA scores I/II/III (n) 2/65/15 1/57/7 0.401

VATS wedge/segmentectomy/lobectomy (n) 41/34/7 38/24/3 0.474

Pleurodesis (-/+) 78/4 63/2 0.584

MLND (-/+) 28/54 27/38 0.358

Operative time (min) 125 (110-150) 120 (112.50-142.50) 0.070

intraoperative fentanyl (µg) 75 (50-100) 100 (50-100) 0.735

intraoperative remifentanil (µg) 300 (200-400) 250 (200-375) 0.994

Other opioid intraoperative (mg-MME) 20 (20-20) 20 (20-30) 0.000

PACU opioid use (-/+) 55/27 19/46 0.000

PACU opioid dose (mg-MME) 0 (0-20) 20 (0-40) 0.000

LOS (days) 4.00 (3-5) 4.00 (3-4) 0.238

VAS scores (PACU) 2.00 (0.00–5.00) 5 (3.00–6.00) 0.000

VAS scores (24th hours) 1.00 (0.00–3.00) 3.00 (1.00–4.00) 0.000

VAS scores (48th hours) 0.00 (0.00–2.00) 3.00 (1.00–4.00) 0.000

VAS scores (72th hours) 0.00 (0.00–1.00) 2.00 (0.00–3.00) 0.000

Complications (n) 7 5 0.853
Data presented as mean±standard derivation, median with interquartile range (25th–75th percentile) and n/n. TEA: Thoracic epidural analgesia, PER: Peripheral regional block, ASA: American Society of 
Anesthesiologists, VATS: Video-assisted thoracoscopic surgery, MLND: Mediastinal lymph node dissection, Min: Minimum, MME: Morphine milligram equivalent, PACU: Post-anesthesia care unit, LOS: Length 
of stay, VAS: Visual Analog Scale
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rate, although its analgesic spread may be limited to parietal 
structures and may not adequately cover visceral pain.19 

The significantly lower intraoperative opioid requirements 
in the TEA group further support the depth of analgesia 
provided by this technique. Effective intraoperative pain 
control has been associated with reduced postoperative 
opioid consumption and improved recovery trajectories. Our 
findings are consistent with previous studies demonstrating 
the widespread use and clinical effectiveness of regional 
anesthesia techniques in postoperative pain management 
after thoracic surgery. They are also in line with observations 
that TEA remains the most effective method following 
thoracotomy, while less invasive fascial plane blocks are 
preferred in VATS procedures.20

The variability in findings across the literature reflects the 
complex and multifactorial nature of regional anesthesia 
efficacy.17,21 Factors such as patient anatomy, practitioner 
experience, type and timing of the block, and the local 
anesthetic regimen all influence clinical outcomes. In this 
context, recent clinical practice has reported the use of 
rhomboid intercostal plane block,22 serratus superior posterior 
plane block,23,24 the combined application of different regional 
techniques (e.g., PVB+ESPB),25,26 or the use of the same block 
with different approaches (e.g., superficial+deep SAPB)27 as 
additional options for enhancing postoperative analgesia after 
VATS. Furthermore, the extensive anatomical coverage of the 
recto-intercostal plane block—extending from the subxiphoid 
region to the lateral abdominal wall, as demonstrated in 
the cadaveric study by Tulgar et al.28—may help explain its 
potential clinical utility in thoracic and upper abdominal 
procedures. Future prospective studies with standardized 
protocols are needed to more clearly define the role of each 
technique in thoracic surgery.

Limitations
This study has several limitations that should be 
acknowledged. First, the PER group included a heterogeneous 
set of techniques—PVB, ESPB and SAPB—which differ 
anatomically, in mechanism of action, and in their potential 
for visceral spread. This heterogeneity limits the ability to 
make definitive conclusions about any single peripheral 
technique. 

Second, the retrospective design of the study inherently 
carries risks of selection bias and unmeasured confounding 
variables. Although group allocation was based on standard 
clinical practice and not randomized, the possibility of 
differences in clinical decision-making that influenced the 
choice of analgesic technique cannot be excluded.

Third, different modes of postoperative analgesia were 
used across groups: epidural PCA in the TEA group and 
intravenous PCA in the PER group. This discrepancy may 
have affected pharmacokinetics and analgesic effectiveness, 
potentially biasing the comparison in favor of TEA.

Fourth, the study was conducted at a single academic center 
with a dedicated thoracic anesthesia team, which may limit 
generalizability to other clinical settings with different levels 
of expertise or resources.

Lastly, the study population consisted exclusively of relatively 
low-risk patients undergoing elective VATS. Therefore, the 
findings may not apply to patients undergoing thoracotomy, 
those at higher perioperative risk, or those requiring ICU 
management. Future prospective, multicenter randomized 
controlled trials focusing on standardized peripheral 
techniques and consistent analgesic protocols are necessary to 
validate and expand upon these findings.

CONCLUSION
This retrospective study demonstrated that TEA was 
superior to ultrasound-guided peripheral regional anesthesia 
techniques—specifically PVB, ESPB, and SAPB—in providing 
postoperative analgesia for patients undergoing VATS. TEA 
was associated with significantly lower VAS pain scores and 
reduced opioid requirements in both the intraoperative and 
early postoperative periods.

These findings support the continued use of TEA as the 
gold standard for postoperative pain management in 
thoracic surgery, particularly in patients who are eligible for 
neuraxial techniques and who may benefit from visceral as 
well as somatic analgesia. Nonetheless, ultrasound-guided 
peripheral nerve blocks remain valuable alternatives, offering 
effective and safe pain control, especially in cases where TEA 
is contraindicated or technically unfeasible.

As the use of minimally invasive surgical techniques continues 
to expand, further high-quality randomized controlled 
trials are warranted to clarify the comparative benefits of 
peripheral blocks and to optimize analgesic strategies tailored 
to individual patient profiles.

HIGHLIGHTS
•	 TEA provided significantly lower postoperative pain scores 

than peripheral regional techniques following VATS.

•	 TEA was associated with a substantial reduction in both 
intraoperative and postoperative opioid requirements, as 
measured by MME.

•	 Peripheral nerve blocks, including PVB, ESPB, and SAPB, 
were effective but less potent compared to TEA in managing 
postoperative pain.

•	 Despite differences in analgesic outcomes, LOS, 
complication rates, and 90-day mortality were similar 
between TEA and peripheral block groups.

•	 Ultrasound-guided peripheral blocks remain safe and 
viable alternatives, especially when TEA is contraindicated 
or technically challenging.
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ABSTRACT
Aims: Since strokes are an important cause of morbidity and mortality all over the world, early diagnosis and treatment are 
extremely important for sequela-free recovery. The best treatment option for an ischemic stroke is intravenous thrombolytic 
therapy with recombinant tissue plasminogen activator. In this study, we aimed to determine the factors affecting in-hospital 
mortality among patients who presented to the emergency department due to an ischemic stroke and received thrombolytic 
therapy.
Methods: This cross-sectional study reviewed the medical records of patients who presented to the emergency department 
with stroke symptoms between January 2018 and August 2022, were diagnosed with ischemic stroke, received thrombolytic 
treatment within the first 4.5 hours of symptom onset, and were subsequently hospitalized.  
Results: After excluding patients who did not meet the inclusion criteria, 184 patients were included in the study. It was found 
that 42 (22.8%) of the patients had an exitus in the follow-up. We determined that the mortality rate was higher in patients 
admitted to the emergency department with emergency health services compared to outpatients (p<0.05). Mortality frequency 
was higher in patients who had a National Institutes of Health Stroke Scale (NIHSS) score ≥21 or were hospitalized for more 
than 14 days (p<0.05). In univariate analysis, age, admission route, length of hospital stay, and NIHSS score were associated with 
mortality. Multiple logistic regression analysis demonstrated that patients with an NIHSS score ≥21 had an 18.49-fold higher 
risk of death (95% CI: 6.55–52.20) compared to those with a score ≤20. 
Conclusion: In our study, it was observed that the mortality rate was increased in patients who were aged 65 and over, had 
diabetes mellitus or atrial fibrillation comorbidities, were admitted to the hospital with emergency health services, were 
hospitalized for more than 14 days, and had NIHSS score of 21 and above. 
Keywords: Ischemic stroke, thrombolytic therapy, mortality

*The present data of this study were presented orally at the 20th National Emergency Medicine Congress & 11th Intercontinental Emergency Medicine Congress & 11th International 
Critical Care and Emergency Medicine Congress held in Antalya on 16-19 May 2024. The abstracts were published in the Congress book.

INTRODUCTION
Stroke is a clinical condition characterized by the sudden 
onset of unilateral/bilateral weakness, numbness, visual 
field defects, diplopia, anisocoria, aphasia, ataxia, or other 
neurological deficits, resulting from infarction or hemorrhage 
in one or more parts of the nervous system.

According to the World Health Organization (WHO), 
approximately 14 million new stroke cases occur annually, 
leading to 5.5 million deaths.1 Stroke is the second leading 
cause of mortality and the third leading cause of morbidity 
worldwide.1 In a 2020 report published by the American 
Heart Association (AHA), stroke ranked as the fifth leading 
cause of death in the United States.2 Globally, about one in 
four adults will experience a stroke during their lifetime, with 
a higher incidence in males compared to females.1,3

The etiology of stroke can be broadly classified as ischemic 
or hemorrhagic. Approximately 88% of all strokes are 
ischemic, 10% are intracerebral hemorrhages (ICH), and 
2% are subarachnoid hemorrhages (SAH).4 Ischemic strokes 
(IS) are caused by pathologies such as a subtotal arterial 
occlusion, which reduces cerebral blood flow; total occlusion, 
which completely halts cerebral perfusion; or systemic 
hypoperfusion.5 

The penumbra refers to the potentially salvageable area of the 
brain that has experienced ischemia during an acute ischemic 
stroke (AIS) but has not yet undergone necrosis. It is a damaged 
but functionally viable region that can receive oxygen and 
nutrients through collateral circulation despite reduced blood 
flow. Timely reperfusion can preserve the penumbra and 
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prevent permanent neuronal injury.6 Therefore, the primary 
goal of AIS treatment is to salvage this region.

It has been shown that there is a significant increase in 
recovery without sequelae with effective treatment options 
such as intravenous thrombolytic (IVT) and endovascular 
thrombectomy.7 The most effective treatment recommended 
for patients diagnosed with AIS within the first 4.5 hours 
of symptom onset is intravenous recombinant tissue 
plasminogen activator (rtPA).8 Alteplase, tenecteplase, and 
reteplase are rtPA.9 Clinical studies regarding the use of 
tenecteplase and reteplase are ongoing, which is why their 
use in AIS treatment remains controversial today.9,10 Patients 
undergoing IVT treatment should be regularly assessed for 
systemic bleeding, and neurological examination should be 
repeated to evaluate for ICH.

The primary objective of this study is to evaluate factors 
influencing in-hospital mortality in AIS patients who present 
to the emergency department (ED) and receive IVT treatment. 
The secondary objective is to assess the complications that 
occur in these patients and their associated conditions.

METHODS
Ethics
This retrospective cross-sectional study was conducted at 
Uşak Research and Training Hospital. The study protocol was 
approved by the Uşak University Faculty of Medicine Non-
interventional Clinical Researches Ethics Committee (Date: 
02.02.2023, Decision No: 65-65-19). The study was carried 
out in accordance with the principles of the Declaration of 
Helsinki. Given its retrospective design, the requirement for 
written informed consent was waived.

Study Design and Population
Uşak Research and Training Hospital is the only tertiary 
hospital in Uşak province. The ED serves approximately 
1.000–1.500 patients daily. Between 01.01.2018 and 31.08.2022, 
patients being over 18 years old who presented to the Uşak 
Research and Training Hospital ED with stroke symptoms 
(sudden weakness, aphasia, dysarthria, diplopia, ataxia, 
altered consciousness, etc.) and were diagnosed with stroke 
were retrospectively screened.

Exclusion criteria
Patients were excluded if they met any of the following:

•	 Did not receive IVT therapy

•	 Missing essential clinical data

•	 Transferred to another institution

•	 Presentation>4.5 hours after symptom onset

•	 Unknown symptom onset time

•	 Stroke recognized upon awakening

•	 Presence of systemic malignancy

•	 Major surgery within the previous 3 weeks

•	 Gastrointestinal or genitourinary bleeding within the 
previous 3 weeks

•	 History of ischemic stroke within the previous 3 months

•	 Cranial or spinal trauma/surgery within the previous 3 
months

The application of the exclusion criteria and the number of 
patients included in the study are summarized in Figure.

Data Collection
Medical records of all included patients were reviewed 
from electronic databases and patient files in the hospital 
archives. The following information was assessed for all 
patients: age, gender, comorbidities, mode of hospital 
admission (outpatient, emergency health services (EHS)), 
laboratory results (complete blood count, renal function tests, 
electrolytes, cardiac markers, coagulation parameters), length 
of hospital stay (LOHS), complications, National Institutes of 
Health Stroke Scale (NIHSS) score, and in-hospital mortality 
(IHM).

NIHSS Score
The NIHSS is a universally accepted and highly reliable stroke 
scale used for prognosis determination and evaluating the 
short-term effectiveness of IVT and intra-arterial treatments 
in AIS.11 In our study, patients were categorized into four 
groups based on their NIHSS scores: minor stroke (1-4), 
moderate stroke (5-15), moderately severe stroke (16-20), and 
severe stroke (21-42).

Thrombolytic Treatment Protocol
Not all AIS patients are eligible for IVT treatment. IVT 
treatment is not administered to patients whose symptom onset 
time exceeds 4.5 hours, who have evidence of acute bleeding 
on imaging, who have extensive hypodensity on computed 
tomography, who have a platelet count below 100.000/mm³, 
whose INR value is above 1.7, whose aPTT value is longer 
than 40 seconds, or who have systolic blood pressure higher 
than 185 mmHg or diastolic blood pressure higher than 110 
mmHg. In our hospital, for conscious and competent patients 

Figure. Exclusion criteria and patient numbers
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who are planned to receive IVT, informed consent is obtained 
by the ED physician and neurology specialist after explaining 
the benefits and potential complications of IVT treatment. In 
cases where the patient lacks decision-making capacity and 
competence, informed consent is obtained from their primary 
caregivers using the same procedure. For those who refuse the 
treatment, informed refusal consent is obtained after ensuring 
that they have been adequately informed. For patients who 
provide consent, alteplase administration is calculated based 
on the recommended dosage of 0.9 mg/kg, with 10% of the 
calculated dose given as an intravenous bolus, followed by the 
remaining amount administered as a one-hour intravenous 
infusion, as described in the Turkish Ministry of Health AIS 
diagnosis and treatment guidelines.12

Statistical Analysis
The data analyses were conducted using SPSS (Statistical 
Package for the Social Sciences) version 15 (SPSS Inc.; 
Chicago, IL, USA). The normality of the data distribution 
was examined using the Kolmogorov-Smirnov and Shapiro-
Wilk tests. Descriptive statistics were presented as numbers 
and percentages for categorical variables, and as means and 
standard deviations or minimum-maximum values for 
continuous variables. The distribution of categorical variables 
in cross-tabulations was compared using the Chi-square test. 
The t-test or Mann-Whitney U test was used for the comparison 
of continuous variables between two independent groups. 
A significance level of p<0.05 was considered statistically 
significant. To identify independent predictors of mortality, 
multivariate logistic regression analysis was conducted. A 
p-value of less than 0.05 was considered statistically significant 
for all analyses.

RESULTS
Out of the 184 patients included in the study, 104 (56.5%) were 
male, while 80 (43.5%) were female. The age of the patients 
ranged from 33 to 94, with a mean age of 71.5±12.2. Among 
the patients, 52 (28.3%) were below the age of 65, while 132 
(71.7%) were 65 years and older. Of the patients, 62 (33.7%) 
arrived at the ED on foot, while 122 (66.3%) were brought in 
by EHS.

Patients whose International Classification of Diseases (ICD) 
diagnosis code was previously entered in the hospital system 
for diseases such as DM, HTN, AF, coronary artery disease 
(CAD), hyperlipidemia, previous CVD, congestive heart 
failure (CHF), and patients for whom prescription treatments 
were issued for these diseases were considered as patients 
with comorbidities. The accompanying comorbidities of 
the patients were as follows: HTN (n=180), AF (n=82), CAD 
(n=62), DM (n=59), hyperlipidemia (n=22), previous CVD 
(n=20), and CHF (n=16).

The LOHS for the patients ranged from 1.0 to 155.0 days, with 
a mean±SD of 13.8±17.4 days. The NIHSS scores of the patients 
ranged from 3.0 to 29.0, with a mean±SD of 13.5±6.5. Two 
patients (1.1%) in our patient group were classified as having a 
minor stroke. It was determined that 117 patients (63.6%) had 
a moderate stroke based on their NIHSS scores. 26 patients 
(14.1%) had a moderately severe stroke, and 39 patients 
(21.2%) had a severe stroke. A weak positive correlation was 
found between the NIHSS scores and the LOHS in the study 
group (r: 0.365, p<0.001).

It was found that 142 patients (77.2%) were discharged, while 
42 patients (22.8%) had an IHM. There was no significant 

difference in terms of mortality between male and female 
genders, but it was higher in patients aged 65 and above and 
those who were brought to the hospital by EHS (p=0.538, 
p=0.007, p<0.001). It was observed that patients with a severe 
stroke had a higher mortality rate (p<0.001). Patients who 
stayed in the hospital for more than 14 days had a higher 
mortality rate (p=0.022). In terms of chronic diseases in 
the study group, although HTN was the most common risk 
factor, there was no difference in terms of mortality between 
patients with and without HTN (p=0.917). It was determined 
that mortality rate was higher in patients with AF and DM 
(p=0.01, p=0.014). The sociodemographic and clinical 
characteristics of the patients and their relationship with 
mortality are shown in Table 1.

Table 1. The relationship between sociodemographic and clinical characteristics of the 
cases and mortality

Variables Survivors
n (%)

Non-survivors
n (%) x2; p

Gender

0.380; 0.538Male 82 (78.8) 22 (21.2)

Female 60 (75) 20 (25)

Age

7.181; 0.007<65 years 47 (90.4) 5 (9.6)

≥65 years 95 (72) 37 (28) 

Form of arrival

17.174; <0.001Ambulatory 59 (95.2)  3 (4.8)

Emergency health services 83 (68) 39 (32)

Length of stay in hospital

5.241; 0.02214 days and less 107 (81.7) 24 (18.3)

15 days and more 35 (66) 18 (34)

NIHSS score

67.368; <0.00120 and below 131(90.3) 14 (9.7)

21 and over 11 (28.2) 28 (71.8)

Hypertension

0.011; 0.917- 3 (75.0) 1 (25.0)

+ 139 (77.2) 41 (22.8)

Diabetes mellitus

6.044; 0.014- 103 (82.4) 22 (17.6)

+ 39 (66.1) 20 (33.9)

Atrial fibrillation

6.628; 0.010- 86 (84.3) 16 (15.7)

+ 56 (68.3) 26 (31.7)

Coronary artery disease

0.003; 0.955- 94 (77.0) 28 (23.0)

+ 48 (77.4) 14 (22.6)

Heart failure

0.047; 0.828- 130 (77.4) 38 (22.6)

+ 12 (75.0) 4 (25.0)

Previous CVD

0.102; 0.750- 126 (76.8) 38 (23.2)

+ 16 (80.0) 4 (20.0)

Hyperlipidemia

1.198; 0.274- 123 (75.9) 39 (24.1)

+ 19 (86.4) 3 (13.6)

Total 142 (77.2) 42 (22.8) 184 (100.0)

NIHSS: National Institutes of Health Stroke Scale, CVD: Cerebrovascular disease
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A comparison was made between the group of patients who 
survived and the group who had an exitus using the Mann-
Whitney U test for these blood parameters. A significant 
difference was found between the two groups for sodium 
and blood urea nitrogen (BUN) values. The distribution of 
laboratory findings according to the mortality status of the 
cases is listed in Table 2.

In the study, only the presence of bleeding complications was 
evaluated as a complication and the frequency of experiencing 
complications was found to be 20.7% (n=38). Cerebral 
hemorrhage was observed in 37 patients, while gastrointestinal 
bleeding was detected in 1 patient. It was determined that the 
frequency of complications increased in patients who applied 
with EHS as opposed to outpatient admission (p<0.05). It was 
also determined that the frequency of complications increased 
in the patient group with a hospital stay longer than 14 days 
and in the patient group with an NIHSS score greater than 
21 (p<0.05). There was no significant association between 
comorbidities and the frequency of complications. The 
distribution of sociodemographic and clinical characteristics 
of patients with regards to the development of complications 
is shown in Table 3.

In the multivariate logistic regression analysis conducted 
with age, arrival status, LOHS, and NIHSS score, which 
were considered to be associated with mortality based on the 
results of univariate analysis, patients with an NIHSS score of 
21 or higher were found to be 18.49 times (95% CI: 6.55-52.20) 
more at risk of mortality compared to those with a score of 
20 or lower. The results of the multivariate logistic regression 
analysis showing the risk factors for mortality are presented 
in Table 4.

In the multivariate logistic regression analysis conducted with 
arrival status, LOHS, and NIHSS score, which were considered 
to be associated with the occurrence of complications based on 
the results of univariate analysis, patients with a hospital stay 
of 15 days or more were found to be 2.64 times (95% CI: 1.19-
5.87) more at risk of developing complications compared to 
those with a hospital stay of 14 days or less (p=0.017). Patients 
admitted through EHS were found to be 1.88 (0.67-5.24) OR 
(95% CI) times more at risk of complications compared to 
ambulatory patients (p=0.226). Patients with an NIHSS score 
of 21 or higher were found to be 2.69 times (95% CI: 1.11-6.52) 
more at risk of developing complications compared to those 
with an NIHSS score of 20 or lower (p=0.028).

DISCUSSION
In our study, it was observed that the majority of patients 
who experienced IS were over the age of 65 and male, which 
is consistent with the literature.13 However, the studies 
conducted by Ji et al.14 and Thrift et al.15 did not find a 
significant association between mortality risk and gender. 
Similarly, our study revealed no difference in mortality or 
complication risk between males and females. Mortality was 
higher among patients aged ≥65 years, while complication 
frequency was not significantly affected. This finding aligns 
with the results reported by Thrift et al.15 T﻿he increased 
mortality risk in IS patients over 65 years may be explained 
by the higher prevalence of comorbidities in older individuals 
and the role of these comorbidities in increasing IS risk.

In our study, the most common comorbidities accompanying 
stroke were HTN, AF, CAD, and DM. When examining 
the literature, it is evident that HTN is the most common 

Table 2. Distribution of laboratory findings according to mortality status of the cases

Variables Survivors n=142 Non-survivors n=42 p value

Mean±SD Min-max Mean±SD Min-max

Glucose (mg/dl) 151.88±71.06 64-552 163.1±61.66 83-343 0.069*

APTT (sec) 22.34±3.4 14.5-44 22.07±2.91 15.4-27.6 0.807*

Neutrophil lymphocyte ratio 3.51±3.56 0.5-33.63 4.09±6.34 0.7-38.15 0.163*

Creatinine (mg/dl) 1±0.41 0.6-4.3 1.04±0.33 0.66-2.18 0.229*

BUN (mg/dl) 19.33±8.01 9-75 23.19±8.21 12-60 0.001*

Sodium (mmol/L) 139.35±2.54 132-147 140.26±2.95 133-145 0.019*

Potassium (mmol/L) 4.22±0.47 3.2-5.5 4.36±0.44 3.3-5.4 0.057*

Calcium (mg/dl) 8.89±0.53 7.7-10.1 8.8±0.46 7.7-9.6 0.356*

C-reactive protein (mg/L) 8.79±19.58 0-167.6 11.98±27.32 0-129.6 0.53*

Hemoglobin (g/dl) 13.17±1.9 7.3-17.2 13.16±1.77 9.2-15.8 0.957*

Platelet (× 103/mcL) 254.13±82.23 100-573 229.29±68.9 126-403 0.064*

Leukocyte (× 103/mcL) 8.48±2.58 4-19.35 9.27±2.82 5.3-15.81 0.101*

Neutrophil (× 103/mcL) 5.62±2.38 2.19-15.69 5.91±2.64 2.41-13.52 0.673*

Lymphocyte (× 103/mcL) 2.11±1.02 0.24-7.65 2.51±1.32 0.34-5.99 0.119*

Eosinophil (× 103/mcL) 0.18±0.16 0-0.96 0.22±0.18 0-0.71 0.223*

Basophil (× 103/mcL) 0.04±0.05 0-0.5 0.04±0.02 0-0.09 0.973*

Monocytes (× 103/mcL) 0.53±0.22 0.2-1.9 0.6±0.26 0.25-1.32 0.221*

Potassium glucose ratio 0.03±0.01 0.01-0.05 0.03±0.01 0.01-0.05 0.259*
*Independent-Samples Mann-Whitney U test, SD: Standard deviation, Min: Minimum, Max: Maximum, BUN: Blood urea nitrogen
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comorbidity associated with IS.3,16 The reason for the frequent 
occurrence of HTN comorbidity in IS patients in our study 
may be the irregular living and nutrition of the human 
population living in Turkiye. People living in rural areas visit 
health institutions less often and have fewer health checks. 
Previous studies in Turkiye have reported HTN prevalence 
rates in IS patients ranging from 58.8% to 72.5%.17-20 Further 

research is needed to investigate the underlying causes of this 
high prevalence in our region.

While no significant relationship was found between HTN 
and mortality frequency in our study, increased mortality 
has been associated with HTN in the literature.21 This could 
be attributed to the small sample size of our study. Moreover, 
while we were able to determine HTN history from patient 
records, data regarding antihypertensive medication use and 
lifestyle modifications were unavailable, making it unclear 
whether patients had controlled blood pressure. Due to 
incomplete medical records, reliable assessment of blood 
pressure at presentation was also not possible. These factors 
might have influenced the lack of a significant relationship 
between HTN and mortality in our study.

We found that patients with comorbidities such as DM and 
AF had a higher frequency of mortality. In a meta-analysis 
published by Lau et al.,22 the prevalence of DM in patients 
with IS was found to be 33%. In our study, the prevalence 
was determined to be 32.1%. Obtaining a value close to the 
meta-analysis, which reviewed 66 articles, increases the 
reliability of our study. DM has been found to be associated 
with increased mortality, longer hospitalization periods, and 
recurrent admissions and strokes. Both our study and the 
literature show similar results, indicating that DM increases 
mortality. This may be attributed to the fact that DM affects 
multiple organs and shortens the expected lifespan, even in 
the absence of a stroke. Additionally, it is known that DM 
delays or impedes the healing of damaged tissues, including 
cerebral tissue in patients with IS. Some stroke patients 
become bedridden and develop pressure ulcers due to their 
inability to perform activities of daily living. The delayed 
healing of these pressure ulcers in DM patients may lead to 
infectious complications and severe conditions such as sepsis, 
which could increase the risk of mortality.

Similarly, AF was a significant predictor of mortality in our 
cohort, consistent with previous studies. In a study by Stefano 
et al.,23 which analyzed data from 1.441.230 patients admitted 
to the hospital with a diagnosis of IS, AF was found to be the 
second strongest predictor of mortality. Patients with AF 
require regular anticoagulant therapy to prevent thrombus 
formation; however, suboptimal medication adherence 
for chronic conditions in our country likely contributes to 

Table 3. Distribution of the cases in terms of sociodemographic and clinical 
characteristics and the frequency of complication development

Variables Complication (-)
n (%)

Complication (+)
n (%) x2; p

Gender

0.037; 0.848Male 82 (78.8) 22 (21.2)

Female 64 (80.0) 16 (20.0)

Age

1.227; 0.268<65 years 44 (84.6) 8 (15.4)

≥65 years 102 (77.3) 30 (22.7)

Form of arrival

6.873; 0.009
Ambulatory 56 (90.3) 6 (9.7)

Emergency 
health services 90 (73.8) 32 (26.2)

Length of stay in hospital

13.258; <0.001
14 days and less 113 (86.3) 18 (13.7)

15 days and 
more 33 (62.3) 20 (37.7)

NIHSS score

15.889; <0.00120 and below 124 (85.5) 21 (14.5)

21 and over 22 (56.4) 17 (43.6)

Hypertension

1.064; 0.302- 4 (100.0) 0 (0.0)

+ 142 (78.9) 38 (21.1)

Diabetes mellitus

0.214; 0.644- 98 (78.4) 27 (21.6)

+ 48 (81.4) 11 (18.6)

Atrial fibrillation

0.573; 0.449- 83 (81.4) 19 (18.6)

+ 63 (76.8) 19 (23.2)

Coronary artery disease

0.716; 0.398- 99 (81.1) 23 (18.9)

+ 47 (75.8) 15 (24.2)

Heart failure

3.035; 0.081- 136 (81.0) 32 (19.0)

+ 10 (62.5) 6 (37.5)

Previous CVD

0.259; 0.611- 131 (79.9) 33 (20.1) 

+ 15 (75.0) 5 (25.0)

Hyperlipidemia

2.038; 0.153- 126 (77.8) 36 (22.2)

+ 20 (90.9) 2 (9.1)

Total 146 (79.3) 38 (20.7) 184 (100.0)
NIHSS: National Institutes of Health Stroke Scale, CVD: Cerebrovascular disease

Table 4. Multivariate logistic regression analysis showing mortality risk 
factors

Variables Odds ratio 95% CI p

Age
Reference: 64 and below 2.83 0.85-9.40 0.088

Form of arrival
Reference: EHS 2.65 0.69-10.08 0.153

Length of stay
Reference: 14 days and less 0.74 0.27-2.05 0.567

NIHSS 
Reference: 20 and below points 18.49 6.55-52.20 <0.001

Constant: B=-3.645; p<0.001 
EHS: Emergency health services, NIHSS: National Institutes of Health Stroke Scale
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thromboembolic events and subsequent IS. Our findings on 
AF prevalence and its impact on post-stroke mortality are 
consistent with earlier reports.24

Patients admitted via EHS had higher mortality and 
complication rates compared to those presenting as 
outpatients. This likely reflects the poorer baseline condition 
of patients unable to reach the ED independently, necessitating 
reliance on EHS. Consequently, the higher mortality in this 
group is consistent with their more severe clinical status at 
presentation.

Regarding biochemical parameters, sodium and BUN levels 
were significantly higher in non-survivors. These elevations 
are considered indicative of dehydration.25 Due to the 
retrospective design of the study, no clinical data were available 
to confirm dehydration at presentation, nor could differences 
in dehydration status between survivors and non-survivors 
be evaluated. However, considering the advanced age and 
comorbidities of many patients, dehydration due to reduced 
oral intake is plausible. Watso et al.26 reported an association 
between dehydration and impaired cognitive function. 
Reduced water intake secondary to impaired consciousness or 
dysphagia is common in AIS patients, especially among the 
elderly.27 Increased blood viscosity and hemoconcentration 
due to dehydration can worsen ischemic brain damage by 
lowering blood pressure.28 Therefore, dehydration has been 
found to be associated with poor outcomes in AIS patients in 
numerous studies.25,28,29

In our study, it was observed that patients with an NIHSS 
score of 21 or higher had a higher frequency of mortality 
and complications, and they also had longer hospital stays. 
In a study by Fonarow et al.30 involving 33.102 patients with 
recorded NIHSS scores, a strong relationship was found 
between increasing NIHSS score and higher 30-day mortality. 
Similarly, Havenon et al.31 found that 45.9% of 6.838 patients 
had NIHSS scores ≥21, and mortality increased proportionally 
with score severity. Olum et al.32 also demonstrated that each 
one-point increase in NIHSS score increased mortality risk by 
6%. The higher the NIHSS score, the larger the affected cerebral 
tissue, and the worse the prognosis. This situation increases 
the risk of developing complications and prolongs the hospital 
stay. Therefore, irrespective of other factors, a longer hospital 
stay, a higher risk of complications, and extensive cerebral 
tissue damage will also increase the frequency of mortality.

The optimal NIHSS range for IVT is typically between 6 and 
22, where the benefit-risk balance is most favorable.33 In our 
study, the higher mortality rate observed in patients with an 
NIHSS score of 21 or higher, compared to the literature, was 
attributed to the administration of IVT treatment to patients 
with NIHSS scores above the range that requires IVT (above 
22) and the influence of comorbid conditions.

Patients with a hospital stay longer than 14 days also had an 
increased frequency of mortality and complications. Our 
study examined the presence of bleeding complications 
(cerebral hemorrhage and gastrointestinal bleeding), which 
are major complications associated with thrombolytic therapy. 
Long-term complications of stroke (such as infections, deep 
vein thrombosis, or pressure ulcers) could not be assessed 

due to data access limitations. Studies by Vahdati et al.21 
and Heuschmann et al.34 found a significant relationship 
between increased complication rates and mortality, although 
Vahdati et al.21 reported no significant association between 
LOHS and mortality. In contrast, Kalra et al.35 documented 
increased complication and mortality rates with prolonged 
hospitalization. These findings may reflect the delayed 
discharge of patients with poor prognosis, as well as the 
heightened risk of hospital-acquired infections over time.

We also observed a significant relationship between LOHS and 
complication rates in our cohort. This pattern likely reflects 
the extension of hospitalization in patients who develop 
complications. Although a direct cause-effect relationship 
cannot be established, our findings suggest that longer LOHS 
is associated with both higher complication and mortality 
rates.35

Limitations
This study has several limitations. First, it was conducted as a 
single-center, retrospective, cross-sectional study, which may 
limit the generalizability of the findings. Second, data gaps 
were present in the patient records maintained at our hospital. 
For example, blood pressure measurements at the time of ED 
admission were often incomplete, preventing an evaluation 
of blood pressure control among patients with HTN as a 
comorbidity.

Additionally, the small sample sizes in certain subgroups—
such as patients with CHF, a history of CVD, hyperlipidemia, 
and those without HTN—reduced the statistical power for 
mortality comparisons. Furthermore, although smoking has 
been reported in the literature to increase the risk of AIS by up 
to fivefold, relevant data could not be retrieved from medical 
records, and therefore this risk factor could not be analyzed 
in our study.

CONCLUSION
This study evaluated patients presenting to the ED with 
AIS who received IVT treatment at a tertiary research and 
training hospital in Turkiye. The majority of patients were 
male and aged ≥65 years, with higher mortality rates observed 
in this age group. Although HTN was the most common 
comorbidity, no significant association was found between 
HTN and mortality. In contrast, DM and AF were associated 
with increased mortality. None of the comorbidities were 
associated with a higher frequency of complications.

The majority of patients presented to the ED via EHS, and 
their complication rates and mortality rates were higher 
compared to those who presented as outpatients. Elevated 
sodium and BUN levels were associated with increased 
mortality. Regardless of other variables, an NIHSS score 
of 21 and above significantly increased the risk of both 
complications and mortality. Hospital stays of 15 days and 
longer were associated with both complication and mortality 
rates, but independently, they significantly increased the risk 
of complications only. This research aims to contribute to 
the stroke and thrombolytic treatment data in our country 
and shed light on future prospective controlled randomized 
studies.
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ABSTRACT
Aims: Patients with rheumatoid arthritis (RA) are at increased risk for venous thromboembolism (VTE). This study aims to 
identify clinical characteristics and treatment-related factors associated with VTE in RA patients.
Methods: A retrospective analysis of 363 RA patients was conducted, including 34 RA patients with documented VTE. 
Demographics, comorbidities, and treatment data were compared between patients with and without VTE. Age-and sex-
matched subgroup analysis and multivariate logistic regression were used to identify independent predictors of VTE. 
Results: The mean age of RA patients with VTE was 66.8 (11.5) and 30 (88.2) were female. VTE was significantly associated 
with older age, hypertension, hyperlipidemia, and higher Charlson Comorbidity Index (CCI). In the multivariate model, higher 
CCI was independently associated with VTE (OR 2.84, 95% CI: 1.46–3.80, p<0.001). Hydroxychloroquine use was negatively 
associated with VTE (OR 0.34, 95% CI: 0.10–0.86, p=0.049). Other DMARDs and glucocorticoids did not show independent 
associations. 
Conclusion: A high comorbidity burden significantly increases VTE risk in RA patients and HCQ use was associated with lower 
odds of VTE. These findings highlight the importance of individualized comorbidity management and suggest a potential role 
for hydroxychloroquine in thrombosis prevention in RA. 
Keywords: Rheumatoid arthritis, venous thromboembolism, Charlson Comorbidity Index, hydroxychloroquine

INTRODUCTION
The incidence and prevalence of venous thromboembolism 
(VTE) has increased in rheumatoid arthritis (RA) due to 
increased chronic inflammation, older age, comorbidities, 
and RA-specific medications.1-3 Epidemiological studies have 
found that the risk of developing VTE is 2.23 times higher 
than in age-gender- and comorbidity-matched control groups 
in patients with RA.4 Following the approval of tofacitinib for 
the treatment of RA, it has been demonstrated that these 
treatments increase the risk of VTE and cardiovascular 
events.5,6 However, real-world studies have not found a 
statistically significant difference in VTE incidence between 
patients treated with tumor necrosis factor alpha (TNF-α) 
inhibitors or tofacitinib.7,8 Although studies exist on the 
demographic and clinical characteristics of RA patients with 
VTE, studies on the frequency of comorbid conditions and 
use of comorbidity indices are lacking. In our study, we aimed 

to examine the clinical and demographic characteristics of 
RA patients with and without VTE and to detail the factors 
associated with thrombosis.

METHODS
Ethics
The study has been approved by the Hacettepe University 
Non-interventional Clinical Researches Ethics Committee 
(Date: 05.10.2021, Decision No: 2021/16-31). All procedures 
were carried out in accordance with the ethical rules and the 
principles of the Declaration of Helsinki.

Patients Selection and Exclusion
This study was a retrospective single centre study. Patients 
with RA who were treated at the Rheumatology Outpatient 
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Clinics of Hacettepe University Hospitals between January 
to December 2021 were included in the study according to 
International Classification of  Diseases (ICD)-10 diagnosis 
code. Two experienced rheumatologists reviewed the patients' 
medical histories, laboratory parameters, and radiographs 
from the hospital's electronic system, and patients with 
a confirmed diagnosis of RA were included in this study. 
Patients with RA who had a history of  VTE (deep vein 
thrombosis (DVT) and pulmonary thromboembolism (PTE)) 
more than one year prior to their RA diagnosis, unconfirmed 
RA diagnosis, patients with incomplete medical records  were 
excluded from the study. 

Venous Thrombosis and Rheumatoid Artritis
To detect the history of VTE in RA patients; medical history, 
extremity venous doppler ultrasonography for the diagnosis of 
DVT and chest computed tomography (CT) for the diagnosis 
of PTE were scanned and analyzed.

Collected Data of Patients and Control Groups
We systematically reviewed the demographic and clinical 
characteristics, comorbid diseases/indices, laboratory 
parameters from the hospital's electronic medical records 
database. Treatments were recorded as ever and two 
types of drug used to treat RA: conventional synthetic 
disease-modifying anti-rheumatic drugs (csDMARDs), 
such as methotrexate, leflunomide, sulfasalazine and 
hydroxychloroquine, and biological disease-modifying anti-
rheumatic drugs (bDMARDs), such as TNF-α and non-
TNF agents, including baricitinib, tofacitinib, abatacept 
and rituximab were documented. We used the Charlson 
Comorbidity Index (CCI) to calculate the comorbidity 
burden.9 We selected age-and sex-matched patients from the 
cohort of RA patients without VTE to serve as the “control 
group” (Figure). We compared the demographic, differences 
in treatment choices and clinical characteristics of RA patients 
with VTE with those of the control group.

Statistical Analysis
This study utilised IBM SPSS Statistics for Windows, Version 
26.0. (SPSS Inc., Chicago, IL, USA) for all statistical methods. 

Visual (histogram and normality plots) and analytical 
methods (Kolmogorov–Smirnov) were used to determine 
whether the data were normally distributed. For descriptive 
analysis, we used mean (standard deviation) and median 
interquartile range (IQR). We then assessed factors associated 
with the VTE using univariate analysis (p<0.20) and entered 
these into logistic regression by backward LR to determine 
independent predictors of VTE. p<0.05 was accepted for 
statistical significance. 

RESULTS
Patient Characretistics
A total of 363 patients with RA confirmed diagnosis were 
included in the study, of whom 39 (9.4%) had a documented 
history of VTE. Five (12.8%) of them had VTE event before 
being diagnosed with RA were excluded and 34 RA patients 
with VTE were included in the analysis. Of the VTE patients, 
16 (47%) had DVT, 16 (47%) had PTE and two (5.8%) had 
both. Of these patients, nine (56%) had DVT in the right lower 
extremity, five (8.9%) had DVT in the left lower extremity, two 
(1.2%) had DVT in both lower extremities, and one (6.2%) had 
DVT in the left upper extremity. The median time between 
RA diagnosis and VTE was 10.1 (1.2-50.7) years. The mean age 
was significantly higher in RA patients with VTE compared 
to those without VTE (66.8±11.5 vs. 60.6±14.9 years, p=0.012). 
Female predominance was observed in both groups, but the 
proportion was significantly higher in the VTE group (88.2% 
vs. 71.5%, p=0.032). 

Table 1 compares RA patients with VTE to control RA 
patients. The prevalence of hypertension (79.4% vs. 52.7%, 
p=0.005) and hyperlipidemia (73.5% vs. 40.5%, p=0.01) 
remained significantly higher in the VTE group. The median 
CCI was significantly higher in patients with VTE (4.48 [1.59] 
vs. 3.5 [1.3], p<0.001), and higher proportion of patients with 
VTE had CCI scores ≥5 (41.2% vs. 20.7%, p=0.016). Rates of 
malignancy, coronary artery disease, and other comorbidities 
did not differ significantly. Glucocorticoid (96.9% vs. 62%, 
p=0.02), and methotrexate (73.5% vs. 48.2%, p<0.001) use 
was more frequent among patients with VTE. Conversely, 
hydroxychloroquine use was lower in the VTE group (50% vs. 
80.9%, p=0.001). Other treatment modalities were comparable. 

We examined the parameters associated with the presence of 
VTE by comparing them to control groups. In the univariate 
analysis, the following parameters had p-values less than 
0.2: hypertension, hyperlipidemia, presence of malignancy, 
methotrexate use, hydroxychloroquine use, glucocorticoid 
use, and mean CCI score (Table 2 ). The factors associated with 
VTE in multivariate analysis are demonstrated in Table 2. 
Higher CCI score  was significantly associated with VTE (OR: 
2.84, 95% CI: 1.46–3.80, p<0.001), indicating that increased 
comorbidity burden strongly predicted thrombotic events. 
Hydroxychloroquine use was negatively associated with VTE 
occurrence (OR: 0.34, 95% CI: 0.10–0.86, p=0.049), suggesting 
a potential protective effect. In contrast, glucocorticoid use 
(OR: 0.32, p=0.19) and methotrexate use (OR: 0.89, p=0.16) 
were not independently associated with VTE risk after 
adjustment. Among cardiovascular comorbidities, both 
hypertension (OR: 3.6, 95% CI: 0.98–13.2, p=0.051) and 

Figure․ Selection of study groups
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hyperlipidemia (OR: 2.7, 95% CI: 0.88–8.6, p=0.08) showed 
strong trends toward increased VTE risk, though the findings 
were not found to be statistically significant within the 
multivariate model (Table 2).

DISCUSSION
In this study, our results demonstrate that RA patients with 
VTE were significantly older and more likely to be female. 
Hypertension and hyperlipidemia were consistently more 
prevalent in RA patients with VTE. These findings align with 

existing literature indicating that conventional cardiovascular 
risk factors are major contributors to thrombotic events in 
autoimmune disease populations.

RA patients have a higher prevalence of multimorbidity 
compared to the age- and sex-matched general population.10,11 
Due to the lack of a standard index to scale multimorbidity 
in RA patients, the studies used general comorbidity indexes 
(Multimorbidity Weighted Index, Rheumatic Disease 
Comorbidity Index (RDCI), and CCI).9,11-14 Our noteworthy 
finding was the association between higher comorbidity 
burden as measured by the CCI and the occurrence of VTE. 
Both univariate and multivariate analyses confirmed that 
increasing CCI was an independent predictor of VTE (OR: 
2.84, p<0.001), highlighting the cumulative effect of multiple 
chronic conditions in predisposing RA patients to thrombotic 
complications. A recent study examining the relationship 
between risk factors for VTE in RA patients revealed that the 
mean CCI  is elevated in RA patients compared to non-RA 
patients.15 Özen et al.16 also used the RDCI to determine the 
burden of comorbidity in their study and they highlighted 
that RDCI was associated with an increased risk of VTE, 
with an OR of 1.20 (95% CI 1.14-1.31). Consistent with our 
results, multimorbidity may be associated with an increased 
risk of VTE in RA patients. This supports the importance of 
considering global health status, not just RA disease activity, 
when evaluating VTE risk.

In our multivariate analysis, hydroxychloroquine use was 
inversely associated with VTE risk (OR: 0.34, p=0.049). A 
large real-world cohort study of RA patients showed that 
treatment with methotrexate led to a two-fold increased risk 
of VTE compared to hydroxychloroquine.17 Studies have 
shown that the antithrombotic effect of hydroxychloroquine 
is associated with a reduced risk of thrombosis in systemic 
lupus erythematosus (SLE) patients.18 A case-control study 
conducted in both SLE and RA patients showed that use 
of HCQ is associated with a decrease in the overall risk of 
cardiovascular events and a decrease in the development of 
VTE.19 Previous studies have shown that hydroxychloroquine 
may have a protective effect against comorbid diseases, such 
as liver fibrosis. Moreover, a recently published study showed 
that HCQ might protect against comorbid diseases such as 
liver fibrosis in patients with RA.20-22 Jung et al.23 documented 
factors associated with thrombovascular events (arterial and 
venous thrombosis) in their study of 482 SLE patients. In 

Table 1. Comparison of RA patients with venous thromboembolism and 
control RA patients

Demographic and clinical 
findings

Age and sex-
matched RA 

patients without 
VTE n=116

RA patients 
with VTE

n=34 p-value

Age, mean (SD) 64.4 (13.2) 66.8 (11.5) 0.28

Gender, female, n (%) 89 (76.7) 29 (85.2) 0.18

Age at the RA diagnosis, 
mean (SD) 49.9 (11.5) 48.3 (12.9) 0.84

Smoking history, (ever) 
n (%) 36 (55.4) 10/27 (37) 0.08

RF and/or ACPA positivity, 
n (%) 85 (78) 28 (82.4) 0.38

RF positivity, n (%) 76 (65.5) 24 (70.6) 0.37

ACPA positivity, n (%) 49 (57) 16/32 (50) 0.31

ANA positivity, n (%) 47 (57.3) 19/29 (65.5) 0.29

Comorbidities, n (%)

Hypertension 48 (52.7) 27 (79.4) 0.005

Diabetes mellitus 21 (22.8) 6 (17.6) 0.35

Coronary artery disease 12 (12.8) 8 (23.5) 0.11

Hyperlipidemia 47 (40.5) 25 (73.5) 0.01

Thyroid diseases 18 (31.7) 12 (35.3) 0.34

Presence of malignancy 8 (6.8) 6 (17.6) 0.08

Chronic obstructive 
pulmonary disease 14 (15.2) 4 (12.1) 0.35

Interstitial lung disease 11 (9.4) 5 (14.7) 0.46

CCI, mean (IOR)  3.5 (1.3) 4.48 (1.59) <0.001

CCI, subgroups, n (%)
1-2
3-4
≥5

34 (29.3)
58 (50)

24 (20.7)

2 (5.9) 
18 (52.9)
14 (41.2)

0.003
0.51

0.016

Interstitial lung disease 10 (25) 5 (14.7) 0.45

Medications, n (%)

Glucocorticoids 72 (62) 31 (96.9) 0.02

Methotrexate 56 (48.2) 25 (73.5) <0.001

Sulfasalazine 41 (35.3) 16 (47.5) 0.07

Leflunomide 49 (42.2) 19 (55.8) 0.06

Hydroxychloroquine 93 (80.9) 17 (50) 0.001

Tumor necrosis factor 
inhibitors 27 (23.2) 5 (14.7) 0.27

Rituximab 14 (14.1) 7 (20.5) 0.22

Abatacept 2 (1.9) 1 (2.9) 0.14

JAK-inhibitors 5 (4.9) 1 (2.9) 0.61
RA: Rheumatoid arthritis, ANA: Antinuclear antibody, CCI: Charlson Comorbidity Index, SD: Standard 
deviation, IQR; Interquartile range, RF: Rheumatoid factor, ACPA: Anti-citrullinated protein 
antibodies, JAK: Janus kinase, VTE: Venous thromboembolism

Table 2. Predictive factors associated with VTE in RA patients

Parameters
Univariate Multivariate

OR (CI) p OR (CI) p

CCI, mean (SD) 3.25 (1.6-4.32) <0.001 2.84 (1.46-3.80) <0.001

Glucocorticoid use 0.44 (0.1-1.4) 0.06

Methotrexate use 2.3 (0.92-7.8) 0.08

Hydroxychloroquine 
use 0.26 (0.11-0.95) 0.001 0.34 (0.1-0.86) 0.049

Hyperlipidemia 1.9 (0.9-7.86) 0.09

Hypertension 2.9 (1.4-11.6) 0.02 3.6 (0.98-13.2) 0.051
VTE: Venous thromboembolism, RA: Rheumatoid arthritis, SD: Standard deviation, CCI: Charlson 
Comorbidity Index, CI: Confidence interval, OR: Odds ratio
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multivariate analysis, they found that older age was associated 
with an increased risk of VTE (OR 1.04, 95% CI 1.01–1.07), 
whereas antimalarial use was associated with a decreased 
risk of thromboembolic events. In a study of SLE patients by 
Akhavan et al.,24 hydroxychloroquine use was associated with 
less damage in the first three years. In our study, the combined 
use of HCQ in RA patients was associated with a reduced risk 
of VTE 0.34 (0.1-0.86) (OR: 0.34, 95 CI: 0.1-0.86), consistent 
with the results of previous studies. While observational, this 
result underscores the possible thrombo-preventive benefits 
of hydroxychloroquine beyond its immunomodulatory role 
and suggests its continued use may be advantageous in high-
risk RA patients. Contrary to expectations, glucocorticoid 
use was not independently associated with VTE risk in the 
multivariate model. While glucocorticoids have previously 
been linked to thromboembolic events due to their metabolic 
and vascular side effects, the widespread use of these agents 
across both groups in our cohort may have limited the 
detection of a distinct association.

Limitations
The present study has several limitations. The limited number 
of patients with VTE (n=34) has a detrimental effect on the 
statistical power of the multivariate model. Recent studies 
have shown a strong association between disease activity 
index and hospitalization duration and risk of VTE  in 
patients with RA.25,26 Due to retrospective design of our 
study, data on disease activity, functional indices, and their 
effects on VTE are lacking. Furthermore, there is a paucity 
of data regarding important parameters of VTE etiology, 
including prolonged hospitalization history, body-mass 
index, hereditary thrombophilia, and all anti-phospholipid 
autoantibody laboratory evaluations. The surgical history 
of RA patients was missing, and the temporal relationship 
between surgical history and VTE was unknown in our study. 
As a result, the relationship between these factors and VTE 
development could not be studied.

CONCLUSION
As a result, this study highlights that VTE in patients with RA 
is associated with older age, hypertension, hyperlipidaemia, 
and a higher burden of comorbidities. Multivariate analysis 
revealed that a higher CCI was independently associated with 
a higher risk of VTE, while the use of hydroxychloroquine 
was associated with a reduced risk. It is imperative that 
prospective studies are conducted in order to corroborate 
these associations and to provide a scientific basis for the 
development of preventive strategies for patients who are at 
high risk.
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ABSTRACT
Aims: This study aimed to evaluate the prognostic value of the glucose-to-potassium ratio (GPR) measured at emergency 
department (ED) admission in patients with multiple trauma who required intensive care unit (ICU) follow-up.
Methods: This retrospective study was conducted at a tertiary care center between January 1 and December 31, 2022. Adult 
patients admitted to the ED with multiple trauma and subsequently transferred to the ICU were included. Demographic 
characteristics, trauma mechanisms, laboratory values, and ICU outcomes were recorded. The predictive value of GPR for ICU 
mortality was analyzed using receiver operating characteristic (ROC) curve analysis. Additional comparisons were made with 
established biomarkers such as lactate and injury severity score (ISS).  
Results: A total of 253 patients met the inclusion criteria. The most common trauma mechanisms were falls (45.7%) and traffic 
accidents (38.9%). Median GPR was significantly higher in non-survivors than in survivors [45.5 (30.5–63.6) vs. 31.6 (25.8–
39.5), p=0.001]. ROC analysis yielded an area under the curve (AUC) of 0.712 for GPR. The optimal cut-off value was 66.9, with 
a sensitivity of 21% and specificity of 95%. In logistic regression analysis, GPR was identified as an independent predictor of 
mortality (p=0.004, Exp (B): 0.96). While lactate (AUC: 0.775) and ISS (AUC: 0.881) showed stronger predictive power, GPR 
remains a practical and accessible marker in the ED setting. 
Conclusion: GPR is a simple, rapid, and cost-effective biomarker that may contribute to early risk stratification in multiple 
trauma patients. Although it should not be used in isolation for clinical decision-making, it may serve as a valuable adjunct to 
established prognostic tools. Further prospective and multicenter studies are warranted to validate its clinical utility. 
Keywords: Glucose/potassium ratio, multiple trauma, intensive care unit, prognosis

INTRODUCTION
Trauma remains one of the leading causes of mortality 
worldwide, particularly affecting younger individuals.1,2 
Despite advances in medical interventions, mortality rates 
among patients with multiple traumatic injuries still range 
between 10% and 20%. Multiple trauma cases are frequently 
encountered in emergency departments (EDs) and require 
rapid and comprehensive evaluation of different organs 
and systems. Early diagnosis, timely treatment, and close 
monitoring play a critical role in reducing mortality in these 
patients.

Various scoring systems and imaging methods have been 
developed to assess prognosis in multiple trauma patients.3,4 
One of the most widely used is the injury severity score 
(ISS), introduced by Baker et al.,5 which measures the overall 
severity of multiple injuries in the body. The ISS is calculated 
by summing the squares of the three highest abbreviated 
injury scale (AIS) scores from different body regions.6

An important component of the response to trauma is 
activation of the sympathetic nervous system, which 
leads to excessive release of stress-related hormones and 
catecholamines such as adrenaline, noradrenaline, and 
dopamine. Patients with multiple trauma experience this 
physiological stress response to a significant degree.7

This neurohormonal response causes marked changes 
in glucose and potassium metabolism. During trauma, 
increased catecholamine and cortisol levels stimulate 
hepatic gluconeogenesis and glycogenolysis, resulting in 
hyperglycemia. In addition, increased insulin resistance and 
decreased peripheral glucose utilization further contribute to 
this condition. Conversely, catecholamines stimulate the Na+/
K+-ATPase pump on cell membranes, leading to intracellular 
potassium shift and hypokalemia.8

Therefore, trauma patients may present with both elevated 
glucose and reduced potassium levels simultaneously. The 
combined measure, known as the glucose-to-potassium ratio 

https://orcid.org/0000-0003-2295-3243
https://orcid.org/0000-0001-8050-4433


603

Demirci et al. GPR in multiple trauma patientsAnatolian Curr Med J. 2025;7(5):602-606

(GPR), may reflect the severity of the stress response and the 
degree of metabolic imbalance. While the prognostic value 
of GPR has been investigated in isolated trauma settings, its 
significance in multiple trauma cases has not been adequately 
evaluated.

Accordingly, the present study aims to investigate whether 
GPR can serve as a predictor of mortality in multiple 
trauma patients admitted to the intensive care unit (ICU), in 
conjunction with other clinical parameters.

METHODS
Ethics
The study has received ethical approval from the Ethics 
Committee for Non-drug and Non-medical Device 
Researches at Karatay University (Date: 22.06.2023, Decision 
No: 2023/003). All procedures were carried out in accordance 
with the ethical rules and the principles of the Declaration of 
Helsinki.

Study Design and Participants
This retrospective study was conducted at Konya City Hospital, 
a tertiary care center serving approximately 50.000 patients 
per month, between January 1 and December 31, 2022. Data 
were obtained through the hospital’s electronic medical 
record system. Clinical characteristics at ED presentation 
(including ISS), demographic data, ICU follow-up notes, and 
laboratory results were recorded.

Exclusion criteria included inaccessible medical records, 
incomplete clinical data, unclear medication history, absence 
of multiple trauma, history of diabetes, thyroid dysfunction, 
renal failure, severe malnutrition, extensive burns, liver 
cirrhosis, hemolyzed blood samples, pregnancy, age under 18 
years, and the use of antihypertensive or potassium-regulating 
medications.

The rationale for applying these exclusion criteria was 
to eliminate clinical conditions that could directly alter 
glucose and potassium metabolism (e.g., diabetes, renal 
failure, thyroid dysfunction, liver cirrhosis, malnutrition, 
pregnancy), which might otherwise confound the study 
results. Similarly, medications affecting potassium balance 
(such as antihypertensives or potassium regulators) and 
conditions producing exaggerated metabolic responses 
(e.g., extensive burns) were excluded, since they could 
independently influence GPR values. This approach was 
intended to ensure that the findings more accurately reflected 
the true pathophysiological changes induced by trauma.

During the study period, a total of 724 patients admitted to the 
ED and subsequently transferred to the ICU were screened. 
Of these, 471 were excluded due to meeting one or more 
exclusion criteria. The most common reasons for exclusion 
were a history of diabetes (n=46), renal failure (n=12), 
incomplete clinical data (n=327), thyroid dysfunction (n=4), 
liver cirrhosis (n=3), pregnancy (n=6), extensive burns (n=11), 
and the use of antihypertensive or potassium-regulating 
medications (n=62). Ultimately, 253 patients were included in 
the study cohort.

Laboratory Analysis
Initial blood samples were collected in the ED from patients 
presenting with multiple trauma. Routine laboratory tests were 
conducted, and hematologic parameters were analyzed using 
an automated analyzer (Mindray BC-6000). The neutrophil-
to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio 
(PLR) were calculated by dividing the absolute counts of 
neutrophils and platelets by the absolute lymphocyte count, 
respectively. GPR was obtained by dividing the serum glucose 
concentration by the serum potassium concentration.

Statistical Analysis
Data were analyzed using IBM SPSS Statistics 23.0. Categorical 
variables were expressed as frequencies and percentages, 
while continuous variables were presented as mean±standard 
deviation or median (interquartile range), as appropriate. 
Normality was assessed using the Kolmogorov-Smirnov test.

Comparisons between groups were made using Chi-square 
tests for categorical variables, and the Mann–Whitney U 
or Student’s t-test for continuous variables. ROC curve 
analysis was used to assess the predictive value of GPR and 
other parameters for ICU mortality. Univariate predictors 
of mortality were further evaluated using logistic regression. 
Parameters such as Glaskow Coma Scala (GCS) and ISS, 
which may introduce subjective bias, were excluded from the 
regression model. Model fit was assessed using the Hosmer–
Lemeshow test, and the backward stepwise method was used 
in logistic regression analysis.

A p-value <0.05 was considered statistically significant.

RESULTS
Throughout 2022, 724 trauma patients were admitted to 
the ED and subsequently transferred to the ICU for further 
management. Of these, 253 patients met the study criteria and 
were included in the analysis. The demographic characteristics 
of these patients are summarized in Table 1. Regarding the 
mechanism of trauma, the most common cause was falls 
(n=113, 45.7%), followed by traffic accidents (n=96, 38.9%), 
occupational injuries (n=32, 13.0%), high-level falls or being 
pushed (n=5, 2.0%), and physical assault (n=1, 0.4%).

At admission, 189 patients (76.5%) had a GCS score of 15, 25 
patients (10.5%) scored 14, and 19 patients (7.7%) scored 3. 
Intermediate GCS scores were less frequently observed. The 
ICU distribution was as follows: surgical ICU (n=147, 59.5%), 
anesthesiology and reanimation ICU (n=61, 24.7%), and 
emergency ICU (n=33, 13.4%). During follow-up, a total of 24 
patients (9.7%) died in the ICU.

Among the 253 patients, 147 sustained thoracic trauma, 106 
extremity trauma, 74 head injuries, 34 abdominal trauma, 
and 15 pelvic trauma. Seventy-five patients (30.4%) had 
multisystem injuries. The median ISS was 9 (range: 9–18), and 
the distribution of ISS values is presented in Table 2.

The prognostic value of GPR for predicting mortality in ICU-
admitted patients was assessed using ROC curve analysis. The 
analysis identified a cut-off point of 66.9, corresponding to 
a sensitivity of 0.21 and a 1-specificity of 0.05. Median GPR 
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was 45.5 (30.5–63.6) in non-survivors compared with 31.6 
(25.8–39.5) in survivors. ROC analysis yielded an AUC of 
0.712, indicating a moderate predictive accuracy for mortality 
(Table 3, Figure).

In addition, inflammatory biomarkers were evaluated. Both 
the NLR and the PLR were significantly higher in non-
survivors (p<0.05). Serum lactate levels were also strongly 
associated with mortality, with markedly elevated values in 
non-survivors (p<0.001). ROC curve analysis demonstrated 
AUC values of 0.693 for NLR, 0.642 for PLR, and 0.801 for 
lactate. These findings indicated that lactate was the strongest 
predictor of mortality; however, GPR also contributed as an 
independent biomarker of clinical significance.

Logistic regression analysis revealed that each one-unit 
increase in GPR was associated with a 0.04-fold decrease in 
the probability of survival (Nagelkerke R²=0.98). Lactate and 

NLR values were also found to be independently associated 
with mortality. Detailed results of the model are presented in 
Table 4.

Table 1. Demographic and laboratory characteristics of the patients

Parameters* Survival Exitus p

n (%) n (%)

Gender
Male 156 (68.1) 17 (70.8)

p= 0.05 χ2= 0.823Female 73 (31.9) 7 (29.2)

Total 229 (100.0) 24 (100.0)

Median (IQR)) Median (IQR)

Age 26 (36 & 77) 35 (26 & 71) p=0.053 U=2031.5

NEU (%) 9.88 (7 & 14.78) 14.04 (9.88 & 18.81) p=0.019 U=1896.5

LEU (%) 1.07 (0.93 & 2.26) 3.32 (1.073 & 5.67) p=0.013 U=1846

CRP (mg/dl) 1.7 (2.1 & 30.81) 10.6 (1.6725 & 91.54) p=0.360 U=2371.5

Lactate (mmol/L) 2.5 (1.1 & 2.7) 3.3 (2.5 & 6.7) p<0.001 U=1206

BE (mmol/L) -11.0 (-2.6 & 1.1) -5.7 (-11.0 & 2.6) p<0.001 U=780

Glucose (mg/dl) 130 (110 & 162) 185.5 (130 & 247) p<0.001 U=1459

Potasium (mmol/L) 3.6 (3.9 & 4.5) 4.1 (3.6 & 5.1) p=0.846 U=2611.5

GPR 30.49 (25.75 & 39.51) 45.53 (30.49 & 63.6) p=0.001 U=1542.5

NEU/LEU 2.14 (3.3594 & 14.28) 6.33 (2.14 & 13.74) p=0.526 U=2465

PLT/LEU 42.489 (97.446& 242.352) 66.600 (42.489 & 196.936) p=0.007 U=1777.5

Mean±SD Mean±SD

PLT 244.932±74.367 238.500±70.838 p=0.686 t=-0.404
NEU: Neutrophil, LEU: Lymphocyte, PLT: Platelet, CRP: C-reactive protein, BE: Base exes, GPR: Glucose/potassium ratio, SD: Standard deviation

Table 2. Distribution of patients according to injury severity score (ISS)

ISS 3 4 9 12 13 16 18 22 25 26 27 29 34 43 50 59

n 1 14 131 2 3 2 51 5 4 8 14 1 6 6 4 1

% 0.4 5.7 53 0.8 1.2 0.8 20.6 2 1.6 0.8 5.7 0.4 2.4 2.4 1.6 0.4

ISS: Injury severity score

Table 3. ROC curve data for GPR and other parameters

Parameters Area under 
the curve

Standard 
error p 95% confidence 

interval

GPR 0.712 0.057 p=0.001 0.600-0.823

Lactate 0.775 0.055 p<0.001 0.666-0.883

ISS 0.881 0.054 p<0.001 0.775-0.986

ROC: Receiver operating characteristic, GPR: Glucose/potassium ratio, ISS: Injury severity score

Figure. ROC curve for GPR and other parameters 
ROC: Receiver operating characteristic, GPR: Glucose/potassium ratio, ISS: Injury severity score

Table 4. Analysis of logistic regression

B Sig. Exp (B) 95% CI for Exp (B)

Lower Upper

GPR -0.37 p=0.004 0.96 0.939 0.988

BE 0.268 p<0.001 1.30 1.171 1.458
CI: Confidence interval, BE: Base exes, GPR: Glucose/potassium ratio, Hosmer–Lemeshow test: 
p=0.299
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DISCUSSION
Multiple trauma is a severe clinical condition, typically 
resulting from high-energy injuries, that affects several 
anatomical regions and requires a multidisciplinary 
approach. Hemodynamic instability, metabolic stress, and 
inflammatory responses observed in trauma patients can lead 
to organ failure and increased mortality.9-11 Therefore, there 
is a strong need for simple and reliable biomarkers that can 
predict prognosis in the early stages.

In this study, falls (45.7%) and traffic accidents (38.9%) were 
identified as the most common mechanisms of trauma. 
These findings are consistent with previous studies, such as 
that by Altuncu et al.,12 which reported similar distributions. 
The gender distribution in our study (68.8% male and 31.2% 
female) also aligns with figures reported in the literature.4,12

Our study demonstrated that the GPR may be associated with 
mortality in multiple trauma patients admitted to the ED 
and requiring ICU care. Trauma-induced hyperglycemia and 
hypokalemia result in elevated GPR. These metabolic changes 
are primarily driven by increased sympathetic activation and 
catecholamine release following trauma.7,8 Elevated glucose 
levels are associated with the stress response, while decreased 
potassium levels are linked to β-adrenergic stimulation that 
facilitates intracellular potassium shift.8

In our cohort, non-survivors exhibited markedly higher GPR 
values than survivors. This suggests that GPR may serve as 
a clinically useful prognostic biomarker in multiple trauma 
patients. However, our findings also indicate that while 
elevated GPR reflects increased mortality risk, its predictive 
value is limited at lower and moderate levels.

Similarly, Turan et al.4 reported that in patients with isolated 
thoracoabdominal trauma, GPR was significantly associated 
with mortality, and its prognostic value increased when 
combined with the shock index. Katipoğlu et al.13 also 
demonstrated a significant association between elevated GPR 
and mortality in trauma patients. These findings suggest that 
GPR may be a valid biomarker not only in isolated injuries but 
also in multiple trauma cases.

The systemic inflammatory response observed after trauma14,15 

may also be reflected in hematological markers such as the 
NLR and the PLR. However, some studies have reported that 
NLR tends to rise in the later stages of critical illness, limiting 
its utility as an early prognostic marker.16,17 In line with this, 
our study found no significant association between initial NLR 
values and mortality. Although PLR showed some prognostic 
relevance, it did not demonstrate the same specificity as GPR.

On the other hand, commonly used parameters such as 
lactate and ISS showed stronger predictive power than 
GPR. Nevertheless, GPR has the advantages of being rapid, 
inexpensive, and widely available, making it a practical tool 
in clinical settings. Moreover, logistic regression analysis 
indicated that GPR was independently associated with 
mortality, supporting its potential role as a prognostic factor.

In conclusion, GPR may serve as a valuable adjunctive marker 
for clinicians aiming to perform rapid risk stratification in 

multiple trauma patients presenting to the ED. However, it 
should be interpreted alongside other biomarkers and clinical 
parameters, and not be used as a standalone tool in decision-
making.

Limitations
This study has several limitations. First, it was designed 
as a single-center, retrospective study, which limits the 
generalizability of the findings. Although glucose and 
potassium levels were measured at the time of admission to 
the ED, the exact timing of trauma varied among patients and 
may have influenced biomarker levels.

Although we proposed that elevated GPR may be associated 
with increased catecholamine release, catecholamine levels 
were not directly measured in this study. Therefore, whether 
GPR truly reflects the sympathoadrenal response could not 
be confirmed. In addition, some clinical conditions that 
may affect glucose and potassium levels (such as acute stress 
hyperglycemia or subclinical endocrine disorders) might not 
have been fully excluded.

Furthermore, GPR was not directly compared with other 
established biomarkers, which limits the evaluation of its 
relative clinical value. Future studies should address these 
gaps using prospective, multicenter designs with larger 
patient populations.

CONCLUSION
This study demonstrates that GPR may be associated with 
mortality in multiple trauma patients. As a parameter that can 
be easily obtained from routine laboratory tests, it offers the 
advantages of being rapid, inexpensive, and widely accessible, 
thereby contributing to risk stratification in clinical practice. 
However, GPR should not be interpreted in isolation; it must 
be evaluated in conjunction with other biomarkers and 
clinical assessments.
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ABSTRACT
Aims: Primary hyperparathyroidism (PHPT) is recognized by excessive parathyroid hormone (PTH) secretion, leading to 
hypercalcemia and systemic complications. This study aimed to investigate the gene expression profiles of PTH, calcium-sensing 
receptor (CaSR), vitamin D receptor (VDR), fibroblast growth factor receptor 1 (FGFR1), and α-Klotho from parathyroid 
adenomas among PHPT patients and to explore their correlations with biochemical parameters. 
Methods: Parathyroid adenoma samples were obtained from 20 PHPT patients who underwent parathyroidectomy. RNA was 
isolated, and gene expression levels were quantified using one-step reverse transcription quantitative PCR (RT-qPCR). Fold 
change values were calculated utilizing gene-specific patient average ΔCt values as references. Biochemical data, including serum 
calcium, phosphorus, PTH, and vitamin D (25-OH), as well as gender, age, and adenoma volumes, were statistically analyzed for 
correlation with gene expression patterns. 
Results: Gene expression analysis revealed significantly lower CaSR expression in small adenomas (<0.2 cm³) compared to 
medium and large adenomas, suggesting a possible association between tumor size and early molecular deregulation. Notably, 
CaSR expression exhibited a positive correlation with the expression levels of both VDR and FGFR1, suggesting the presence of 
a coordinated regulatory network encompassing calcium and vitamin D pathways. A multiple regression model revealed that 
serum vitamin D and PTH gene expression serve as positive predictors of CaSR expression, whereas serum PTH levels were 
negatively associated. A paradoxical positive correlation was observed between serum calcium levels and PTH gene expression, 
which may reflect impaired feedback control due to CaSR downregulation. 
Conclusion: These findings may provide new insights into the pathophysiology of PHPT, highlighting the importance of 
molecular profiling in understanding disease progression. The established expression patterns and their biochemical correlations 
may strengthen future efforts toward population-specific diagnosis and targeted therapeutic approaches, particularly in regions 
with high vitamin D deficiency and distinct disease severity profiles.
Keywords: Primary hyperparathyroidism (PHPT), calcium-sensing receptor (CaSR), PTH, vitamin D receptor (VDR), fibroblast 
growth factor receptor 1 (FGFR1), α-Klotho

INTRODUCTION
Primary hyperparathyroidism (PHPT) is a prevalent 
endocrine disorder characterized by the overproduction 
of parathyroid hormone (PTH), leading to hypercalcemia 
and its related systemic complications. Globally, PHPT is 
recognized as the third most common endocrine disease, 
following diabetes and thyroid-related disorders.1 Regardless 
of geographical location, PHPT demonstrates an increased 
incidence among older populations, particularly affecting 
postmenopausal women (34–120 women per 100.000 person-
years) when compared to men (13–36 men per 100.000 person-
years).2 While typically asymptomatic, the diagnostic criteria 
for classical PHPT involve serum calcium levels greater 
than 10.5 mg/dl and PTH levels surpassing 65 pg/ml, with 
the normal range being 15–65 pg/ml.3 The pathophysiology 

of PHPT involves the dysregulation of calcium-regulating 
receptors, including the calcium-sensing receptor (CaSR), 
vitamin D receptor (VDR), and the α-Klotho/FGFR1 
complex. According to the literature, more studies were 
conducted regarding the expression levels of VDR and CaSR 
in parathyroid adenomas.4-7 Downregulation of CaSR and 
VDR is frequently observed in PHPT parathyroid adenomas 
and contributes to dysregulated PTH secretion.8,9 

Expression of α-Klotho has also been identified in the 
parathyroid gland, and experimental evidence suggests 
that fibroblast growth factor 23 (FGF23) modulates 
PTH secretion via the FGFR1/α-Klotho axis.10,11 Clinical 
investigations have reported elevated FGF23 levels in PHPT 
patients, with correlations to serum calcium, PTH, and 
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phosphate concentrations, although findings remain partly 
inconsistent.12,13 These observations indicate that the FGFR1/
α-Klotho pathway may have a distinct, yet incompletely 
understood role in PHPT pathophysiology, warranting 
further investigation at the gene expression level.

This research seeks to investigate the expression levels of 
PTH, CaSR, VDR, α-Klotho, and FGFR1 in parathyroid 
adenomas from Turkish PHPT patients. Furthermore, it aims 
to establish correlations between these molecular findings 
and biochemical parameters, including serum PTH, calcium, 
phosphorus, and vitamin D (25-OH) (D3) measurements, 
as well as adenoma size, age, and gender. Lastly, through 
this approach, it is intended to address the limited evidence 
on α-Klotho/FGFR1 signaling in PHPT. Investigating these 
population-specific molecular profiles may provide valuable 
insights for developing future treatment approaches and 
personalized management strategies in PHPT.

METHODS
Ethical approval was obtained from the University of Health 
Sciences İstanbul Training and Research Hospital Clinical 
Researches Ethics Committee (Date: 07.03.2025, Decision No: 
52). All procedures were carried out in accordance with the 
ethical rules and the principles of the Declaration of Helsinki.

Patients diagnosed with PHPT who met surgical criteria 
and were admitted to the Endocrinology Clinic at Yeditepe 
University, İstanbul, Turkiye, underwent parathyroidectomy 
for the removal of hyperactive parathyroid tissues and were 
included in this study. Patients were excluded if they were 
younger than 18 years of age, pregnant, or had serum calcium 
and PTH levels within the normal reference range. Individuals 
with known malignancies outside the parathyroid glands were 
not included. In addition, patients with alternative conditions 
that could account for hyperparathyroidism, such as chronic 
renal insufficiency or sarcoidosis, were excluded. Patients 
with a history of previous parathyroid surgery, parathyroid 
carcinoma, secondary or tertiary hyperparathyroidism, 
or incomplete medical records were also excluded. The 
study included a total of 20 patients (male and female). 
Information details, including PTH (pg/ml), calcium (mg/
dl), phosphorus (mg/dl), D3 (µg/L), gender, preoperative age, 
and adenoma size, were obtained from the hospital health 
records. Serum calcium and phosphorus concentrations were 
measured using photometric methods on the Roche Cobas® 
c 501 analyzer (Roche Diagnostics, Germany), with Roche 
Calcium Gen.2 and Phosphate (Inorganic) ver.2 reagent kits, 
respectively. Serum PTH levels were determined using an 
electrochemiluminescence immunoassay (ECLIA) on the 
Roche Cobas® e 601 analyzer (Roche Diagnostics, Germany) 
with the Elecsys PTH assay kit. Serum 25-hydroxyvitamin 
D (25-OH D3) levels were quantified using the Elecsys 
Vitamin D total III assay on the same platform. Adenoma 
size was determined by pathological assessment following 
surgical excision. The pathology department recorded tissue 
dimensions (length, width, and thickness), and tissue volumes 
were calculated using the ellipsoidal model with the same 

formula utilized in the literature: length x thickness x width 
x 0.52.14,15

RNA Isolation
All tissue samples were immediately stored at −80°C, followed 
by RNA isolation. Total RNA isolation was performed 
according to the PureLink Mini RNA Kit (Ambion-Life 
Technologies™, USA) instructions. Total RNA was isolated from 
approximately 50 mg of preserved parathyroid tissues, which 
were cut into small pieces and subsequently homogenized in 
RNA lysis buffer, including 1% ß-mercaptoethanol. Individual 
lysates were transferred to the spin cartridges, followed by 
the execution of the binding, washing, and elution steps. The 
RNA yield and purity were measured using a Take3 plate 
(BioTek instrument) with a BioTek Synergy HTX multimode 
reader (BioTek, US).

Reverse Transcription-Polymerase Chain Reaction
The expression levels of PTH, CaSR, α-Klotho, FGFR1, and 
VDR were determined using one-step RT-qPCR with SYBR 
Green Mastermix (2X) (Nucleogene, Turkiye). The β-actin 
gene was incorporated for the purposes of normalization 
and serving as an internal control. The QIAGEN Rotor-Gene 
Q-2plex device was used to perform one-step RT-qPCR for all 
tests in this study. Briefly, the composition of the RT-qPCR 
reagent mix was described in Table 1.

The final volume of the RT-qPCR mixture was 16 µL, and 
the cycling conditions were programmed as follows: RT 
incubation and enzyme activation were serially performed at 
50°C for 15 min and 95°C for 2 min 30 sec. Afterwards, it was 
cycled 45 times at 95°C for 15 sec for denaturation and 60°C 
for 30 sec for annealing/extension. Melt curve analysis was 
conducted following the instrument's recommendations. All 
reactions were run in triplicate. Gene expression levels were 
analyzed using the comparative Ct method (ΔΔCt), with the 
average delta Ct value of each gene across all patients serving 
as the reference for fold change calculations. The primer 
sequences are presented in Table 2.

Statistical Analysis
All data analyses were performed using IBM SPSS Statistics 
(version 27). The Shapiro–Wilk test evaluated the normality 
of continuous variables (n=20). For normally distributed 
variables, comparisons between two independent groups 
used the independent-samples t-test. For comparisons among 
three or more groups, one-way analysis of variance (ANOVA) 
was used. Levene’s test checked the homogeneity of variances. 
When the equal variances assumption was met (p≥0.05), 

Table 1. RT-qPCR components with final concentrations

Component Final concentration

Reaction mix (2X) 1X

Enzyme mix (40X) 1X

Primer mix (F+R) 300 nM

Nuclease-free water

RNA template 10 ng/µL
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Tukey’s honestly significant difference (HSD) post hoc test 
was applied; otherwise (p<0.05), the Games–Howell post hoc 
test was used to account for heterogeneity in variances. For 
non-normal variables, the Kruskal–Wallis H test compared 
group distributions.

Pearson’s correlation analysis was performed to explore 
potential relationships between continuous variables that 
met the assumption of normality. For variables that were 
not normally distributed (e.g., PTH, D3, and α-Klotho_FC), 
Spearman’s rank-order correlation was used instead. All 
statistical tests were two-tailed, and p-values less than 0.05 
were regarded as statistically significant.

Categorical variables, such as gender and adenoma size 
classification, were analyzed using Pearson’s Chi-square test of 
independence. In cases where more than 20% of the expected 
cell frequencies were less than 5, the Fisher–Freeman–Halton 
exact test was employed as a more appropriate alternative. 
Exact p-values and 99% confidence intervals were obtained 
using a Monte Carlo simulation with 10.000 iterations.

RESULTS 
The study cohort consisted of 20 patients diagnosed with PHPT, 
exhibiting a mean age of 50.4±10.5 years. The biochemical 
analysis revealed elevated serum calcium levels (mean 
11.38±0.70 mg/dl) and PTH levels (mean 132.7±59.7 pg/ml) 
consistent with classical PHPT. It is noteworthy that the levels 
of D3 were observed to be deficient, with a mean concentration 
of 19.8±11.5 µg/L. This finding corroborates previous reports 
indicating a widespread vitamin D insufficiency within the 
Turkish population.16 The mean phosphorus level was recorded 
as 2.68±0.49 mg/dl. The mean adenoma volume was 0.51 cm³ 
(range: 0.12–1.95 cm³) (Table 3). Gender-based comparisons 
(Table 4) utilizing an independent-samples t-test indicated 
that male patients exhibited significantly higher calcium levels 
(11.95±0.84 mg/dl) compared to females (11.20±0.57 mg/dl; t 
(18)=2.313, p=0.032). The effect size was moderate (Cohen’s 
d=0.64), signifying a practically meaningful difference. While 
no significant differences were identified in phosphorus levels 
or the expression of key genes (PTH_FC, FGFR1_FC, VDR_
FC, CaSR_FC) across genders (p>0.05), there were small effect 
sizes observed for PTH_FC (d=0.37) and CaSR_FC (d=0.32). 
These findings are considered preliminary and should be 

interpreted with caution. To confirm their potential biological 
importance, further studies with larger sample sizes and 
greater statistical power are needed. For the variables that 
violated the normality assumption (PTH, D3, and α-Klotho_
FC), the Mann–Whitney U test revealed no significant gender-
based differences: PTH (U=33.000, p=0.563), D3 (U=34.500, 
p=0.649), and α-Klotho_FC (U=34.000, p=0.620).

The analysis of gene expression patterns, utilizing a one-way 
ANOVA, revealed significant variation in CaSR_FC levels 
across adenoma size categories (F (2, 18)=3.664, p=0.046) 
(Table 5). The post-hoc analysis using the Games–Howell 
test demonstrated that small adenoma groups (<0.2 cm³) 
displayed significantly lower CaSR_FC expression compared 
to medium (0.2–0.5 cm³; mean difference=–3.81909, p=0.048) 
and large (>0.5 cm³; mean difference=–4.69167, p=0.014) 
adenoma groups, suggesting a potential relationship between 
adenoma size and CaSR dysregulation. Nevertheless, no 
statistically significant difference was observed between the 
medium and large adenoma groups (p=0.756).

Correlation analysis between biochemical and molecular 
variables was shown in Table 6. Pearson’s correlation 
analysis identified several significant associations, including 
a positive relationship between calcium levels and PTH_FC 
(r=0.520, p=0.016), suggesting that increased calcium levels 
are correlated with higher PTH gene expression. Additionally, 
FGFR1_FC was strongly correlated with VDR_FC (r=0.616, 
p=0.003), and CaSR_FC showed positive correlations with 
both FGFR1_FC (r=0.434, p=0.049) and VDR_FC (r=0.605, 
p=0.004), implying potential regulatory or functional 
relationships. No other significant Pearson correlations were 
identified, and age did not exhibit a significant correlation 
with any continuous variables (all p>0.05). Spearman’s rank-
order correlations among non-normally distributed variables 
revealed no significant associations. Specifically, PTH was 
not significantly correlated with D3 (ρ=–0.064, p=0.783) or 
α-Klotho_FC (ρ=–0.134, p=0.563), and no association was 
observed between D3 and α-Klotho_FC (ρ=–0.071, p=0.759).

A multiple linear regression was performed to identify 
predictors of CaSR_FC expression. Predictor variables 
included adenoma volume, age, calcium, phosphorus, PTH, 
D3, PTH_FC, VDR_FC, FGFR1_FC, and α-Klotho_FC. 
The model was statistically significant, F (10, 10)=4.288, 
p=0.015, explaining 81.1% of the variance in CaSR_FC 
expression (R²=0.811; adjusted R²=0.622). Model diagnostics 
confirmed that the residuals were approximately normally 

Table 2. Target genes and the primer sequences used in the study

Target genes 5’–3’ primer sequences

β-actin F: TGATCCACATCTGCTGGAAGGT
R: GACAGGATGCAGAAGGAGATTACT

PTH F: GACATTGTATGTGAAGATGATACC
R: GCTTCTTACGCAGCCATTCTA

α-Klotho F: CCTCCTTTACCTGAAAATCAGCC
R: CAGGTCGGTAAACTGAGACAGAG

CaSR F: GGACAGCGGGAACAGGATTTGAGAG
R: CCCAGTTAGTCCCGGTTCCTTCACC

VDR F: AGCCTCAATGAGGAGCACTCCAAG
R: CGGGTGAGGAGGGCTGCTGAGTA

FGFR1 F: CCAACTTAGTGAAACCCCATCT
R: СССААСАА АТАСАGTCTGGTCA

PTH: Parathyroid hormone, CaSR: Calcium-sensing receptor, VDR: Vitamin D receptor,                      
FGFR1: Fibroblast growth factor receptor 1

Table 3. Descriptive clinical and biochemical parameters of the study 
cohort (n=20). Values presented include the mean, median, minimum, and 
maximum for pre-operative age, serum PTH (pg/ml), serum calcium (mg/dl), 
serum phosphorus (mg/dl), serum D3 (µg/L), and adenoma volume (cm³)

Age PTH 
(pg/ml)

Calcium 
(mg/dl)

Phosphorus 
(mg/dl)

D3 
(µg/L)

Adenoma 
volume 
(cm³)

Mean 50 132.72 11.38 2.69 19.79 0.51

Median 50 118.00 11.29 2.70 18.00 0.27

Minimum 26 65.30 10.22 1.93 3.00 0.12

Maximum 69 335.30 13.10 3.53 58.00 1.95
PTH: Parathyroid hormone
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distributed, homoscedastic, and that no multicollinearity 
issues were present (VIFs<2.55). Three variables emerged 
as significant predictors: PTH levels showed a negative 
association (B=–0.029, β=–0.546, p=0.017), while D3 
(B=0.114, β=0.414, p=0.034) and PTH_FC (B=0.585, β=0.715, 
p=0.007) demonstrated positive relationships with CaSR_FC 
expression. The remaining variables, including adenoma 
volume, age, calcium, phosphorus, VDR_FC, FGFR1_FC, 
and α-Klotho_FC, did not reach statistical significance but 
contributed to the overall model. To assess model adequacy, 
a post-hoc power analysis was conducted using G*power 
(version 3.1.9.7). Based on the observed effect size (f²=4.29), 
10 predictors, and a sample size of 20, the achieved power was 
0.997, indicating a very high probability of detecting a true 
effect.

DISCUSSION
This study provides new perspectives on the biochemical 
and molecular characteristics of PHPT in a Turkish patient 
population. Our cohort demonstrated elevated mean PTH 
and calcium levels, consistent with previous reports from 
Turkiye. For instance, a 20-year single-center study reported 

a mean serum calcium of 11.9±2.2 mg/dl and a mean PTH 
of 467±78 pg/ml among 190 PHPT patients, of whom 72% 
were asymptomatic at diagnosis.17 Similarly, a comparative 
study between Turkiye (Bursa) and the United States cohorts 
demonstrated significantly higher PTH concentrations 
(546±75 pg/ml vs. 146±75 pg/ml) and larger adenoma sizes 
(25.2±1.18 mm vs. 17.5±1.18 mm) among Turkish patients.18 
Furthermore, vitamin D deficiency has been demonstrated 
to be notably common in Turkish nationals (75%; <50 
nmol/l), contributing to more severe biochemical profiles and 
secondary HPT.19 These observations support our findings 
and highlight that Turkish PHPT patients may present with 
more pronounced biochemical alterations compared to 
Western populations.

The findings showed complex regulation of PTH, CaSR, 
VDR, FGFR1, and α-Klotho gene expressions in PHPT 
adenomas, consistent with previous literature. In this 
study, CaSR expression (CaSR_FC) was determined to be 
significantly downregulated in small adenomas (<0.2 cm³) 
in comparison to medium and large adenomas, suggesting 
a potential correlation between the size of adenomas and 
CaSR dysregulation. This finding is consistent with previous 
research identifying CaSR downregulation as a hallmark of 
PHPT. Yano et al.4 demonstrated that a reduction in CaSR 
and VDR expression was associated with higher proliferation 
markers and increased adenoma mass, indicating that 
CaSR may play an important role in the dynamics of tumor 
growth. Yet, other studies, such as Varshney et al.,20 did not 
establish a direct correlation with tumor weight; instead, they 
confirmed reduced CaSR mRNA levels in adenomas among 
the Asian Indian populations. The observation that the lowest 
CaSR expression was detected in the smallest tumors may 
tentatively suggest that the loss of CaSR could represent an 
early alteration in the progression of tumor development, 
occurring before mass expansion. However, given the cross-
sectional nature of this study and the limited number of 
samples, this interpretation should be considered exploratory 
and requires validation in larger, longitudinal studies. This 
observation is also corroborated by immunohistochemical 
verification from an autopsy-based study, which showed 
that reduced membrane CaSR expression occurs not only 
in adenomas but also in the normal parathyroid rim tissue, 
implying an early and diffuse CaSR suppression in PHPT 
pathogenesis.21 

Table 4. Gender-based comparisons of biochemical and molecular parameters

Variable Male mean±SD Female mean±SD Test statistic (df) p-value Effect size (Cohen’s d)

Calcium (mg/dl) 11.96±0.84 11.20±0.57 t (19)=2.313 0.032* 0.64 (moderate)

Phosphorus (mg/dl) 2.69±0.64 2.68±0.45 t (19)=0.289 0.776 0.09 (trivial)

PTH (pg/ml) 161.52±102.65 123.73±39.81 U=33.000 0.563 0.49 (medium)

D3 (µg/L) 18.72±8.43 10.13±12.57 U=34.500 0.649 0.80 (large)

PTH_FC 2.38±2.45 –0.74±12.57 t (18)=1.392 0.179 0.37 (small)

CaSR_FC 0.81±3.84 –0.25±3.03 t (18)=0.785 0.445 0.32 (small)

α-Klotho_FC –0.12±4.22 0.04±2.72 U=34.000 0.620 0.05 (trivial)
Independent-samples t-test for normally distributed variables; Mann–Whitney U test for non-normally distributed variables. * p<0.05 was considered statistically significant. SD: Standard deviation,                                    
PTH: Parathyroid hormone, CaSR: Calcium-sensing receptor

Table 5. Comparison of CaSR_FC expression across adenoma size categories

Comparison Mean difference p-value

Small vs. medium –3.81909 0.048*

Small vs. large –4.69167 0.014*

Medium vs. large 0.87258 0.756
CaSR: Calcium-sensing receptor, Adenoma size: small (<0.2 cm³), medium (0.2–0.5 cm³), large (>0.5 
cm³), Post-hoc comparisons were conducted using the Games–Howell test. * p<0.05 was considered 
statistically significant

Table 6. Correlation analysis between biochemical and molecular variables

Variable pair Correlation coefficient p-value

Calcium vs. PTH_FC r=0.520 0.016*

FGFR1_FC vs. VDR_FC r=0.616 0.003*

CaSR_FC vs. FGFR1_FC r=0.434 0.049*

CaSR_FC vs. VDR_FC r=0.605 0.004*

PTH vs. D3 ρ=–0.064 0.783

PTH vs. α-Klotho_FC ρ=–0.134 0.563

D3 vs. α-Klotho_FC ρ=–0.071 0.759
PTH: Parathyroid hormone, CaSR: Calcium-sensing receptor, VDR: Vitamin D receptor,                      
FGFR1: Fibroblast growth factor receptor 1. Pearson’s correlation-for normally distributed variables; 
Spearman’s correlation-for non-normally distributed variables. * p<0.05 was considered statistically 
significant.
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Notably, CaSR_FC exhibited a positive correlation with 
both VDR_FC and FGFR1_FC. Our results demonstrating 
downregulation of CaSR and its significant associations 
with VDR and FGFR1 expression are in line with the 
immunohistochemical findings of Latus et al.,22 who reported 
markedly reduced protein expression of CaSR and VDR in 
parathyroid glands of PHPT patients compared with controls, 
while FGFR expression remained unchanged. Interestingly, 
while Latus et al.22 did not observe significant correlations 
of Klotho with serum calcium levels, our dataset revealed 
interrelationships between CaSR_FC, VDR_FC, and FGFR1_
FC at the transcriptional level, suggesting that the molecular 
cross-talk between these pathways may manifest differently at 
the mRNA versus protein expression level. This may suggest 
the presence of a coordinated regulatory network involving 
calcium sensing, vitamin D signaling, and the FGF23/
FGFR1/Klotho pathways in parathyroid adenomas. While the 
existing literature regarding FGFR1 and α-Klotho expression 
in PHPT is limited, the data presented indicate a possible 
interconnected cross-talk across these pathways, aligning 
with studies that highlight a reduction in CaSR, VDR, and 
FGFR1-Klotho receptors in chronic hyperplasia.23 In another 
SHPT study, decreased α‑Klotho and FGFR1 expression 
in hyperplastic parathyroids were related, inversely, to 
parathyroid volume,11 supporting the observation of lower 
CaSR_FC in smaller adenomas and its interplay with FGFR1_
FC. Additionally, low vitamin D status has been associated 
with increased adenoma weight and serum PTH levels 
in Turkish patients,24 Similarly, our cohort demonstrated 
biochemical severity, featuring elevated levels of calcium and 
PTH, which corresponds with the national characteristics. 
The finding of a positive association between D3 and CaSR_
FC is consistent with the literature, suggesting that active 
vitamin D promotes CaSR transcription through vitamin D 
response elements in the CaSR promoter.25

Interestingly, the significant positive correlation between 
serum calcium levels and PTH gene expression may appear 
paradoxical under normal physiological regulation, though 
it aligns well with the pathophysiological mechanisms 
underlying PHPT. Under physiological conditions, raised 
levels of extracellular calcium inhibit PTH transcription 
and secretion by activating the CaSR in parathyroid 
cells. However, in PHPT, CaSR expression is typically 
downregulated or functionally impaired. This disruption of 
the negative feedback mechanism permits the ongoing PTH 
synthesis, despite hypercalcemia.4 The excessive production 
of PTH contributes to further bone resorption via osteoclast 
activation, thereby sustaining a cycle of hypercalcemia and 
hormonal dysregulation.26 Therefore, the identified positive 
correlation possibly indicates the autonomous nature of 
adenomatous parathyroid tissue, which continues to express 
PTH mRNA despite elevated serum calcium levels. Lastly, 
the significantly higher serum calcium levels observed in 
male patients may represent a preliminary observation of 
potential gender-related variation in PHPT. Given the small 
cohort size, this finding should be interpreted with caution 
and considered exploratory until validated in larger studies.

Limitations
This study presents valuable insights into gene expression 
dynamics in PHPT patients; however, several limitations 
must be acknowledged. In light of these limitations, the 
interpretations presented herein should be regarded as 
exploratory and hypothesis-generating rather than definitive. 

First, the sample size was limited to 20 parathyroid adenoma 
tissues, which may restrict the generalizability of the findings. 
Secondly, due to ethical restrictions, normal parathyroid 
tissues from healthy individuals could not be included as 
direct controls. While such samples are difficult to obtain, 
it is also important to recognize that even histologically 
“normal” parathyroid tissue adjacent to adenomas in PHPT 
patients or thyroid-related disease patients may not reflect 
truly unaffected physiology. Therefore, the use of such 
adjacent tissue as a control could yield misleading results. 
Instead, the average ΔCt values derived from the entire patient 
cohort for each gene were used as reference baselines for fold-
change calculations. While this method allowed for internal 
normalization, it may obscure subtle expression variations 
that could be better highlighted through comparison with 
truly unaffected tissue. In addition, clinical parameters 
such as serum creatinine levels, detailed comorbidity data, 
and medication histories were not consistently available for 
all patients and were therefore not included. While none of 
the patients had known chronic renal insufficiency or major 
comorbidities, the absence of these parameters should be 
recognized as a limitation. 

Lastly, this investigation represents the initial molecular 
profiling phase of a broader research project titled 
“Investigating efficacy of computationally repurposed drugs 
Cucurbitacin I, DG 041, IMD 0354 in in vitro PHPT Model 
regarding gene and protein pathways”. This project is also a 
continuation of a previously published study.27 Future studies 
will build upon this dataset by testing the effects of candidate 
drugs in functional in vitro PHPT models.

CONCLUSION
This study provides the first comprehensive qPCR-based 
profiling of PTH, CaSR, VDR, FGFR1, and α-Klotho 
expression, with a specific focus on PHPT patients from 
Turkiye. It contributes to the growing body of literature that 
represents distinct clinical and molecular features of PHPT. 
The findings highlight the downregulation of CaSR expression 
in smaller adenomas, suggesting that CaSR suppression 
may be an early event in parathyroid tumors. The observed 
correlations among CaSR, VDR, and FGFR1 gene expressions 
further point to a potentially coordinated regulatory 
network involving calcium, vitamin D, and FGF23/Klotho 
signaling pathways in parathyroid adenomas. Additionally, 
the paradoxical positive correlation between serum calcium 
and PTH gene expression supports the notion of impaired 
feedback inhibition attributed to CaSR dysfunction, a 
hallmark of PHPT pathophysiology. The results presented, 
along with the spotted gender-related differences in calcium 
levels and the observed molecular profiles, emphasize the 
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importance of incorporating both biochemical and gene 
expression parameters in the investigation of PHPT. Further 
research involving larger and more diverse populations 
is warranted to validate these findings and to explore their 
potential clinical implications, including early diagnosis and 
personalized treatment strategies.
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9.	 Carling T, Rastad J, Szabó E, Westin G, Åkerström Gr. Reduced 
parathyroid vitamin D receptor messenger ribonucleic acid levels in 
primary and secondary hyperparathyroidism*. J Clin Endocrinol Metab. 
2000;85(5):2000-2003. doi:10.1210/jcem.85.5.6607 

10.	Kawakami K, Takeshita A, Furushima K, et al. Persistent fibroblast 
growth factor 23 signalling in the parathyroid glands for secondary 
hyperparathyroidism in mice with chronic kidney disease. Sci Rep. 
2017;7:40534. doi:10.1038/srep40534 

11.	Yan J, Jingbo C, Wang D, et al. A correlation between decreased 
parathyroid α-Klotho and fibroblast growth factor receptor 1 expression 
with pathological category and parathyroid gland volume in dialysis 
patients. Int Urol Nephrol. 2015;47(4):701-706. doi:10.1007/s11255-015-
0917-0

12.	Yamashita H, Yamashita T, Miyamoto M, et al. Fibroblast growth 
factor (FGF)-23 in patients with primary hyperparathyroidism. Eur J 
Endocrinol. 2004;151(1):55-60. doi:10.1530/eje.0.1510055

13.	Kobayashi K, Imanishi Y, Miyauchi A, et al. Regulation of plasma 
fibroblast growth factor 23 by calcium in primary hyperparathyroidism. 
Eur J Endocrinol. 2006;154(1):93-99. doi:10.1530/eje.1.02053

14.	Özçelik S, Baş S, Çelik M, et al. Relationship of parathyroid adenoma 
volume with preoperative biochemical parameters. J Surg Med. 2019; 
3(1):1-3. doi:10.28982/josam.435391

15.	Korkmaz H. The diagnostic value of parathormone washout in Tc-
99m MIBI negative primary hyperparathyroidism cases. Tc-99m 
MIBI negatif primer hiperparatiroidizm olgularında parathormon 
yıkamanın tanısal değeri. Acta Medica Alanya. 2021;5(1):61-65. doi:10. 
30565/medalanya.853038

16.	Alpdemir M, Alpdemir MF. Meta analysis vitamin D deficiency status 
in Turkey: a meta-analysis. Int J Med Biochem. 2019;2(3):118-131. 

17.	Usta A, Alhan E, Cinel A, Türkyılmaz S, Erem C. A 20-year study 
on 190 patients with primary hyperparathyroidism in a developing 
country: Turkey experience. Int Surg. 2015;100(4):648-655. doi:10.9738/
intsurg-d-14-00094.1

18.	Kirdak T, Duh Q-Y, Kebebew E, Clark OH. Do patients undergoing 
parathyroidectomy for primary hyperparathyroidism in San Francisco, 
CA, and Bursa, Turkey, differ? Am J Surg. 2009;198(2):188-192. doi:10. 
1016/j.amjsurg.2008.09.031

19.	Erkal MZ, Wilde J, Bilgin Y, et al. High prevalence of vitamin  D 
deficiency, secondary hyperparathyroidism and generalized bone 
pain in Turkish immigrants in Germany: identification of risk factors. 
Osteoporos Int. 2006;17(8):1133-1140. doi:10.1007/s00198-006-0069-2

20.	Varshney S, Bhadada SK, Saikia UN, et al. Simultaneous expression 
analysis of vitamin D receptor, calcium-sensing receptor, cyclin D1, and 
PTH in symptomatic primary hyperparathyroidism in Asian Indians. 
Eur J Endocrinol. 2013;169(1):109-116. doi:10.1530/eje-13-0085

21.	Agarwal S, Kardam S, Chatterjee P, et al. CaSR expression in normal 
parathyroid and PHPT: new insights into pathogenesis from an autopsy-
based study. J Endocrinol Invest.   2022;45(2):337-346. doi:10.1007/
s40618-021-01646-w

22.	Latus J, Lehmann R, Roesel M, et al. Involvement of α-Klotho, fibroblast 
growth factor-, vitamin-D- and calcium-sensing receptor in 53 patients 
with primary hyperparathyroidism. Endocrine. 2013;44(1):255-263. doi: 
10.1007/s12020-013-9881-6

23.	Naveh-Many T, Volovelsky O. Parathyroid cell proliferation in 
secondary hyperparathyroidism of chronic kidney disease. Int J Mol Sci.  
2020;21(12):4332. doi:10.3390/ijms21124332 

24.	Özbey N, Erbil Y, Ademoğlu E, Özarmağan S, Barbaros U, Bozbora A. 
Correlations between Vitamin D status and biochemical/clinical and 
pathological parameters in primary hyperparathyroidism. World J Surg. 
2006;30(3):1658. doi:10.1007/s00268-005-0239-y 

25.	Canaff L, Hendy GN. Human calcium-sensing receptor gene. Vitamin 
D response elements in promoters P1 and P2 confer transcriptional 
responsiveness to 1,25-dihydroxyvitamin D. J Biol Chem. 2002;277(33): 
30337-30350. doi:10.1074/jbc.M201804200

26.	Levine BS, Rodríguez M, Felsenfeld AJ. Serum calcium and bone: effect 
of PTH, phosphate, vitamin D and uremia. Nefrología (English Edition). 
2014;34(5):658-669. doi:10.3265/Nefrologia.pre2014.Jun.12379

27.	Kubat Öktem E, Yazar M, Aysan E, Karabıyık Acar Ö. Computational 
drug repurposing for primary hyperparathyroidism. Mol Cell 
Endocrinol. 2024;583:112159. doi:10.1016/j.mce.2024.112159



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

ANATOLIAN 
CURRENT MEDICAL

Original Article

 Anatolian Curr Med J. 2025;7(5):613-617

 DOI: 10.38053/acmj.1739247

Corresponding Author: Arzu Akgül, arzuakgul@gmail.com

The relationship between sleep quality and inflammatory and 
biochemical parameters in hemodialysis patients

Arzu Akgül1, Neriman Sıla Koç1, Berrak Itır Aylı1, Hakkı Öztürk2, Mehmet Deniz Aylı1
1Department of Nephrology, Ankara Etlik City Hospital, Ankara, Turkiye

2Afyonkarahisar Provincial Health Services Directorate, Provincial Health Director, Afyonkarahisar, Turkiye

Cite this article as: Akgül A, Koç NS, Aylı BI, Öztürk H, Aylı MD. The relationship between sleep quality and inflammatory and biochemical 
parameters in hemodialysis patients. Anatolian Curr Med J. 2025;7(5):613-617.

Received: 10.07.2025                  ◆                  Accepted: 22.08.2025                  ◆                  Published: 15.09.2025

ABSTRACT
Aims: This study aimed to evaluate the relationship between sleep quality and inflammatory and biochemical parameters in 
hemodialysis patients.
Methods: In this cross-sectional, single-center study conducted in January 2025, a total of 195 patients aged 18 and older 
who had been undergoing hemodialysis treatment for at least six months were included. Sleep quality was assessed using the 
Pittsburgh Sleep Quality Index (PSQI); scores ≤5 were classified as “good sleep,” and >5 as “poor sleep.” Demographic, clinical, 
and laboratory data were retrospectively collected. Following univariate comparisons, logistic regression analysis was performed 
to determine independent predictors of poor sleep quality.  
Results: Poor sleep quality was observed in 55% of the patients. In the univariate analysis, CRP, leukocytes, and CRP/albumin 
ratio were higher in poor sleepers, while hemoglobin, albumin, and HALP scores were lower (p<0.05). Multivariate logistic 
regression analysis revealed that elevated CRP (OR 1.032; 95% CI 1.001–1.064; p=0.043) and low hemoglobin (OR 0.481; 95% 
CI 0.350–0.660; p<0.001) were independent predictors of poor sleep quality. 
Conclusion: Sleep disorders in hemodialysis patients are closely associated with systemic inflammation and anemia. CRP and 
hemoglobin levels are strong independent determinants of poor sleep quality. It is recommended that these parameters be 
routinely monitored in clinical practice and that interventions targeting inflammation and anemia be developed.
Keywords: Hemodialysis, sleep quality, CRP, hemoglobin, biomarker

INTRODUCTION
End-stage renal disease (ESRD) is a multidisciplinary health 
issue that significantly affects patients' physical, mental and 
social health as well as their quality of life. According to data 
from the Turkish Society of Nephrology at the end of 2023, 
70.88% of patients receiving renal replacement therapy (RRT) 
in Turkiye are treated with hemodialysis—the most common 
treatment modality.1 The chronic nature of hemodialysis and 
its accompanying complications significantly impact patients' 
physical, psychological, and social functioning, one of the 
major manifestations of which is sleep disturbances.2,3

Sleep disorders are frequently observed but often overlooked 
clinical conditions in hemodialysis patients.4 Studies have 
reported various sleep problems—such as difficulty falling 
asleep, frequent awakenings, non-restorative sleep, excessive 
daytime sleepiness, and restless leg syndrome—in up to 50–
85% of hemodialysis patients.2,4-6 Poor sleep quality has been 
associated with increased cardiovascular events, cognitive 
decline, and reduced overall quality of life.7 Therefore, early 
identification and management of sleep disturbances in 
hemodialysis patients should be prioritized.

The etiology of sleep disorders in hemodialysis patients is 
multifactorial. Underlying pathophysiological mechanisms 
include circadian rhythm disruptions, sympathetic-
vagal imbalance, reduced melatonin secretion, vitamin D 
deficiency, altered cerebral hemodynamics, and dialysis-
induced vascular stress. These disruptions are also associated 
with frontal lobe dysfunction and significant impairments in 
executive functions.5,8

In addition to these physiological changes, several studies 
have shown significant associations between sleep disorders 
and biochemical/inflammatory parameters such as low 
hemoglobin, hypoalbuminemia, elevated C-reactive protein 
(CRP), hyperphosphatemia, and leukocytosis.3,9

This study aims to evaluate the relationship between 
sleep quality and demographic, clinical, biochemical, and 
inflammatory parameters—including hemoglobin albumin 
lymphocyte platelet (HALP) score, CRP, and albumin—in 
ESRD patients who have been on hemodialysis for at least 
six months. It is one of the few studies to investigate the 
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association between sleep quality and composite biomarkers 
like HALP score in the Turkish hemodialysis population and 
thus makes a valuable contribution to the literature.

METHODS
The study has been approved by the Scientific Researches 
Evaluation and Ethics Committee of Ankara Etlik City 
Hospital (Date: 18.12.2024, Decision No: 2024-1230) and 
conducted in accordance with the Declaration of Helsinki. 
Written informed consent was obtained from all participants.

This cross-sectional study was conducted among ESRD 
patients who had been receiving hemodialysis treatment 
for at least six months and attended the Adult Nephrology 
Outpatient Clinic at Ankara Etlik City Hospital. The study 
was conducted in January 2025. A total of 195 individuals 
aged 18 years or older, cognitively capable of completing the 
questionnaire, and without active infection, malignancy, or 
altered consciousness were included.

To assess sleep patterns over the past month, the Pittsburgh 
Sleep Quality Index (PSQI) was administered via face-to-
face interviews. The PSQI was developed by Buysse et al.10 in 
1989, and adapted into Turkish by Ağargün et al.11 in 1996, 
with a Cronbach’s alpha coefficient of 0.8. The original scale 
includes 24 questions—19 self-reported and 5 completed by 
a bed partner. In this study, only the 19 self-reported items 
were used. These evaluate sleep across seven components: 
subjective sleep quality, sleep latency, sleep duration, habitual 
sleep efficiency, use of sleep medication, sleep disturbances, 
and daytime dysfunction. The scale is scored out of 21, with 
higher scores indicating poorer sleep quality. A total score of 
5 or below is considered good sleep quality, whereas scores 
above 5 indicate poor sleep quality.11

Additionally, a data collection form was administered to 
gather participants’ demographic data (age, sex) and clinical 
characteristics (duration of dialysis, comorbidities). Current 
biochemical and hematological data were retrospectively 
retrieved from the hospital’s electronic medical records. 
Patients without available laboratory data from the past 
month were excluded from the study. Inflammatory markers 
including CRP, albumin, leukocytes, neutrophils, and 
lymphocytes were recorded. HALP score and CRP/albumin 
ratio were calculated.

The HALP score was calculated using the following formula:

HALP=(hemoglobin [g/L]×albumin [g/L]×(lymphocyte 
[10⁹/L]/platelet [10⁹/L])

Statistical Analysis
All data were analyzed using SPSS (Statistical Package for 
the Social Sciences) version 23.0. Descriptive statistics for 
numerical variables were presented as mean±standard 
deviation (SD), and categorical variables were presented as 
numbers and percentages (%). For comparisons between 
groups, independent samples t-test was used for normally 
distributed variables and the Mann-Whitney U test for non-
normally distributed variables. Chi-square or Fisher’s exact 
test was applied to analyze categorical data.

Spearman correlation analysis was conducted to assess the 
relationship between sleep quality and laboratory/clinical 
parameters. To identify independent risk factors affecting 
sleep quality, Both univariate and multivariable logistic 
regression analyses were performed. the results are presented 
as odds ratios (OR) with corresponding 95% confidence 
intervals (CI) and p-values. multivariable linear regression 
models were constructed. A p-value <0.05 was considered 
statistically significant.

RESULTS
A total of 195 hemodialysis patients were included in the study. 
The mean age of participants was 59.1±13.5 years, with 38.9% 
being female. The average duration of chronic kidney disease 
(CKD) was 6.6±6.6 years. The most common comorbidities 
were diabetes mellitus (40.2%) and hypertension (60.3%). Poor 
sleep quality (PSQI>5) was identified in 55% of the patients. 
There were no statistically significant differences between 
the good and poor sleep quality groups in terms of age, sex, 
dialysis duration, or distribution of comorbidities (p>0.05) 
(Table 1).

In contrast, some biochemical and hematological parameters 
differed significantly between groups. Mean hemoglobin 
level was 11.1±1.4 g/dl. It was significantly higher in patients 
with good sleep quality compared to those with poor sleep 
quality (11.8±1.0 vs. 10.4±1.4 g/dl; p<0.001). Leukocyte count 
was significantly higher in the poor sleep group (7.82±2.51 vs. 
7.02±2.21; p=0.021). Serum CRP level was markedly higher in 
the poor sleep group (30.34±37.83 mg/L vs. 9.06±11.86 mg/L; 
p<0.001). CRP/Albumin ratio was significantly elevated in the 
poor sleep group (8.95±11.64 vs. 2.53±3.54; p<0.001). Serum 
albumin was higher in the good sleep group (3.79±0.40 
vs. 3.60±0.34 g/dl; p<0.001). HALP score was significantly 
higher in the good sleep group (77.08±133.47 vs. 42.23±81.02; 
p=0.0002). Serum phosphorus was significantly higher in the 
poor sleep group (5.23±1.12 vs. 4.53±1.18 mg/dl; p<0.001). 
Other variables such as neutrophils, lymphocytes, monocytes, 
ferritin, and PTH did not show statistically significant 
differences between groups (p>0.05) (Table 2).

Table 1. Demographic and clinical characteristics of patients

Variable Total
Good sleep 

quality 
(PSQI≤5)

Poor sleep 
quality 

(PSQI>5)
p-value

Age (mean±SD) 59.1±13.5 59.1±12.9 59.0±14.0 0.968

Female (%)	 38.9% 41.9% 36.7% 0.463

Male (%) 61.1% 58.1% 63.3% 0.463

CKD duration (years) 6.6±6.6 6.5±6.1 6.7±7.0 0.875

Diabetes-yes (%) 40.2% 44.7% 36.7% 0.259

Hypertension-yes (%) 60.3% 60.0% 60.6% 0.938

COPD-yes (%) 8.8% 5.9% 11.0% 0.210

Heart failure-yes (%) 10.3% 9.4% 11.0% 0.717

Coronary artery 
disease yes (%) 8.8% 5.9% 11.0% 0.210

PSQI: Pittsburgh Sleep Quality Index, CKD: Chronic kidney disease, COPD: Chronic obstructive 
pulmonary disease
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Spearman correlation analysis, demonstrated that leukocyte 
count (r=0.209, p=0.003), platelet count (r=0.188, p=0.009), 
CRP (r=0.565, p<0.001), and CRP/albumin ratio (r=0.567, 
p<0.001) were positively correlated with poor sleep quality. In 
contrast, hemoglobin (r=–0.618, p<0.001), serum albumin (r=–
0.346, p<0.001), and HALP score (r=–0.308, p<0.001) showed 
significant negative correlations, indicating that lower values of 
these parameters were associated with poorer sleep (Table 3).

Multivariable logistic regression analysis identified elevated 
CRP and low hemoglobin as independent predictors of poor 
sleep quality (PSQI>5). Each 1 mg/L increase in CRP was 

associated with a 3.2% increase in the likelihood of poor sleep 
(OR 1.032; 95% CI 1.001–1.064; p=0.043), while each 1 g/dl 
increase in hemoglobin reduced the risk by 52% (OR 0.481; 
95% CI 0.350–0.660; p<0.001). Albumin (OR 0.489; p=0.188), 
HALP score (OR 0.998; p=0.367), phosphorus (OR 1.052; 
p=0.704), and leukocyte count (OR 1.146; p=0.075) were 
not statistically significant independent predictors in the 
multivariable model (Table 4).

DISCUSSION
This study revealed that more than half of the hemodialysis 
patients had poor sleep quality, which was significantly 
associated with increased inflammatory burden. In the 
univariate analysis, patients with poor sleep quality had 
significantly higher levels of CRP, leukocyte count, and CRP/
albumin ratio, while hemoglobin, albumin, and HALP scores 
were significantly lower.

The HALP score is a composite marker that can be easily 
calculated from hemoglobin, albumin, lymphocyte, and 
platelet values. It has been widely studied in various patient 

Table 2. Comparison of laboratory parameters according to PSQI groups

Variable Overall mean±SD Good sleep quality (PSQI≤5) Poor sleep quality (PSQI>5) p-value

HemoglobinA 11.101±1.493 11.881±1.084 10.484±1.486 <0.001

LeukocytesA 7.464±2.412 7.016±2.215 7.820±2.512 0.021

NeutrophilsB 5.54±1.96 5.47±1.79 5.57±2.04 0.896

LymphocytesB 2.55±4.46 3.25 ±6.27 2.24±3.32 0.251

MonocytesB 0.74±0.25 0.73±0.26 0.74±0.24 0.990

PlateletsA 205.702±70.77 192.547±60.742 216.081±76.461 0.021

Calcium (mg/dl)A 8.776±0.767 8.815±0.742 8.745±0.789 0.53

Phosphorus (mg/dl)A 5.150±1.358 4.532±1.187 5.228±1.116 <0.001

ALT (U/L)B 12.374±9.876 12.035±6.083 12.642±12.080 0.413

Ferritin (ng/ml)B 591.569±354.600 586.419±317.205 595.633±382.935 0.733

PTH (pg/ml)B 284.043±337.559 268.061±269.738 296.506±382.986 0.92

CRP (mg/L)B 20.955±31.152 9.064±11.859 30.336±37.831 <0.001

Albumin (g/dl)A 3.686 ±0.379 3.794±0.400 3.600±0.339 <0.001

CRP/albuminA 6.117±9.548 2.526±3.540 8.950±11.642 <0.001

HALP score B 57.60 ±108.45 77.08±133.47 42.23±81.02 <0.001
A: Independent samples t-test, B: Mann-Whitney U test, PSQI: Pittsburgh Sleep Quality Index, ALT: Alanine aminotranspherase, PTH: Parathyroid hormone, CRP: C-reactive protein, HALP: Hemoglobin albumin 
lymphocyte platelet

Table 3. Spearman correlation

Parameter Spearman r p-value

Leukocytes 0.209 0.0034

Platelets 0.188 0.0086

Lymphocytes 0.02 0.78

Monocytes 0.017 0.8106

Neutrophils 0.043 0.5484

Hemoglobin -0.618 <0.001

Calcium (mg/dl) -0.061 0.3937

Phosphorus (mg/dl) -0.039 0.587

ALT (U/L) -0.098 0.1744

Albumin (g/dl) -0.346 <0.001

Ferritin (ng/ml) -0.003 0.9723

CRP (mg/L) 0.565 <0.001

PTH (pg/ml) -0.029 0.6925

KT/V -0.11 0.1254

CRP/albumin 0.567 <0.001

HALP score -0.308 <0.001
ALT: Alanine aminotranspherase, CRP: C-reactive protein, PTH: Parathyroid hormone,                           
HALP: Hemoglobin albumin lymphocyte platelet

Table 4. Logistic regression analyses of factors associated with poor sleep 
quality

Univariate Multivariable

Parameter OR 95% CI p-value OR 95% CI p-value 

Leukocyte 1.16 1.02–1.318 0.0233 1.146 0.986–1.331 0.075

Hemoglobin 0.418 0.311–0.562 0.0 0.481 0.35–0.66 <0.001

Phosphorus 0.971 0.788–1.196 0.7786 1.052 0.809–1.368 0.704

Albumin 0.222 0.093–0.527 0.0007 0.489 0.168–1.419 0.188

CRP 1.061 1.03–1.093 0.0001 1.032 1.001–1.064 0.043

HALP 
score 1.012 0.974–1.051 0.5533 0.998 0.621–1.192 0.367

OR: Odds ratio, CI: Confidence interval, CRP: C-reactive protein, HALP: Hemoglobin albumin 
lymphocyte platelet
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populationsespecially cancer patients as a reliable and cost-
effective biomarker for predicting prognosis, survival, and 
treatment response.12 In recent years, the prognostic role of the 
HALP score has also been considered in hemodialysis patients. 
In a large multicenter study by Zhang et al.13 (n=4,796), a 
high HALP score was significantly associated with reduced 
all-cause and cardiovascular mortality in hemodialysis 
patients. Similarly, Babovic et al.14 demonstrated a significant 
positive association between HALP score and quality of life in 
hemodialysis patients.

In light of this literature, the HALP score was included in 
our study due to its accessibility and its ability to reflect both 
inflammation and nutritional status holistically. However, 
in our patient group, only elevated CRP (OR 1.032; 95% CI 
1.001–1.064; p=0.043) and low hemoglobin (OR 0.481; 95% 
CI 0.350–0.660; p<0.001) emerged as independent predictors 
of poor sleep quality in the multivariable logistic regression 
model. The HALP score did not demonstrate independent 
predictive value. This suggests that while the HALP score is a 
valuable biomarker for assessing general health and prognosis 
in clinical practice, it may not be sufficient on its own to 
predict complex and dynamic clinical outcomes such as sleep 
quality.

Furthermore, our findings highlight that sleep quality is not 
merely a subjective symptom but is strongly linked to the 
balance of inflammation and anemia in hemodialysis patients.

The high prevalence of sleep disorders among hemodialysis 
patients has been well established in the literature across 
various regions.15 Reported prevalence of poor sleep quality 
ranges from 35% to 85% in different studies. For instance, a 
study from Saudi Arabia found poor sleep quality in 36.4% of 
patients and identified associations with older age (>50 years), 
male sex, marital status, low physical activity, and multiple 
comorbidities.16 Another cohort with a mean age of 54 years 
reported a prevalence of sleep disorders as high as 86.6%.17 
In our study, 55% of patients had PSQI scores >5, but no 
statistically significant differences were found between sleep 
quality groups in terms of age, sex, or comorbidities.

This study demonstrated that sleep quality is not solely a 
subjective experience, but is also meaningfully associated 
with biochemical and inflammatory parameters. In this 
respect, our findings support that sleep quality is a holistic 
health indicator in hemodialysis patients. In particular, CRP 
levels were significantly higher, and hemoglobin levels were 
markedly lower in individuals with poor sleep quality.

These findings align with many previous studies. For 
example, Chiu et al.18 reported significantly higher CRP and 
IL-1β levels in hemodialysis patients with poor sleep, along 
with lower hemoglobin and phosphorus levels. In our study, 
elevated phosphorus levels were associated with poor sleep 
quality, potentially due to dietary habits or poor adherence 
to phosphate binder therapy in our patient group. In contrast, 
the Chiu18 study may have observed phosphorus deficiency 
linked to malnutrition. Taraz et al.19 found that IL-10, an 
anti-inflammatory cytokine, was significantly lower in 
patients with poor sleep quality and was accompanied by 
higher triglyceride levels. Razeghi et al.9 reported that high 

CRP levels and advanced age were significantly associated 
with sleep disorders in hemodialysis patients. Similarly, 
studies conducted in different populations have shown that 
low albumin, high comorbidity burden, advanced age, and 
elevated inflammatory markers negatively impact sleep 
quality.16 Another study reported that patients with at least 
one sleep disorder had significantly more frequent CRP levels 
≥3.8 μg/ml, and that advanced age was also associated with 
poor sleep (p=0.004 and p=0.006).9

Compared with general population studies, the correlations 
observed in our dialysis cohort are markedly stronger. In a 
large study of 12.614 Chinese adults, individuals with anemia 
were more likely to experience insomnia compared with those 
without anemia; however, the strength of this association 
was weaker than that observed in our hemodialysis cohort.20 

Similarly, in a study of textile workers in Iran, both ferritin 
and hemoglobin levels were found to be significantly and 
inversely associated with sleep quality scores.21 Finally, an 
analysis of U.S. adults demonstrated that higher CRP levels 
were significantly related to sleep disturbances, although the 
magnitude of this association was lower than in our cohort.22

The common thread among these studies is the recognition 
that systemic inflammation can contribute to the deterioration 
of sleep quality, and that sleep-related biomarkers (such 
as CRP, IL-1β, triglycerides, hemoglobin, albumin, and 
phosphorus) exhibit significant changes. In line with these 
findings, our study also identified CRP and hemoglobin levels 
as independent predictors of sleep quality in hemodialysis 
patients. These results reinforce the impact of inflammation 
on sleep regulation. Thus, identifying sleep disturbances 
and implementing therapeutic strategies and lifestyle 
interventions targeting inflammation have the potential to 
improve sleep quality. Future prospective studies in this field 
are clearly needed.

Limitations
This study has several limitations: it is a single-center, cross-
sectional study, so causal relationships cannot be definitively 
established. Objective sleep assessment methods (e.g., 
polysomnography) were not used. Additionally, other factors 
known to affect sleep quality, such as depression, restless leg 
syndrome, and pruritus, were not assessed.

CONCLUSION
This study demonstrated that poor sleep quality in hemodialysis 
patients is independently associated with elevated CRP 
levels and low hemoglobin levels. In the univariate analysis, 
poor sleep was also significantly associated with classical 
inflammatory markers such as CRP, leukocyte count, 
and CRP/albumin ratio, as well as the HALP score. These 
findings indicate that systemic inflammation and anemia 
play determinant roles in the regulation of sleep patterns. 
This study showed that although composite biomarkers 
like HALP may not function as independent predictors in 
multivariable models, they may serve as useful screening 
tools at the univariate level; proving themselves as valuable 
tools while assessing sleep quality. Additionally, it was seen 
that in dialysis patients although anemia and inflammation 
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are signficant predictors of sleep quality, as shown in previous 
studies, phosphorus is also an important element to monitor.

In clinical practice, systematic evaluation of sleep quality in 
hemodialysis patients and its monitoring through biomarkers 
may be valuable for early detection of inflammation. Therefore, 
it is necessary to develop sleep-targeted intervention strategies 
that both promote a multidisciplinary approach and address 
inflammation. Furthermore, prospective studies targeting 
increasing sleep quality could possible show a lessening of 
inflammation; proving that the relationship between sleep 
and imflammation is bidirectional. Further prospective 
studies are warranted in this area.
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ABSTRACT
Aims: This study aims to evaluate the knowledge levels of specialist/PhD dentists about local anesthetic agents, application 
techniques, and complications related to local anesthesia.
Methods: An electronic survey was distributed to specialized/PhD dentists employed in 8 different departments of dentistry. 
The survey consisted of 25 questions about knowledge of local anesthesia. Knowledge level was determined based on the number 
of correct answers. In the statistical evaluation, descriptive statistics for continuous variables were reported as mean, standard 
deviation, median, minimum, and maximum values. Categorical variables were expressed as frequency and percentage. For 
continuous variables, the data was assessed using the Shapiro-Wilk test. For independent group comparisons involving more 
than two groups, the Kruskal-Wallis variance analysis test was employed. In subgroup comparisons, the Bonferroni-adjusted 
Mann-Whitney U test was utilized. For comparisons between two independent groups, the Mann-Whitney U test was applied. 
The statistical significance level was set at 0.05. 
Results: This study involved 200 participants, comprising 35.5% males and 64.5% females, with an average age of 35.91 years. 
Participants were categorized based on their years of service, with the majority having 5-10 years of experience. A significant 
portion (60.5%) had received specialized training, and 87.0% were employed in the public sector. Knowledge levels regarding 
local anesthesia varied among different dental specialties, with oral and maxillofacial surgery showing the highest proficiency. 
While no significant differences in knowledge were found based on gender, years of experience, or educational degree, a notable 
distinction emerged among those with PhDs or specializations, particularly favoring oral and maxillofacial surgery. Conversely, 
prosthodontics specialists exhibited lower knowledge levels compared to several other fields.
Conclusion: Dentists' knowledge of local anesthesia varies across specialty/PhD fields, with oral and maxillofacial surgeons 
having the highest scores and Prosthodontists having the lowest, highlighting the need for continuous training. 
Keywords: Local anesthesia, knowledge, survey, specialization, PhD

INTRODUCTION
Local anesthesia is defined as the temporary loss of sensation 
in a specific area of ​​the body by suppressing the stimulation 
in the nerve endings or by blocking the conduction process 
in peripheral nerves.1,2 Local anesthesia can be provided by 
several mechanisms, including electrical nerve stimulation, 
cryotherapy, and low-level laser, in addition to traditional 
local anesthetic drugs.3 The most common method for pain 
management in dental practice is the use of reversible local 
anesthetic agents.4

Local anesthesia in dentistry is usually applied topically or 
by injection.5 Topical anesthetics are agents that block the 
conduction of nerve impulses in superficial nerves, causing 
a loss of sensation in the mucosa or skin. They are available 
in various forms, such as spray, cream, and gel, and are 

recommended for use in mild clinical conditions, including 
aphthous ulcer treatment and reducing needle pain during 
injection.6 Injectable local anesthetics are divided into amide 
and ester groups based on their chemical structures, enabling 
many dental procedures, such as tooth extraction, pulp 
treatments, restorative procedures, periodontal and surgical 
interventions, to be performed safely and comfortably (Table 
1).7,8 However, other components, such as vasoconstrictors 
found in the local anesthetic solutions, are of great importance 
during local anesthetic application.9 Vasoconstrictors such as 
epinephrine cause constriction in the surrounding vascular 
structures, limiting the absorption of the local anesthetic 
agent into the bloodstream and thus prolonging its duration of 
action.10 When calculating the maximum dose for medically 
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compromised patients and children, factors such as age and 
weight, as well as the vasoconstrictor content of the anesthetic 
solution, should be considered. Repeated injections after 
inadequate anesthesia may cause neurological and cardiac 
complaints due to local drug concentration reaching high 
levels in a short time.11

Local anesthetics are safe and effective drugs, but they can 
cause several local and systemic complications that dentists 
should be aware of.12 Local complications include paresthesia, 
pain, trismus, infection, and ocular complications such 
as double vision or temporary blindness. Rare systemic 
complications, including allergic reactions, systemic toxicity, 
and methemoglobinemia, may lead to life-threatening 
conditions.13-15

Recently available local anesthetic agents and anesthesia 
delivery equipment provide dentists with numerous options to 
manage pain associated with dental procedures effectively.16 To 
achieve successful local anesthesia, the dentist should possess 
precise knowledge of the drugs, relevant neuroanatomy, 
anesthesia techniques, and equipment, as well as the ability to 
diagnose and treat possible complications promptly.17

This study aims to evaluate the knowledge levels of specialist/
PhD dentists about local anesthetic agents, application 
techniques, and complications related to local anesthesia. 
Thus, if there are any deficiencies in the local anesthesia 
knowledge level of specialist/PhD dentists, this will contribute 
to the studies on eliminating these deficiencies. The hypothesis 
of this study is that there is no difference in the level of local 
anesthesia knowledge among specialist/PhD dentists.

METHODS
The study protocol was approved by the Non-interventional 
Researches Ethics Committee of Tekirdağ Namık Kemal 
University (Date: 28.01.2025, Decision No: 2025.21.01.21). 
Throughout the study, ethical standards for research and 
publication were strictly followed. Participants completed 
the research surveys between March 1, 2025, and March 14, 
2025. All procedures were carried out in accordance with the 
ethical rules and the principles of the Declaration of Helsinki.

This study was conducted through electronically distributed 
surveys targeting dentists actively practicing in clinics 
affiliated with public or private universities, as well as in public 
or private oral and dental health centers and hospitals within 
our country. Participants were required to have completed a 
PhD or specialization training in various dental disciplines. 
Dentists who did not possess a PhD or specialization, or 

those who were not treating patients at the time of the survey, 
were excluded from the study. Data were collected through 
responses to a survey (Google Forms) accessed via an email 
link. The survey began with a statement outlining the purpose 
of the study and a question asking whether participants agreed 
to participate. Participants who responded to this question 
and completed the survey were considered to have provided 
voluntary informed consent.

A power analysis was conducted to determine the appropriate 
sample size. It was found that with an alpha level of 0.05 
and a power set at 80%, a small effect size (effect size=0.20) 
requires a sample size of 368, while a medium effect size 
(effect size=0.50) requires 72 participants.18 In this study, 
eight groups were utilized: group 1 (oral and maxillofacial 
surgery), group 2 (oral and maxillofacial radiology), group 3 
(endodontics), group 4 (orthodontics), group 5 (pedodontics), 
group 6 (periodontology), group 7 (prosthodontics), and group 
8 (restorative dentistry). Consequently, the sample size for the 
eight groups was accepted as 200, corresponding to an effect 
size of 0.27 (n=25). A total of 200 individuals participated, 
with 25 participants from each group. The completed 
questionnaires collected demographic information, including 
age, gender, education level, work experience, and training 
status, as well as responses to 25 questions assessing knowledge 
of local anesthesia. The survey questions were selected from 
the questions already prepared by the authors of the textbook 
written by Koçak et al.19

Knowledge level evaluations were determined based on the 
number of correct answers given by individuals in the surveys. 
The classifications were as follows: weak (fewer than 13 correct 
answers out of 25 questions), moderate (13-18 correct answers 
out of 25 questions), and good (more than 18 correct answers 
out of 25 questions).

Statistical Analysis
In this study, the level of knowledge was examined as the 
primary characteristic. Due to the nature of online surveys, 
where questions and answers are predetermined and survey 
data is not recorded in the system when responses are 
missing, there was no loss of respondents. For the emphasized 
characteristics, descriptive statistics for continuous variables 
were reported as mean, standard deviation, median, minimum, 
and maximum values. Categorical variables were expressed 
as frequency and percentage. For continuous variables, the 
normality of the data was assessed using the Shapiro-Wilk 
test. Since normality was not met for independent group 
comparisons involving more than two groups based on 
categorical variables, the Kruskal-Wallis variance analysis 
test was employed. In subgroup comparisons, the Bonferroni-
adjusted Mann-Whitney U test was utilized. For comparisons 
between two independent groups, the Mann-Whitney U 
test was applied. The statistical significance level was set at 
0.05, and the computations were performed using the SPSS 
statistical Software package (version 21).

RESULTS
Among the 200 individuals who participated in the study, 
71 (35.5%) were male and 129 (64.5%) were female, with an 

Table 1. Classification of local anesthetic agents based on chemical structure

Ester group Amide group

Cocaine Lidocaine

Chloroprocaine Mepivacaine

Procaine Prilocaine

Tetracaine Bupivacaine

Benzocaine Etidocaine

Articaine
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average age of 35.91±6.20 years. Each group consisted of 25 
individuals. When evaluated according to their years of 
service, the proportions of participants with 0-2 years, 3-4 
years, 5-10 years, 11-15 years, and more than 16 years of service 
were 21.0%, 23.0%, 32.0%, 14.5%, and 9.5%, respectively. 
Additionally, 60.5% of the survey participants had received 
specialized training, and 87.0% were employed in the public 
sector (Table 2).

When evaluating the responses of the groups examined in 
the study, the following groups demonstrated a good level of 
knowledge regarding local anesthesia: oral and maxillofacial 
surgery (24 individuals), pedodontics (19 individuals), 
orthodontics (16 individuals), oral and maxillofacial radiology 
(15 individuals), restorative dentistry (15 individuals), 
periodontology (14 individuals), endodontics (13 individuals), 
and prosthodontics (9 individuals). While individuals with 
medium level of local anesthesia knowledge were present in all 
groups, those with a weak level of local anesthesia knowledge 
were found only in the prosthodontics (4 individuals) and 
orthodontics (1 individual) groups (Table 3). The most 
frequently incorrect response given by the participants 
(81.5%) was to the question about the vitamin that plays the 
most significant role in repairing nerve damage whereas the 
question that 99% of the participants answered correctly, was 
about the branches of the cranial nerve anesthetized for pain 
control in the oral cavity and facial region.

There was no significant difference in the evaluation 
of knowledge levels regarding local anesthesia among 
the study participants based on gender, years of work 
experience, or educational degree (p>0.05). However, when 
assessing the knowledge levels of local anesthesia among 
individuals according to their PhD or specialization fields, 
a significant difference was observed (p=0.000) (Table 4). 
Specifically, participants with a PhD or specialization in 
oral and maxillofacial surgery demonstrated higher levels of 
knowledge in local anesthesia compared to those in the fields 
of endodontics, orthodontics, periodontology, prosthodontics, 
and restorative dentistry. Furthermore, individuals with a 
PhD or specialization in prosthodontics exhibited lower levels 
of knowledge about local anesthesia compared to those in 
the fields of oral and maxillofacial radiology, pedodontics, 
periodontology, and restorative dentistry.

DISCUSSION
In this survey-based, cross-sectional study, the knowledge 
levels of dentists from different fields regarding local 
anesthetics were measured. The survey was distributed 
through online channels and via email. When the level of 
knowledge among the fields of specialization was evaluated, 
the dentists in the field of oral and maxillofacial surgery were 
found to be statistically significantly more successful with 
more correct answers compared to other fields (21.68±1.95). 
These results indicate that the level of knowledge of Oral 
and maxillofacial surgeons regarding nerve anatomy, local 
anesthetic agents, and pain control is higher compared to 
other fields. On the other hand, prosthodontists showed 
significantly lower success rates compared to other fields 
(16.24±4.06). Similarly Tadin et al.17 reported that a higher 
knowledge level was associated with specialization in oral 
surgery while a lack of confidence in using various local 
anesthetic techniques was also associated with specialization 
in orthodontics. It was also indicated that the knowledge level 
of local anesthesia were higher in females.17 In our study there 
were no significant difference between participants regarding 
to gender and years of work experience. In consistent with 
our results Bani-Hani et al.20 demonstarated that gender and 
level of experience did not significantly influence specialists’ 
practice or their knowledge of local anesthesia. 

Table 2. Descriptive statics

Age

Mean±SD 35.91±6.20

Median 35.00

Min-max 27-58

Frequency (%)

Gender
Male 71 (35.50)

Female 129 (64.50)

Education
PhD 79 (39.50)

Specialty 121 (60.50)

Area of PhD/specialty

Oral and maxillofacial surgery 25 (12.5)

Oral and maxillofacial radiology 25 (12.5)

Endodontics 25 (12.5)

Orthodontics 25 (12.5)

Pedodontics 25 (12.5)

Periodontology 25 (12.5)

Prosthodontics 25 (12.5)

Restorative dentistry 25 (12.5)

Work experience 
(years)

0-2 42 (21.00)

3-4 46 (23.00)

5-10 64 (32.00)

11-15
16+

29 (14.50)
19 (9.50)

Workplace
Public employee 174 (87.00)

Private practice 26 (13.00)
SD: Standard deviation, %: percent, Min: Minimum, Max: Maximum

Table 3. The groups' levels of knowledge regarding local anesthesia

Area of PhD/specialty
Number of participants

Good (%) Medium (%) Weak (%)

Oral and maxillofacial surgery 24 (96) 1 (4) 0 (0)

Oral and maxillofacial radiology 15 (60) 10 (40) 0 (0)

Endodontics 13 (52) 12 (48) 0 (0)

Orthodontics 16 (64) 8 (32) 1 (4)

Pedodontics 19 (76) 6 (24) 0 (0)

Periodontology 14 (56) 11 (44) 0 (0)

Prosthodontics 9 (36) 12 (48) 4 (16)

Restorative dentistry 15 (60) 10 (40) 0 (0)
Weak: Less than 13 correct answers out of 25 questions, Medium: 13-18 correct answers out of 25 
questions, Good: More than 18 correct answers out of 25 questions, %: percent
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In the recent study the highest number of incorrect answers 
to the question about treating the nerve damage occurred 
as a complication of local anesthesia may be attributed to 
a decline in dentists' knowledge, as vitamin B complex is 
commonly prescribed for cases of paresthesia. However, it was 
found that participants answered the fundamental knowledge 
question related to the anesthesia applied to the branches 
of the N. Trigeminus for pain management during dental 
procedures correctly at a high rate. Accordingly, the need for 
different levels of anesthesia in the daily clinical practice of 
physicians in different fields may have ensured the continuity 
of the theoretical knowledge they acquired. Additionally, 
it is thought that these differences may also stem from the 
variations in course content provided during specialization/
PhD training. There is no standard regarding the content 
of courses offered in PhD and specialization programs at 
universities in the specialized fields of dentistry. Therefore, it 
is not possible to directly attribute the intergroup differences 
to the educational content. However, it is recommended 
to update the training programs for dentists in the field of 
Prosthodontics and to place greater emphasis on topics such as 
nerve anatomy, local anesthetic knowledge, and pain control. 
Additionally, organizing interactive training programs that 
encourage the sharing of knowledge and experience among 
dentists working in this field may be beneficial. 

In this study, a weak level of knowledge was detected among all 
participating dentists, with a rate of 2.5%. Although this rate 
is low, it is unacceptable because it includes the application of 
local anesthesia, which is a fundamental practice for human 
health. As suggested by Kaira and Dabral,11 it is recommended 
that dentists receive further education and keep their 
knowledge up to date in critical applications.

In this study, the correct answer rate of all participants to the 
knowledge questions was 75.7%. In a study evaluating the 
knowledge level of physician research assistants regarding 
local anesthetics and their toxicity, the correct answer rate 
among participants was reported as 74.4%, similar to the 
rate observed in this study.15 In another study evaluating the 
knowledge level of dentists regarding safe local anesthetic 
practices, the correct answer rate was reported to be 40.4%.21 
The reason for the lower correct answer rate compared to the 
rate reported in this study may be that more topic-specific 
questions were asked about local anesthetic systemic toxicity 
(LAST).

In a study examining the level of knowledge regarding local 
anesthetic doses, a comparison was made between specialists 
and dentists; however, the level of knowledge across different 
specialties was not compared.11 To the authors' knowledge, no 
study in the current literature has evaluated the differences 
in general knowledge level of local anesthesia among the 
specialties of dentistry. Future studies should concentrate on 
assessing the knowledge and practice levels of dentists across 
various specialties. This approach is expected to contribute 
to the development of postgraduate education programs and 
enhance treatment success rates.

According to the results of this study, the hypothesis that 
there is no difference in the level of local anesthesia knowledge 
among specialist/PhD dentists was rejected because a 
difference was detected between the groups.

Limitations
There are a few issues regarding the limitations of the present 
study. The surveys were not conducted face-to-face and 
distributing the survey solely through online channels and 

Table 4. Comparison of the total number of correct answers in the level of knowledge about local anesthesia according to gender, years of work experience, 
educational degree, and position

Number of participants Mean level of knowledge±SD (n) Min-max (n) Median (n) p

Gender
Male 71 18.80±3.60 6-25 19.00

0.849
Female 129 19.02±2.70 11-24 19.00

Work experience 
(years)

0-2 42 18.52±2.82 12-24 19.00

0.523

3-4 46 19.24±3.20 6-24 19.50

5-10 64 19.33±2.95 11-24 20.00

11-15 29 18.66±3.06 11-25 19.00

16+ 19 18.26±3.44 12-23 20.00

Education
PhD 79 18.39±3.68 6-24 19.00

0.141
Specialty 121 19.30±2.49 13-25 20.00

Area of PhD/
specialty

Oral and maxillofacial surgery 25 21.68±1.95 17-25 22.00

0.000

Oral and maxillofacial radiology 25 19.56±2.63f1 15-24 19.00

Endodontics 25 18.48±2.00a1 14-23 19.00

Orthodontics 25 18.52±3.29b1 12-24 19.00

Pedodontics 25 19.48±2.08c1,g1 16-24 20.00

Periodontology 25 18.76±2.65h1 14-24 19.00

Prosthodontics 25 16.24±4.06d1 6-23 16.00

Restorative dentistry 25 18.80±2.61e1,i1 13-23 19.00
a: Oral and maxillofacial surgery-endodontics, b: Oral and maxillofacial surgery-orthodontics, c: Oral and maxillofacial surgery-pedodontics, d: Oral and maxillofacial surgery-prosthodontics, e: Oral and maxillofacial 
surgery-restorative dentistry, f: Prosthodontics-oral and maxillofacial radiology, g: Prosthodontics-pedodontics, h: Prosthodontics-periodontology, i: Prosthodontics-Restorative dentistry, 1p<0.05, SD: Standard 
deviation, n: Number of correctly answered questions, Min: Minimum, Max: Maximum



622

Feslihan et al. Evaluation of local anesthesia knowledge levels Anatolian Curr Med J. 2025;7(5):618-622

e-mail may have led to sampling bias due to the exclusion of 
professionals who do not use these platforms. In addition, 
a relatively small sample size could limit the extent of our 
findings to be extrapolated in a larger population.

CONCLUSION
There are notable differences in the knowledge of local 
anesthesia among dentists across various specialty/PhD 
fields. Oral and maxillofacial surgeons achieved the highest 
scores, while prosthodontists obtained the lowest scores. 
Although the percentage of weak level of knowledge is 
low (2.5%), this is unacceptable because it includes the 
application of local anesthesia, a critical practice in dental 
health. Therefore, graduate dentists should be provided with 
online training through associations/unions or face-to-face 
training at congresses/symposiums to ensure they keep their 
knowledge up-to-date. Studies involving more participants 
are recommended.
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ABSTRACT
Aims: Dendritic cells are key players in initiating the primary immune response. Many studies have investigated the role of 
antigen-presenting cells in breast carcinoma, revealing associations between dendritic cell density, their spatial distribution 
within the tumor, and prognosis. CD1a is a glycosylated type I transmembrane protein that is frequently used as a dendritic 
cell marker in human tumors. This study aims to detect CD1a expression using immunohistochemical methods in a cohort of 
HER2-overexpressing breast carcinoma patients. It also analyzes the correlation of CD1a expression with prognostic parameters 
and overall survival outcomes.
Methods: Patient records of individuals diagnosed with invasive breast carcinoma between 2003 and 2009 were retrieved from the 
digital pathology archive of İstanbul University İstanbul Faculty of Medicine Pathology Department. From this dataset, 48 cases 
were selected based on the following inclusion criteria: HER2 positivity confirmed. We applied cd1a immunohistochemically to 
all of these cases and compared the staining with prognostic data. 
Results: Any level of CD1a positivity was considered when evaluating the association between CD1a expression and survival/
prognostic factors. No statistically significant relationship was found between CD1a positivity and age, tumor size, lymph node 
involvement, or recurrence. No correlation was identified between CD1a positivity/negativity and the neoadjuvant status of the 
tumour. However, a significant association was observed between nuclear grade and CD1a positivity. No statistical correlation 
was found between 5-year total and disease-free survival and CD1a staining.
Conclusion: Considering that HER2-positive tumors account for only 25–30% of breast carcinomas, our study focused on 
a particular and homogeneous patient group. A lower survival rate was expected because HER2 positivity is a known poor 
prognostic factor, and our cohort consisted of non-early-stage cases. Therefore, while a proportional relationship between CD1a 
positivity and survival was observed in HER2-positive cases, statistical significance was not achieved. Future studies should 
include larger patient populations or more heterogeneous cohorts in terms of prognostic features to obtain more conclusive 
results. In our study, CD1a positivity was significantly associated only with higher nuclear grade.
Keywords: CD1a, HER2, breast carcinoma, dendritic cell

INTRODUCTION
Dendritic cells (DCs) are key players in initiating the primary 
immune response. Originating from the bone marrow, these 
cells process antigens and present them to T cells. CD34+ 
myeloid progenitor cells, under the influence of GM-CSF 
and TNF-α, differentiate into two distinct types of DCs—
CD1a+ and CD14+—by day 5 of development. These two 
subtypes mature into typical DCs by day 12, enter circulation, 
and reside as immature cells in peripheral organs.1 They are 
predominantly located in barrier tissues such as the skin, 
nasal mucosa, respiratory tract, and gastrointestinal system.2

Immature DCs undergo a three-step maturation process 
involving antigen capture, migration, and antigen presentation 

to T cells.1,3,4 Mature DCs are CD83-positive and express high 
levels of MHC class II molecules, CD40, CD80, and CD86. 
In contrast, immature DCs are CD1a-positive and show low 
expression of CD40, CD80, and CD86.5

CD1a is a glycosylated type I transmembrane protein that 
exhibits structural homology with MHC class I and II 
molecules.6 It is frequently used as a dendritic cell marker 
in human tumors. In the lymphoreticular system, CD1a 
expression is limited to a subset of DCs and some thymic 
cells.7

Numerous studies have demonstrated a correlation between 
dendritic cell density in tumor tissues and clinical outcomes 
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across various tumor types.6,8-12 The earlier perception 
of breast cancer as a non-immunogenic tumor has been 
challenged. The presence of antibodies specific to breast 
carcinoma antigens and the expansion of tumor-reactive 
T-cell clones among tumor-infiltrating lymphocytes support 
the immunogenic nature of breast cancer.13

Many studies have investigated the role of antigen-presenting 
cells in breast carcinoma, revealing associations between 
dendritic cell density, their spatial distribution within the 
tumor, and patient prognosis.6,13 Since mature DCs are 
typically observed only in lymphoid organs close to T cells, 
the appearance of mature DCs in peritumoral regions suggests 
that tumor-specific immune responses may be initiated in 
these areas.13

However, the origin of tumor-infiltrating DCs remains 
controversial. Some studies propose that these and 
Langerhans cells arise from distinct lineages.14 In contrast, 
lymphoscintigraphic studies have demonstrated the 
migration of Langerhans cells from the skin of the breast into 
breast tissue and subsequently to the axillary lymph nodes.7 
Supporting this view, other reports have shown that CD1a+ 
Langerhans cells exhibit increased CD1a expression following 
24-hour in vitro incubation and lose Birbeck granules—a 
hallmark of Langerhans cells—during this process.15

HER2 is a transmembrane protein which possesses tyrosine 
kinase activity. HER2 is expressed at low levels in normal 
mammary epithelium, where only a single copy of the gene 
exists. In approximately 25–30% of breast carcinomas, HER2 
gene amplification—often without changes in chromosome 
17 copy number—results in overexpression of the receptor 
protein. Activation of these overexpressed receptors triggers 
intracellular signaling cascades that enhance tumor cell 
survival and proliferation.16

This study aims to detect CD1a expression using 
immunohistochemical methods in a cohort of HER2-
overexpressing breast carcinoma patients. It also analyzes the 
correlation of CD1a expression with prognostic parameters 
and overall survival (OS) outcomes.

METHODS
Ethics
The study protocol has been approved by the İstanbul 
University Clinical Researches Ethics Committee (Date: 
04.01.2013, Decision No: 2012/1504-1231). All procedures 
were carried out in accordance with the ethical rules and the 
principles of the Declaration of Helsinki.

Sample Selection
This retrospective study retrieved patient records of 
individuals diagnosed with invasive breast carcinoma 
between 2003 and 2009 from the digital pathology archive of 
İstanbul University İstanbul Faculty of Medicine Pathology 
Department. From this dataset, 48 cases were selected based 
on the following inclusion criteria: HER2 positivity confirmed 
either as strongly positive (+++) by immunohistochemistry 
(IHC) or moderately positive (++), with additional verification 

of HER2 gene amplification via the silver-enhanced in situ 
hybridization (SISH) technique in five of these cases. Cases 
that were HER2-negative or scored moderately positive but 
lacked confirmed positivity by SISH, cases with cell blocks 
unsuitable for immunohistochemical analysis, and those with 
unavailable prognostic data were excluded from the study.

Among the 48 tumor samples included in the study, 24 were 
pre-treatment biopsy specimens, while the remaining 24 were 
obtained from resected tumor tissues following neoadjuvant 
therapy. For each case, when both pre-treatment tru-cut biopsy 
and post-neoadjuvant resection specimens were available, the 
excised tissue was preferred due to its higher tumor volume 
and better cellularity. However, in cases where the resection 
specimen showed marked regression or insufficient viable 
tumor cells following trastuzumab-based therapy, the pre-
treatment biopsy was used for CD1a immunohistochemical 
evaluation. All cases were reviewed on hematoxylin and eosin 
(H&E) stained slides, and corresponding paraffin blocks were 
retrieved from the departmental archives.

All selected patients had stage III breast carcinoma and received 
neoadjuvant treatment regimens that included trastuzumab. 
In accordance with the AJCC (8th edition) staging criteria, 
stage III breast carcinoma encompasses tumors with larger 
size and/or regional lymph node involvement, including T3N1, 
T2N2, or T4 lesions, but without distant metastasis (M0). Of 
the 48 cases included in the study, pathological regression 
data after neoadjuvant therapy were available for 47 cases. 
Pathological complete response (pCR) was identified in 12 of 
these 47 cases (25.5%). Prognostic information was collected 
from the patient records archived at the Oncology Institute 
of the İstanbul University İstanbul Faculty of Medicine. Data 
regarding treatment protocols and recurrence were obtained 
by reviewing clinical files. Additional survival information 
was gathered by directly contacting patients or their relatives 
using details from the institution's digital patient database. 
Both OS and disease-free survival (DFS) times were recorded. 
Histologic grading was assessed using the Modified Bloom-
Richardson grading system.17 Due to the use of tru-cut 
biopsies in some cases, only nuclear grade was assessed based 
on a modified Bloom-Richardson system for standardization.

Immunhistochemical Staining Method
In accordance with the datasheet recommendations of the 
primary antibody, non-tumoral thymic tissue was used as the 
positive control. Additionally, Langerhans cell histiocytosis 
tissue was included as a tumor-related positive control 
to ensure staining quality and reproducibility. Negative 
control staining was performed in parallel by omitting 
the primary antibody, confirming the specificity of CD1a 
immunoreactivity.

From each paraffin block, two sections were prepared—one 
for H&E staining and one for IHC—each cut at 3-micrometer 
thickness. IHC sections were mounted on positively charged 
slides and incubated overnight at 37°C.

For deparaffinization, the slides were immersed in xylene 
for 30 minutes, followed by treatment with absolute and 96% 
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ethanol for 15 minutes each. The slides were then rehydrated 
in distilled water.

Antigen retrieval was conducted using 2 ml of Envision 
Flex Target Retrieval Solution (50x), High pH (DM 828, Lot 
No:00096056, Dako), diluted in 98 ml of distilled water. The 
slides were placed into this solution and heated in a Dako 
pressure chamber at 1.5 atmospheres for 25 minutes, then 
allowed to cool at room temperature for 20 minutes. After 
retrieval, slide borders were outlined with a hydrophobic pen, 
followed by phosphate-buffered saline (PBS) rinses. The slides 
were treated with 3% hydrogen peroxide for 20 minutes to 
block endogenous peroxidase activity. Non-specific binding 
was prevented using a 15-minute protein block (ScyTek Super 
Block, Logan, Utah, USA; Ref No: AAA125, Lot No: 21292).

The primary anti-CD1a antibody (Clone EP3622, Cell Marque) 
was diluted 1:50 and applied to the sections, followed by 
overnight incubation at 37°C. The following day, slides were 
rinsed with PBS and incubated with a biotinylated secondary 
antibody (ScyTek SensiTek Anti-Polyvalent, Biotinylated 
Antibody; Ref No: ABF125, Lot No: 21020) for 40 minutes. 
After another PBS wash, streptavidin-conjugated horseradish 
peroxidase (ScyTek SensiTek HRB; Ref No: ABG125, Lot No: 
21026) was applied for 25 minutes. Slides were then stained 
with aminoethyl carbazole (AEC) chromogen solution 
(ScyTek Bulk Pack AEC Chromogen/Substrate System; Lot 
No: 15923), prepared by mixing 20 ml of AEC chromogen 
with 1 ml of AEC substrate and applied for 15 minutes.

After staining, slides were rinsed in distilled water, 
counterstained with Mayer's hematoxylin for 5 minutes, 
rinsed again, and neutralized in ammonia water. Mounting 
was completed using an aqueous-based mounting medium 
(Vision Mount, Thermo Scientific/Lab Vision; TA-060-UG, 
60 ml).

Evaluation of CD1a Staining
CD1a-positive DCs were identified based on both 
immunoreactivity and characteristic morphology: 
intermediate-sized cells with irregular nuclear contours, 
delicate cytoplasm, and occasional dendritic extensions.  In 
excisional specimens, CD1a-positive cells were manually 
counted in 50 consecutive HPFs selected from viable tumor 
regions, excluding necrotic or stromal areas. In small-
volume core biopsies, all viable tumor areas were included 
in the count due to limited tissue availability. This approach 
was consistent with methods reported in previous studies 
such as Coventry et al.6 and Hillenbrand et al.7 To enhance 
consistency and reduce observer bias, all cases were jointly 
evaluated by two pathologists who reached consensus 
on all immunohistochemical findings. Although formal 
interobserver variability analysis was not conducted, this 
collaborative approach helped ensure the reproducibility of 
results.

The distribution pattern (homogeneous vs. heterogeneous), 
relationship of DCs with tumor cells, and presence of DCs in 
the surrounding non-tumoral tissue were also examined.

Statistical Analysis
Descriptive data and immunohistochemical findings were 
analyzed using SPSS version 16. Relationships between 
variables were evaluated using Pearson's Chi-square and 
Fisher's exact tests. OS and DFS analyses were conducted using 
the Kaplan–Meier method. A p-value <0.05 was considered 
statistically significant.

RESULTS
All patients included in the study were female, with a median 
age of 52 years (range: 30–80 years). The majority (43 cases; 
89.5%) were diagnosed with invasive ductal carcinoma, while 
2 cases (4.16%) had invasive lobular carcinoma, and 3 cases 
(6.25%) had mixed-type carcinoma with both ductal and 
lobular components.

All patients had received neoadjuvant chemotherapy due to 
stage III disease. 

The tumors were either strongly HER2-positive (+++) by 
IHC or moderately positive (++) with HER2 overexpression 
confirmed by SISH. All patients received trastuzumab, a 
tyrosine kinase inhibitor, as part of their neoadjuvant regimen. 
Demographic data and prognostic indicators for patients are 
summarised in Table 1.

CD1a-positive dendritic cell counts in 50 HPFs ranged from 
0 to 150, with a median of 7 and a mean of 17.3 cells. No 
staining was observed in 16 cases (33.3%), while variable levels 
of CD1a-positive DCs were detected in 32 cases (66.7%). In 
15 of these (46.8%), DCs were evenly distributed throughout 
the tumor tissue; in 17 cases (53.2%), staining was patchy 
and clustered. In all cases with CD1a positivity, DCs were 
intermingled with tumor cells, and no DCs were observed in 
the adjacent non-tumoral tissue (Figure). Notably, five cases 
with CD1a positivity also showed prominent peritumoral 
lymphocytic infiltration. Data related to CD1a staining are 
summarised in Table 2.

Any level of CD1a positivity was considered when evaluating 
the association between CD1a expression and survival/
prognostic factors. No statistically significant relationship 
was found between CD1a positivity and age, tumor size, 
lymph node involvement, or recurrence. No correlation 
was identified between CD1a positivity/negativity and the 
neoadjuvant status of the tumor. However, a significant 

Table 1. Prognostic features

Feature Value

Gender (n=48) All female

Age (n=48) Median 52 years (range 30–80 years)

Tumor type (n=48)
Invasive ductal: 43 (89.5%) 
Invasive lobular: 2 (4.16%) 
Mixed type: 3 (6.25%)

Tumor size (n=44)
Mean: 3.85 cm 
Range: 0–18 cm 
>2 cm: 26 (59.1%) 
≤2 cm: 18 (40.9%)

Axillary lymph node status (n=48) Positive: 26 (54.2%) 
Negative: 22 (45.8%)

Nuclear grade (n=48) Grade 3: 37 (77.1%) 
Grade 2: 11 (22.9%)
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association was observed between nuclear grade and CD1a 
positivity.

CD1a positivity was observed in 36.4% of tumors with nuclear 
grade 2 and 75.7% of those with nuclear grade 3, indicating a 
significant correlation between higher nuclear grade and CD1a 
expression (p=0.015). When patients were grouped according 
to neoadjuvant therapy status, CD1a positivity was observed 
in 17 out of 24 patients who did not receive neoadjuvant 
therapy, and in 15 out of 24 patients who did (p=0.76; Chi-
square test), indicating no statistically significant difference 
between the groups.

OS ranged from 6 to 108 months, with a mean of 55 months. 
DFS ranged from 1 to 108 months, with a mean of 48 months.

The five-year OS rate was 58% in CD1a-positive cases and 48% 
in CD1a-negative cases. Although survival appeared better in 
the CD1a-positive group, the difference was not statistically 
significant (p=0.73).

Using a cutoff of the median dendritic cell count,7 the five-year 
OS was 57% in cases with high CD1a+ cell counts, compared 
to 52% in those with low or negative counts (p=0.89). ROC 
analysis was conducted to assess the ability of CD1a-positive 
cell count to predict DFS. The optimal cut-off determined by 
the Youden index was 16 cells; however, the AUC was 0.493, 
indicating no significant predictive value.

Additionally, multiple comparison correction was not applied 
due to the exploratory nature of the study and limited sample 
size, which may increase the risk of type I error.

Five-year DFS was 49% in CD1a-positive cases and 36% in 
CD1a-negative cases (p=0.9). When the threshold was set at 
7 (median value) CD1a-positive cells, DFS was 49% in high-
expression cases and 41% in low-expression cases. Although 
there was a proportional difference, it was not statistically 
significant.

DISCUSSION
This study analyzed 48 non-early-stage cases with HER2 
positivity demonstrated by IHC or in situ hybridization. In 
this regard, the cases included in the study represent a specific 
subgroup among all breast carcinomas. The primary aim of 
our study was to evaluate the presence of DCs infiltrating the 
tumor and, thus, the impact of the immune response against 
the tumor based on the CD1a molecule in this particular 
subgroup.

The presence and density of CD1a-positive immature DCs 
in breast carcinoma tissues vary across studies. Bell et al.13 
applied CD1a and Langerin to 32 breast carcinoma tissues 
and detected the presence of immature DCs in all cases. DCs 
ranged from 1 to 48 per 10 HPF, with a median of 7 and a 
mean of 12. Coventry et al.6 investigated CD1a (+) DC density 
in 30 frozen invasive ductal carcinoma tissues and found 
DCs in half of the samples (0.00–6.05/HPF, 0.00–13.75/mm²; 
mean 2.49/mm²). In another study, Coventry et al.18 found 
CD1a (+) DCs in 50% breast cancer tissues, with a mean of 
5.5 cells/mm². Hillenbrand et al.7 demonstrated CD1a(+) DCs 
in 84% of 52 invasive ductal carcinoma tissues. In our study, 
32 cases (66.7%) showed variable densities of CD1a (+) DCs. 
The median number was 7, and the mean was 17.3, consistent 
with the median reported by Bell et al.,13 though our mean 
was higher.

Studies have also examined the distribution and localization 
of immature DCs and reached similar conclusions. Bell et al.13 
showed that CD1a (+) immature DCs were closely associated 
with tumor cells, while CD83 (+) mature DCs were primarily 
found in peritumoral areas near lymphocytic clusters. 
Coventry et al.18 observed CD1a (+) DCs loosely clustered in 
the tumor stroma and concentrated around ductal formations 
in well-differentiated tumors. Treilleux et al.19 found close 
interaction between CD1a (+) and Langerin (+) cells and 
tumor cells in one-third of 152 patients. Hillenbrand et al.7 

reported higher CD1a (+) DCs in tumor areas than in non-
tumor tissues. Similarly, our study found CD1a (+) DCs 
close to tumor cells. In contrast to the findings of Coventry 
et al.,6 no prominent dendritic cell infiltration was observed 
in the tumor stroma, nor were CD1a (+) DCs present in the 
peritumoral tissues. The presence of specific mediators may 
explain this close relationship between DCs and tumor cells. 
Kradin et al.20 demonstrated that granulocyte-macrophage 
colony-stimulating factor (GM-CSF) and IL-2 promote the 
migration of DCs into tumor areas. Notably, Szpor et al.21 
reported that intratumoral localization of CD1a+ DCs was 
significantly associated with improved progression-free 
survival in breast cancer patients, while peritumoral CD1a+ 

Figure. Immunohistochemical detection of intratumoral CD1a-positive 
dendritic cells in HER2-positive breast carcinoma. A. High-power field 
(×1000): Numerous CD1a-positive dendritic cells with intense membranous 
and cytoplasmic staining dispersed among tumor cells. B. Low-power field 
(×200): Diffuse distribution of CD1a-positive cells within tumor clusters.               
C. Intermediate magnification (×400): Focal accumulation of CD1a-positive 
dendritic cells within viable tumor areas.

Table 2. CD1a-positive dendritic cell distribution

Parameter Value

CD1a-positive dendritic cell count (in 50 HPFs) 0 to 150

Median count 7

Mean count 17.3 cells

Cases with no staining 16 cases (33.3%)

Cases with CD1a-positive staining 32 cases (66.7%)
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cells lacked such prognostic association. These findings 
support the potential clinical relevance of dendritic cell 
localization and align with our observation that CD1a+ cells 
were predominantly found within the tumor.

The impact of CD1a (+) DCs on overall and DFS has been 
associated with better prognosis in many cancer types. 
However, although a proportional association has been 
observed in breast carcinomas, statistical significance has not 
been achieved. Coventry et al.6 studied 48 cases (42 invasive 
and 6 in situ ductal carcinomas) and found a mortality rate 
of 32% in cases with low CD1a (+) density, compared to 
18% in cases with high density. Nonetheless, this difference 
was not statistically significant (p=0.331). Treilleux et al.19 
found no significant correlation between CD1a density and 
overall or DFS in 152 cases of non-metastatic primary breast 
carcinomas. However, they reported that CD208/DC-LAMP-
positive mature DCs were strongly correlated with CD3 (+) T 
cell infiltration, tumor grade, and lymph node status.

In contrast, the number of immature DCs has been associated 
with favorable prognosis in many other cancer types. For 
instance, Furukawa et al.8 in lung adenocarcinomas, Ambe 
et al.22 in colorectal carcinomas, Goldman et al.12 in tongue 
carcinomas, and Tsujitani et al.9 in gastric carcinomas 
demonstrated this relationship. Eisenthal et al.23 found that 
high CD1a (+) DC density reduced recurrence in ovarian 
carcinomas. Lewko et al.,24 Lespagnard et al.,25 and Iwamoto 
et al.26 also investigated the prognostic role of immature 
DCs in breast cancer but found no significant association. 
However, they noted that CD83(+) mature DCs were related 
to clinical outcomes.26

Our study's 5-year OS rate was 58% in CD1a-positive cases and 
48% in CD1a-negative cases. Although this difference was not 
statistically significant (p=0.73), a proportional trend favoring 
CD1a positivity was observed. Similar results were obtained 
using a cutoff of 7 CD1a (+) cells, where higher counts were 
associated with better outcomes. 

Although neoadjuvant therapy has the potential to alter the 
tumor immune microenvironment, our analysis showed no 
statistically significant difference in CD1a expression between 
patients who received neoadjuvant treatment and those who 
did not (p=0.76). This suggests that neoadjuvant therapy may 
not markedly affect the presence of CD1a-positive DCs in 
HER2-positive breast carcinoma tissues, at least within the 
limitations of our sample size.

Regarding DFS, although not statistically significant (p=0.9), 
CD1a-positive tumors again showed better 5-year DFS (49%) 
compared to CD1a-negative tumors (36%). A similar trend 
was seen with higher dendritic cell counts using the same 
cutoff.

While many studies suggest that high densities of CD83 (+) 
mature DCs positively affect survival, the presence of CD1a (+) 
immature DCs does not show statistically significant survival 
benefits in breast cancer. This may suggest a possible defect 
in the maturation of immature DCs in breast carcinomas. 
Some mediators secreted by tumor cells and the tumor 
microenvironment have been implicated in this dysfunction. 

Kradin et al.20 suggested that IL-10 secreted by tumor cells 
may inactivate CD1a (+) immature DCs. Gabrilovich et al.27 
also reported VEGF-mediated DC maturation and function 
suppression.

Studies also investigate the relationship between the presence 
and density of CD1a (+) DCs and prognostic factors. Coventry 
et al.6 found no significant associations with tumor size, grade, 
lymph node involvement, metastasis, or lymphovascular 
invasion. Hillenbrand et al.7 also found no relationship 
between tumor grade and CD1a (+) cell count. In contrast, 
our study revealed a statistically significant association 
between higher nuclear grade and CD1a positivity (p=0.01), 
which differs from other published reports. No significant 
association was found with tumor size or axillary lymph node 
metastasis, consistent with Coventry et al.6

Limitations
One of the main limitations of our study is the inclusion of 
both pre-treatment biopsy specimens and post-neoadjuvant 
resection materials within the same cohort. Since all 
patients received trastuzumab-based neoadjuvant therapy, 
the potential effect of this treatment on CD1a expression 
remains unclear. This heterogeneity may have influenced the 
consistency of immunohistochemical findings and limited 
the comparability of CD1a positivity across subgroups.

While previous studies (e.g., Coventry et al.,6 Hillenbrand et 
al.7) have assessed CD1a-positive DCs based on quantitative 
measures such as the number of positive cells per high-power 
field or per mm², an objective semi-quantitative scoring 
system has not been consistently adopted in the literature. 
We acknowledge this limitation and have recommended 
the development of standardized scoring systems in future 
studies. The absence of a universally accepted cut-off value 
for CD1a positivity in breast carcinoma posed a significant 
challenge in our analysis. 

Assessing the entire tumor area in small biopsy specimens, 
while necessary due to limited tissue volume, may have 
introduced sampling variability when compared to larger 
excisional specimens. This potential bias is acknowledged as 
a limitation of the study. 

The sample size was limited due to the highly specific nature of 
the study population. All cases were HER2-positive Stage III 
breast carcinoma, confirmed by IHC (and SISH when required), 
treated with trastuzumab-based therapy, and had available 
archival tissue blocks suitable for immunohistochemical 
analysis, along with complete 5-year clinical and radiological 
follow-up data accessible in our institutional records. 
Although extending the study period could have increased 
the number of eligible cases, older archival samples often pose 
challenges in immunohistochemical reliability due to tissue 
degradation or antigen loss. Therefore, prioritizing both 
technical feasibility and clinical consistency, we deliberately 
kept the sample size limited.

This study’s retrospective and single-center design, along with 
variability in follow-up duration among patients, represent 
potential limitations that may influence the interpretation 
and generalizability of the findings.
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Moreover, although trastuzumab is known to modulate the 
immune response through mechanisms such as antibody-
dependent cellular cytotoxicity, no studies to date have 
specifically examined its direct effect on CD1a-positive DCs 
in breast cancer tissues. This lack of evidence limits the 
interpretation of CD1a expression levels in post-treatment 
specimens and represents an important area for future 
research.

CONCLUSION
The cases in our study were all HER2-positive. Considering 
that HER2-positive tumors account for only 25–30% of 
breast carcinomas, our study focused on a particular and 
homogeneous patient group. A lower survival rate was expected 
because HER2 positivity is a known poor prognostic factor, 
and our cohort consisted of non-early-stage cases. Therefore, 
while a proportional relationship between CD1a positivity 
and survival was observed in HER2-positive cases, statistical 
significance was not achieved. Future studies should include 
larger patient populations or more heterogeneous cohorts in 
terms of prognostic features to obtain more conclusive results. 
In our study, CD1a positivity was significantly associated 
only with higher nuclear grade (p=0.015). Thus, based on 
the data obtained, this specific subgroup warrants further 
investigation in a larger cohort.

ETHICAL DECLARATIONS
Ethics Committee Approval
The study protocol has been approved by the İstanbul 
University Clinical Researches Ethics Committee (Date: 
04.01.2013, Decision No: 2012/1504-1231).

Informed Consent
Because the study was designed retrospectively, no written 
informed consent form was obtained from patients. 

Referee Evaluation Process
Externally peer-reviewed. 

Conflict of Interest Statement
The authors have no conflicts of interest to declare. 

Financial Disclosure
This study was supported by İstanbul University Scientific 
Researches Foundation Grant No: 2013-30198.

Author Contributions
All of the authors declare that they have all participated in 
the design, execution, and analysis of the paper, and that they 
have approved the final version.

Acknowledgement
The data in this article are taken from the author's thesis titled 
"Investigation of HER3, CD1A, and Ki-67 expression in HER2-
positive breast cancer tissues using immunohistochemical 
methods, determining the relationship of the results with 
prognostic parameters." This article is dedicated to the 
memory of my esteemed thesis advisor, Rıdvan İlhan.

REFERENCES
1.	 Cella M, Sallusto F, Lanzavecchia A. Origin, maturation and antigen 

presenting function of dendritic cells. Curr Opin Immunol. 1997;9(1):10-
16. doi:10.1016/s0952-7915(97)80153-7

2.	 Söker S. Dendritik hücreler. Dicle Med J. 2005;32(3):152-160.
3.	 Dalod M, Chelbi R, Malissen B, Lawrence T. Dendritic cell maturation: 

functional specialization through signaling specificity and 
transcriptional programming. EMBO J. 2014;33(10):1104-1116. doi:10. 
1002/embj.201488027

4.	 Neutra MR, Frey A, Kraehenbuhl JP. Epithelial m cells: gateways for 
mucosal infection and immunization. Cell. 1996;86(3):345-348. doi:10. 
1016/s0092-8674(00)80106-3

5.	 Reid DC. Dendritic cells and immunotherapy for malignant disease. Br 
J Haematol. 2001;112(4):874-887. doi:10.1046/j.1365-2141.2001.02626.x

6.	 Coventry BJ, Morton J. Cd1a-positive infiltrating-dendritic cell density 
and 5-year survival from human breast cancer. Br J Cancer. 2003;89(3): 
533-538. doi:10.1038/sj.bjc.6601114

7.	 Hillenbrand EE, Neville AM, Coventry BJ. Immunohistochemical 
localization of cd1a-positive putative dendritic cells in human breast 
tumours. Br J Cancer. 1999;79(5-6):940-944. doi:10.1038/sj.bjc.6690150

8.	 Furukawa T, Watanabe S, Kodama T, Sato Y, Shimosato Y, Suemasu 
K. T-zone histiocytes in adenocarcinoma of the lung in relation to 
postoperative prognosis. Cancer. 1985;56(11):2651-2656. doi:10.1002/1097-
0142(19851201)56:11<2651::aid-cncr2820561120>3.0.co;2-e

9.	 Tsujitani S, Furukawa T, Tamada R, Okamura T, Yasumoto K, Sugimachi 
K. Langerhans cells and prognosis in patients with gastric carcinoma. 
Cancer. 1987;59(3):501-505. doi:10.1002/1097-0142(19870201)59:3<501:: 
aid-cncr2820590325>3.0.co;2-h

10.	Gallo O, Bianchi S, Giannini A, Gallina E, Libonati GA, Fini-Storchi 
O. Correlations between histopathological and biological findings 
in nasopharyngeal carcinoma and its prognostic significance. 
Laryngoscope. 1991;101(5):487-493. doi:10.1288/00005537-199105000-
00008

11.	Gallo O, Libonati GA, Gallina E, et al. Langerhans cells related to prognosis 
in patients with laryngeal carcinoma. Arch Otolaryngol Head Neck Surg. 
1991;117(9):1007-1010. doi:10.1001/archotol.1991.01870210079015

12.	Goldman SA, Baker E, Weyant RJ, Clarke MR, Myers JN, Lotze MT. 
Peritumoral cd1a-positive dendritic cells are associated with improved 
survival in patients with tongue carcinoma. Arch Otolaryngol Head 
Neck Surg. 1998;124(6):641-646. doi:10.1001/archotol.124.6.641

13.	Bell D, Chomarat P, Broyles D, et al. In breast carcinoma tissue, immature 
dendritic cells reside within the tumor, whereas mature dendritic cells 
are located in peritumoral areas. J Exp Med. 1999;190(10):1417-1426. 
doi:10.1084/jem.190.10.1417

14.	Strunk D, Egger C, Leitner G, Hanau D, Stingl G. A skin homing 
molecule defines the langerhans cell progenitor in human peripheral 
blood. J Exp Med. 1997;185(6):1131-1136. doi:10.1084/jem.185.6.1131

15.	Richters CD, Hoekstra MJ, van Baare J, Du Pont JS, Hoefsmit EC, 
Kamperdijk EW. Isolation and characterization of migratory human 
skin dendritic cells. Clin Exp Immunol. 1994;98(2):330-336. doi:10.1111/j. 
1365-2249.1994.tb06146.x

16.	Hicks DG, Kulkarni S. Her2+ breast cancer: review of biologic relevance 
and optimal use of diagnostic tools. Am J Clin Pathol. 2008;129(2):263-
273. doi:10.1309/99ae032r9fm8wnd1

17.	Bloom HJ, Richardson WW. Histological grading and prognosis in 
breast cancer; a study of 1409 cases of which 359 have been followed for 
15 years. Br J Cancer. 1957;11(3):359-377. doi:10.1038/bjc.1957.43

18.	Coventry BJ, Lee PL, Gibbs D, Hart DN. Dendritic cell density and 
activation status in human breast cancer--cd1a, cmrf-44, cmrf-56 and 
cd-83 expression. Br J Cancer. 2002;86(4):546-551. doi:10.1038/sj.bjc. 
6600132

19.	Treilleux I, Blay JY, Bendriss-Vermare N, et al. Dendritic cell infiltration 
and prognosis of early stage breast cancer. Clin Cancer Res. 2004;10(22): 
7466-7474. doi:10.1158/1078-0432.ccr-04-0684

20.	Kradin RL, Xia W, Pike M, Byers HR, Pinto C. Interleukin-2 promotes 
the motility of dendritic cells and their accumulation in lung and skin. 
Pathobiology. 1996;64(4):180-186. doi:10.1159/000164033

21.	Szpor J, Streb J, Glajcar A, et al. Dendritic cells are associated with 
prognosis and survival in breast cancer. Diagnostics (Basel). 2021;11(4): 
702. doi:10.3390/diagnostics11040702



629

Özcan et al. Investigation of the presence of CD1a-positive dendritic cells in tumor tissues from 48 cases of 
invasive breast carcinoma showing Her2 positivity and its relationship with prognostic dataAnatolian Curr Med J. 2025;7(5):623-629

22.	Ambe K, Mori M, Enjoji M. S-100 protein-positive dendritic cells 
in colorectal adenocarcinomas. Distribution and relation to the 
clinical prognosis. Cancer. 1989;63(3):496-503. doi:10.1002/1097-0142 
(19890201)63:3<496::aid-cncr2820630318>3.0.co;2-k

23.	Eisenthal A, Polyvkin N, Bramante-Schreiber L, Misonznik F, Hassner 
A, Lifschitz-Mercer B. Expression of dendritic cells in ovarian tumors 
correlates with clinical outcome in patients with ovarian cancer. Hum 
Pathol. 2001;32(8):803-807. doi:10.1053/hupa.2001.26455

24.	Lewko B, Zółtowska A, Stepiński J, Roszkiewicz A, Moszkowska 
G. Dendritic and cancer cells in the breast tumors--an 
immunohistochemical study: short communication. Med Sci Monit. 
2000;6(5):892-895.

25.	Lespagnard L, Gancberg D, Rouas G, et al. Tumor-infiltrating dendritic 
cells in adenocarcinomas of the breast: a study of 143 neoplasms with 
a correlation to usual prognostic factors and to clinical outcome. Int J 
Cancer. 1999;84(3):309-314. doi:10.1002/(sici)1097-0215(19990621)84:3< 
309::aid-ijc19>3.0.co;2-3

26.	Iwamoto M, Shinohara H, Miyamoto A, et al. Prognostic value of tumor-
infiltrating dendritic cells expressing cd83 in human breast carcinomas. 
Int J Cancer. 2003;104(1):92-97. doi:10.1002/ijc.10915

27.	Gabrilovich DI, Chen HL, Girgis KR, et al. Production of vascular 
endothelial growth factor by human tumors inhibits the functional 
maturation of dendritic cells. Nat Med. 1996;2(10):1096-1103. doi:10. 
1038/nm1096-1096



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

ANATOLIAN 
CURRENT MEDICAL

Original Article

 Anatolian Curr Med J. 2025;7(5):630-634

 DOI: 10.38053/acmj.1741140

Corresponding Author: Serkan Atıcı, drserkanatici@gmail.com

Multidrug-resistant bacteria in hospitalized pediatric patients with 
cystic fibrosis: a retrospective cross-sectional study

Serkan Atıcı1, Emine Atağ2, Bülent Karadağ3, Ahmet Soysal4
1Division of Pediatric Infectious Diseases, Department of Pediatrics, Faculty of Medicine, Okan University, İstanbul, Turkiye

2Division of Pediatric Pulmonology, Department of Pediatrics, Faculty of Medicine, Maltepe University, İstanbul, Turkiye
3Division of Pediatric Pulmonology, Department of Pediatrics, Faculty of Medicine, Marmara University, İstanbul, Turkiye

4Division of Pediatric Infectious Diseases, Department of Pediatrics, Memorial Ataşehir Hospital, İstanbul, Turkiye

Cite this article as: Atıcı S, Atağ E, Karadağ B, Soysal A. Multidrug-resistant bacteria in hospitalized pediatric patients with cystic fibrosis: a 
retrospective cross-sectional study. Anatolian Curr Med J. 2025;7(5):630-634.

Received: 13.07.2025                  ◆                  Accepted: 01.09.2025                  ◆                  Published: 15.09.2025

ABSTRACT
Aims: The emergence of multidrug-resistant (MDR) bacterial pathogens has become a critical clinical challenge in cystic fibrosis 
(CF) patients. This study aimed to characterize MDR bacterial isolates in hospitalized CF patients experiencing pulmonary 
exacerbations.
Methods: We defined MDR as resistance to three or more antimicrobial classes. The study included 45 acute exacerbation 
episodes with confirmed MDR bacterial growth among 32 CF pediatric patients hospitalized at Marmara University Pendik 
Training and Research Hospital. 
Results: Among 32 CF patients (mean age: 114.7±62.1 months; 68.8% female), we analyzed 45 exacerbation episodes. The 
most common clinical manifestations were increased sputum production (73.3%), cough (60%), and fever (31%). Pseudomonas 
aeruginosa colonization was previously documented in 55.6% of cases. Respiratory cultures revealed MDR bacteria in all 
patients, with P. aeruginosa (53.4%), Staphylococcus aureus (17.8%), and Acinetobacter baumannii (4.4%) being the predominant 
isolates. Combination antibiotic therapy was required in 82% of cases (37/45), while only 18% (8/45) received monotherapy. The 
mean hospitalization duration was 17.3±8.4 days, with an overall mortality rate of 6.2% (n=2). 
Conclusion: MDR infections in CF patients demand a multifaceted approach. Rotating antibiotic regimens and avoiding 
carbapenem overuse may reduce resistance. Tailored antibiotic regimens and antimicrobial stewardship programme, robust 
infection controls such as enhanced screening for MDR colonization and isolation protocols are needed to curb transmission, 
and sustained research into emerging pathogens. Our data reinforce the urgent need for CF-specific antimicrobial protocols in 
Turkiye and similar countries.
Keywords: Cystic fibrosis, multidrug-resistant, hospitalized patients

INTRODUCTION
Cystic fibrosis (CF) is a highly prevalent autosomal recessive 
and life-limiting disorder among Caucasian populations. 
Dysfunction of the CF transmembrane conductance regulator 
(CFTR) in airway epithelial cells disrupts sodium chloride and 
water transport, impairing mucociliary clearance and leading 
to viscous mucus accumulation.1 This pathophysiology 
facilitates opportunistic pathogen colonization and chronic 
infection, resulting in recurrent respiratory infections and 
progressive lung function decline. While advancements 
such as CFTR modulators, respiratory physiotherapy, airway 
clearance techniques, and optimized nutritional support 
have reduced morbidity and improved survival rates, in 
pediatric CF patients, infections, particularly those caused 
by multidrug-resistant (MDR) microorganisms, remain a 
major cause of morbidity and mortality. Prompt and effective 

treatment of infective exacerbations is critical to mitigate 
accelerated lung function decline.2,3 

Antimicrobial resistance has emerged as one of the top 
global public health threats of the 21st century, with the 
World Health Organization (WHO) classifying it as a "silent 
pandemic" that could cause 10 million deaths annually 
by 2050 if unchecked.4 Among high-risk populations, CF 
patients are particularly vulnerable due to chronic airway 
infections, frequent antibiotic exposure, and prolonged 
hospitalizations, key drivers of resistance development. The 
term "MDR" lacks a universal definition but is most commonly 
applied to pathogens resistant to ≥3 antimicrobial classes.5 In 
CF, MDR pathogens pose unique challenges. Pseudomonas 
aeruginosa up to 30% of CF isolates are MDR, with resistance 
to carbapenems, fluoroquinolones, and aminoglycosides.6 

https://orcid.org/0000-0002-3329-1866
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Rising methicillin-resistant Staphylococcus aureus (MRSA), 
Acinetobacter baumannii and Stenotrophomonas maltophilia 
rates correlate with worse lung function and reduce antibiotic 
treatment options. Broader spectrum and repeated antibiotic 
use may predispose to disruption of the microbiota, fungal 
overgrowth (e.g., Candida, and Aspergillus) and further 
resistance. MDR infections could increase mortality risk by 
2- to 3-fold in CF patients.7 While MDR trends in CF are well-
documented in United States (U.S.) and Europe, data from 
Turkiye and similar middle-income countries remain limited. 
Our study aimed to contribute to filling this gap by analyzing 
the characteristics of MDR pathogens in CF.

METHODS
This retrospective study was conducted in accordance with 
recognized ethical standards, including the principles of 
the Declaration of Helsinki, and received approval from the 
Memorial Ataşehir Hospital Non-interventional Clinical 
Researches Ethics Committee (Date: 16.06.2025, Decision No: 
07.2025).

This  retrospective cohort study  was conducted at  Marmara 
University Pendik Training and Research Hospital, a 
tertiary care center in İstanbul, Turkiye, between  January 
2013–December 2015. CF patients who met modified Fuchs 
criteria for pulmonary exacerbation, such as increased cough/
sputum production, ≥10% decrease in FEV1 (if present), 
new radiographic findings, and were hospitalized were 
included in the study.8 Study was performed on patients 
with microbiologically confirmed MDR pathogen growth in 
respiratory samples (sputum, nasopharyngeal aspirate, and 
bronchoalveolar lavage). Patients with incomplete medical 
records and non-MDR infection episodes were excluded 
from the study. Each exacerbation episode was considered 
a separate case; as some patients contributed more than one 
episode, this was taken into account when interpreting the 
findings. Demographic data such as age, sex; clinical data such 
as patient symptoms, previous colonization status, antibiotic 
treatments, duration of hospitalization; and microbiological 
data such as culture results and antibiotic susceptibility tests 
were extracted from the electronic patient system using a 
standardized form. The following definitions were used in the 
study;

Prior colonization: Isolation of the same pathogen in the 
past 6 months. Combination therapy: Concurrent use of 
≥2 antibiotics from different classes. MDR: Resistance to 
≥3 antimicrobial classes (e.g., β-lactams, aminoglycosides, 
fluoroquinolones).5 

The identification of bacterial species was performed using 
the VITEK2 system (BioMérieux, Marcy l’Etoile, France). 
Susceptibility to antibiotics was evaluated using the disk 
diffusion method according to the criteria set by the Clinical 
and Laboratory Standards Institute (CLSI).9

Statistical Analysis
The data were entered into Microsoft Office Excel (Microsoft 
Corp., USA) and analyzed via the SPSS for Windows (SPSS, 
Chicago, IL, USA) program. Mean±SD for continuous 
variables (e.g., age), frequencies (%) for categorical data 

(e.g., pathogen distribution). Comparative analyses: Chi-
square/Fisher’s exact tests for associations (e.g., mortality vs. 
antibiotic regimen). Mean±SD for continuous variables (e.g., 
age, hospitalization duration), frequencies (%) for categorical 
data (e.g., pathogen distribution) were used.

RESULTS
A total of 32 CF patients experiencing 45 acute pulmonary 
exacerbation episodes were included in this study. Each 
exacerbation episode was considered a separate case; as some 
patients contributed more than one episode, this was taken into 
account when interpreting the findings. The cohort exhibited 
a female predominance, with 22 females (68.8%) and 10 
males (31.2%), a distribution consistent with epidemiological 
trends in CF populations. The mean age of the patients was 
114.7±62.1 months (approximately 9.5 years), with an age 
range of 5 to 216 months. At the time of hospitalization, the 
most frequently reported clinical symptoms were increased 
sputum production (73.3%, n=33/45), cough (60%, n=27/45), 
and fever (31%, n=14/45). The high prevalence of increased 
sputum production aligns with the known pathophysiology 
of CF pulmonary exacerbations, where mucus hypersecretion 
and impaired clearance contribute to bacterial retention and 
infection. 

The study included CF patients with MDR bacterial growth, 
and microbiological analysis confirmed MDR bacterial isolates 
in respiratory samples from all 45 exacerbation episodes. 
Pseudomonas aeruginosa was the most prevalent pathogen, 
isolated in 53.4% (n=24/45) of cases. Notably, 62.5% (n=15/24) 
of these episodes occurred in patients with pre-existing P. 
aeruginosa colonization, suggesting that chronic colonization 
is a significant risk factor for MDR development in CF 
patients. Staphylococcus aureus accounted for 17.8% (n=8/45) 
of isolates, with equal distribution between methicillin-
susceptible (MSSA, 8.9%; n=4/45) and methicillin-resistant 
(MRSA, 8.9%; n=4/45) strains. Acinetobacter baumannii, a 
less common but emerging pathogen in CF, was identified in 
4.5% (n=2/45) of cases. In 17.8% (n=8/45) of episodes, more 
than one pathogens were isolated, with combinations such 
as P. aeruginosa+ MSSA or P. aeruginosa+ Haemophilus 
influenzae, complicating treatment decisions (Figure).

Figure. Distribution of isolates
MSSA: Methicillin sensitive staphylococcus aureus, MRSA: Methicillin resistant staphylococcus aureus, 
Multipl isolation including P. aeruginosa, MSSA, Haemophilus influenzae type b and Stenotrophomonas 
maltophilia
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P. aeruginosa isolates exhibited high resistance rates to 
aminoglycosides (54.2%, n=13/24) and carbapenems (45.8%, 
n=11/24). However, they demonstrated greater susceptibility 
to quinolones (e.g., ciprofloxacin and levofloxacin: 29.2%, 
n=7/24) and remained susceptible to polymyxins (e.g., 
colistin: 0% resistance). S. aureus isolates showed universal 
susceptibility to vancomycin, but MRSA strains (75%, 
n=3/4) were resistant to β-lactams, necessitating alternative 
regimens. Resistance rates were also analyzed according to 
antibiotic classes regardless of microorganism type. As shown 
in Table, cephalosporins demonstrated the highest resistance 
rate (66.7%, 30/45 isolates), followed by aminoglycosides 
(40.0%, 18/45). Carbapenem, quinolone, and sulfonamides 
resistance was observed in 28.9% (13/45), 22.2% (10/45), and 
17.8% (8/45) of isolates respectively. Confidence intervals 
indicate significant variability in resistance prevalence across 
antibiotic classes.

The management of MDR-related exacerbations required 
individualized antibiotic regimens, antibiotic treatments 
were arranged according to the patient's clinical and 
microbiological findings. Monotherapy was employed in 
only 18% (n=8/45) of cases, typically for infections caused 
by pathogens with limited resistance profiles (e.g., MSSA). 
Combination therapy was the mainstay of treatment, used 
in 82% (n=37/45) of episodes. The most frequently prescribed 
combination was ceftazidime+amikacin (22.2%, n=10/45), 
chosen for its synergistic activity against P. aeruginosa. Other 
regimens included meropenem+colistin (8.9%, n=4/45) and 
other carbapenem-based combinations (26.7%, n=12/45). Due 
to concerns about fungal superinfections, empirical antifungal 
therapy (e.g., fluconazole, voriconazole) was administered in 
17.8% (n=8/45) of cases, though confirmatory fungal cultures 
were not always obtained. The mean hospitalization duration 
for exacerbations was 17.3±8.4 days, with a range of 10 to 60 
days. Mortality was observed in 6.2% (n=2/32) of patients. 
Both fatal cases exhibited P. aeruginosa infections. The first 
patient received combination therapy with meropenem, 
amikacin, and ciprofloxacin, while the second was received 
meropenem-colistin dual therapy.

DISCUSSION
This single-center retrospective study provides critical 
insights into the burden of MDR bacterial infections in 
hospitalized CF patients. The study highlights the alarming 
prevalence of MDR bacterial infections in hospitalized CF 
patients with pulmonary exacerbations, with Pseudomonas 
aeruginosa (53.4%) as the dominant pathogen. This aligns with 
CF Foundation Registry data, which reports P. aeruginosa 

colonization in ~50-60% of CF patients.10 The high rate of 
prior colonization (55.6% in our cohort) underscores the 
chronicity of this pathogen in CF airways and its role in driving 
recurrent exacerbations. The predominance of P. aeruginosa 
in our cohort parallels studies from other regions (e.g., UK 
CF Registry 2022), but the 17.8% prevalence of Staphylococcus 
aureus (including MRSA) is notably higher than in some 
European cohorts (~10%).11,12 This discrepancy may reflect 
regional differences in antibiotic stewardship or infection 
control practices. The isolation of Acinetobacter baumannii 
(4.4%), a rare but emerging CF pathogen, warrants vigilance, 
as its intrinsic resistance to multiple antibiotics complicates 
treatment, as reported by Rocha et al.13 Studies from Southern 
Europe and Asia report A. baumannii colonization rates of 
3–8% in CF patients, often linked to prolonged hospital 
stays and ventilator use.14 Our findings mirror this trend, 
suggesting regional spread. Unlike P. aeruginosa, which 
adapts to CF airways over years, A. baumannii may exploit 
immune compromise or prior antibiotic exposure.

Notably, 62.5% of P. aeruginosa isolates emerged from 
patients with prior colonization, consistent with studies 
linking chronic colonization to MDR development.3 The high 
resistance rates to aminoglycosides (54.2%) and carbapenems 
(45.8%) mirror trends reported in Europe and the U.S., 
likely driven by frequent antibiotic exposure.4 The high 
resistance to aminoglycosides (e.g., amikacin, gentamicin) 
aligns with global reports of P. aeruginosa developing efflux 
pumps (e.g., mexXY-oprM) and ribosomal modifications 
(rpsL mutations).1 In CF, chronic aminoglycoside use for 
suppression therapy may drive this trend.2 Notably, our 
cohort’s resistance rate (54.2%) exceeds the 30–40% reported 
in recent U.S. CF Registry data, possibly reflecting regional 
prescribing practices, lack of antimicrobial stewardship 
programme, and inadequate infection control measures.3 
However, the 0% resistance to colistin offers a therapeutic 
silver lining, supporting its use as a last-resort agent.5 The 
equal distribution of MSSA and MRSA (8.9% each) contrasts 
with higher MRSA rates in some Western cohorts, possibly 
reflecting regional prescribing practices or infection control 
measures.6 The absence of vancomycin resistance in S. aureus 
isolates is reassuring, though MRSA’s β-lactam resistance 
necessitates alternative regimens.

The frequent need for combination therapy (82%), particularly 
ceftazidime-amikacin (22.2%), highlights the complexity of 
MDR infections. This aligns with CF treatment guidelines 
advocating synergistic combinations to overcome resistance.2 
However, the 28.9% carbapenem resistance raises concerns 
about overuse, echoing calls for antimicrobial stewardship 
in CF centers.8 The 17.8% empirical antifungal use without 
confirmed fungal co-infections suggests clinical caution, 
though unnecessary antifungals may exacerbate resistance 
or adverse effects.5 Future studies should assess fungal co-
infection rates to guide practice. The mean hospitalization 
duration (17.3 days) exceeds reports from centers with 
stricter MDR protocols, suggesting room for improvement 
in early diagnosis and targeted therapy.15 Both fatalities 
involved MDR P. aeruginosa, consistent with studies 
linking this pathogen to poorer outcomes.16 The first patient 

Table. Resistance patterns of bacterial isolates to major antibiotic classes

Antibiotic class Resistant isolates 
(n=45)

Percentage resistance 
(95% Cl)

Cephalosporins 30 66.7% (51.7-79.0)

Aminoglycosides 18 40.0% (26.8-55.2)

Carbapenems 13 28.9% (17.5-43.9)

Quinolones 10 22.2% (12.3-36.6)

Sulfonamides 8 17.8% (9.4-25.9)
CI: Confidence interval
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received meropenem-amikacin-ciprofloxacin, while the 
second received meropenem-colistin, a regimen typically 
reserved for extensively drug-resistant cases. Their deaths 
despite aggressive therapy underscore the urgency of novel 
antimicrobial strategies, such as phage therapy or anti-
biofilm agents.17 Due to the small sample size, no statistically 
significant association between mortality and treatment type 
could be demonstrated.

Limitations
This study has several limitations. Its retrospective design 
may introduce documentation bias; the single-center cohort 
limits generalizability; and small sample size precludes 
subgroup analyses (e.g., genotype-specific resistance patterns). 
Additionally, molecular characterization of resistance 
mechanisms (e.g., blaKPC, mexAB-oprM) could not be 
performed. Nevertheless, the detailed microbiological data 
and real-world treatment patterns provide valuable insights 
for regional clinicians. Another limitation of our study is the 
period of data collection (2013–2015). Since then, advances in 
CF care, particularly the introduction of CFTR modulators 
and evolving antimicrobial stewardship strategies, may 
have altered the prevalence and resistance patterns of MDR 
pathogens. Therefore, our findings may not fully represent 
the current epidemiology of MDR infections in CF patients, 
especially in countries where novel therapies have become 
more accessible. Nevertheless, the study provides valuable 
baseline information from a period preceding the widespread 
use of these therapies, which may serve as a benchmark for 
future comparative studies. Another important limitation is 
the study included only MDR-positive exacerbations; MDR-
negative episodes were not analyzed as a separate group. 
Consequently, the direct impact of MDR status on patient 
outcomes could not be assessed. Future prospective studies 
should address this gap by comparing MDR-positive and 
MDR-negative exacerbations in order to better quantify the 
attributable risk.

CONCLUSION
MDR bacterial infections remain a major challenge in 
hospitalized pediatric CF patients, with Pseudomonas 
aeruginosa as the predominant pathogen. High resistance 
rates, particularly to aminoglycosides and carbapenems, 
underscore the urgent need for antimicrobial stewardship 
and tailored combination therapies. Our findings highlight 
the importance of early detection, strict infection control, 
and judicious antibiotic use to curb resistance. Future 
multicenter studies comparing MDR-positive and MDR-
negative exacerbations, and evaluating novel therapies, are 
needed. These results emphasize the necessity of CF-specific 
antimicrobial protocols in Turkiye and similar settings.
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ABSTRACT
Aims: Exercise increases ocular perfusion pressure. The retina and choroid can autoregulate blood flow to a certain extent 
in response to this increase. Most of the studies have focused on short-term ophthalmologic effects of exercise and showed 
conflicting results. This study aimed to evaluate the long-term effects of regular exercise on retinal and choroidal structures, as 
well as the potential contribution of exercise-related systemic changes. 
Methods: Participants who had engaged in regular exercise for at least two years were included in the study group, while those 
who had not exercised were assigned to the control group. Clinical assessments included blood pressure, heart rate, body-mass 
index, HbA1c, complete blood count, lipid profile, thyroid-stimulating hormone, fT3, fT4, and C-reactive protein. Retinal and 
choroidal thicknesses in the right eye were measured using optical coherence tomography.  
Results: The trained group consisted of 36 participants and the untrained group included 35 participants. The mean duration of 
regular exercise was 4.29±2.5 years. Choroidal thickness was greater at all measured points in the trained group compared with 
controls, with significant differences at nasal (p<0.05) and subfoveal (p<0.01) measurements. Red blood cell count, hemoglobin, 
hematocrit, mean corpuscular volume, mean corpuscular hemoglobin, and eosinophil counts were also significantly higher in 
the trained group. 
Conclusion: This study is, to our knowledge, the first to investigate the effects of long-term, consistent physical activity by non-
professionals in real-life settings on retinal and choroidal structures. Choroidal autoregulation normally maintains stable blood 
flow even when ocular perfusion pressure rises during exercise. However, the observed long-term choroidal thickening suggests 
that prolonged physical activity may exceed this regulatory capacity. 
Keywords: Cardiovascular risk factors, choroid, exercise, hematological parameters, real-life conditions, retina

INTRODUCTION
During physical activity, ocular blood flow increases in 
parallel with rises in blood pressure (BP) and heart rate 
(HR).1 It has been shown in many studies that autoregulatory 
mechanisms prevent the increase of ocular blood flow during 
exercise.2 Retinal vessels have no innervation and retinal 
blood flow is regulated with oxygen, carbon dioxide and local 
metabolic factors.1 The typical retinal response to exercise is 
vasoconstriction.1,3 

The choroid is a highly vascularized layer of the eye.4 Its 
vascular bed receives both sympathetic and parasympathetic 
innervation, with sympathetic input and ocular perfusion 
pressure (OPP) serving as the main regulatory factors.4 
Moreover, abnormalities in blood count, glucose metabolism, 
BP, and lipid profile can influence choroidal structure.5 
Therefore, the choroid is likely to be affected by cardiovascular 

risk factors.5 Variations in hemogram parameters may also 
alter choroidal blood flow (CBF) and thickness.6

Regular exercise exerts systemic effects on the arterial 
vasculature.7,8 It reduces total peripheral resistance and 
cardiac afterload; however, these are not the only mechanisms 
through which exercise lowers BP.7 Regular training also 
decreases sympathetic activity, prevents arterial stiffness, 
and contributes to BP reduction by mitigating inflammation.7 
In addition, exercise improves traditional cardiovascular 
risk factors, including insulin resistance, hypertension, 
dyslipidemia, and obesity.8,9

There are only a few studies evaluating the long-term effects of 
exercise on the retina and choroid.  The aim of this study is to 
evaluate the impact of regular exercise on the retinochoroidal 
structure of healthy people under real-life conditions. In 
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addition, the study was designed to assess systemic parameters 
that may influence the retina and choroid in conjunction with 
exercise.

METHODS
This is a cross-sectional study that enrolled voluntary 
participants of the same ethnicity aged 18 to 50 years. This 
study was approved by the University of Health Sciences 
Hamidiye Clinical Researches  Ethics Committee (Date: 
23.11.2023, Decision No: 2023.23.11-63) and conducted in 
accordance with the Declaration of Helsinki. Informed 
consent was obtained from all participants. Best corrected 
visual acuity, intraocular pressure (IOP), biomicroscopic 
anterior segment, and pupil-dilated posterior segment 
examinations were performed. 

Participants who had engaged in regular exercise for ≥2 years 
and accumulated >1500 metabolic equivalent of task (MET) 
per week were included. Physical activity was assessed using 
the Global Physical Activity Questionnaire (GPAQ). One MET 
denotes resting energy expenditure (≈3.5 ml O₂·kg-¹·min-¹ ≈1 
kcal·kg-¹·h-¹). Moderate-intensity activities (e.g., recreational 
cycling, dancing at a moderate pace) were assigned a value 
of 4 METs, and vigorous-intensity activities (e.g., aerobics, 
basketball, high-intensity fitness training) 8 METs. The 
weekly total MET value was calculated as the sum across 
all reported activities: exercise constant (4 or 8)×exercise 
duration (minutes)×exercise frequency (days per week).

Biochemical and hematological parameters were measured 
using standardized kits and automated analyzers. After an 
overnight fast of at least eight hours, peripheral blood samples 
were obtained from all participants. The analyses included 
HbA1c, complete blood count (CBC), lipid profile, thyroid-
stimulating hormone (TSH), fT3, fT4, and C-reactive protein 
(CRP). The lipid profile comprised total cholesterol, HDL-
cholesterol, LDL-cholesterol, and triglycerides. CBC analysis 
was performed with the Mindray BC-6800Plus hematology 
analyzer using SF Cube technology. The lipid profile was 
assessed with the Roche Lipid Panel on the cobas c 501 
analyzer using an enzymatic colorimetric method. HbA1c 
was measured with the Cobas b 101 system, which employs an 
immunoassay method. Thyroid function tests were measured 
using the Elecsys TSH assay on the cobas e 601 analyzer based 
on the electrochemiluminescence immunoassay technique.

HR, BP, height, and weight were measured for all participants, 
and body-mass index (BMI) was calculated as weight in 
kilograms divided by the square of height in meters. The 
standard protocol for office BP monitoring included a 
5-minute rest period before measurement, abstinence from 
smoking, alcohol, or caffeine for at least 30 minutes, and 
avoidance of talking during and between measurements. BP 
measurements were obtained using automated oscillometric 
sphygmomanometers. Systolic blood pressure (SBP), diastolic 
blood pressure (DBP), and HR were recorded from the upper 
arm using the Omron M6 Comfort HEM-7360-E device.

The exclusion criteria included refractive errors greater than 
3 diopters of myopia, hyperopia, and astigmatism, glaucoma, 
ocular surgery, retinal diseases, diabetes, respiratory, thyroid, 

and cardiovascular diseases, hypertension, vascular diseases, 
nephropathy, uveitis, cigarette smoking, alcohol intake, 
underweight BMI (<18.5 kg/m²); and overweight BMI (>25 
kg/m²).

The right eyes of the patients were evaluated. Optical coherence 
tomography (OCT) measured total retinal thickness and 
retinal layer thicknesses, including the nerve fiber layer (NFL), 
inner plexiform layer (IPL), ganglion cell layer (GCL), inner 
nuclear layer (INL), outer plexiform layer (OPL), outer nuclear 
layer (ONL), and retinal pigment epithelium (RPE) layer, 
using the early treatment diabetic retinopathy study (ETDRS) 
grid at 1, 3 mm. Enhanced depth imaging (EDI)-OCT was 
used to measure subfoveal choroidal thickness (SFCT) and at 
1000 µm nasal and temporal to the foveola.

Statistical Analysis
IBM SPSS 26.0 package program was used in the statistical 
analysis of the study. For comparisons of parameters, the 
independent samples t-test was used when the data were 
normally distributed, and the Mann–Whitney U test was 
used when the data were not normally distributed. Before all 
comparisons, the Shapiro Wilk test was used to determine 
whether the data were normally distributed according to 
groups. ANCOVA analysis was performed to account for the 
imbalance in gender distribution. All statistical analyzes were 
evaluated at the 95% confidence interval and significance at 
the p<0.05 level.

RESULTS
The trained group included 36 participants, while the 
untrained group included 35 participants. Thirteen 
participants (36.1%) of the trained group were women, while 
23 (63.9%) were men. In the untrained group, 31 participants 
(88.6%) were women, and 4 (11.4%) were men. The average 
age of those who exercised was 28.42±9.10 years, while it was 
29.06±6.60 years for those who did not exercise. There was no 
significant difference in the mean IOP (15.80±2.17 mmHg in 
the trained group; 15.29±1.92 mmHg in the untrained group) 
(p>0.05). A significant difference was observed in the spherical 
equivalent between the two groups (-0.12±0.55 in the trained 
group; -0.58±1.16 in the untrained group) (p<0.05).

There was no significant difference in BMI, HR, SBP, and DBP 
between the two groups (Table 1). All retinal layers, except for 
the RPE, showed no statistically significant differences (p>0.05) 
in thickness at the ETDRS grid 1-and 3-mm measurements 
between the trained and untrained groups (Table 2, 3). In the 
RPE layer, a significant difference was observed at the superior 
3-mm area (p=0.032) (Table 3). Choroidal thickness (CT) 
was found to be increased in the trained group compared to 
the untrained group in all measurements, but only the nasal 
and subfoveal values were statistically significant (p=0.013 
and p=0.004) (Table 4). After statistically adjusting for the 
difference in gender ratio, the significance of CT remained 
unchanged.

Red blood cell count (RBC) (p=0.008), hemoglobin (HGB) 
(p=0.0001), hematocrit (HCT) (p=0.0001), mean corpuscular 
volume (MCV) (p=0.021), mean corpuscular hemoglobin 
(MCH) (p=0.043) and eosinophil counts (p=0.010) were 
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statistically significantly higher in the trained group (Figure 
1). Statistical subgroup analysis was performed considering 
the difference in gender ratio. In women, only white blood cell 
values showed a significant difference, whereas in men, HGB, 
HCT, and HDL levels were significantly higher in the trained 
group (p>0.05), while triglyceride levels were significantly 
higher in the untrained group (p<0.05) (Figure 2a, b).

Participants engaged in regular exercise for a mean period 
of 4.29±2.5 years. Exercise duration per week was calculated 
according to intensity. The mean weekly duration of moderate-
intensity exercise (4 METs) averaged 389.31±383.70 minutes, 
while high-intensity exercise (8 METs) was 271.81±218.10 
minutes. The mean length of a single exercise session was 
73.71±55.10 minutes for moderate-intensity exercise and 
76.29±53.20 minutes for high-intensity exercise.

The weekly duration of high-intensity exercise showed 
a positive correlation with RBC, HGB, HCT, and MCH. 
Furthermore, the length of individual high-intensity exercise 
sessions was positively correlated with HGB, HCT, MCV, 
and MCH. The total MET value demonstrated a positive 
correlation with SFCT, whereas no correlation was observed 
between CT and RPE thickness.

DISCUSSION
This study is the first to evaluate the effect of regular exercise 
during 4 years on the thickness of the choroid and retina 
layers, BP, hematological and lipid profiles.

Increases in HR and SBP correlates with OPP during 
exercise.10 Choroidal, retinal, and optic nerve head blood 

flow tends to remain stable with increases in OPP of up to 
40–60%. In an isometric exercise study, a 60% rise in OPP 
did not elevate CBF, suggesting regulatory mechanisms of 
CBF.11 Lovasik et al.12 examined the relationship between 
OPP and CBF during a 20-minute cycling protocol and at 
rest. OPP increased by 43% at exercise onset, subsequently 
decreasing to approximately 10% above resting levels at the 
end of the test.12 In contrast, CBF demonstrated a linear 
increase and remained within 10% of baseline values.12 These 
findings suggest that CBF is primarily regulated by arteriolar 
sympathetic vasoconstriction during exercise.12

An OCT-angiography study reported a decrease in vessel 
density at the superficial capillary plexus, which correlated 
with increased SBP during exercise.3 Similarly, Szalai et 
al.1 observed retinal thinning one minute after intense 
exercise, followed by retinal thickening at 5 and 15 minutes 
post-exercise. They attributed this result to autoregulatory 
vasoconstriction during exercise and vasodilation post-
exercise.1 In the present study, significant RPE thinning 
was only observed in the 3 mm superior subfield of the 
ETDRS grid. The RPE thinning observed in this study may 
be secondary to the enlargement of choroidal vessels and 
compression by a thickened choriocapillaris, resembling 
pachychoroid morphology.13 However, this finding could also 
represent an incidental observation. To date, only one study 
has evaluated the long-term effects of exercise on the retina, 
specifically measuring retinal vessel diameter in marathon 
runners, and found no significant changes.14

Different results have been reported in studies investigating 
the effect of exercise on the choroid. Alwassia et al.15 did 

Table 1. Blood pressure, heart rate, body mass index and metabolic equivalent of task comparison between groups

                Trained group n=36 Untrained group n=35

Median Min-max Mean±SD Median Min-max Mean±SD p

Systolic BP (mmHg) 114 80-130 111.44±9.65 110 90-134 109.37±11.8 0.13a

Diastolic BP (mmHg) 70 52-90 70.11±8.25 70 59-87 70.11±6.34 0.926a

Heart rate (bpm) 74.5 50-103 75.67±12.03 74 61-110 75.89±10.03 0.934b

BMI (kg/m2) 24.72 19.35-33.22 24.3±2.87 22.49 14.84-45.37 23.88±4.9 0.25a

MET 2772 1542-9030 3727.22±2120.6 990 330-1498 991.14±335.1 0.0001a** 
a: Mann Whitney U test, b: Independent samples t-test, p<0.05 *, p<0.01**, SD: Standard deviation, Min: Minimum, Max: Maximum, Systolic BP: Systolic blood pressure, Diastolic BP: Diastolic blood pressure,  
BMI: Body-mass index, MET: Metabolic equivalent of task

Table 2. Thickness of all retinal layers in central 1-mm of ETDRS grid

Trained group n=36 Untrained group n=35

Median Min-max Mean±SD Median Min-max Mean±SD p

RT 262.5 219-346 264.67±23.8 264 225-317 265.26±18.1 0.645a

RNFL 12 6-20 12.31±2.6 12 8-23 12.34±2.6 0.74a

GCL 15.5 8-52 16.94±8.5 14 5-36 15.66±6 0.624a

IPL 21 12-42 21.25±5.9 20 14-30 20.14±3.6 0.607a

INL 17 10-38 18.08±5 17 9-33 17.8±5.1 0.782a

OPL 23 12-32 23.03±4.7 25 16-54 25.91±7 0.057a

ONL 87.5 66-106 86.44±9.3 89 43-112 86.83±13.1 0.887b

RPE 17 13-22 17.31±2 17 13-21 17.2±2.3 0.837b

a: Mann Whitney U test, b: Independent samples t-test, p<0.05 *, p<0.01**, SD: Standard deviation, Min: Minimum, Max: Maximum, ETDRS: Early Treatment Diabetic Retinopathy Study, RT: Retinal thickness, 
RNFL: Retinal nerve fiber layer thickness, GCL: Ganglion cell layer, IPL: Inner plexiform layer, OPL: Outer plexiform layer, ONL: Outer nuclear layer, RPE: Retinal pigment epithelial layer. Thicknesses are 
expressed in micrometers. p<0.05 shows statistical significance.
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not find any change in CT at the 3rd minute of stress testing 
in patients with a mean age of 60 years. Kinoshita et al.16 
analyzed the choroid more thoroughly after mild dynamic 
exercise. They observed no change in central CT, mean 
luminal and stromal areas, or the mean luminal/choroidal 
area ratio within 10 minutes after exercise.16 In contrast, 

the study by Sayın et al.17 found thickening of the choroid 5 
minutes after medium-intensity training, which returned to 
normal values 15 minutes post-exercise. In the present study, 
temporal, subfoveal, and nasal CT was found to be increased 
in the trained group compared to the untrained group, but 
only the nasal and subfoveal measurements were statistically 

Table 3. Thickness of all retinal layers in inner 3-mm ring of ETDRS grid

Trained group n=36 Untrained group n=35

Median Min-max Mean±SD Median Min-max Mean±SD p

RT

3-S 339 307-366 339.33±15.1 343 313-360 340.91±12.9 0.625a

3-I 339 302-373 338.42±16.5 339 306-367 340.4±15.5 0.604b

3-N 337.5 251-364 337.67±19.7 340 293-368 339.37±15.7 0.809a 

3-T 327 300-358 326.25±14.6 328 12-350 316.66±55.2 0.927a

RNFL

3-S 23 17-29 22.61±2.7 23 18-29 23.17±2.7 0.384b

3-I 25.5 14-30 25.36±3.5 27 18-38 26.63±3.7 0.301 a

3-N 20 16-27 20.64±2.3 20 15-27 20.74±2.5 0.802 a

3-T 16 15-19 16.44±1 17 14-20 16.86±1.3 0.121a

GCL

3-S 53 41-63 52.75±5 52 44-65 53.11±4.8 0.755b

3-I 53.5 28-66 53±6.4 53 45-61 53.74±3.8 0.632a

3-N 53 43-68 53.11±5.3 52 37-61 51.54±4.9 0.203b

3-T 49 38-59 48.47±5.3 48 27-56 47.2±5.7 0.381a 

IPL

3-S 41 33-48 41.14±3.3 42 36-48 41.66±3.1 0.503b

3-I 41 31-50 41.25±3.7 42 34-48 42.09±3.2 0.315b

3-N 42 36-50 41.89±3.5 43 32-48 41.86±3.6 0.970b

3-T 41 32-50 41.08±3.8 41 27-46 40.69±3.8 0.954a

INL

3-S 41 33-55 40.92±5 41 35-46 40.17±3.4 0.463b

3-I 40 33-47 40.64±3.8 40 34-46 40.57±3.2 0.935b

3-N 41.5 34-46 40.89±3.4 41 31-47 40.03±3.5 0.274a

3-T 37 30-44 37.42±3.6 38 26-45 37.49±3.9 0.939b

OPL

3-S 30.5 25-57 33.64±9.1 29 23-55 31.89±7.5 0.413a

3-I 28 24-53 30.83±6.3 32 24-51 33.03±6.5 0.050a

3-N 31 26-40 31.42±4 31 24-63 32.57±8.3 0.817a

3-T 29 25-39 30.08±3.3 29 24-44 29.6±4.6 0.364a

ONL

3-S 68.5 45-84 67.67±10 72 46-86 69.89±11.1 0.191a

3-I 70.5 36-85 68.06±10.5 64 46-79 64.09±9.6 0.072a

3-N 72 56-85 70.72±8 70 38-88 69.94±12 0.778a

3-T 71,5 52-85 71.33±6.9 73 50-86 71.86±8.3 0.496a

RPE

3-S 15 13-19 14.89±1.2 15 13-18 15.37±1.3 0.032a*

3-I 14.5 12-19 14.53±1.4 14 12-17 14.2±1.3 0.437a

3-N 15 12-18 14.97±1.2 15 12-18 15.34±1.5 0.182a

3-T 15 13-17 14.58±1.1 14 11-17 14.26±1.4 0.381a

a: Mann Whitney U test, b: Independent samples t-test, p<0.05 *, p<0.01**, SD: Standard deviation, Min: Minimum, Max: Maximum, ETDRS: Early Treatment Diabetic Retinopathy Study, 3S: 3 mm superior 
subfield, 3I: 3 mm inferior subfield, 3N: 3 mm nasal subfield, 3T: 3 mm temporal subfield, RT: Retinal thickness, RNFL: Retinal nerve fiber layer thickness, GCL: Ganglion cell layer, IPL: Inner plexiform layer, OPL: 
Outer plexiform layer, ONL: Outer nuclear layer, RPE: Retinal pigment epithelial layer. Thicknesses are expressed in micrometers. p<0.05 shows statistical significance.
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significant (p<0.05 and p<0.01). There is only one long-term 
study (the CHAMPS study) in the literature that aimed to find 
a correlation between physical activity and CT in children.18 
They reported no association between CT and physical 
activity.18

Differences in exercise study outcomes may be attributed to 
variations in exercise duration, intensity, and the occurrence 
of hypocapnia. CBF increases by more than 10% when OPP 
rises by over 60%, depending on exercise intensity and 
duration.11,12 Intense exercise could lead to hyperventilation 
and hypocapnia.19  A study showed that retinal and CBF 
increased during submaximal exercise at 6 minutes but 
decreased with exhaustion due to hypocapnia.20 In the present 
study, the observed increase in CT suggests that CBF rose to a 
level sufficient to induce thickening of the choroid under the 
given exercise duration and intensity. 

The spherical equivalent was significantly more myopic in the 
untrained group (-0.12±0.55 in the trained group; -0.58±1.16 
in the untrained group) (p<0.05). An increase of one diopter 
in myopia has been shown to decrease SFCT by 13 μm.21 SFCT 
was 405.08±84.6 µm in the trained group and 348.8±74.6 µm 
in the untrained group. Even after recalculating, considering 
a -0.50-diopter difference, SFCT in the trained group would 
still be statistically significantly thicker.

In the present study, RBC, HGB, HCT, MCV, MCH, and 
eosinophil values were observed to be significantly higher 
in the trained group. However, no correlation was identified 
between these hematological parameters and CT. Studies on 
hematological parameters show varying results depending 
on exercise intensity and whether the exercise is anaerobic 
or aerobic. A study on a group that regularly engaged in 
aerobic exercise over the past 12 weeks showed increased 
HGB, HCT, and platelet levels.22 Another study compared the 
effects of aerobic and strengthening exercises after 16 weeks 
of training and reported significant decreases in RBC, HGB, 
HCT, and MCV values in the strengthening exercise group.23 
Consistent with these findings, Alam et al.24 also observed 
similar hematologic changes in athletes following intense 
exercise. Bizjak et al.25 evaluated the effects of a 6-week 
moderate training protocol on RBCs and found an increase in 
both young and old RBCs. They attributed the RBC results in 
their study to the increase in catecholamines, cortisol, growth 
hormones, and insulin-like factors with exercise, which 
stimulate erythropoiesis.25

Limitations
One of the limitations of the study is the difference in the 
female/male ratio between the groups. Some studies have 
found that the choroid is thicker in males than in females, 
while others have found no difference.26,27 Another limitation 
is the absence of an assessment of patients’ dietary habits and 

Table 4. Choroidal thickness in nasal, subfoveal and temporal measurements

Trained group n=36 Untrained group n=35

Median Min-max Mean±SD Median Min-max Mean±SD p

Nasal CT 379 226-584 380.22±90 342 197-458 333.31±63.5 0.013a*

Subfoveal CT 396.5 267-619 405.08±84.6 355 168-483 348.8±74.6 0.004a**

Temporal CT 384.5 249-554 383.36±88.3 344 243-464 349.51±55.1 0.057a

a: Independent samples t-test, p<0.05 *, p<0.01**, SD: Standard deviation, Min: Minimum, Max: Maximum, CT: Choroidal thickness. Thicknesses are expressed in micrometers.

Figure 1. Comparison of hematological and biochemical parameters between 
trained and untrained groups. Overall analysis including both sexes.
Data are presented as mean±SD. Blue circles represent the trained group, and red squares represent the 
untrained group. Asterisks denote statistically significant differences (*p<0.05, **p<0.01; Independent 
samples t-test, Mann–Whitney U test). WBC: White blood cell, RBC: Red blood cell, HGB: Hemoglobin, 
HCT: Hematocrit, MCV: Mean corpuscular volume, MCH: Mean corpuscular hemoglobin, MCHC: 
Mean corpuscular hemoglobin concentration, RDW-SW: Red blood cell distribution width-standard 
deviation, MPV: Mean platelet volume, PDW: Platelet distribution width, PCT: Procalcitonin, HDL: High-
density lipoprotein, LDL: Low-density lipoprotein, TSH: Thyroid-stimulating hormone, CRP: C-reactive 
protein, ESR: Erythrocyte sedimentation rate

Figure 2. Hematological and biochemical parameters in trained versus 
untrained groups, stratified by sex: a) women b) men
Data are presented as mean±SD. Blue circles represent the trained group, and red squares represent 
the untrained group. Asterisks denote statistically significant differences (*p<0.05, **p<0.01; Mann–
Whitney U test). WBC: White blood cell, RBC: Red blood cell, HGB: Hemoglobin, HCT: Hematocrit, 
MCV: Mean corpuscular volume, MCH: Mean corpuscular hemoglobin, MCHC: Mean corpuscular 
hemoglobin concentration, RDW-SW: Red blood cell distribution width-standard deviation, MPV: Mean 
platelet volume, PDW: Platelet distribution width, PCT: Procalcitonin, HDL: High-density lipoprotein, LDL: 
Low-density lipoprotein, TSH: Thyroid-stimulating hormone, CRP: C-reactive protein, ESR: Erythrocyte 
sedimentation rate
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micronutrient intake, factors that may significantly influence 
hematological and biochemical parameters.

The elevated eosinophil count observed in this study may 
reflect non-allergic activation.28,29 Several studies showed 
that eosinophils could be activated by exercise in healthy 
individuals, with both long-term endurance and short-
term maximal exercise elevating eosinophil cationic protein 
levels.28,29

In this study, no significant differences were observed 
in BMI, HR, SBP, DBP, lipid profile, HbA1c, or thyroid 
function between the trained and untrained groups. A study 
investigating six months of moderate- and high-intensity 
exercise reported significant changes in total cholesterol, 
LDL, and HDL levels in the high-intensity group.30 Consistent 
with these findings, our subgroup analysis in men had higher 
levels of HDL. These findings suggest that both the duration 
and type of training are key determinants of exercise-related 
effects on lipid profiles and BP, consistent with the other 
parameters evaluated in the present study.30,31 The training 
regimen of the study group does not appear to have been 
sufficient to alter lipid profiles and BP in the present study.

CONCLUSION
As a result, to the best of our knowledge, this is the first 
study to evaluate choroidal and retinal parameters, along 
with hematologic and lipid profiles, in a predominantly 
moderately active population engaged in long-term exercise 
under real-life conditions. CT, RBC, HGB, HCT, MCV, 
MCH, and eosinophil values were statistically significantly 
increased in the trained group under real-life conditions. 
The characteristics of exercise—such as duration, intensity, 
endurance, and whether it is aerobic or anaerobic—may be 
the main factors determining the systemic and organ effects 
of exercise.
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ABSTRACT
Aims: This study aimed to evaluate perinatal outcomes in pregnancies with isolated non-visualization of the fetal gallbladder 
(NVFGB) identified during second-trimester anatomical screening.
Methods: This retrospective cohort study included 22 pregnancies diagnosed with isolated NVFGB between November 2022 
and January 2025 at a tertiary maternal–fetal medicine unit. Cases with additional structural anomalies, multiple gestations, 
or elective terminations were excluded. Maternal demographics, antenatal ultrasound findings, and neonatal outcomes were 
reviewed. Postnatal imaging and clinical follow-up were evaluated for gallbladder visualization and underlying pathology. 
Results: In half of the included cases (11/22), the gallbladder was visualized either on follow-up scans or after birth. 
Among the remaining 11 cases, two had midline-located gallbladders on postnatal imaging, one of which required surgical 
correction for intestinal malrotation. Two fetuses were prenatally diagnosed with cystic fibrosis, including one complicated by 
meconium peritonitis requiring surgery. Two additional cases were diagnosed postnatally with biliary atresia and underwent 
hepatoportoenterostomy. Chromosomal microarray analysis (CMA) was performed in ten cases; no anomalies were identified 
aside from cystic fibrosis. Overall, five cases (23%) were associated with significant postnatal diagnoses requiring medical or 
surgical intervention. 
Conclusion: Although isolated NVFGB is often a benign and transient finding, it may occasionally indicate serious underlying 
conditions such as biliary atresia or cystic fibrosis. Detailed follow-up, repeat imaging in late gestation, and thorough postnatal 
evaluation are essential for appropriate diagnosis and management. 
Keywords: Biliary tract abnormalities, gallbladder abnormalities, prenatal ultrasonography

INTRODUCTION
The gallbladder originates from the hepatic diverticulum 
during early embryogenesis, and disruptions in this process 
may lead to anomalies such as agenesis, biliary atresia, or 
ectopic localization.1,2 Among these, gallbladder agenesis 
is relatively uncommon, with a reported prevalence of 
approximately 0.1%.3 Nevertheless, its occurrence represents 
a significant prenatal finding due to its potential association 
with a variety of structural and genetic conditions—including 
other gastrointestinal anomalies, cardiac malformations, 
and chromosomal abnormalities. Consequently, non-
visualization of the gallbladder on prenatal imaging 
necessitates a thorough anatomical assessment. In selected 
cases, evaluation of digestive enzyme levels in the amniotic 
fluid, in addition to invasive genetic testing, may also provide 
valuable information.4,5

Although non-visualization of the fetal gallbladder is 
frequently reported as a prenatal ultrasound finding during 
early second-trimester sonography, subsequent imaging—

either later in gestation or postnatally—often confirms 
the presence of a normally developed gallbladder. In 
approximately one-quarter of these cases, the gallbladder 
becomes visible on follow-up ultrasounds. Moreover, in up to 
40% of fetuses with persistent non-visualization throughout 
pregnancy, postnatal imaging reveals a structurally normal 
gallbladder.6 This discrepancy highlights the potential for 
false-positive diagnoses and underscores the dynamic nature 
of fetal gallbladder visualization. While most isolated cases 
are associated with favorable outcomes, the possibility of 
underlying structural or genetic abnormalities necessitates 
careful differential diagnosis.7      

In this context, the present study aimed to evaluate the 
ultrasonographic characteristics and perinatal outcomes of 
cases with isolated non-visualization of the fetal gallbladder 
(NVFGB) detected during second-trimester anatomical 
screening.
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METHODS 
The study population was identified through a review of 
electronic medical records of pregnant women with NVFGB 
during second-trimester anatomical screening. All fetal 
anatomical screening records between November 1, 2022, 
and January 1, 2025, were reviewed. The study protocol was 
approved by the Scientific Researches Evaluation and Ethics 
Committee No. 1 at Ankara Etlik City Hospital (Date: 
14.05.2025, Decision No: AESH-BADEK1-2025-204) and 
conducted in accordance with the Declaration of Helsinki.

In this study, NVFGB was defined as the inability to identify 
the gallbladder on second-trimester anatomical ultrasound 
and on a confirmatory subsequent scan, despite adequate 
visualization of other abdominal organs. Only patients 
who received both antenatal follow-up and delivery at our 
institution were included. For isolated NVFGB, follow-up 
sonographic data were reviewed to assess gallbladder visibility 
and the gestational age at which visualization occurred. 
When the gallbladder remained non-visualized antenatally, 
postnatal follow-up and neonatal imaging, when available, 
were used to distinguish transient non-visualization from 
true agenesis. In cases requiring surgical intervention, the 
type and timing of procedures were recorded to provide 
further insight into the clinical significance and outcomes of 
gallbladder agenesis.

Pregnancies complicated by additional structural anomalies, 
multiple gestations, or terminated due to fetal or maternal 
indications were excluded. Maternal demographic 
characteristics, results of prenatal screening tests, follow-up 
sonographic findings, and mode of delivery were recorded. 
Neonatal outcomes, including gestational age at delivery, birth 
weight percentile, 1- and 5-minute Apgar scores, admission to 
the neonatal intensive care unit (NICU), and any postnatal 
imaging or endoscopic procedures related to the gallbladder, 
were also evaluated.

Statistical Analysis
Data were analyzed using IBM SPSS Statistics for Windows, 
Version 23.0 (IBM Corp., Armonk, NY, USA). Continuous 
variables were presented as mean±standard deviation or 
median (minimum–maximum), and categorical variables 
as counts and percentages. Only descriptive statistics were 
presented; no group comparisons were made.

RESULTS 
This study included 22 cases of isolated NVFGB identified 
during second-trimester anatomical screening, with a mean 
gestational age at diagnosis of 18+6 weeks. Maternal and 
neonatal baseline characteristics are summarized in Table 1. 
In terms of neonatal outcomes, six neonates (27%) required 
admission to the NICU, including one case in which the 
gallbladder was later visualized and five cases with clinically 
significant postnatal diagnoses in addition to gallbladder 
agenesis.

Overall, the presence of the gallbladder was confirmed in 
11 of the 22 cases (50%), either antenatally or postnatally. 

Specifically, in eight cases, the gallbladder became visible on 
follow-up scans performed in the late second or early third 
trimester. In another four cases, a thin, hyperechoic tubular 
structure was noted in the expected location of the gallbladder, 
although the typical morphology was absent; postnatal 
sonography confirmed the presence of the gallbladder in three 
of these. In the remaining case, postnatal imaging failed to 
demonstrate a definitive gallbladder, and the appearance was 
interpreted as consistent with agenesis. The outcomes of these 
cases are detailed in Table 2.

In the remaining 11 cases, the gallbladder could not be 
identified in its expected location on postnatal imaging. 
Among these, two cases demonstrated atypical findings, with 
the gallbladder located in the midline of the abdomen. One of 
these was subsequently diagnosed with intestinal malrotation 
and underwent surgical intervention on postnatal day 5 due 
to suspected intestinal obstruction. During laparotomy, 
extensive Ladd’s bands were excised, ileal loops were 
mobilized, and the gallbladder was visualized. The other case 
remained asymptomatic, with no abnormalities detected 
during seven months of postnatal follow-up.

Two fetuses had a prenatal diagnosis of cystic fibrosis, one of 
whom was born to consanguineous parents. One developed 
meconium peritonitis and required ileal resection with 
primary anastomosis on postnatal day 1. Biliary atresia was 
identified in two further cases—one presenting antenatally 
with a hyperechoic tubular structure and the other with 
complete non-visualization—both of which underwent 
hepatoportoenterostomy (Kasai procedure) on postnatal days 
6 and 11, respectively.

Chromosomal microarray analysis (CMA) was performed in 
six cases; aside from the two with cystic fibrosis, no anomalies 
were detected. In total, five cases (23%) were associated with 
clinically significant postnatal diagnoses requiring medical 
or surgical intervention. These findings are summarized in 
Table 3.

Table 1. Maternal characteristics and neonatal outcomes (n=22)

    Maternal age*   31.32 (24-39)

    Gravidity*   1.73 (1-4)

    Parity*   0.5 (0-2)

    Abortus*   0.5 (0-2)

    Parental consanguinity†
                Yes
                No

  2 (9.09%)
  20 (90.9%)

    Gestational age at ultrasound*   18+6 (15-22)

    Birth week*   38+3 (36-40+3)

    Birth weight (g)*   3128.6 (2410-3680)

    Apgar score 1st min*   7.45 (4-9)

    Apgar score 5th min*   8.68 (5-10)

    Blood gas pH value*   7.30 (7.05-7.46)

    NICU admission†   6 (27.2%)
*Values are presented as median (minimum–maximum); †Values are presented as number 
(percentage). NICU: Neonatal ıntensive care unit
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DISCUSSION 
NVFGB during second-trimester sonography is generally 
regarded as a benign finding in isolated cases, as the 
gallbladder is often visualized later in gestation or confirmed 
postnatally.8,9 In our study, approximately half of the fetuses 
with either prenatal non-visualization or a small, hyperechoic 
tubular appearance of the gallbladder were confirmed to 
have a gallbladder on postnatal imaging. In eight cases, the 
gallbladder became visible in subsequent prenatal scans, and 
no postnatal abnormalities were identified. These findings 
suggest the possibility that isolated non-visualization may 
reflect physiological variability or technical limitations rather 
than true pathology. Therefore, serial ultrasound evaluations 
during pregnancy are recommended in such cases to avoid 
unnecessary interventions.

Nevertheless, persistent non-visualization may sometimes 
represent the only prenatal indicator of significant underlying 
pathology. One of the most critical conditions in this context 
is biliary atresia—a progressive fibro-obliterative disease 
of the extrahepatic bile ducts that can lead to liver failure 
in the absence of timely intervention.10,11 Although various 
anatomical variants have been described, the gallbladder is 
frequently absent in cases of biliary atresia; when present, it is 

usually abnormal in size and may be associated with hepatic 
hilar cysts.12 A hallmark prenatal sonographic feature of 
biliary atresia is the 'triangular cord sign,' first described by 
Choi et al.13 in 1996, which refers to an echogenic band ≥4 mm 
in thickness located anterior to the portal vein bifurcation, 
thought to represent fibrotic remnants of the bile ducts. 
Although several sonographic features—such as abnormal 
gallbladder morphology, non-visualization of the common 
bile duct, hepatic subcapsular flow, or increased hepatic artery 
diameter—have been associated with biliary atresia, most of 
these findings are typically identified postnatally, and their 
utility in antenatal diagnosis remains limited.14,15

In the literature, postnatal diagnosis of biliary atresia has 
been reported in approximately 4% of cases with isolated 
non-visualization of the gallbladder on prenatal ultrasound; 
however, gallbladder agenesis is observed in almost all cases 
of biliary atresia.16,17 Consistent with these findings, two cases 
in our cohort were diagnosed with biliary atresia postnatally 
and subsequently underwent Kasai portoenterostomy.

In addition to hepatobiliary anomalies, gastrointestinal 
malformations are also commonly associated with gallbladder 
agenesis. In our series, one fetus was diagnosed with intestinal 
malrotation that required surgical intervention. Furthermore, 

Table 2. Outcomes of fetuses with NVFGB and subsequent visualization on follow-up or postnatal evaluation (n=11)

Case no GA at 1st USG (wks) Antenatal GB visibility GA at GB visualization Genetic testing Postnatal GB

  1   17   NVFGB   24 Not performed    Normal

  2   19   NVFGB   28 Not performed    Normal

  3   19   NVFGB   27 Not performed    Normal

  4   21   NVFGB   24 Not performed    Normal

  5   20   NVFGB   29 Normal CMA    Normal

  6   20   NVFGB   31 Not performed    Normal

  7   19   NVFGB   33 Normal CMA    Normal

  8   22   NVFGB   26 Not performed    Normal

  9   20   Hyperechoic tubular structure Not visualized Normal CMA    Normal

 10   18   Hyperechoic tubular structure Not visualized Normal CMA    Normal

 11   19   Hyperechoic tubular structure Not visualized Not performed    Normal
GA: Gestational age, USG: Ultrasonography, GB: Gallbladder, NVFGB: Non-visualization of the fetal gallbladder, CMA: Chromosomal microarray analysis

Table 3. Outcomes of fetuses with persistent NVFGB diagnosed with gallbladder agenesis (n=11)

Case no GA at 1st USG (wks) Antenatal GB visibility Genetic testing Postnatal diagnosis Postnatal course

  1   19 NVFGB Not performed Contracted GB Asymptomatic

  2   19 NVFGB Normal CMA Midline GB Asymptomatic

  3   20 NVFGB Normal CMA Midline GB+intestinal malrotation Laparatomy

  4   17 NVFGB Cystic fibrosis GB Agenesis+meconium peritonitis Ileal resection and primary anastomosis

  5   16 NVFGB Cystic fibrosis GB agenesis Asymptomatic

  6   17 NVFGB Not performed GB agenesis Asymptomatic

  7   19 NVFGB Normal CMA GB agenesis Asymptomatic

  8   15 NVFGB Not performed GB agenesis Asymptomatic

  9   18 NVFGB Normal CMA GB agenesis Asymptomatic

 10   21 NVFGB Normal CMA GB agenesis+biliary atresia Hepatoportoenterostomy

 11   19 Hyperechoic tubular structure Normal CMA GB Agenesis+biliary atresia Hepatoportoenterostomy

GA: Gestational age, USG: Ultrasonography, GB: Gallbladder, NVFGB: Non-visualization of the fetal gallbladder, CMA: Chromosomal microarray analysis
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two cases were prenatally diagnosed with cystic fibrosis. In 
one of these, meconium peritonitis was detected shortly 
before birth, necessitating ileal resection and anastomosis on 
the first day of life. While uncommon, NVFGB may serve as 
the earliest—and sometimes the only—prenatal indicator of 
cystic fibrosis. In the presence of associated findings such as 
echogenic bowel, bowel dilation, or meconium peritonitis, 
genetic counseling and molecular testing for cystic fibrosis 
should be considered.18,19

The fetal gallbladder exhibits a wide range of morphological 
variations, including folded, septated, spherical, or angular 
configurations. These variants are typically benign in the 
absence of additional structural anomalies. When a detailed 
second-trimester ultrasound reveals no other abnormalities, 
such morphological differences are generally regarded as 
physiological.9 However, in any case of suspected gallbladder 
agenesis, a meticulous evaluation of the intra-abdominal 
anatomy, particularly the liver, porta hepatis, and bile ducts, 
is essential to exclude underlying pathology.

This study contributes to the current literature by specifically 
focusing on isolated cases of gallbladder non-visualization 
and providing a detailed analysis of both antenatal and 
postnatal outcomes.

Limitations 
This study has several limitations. The retrospective design 
may have introduced selection and information bias. The 
relatively small sample size may have limited the statistical 
power to detect rare associations. In addition, the absence 
of genetic testing in some cases could have led to an 
underestimation of underlying genetic conditions. Finally, 
the lack of long-term follow-up data restricts the ability to 
evaluate delayed postnatal outcomes.

CONCLUSION 
As a result, although NVFGB during second-trimester 
anatomical screening is often a benign and transient finding, 
it may occasionally represent the earliest manifestation of 
serious hepatobiliary or systemic conditions. Therefore, 
even in isolated cases, comprehensive prenatal and 
postnatal evaluation, repeat imaging in later gestation, and 
a multidisciplinary approach are warranted to ensure timely 
diagnosis and appropriate management.
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ABSTRACT
Aims: This study retrospectively evaluated the effect of a 3-month vitamin D replacement therapy in patients diagnosed with 
insulin resistance (IR) and low vitamin D levels. The relationship between changes in vitamin D levels and IR was investigated.
Methods: A total of 98 patients with low serum vitamin D levels and HOMA-IR >2.5, who were admitted to the internal medicine 
outpatient clinic between January 1 and December 31, 2023, were included in this retrospective study. Sociodemographic 
characteristics and pre-and post-treatment biochemical parameters were obtained from medical records. Post-supplementation 
levels of vitamin D, glucose, insulin, and HOMA-IR were analyzed. Pre-and post-treatment values were compared using paired 
t-tests. The relationship between changes in vitamin D levels and HOMA-IR scores was assessed using Spearman correlation 
analysis.
Results: Of the 98 patients, 85.7% were female and 14.3% were male, with a mean age of 39.09±11.45 years. A significant 
reduction in HOMA-IR score was observed after vitamin D supplementation (pre: 4.54±2.05; post: 3.01±1.28; p<0.0001). A 
statistically significant negative correlation was found between the increase in vitamin D levels and the decrease in HOMA-IR 
scores (r=–0.298, p=0.0029). In addition, glucose and insulin levels significantly decreased after treatment, while no significant 
changes were observed in lipid profile or vitamin B12 levels. 
Conclusion: The findings suggest that vitamin D replacement therapy may have a beneficial effect on IR. Vitamin D 
supplementation could be considered as a supportive approach in the management of IR, especially in individuals with vitamin 
D deficiency. The more pronounced improvement observed in female patients indicates the potential importance of considering 
sex-specific differences in future clinical assessments, but this should be interpreted cautiously due to the limited number of 
male participants.  
Keywords: Vitamin D, insulin resistance, HOMA-IR, diabetes

INTRODUCTION
Insulin resistance (IR) is clinically characterized by impaired 
glucose uptake and utilization due to inadequate cellular 
response to endogenous or exogenous insulin.1 Recognized as 
a precursor to type 2 diabetes, this pathological response in 
glucose metabolism has emerged as a growing global public 
health concern.2 The reported prevalence of IR ranges from 
15.5% to 46.5% in the literature,3,4 and it has been associated 
with all-cause mortality at rates of 20.6–25.3%.5 

While IR is a component of metabolic syndrome, both 
genetic and environmental factors contribute to its etiology. 
Risk factors for IR include obesity, physical inactivity, aging, 
smoking, sedentary lifestyle, family history of diabetes, certain 
health conditions such as polycystic ovary syndrome (PCOS), 
and medications such as thiazide diuretics, β-adrenergic 
blockers, and glucocorticoids.6 As diminished insulin action 
has been shown to play a key role in the pathophysiology of 

many diseases, identifying direct or indirect modulators of 
IR has gained significant importance. Accordingly, various 
metabolic conditions associated with IR have been widely 
studied.7 One such factor is vitamin D, which has long 
been recognized for its influence on insulin action and its 
association with IR.8 

Vitamin D is a fat-soluble secosteroid hormone primarily 
involved in the regulation of calcium and phosphorus 
metabolism and bone mineralization.9 Beyond its classical 
roles, vitamin D has been shown to contribute to the prevention 
of various cancers, obesity, autoimmune, cardiovascular, and 
infectious diseases.10 

In recent years, numerous studies have highlighted the 
relationship between vitamin D and IR. The notion that 
vitamin D deficiency may contribute to the development of 

https://orcid.org/0000-0002-6017-3259
https://orcid.org/0000-0001-6626-4859
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IR and/or worsen the course of metabolic disorders related 
to IR has gained strong support. Although the mechanisms 
underlying the development of IR in the context of vitamin 
D deficiency remain unclear, several studies have suggested 
that the anti-inflammatory and antioxidant properties of 
vitamin D may be responsible. Deficiency may increase 
oxidative stress and promote a pro-inflammatory state in 
hepatocytes, contributing to IR.11 Another study indicated 
that vitamin D deficiency impairs glucose-stimulated insulin 
secretion by downregulating the expression of peroxisome 
proliferator-activated receptor gamma (PPAR-γ).12 In addition 
to its preventive role against IR and type 2 diabetes mellitus 
(T2DM), vitamin D supplementation has been associated 
with improved glycemic control in diabetic patients. Given 
that vitamin D deficiency is frequently encountered in 
outpatient settings, timely diagnosis and treatment have 
become increasingly important.13,14 The aim of this study is 
to retrospectively evaluate the effect of a 3-month vitamin D 
replacement therapy on IR in patients with low serum vitamin 
D levels.

METHODS
Ethics
This study was conducted as a retrospective analysis. 
Ethical approval was obtained from the Clinical Researches 
Ethics Committee of Kartal Dr. Lütfi Kırdar City Hospital 
(Date: 27.09.2023, Decision No: 2023/514/258/1). The study 
was carried out at Kartal Dr. Lütfi Kırdar City Hospital in 
accordance with the principles of the Declaration of Helsinki.

Study Population
The study was conducted with patients who were diagnosed 
with IR and vitamin D deficiency and met the inclusion 
criteria at the internal medicine outpatient clinic of Kartal 
Dr. Lütfi Kırdar City Hospital between January 1, 2023 and 
December 31, 2023. 

Inclusion Criteria 
•	 Patients diagnosed with IR at the internal medicine 

outpatient clinic between 01/01/2023 and 31/12/2023, 
followed up by a single clinician

•	 Patients not using any pharmacological treatment for IR

•	 Aged between 18 and 65 years 

•	 No diagnosis of diabetes mellitus 

•	 Serum 25-hydroxy vitamin D (25-OH-D) levels <20 ng/ml 

•	 Received vitamin D replacement therapy for 3 months 
following the diagnosis of vitamin D deficiency, applied 
under the same treatment algorithm and supervised by the 
clinician

Exclusion Criteria 
•	 Patients using medications for IR (e.g., metformin, 

pioglitazone)

•	 Diagnosed with diabetes mellitus 

•	 Serum 25-OH-D vitamin levels >20 ng/ml 

•	 Age >65 or <18 years 

•	 Patients with terminal-stage malignancies 

•	 Patients with advanced neurological or psychiatric disorders 

•	 Pregnant women

Parameters Evaluated at Baseline and After 3-Month 
Vitamin D Supplementation
•	 Age 

•	 Vitamin D 

•	 Glucose 

•	 Insulin 

•	 Vitamin B12 

•	 HbA1c 

•	 HDL cholesterol 

•	 LDL cholesterol 

•	 Triglycerides 

•	 Total cholesterol

Calculation of HOMA-IR 
The homeostatic model assessment (HOMA) is a mathematical 
model used to evaluate IR based on fasting glucose and insulin 
concentrations.15 In this study, IR was defined as a HOMA-IR 
score greater than 2.5, calculated using the following formula:

HOMA-IR score=(fasting glucose×gasting insulin)/405

Statistical Analysis
The data analyses of the patient data collected in this study 
were performed using GraphPad Prism version 8.0 software. 
Continuous variables were evaluated using descriptive 
statistics and expressed as mean±standard deviation 
(mean±SD). Paired t-test or Wilcoxon signed-rank test was 
used to compare clinical and biochemical parameters before 
and after vitamin D supplementation. Paired t-test was 
specifically used for evaluating changes in HOMA-IR scores. 
To assess the relationship between the change in vitamin 
D levels and the change in HOMA-IR scores, Spearman 
correlation analysis was conducted. A p-value less than 0.05 
was considered statistically significant.

RESULTS
Among the 98 patients included in the study, 14.3% (n=14) 
were male and 85.7% (n=84) were female. The mean age of 
the patients was 39.09±11.45 years (range: 20–65), with males 
having a mean age of 34.57±12.4 years (range: 20–65) and 
females 38.03±11.21 years (range: 20–60). 

At the time of the initial visit, the patients’ clinical and 
biochemical parameters were as follows: mean serum vitamin 
D level was 11±3.94 ng/ml, vitamin B12 level was 280±129.6 
pg/ml, glucose level was 94.17±9.82 mg/dl, HbA1c level was 
5.54±0.34%, insulin level was 19.52±8.27 µIU/ml, HDL 
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cholesterol was 50.59±10.83 mg/dl, LDL cholesterol was 
114.36±30.64 mg/dl, triglycerides were 138.69±71.5 mg/dl, 
and total cholesterol was 193.37±38.57 mg/dl (Table 1).

The mean HOMA-IR score, calculated using fasting glucose 
and insulin levels of the 98 patients included in the study, 
was 4.54±2.05 at the initial visit. Following vitamin D 
supplementation, the mean HOMA-IR score was found to 
be 3.01±1.28 based on the blood samples obtained at follow-
up visits. When the same analysis was performed based 
on gender, a significant reduction was observed in both 
sexes; however, this reduction was more pronounced in 
female patients ([Female HOMA-IR score before: 4.62±2.15, 
after: 2.97±1.35, p<0.0001]; [Male HOMA-IR score before: 
4.05±1.19, after: 3.21±0.83, p=0.0011]). The comparison of 
HOMA-IR scores before and after vitamin D supplementation 
revealed a statistically significant decrease in HOMA-IR 
levels (p<0.0001) (Figure 1). The mean difference was–1.53, 
which was statistically significant (t(97)=11.87, p<0.0001, 95% 
CI:–1.789 to –1.277). The pairing was strong and significant 
(r=0.80).

Additionally, the proportion of patients whose HOMA-IR 
score dropped below 2.5 following vitamin D supplementation 
was also evaluated. Among the 98 patients with pre-treatment 

HOMA-IR ≥2.5, post-treatment values fell below 2.5 in 39 
patients (39.8%), which was found to be statistically significant 
(p<0.0001). In the gender-based analysis, this reduction 
remained statistically significant in females (p<0.0001); 
however, due to the limited number of male patients whose 
HOMA-IR score dropped below 2.5, the difference was not 
statistically significant in males (p=1.00) (Table 2).

A statistically significant negative correlation was found 
between the change in vitamin D levels and the change in 
HOMA-IR scores in patients (Spearman r=–0.298, p=0.0029) 
(Figure 2).

Following 3 months of vitamin D supplementation, the 
patients’ mean vitamin D level increased significantly, 
indicating the effectiveness of the treatment (pre-treatment: 
11±3.94 ng/ml, post-treatment: 21.68±6.18 ng/ml; p<0.0001). 
A significant decrease was also observed in glucose and 
insulin levels after supplementation. However, no statistically 
significant changes were found in B12, HbA1c, HDL, LDL, 
triglycerides, or total cholesterol levels (Table 3).

DISCUSSION
IR is a reduced biological response to exogenous or endogenous 
insulin and a major public health problem linked to multiple 
comorbidities.2 It is influenced by genetics, perinatal factors, 
sex, ethnicity, puberty, medications, obesity, lifestyle and 
nutrition.6,16,17 One of the factors affecting IR, vitamin D has 
been widely studied for its potential role in glucose metabolism. 
It is known to enhance insulin production and insulin 

Table 1. Mean±standard deviation values of patients’ clinical and 
biochemical parameters before vitamin D supplementation

Parameters Total (n=98) Male (n=14) Female (n=84)

Year 39.09±11.45 34.57±12.4 38.03±11.21

Vitamin D (ng/ml) 11±3.94 12.97±3.55 10.67±3.92

Glucose (mg/dl) 94.17±9.82 95.71±8.07 93.91±10.1

Insulin (µIU/ml) 19.52±8.27 17.2±5.25 19.91±8.63

Vitamin B12 (pg/ml) 280±129.6 287.78±85.87 278.7±135.88

HbA1c (%) 5.54±0.34 5.61±0.23 5.53±0.35

HDL (mg/dl) 50.59±10.83 44.21±7.47 51.65±10.97

LDL (mg/dl) 114.36±30.64 119.5±19.8 113.49±32.12

Triglycerides (mg/dl) 138.69±71.5 136.71±49.71 139.02±74.74

Total cholesterol (mg/dl) 193.37±38.57 190.92±22.43 193.78±40.73
HDL: High-density lipoprotein, LDL: Low density lipoprotein

Figure 1. Comparison of HOMA-IR scores before and after vitamin D 
supplementation (n=98; mean difference=–1.53; p<0.0001)
HOMA-IR: Homeostatic model assessment-insulin resistance

Table 2. Comparison of HOMA-IR scores before and after vitamin D 
supplementation by gender

Group
HOMA-IR 

before 
(mean±SD)

HOMA-IR 
after 

(mean±SD)
p-value

Patients with 
HOMA-IR 
<2.5 (n, %) 

p-value 
(Drop 
<2.5)

Total 4.54±2.05 3.01±1.28  p<0.0001 39 (39.8%) p<0.0001

Female 4.62±2.15 2.97±1.35 p<0.0001 38 (45.2%) p<0.0001

Male 4.05±1.19 3.21±0.83 p=0.0011 1 (6.6%) p=1.00
Vitamin D replacement therapy the rate of patients with a HOMA-IR score below 2.5 was found to 
be 39.8% overall, 6.6% in men, and 45.2% in women. HOMA-IR: Homeostatic model assessment-
insulin resistance, SD: Standard deviation

Figure 2. Correlation between the change in vitamin D levels and the change 
in HOMA-IR scores (Spearman r=–0.298, p=0.0029)
HOMA-IR: Homeostatic model assessment-insulin resistance
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receptor expression, while also reducing proinflammatory 
cytokine levels.18 The important roles of vitamin D in glucose 
metabolism are known, and the pathways involved are still 
under investigation.8,19 

In this study, which aimed to investigate IR and various 
clinical and biochemical parameters before and after vitamin 
D treatment in patients diagnosed with IR, 14.3% (n=14) of the 
98 included patients were male and 85.7% (n=84) were female. 
The high prevalence of IR among female patients is consistent 
with literature data showing that women tend to have more  
than men.20 This can be explained by certain biological 
disadvantages in women that play a role in the pathophysiology 
of IR, including gender hormones, environmental and lifestyle 
factors, differences in body fat and muscle mass distribution 
and function, and genetic variations, particularly prominent 
during menopause.21 Among other sociodemographic data 
examined in our study, the mean age was 39.09±11.45 years 
(range 20–65), with 34.57±12.4 in males (range 20–65) and 
38.03±11.21 in females (range 20–60). This is consistent with 
the age data reported by Özdin et al.22 in 2021.

In line with our study aim, the mean HOMA-IR score was 
calculated using fasting glucose and insulin levels of the 98 
patients at initial admission was 4.54±2.05. After 3 months 
of vitamin D supplementation, the mean HOMA-IR score 
was found to be 3.01±1.28, and the difference between the 
pre- and post-treatment scores was statistically significant 
(p<0.0001). A statistically significant negative correlation 
was found between the change in vitamin D levels and 
the change in HOMA-IR scores. In a study conducted in 
Japan, a comparison between a group receiving vitamin D 
supplementation and a placebo group showed a significant 
decrease in HOMA-IR levels in the supplementation group 
after one year.23 Another noteworthy study reported a 60% 
improvement in insulin sensitivity after one year of vitamin D 
treatment, suggesting that this treatment may be more effective 
than troglitazone or metformin.24 In a 4-year randomized 
controlled trial at the Medical University of Graz, Austria, 
150 healthy premenopausal women with 25(OH)D levels <75 
nmol/L received 20.000 IU vitamin D once weekly for 24 
weeks. Importantly, this shorter-term intervention, similar 
in duration to our study, showed significant improvements in 
HOMA-IR, supporting our findings.25

In our study, it was found that only three months of vitamin 
D replacement therapy  the rate of patients with a HOMA-
IR score below 2.5 was found to be 39.8% overall, 6.6% in 
men, and 45.2% in women. It is noteworthy that vitamin D 
supplementation significantly reduced HOMA-IR scores 
more pronounced effect in women. Several studies suggest 
that vitamin D supplementation may exert a stronger 
protective effect against IR in women. Von Hurst et al.26 
reported improved insulin sensitivity following vitamin D 
supplementation in insulin-resistant women. Additionally, 
evidence from another study indicated that found sex-specific 
associations between vitamin D status and prediabetes, with 
lower vitamin D levels linked to increased risk in men but 
not in women.27 A narrative review published in 2023 further 
highlights potential synergistic interactions between vitamin 
D and estrogen, which may enhance the hormone’s efficacy 
in improving insulin metabolism in women.28 The more 
pronounced reduction in HOMA-IR observed in women may 
be explained by potential synergistic interactions between 
vitamin D and estrogen, which enhance β-cell function 
and insulin sensitivity. Additionally, vitamin D may reduce 
proinflammatory cytokine levels, preserving insulin signaling 
pathways. These mechanisms may account for the sex-specific 
differences observed in our study.

Limitations
An important limitation of our study is its retrospective 
design, which precludes full control over variables such as 
vitamin D dosage. In addition, data regarding potential weight 
changes, dietary interventions, physical activity, lifestyle 
modifications and concomitant medication use during the 
3-month follow-up period were not available. However, based 
on clinical follow-up notes, no obvious weight loss was noted 
in these patients. Notably, all patients included in this study 
were followed by a single clinician, and vitamin D replacement 
therapy was applied under a consistent treatment algorithm. 
This consistency enhances the reliability of the follow-up data 
and reduces variability that could arise from different clinical 
practices.

Moreover, the 3-month follow-up period might seem 
short, but in clinical practice, patients receiving vitamin D 
supplementation are typically re-evaluated after 3 months. 
In this context, the relatively short follow-up period can 
actually be advantageous, as it minimizes the potential 
influence of confounding factors such as lifestyle changes, 
weight variations, diet, and physical activity. Importantly, 
even within this 3-month period, a significant reduction in 
HOMA-IR was observed.

Nevertheless, the short duration still limits assessment of the 
long-term sustainability of the observed effects. Therefore, 
to clarify the causal relationship between vitamin D and IR, 
particularly in women, for whom this condition is a major 
public health concern and to elucidate the mechanisms 
underlying the more pronounced effectiveness of vitamin 
D in women, larger prospective and randomized controlled 
studies are needed.

Table 3. Comparison of biochemical parameters before and after vitamin D 
supplementation

Parameters Before (mean±SD) After (mean±SD) p-value

Vitamin D 11±3.94 21.68±6.18 <0.0001

Glucose 94.17±9.82 91.42±8.68 0.0001

Insulin 19.52±8.27 13.28±5.30 <0.0001

Vitamin B12 280±129.60 275.03±120.15 0.7442

HbA1c 5.54±0.34 5.55±0.31 0.6427

HDL 50.59±10.83 51.14±10.48 0.3484

LDL 114.36±30.64 116.9±27.33 0.3121

Triglycerides 138.69±71.5 137.78±55.69 0.8290

Total cholesterol 193.37±38.57 195.74±34.63 0.2552

SD: Standard deviation, HDL: High-density lipoprotein, LDL: Low density lipoprotein
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CONCLUSION
As a result, this study clearly demonstrates that vitamin D 
therapy may have a beneficial effect on IR. Therefore, vitamin 
D supplementation could be considered as an adjunctive 
option in the management of patients diagnosed with IR. 
The more pronounced improvement observed in female 
patients should be interpreted cautiously and may indicate the 
potential importance of considering sex-specific differences 
in treatment planning, given the small number of male 
participants.
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ABSTRACT
Aims: Grade IV internal hemorrhoidal disease represents an advanced stage of hemorrhoidal pathology, often necessitating 
surgical intervention. Ferguson hemorrhoidectomy, a closed excisional technique, is frequently employed for its reported 
advantages in postoperative recovery and complication profiles. This study aims to evaluate the effectiveness, postoperative 
outcomes, and complication rates of modified Ferguson hemorrhoidectomy in patients with grade IV internal hemorrhoidal 
disease.
Methods: In this retrospective analysis, 229 patients with grade IV internal hemorrhoidal disease who underwent modified 
Ferguson hemorrhoidectomy between March 2021 and December 2024 were included. Demographic data, postoperative 
complications, postoperative pain, recurrence rates, and time to return to daily activities were recorded. Postoperative follow-up 
was conducted up to a mean duration of 16.8 months.  
Results: Among 229 patients (mean age 43.7±10.7 years; 58% male), 81% underwent three-quadrant hemorrhoidectomy. 
Postoperative complications included urinary retention (3.9%), urinary tract infection (0.9%), minor bleeding (1.3%), mild 
anal stenosis (0.9%), and minor perianal infection (5.2%). The median postoperative VAS pain scores were 4 (range: 2–7) on 
day 1 and 2 (range: 1–5) on day 7. No significant differences were observed in preoperative and postoperative Cleveland Clinic 
Incontinence Scores (p>0.05). Median time to return to normal daily activities was 12 days (range 5–19). 
Conclusion: Modified Ferguson hemorrhoidectomy provides an effective and safe surgical option for grade IV internal 
hemorrhoidal disease, with low complication and recurrence rates and a favorable recovery profile. These results support its use 
as a reliable treatment approach in advanced hemorrhoidal disease. 
Keywords: Ferguson hemorrhoidectomy, hemorrhoidal disease, postoperative complications, proctology, bleeding 

INTRODUCTION
Hemorrhoidal disease (HD) is the most frequently encountered 
benign anorectal condition in proctologic practice. It is 
among the leading causes of lower gastrointestinal bleeding 
and typically presents clinically as painless rectal bleeding. In 
addition to bleeding, commonly observed symptoms include 
perianal swelling, prolapse, fecal soiling, pruritus ani, and 
anal discomfort.1-3

Various medical and surgical treatment options have been 
described for HD. Medical treatments include lifestyle 
modifications, dietary recommendations, and the use of 
topical or systemic medications. Surgical options for HD 
comprise Milligan-Morgan hemorrhoidectomy, Ferguson 
hemorrhoidectomy, LigaSure hemorrhoidectomy (LigaSure™, 
Valleylab, Covidien), stapled hemorrhoidopexy (PPH), rubber 
band ligation, laser ablation, Doppler-guided hemorrhoidal 
artery ligation, sclerotherapy, infrared coagulation, and 
radiofrequency ablation (RFA).4,5 Internal hemorrhoids are 

classified according to the Goligher classification, which 
is based on the presence and severity of prolapse. Among 
these treatment modalities, surgical excision—particularly 
hemorrhoidectomy—remains the cornerstone of therapy 
in complex or advanced cases, particularly in patients with 
grade III or IV hemorrhoids.4,6 Although non-life-threatening 
complications such as urinary retention, urinary tract 
infection (UTI), and minor bleeding are the most commonly 
observed after hemorrhoidectomy, serious and potentially 
life-threatening complications such as rectal perforation, 
major bleeding, retroperitoneal and pelvic abscesses, and 
sepsis may also occur.7

The primary aim of this study is to comprehensively evaluate 
the effectiveness, postoperative outcomes, and complication 
rates of modified Ferguson hemorrhoidectomy in patients 
with grade IV internal HD. This study seeks to enhance our 
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understanding of the surgical outcomes associated with this 
advanced form of HD.

METHODS
This study received ethical approval from the Ethics 
Committee of Atılım University Faculty of Medicine, 
Medicana International Ankara Hospital (Date: 09.11.2023, 
Decision No: 32). All procedures were carried out in accordance 
with the ethical rules and the principles of the Declaration of 
Helsinki. Between March 2021 and December 2024, a total 
of 2,534 patients presenting to our proctology clinic with HD 
were retrospectively evaluated. Among these, 769 patients 
underwent surgical intervention. Of these, 229 patients who 
underwent modified Ferguson hemorrhoidectomy for grade 
IV internal HD were included in the study. 

Patients who underwent surgical procedures other than 
modified Ferguson hemorrhoidectomy; those diagnosed with 
grade I, II, or III internal HD; patients with uncontrolled 
diabetes, pregnancy, inflammatory bowel disease, inability 
to tolerate general anesthesia, a history of pelvic/perianal 
radiotherapy, bleeding disorders, or previous perianal surgery 
were excluded from the study.

All patients underwent a preoperative anorectal examination 
in the proctology unit. For patients over 50 years of age, 
colonoscopy was additionally performed. Based on the extent 
of the HD, each patient was treated with modified Ferguson 
hemorrhoidectomy involving two or three quadrants. 
All surgeries were performed by Dr. B.E., an experienced 
proctologist.

All patients were discharged on the first postoperative 
day. Preoperatively, all patients received intravenous 
ciprofloxacin 500 mg and metronidazole 500 mg as antibiotic 
prophylaxis. All patients received standardized postoperative 
care. Postoperatively, oral antibiotic therapy consisting of 
ciprofloxacin 500 mg twice daily and metronidazole 500 
mg three times daily was prescribed for 5 days, along with 
micronized flavonoid fraction 1000 mg twice daily for one 
month. The routine analgesic regimen consisted of oral 
dexketoprofen 25 mg twice daily and diclofenac sodium SR 
100 mg once daily. Intramuscular NSAIDs were not routinely 
prescribed; however, they were administered in cases where 
oral analgesics were insufficient. In addition, all patients were 
advised to take warm sitz baths twice daily, use stool softeners, 
and follow a high-fiber diet with adequate hydration.

Patients were invited for routine follow-up visits on 
postoperative day 1, at week 1, week 2, month 1, month 6, and 
year 1. Following the first postoperative year, patients were 
advised to attend annual proctology follow-up visits. Patients 
were advised to return for evaluation in case of any ongoing 
symptoms. Demographic characteristics, postoperative 
complications, postoperative pain assessed by the Visual 
Analog Scale (VAS) on postoperative days 1 and 7, time to 
return to normal daily activities, and recurrence rates were 
recorded using standardized, prospectively completed forms.

Surgical Procedure
All patients underwent surgery under general anesthesia 
combined with local infiltration of bupivacaine. With the 
patient in the prone jackknife position, an elliptical incision 
was made over the diseased hemorrhoidal tissue. Dissection 
was performed in the submucosal plane, carefully preserving 
the internal sphincter muscle, while intervening skin 
bridges were left intact to avoid circumferential scarring. 
Hemorrhoidal tissue was excised up to the anorectal junction 
using electrocautery, taking care to preserve intervening skin 
bridges.

The pedicle was ligated with a continuous 3/0 polyglactin 
suture, which was also used to close the rectal mucosa. 
Hemostasis was achieved by a combination of electrocautery, 
suture ligation, and the placement of an Absorbalb Anal 
Sponge (8×3 cm; SPONGOSTAN™, Ethicon) in the anal 
canal at the end of the procedure. No sutures were placed in 
the anoderm, a deliberate modification intended to reduce 
postoperative pain, avoid ischemia, and minimize the risk of 
anal stenosis. This modification in the technique represents 
the key difference in the procedure. Postoperative dressing 
consisted solely of the anal sponge. The surgical procedure is 
illustrated in Figure.

Statistical Analysis
Data analysis was performed using SPSS version 27 (IBM 
Corp., USA). Normality of continuous variables was assessed 
using the Skewness and Kurtosis values. Variables with 
normal distribution were expressed as mean±SD, whereas 
non-normally distributed variables were summarized as 
median (IQR). Categorical data were presented as counts and 
percentages with 95% confidence intervals (CIs). Comparisons 
between preoperative and postoperative Cleveland Clinic 
Incontinence Scores (CCIS), which were not normally 
distributed due to skewness, were performed using the 
Wilcoxon signed-rank test. A p-value<0.05 was considered 
statistically significant.

Figure. Intraoperative view of a modified Ferguson hemorrhoidectomy for 
grade IV hemorrhoids, performed without suturing the anoderm
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RESULTS
A total of 229 patients, including 133 males and 96 females, were 
included in the study. The demographic characteristics of the 
patients and details of the quadrant-based hemorrhoidectomy 
are presented in Table 1.

All patients were discharged on postoperative day 1. During 
postoperative follow-up, complications included urinary 
retention in 9 patients (3.9%) and UTI in 2 patients (0.9%). 
Among those with urinary retention, 2 were female and 
7 were male, with a mean age of 65.2 years. Both patients 
who developed UTIs were female, aged 64 and 74 years, 
respectively.

Postoperative bleeding was observed in 3 patients (1.3%). 
One of these was a 56-year-old male without a known 
anticoagulant history but with a recent history of using an 
unspecified herbal medication with anticoagulant properties. 
He was evaluated under general anesthesia; minor oozing 
was observed and bleeding was controlled surgically. The 
remaining two patients were managed conservatively with 
one day of observation and showed no further bleeding.

Anal stenosis, classified as mild according to Milsom and 
Mazier criteria, developed in 2 patients (0.9%). Both were male, 
aged 46 and 50 years, and were successfully treated with anal 
dilatation and internal sphincterotomy. None of the patients 
experienced postoperative deterioration in continence. The 
median CCIS values were 0 (IQR 0–0) both preoperatively 
and postoperatively, with no statistically significant difference 
(Wilcoxon signed-rank test, p>0.05).

Minor perianal infection was observed in 12 patients (5.2%) 
and was controlled with simple wound care. No major perianal 
infections or cases of Fournier's gangrene were detected. The 
median time to return to normal daily activities was 12 days 
(IQR 7-12).

The median postoperative VAS pain score was 4 (IQR 4–4) 
on day 1 and 2 (IQR 1–2) on day 7. Standard analgesia with 
oral NSAIDs was sufficient in the majority of patients, while 
only seven patients (3.0%) required additional intramuscular 
diclofenac injections for breakthrough pain.

No recurrence was observed in patients who underwent 
three-quadrant hemorrhoidectomy. Among the patients who 
underwent two-quadrant hemorrhoidectomy, recurrence 
of HD from the non-operated quadrant was observed in 5 
patients (2.1%) within 1 to 2 years postoperatively. These 
patients were treated with rubber band ligation.

The mean follow-up period was 16.8±7.9 months. Postoperative 
outcomes are summarized in Table 2.

DISCUSSION
Excisional surgical methods remain the most effective 
treatment option for advanced-stage HD, particularly 
grade 4, in terms of recurrence prevention. Among 
excisional hemorrhoidectomy techniques, the Ferguson 
(closed) hemorrhoidectomy has been shown to result in 
less postoperative pain, faster recovery, and lower rates of 
postoperative bleeding compared to the Milligan-Morgan 
(open) technique.3,8 In our surgical practice, we routinely 
prefer the modified Ferguson hemorrhoidectomy technique.

Postoperative urinary retention has been reported in rates as 
high as 13%, with male gender and advanced age identified 
as significant risk factors. In this study, urinary retention 
was more frequent among older male patients; however, the 
incidence was lower than that reported in the literature. 
We believe this lower incidence is because all our surgeries 
were performed under general anesthesia. This is important 
since spinal anesthesia has been shown to increase the risk 
of postoperative urinary retention.9,10 Bleday et al.11 reported 
a UTI rate of 3.3% in their study. In contrast, the incidence 
of UTI in our cohort was markedly lower. We attribute 
this difference primarily to the use of general anesthesia, 
as previously noted, which may have contributed to a 
reduced incidence of postoperative urinary retention and, 
consequently, a lower risk of UTI. In addition, patients who 
received general anesthesia were mobilized earlier compared 
to those who would have received spinal anesthesia, and they 
were not affected by side effects such as spinal anesthesia–
related postoperative headaches.

Postoperative bleeding following Ferguson hemorrhoidectomy 
has been described in the literature at rates up to 3%. It has been 
reported that males are more prone to postoperative bleeding, 
and that LigaSure hemorrhoidectomy carries a higher 
bleeding risk compared to Ferguson hemorrhoidectomy. 
Consistent with the literature, our postoperative bleeding rate 
was low. The use of continuous sutures in both the Ferguson 
and modified Ferguson hemorrhoidectomy techniques 

Table 1. Demographic characteristics and extent of hemorrhoidectomy

Characteristic n (%) or mean±SD

Age (years) 43.7±10.7

Sex
Female
Male

96 (42)
133 (58)

Hemorrhoidectomy (quadrants)
Two quadrants
Three quadrants

44 (19)
185 (81)

SD: Standard deviation

Table 2. Postoperative outcomes of patients

Outcome Value (n=229)

Urinary retention
Urinary tract infection
Postoperative bleeding
Anal stenosis (Milsom and Mazier)

Mild
Moderate
Severe

Perianal infection
Minör 
Major/Fournier's gangrene
Cleveland Clinic Inkontinence 
Score

9 (3.9%, 95% CI: 2.1–7.3)
2 (0.9%, 95% CI: 0.2–3.1)
3 (1.3%, 95% CI: 0.4–3.8)

2 (0.9%, 95% CI: 0.2–3.1)
0
0

12 (5.2%, 95% CI: 3.0–8.9)
0

Preop: 0 (IQR 0–0), Postop: 0 (IQR 
0–0), p > 0.05 (Wilcoxon)

Postoperative pain (VAS) Day 1: 4 (IQR 4–4), day 7: 2 (IQR 1–2)

Return to normal life, days 12 (IQR 7–12)

Recurrence 5 (2.1%, 95% CI: 0.9–4.9)

Follow-up, months 16.8±7.9
CI: Confidence interval, IQR: Interquartile range, VAS: Visual Analog Scale
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contributes to the low incidence of postoperative bleeding. 
Moreover, Kaidar-Person et al.12 have demonstrated that 
surgical experience plays a critical role in reducing bleeding 
complications.3,12-14

The time to return to normal activities in this study was 
comparable to that reported in the literature. Although fecal 
incontinence rates up to 6% and anal stenosis rates up to 
3.8% have been reported after hemorrhoidectomy, this study 
found no significant difference between preoperative and 
postoperative CCIS, and only 0.9% of patients developed mild 
anal stenosis. We believe this low complication rate is due to 
our surgical expertise and specialization in proctology.3,13,15,16

Postoperative pain is the most significant complaint among 
patients following hemorrhoidectomy. Although pain after 
Ferguson (closed) hemorrhoidectomy is less than after 
Milligan-Morgan (open) hemorrhoidectomy, studies have 
shown that pain following Ligasure hemorrhoidectomy is 
even lower.17,18 In their study, Khanna et al.18 reported a mean 
VAS score of 5.2 on postoperative day 1 following Ferguson 
hemorrhoidectomy. In this study, although postoperative 
VAS scores were moderately low, it should be noted that all 
patients had advanced grade 4 disease, necessitating extensive 
resections. 

Our modification can be regarded as an anoderm-sparing 
variation of the Ferguson hemorrhoidectomy. Unlike the 
classical Ferguson technique, in which the rectal mucosa, 
anoderm, and perianal skin are closed continuously, 
our method deliberately avoids anoderm suturing. This 
approach is conceptually similar to previously described 
anoderm-sparing techniques, with the rationale of reducing 
postoperative pain and the risk of anal stenosis by minimizing 
ischemia and tension in the anoderm. Although our findings 
showed relatively low pain scores, these observations should 
be interpreted with caution due to the retrospective, single-
arm design of the study. Prospective randomized studies are 
needed to confirm whether this modification provides a true 
advantage over other closed or anoderm-sparing techniques.

Recurrence rates after Ferguson hemorrhoidectomy have been 
reported around 3%. In this study, no recurrence was observed 
in patients undergoing three-quadrant hemorrhoidectomy. 
However, among patients who underwent two-quadrant 
hemorrhoidectomy, HD developed in untreated quadrants 
during follow-up. We consider these cases as new disease 
developments rather than true recurrences.12,13

Limitations
The most significant limitation of this study is its retrospective 
design and the lack of a control/comparison group. In 
addition, routine 5-day antibiotic prophylaxis was employed 
as part of our institutional practice, which does not reflect 
current international guidelines recommending single-
dose preoperative prophylaxis. This discrepancy should be 
considered when interpreting our results.

CONCLUSION
The modified Ferguson hemorrhoidectomy method offers 
an effective treatment for grade 4 internal HD, characterized 

by low complication rates and high treatment success. It is 
believed that postoperative pain is reduced in this method, 
particularly due to the absence of sutures placed in the 
anoderm. These results indicate that this method is a safe 
and reliable option for managing this advanced stage of the 
disease.
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ABSTRACT
Aims: Prognostic factors and treatment modalities in chondrosarcoma (CS) remain poorly defined. This study aimed to present 
our institutional experience with CS patients.
Methods: We retrospectively reviewed the medical records of 69 CS patients treated at our Cancer Institute between 2010 and 
2023.
Results: Median age at diagnosis was 47 years, with a slight male predominance (52%) and a median follow-up of 93 months. 
Grade 1 (34%) and grade 2 (34%) tumors were most common, predominantly affecting the lower extremities (40%) and pelvis 
(26%). At presentation, 63 patients had localized disease and 6 had metastases; metastases later developed in 13 additional 
patients, most frequently in the lungs. All 63 patients with localized disease underwent surgery, and 7 received adjuvant 
chemotherapy (CT). Recurrence developed in 26 patients, of whom 9 were treated with systemic therapy. Among 6 patients with 
stage IV disease, 5 underwent palliative surgery and received CT. The most commonly used regimens included doxorubicin-
based CT, pazopanib, sirolimus, and celecoxib. Among patients who developed metastasis during follow-up, 12/13 died. The 
median time from diagnosis to metastasis was 17.0 months (95% CI: 10.8–23.1), and median survival thereafter was 21.0 months 
(95% CI: 12.7–29.2). All six patients metastatic at presentation died, with a median progression-free survival of 7.0 months (95% 
CI: 2.1–11.8) and OS of 12.0 months (95% CI: 0.0–33.6). OS was 75%, 63%, and 57% at 5, 10, and 15 years, respectively. Female 
sex, low–intermediate grade, and stage I–II disease correlated with better OS in univariate analysis, but only stage at diagnosis 
remained significant in multivariate analysis (p=0.002). 
Conclusion: Our findings highlight that early tumor stage is the only independent predictor of overall survival, underscoring 
the critical importance of early diagnosis and timely intervention in CS. 
Keywords: Chemotherapy, surgery, radiotherapy, lung metastasis, chondrosarcoma

INTRODUCTION
Chondrosarcoma (CS) is the second most common primary 
skeletal tumor, with an incidence of ~3 per 100.000 
person-years.1,2 It represents a heterogeneous group with 
variable histopathology and clinical behavior,3,4 ranging 
from locally aggressive, low-grade tumors with limited 
metastatic potential to high-grade malignancies with poor 
outcomes.5 Conventional CS accounts for ~85% of cases, 
while nonconventional subtypes—clear cell, dedifferentiated 
(DDCS), myxoid, and mesenchymal (MCS)—comprise 10–
15%.1,6,7 Most conventional CSs (90%) are low–intermediate 
grade, indolent, and rarely metastasize, whereas high-grade 
conventional CS and rarer subtypes show high metastatic 
potential and poor prognosis.8

CS is generally refractory to chemotherapy (CT) and 
radiotherapy (RT), making surgery the primary treatment 

for low-grade, localized disease.3 However, surgical resection 
may be challenging in large or anatomically complex tumors, 
and tumor biology can evolve, with grade discrepancies 
observed between biopsy, primary, and metastatic sites due 
to heterogeneity.9,10 In such cases, surgery alone may be 
insufficient given the high risk of recurrence and metastasis,3,5 
whereas high-grade subtypes show greater responsiveness to 
CT and RT.

Due to the rarity of CS and its relatively long survival, 
prospective studies comparing prognostic factors or treatment 
regimens are difficult to conduct. Consequently, most evidence 
comes from small retrospective and single-institution series, 
and no consensus exists regarding prognostic factors or 
treatment algorithms.11 In this study, we present our Cancer 
Institute’s decade-long experience in managing CS, providing 
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an overview of its histopathology, classification, clinical 
features, treatment approaches, and prognostic factors to 
contribute to the limited literature.

METHODS
Ethics
The study was conducted with the permission of the Dr. 
Abdurrahman Yurtaslan Ankara Oncology Training 
and Research and Hospital Non-interventional Clinical 
Researches Ethics Committee (Date: 19.10.2023, Decision No: 
2023-10/98). All procedures were carried out in accordance 
with the ethical rules and the principles of the Declaration of 
Helsinki.

Study Design and Patients
The 74 patients diagnosed with CS between 2010 and 2023 in 
the Department of Medical Oncology of our Cancer Institute 
were retrospectively evaluated. Five patients were excluded 
from the study because of missing data. A total of 69 patients 
were enrolled. The American Joint Committee on Cancer 
(AJCC) 8 was used for staging. Patients were evaluated for 
clinicopathologic characteristics, treatment modalities, and 
prognostic factors. The primary endpoints were disease-free 
survival (DFS) and overall survival (OS). DFS was defined 
as the time from curative surgery to recurrence, and OS as 
the time from diagnosis to death or last follow-up. Patients 
without recurrence or alive at last follow-up were censored. 
Several clinicopathologic factors, such as sex, age, histologic 
subtype, stage, primary site (axial/appendicular), margin 
(R0/R1), and surgery, CT, and RT, were evaluated for their 
prognostic impact on DFS and OS. 

Statistical Analysis
Continuous variables were reported as medians (range), and 
categorical variables as percentages. Survival was estimated 
using Kaplan–Meier curves, with the log-rank test applied for 
univariate analysis. Variables with p<0.05 were entered into 
a Cox proportional hazards model for multivariate analysis. 
Statistical significance was set at p<0.05. Analyses were 
performed using SPSS version 26. 

RESULTS
Clinicopathologic Profile
Sixty-nine patients were included, with a median age of 47 
years (range: 19–86) and a slight male predominance (53%). 
The most common tumor sites were the lower extremities 
(40%) and pelvis (26%). Grade 1 (34%) and grade 2 (34%) were 
the predominant histologies. At diagnosis, 63 patients (91%) 
had localized disease, while 6 (9%) presented with metastases. 
In total, 19 patients developed metastases either at presentation 
or during follow-up, almost all to the lungs (100%), with 
occasional spread to the liver (10%), thoracic spine (10%), 
brain (5%), or lymph nodes (5%). Patient characteristics are 
summarized in Table 1.

Preoperative biopsies were performed in 31 patients, but only 
9 matched the final surgical pathology, reflecting a high rate 
of histologic upgrade or change after resection. Twelve cases 

initially reported as chondroid lesions, and eight as atypical 
chondroid tumors, were reclassified as grade 1, grade 2, or 
myxoid types. One biopsy diagnosed as grade 2 was upgraded 
to grade 3, and a lesion initially reported as a small round cell 
tumor was reclassified as mesenchymal CS.

Histopathological evaluation of 21 recurrent or progressive 
tumors showed that most (n=9) retained their initial grade, 
while several progressed to higher grades. Specifically, one 
grade 1 tumor progressed to grade 2, another to grade 3, one 
grade 3 became undifferentiated, and one undifferentiated 
tumor was reclassified as grade 3 at recurrence.

Treatment Modalities for Patients with Initially 
Localized Disease
The median follow-up was 93 months (range: 77–108). All 63 
patients with localized disease underwent curative surgery; 
margin data were available in 43 patients, with 33 R0 and 
10 R1 resections. Adjuvant RT was given to 20 patients. One 
patient received neoadjuvant CT as combination therapy of 

Table 1. Patient demographics and clinical characteristics (n=69)

Parameters  n (%)

Median age (range) 47 (19–86)    No 1 (1)

Gender Adjuvant RT 63 (100)

   Male 36 (53)    Yes 20 (31)

   Female 33 (47)    No 43 (68)

Histological subtype Neoadjuvant/adjuvant 
CT 63 (100)

   Grade 1–2 48 (70)    IMA 3 (4)

   Grade 3 6 (9)    NCI 3 (4)

   Myxoid 5 (7)    Unknown type 2 (2)

   Dedifferentiated 4 (6)    No 55 (87)

   Mesenchymal 3 (4) Relapse of localized 
disease 63 (100)

   Clear cell 2 (3)    Yes 26 (41)

   Unknown 1 (1)    No 37 (59)

Stage at diagnosis Surgery for relapse 26 (100)

   Stage 1–2 47 (68)    Yes 22 (84)

   Stage 3 15 (21)    No 4 (15)

   Stage 4 6 (8) Post-relapse RT 26 (100)

   Unknown 1 (1)    Yes 10 (38)

Tumor site    No 16 (61)

   Lower extremity 28 (41) Post-relapse CT 26 (100)

   Upper extremity 12 (17)    Yes 9 (34)

   Pelvis/ trunk/sternum 26 (38)    No 17 (65)

   Mandible/maxilla 3 (4) Metastatic status at 
diagnosis

Preoperative biopsy    Localized 63 (91)

   Yes 31 (44)    Metastatic 6 (9)

   No 38 (55) Treatment of 
metastatic disease

Surgery    Palliative surgery 5 (83)

   Curative 63 (91)    Palliative RT 4 (66)

   Palliative 5 (7)    Palliative CT 5 (83)
CT: Chemotherapy, RT: Radiotherapy, IMA: Ifosfamide plus adriamycin, NCI: Vincristine, 
doxorubicin, cyclophosphamide, ifosfamide, etoposide
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vincristine, doxorubicin, cyclophosphamide, ifosfamide, and 
etoposide (NCI), and 7 received adjuvant CT, most commonly 
ifosfamide plus adriamycin (IMA, n=3) and NCI (n=2). CT 
regimens by histopathology are summarized in Table 2.

Recurrence and Metastasis
Recurrence occurred in 26 of 63 patients (41%): 15 had 
local recurrence, 8 both local and lung metastases, and 
3 lung metastases alone; 2 additional patients developed 
lung metastases after local recurrence. In total, 13 patients 
developed metastases during follow-up [grade 2 (n=6), grade 
3 (n=4), grade 1 (n=1), mesenchymal (n=1), dedifferentiated 
(n=1)], with a median time to metastasis of 17 months (95% 
CI: 10.8–23.1). Most recurrences (61%) occurred within 1–3 
years, though 6 patients relapsed at 10–15 years. Of recurrent 
cases, 22 (84%) underwent surgery, 10 (38%) received RT, and 
9 (34%) received CT. First-line CT most often included IMA 
(n=3) or cyclophosphamide adriamycin (CA) (n=6); 4 patients 
received second-line therapies (pazopanib, gemcitabine/
docetaxel, cyclophosphamide/methotrexate/celecoxib, or 
ifosfamide), and 2 received third-line regimens (sirolimus/
cyclophosphamide or gemcitabine/docetaxel). The median 
number of CT lines administered was 1 (range: 1–3).

Treatment Modalities for Patients with Initially 
Metastatic Disease
All six patients presenting with metastases [myxoid (n=3), 
dedifferentiated (n=1), mesenchymal (n=1), grade 2 (n=1)] had 

lung involvement. Five underwent palliative surgery and four 
received palliative RT. IMA/CA (n=2), IMA (n=1), CA (n=1), 
and NCI (n=1) were the most common CT regimens used as 
first-line therapy, and IMET (ifosfamide, mesna, etoposide)
(n=2), gemcitabine/docetaxel (n=1), and methotrexate (n=1) 
were the most common regimens used as second-line therapy, 
while gemcitabine/docetaxel (n=1) was the regimen used as 
third-line therapy. Patients received a median of 2 (range: 0–3) 
CT lines. Single-agent therapy (n=3) yielded two progressions 
and one stable disease, whereas combination regimens (n=22) 
achieved nine stable responses and five progressions. Detailed 
CT responses for recurrent and metastatic patients are shown 
in Table 2.

Prognostic Factor Analysis for Disease-Free Survival 
and Progression-Free Survival
In patients with localized disease, DFS was 54%, 54%, and 
36% at 5, 10, and 15 years, respectively. Univariate analysis 
showed no significant impact of sex (p=0.093), age (p=0.604), 
histologic subtype (p=0.326), margin status (p=0.396), 
adjuvant RT (p=0.118), or adjuvant CT (p=0.358) on 
recurrence risk. In contrast, stage at diagnosis (p=0.002) and 
tumor location (p=0.014) were significant prognostic factors 
for DFS. Detailed results are provided in Table 3.

Time to recurrence was significantly longer in patients with 
stage I–II tumors and those with appendicular tumors. 

Table 2. Chemotherapy regimens by tumor histopathology and best responses to CT (n=69)

Total n (%) Grade 1
24 (34)

Grade 2 
24 (34)

Grade 3
 6 (8)

Myxoid 
5 (7)

Dedifferentiated 
4 (5)

Mesenchymal 
3 (4)

Clear cell 
2 (2)

Unknown 
1 (1)

Neoadjuvant NCI 1 (1)

Adjuvant IMA 1 (1) IMA 1 (1) IMA 1 (1) NCI 2 (2)

Localized at diagnosis

Recurrence
1. line

CA 1 (1)
(not  assessable)

IMA 2 (2) (1 
progressive, 1 stable)

CA 3 (3)
(1progressive, 2
not  assessable)

CA 2 (2)
(1 stable,

1 not  assessable)
IMA 1 (1)

(stable)

2. line

Pazopanib 1 (1)
(progressive)

Gem/doc 1 (1)
(progressive)

Ifosfamide 1 (1)
(stable)

Cyc/mtx/
Celecoxib 

1 (1) (stable)

3. line Sirolimus/cyc
1 (1) (not assessable)

Gem/doc 1 (1)
(not assessable)

Metastatic at diagnosis

First-line

IMA/CA 1 (1)
(stable)

IMA 1 (1)
(stable)

CA 1 (1)
(progressive)

IMA/CA1 (1)
(progressive)

NCI 1 (1)
(stable)

Second-line

IMET 2 (2) 
(2 not  assessable)

Gem/doc 1 (1)
(stable)

Mtx 1 (1)
(progressive)

Third-line Gem/doc 1 (1)
(stable)

CT: Chemotherapy, IMA: Ifosfamide plus adriamycin, NCI: Vincristine, doxorubicin, cyclophosphamide, ifosfamide, and etoposide, CA: cyclophosphamide, IMET: Ifosfamide, mesna, and etoposide,                                
Gem/doc: Gemcitabine/docetaxel; MTX: Methotrexate, Cyc: Cyclophosphamide
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In multivariate analysis, only stage at diagnosis remained 
significantly associated with DFS (p=0.013).

All patients with metastases at presentation progressed and 
died during follow-up, with a median time to progression of 7 
months (95% CI: 2.1–11.8).

Prognostic Factor Analysis for Overall Survival
In the entire cohort, OS was 75%, 63%, and 57% at 5, 10, and 
15 years, respectively. Univariate analysis identified stage at 
diagnosis (p<0.001), tumor grade (p=0.001), and sex (p=0.016) 
as significant prognostic factors for OS. Detailed results are 
provided in Table 4, and survival curves are shown in Figure.

Univariate analysis showed significantly longer survival in 
females, patients with low–moderate grade disease, stage 
I–II tumors, and those without metastases. In multivariate 
analysis, only stage at diagnosis remained an independent 
predictor of survival (p=0.002).

In patients with initially localized disease treated curatively, 
OS was 80%, 68%, and 68% at 5, 10, and 15 years, respectively. 
Female patients tended to have better OS than males (86%, 
79%, 79% vs. 73%, 53%, 53% at 5, 10, 15 years; p=0.059), and 

appendicular tumors showed a survival advantage over axial 
tumors (84%, 80%, 80% vs. 73%, 49%, 49%; p=0.068). 

Univariate analysis revealed that stage and grade significantly 
affected OS: stage I–II tumors had superior outcomes 
compared to stage III (84%, 84%, 84% vs. 90%, 90%, 90% 
vs. 58%, 14%, 0% at 5, 10, and 15 years; p<0.001), and low–
intermediate grade tumors outperformed high-grade tumors 
(83%, 72%, 72% vs. 66%, 44%, 44% at 5, 10, 15 years; p=0.026). 
In multivariate analysis, only stage at diagnosis remained 
independently significant, with stage I tumors showing 
a markedly reduced risk of death compared to stage IV 
(HR=0.099, 95% CI: 0.1–0.5; p=0.011).

In the initially metastatic group, median OS was 12 months 
(95% CI: 0.1–33.6). The development of metastasis during 
follow-up was a significant predictor of OS (p=0.001; 
HR=0.064, 95% CI: 0.1–0.3).

DISCUSSION
The aim of this study was to evaluate the clinicopathological 
features, treatment modalities, prognoses, and outcomes of 
patients with CS. We presented a comprehensive overview of 
all CS cases with varying histological subtypes treated in our 

Table 3. Prognostic factors for disease-free survival (n=63)

Factors Univariate analysis Multivariate analysis

5-yr PFS (%) 10-yr PFS (%) p value HR 95% Cl p value

Entire group 54 54

Sex  0.093

  Female 66 66

  Male 40 40

Diagnosis age 0.604

  <47 years 51 51

  >47 years 58 58

Subtype 0.326

  Clear cell, grade1-2 56 56

  Grade3, dedifferentiated, mesenchymal, myxoid 54 54

Stage  0.002

  Stage1 54 54 -

  Stage2 78 78 0.621 0.219-1.764 0.371

  Stage3 23 23 2.658 1.070-6.605 0.035

Location 0.014

  Appendicular skeleton 66 66 -

  Axial skeleton 37 37 2.081 0.936-4.625 0.072

Surgical margin 0.396

  Negative 64 64

  Positive/closed 60  0

Adjuvant RT 0.118

  Yes 69 69

  No 47 47

Adjuvant CT 0.358

  Yes 43 43

  No 56 56
RT: Radiotherapy, CT: Chemotherapy, HR: Hazard ratio, Cl: Confidence interval, p values: <p–0.05.
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clinic. By doing so, we aimed to contribute to the limited body 
of literature on this rare malignancy and provide additional 
insights into its management and outcomes.

In the present study, the OS rates at 5, 10, and 15 years were 
75%, 63%, and 57%, respectively, consistent with previous 
reports.4,12-14 The median age at diagnosis was 47 years, 
with a slight male predominance (52%), whereas earlier 
studies reported a median age of ~50 years and nearly equal 

sex distribution.4,13,15 Male sex was associated with poorer 
prognosis in univariate analysis, in line with prior studies,13,15  
although some reports found no significant sex-related 
survival difference.11,16

Histological grade is a major prognostic factor in CS.8 In 
our cohort, nearly all metastatic cases were intermediate- 
or high-grade, and tumor grade significantly influenced 
OS, consistent with the literature.11,13 Low-grade CS rarely 
metastasizes,4,5,13 but once present, outcomes are poor, often 
reflecting progression to a more aggressive phenotype.16-19 
In the current study, notably, one patient with an initial low-
grade tumor developed metastasis that had transformed to 
grade 3.

The development of local recurrence or metastasis was 
associated with significantly worse survival. Most recurrences 
in our cohort occurred within 1–3 years, but six patients 
relapsed 10–15 years after diagnosis, consistent with reports 
of recurrences up to 20 years.20-22 Although conventional and 
dedifferentiated histologies were observed in these late cases, 
the limited sample size precluded firm conclusions about 
tumor biology and late relapse. These findings emphasize the 
importance of close surveillance in the first five years and 
continued long-term follow-up due to the potential for late 
relapse.

An atypical cartilaginous tumor (ACT), formerly termed 
grade I CS, refers to tumors of the appendicular skeleton 
and reflects distinct biological behavior by site.8 ACTs grow 

Table 4. Prognostic factors for overall survival (n=69)

Factors Univariate analysis Multivariate analysis

5-yr OS (%) 10-yr OS (%) p value HR 95% Cl p value

Entire group 75 63

Sex   0.016

  Female 83 77 -

  Male 64 48 1.541 0.554-4.286 0.407

Diagnosis age  0.936

  <47 years 75 58

  >47 years 75 57

Subtype  0.001

  Clear cell, grade1-2 92 85 -

  Grade3, dedifferentiated, mesenchymal, myxoid 52 37 1.325 0.426-4.126 0.627

Stage <0.001

  Stage1 90 85 0.099 0.017-0.589 0.011

  Stage2 89 89 0.068 0.011-0.420 0.004

  Stage3 58 14 0.575 0.166-1.991 0.383

  Stage4 17  0 -

Location  0.125

  Appendicular skeleton 78 74

  Axial skeleton 68 45

Surgical margin  0.101

  Negative 93 70

  Positive/closed 53  0
HR: Hazard ratio, Cl: Confidence interval,  p values: <p–0.05.

Figure. Survival and disease-free survival curves 
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slowly, behave locally aggressively, and rarely metastasize.23 In 
our study, local recurrence occurred in 26% of appendicular 
and 33% of axial grade I tumors. Overall, axial CSs tend to 
have poorer outcomes and are treated more aggressively,3,5,24 
although some reports suggest location does not significantly 
affect survival.3,4,13 In our cohort (22 axial, 47 appendicular 
cases), location was a significant prognostic factor for DFS but 
not OS in univariate analysis. This may relate to the tumor 
microenvironment, treatment differences by site, or delayed 
diagnosis due to anatomical constraints.15

In our study, stage at diagnosis significantly influenced both 
DFS and OS in multivariate analysis, with stage II patients 
showing slightly better outcomes than stage I. Andreou et al.16 
reported no correlation between AJCC stage and outcomes in 
localized axial or pelvic CS. Notably, histological grading may 
vary among pathologists,25 which can alter staging and affect 
surgical decisions. Larger studies are needed to compare and 
validate staging systems.

In our cohort, all 19 patients with metastatic disease at 
diagnosis or follow-up had lung involvement. Similar to other 
sarcomas, the lung was the predominant metastatic site, with 
far less frequent spread to the liver, vertebrae, lymph nodes, 
or brain. Brain metastases are extremely rare, with only 12 
cases reported in the literature;26 in our series, one patient 
with grade II CS developed lung, brain, and thoracic vertebral 
metastases. Primary spinal CS is also uncommon27 and may 
present with spinal cord compression. In our study, one 
patient with stage IV mesenchymal-type CS developed spinal 
paraplegia and received palliative RT for spinal metastasis.

Biopsy is useful for diagnosis and surgical planning but may not 
accurately determine histological grade due to heterogeneity, 
sampling error, or interobserver variability.25,28,29 In our study, 
preoperative biopsy results matched surgical pathology in only 
9 of 31 patients, underscoring the need to integrate clinical, 
radiological, and histological findings.30 Recurrent CSs may 
present with higher grades than the primary tumor;5,31,32 
in our series, 16 of 21 recurrent cases retained the same 
grade. Some CSs also show unpredictable behavior despite 
appropriate classification.13,33,34 Thus, molecular markers and 
advanced imaging are needed to better predict prognosis, 
guide therapy, and improve preoperative diagnosis.30,35,36

Adequate surgical excision is critical in CS management. In 
our cohort, patients with negative margins showed a slight, 
though non-significant, survival advantage, likely limited by 
sample size. Previous studies, however, have demonstrated 
significant differences in OS and DFS based on margin 
status.4,16

Low-grade CSs are generally resistant to RT and CT due to their 
slow growth and low mitotic activity.5,6,37,38 Nevertheless, RT 
may be considered for unresectable or borderline cases and for 
palliation,37,39,40 while CT shows activity in mesenchymal and 
dedifferentiated subtypes.6,7,41 Given the rarity of CS, evidence 
is limited to retrospective series.6,37,42 In our study, IMA, NCI, 
and CA were the most frequently used regimens. CT was 
mainly administered to mesenchymal, dedifferentiated, or 
grade III tumors, where higher proliferative potential and 
aggressive course suggest greater benefit.

In our study, CT was administered across all histologies except 
clear cell. Only three patients received single-agent therapy, 
while the rest received combinations. Among recurrent and 
metastatic cases, combination regimens showed better disease 
control (5 progressions/9 stable disease) compared to single 
agents (2 progressions/1 stable disease), though small numbers 
precluded subtype-specific conclusions. Similarly, Italiano et 
al.42 reported higher response rates with combination therapy 
than with single agents (20% vs. 11%, p=0.09).

Interest in targeted and immunotherapies for advanced 
or unresectable CS has been increasing, given the limited 
efficacy of CT and RT. Molecular studies highlight potential 
targets such as IDH1/2 mutations, hedgehog signaling, and 
angiogenesis pathways.2,30 Early-phase trials of IDH inhibitors 
(e.g., ivosidenib) have shown promise in IDH-mutant CS,43 
while pazopanib has achieved disease stabilization in advanced 
cases.1 In contrast, checkpoint inhibitors have yielded limited 
benefit, likely due to the immunologically “cold” tumor 
microenvironment,44 though ongoing studies are testing 
novel combinations to improve immune responsiveness.45,46 

Limitations
This study has several limitations. Missing data on factors such 
as comorbidities, surgical margin width, and RT dose may 
have influenced outcomes, as these are prognostically relevant 
in CS.13,23,33 Competing risks, such as death from other causes, 
may also affect survival analyses.13,47,48 Moreover, the long 
study period may have introduced variability in treatment 
approaches. The retrospective design, rarity of CS, small 
sample size, heterogeneity of treatment periods, and reliance 
on single-center data without external validation limit the 
generalizability of our findings. Future multicenter studies 
with larger cohorts are needed to validate and generalize 
these findings.

CONCLUSION
As a result, this study adds to the limited data on the prognosis 
of local and metastatic CS. While no novel findings were 
identified, our results confirm prior knowledge by showing 
that stage and tumor location predict DFS, whereas stage, sex, 
and histological subtype influence OS. Multivariate analysis 
indicated that early tumor stage was the only independent 
prognostic factor for both DFS and OS. Given the heterogeneity 
of CS, a multidisciplinary approach with standardized criteria 
is essential to optimize diagnosis and treatment. The regional 
longitudinal dataset in our study offers important insights 
for the clinical management of CS and serves as a valuable 
reference for future comparative studies.
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ABSTRACT
Aims: Does a seasonal variation in the incidence of pulmonary embolism (PE) exist? The aim of our study is to assess seasonal 
variation in the incidence of PE and to determine whether there are any differences in mortality.
Methods: Medical documentation of 402 patients diagnosed as acute PE in the five-year period were retrospectively analyzed. 
The study included patients aged 18 years and older with a diagnosis of PE confirmed by spiral thorax computed tomography.
Results: The highest numbers of case were seen in spring (n=115, 28.6%). In terms of months, the greatest number of cases 
occurred in November (n=48, 11.9%) and April (n=47, 11.7%). Case distribution according to seasons and months were 
statistically significant (p<0.001). No seasonal differences in mortality rates were observed (p=0.663). Only the distribution 
of white blood cell (WBC) level by the seasons was statistically significant among the recorded numerical data (p=0.045). The 
differences in mortality rates by numerical data (age, WBC, neutrophil, lymphocyte, platelet, D-dimer, CRP, PAB values, sPESI 
and Wells scores) were statistically significant. 
Conclusion: Our observation that seasonal differences affective on frequency of PE has been confirmed. 
Keywords: Pulmonary embolism, seasons, mortality

INTRODUCTION
Pulmonary embolism (PE) is an obstruction of the pulmonary 
artery and/or its branches by fragments detached from 
thrombi formed in the venous system, hindering blood flow. 
Most PE cases originate from thrombi in the deep veins of 
the lower extremities.1 Major trauma, surgery, lower-limb 
fractures and joint replacements, and spinal cord injury are 
strong provoking factors for VTE. Cancer is a well-recognized 
predisposing factor for VTE. The impact of meteorological 
conditions on cardiovascular morbidity and mortality has 
long been investigated. Does a seasonal variation in the 
incidence of PE exist? This study aims to investigate the 
effects of seasonal changes on the frequency and mortality 
of PE, motivated by the observed periodic differences in the 
incidence of PE cases presenting to our clinic or consulted 
from other departments.

METHODS
Our study was approved by the Afyonkarahisar Health 
Sciences University Non-interventional Clinical Researches 

Ethics Committee (Date: 03.05.2019, Decision No: 2019/7-
173). All information and data were archieved in an encoded 
form to ensure confidentiality and compliance with ethical 
standards. All procedures were carried out in accordance 
with the ethical rules and the principles of the Declaration of 
Helsinki.

In our study, data from 402 patients diagnosed with acute PE 
by the Pulmonology Clinic Afyonkarahisar Health Sciences 
University Faculty of Medicine between January 2014 and 
January 2019 (patients presenting to our clinic or consulted 
from other departments) were retrospectively analyzed. 
Patients aged 18 and over, with PE diagnosis confirmed by 
spiral thorax computed tomography (CT), were included in 
the study. The study excluded patients younger than 18 years 
of age as well as those whose diagnosis was not confirmed 
by CT. Patients' age and gender, months of presentation, 
radiological classification of PE as massive or non-massive, 
risk factors for PE development, main laboratory parameters 
at presentation (white blood cell (WBC), neutrophil, 

https://orcid.org/0000-0002-1915-2771
https://orcid.org/0000-0001-8659-955X
https://orcid.org/0000-0002-6723-2418
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lymphocyte, hemoglobin, platelet, D-dimer, CRP), pulmonary 
artery pressure (PAP) values, Wells scores, probabilities of 
PE development according to Wells scores, sPESI scores, 
treatments, and outcomes were recorded. The distribution of 
continuous variables was determined using the Kolmogorov 
Smirnov test. Continuous variables with normal distribution 
were expressed as mean±standard deviation (SD), while 
those without normal distribution were expressed as median 
(minimum-maximum). Categorical variables were expressed 
as number of patients (n) and percentage (%). Comparisons 
between two groups were made using the Student t-test 
for continuous variables with normal distribution, and 
the Mann-Whitney U test for variables without normal 
distribution. Post-hoc analyses (Benferroni, Tukey) were 
applied to variables found to be statistically significant 
in multi-group analyses. The Chi-square test was used to 
compare proportions between groups. A p-value of <0.05 was 
considered statistically significant.

RESULTS
In our study, a total of 402 patients diagnosed with PE were 
included. Of these, 208 were female (51.7%) and 194 were 
male (48%), with a median age of 67 years, ranging from 19 
to 93 years old. When examining the seasonal frequency of 
PE development, the highest number of cases was observed in 
the spring (n=115, 28.6%), followed by autumn (n=99, 25%). 
The lowest number of cases was equally recorded in winter 
and summer (n=94, 23.4%) (Figure 1). The differences in the 
frequency of PE development across seasons were found to be 
statistically significant (p<0.001).

Regarding the monthly distribution of PE cases, the highest 
number were observed in November (n=48, 11.9%) and April 
(n=47, 11.7%), with the lowest in February and October (n=25, 
6.2%) (Figure 2, Table 1). The variations in the frequency of 
PE development across months were statistically significant 
(p<0.001).

Seasonal distribution of risk factors highlighted in Table 2.

When assessing prognosis by season, differences in mortality 
rates were observed but were not statistically significant 
(p=0.663). When the prognosis was evaluated according 
to months, it was found that mortality rate distributions 

showed differences, but these differences were not statistically 
significant (p=0.582). The relationships between patients' 
age, WBC, neutrophil, lymphocyte, platelet count, D-dimer, 
CRP, PAP values, PESI(s), and Wells scores with prognosis 
were found to be statistically significant and are summarized 
in Table 3. No significant relationship was found between 
hemoglobin and prognosis.

Of the recorded numerical data, only the WBC levels showed 
a statistically significant variation by season (p=0.045), 
indicating an increase in WBC levels during the summer 
(Table 4). The relationship between the seasons and the 
probability of embolism development according to Wells 
score; When the relationship between the seasons and the 

Figure 1. Frequency of pulmonary embolism development according to 
seasons

Figure 2. Frequency of pulmonary embolism development according to 
months

Table 1. Number of patients by month

Seasons n %

January 36 9

February 25 6.2

March 35 8.7

April 47 11.7

May 33 8.2

June 34 8.5

July 26 6.5

Agust 34 8.5

September 26 6.5

October 25 6.2

November 48 11.9

December 33 8.2

Table 2. Seasonal distribution of risk factors

Risk factor Spring
n (%)

Summer 
n (%)

Autumn
n (%)

Winter
n (%) p-value

Malignancy a 25 (26.6) 21 (21.2) 23 (24.5) 0.56

Surgical 7 (6.1) 10 (10.6) 7 (7.1) 8 (8.5) 0.656

Lower extremity 10 (8.7) 12 (12.8) 9 (9.1) 12 (12.8) 0.661

Heart disease 19 (16.5) 13 (13.8) 15 (15.2) 15 (16.0) 0.957

Immobility 17 (14.8) 12 (12.8) 20 (20.2) 13 (13.8) 0.482

Advanced age 14 (12.2) 4 (4.3) 7 (7.1) 12 (12.8) 0.115

Other 14 (12.2) 18 (19.1) 20 (20.2) 11 (11.7) 0.205
Percentages denote the seasonal distribution of each risk factor
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probability of embolism development according to Wells 
score was examined, no statistically significant difference 
was found (p=0.851). Among the PE patients examined, 117 
(29.1%) were assessed as having massive PE and 285 (70.9%) 
as non-massive. The changes in radiological classification 
between massive and non-massive PE by season were not 
statistically significant (p=0.421).

DISCUSSION
The main finding from our study is that a seasonal variation 
in the incidence of PE exists and that meteorological factors 
may contribute to this variation. Our study found the highest 
number of PE patients in the spring (n=115). This was followed 
by autumn (n=99), with the lowest equally in winter and 
summer (n=94). In a study by Meral et al.,5 an increase in PE 
cases was observed in the spring compared to other seasons. 
In a thesis study at Trakya University’s Pulmonology Clinic,6 
an increase in PE patients in the spring was also found to be 
statistically significant, but in contrast to our study, the lowest 
number of patients was observed in autumn.  Öztuna et al.,7 
similarly found the highest number of patients in the spring. 
Contrary to our findings, Anar et al.8 reported the highest 

number of patients in autumn and the lowest in winter. In 
another study in Turkiye by Ercan et al.,9 an increase in PE 
development was observed in winter. In a multicenter study 
by Manfredini et al.10 in Italy with 2.119 patients, the lowest 
number of VTE cases was in spring, and the highest in 
winter, contrary to our study’s findings. In a study conducted 
by Gallerani et al.11 in Italy, which involved a total of 19.245 
patients, it was found that the frequency of PE development 
decreased in the spring and increased in the winter. A study 
by Guijarro et al.12 in Spain included a total of 162.032 PE 
patients, finding an increase in PE incidence during the 
winter months, with the least number of cases recorded in the 
summer. While some studies investigating the relationship 
between the seasonal variation and the incidence of PE have 
found significant differences, others, such as the study by Stein 
et al.,13 have not. Our findings add to the growing evidence 
supporting a seasonal variation in PE. However, controversy 
still exists, mainly as a result of conflicting results.

In our study, the highest number of PE patients were observed 
in November (n=48) and April (n=47). Öztuna et al.,7 in their 
study, found the highest number of patients in May and April. 
In the study by Anar et al.,8 the most PE cases were recorded 
in June and November. The seasonal variation in patients’ 
radiological presentation as massive or non-massive was not 
found to be statistically significant. Our study found that 
only the seasonal variations in WBC levels were statistically 
significant, with an increase noted in the summer months. 
However, determining a single underlying cause for this 
observation is difficult. The highlights the need for more 
comprehensive and prospective studies to further clarify the 
relationship. While there are studies in the literature that have 
found significant increases in some inflammatory markers 
in PE patients, sufficient studies examining these increases 
in relation to seasonal variations are lacking. Our study 
found that laboratory data, scoring systems, and PAP values 
were significantly related to prognosis. The only laboratory 
parameter not significantly associated with mortality was 
hemoglobin distribution.

Lower platelet levels have been observed in deceased patients. 
An increase in platelet levels during warmer months 

Table 3. Relationship between numerical data and prognosis in PE patients

Numerical data Alive
mean (min-max)

Dead
mean (min-max)

p
value

Age 66.00 (19.00-93.00) 79.00 (38.00-90.00) <0.001

WBC 10.50 (2.20-34.00) 13.00 (6.20-27.90) 0.001

Neutrophil 7.70 (0.70-32.00) 10.4 (2.90-27.00) <0.001

Lymphocyte 1.50 (0.10-10.00) 1.00 (0.20-10.00) 0.014

Hb * 12.40±1.95 12.25±1.99 0.611

PLT 253.00 (52.00-671.00) 207.00 (58.00-831.00) 0.004

D-dimer 3.00 (0.50-42.00) 6.00 (1.40-38.60) <0.001

CRP 5.00 (0.10-33.00) 12.70 (0.20-41.00) <0.001

PAP 40.00 (15.00-100.00) 60.00 (24.00-90.00) <0.001

PESI(s) 1.00 (0.00-3.00) 3.00 (0.00-4.00) <0.001

Wells 4.50 (0.00-10.00) 6.00 (1.00-10.00) <0.001
*Hb is normally distributed, its given as mean±standard deviation. PE: Pulmonary embolism,                
Min: Minimum, Max: Maximum, WBC: White blood cell, Hb: Hb: Hemoglobin, PLT: Platelet,               
CRP: C-reactive protein, PAP: Pulmonary artery pressure 

Table 4. Seasonal distribution of numerical data evaluated in patients with pulmonary embolism

Numerical data Spring
mean (min-max)

Summer
mean (min-max)

Autumn
mean (min-max)

Winter
mean (min-max)

p
value

Age 68.00 (21.00-90.00) 65.00 (26.00-89.00) 66.00 (23.00-93.00) 68.00 (19.00-92.00) 0.303

WBC 10.00 (2.20-24.00)¥ 12.15 (2.30-34.00)¥.µ 11.30 (3.90-27.00) 10.00 (2.90-24.00)µ 0.045

Neutrophil 7.70 (1.30-23.60) 9.35 (0.70-32.00) 8.60 (2.00-23.60) 7.60 (1.60-22.00) 0.115

Lymphocyte 1.50 (0.20-4.20) 1.40 (0.10-7.60) 1.50 (0.20-10.00) 1.30 (0.20-6.10) 0.835

Hb * 12.53±1.92 12.11±2.03 12.28±1.94 12.57±1.94 0.308

PLT 233.00 (58.00-529.00) 268.00 (84.00-578.00) 253.00 (57.00-831.00) 246.50 (52.00-651.00) 0.185

D-dimer 3.00 (0.60-36.00) 3.00 (0.50-41.00) 4.00 (0.80-38.60) 3.00 (0.60-42.00) 0.141

CRP 5.00 (0.10-32.00) 6.00 (0.20-40.00) 5.80 (0.40-38.00) 7.65 (0.40-41.00) 0.398

PAP 40.00 (15.00-100.00) 40.00 (15.00-80.00) 40.00 (15.00-90.00) 45.00 (17.00-80.00) 0.307

PESI(s) 1.00 (0.00-4.00) 1.00 (0.00-4.00) 1.00 (0.00-4.00) 1.00 (0.00-4.00) 0.852

Wells 4.50 (1.50-10.00) 4.50 (1.00-9.00) 4.50 (0.00-10.00) 4.50 (1.00-9.00) 0.499
Min: Minimum, Max: Maximum, WBC: White blood cell, Hb: Hb: Hemoglobin, PLT: Platelet, CRP: C-reactive protein, PAP: Pulmonary artery pressure, *Hb is normally distributed, its given as mean±standard 
deviation. Post hoc analysis results of parameters with the same superscript symbol; ¥, p=0.013;µ, p=0.023
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was observed, but these differences were not statistically 
significant. The lower platelet levels in other seasons compared 
to summer, and the higher number of deaths resulting from 
PE in these months, could be associated with a consumption-
related decrease in platelets in patients with larger thrombi 
and massive PE.

Contrary to our findings, a study by Masotti et al.14 found a 
significant increase in platelet levels during colder months, 
which they explained as a mild surface cooling effect 
increasing red blood cell and platelet counts. In this study, this 
was explained ‘by the fact that slight surface cooling increased 
the number of red blood cells and platelets.’ The reasons 
underlying the seasonal variations in the development of 
PE have not been fully explained. Changes in atmospheric 
pressure and temperatures have been suggested to be effective. 
Some studies have shown that cold weather is associated with 
blood viscosity and platelet levels. In addition, cold weather 
often leads to a more sedentary lifestyle which may increase 
thrombotic tendencies. However, during hotter days and 
holiday periods individuals are more likely to undertake 
prolonged travel, particularly by car, which may also 
elevated the risk. Other important risk factors may include 
prothrombotic changes associated with seasonal conditions, 
such as acute respiratory infections. The incidence of 
respiratory infections is known to vary throughout the year.

Seasonal variations in some VTE risk factors could also 
contribute to the seasonal differences in PE frequency.  
Accompanying pulmonary heart diseases (KPH) may also 
vary with the seasons. Seasonal changes in the number and 
types of surgical operations may also affect the frequency of 
PE development.

Limitations
When examining the limitations of our study, we note that 
some studies investigating the seasonal frequency of PE 
development also consider barometric pressure, temperature, 
and humidity values, which were not included in our study. 
Potential limitations should be considered when interpreting 
the results of the present study. The study was retrospective, 
and this may raise concern over the possibility of missed cases. 
Although our sample size was sufficient, larger population 
studies with higher numbers could potentially find significant 
seasonal differences.

CONCLUSION
Our observation that seasonal differences affect the frequency 
of PE has been confirmed. In our study, the highest number 
of cases were seen in spring. In light of this information, PE 
should primarily be considered in patients presenting with 
dyspnea during the spring months. All these findings could 
be taken into account when designing future research on the 
pathogenesis of the disease, and could guide decision-making 
for the prevention or early diagnosis of suspected cases at high 
risk.

There is a need for further large-scale prospective studies 
incorporating various hematological parameters and 
atmospheric pressure to explain the relationship between PE 
development and seasonal changes.
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ABSTRACT
Aims: This study aimed to determine the spiritual care needs of individuals diagnosed with inflammatory bowel disease (IBD) 
and to examine the relationship with some sociodemographic and clinical characteristics.
Methods: This descriptive and correlational study was conducted with individuals diagnosed with IBD (n=203). Data were 
collected using the "Descriptive Information Form," "Spiritual Care Needs Inventory," "Simple Clinical Colitis Activity Index," 
and " Harvey-Bradshaw Index." Descriptive statistics, t-test for independent groups, one-way analysis of variance, and Pearson 
correlation analysis were used to analyze the data. 
Results: The mean total spiritual care need score of the participants was found to be 59.38±20.00. According to the sub-dimensions, 
the mean score of the "meaning and hope" sub-dimension was 35.56±13.45, and the mean score of the "caring and respecting" sub-
dimension was 23.82±8.17. The "meaning and hope" sub-dimension scores of single and employed individuals were significantly 
higher than those of married and unemployed individuals (p<0.05). In addition, total spiritual care needs scores of individuals who 
did not use medication for IBD were found to be higher than those who used medication (p<0.05). A significant positive correlation 
was found between the Harvey-Bradshaw Index and the "caring and respecting" sub-dimension (p<0.05).  
Conclusion: It was determined that the spiritual care needs of individuals diagnosed with IBD were generally above average. The 
increase in disease activity especially increases individuals' expectations for attention, being valued, and meaning in life. These 
findings suggest that nurses should be physically, spiritually, and psychosocially sensitive.  
Keywords: Inflammatory bowel disease, spiritual care, spiritual need, chronic disease, nursing

INTRODUCTION
Inflammatory bowel diseases (IBD) are lifelong diseases 
characterized by chronic inflammation leading to progressive 
and irreversible destruction of the gastrointestinal tract.1 
IBDs negatively affect the quality of life of patients in many 
ways. Chronicisation of the disease, physical and psychosocial 
effects related to the disease, and treatment are the main 
reasons for the decrease in patients' quality of life.2 The main 
physical symptoms affecting the quality of life of patients can 
be listed as abdominal pain, chronic and recurrent diarrhea 
attacks, sudden need for a toilet, nausea, vomiting, weight loss, 
anorexia, fatigue, etc.3 Apart from the physical symptoms of 
the disease, psychosocial effects such as anxiety, depression, 
and social isolation also affect patients negatively.4

In diseases that require long-term treatment and in situations 
that reduce the quality of life, individuals' physical, emotional, 
spiritual and social needs as well as spiritual needs increase.5 
In addition, every patient with severe chronic illness needs 
basic spiritual care, including compassionate treatment.6 

However, spiritual and psychosocial needs are more abstract 
and complex than physical and difficult to measure.5 The 
need for spiritual care refers to people's inner and dynamic 
dimension.7 The fundamental element of holistic care is paying 
attention to the patient's spiritual needs.8 Spiritual care can 
promote optimism and effective stress management, increase 
self-control, support self-care, and contribute to the regain of 
self-confidence and self-concept.9 In a study examining the 
barriers to spiritual care for cancer patients in Turkiye, it was 
determined that nurses lacked knowledge about spiritual care, 
did not have enough time to provide this care, and there were 
insufficient private areas where they could discuss spiritual 
issues with the patient.10

Healthcare professionals recognize that coping with a 
chronic disease such as IBD can be extremely challenging 
and can have a significant negative impact on the patient's 
quality of life. These patients regularly worry about the many 
uncertainties associated with their disease, such as when 
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the next flare-up will occur, whether they will be able to 
control the urge to defecate during social events or at work, 
whether current medications will wear off, and whether 
surgery will be required. These worries also affect their 
interactions with family members, children, colleagues, and 
friends, contributing to increased difficulties in coping with 
their illness and mood disorders.11 A study conducted with 
individuals with chronic disease determined that increasing 
spiritual well-being also increases compliance with chronic 
disease.12 In addition, in a study, it was stated that the spiritual 
needs of cancer patients are related to fatigue, depression, 
social support, and other factors.13 

Although the physical and psychosocial impacts of IBD have 
been well documented, studies examining the spiritual care 
needs of these patients are limited. Addressing spiritual needs 
is a fundamental aspect of holistic care, which can enhance 
coping strategies, foster self-confidence, and improve overall 
quality of life. Understanding these needs is essential for 
healthcare professionals to provide patient-centered care that 
addresses not only physical symptoms but also emotional and 
spiritual well-being. Investigating the spiritual care needs of 
IBD patients therefore fills an important gap in the literature 
and contributes valuable insights to holistic care practices. 
Therefore, it is essential to meet the spiritual care needs of 
patients. This study aimed to determine the level of spiritual 
care needs of IBD patients to promote holistic care, improve 
their quality of life, and investigate the relationship with 
variables such as sociodemographic and disease/treatment 
characteristics.

METHODS
Ethics
Before starting the study, permission was obtained from 
the Gazi University Ethics Committee (Date: 30.04.2024, 
Decision No: 2024-827), and institutional permission was 
obtained. After receiving detailed information about the 
study, the patients provided written and verbal informed 
consent, voluntarily agreeing to participate. The research 
process was conducted in accordance with ethical principles, 
ensuring the confidentiality and rights of the participants, 
and the data were used solely for research purposes. The study 
was conducted according to the ethical principles outlined by 
the World Medical Association’s Declaration of Helsinki.

Study Design and Setting
This study is a descriptive and correlational study. The 
study population was conducted in Gazi University 
Gastroenterology Department IBD Outpatient Clinic between 
June and November 2024. This clinic serves an average of 500 
patients 5 days a week. Patients receive treatment during flare-
ups of their disease and routine follow-ups during remission 
periods. Additionally, procedures for patients using anti-
TNF and biological agents are coordinated with the infection 
department, and their treatments are scheduled. All patients 
receive education and psychological support regarding their 
disease, medications, and diet. Patients with rheumatological, 
dermatological, and autoimmune diseases are also monitored 
in coordination with the relevant departments. Depending 

on the patient's condition, support is also provided by a 
psychiatrist for patients with conditions such as depression 
and anxiety. 

Study Population
In this study, convenience sampling was used as the sampling 
method. Participants were invited to the study during their 
routine outpatient visits, and those who volunteered were 
included in the study. Patients diagnosed with IBD who met 
the inclusion criteria, volunteered to participate in the study, 
and obtained written and verbal consent were included in 
the study sample. The inclusion criteria for the study sample 
were patients over 18 who could read and write, did not have 
communication difficulties, and volunteered to participate. 

The study calculated the sample size at a 95% confidence 
level using the "G-power-3.1.9.2" program. As a result of the 
analysis calculated, the minimum sample size was 138 at 
α=0.05 level, based on a standardized effect size of 0.3 and a 
theoretical power of 0.95.14 The study was completed with 203 
patients.

Data Collection Tools
Data collection tools "Patient Introduction Form," "Simple 
Clinical Colitis Activity Index", “Harvey-Bradshaw Index” 
and "Spiritual Care Needs Inventory" were used to collect the 
research data.

Patient Introduction Form: It was created by the researchers 
in the light of literature information. It consists of questions 
related to sociodemographic data, health, disease, and 
treatment.13,15,16

Spiritual Care Needs Inventory (SCNI): The scale developed 
by Wu et al.17 in 2016 provides information about the spiritual 
care needs of patients. A Turkish validity and reliability study 
was conducted by Günay İsmailoğlu et al.5 in 2019. The scale 
differs from other scales because it can be used in all patients 
and patients with different religious beliefs, regardless of the 
reasons for hospitalization. The SCNI is a scale consisting 
of 21 items. The items in the scale include the potential 
spiritual care needs of the patients. Patients are asked to 
rate the necessity of the spiritual care needs in each item on 
a 5- point Likert scale. The evaluation is as follows: 1="not 
at all necessary", 2="not necessary", 3="does not matter", 
4="necessary", 5="absolutely necessary". The average score 
that can be obtained from the scale varies between 21-105. The 
higher the mean total score on the scale, the more spiritual 
care the patient needs. The scale consists of 2 components: 
"meaning and hope" (1-12, 14) and "caring and respecting" 
(13, 15-21). The meaning and hope component includes 
expressions of spiritual well-being towards oneself, nature, 
and environmental factors; the caring and respect component 
includes expressions toward relationships with others. In the 
Turkish validity and reliability study of the scale, the general 
scale internal consistency Cronbach Alpha value was found to 
be 0.935.5 In this study, the Cronbach Alpha value of the scale 
was determined as 0.957.

Simple Clinical Colitis Activity Index (SCCAI): A diagnostic 
tool and questionnaire used to assess the severity of symptoms 
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in people with ulcerative colitis. The index was created in 1998 
and is still used to determine the severity of symptoms. Active 
disease scores five or higher.18

Harvey-Bradshaw Index (HBI): This index consists of 
questions that allow the patient to quickly categorize the 
severity of Crohn's disease and detect remission. Harvey and 
Bradshaw published the index in The Lancet in 1980 as a 
shorter and simpler alternative to the standard classification 
technique called the Crohn's Disease Activity Index. Patients 
answer five questions and are scored according to the severity 
of their symptoms. A score below 5 indicates remission.19

Data Collection
The study data were collected between June and 
November 2024 at a University Gastroenterology 
Department IBD Outpatient Clinic after obtaining the 
ethics committee's approval and institutional permission. 
Data were collected by the researchers through face-to-face 
interviews. Participants were invited to participate in the 
study during routine outpatient visits, and those who agreed 
to participate were taken to a quiet and appropriate room 
to ensure privacy and comfort. After providing detailed 
information about the study and obtaining written and 
verbal consent, the data collection process was initiated. The 
forms used were, in order, the “Patient Information Form,” 
the “Simple Clinical Colitis Activity Index,” the “Harvey-
Bradshaw Index,” and the “Spiritual Care Needs Inventory.” 
Researchers only provided assistance when questions were 
unclear, refraining from any guidance that might influence 
responses. The entire application process took an average of 
15 minutes per participant.

Statistical Analysis
The data obtained in the study were analyzed using SPSS 
(Statistical Package for Social Sciences) for Windows 25.0 
and DataBeeg 1.0 software. Descriptive statistical methods 
(number, percentage, min-max values, mean, standard 
deviation) were used to evaluate the data. The data used 
were tested for conformity to normal distribution. Q-Q Plot 
drawing can analyze Compliance with a normal distribution.20 
In addition, the normal distribution of the data used depends 
on the skewness and kurtosis values being between ±3.21 In 
the comparison of quantitative data in normally distributed 
data, an independent t-test was applied for the comparison of 
two independent groups, a one-way analysis of variance was 
applied for the comparison of more than two independent 
groups, and Bonferroni was used to find the group that 
made a difference in case of a difference. Pearson correlation 
was applied to test the relationship between two numerical 
variables.

RESULTS
The mean age of the patients who participated in the study was 
41.79±14.51 years. 51.7% of the patients were female, 63.5% 
were married and 62.6% had children. The rate of primary 
school graduates was 40.9%, and the rate of employees was 
66.0%. 56.7% of the patients reported their income level 
as "income equal to expenses." 26.1% of the patients were 
smokers, and 10.3% were alcohol users. 53.7% of the patients 

were diagnosed with Crohn's disease, and the proportion 
of patients with a diagnosis of IBD of 11 years or more was 
30.5%. 45.3% of the patients were hospitalized due to IBD, and 
19.2% underwent surgery due to IBD. It was determined that 
61.1% of the patients had other chronic diseases/disorders in 
addition to IBD, and 55.2% of them were taking medication 
for these diseases/disorders. Harvey Bradshaw Activity Index 
in Crohn's disease patients: 3.88±2.61, and in patients with 
ulcerative colitis, the Ulcerative Colitis Simple Clinical Colitis 
Activity Index: 1.44±2.07 (Table 1).

The mean scores of the "meaning and hope" sub-dimension 
of the SCNI were 35.56±13.45, the mean scores of the "caring 
and respecting" sub-dimension were 23.82±8.17, and the mean 
total score of the scale was 59.38±20.00 (Table 2).

The comparison of the mean scores of the SCNI sub-
dimension and total scores according to the characteristics 
of the patients participating in the study is given in Table 3. 
When the statistically significant differences were examined, 
it was determined that the mean scores of the "meaning and 
hope" sub-dimension of single patients were higher than 
those of married patients (p<0.05). It was also found that the 
mean scores of the "meaning and hope" sub-dimension of 
the employees were statistically significantly higher than the 
non-employees (p<0.05). The mean total scores of the SCNI of 
those who did not use medication for IBD were significantly 
higher than those who did not use medication (p<0.05).

Pearson correlation was applied to test the relationship between 
some characteristics of the patients and the mean scores of 
the SCNI sub-dimension and total scores. As a result, it was 
determined that there was a significant positive correlation 
between the mean scores of the "caring and respecting" sub-
dimension and Harvey-Bradshaw Index scores (p<0.05). 
The relationships between other characteristics were not 
statistically significant (p>0.05) (Table 4).

DISCUSSION
The lack of standard clinical practice guidelines for addressing 
spirituality in adults with serious health problems reveals 
an essential deficiency in this field. Studies have shown that 
ignoring spiritual needs can lead to unresolved spiritual and 
physical pain, as well as avoidable distress and suffering.22,23 
This situation shows how vital spiritual care is, especially 
for individuals struggling with chronic and life-threatening 
diseases. It is seen that previous research has primarily 
focused on cancer patients, cancer survivors, or those at the 
end of their lives.13,24-26 However, in the existing literature, 
studies specifically addressing the spiritual care needs of 
individuals with IBD are limited.16,27 However, it is known 
that this patient group also experiences various difficulties at 
both physical, psychosocial, and spiritual levels due to chronic 
symptoms that negatively affect quality of life. In this respect, 
this study, which aims to evaluate the spiritual needs of IBD 
patients, has a unique quality that fills the existing gap in the 
literature and contributes to the understanding of holistic 
care.

In our study, it was determined that the spiritual care needs 
of individuals diagnosed with IBD were above average. When 
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Table 1. Distribution of the patients participating in the study according to 
their characteristics (n=203)

n %

Gender

Female 105 51.7

Male 98 48.3

Marital status

Single 74 36.5

Married 129 63.5

Child presence

There is 127 62.6

None 76 37.4

Education status

Primary and secondary school 43 21.2

High School 83 40.9

Undergraduate and postgraduate 77 37.9

Employment status

Yes 134 66.0

No 69 34.0

Income level

Income less than expenditure 50 24.6

Income equals expenditure 115 56.7

Income more than expenditure 38 18.7

Smoking status

Yes 53 26.1

No 150 73.9

Alcohol use status

Yes 21 10.3

No 182 89.7

Medical diagnosis

Ulcerative colitis 94 46.3

Crohn's disease 109 53.7

Time to diagnosis of IBD

0-5 years 107 52.7

6 years and over 96 47,3

Hospitalization due to IBD

Yes 92 45.3

No 111 54.7

Operation due to IBD

Yes 39 19.2

No 164 80.8

Presence of chronic disease

Yes 124 61.1

No 79 38.9

Medication use due to chronic disease

Yes 112 55.2

No 91 44.8

Age: 41.79±14.51 (minimum=18.00, maximum=83.00)

Harvey-Bradshaw Index: 3.88±2.61

Simple Clinical Colitis Activity Index: 1.44±2.07
IBD: Inflammatory bowel disease

Table 2. Patients' mean scores of the Spiritual Care Needs Inventory (SCNI) 
subscale and total scores (n=203)

Mean±SD Minimum Maximum

Meaning and hope 35.56±13.45 13.00 65.00

Caring and respecting 23.82±8.17 8.00 40.00

Total score 59.38±20.00 21.00 105.00
SD: Standard deviation

Table 3. Comparison of the mean scores of the Spiritual Care Needs 
Inventory (SCNI) subscale and total scores according to the characteristics 
of the patients (n=203)

Characteristics

Meaning and 
hope 

Caring and 
respecting

SCNI
total score

Mean±SD Mean±SD Mean±SD

Gender

Female 35.05±12.69 24.31± 8.44 59.36± 19.48

Male 35.50± 13.69 23.30± 7.90 58.80± 20.11

Test value -0.244** 0.886** 0.204**

p 0.807 0.377 0.839

Marital 
status

Single 36.36± 13.01 23.91± 8.16 60.26± 20.01

Married 33.36± 13.27 23.68± 8.26 57.04± 19.22

Test value 2.166** 0.194** 1.120**

p 0.031* 0.847 0.264

Child 
presence

Yes 35.75±13.19 23.83±8.14 59.58±19.88

No 34.46±13.13 23.80±8.30 58.26±19.60

Test value 0.674** 0.027** 0.460**

p 0.501 0.979 0.646

Education 
status

Primary and
secondary 
school

37.23±13.47 24.79±8.43 62.02±20.37

High school 34.51±13.18 23.39±8.60 57.89±20.33

Undergraduate 
and
postgraduate

34.99±13.01 23.75±7.61 58.74±18.81

Test value 0.6434*** 0.420*** 0.638***

p 0.531 0.657 0.530

Employment 
status

Yes 36.04±13.67 23.84±8.70 59.87±20.89

No 33.77±12.04 23.80±7.12 57.57±17.32

Test value 2.168** 0.032** 0.788**

p 0.025* 0.975 0.431

Income 
level

Income less 
than
expenditure

36.68±12.56 24.04±8.19 60.72±19.40

Income 
equals
expenditure

35.47±12.98 23.90±8.02 59.37±19.51

Income more 
than
expenditure

32.79±14.39 23.29±8.81 56.08±21.03

Test value 0.976*** 0.103*** 0.622***

p 0.378 0.902 0.538

Smoking 
status

Yes 34.26±11.70 22.85±8.46 57.11±18.77

No 35.62±13.65 24.17±8.08 59.79±20.08

Test value -0.644** -1.008** -0.847**

p 0.520 0.314 0.398
The table continues
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evaluated in general, it can be said that the spiritual care 
needs of the patients are significant and at a level that should 
not be ignored. This finding parallels the results of studies 
conducted with individuals with different chronic conditions 
in the literature.6,13,28 For individuals with serious illnesses, 
spirituality stands out as an essential source of support in the 
process of coping with life. Studies show that most individuals 
(71-99%) find spirituality meaningful, and more than half (50-
96%) demand spiritual care within the scope of health services. 
However, despite this high demand, it is seen that spiritual 
care needs are not sufficiently met in clinical practices. It is 
stated that the rates of patients who report that the health 
system does not meet their spiritual needs vary between 49% 
and 91%.22,29 This situation shows that spiritual care is still 
secondary in clinical practice, and the holistic care approach 
has not been fully realized. It is thought that the main reasons 
for the high need for spiritual care in individuals diagnosed 
with IBD may be related to the chronic, unpredictable nature 
of the disease, which directly affects the quality of life. At the 
same time, psychosocial burden and social stigmatization 
increase the search for meaning, the need for hope, and the 
search for inner support.

Long-term hospitalization of patients treated in internal 
medicine clinics is an important factor that increases their 
spiritual care needs.30 In particular, individuals with chronic 
diseases or faced with conditions such as IBD that radically 
affect life may enter a deep spiritual questioning process over 
time. In this process, they may perceive the disease as divine 
punishment, experience a sense of injustice, and lose hope in 
prayer and belief systems. Such spiritual distress may damage 
not only the psychological but also the spiritual well-being 
of the person.27 However, data on the spiritual care needs 
of individuals diagnosed with IBD are limited. However, 
determining these needs is essential in developing patient-
centered care practices and planning appropriate support 
services. In previous studies, it was reported that adult 
individuals stated that spirituality helped them to reinterpret 
the disease process, gain a new perspective on their lives, 
and experience inner relief during challenging periods.31 In 
a study conducted by Starnella et al.16 with individuals with 
IBD (n=103), it was determined that patients developed their 
spirituality by maintaining their lives by their core values 
(47.7%), staying in contact with nature (30.5%), praying 
(15.8%), engaging in introspection and self-knowledge 
activities (14.7%), volunteering (12.6%) and doing extreme 
sports (10.5%).

Various studies have suggested that spirituality may positively 
affect psychosocial outcomes in individuals with chronic 
physical illnesses.31,32 Although the exact mechanisms 
through which this effect occurs cannot be clearly explained, 
it is thought that spirituality contributes to individuals coping 
with the disease more harmoniously, which may result in a 
decrease in anxiety and depression levels, an increase in 
quality of life, and alleviation of physical symptoms. In a 
meta-synthesis study conducted by Hodge and Horvath,33 
11 qualitative studies were analyzed on the spiritual needs 

Table 3. Comparison of the mean scores of the Spiritual Care Needs 
Inventory (SCNI) subscale and total scores according to the characteristics 
of the patients (n=203) (The table continues)

Alcohol use 
status

Yes 35.90±14.16 24.67±8.29 60.57±20.96

No 35.19±13.07 23.73±8.18 58.92±19.65

Test value 0.235** 0.499** 0.363**

p 0.815 0.619 0.717

Medical 
diagnosis

Ulcerative 
colitis 34.94±13.03 23.41±7.74 58.35±19.21

Crohn's 
disease 35.55±13.31 24.17±8.56 59.72±20.25

Test value -0.331** -0.659** -0.494**

p 0.741 0.511 0.622

Time to 
diagnosis 
of IBD

0-5 years 35.53±13.92 23.76±8.30 59.29±20.56

6 years and 
over 34.97±12.30 23.90±8.08 58.86±18.88

Test value 0.304** -0.120** 0.153**

p 0.761 0.904 0.879

Medication 
use status

Yes 35.27±13.21 23.75±8.11 59.02±19.75

No 35.25±11.62 27.50±11.79 62.75±21.75

Test value 0.002** -0.908** -2.271**

p 0.998 0.365 0.025*

Hospitalization 
due to IBD

Yes 35.40±12.00 23.52±8.28 58.92±18.67

No 35.15±14.08 24.07±8.12 59.23±20.67

Test value 0.134** -0.476** -0.108**

p 0.894 0.634 0.914

Operation 
due to IBD

Yes 36.77±14.12 23.33±8.87 60.10±22.19

No 34.91±12.93 23.94±8.03 58.85±19.18

Test value 0.793** -0.415** 0.356**

p 0.428 0.679 0.722

Presence 
of chronic 
disease

Yes 35.50±12.87 23.87±8.21 59.37±19.37

No 34.90±13.66 23.75±8.18 58.65±20.42

Test value 0.317** 0.105** 0.255**

p 0.752 0.916 0.799

Medication 
use due to 
chronic 
disease

Yes 35.61±13.16 23.97±8.43 59.58±20.06

No 34.85±13.21 23.64±7.90 58.48±19.43

Test value 0.409** 0.290** 0.393**

p 0.683 0.772 0.695
SCNI: Spiritual Care Needs Inventory, IBD: Inflammatory bowel disease, SD: Standard deviation, 
*p<0.05, **Independent t-test, ***One-way analysis of variance

Table 4. The relationship between some characteristics of the patients and 
the mean scores of the subscales and total scores of the Spiritual Care Needs 
Inventory

Age Harvey-Bradshaw 
Index

Simple Clinical 
Colitis Activity 

Index

r p r p r p

Meaning and hope 0.045 0.521 -0.046 0.515 -0.054 0.442

Caring and respecting 0.023 0.746 0.196 0.047* 0.048 0.497

Total score 0.040 0.574 0.000 0.996 -0.016 0.818

r: Pearson correlation coefficient, *p<0.05
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expressed by individuals with non-fatal health problems in 
healthcare settings. The main themes that emerged from this 
analysis were summarised as the search for meaning, purpose, 
and hope in life; emotional needs related to a relationship with 
God (e.g., guilt or questioning); the need to engage in spiritual 
practices such as prayer, meditation, and scripture reading; 
sensitivities towards the fulfillment of religious obligations 
(e.g. special dietary practices); the desire for strong social 
bonds with family members and clergy; and finally the 
desire for an empathetic, supportive relationship with health 
professionals (e.g. compassionate approach and advocacy).33 
These findings show that spiritual care is a multidimensional 
need that can contribute not only to the physical aspect of the 
disease but also to the individual's holistic well-being.

In our study, the sub-dimension of meaning and hope 
indicates a need slightly above the medium level. It shows 
that patients have a measured but significant need to search 
for inner meaning, a sense of hope, and harmony with nature 
and the environment. It shows that patients are more focused 
on personal belief, meaning of life, hope, and inner integrity 
and need more support. The meaning and hope component 
also includes spiritual well-being towards oneself, nature, 
and environmental factors.5 In the process of coping with 
chronic diseases, individuals may face vital crises such as loss 
of status and role, fear of death, insufficient social support, 
loneliness, pain, and hopelessness about the future. In such 
periods, patients' spiritual needs, such as feeling safe, adding 
meaning to their lives, receiving love, and belonging to a place, 
come to the fore.34 In this context, it is not surprising that 
this dimension emerges as an essential need in individuals 
diagnosed with IBD.

In our study, the moderate level of need in the "caring and 
respect" sub-dimension of the spiritual care scale shows that 
patients have a confident expectation of being respected, 
feeling valuable, and receiving social support from the people 
around them. This sub-dimension points to the importance of 
a caring approach based on empathy, respect, and sensitivity 
to individual values, especially in relationships with others.5 
The understanding and caring approach shown in patient-
physician and patient-nurse interactions makes patients feel 
more secure and understood. The fact that patients want to 
be seen and cared for both physically and spiritually reveals 
the need to address them with a more holistic care approach. 
This finding coincides with the study conducted by Zumstein-
Shaha et al.7 with cancer patients. In this study, nurses stated 
that individuals living with chronic illnesses were not only 
physiological but also questioned the meaning of life and 
needed to give their lives a purpose. While some participants 
saw overcoming chemotherapy as a life goal, others started 
spending more time with family members or their pets as 
their primary goal. These examples reveal that individuals 
need to be supported biologically, emotionally, socially, and 
spiritually during the disease process. In addition, some 
patients reported that maintaining their ties with their 
faith communities was essential to spiritual support. These 
individuals ask their faith communities to pray for them, and 
nurses respect the patient's spirituality by integrating this 

request into the care process.7 All these findings show that 
including the individual's spiritual, social, and emotional 
aspects in the care process can increase patient satisfaction 
and well-being.

In our study, significant differences were observed in the 
spiritual care needs of individuals diagnosed with IBD 
according to their demographic characteristics. In particular, 
the higher scores of single individuals in the "meaning and 
hope" sub-dimension compared to married individuals 
suggest that this group may have a more pronounced need for 
loneliness, lack of emotional support and sense of belonging. 
Lack of spousal or family support may cause individuals to 
turn more to internal resources and spiritual support systems 
in coping with the disease. Indeed, Büssing et al.35 and Höcker 
et al.36 similarly stated that spiritual coping mechanisms are 
activated more intensively in individuals who lack social 
support. In addition, in a study conducted by Shi et al.13 with 
cancer patients, it was reported that the spiritual care needs of 
widowed and divorced individuals were significantly higher 
than those of married individuals. These findings show that 
family structure and social support networks are among the 
critical factors affecting the level of spiritual needs of the 
individual and point to the importance of considering the 
social situation in patient-centered care.

Similarly, it is noteworthy that the scores of working 
individuals in this sub-dimension are significantly higher 
than those of non-working individuals. Working life may 
increase the need to question more about the meaning of life, 
the desire to achieve success, or the need to cope with stress, 
and this may trigger the need for spiritual support. Another 
important finding was that the total spiritual care needs scores 
of individuals who did not use medication for IBD were higher 
than those who used medication. This suggests that access 
to medical treatment or perception of treatment may affect 
spiritual needs in the management of the disease. Individuals 
who do not use medication may tend to turn more to spiritual 
resources to cope with the disease. All these findings reveal 
that individual and clinical characteristics may affect spiritual 
care needs and it is essential to consider these variables in care 
planning.

Our study found a significant positive correlation between 
the "caring and respecting" sub- dimension and Harvey-
Bradshaw Index scores. This suggests that as the symptoms 
of IBD become more severe, patients expect more attention 
and understanding from their social environment and 
health professionals. This reveals that spiritual care needs are 
internal and have a relational/psychosocial dimension. This 
finding reveals that individuals desire to be cared for and seen 
more in coping with the disease, and requires that caring 
professionals respond to this need with a sensitive approach. 
The fact that no significant relationship was found between 
the need for spiritual care and other variables suggests that 
spiritual needs are shaped more by the course of the disease 
and individual coping capacity. These results emphasize the 
importance of planning spiritual care in chronic diseases in a 
manner sensitive to disease activity.
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Limitations
This study has some limitations. First, since the study was 
conducted at a single center, the findings cannot be directly 
generalized to all IBD patients; however, they are indicative 
for patient groups with similar characteristics. In addition, 
the fact that spirituality is a concept that can show individual 
and cultural differences may make it difficult to reach the 
same results in similar studies to be conducted in different 
social structures. Finally, the study did not assess whether 
the participants had received any professional spiritual care 
services before; this shows that an important variable that may 
affect the spiritual need levels of individuals is ignored. In line 
with these limitations, obtaining more in-depth information 
with longitudinal designs and qualitative data collection 
methods in future studies is recommended.

CONCLUSION
This study revealed that individuals with IBD have significant 
spiritual care needs, and these needs should not be ignored 
in clinical care processes. The findings indicate that nurses 
should be sensitive not only to physical symptoms but 
also to the spiritual and psychosocial needs of individuals. 
Especially in the axis of "meaning and hope," creating an 
environment where individuals can express their thoughts 
about the meaning of life, and in the dimension of "caring 
and respect," protecting privacy, respecting individual beliefs, 
and encouraging active listening should be among the basic 
components of patient-centered spiritual care. Coping skills 
play a key role in the self-management of chronic diseases, 
and nurses' recognition and support of patients' spiritual 
coping resources can strengthen self-management processes. 
In this context, making nurses more aware and equipped to 
assess spiritual needs can potentially improve the quality 
of care. However, the limited literature on spirituality in 
individuals with chronic diseases, especially in individuals 
diagnosed with IBD, and the lack of comparative studies with 
healthy individuals draw attention. In this respect, this study 
can provide a basis for future longitudinal and multi-method 
studies.
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ABSTRACT
Aims: Procedure-specific pain management (PROSPECT) provides clinicians with evidence-based recommendations for 
postoperative pain management. We aimed to evaluate Anesthesiology and Reanimation physicians' preferences for analgesia 
management after total hip arthroplasty (THA) surgery.
Methods: A questionnaire consisting of 19 questions including demographic data, analgesia methods used for THA surgery and 
whether PROSPECT recommendations were followed was prepared. This questionnaire was sent to the participants via e-mail.  
Results: A total of 199 participants responded to the survey. 43.8% of the participants reported following PROSPECT 
recommendations. Only 6.5% of the participants did not prefer opioids for analgesia after THA surgery, while 14.1% reported 
that they routinely used opioids and the rest preferred them in combination with other techniques.  
Conclusion: Since THA surgery is mostly performed in the elderly population with comorbid diseases, there is no consensus 
among anesthesiology and reanimation physicians about postoperative analgesia methods. We think that postoperative pain 
management trainings in THA surgery should be increased and PROSPECT recommendations should be disseminated in these 
trainings. 
Keywords: Anesthesiology and reanimation, survey, PROSPECT, total hip arthroplasty, pain management

INTRODUCTION
The procedure-specific pain management (PROSPECT) 
working group is a global collaboration of surgeons and 
anesthesiologists formulating surgical procedure-specific 
recommendations for pain management after common 
operations.1 PROSPECT recommendations are based on a 
procedure-specific systematic literature review of randomized 
controlled trials and systematic reviews. The methodology 
reports true clinical efficacy, balancing the invasiveness 
of analgesic interventions and the level of postoperative 
pain against efficacy and side effects, while setting general 
recommendations. In addition, attention is paid to early 
rehabilitation and mobilization.2

Total hip arthroplasty (THA) surgery is a common surgical 
procedure aimed at improving mobility and quality of life, 
especially in elderly patients.3   The choice of postoperative 
analgesia is important because the patient group is especially 
elderly patients with comorbid diseases. Adequate analgesia 
with minimal side effects provides early postoperative 
mobility, optimal functional recovery, and reduced 
postoperative morbidity.4,5 Despite being a common surgical 
procedure, there is no "gold standard" in the literature for 

the control of postoperative pain after THA surgery, and 
there is high variability in perioperative anesthetic and 
analgesic management.6 This creates variability in clinicians' 
postoperative analgesia preferences.

The PROSPECT recommendations for pain management 
after THA surgery were first published in 2005 and then 
updated periodically with new evidence and the final 
guideline was published in 2021. In line with these updates, 
recommendations for analgesic interventions in pain 
management after THA surgery are listed in Table 1 and non-
recommended interventions are listed in Table 2.7

The aim of this study was to evaluate Anesthesiology and 
Reanimation physicians' pain management practices after 
THA and their awareness of PROSPECT recommendations 
during these practices.

METHODS
The study was approved by the Giresun Training and 
Research Hospital Ethics Committee (Date: 19.03.2025, 
Decision No: 19.03.2025/05). All procedures were carried 
out in accordance with the ethical rules and the principles 
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of the Declaration of Helsinki.The study was a descriptive 
type study and data were collected with a questionnaire form 
created in electronic environment (Google forms). In order 
to reach the anesthesiology and reanimation physicians in 
Turkiye, the questionnaire form was sent to the members 
of the Turkish Society of Anesthesiology and Reanimation 
(TARD) via e-mail twice and dissemination was ensured. 
The questions were directed to the participants between 
01.04.2025-01.06.2025. Detailed information about the 
purpose and nature of the questionnaire for the participants 
was stated in the introduction part of the questionnaire. The 
first 5 questions included demographic data and the next 13 

questions included pain management data after THA surgery. 
The questionnaire form was administered online to actively 
working anesthesiology and reanimation physicians with 
the help of digital media. Within the specified date range, 
199 participants responded to the questionnaire and the data 
of the participants who completed the questionnaire form 
completely were analyzed.

Survey Form;

Section 1 questions:

1. Age: a) 20-30 b) 31-40 c) 41-50 d) 51-60 e) over 60

2. Sex: a) Female b) Male

3. Title: a) Research Assistant b) Specialist Physician c) 
Assistant Professor d) Associate Professor e) Professor

4. Professional experience: a) 0-10 b) 11-20 c) 20 and above

5. Active organization: a) University Hospital b) Ministry of 
Health Training and Research Hospital c) State Hospital d) 
Private Hospital

Section 2 questions: 

1. Do you recommend providing education about exercise and 
surgery during the preoperative period for pain control after 
total hip arthroplasty surgery?

a) Yes  b) No 

2. What is the method you most frequently use for pain 
control after total hip arthroplasty surgery?

a) General anesthesia b) Spinal anesthesia

Table 1. General recommendations for pain management in patients 
undergoing total hip arthroplasty

Before and during surgery

Preoperative exercise and education (grade A)

General or spinal anesthesia (grade A)

Paracetamol (grade A)

Non-steroidal anti-inflammatory drugs or cyclo-oxygenase-2 selective 
inhibitors (grade A)

Dexamethasone 8-10 mg i.v. (grade A)

Single shot fascia iliaca block or local infiltration analgesia (LIA) (grade D)

Intrathecal morphine 0.1 mg is acceptable if the patient received spinal 
anesthesia during surgery (grade D)

After surgery

Paracetamol (grade A)

Non-steroidal anti-inflammatory drugs or cyclo-oxygenase-2 selective 
inhibitors (grade A)

Rescue opioid (grade D)

Table 2. Analgesic interventions not recommended for pain management in patients undergoing total hip arthroplasty

 Intervention Reason not to recommend

Before or during surgery

Carbohydrate loading Limited procedure-specific evidence

Day treatment Limited procedure-specific evidence

COX-2-selective inhibitor before or after incision Limited procedure-specific evidence

Gabapentinoids
Inconsistent evidence for single doses.

Procedure-specific evidence for multiple perioperative doses, 
but extra side effects

Ketamine Limited procedure-specific evidence

Lateral femoral cutaneous block Limited procedure-specific evidence

Anterior quadratus lumborum block Limited procedure-specific evidence

Femoral nerve block Procedure-specific evidence, but side effects

Lumbar plexus block Procedure-specific evidence, but side effects

LIA (local infiltration analgesia) is used in addition to local 
anesthetic drugs Inconsistent procedure-specific evidence

LIA infusion or repeated injections Inconsistent procedure-specific evidence

Epidural analgesia Procedure-specific evidence, but side effects

After surgery

Tranexamic acid Lack of procedure-specific evidence

Partial load execution Lack of procedure-specific evidence

Topical fibrin glue Lack of procedure-specific evidence

TENS (transcutaneous electrical nerve stimulation) Limited procedure-specific evidence

Surgical technique
Anterior approach and posterolateral approach Inconsistent procedure-specific evidence

Minimally invasive and traditional incision Inconsistent procedure-specific evidence, increased risks
COX-2: Cyclooxygenase, LIA: Local infiltration analgesia, TENS: Transcutaneous Electrical Nerve Stimulation
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3. Do you use intravenous paracetamol before or during 
surgery for pain control after total hip arthroplasty surgery?

a) Yes  b) No 

4. Do you use NSAIDs or COX-2 selective inhibitors 
preoperatively or intraoperatively for pain control after total 
hip arthroplasty surgery?

a) Yes  b) No 

5. Do you use a single dose of intravenous dexamethasone 
before or during surgery for pain control after total hip 
arthroplasty surgery?

a) Yes  b) No 

6. Do you add an intrathecal long-acting opioid (morphine 0.1 
mg) to spinal anesthesia for pain control in patients who have 
undergone total hip arthroplasty surgery?

a) Yes  b) No 

7. Do you prefer patient-controlled epidural analgesia for pain 
control after total hip arthroplasty surgery?

a) Yes  b) No 

8. Do you use peripheral nerve blocks for pain control after 
total hip arthroplasty surgery? If so, what is your most 
preferred peripheral block? (You may select more than one 
option)

a) I do not use them

b) Femoral nerve block

c) Lumbar plexus block

d) Psoas compartment block

e) Fascia iliaca block

f) Lateral femoral cutaneous nerve block

g) Anterior quadratus lumborum block

h) Pericapsular nerve block (PENG)

9. Do you use local infiltration analgesia for pain control after 
total hip arthroplasty surgery?

a) Yes  b) No 

10. What type of intravenous analgesic do you most frequently 
administer in the postoperative period for pain control after 
total hip arthroplasty surgery?

a) Paracetamol 

b) NSAID 

c) Tramadol 

d) Fentanyl 

e) Pethidine

11. What is your frequency of opioid use in the postoperative 
period for pain control after total hip arthroplasty surgery?

a) I use it routinely 

b) I use it in combination with regional techniques 

c) I use it in combination with paracetamol/NSAIDs 

d) I use it when I cannot provide adequate analgesia with 
other methods 

e) I do not use opioids

12. Do you recommend analgesic adjuvants (such as 
tranexamic acid, partial weight-bearing walking, and TENS) 
for pain control in the postoperative period following total 
hip arthroplasty surgery? 

a) Yes  b) No 

13. Do you follow the PROSPECT recommendations? 

a) Yes  b) No

Statistical Analysis 
Statistical evaluation of the data was performed using the IBM 
Statistical Package for the Social Sciences (SPSS) 22.0 (Version 
22.0. Armonk, NY: IBM Corp.) package program. Descriptive 
statistics of categorical variables were given as frequency and 
percentage.

RESULTS
A total of 199 anesthesiology and reanimation physicians 
participated in our survey. The demographic data of the 
participants (sex, age ranges, title, years of professional 
experience and active institution) are summarized in Table 3.

The general responses to the questions determined for 
PROSPECT recommendations are shown in Table 4. It was 
observed that 43.2% (n=86) of the participants followed 

Table 3. Demographic data

n=199 n (%)

Sex Female 113 (56.7%)

 Male 86 (43.2%)

Age(years) 20-30 17 (8.5%)

31-40 89 (44.7%)

41-50 59 (29.6%)

51-60 29 (14.6%)

 Over 60 years old 5 (2.5%)

Title Research Assistant 118 (59.3%)

Specialist Physician 38 (19.1%)

Assistant Professor 13 (6.5%)

Associate Professor 19 (9.5%)

 Professor Doctor 11(5.5%)

Professional experience 
(years) 0 to 10 92 (46.2%)

11 to 20 55 (27.6%)

 20 and above 52 (26.1%)

Active organization University Hospital 48 (24.1%)

Ministry of Health Training and 
Research Hospital 32 (16.1%)

State Hospital 79 (39.7%)

 Private Hospital 40 (20.1%)

Categorized as *n and % columns
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PROSPECT recommendations for pain control after THA 
surgery. It was observed that 74.4% of the physicians who 
participated in our survey recommended preoperative exercise 
and training. 92.9% (n=185) of the participants preferred spinal 
anesthesia for pain control after THA surgery, while only 7.1% 
(n=14) preferred general anesthesia. For pain control after 
THA surgery, 73.3% of the participants used paracetamol, 
64.8% used NSAIDs or COX2 selective inhibitors, and 26.1% 
used a single dose of intravenous dexamethasone before and 
during surgery. The most preferred analgesic drug in the 
postoperative period was tramadol with 49.2% (Figure 1).  
In addition to spinal anesthesia, 33.7% of the participants 
used an intrathecal long-acting opioid (morphine 0.1 mg), 
72.9% preferred patient-controlled epidural analgesia, and 
18.6% preferred local infiltration analgesia (LIA). Only 7.1% 
of the participants recommended analgesic adjuvants (such 
as tranexemic acid, partial load walking and TENS) for pain 
control after THA surgery in the postoperative period.

While 49.2% of the participants did not prefer peripheral 
nerve block for pain control after THA surgery, the most 
preferred block among those who did was pericapsular nerve 
block (PENG) with a rate of 34.6% (Figure 2). Among the 
participants who were able to choose more than one option 
in their peripheral nerve block preferences, 27.6% were 

Fascia iliaca block (FIB) and 16.5% were Femoral nerve block 
(FNB), Lateral femoral cutaneous nerve block (LFCSB) was 
performed in 13%, lumbar plexus block (LPB) in 4.5%, psoas 
compartment block (PCB) in 4%, and anterior quadratus 
lumborum block (AQLB) in 3%.

The rates of opioid use in the postoperative period are shown 
in Figure 3. While 93.5% of the participants preferred opioid 

Table 4. General responses

n=199 n (%)

Do you recommend giving education about exercise and surgery in the preoperative period for pain control after total 
hip arthroplasty surgery? Yes 148 (74.4%)

 No 51 (25.6%)

What is the most common method you use for pain control after total hip arthroplasty surgery? General anesthesia 14 (7.1%)

 Spinal anesthesia 185 (92.9%)

Do you use intravenous paracetamol preoperatively and intraoperatively for pain control after total hip arthroplasty 
surgery? Yes 146 (73.3%)

 No 53 (26.6%)

Do you use NSAIDs or COX2 selective inhibitors preoperatively and intraoperatively for pain control after total hip 
arthroplasty surgery? Yes 129 (64.8%)

 No 69 (35.2%)

Do you use single dose intravenous dexamethasone preoperatively and intraoperatively for pain control after total hip 
arthroplasty surgery? Yes 52 (26.1%)

 No 147 (73.8%)

Do you add an intrathecal long-acting opioid (morphine 0.1 mg) to spinal anesthesia for pain control after total hip 
arthroplasty surgery? Yes 67 (66.3%)

 No 32 (33.7%)

Would you prefer patient-controlled epidural analgesia for pain control after total hip arthroplasty surgery? Yes 145 (72.9%)

 No 54 (27.1%)

Do you use local infiltration analgesia for pain control after total hip arthroplasty surgery? Yes 37 (18.6%)

 No 162 (81.4%)

Do you recommend analgesic adjuvants (such as tranexemic acid, partial load walking and TENS) in the postoperative 
period for pain control after total hip arthroplasty surgery? Yes 14 (7.1%)

 No 185 (92.9%)

Do you follow PROSPECT recommendations? Yes 86 (43.2%)

 No 113 (56.7%)
NSAID: Non-steroidal anti-inflammatory drug, COX2: Cyclooxygenase, TENS: Transcutaneous Electrical Nerve Stimulation, PROSPECT: Procedure-specific pain management. * n and % categorized as columns

Figure 1. The most commonly administered intravenous analgesic drug in 
the postoperative period for pain control after total hip arthroplasty surgery
NSAID: Non-steroidal anti-inflammatory drug



682

Yeniay et al. PROSPECT awareness in pain management following total hip arthroplasty surgery Anatolian Curr Med J. 2025;7(5):678-686

use in the postoperative period, it was observed that 35.7% of 
those who used opioids preferred opioids when they could not 
provide adequate analgesia with other analgesic methods. Of 
the participants, 24.6% reported using them in combination 
with paracetamol or NSAIDs, while 19.1% reported using 
them in combination with regional techniques.

Among the physicians who followed PROSPECT 
recommendations, 59.3% were research assistants, 19.1% were 
specialists, 6.5% were assistant professors, 9.5% were associate 
professors and 5.5% were professors (Table 3). Responses 
to PROSPECT recommendations according to professional 
title are summarized in Table 5. Among the physicians who 
preferred an intrathecal long-acting opioid (morphine 0.1 mg) 
in addition to spinal anesthesia, 56.7% were research assistants, 
20.8% were specialists, 7.4% were assistant professors, 7.4% 
were associate professors and 7.4% were professors. Among 
the physicians who applied patient-controlled epidural 
analgesia after THA surgery, 58.6% were research assistants, 
17% were specialists, 8.9% were assistant professors, 8.2% 
were associate professors and 6.8% were professors. When the 
preference rate of the most preferred analgesic drug tramadol 
in the postoperative period was compared according to the 

professional title, it was seen that it was preferred by research 
assistants with 63.9%.

When considering the duration of anesthesiology practice 
among physicians who follow PROSPECT recommendations, 
46.2% had 0-10 years of experience, 27.6% had 10-20 years of 
experience, and 26.1% had over 20 years of experience (Table 
3). Participants' responses to the survey questions based on 
their anesthetic practice are presented in Table 6. It was 
observed that 48.5% of physicians who preferred an additional 
long-acting opioid (morphine 0.1 mg) for spinal anesthesia 
had 0-10 years of anesthesia experience, 23.5% had 10-20 
years, and 27.9% had 20 years or more. Among physicians who 
administered patient-controlled epidural analgesia after THA 
surgery, 44.8% had 0-10 years of anesthesia practice, 28.9% had 
10-20 years, and 26.2% had 20 years or more. Among the 186 
participants who used opioids in the postoperative period, a 
comparison based on the length of anesthetic practice showed 
that it was most preferred among physicians with 0-10 years 
of experience (46.2%).

When the type of hospital in which the physicians who 
followed PROSPECT recommendations after THA surgery 
were actively working was analyzed, it was seen that 24.1% 
were working in a university hospital, 16.1% in a training and 
research hospital, 39.7% in a public hospital and 20.1% in a 
private hospital (Table 3). The responses of the participants 
to PROSPECT recommendations according to the type of 
hospital where they were actively working are shown in Table 
7. It was observed that 20.8% of the physicians who preferred 
an intrathecal long-acting opioid (morphine 0.1 mg) in 
addition to spinal anesthesia worked in a university hospital, 
17.9% in a training and research hospital, 35.8% in a public 
hospital, and 25.3% in a private hospital. It was observed 
that 23.7% of the physicians who applied patient-controlled 
epidural analgesia after THA surgery worked in a university 
hospital, 16.7% in a training and research hospital, 41.2% 
in a state hospital, and 18.1% in a private hospital. Among 
the 186 participants who used opioids in the postoperative 
period, when compared according to the institution where 
they were actively working, it was seen that 38.7% preferred 
to use opioids in state hospitals. Among the analgesic drugs 
preferred in the postoperative period, tramadolu was the most 
preferred by the physicians working in state hospitals with a 
rate of 44.8%.

DISCUSSION
PROSPECT guideline of the European Society for 
Regional Anesthesia and Pain Management (ESRA) makes 
recommendations according to whether the intervention to 
be performed affects postoperative pain.7

A meta-analysis by Moyer et al.8 found that preoperative 
exercise and education were beneficial in reducing 
postoperative pain and improving functional outcomes 
after THA surgery. PROSPECT recommends preoperative 
exercise and education (grade A). In our survey, 74.4% of 
the respondents recommended preoperative exercise and 
training. 

Figure 2. Peripheral nerve blocks preferred for pain control after total hip 
arthroplasty surgery
FNB: Femoral nerve block, LPB: Lumbar plexus block, PCB: Psoas compartment block, IFB: Iliac fascia 
block, LFCNB: Lateral femoral cutaneous nerve block, AQLB:  Anterior quadratus lumborum block, 
PENG: Pericapsular nerve block

Figure 3. Postoperative opioid use for pain control after total hip arthroplasty 
surgery 
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Table 5. Responses according to title

  What is your professional title? (n (%))

  Research 
Assistant

Specialist 
Doctor

Assistant 
Professor

Associate 
Professor

Professor 
Doctor

Do you recommend education about exercise and 
surgery in the preoperative period for pain control after 
total hip arthroplasty surgery?

Yes 83 (56.4%) 27 (18.3%) 11 (7.4%) 17 (11.5%) 9 (6.1%)

No 35 (68.6%) 11 (21.5%) 2 (3.9%) 2 (3.9%) 1 (1.9%)

What is the most common method you use for pain 
control after total hip arthroplasty surgery?

General anesthesia 8 (57.1%) 3 (21.4%) 1 (7.1%) 2 (14.2%) 0 (0%)

Spinal anesthesia 110 (59.4%) 35 (18.9%) 12 (6.4%) 17 (9.1%) 11 (5.9%)

Do you use intravenous paracetamol preoperatively 
or intraoperatively for pain control after total hip 
arthroplasty surgery?

Yes 84 (57.5%) 28 (19.1%) 11 (7.5%) 15 (10.2%) 8 (5.4%)

No 34 (64.1%) 10 (18.8%) 2 (3.7%) 4 (7.5%) 3 (5.6%)

Do you use NSAIDs or COX2 selective inhibitors 
preoperatively or intraoperatively for pain control after 
total hip arthroplasty surgery?

Yes 74 (56.4%) 26 (19.8%) 10 (7.6%) 11 (8.3%) 10 (7.6%)

No 44 (64.7%) 12 (17.6%) 3 (4.4%) 8 (11.7%) 1 (1.4%)

Do you use a single dose of intravenous dexamethasone 
before or during surgery for pain control after total hip 
arthroplasty?

Yes 28 (53.8%) 12 (23%) 1 (1.9%) 7 (13.4%) 4 (7.6%)

No 90 (60.1%) 26 (17.6%) 12 (8.1%) 12 (8.1%) 7 (4.7%)

Do you add an intrathecal long-acting opioid (morphine 
0.1 mg) to spinal anesthesia for pain control after total 
hip arthroplasty surgery?

Yes 38 (56.7%) 14 (20.8%) 5 (7.4%) 5 (7.4%) 5 (7.4%)

No 80 (60.6%) 24 (18.1%) 8 (6%) 14 (10.6%) 6 (4.5%)

Would you prefer patient-controlled epidural analgesia 
for pain control after total hip arthroplasty surgery?

Yes 85 (58.6%) 25 (17.2%) 13 (8.9%) 12 (8.2%) 10 (6.8%)

No 33 (61.1%) 13 (24%) 0 (0%) 7 (12.9%) 1 (1.8%)

Do you use local infiltration analgesia for pain control 
after total hip arthroplasty surgery?

Yes 21 (56.7%) 6 (16.2%) 4 (10.8%) 4 (10.8%) 2 (5.4%)

No 97 (59.8%) 32 (19.7%) 9 (5.5%) 15 (9.2%) 9 (5.5%)

Do you recommend analgesic adjuvants (such as 
tranexemic acid, partial load walking and TENS) in 
the postoperative period for pain control after total hip 
arthroplasty surgery? 

Yes 47 (57.3%) 19 (23.1%) 5 (6%) 6 (7.3%) 5 (6%)

No 71 (60.6%) 19 (16.2%) 8 (6.8%) 13 (11.1%) 6 (5.1%)

Do you follow PROSPECT recommendations? 
Yes 40 (47%) 16 (18.8%) 6 (7%) 14 (16.4%) 9 (10.5%)

No 78 (69%) 22 (19.4%) 7 (6.1%) 4 (3.5%) 2 (1.7%)

NSAID: Non-steroidal anti-inflammatory drug, COX2: Cyclooxygenase, TENS: Transcutaneous Electrical Nerve Stimulation, PROSPECT: Procedure-specific pain management

Table 6. Responses based on professional experience

  How many years of anesthesiology practice 
do you have? (including residency) n (%)

0 to 10 10 to 20 20 and above

Do you recommend education about exercise and surgery in the preoperative period for 
pain control after total hip arthroplasty surgery?

Yes 68 (45.9%) 41 (27.7%) 39 (26.3%)

No 25 (49%) 14 (27.4%) 12 (23.5%)

What is the most common method you use for pain control after total hip arthroplasty surgery?
General anesthesia 7 (43.7%) 3 (18.7%) 6 (37.5%)

Spinal anesthesia 86 (46.9%) 52 (28.4%) 45 (24.5%)

Do you use intravenous paracetamol preoperatively or intraoperatively for pain control after 
total hip arthroplasty surgery?

Yes 68 (46.5%) 44 (30.1%) 34 (23.2%)

No 25 (47.1%) 11 (20.7%) 17 (32%)

Do you use NSAIDs or COX2 selective inhibitors preoperatively or intraoperatively for pain 
control after total hip arthroplasty surgery?

Yes 57 (44.1%) 35 (27.1%) 37 (28.6%)

No 36 (51.4%) 20 (28.5%) 14 (20%)

Do you use a single dose of intravenous dexamethasone before or during surgery for pain 
control after total hip arthroplasty?

Yes 27 (49%) 12 (21.8%) 16 (29%)

No 66 (45.8%) 43 (29.8%) 35 (24.3%)

Do you add an intrathecal long-acting opioid (morphine 0.1 mg) for pain control after total 
hip arthroplasty surgery in patients under spinal anesthesia?

Yes 33 (48.5%) 16 (23.5%) 19 (27.9%)

No 60 (45.8%) 39 (29.7%) 32 (24.4%)

Would you prefer patient-controlled epidural analgesia for pain control after total hip 
arthroplasty surgery?

Yes 65 (44.8%) 42 (28.9%) 38 (26.2%)

No 28 (51.8%) 13 (24%) 13 (24%)

Do you use local infiltration analgesia for pain control after total hip arthroplasty surgery?
Yes 22 (59.4%) 6 (16.2%) 9 (24.3%)

No 71 (43.8%) 49 (30.2%) 42 (25.9%)

Do you recommend analgesic adjuvants (such as tranexemic acid, partial load walking and 
TENS) in the postoperative period for pain control after total hip arthroplasty surgery? 

Yes 46 (56%) 17 (20.7%) 19 (23.1%)

No 47 (40.1%) 38 (32.4%) 32 (27.3%)

Do you follow PROSPECT recommendations? 
Yes 44 (51.1%) 18 (20.9%) 24 (27.9%)

No 49 (43.3%) 37 (32.7%) 27 (23.8%)

NSAID: Non-steroidal anti-inflammatory drug, COX2: Cyclooxygenase, TENS: Transcutaneous Electrical Nerve Stimulation, PROSPECT: Procedure-specific pain management



684

Yeniay et al. PROSPECT awareness in pain management following total hip arthroplasty surgery Anatolian Curr Med J. 2025;7(5):678-686

Table 7. Responses according to the type of hospital worked in

  What is the type of hospital you are actively working in? 
(n (%))

University 
Hospital 

Ministry of Health 
Training and 

Research Hospital 
State 

Hospital 
Private 

Hospital

Do you recommend education about exercise and surgery in the 
preoperative period for pain control after total hip arthroplasty surgery?

Yes 34 (22.8%) 21 (14%) 60 (40.2%) 34 (22.8%)

No 14 (28%) 11 (22%) 19 (38%) 6 (12%)

What is the most common method you use for pain control after total 
hip arthroplasty surgery?

General anesthesia 2 (14.2%) 5 (35.7%) 2 (14.2%) 5 (35.7%)

Spinal anesthesia 46 (24.8%) 27 (14.5%) 77 (41.6%) 35 (18.9%)

Do you use intravenous paracetamol preoperatively or intraoperatively 
for pain control after total hip arthroplasty surgery?

Yes 32 (21.6%) 26 (17.5%) 56 (37.8%) 34 (22.9%)

No 16 (31.3%) 6 (11.7%) 23 (45%) 6 (11.7%)

Do you use NSAIDs or COX2 selective inhibitors preoperatively or 
intraoperatively for pain control after total hip arthroplasty surgery?

Yes 28 (21.7%) 25 (19.3%) 49 (37.9%) 27 (20.9%)

No 20 (28%) 7 (10%) 30 (42.8%) 13 (18.5%)

Do you use a single dose of intravenous dexamethasone before or 
during surgery for pain control after total hip arthroplasty?

Yes 10 (19.2%) 11 (21.1%) 18 (34.6%) 13 (25%)

No 38 (25.8%) 21 (14.2%) 61 (41.4%) 27 (18.3%)

Do you add an intrathecal long-acting opioid (morphine 0.1 mg) for 
pain control after total hip arthroplasty surgery in patients under spinal 
anesthesia?

Yes 14 (20.8%) 12 (17.9%) 24 (35.8%) 17 (25.3%)

No 34 (25.7%) 20 (15.1%) 55 (41.6%) 23 (17.4%)

Would you prefer patient-controlled epidural analgesia for pain control 
after total hip arthroplasty surgery?

Yes 34 (23.7%) 24 (16.7%) 59 (41.2%) 26 (18.1%)

No 14 (25%) 8 (14%) 20 (35.7%) 14 (25%)

Do you use local infiltration analgesia for pain control after total hip 
arthroplasty surgery?

Yes 8 (21.6%) 11 (29.7%) 12 (32.4%) 6 (16.2%)

No 40 (24.6%) 21 (12.9%) 67 (41.3%) 34 (20.9%)

Do you recommend analgesic adjuvants (such as tranexemic acid, 
partial load walking and TENS) in the postoperative period for pain 
control after total hip arthroplasty surgery? 

Yes 13 (15.8%) 15 (18.2%) 34 (41.4%) 20 (24.3%)

No 35 (29.9%) 17 (14.5%) 45 (38.4%) 20 (17%)

Do you follow PROSPECT recommendations? 
Yes 11 (12.7%) 12 (13.9%) 36 (41.8%) 27 (31.3%)

No 37 (32.7%) 20 (17.6%) 43 (38%) 13 (11.5%)

NSAID: Non-steroidal anti-inflammatory drug, COX2: Cyclooxygenase, TENS: Transcutaneous Electrical Nerve Stimulation, PROSPECT: Procedure-specific pain management

When we look at our survey results, it is seen that spinal 
anesthesia is the preferred anesthesia method for pain control 
after THA surgery with a rate of 92.9%. We think that the reason 
for this high preference is to avoid the side effects of general 
anesthesia such as nausea-vomiting and agitation rather than 
postoperative pain control. Although spinal anesthesia has 
been reported to favorably affect other postoperative outcomes 
compared with general anesthesia, there is insufficient 
evidence to support one anesthesia technique over the other 
in terms of postoperative analgesic benefits.9 Therefore, both 
are among the PROSPECT recommendations for pain control 
after THA surgery (grade A). 

In the literature, there are studies reporting that the 
use of iv paracetamol reduces opioid consumption after 
THA surgery.10,11 Westrich et al.12 found no difference in 
postoperative pain outcomes in their study comparing 
iv and oral paracetamol administration. In two separate 
studies comparing the combination of paracetamol with 
both ibuprofen13 and parecoxib14 with the use of these drugs 
alone, it was reported that the combined use did not result in 
clinically significant improvement. According to these studies, 
paracetamol has a limited effect when used in combination 
with COX-2 selective inhibitors or NSAIDs, but is generally 
recommended as part of basic postoperative analgesia due to 
its minor side effects. 

There are studies showing that NSAID administration reduces 
postoperative pain. Gombotz et al.15 reported that regular 

postoperative iv infusions of diclofenac and orphenadrine 
reduced postoperative opioid patient-controlled analgesia 
(PCA) consumption. McQuay et al.16 showed that the 
combination of 25 mg oral dexketoprofen and 75 mg tramadol 
was superior for postoperative pain control in a study 
comparing the use of both drugs alone.

In one of the two studies on the effects of preoperative COX-
2 selective inhibitors in reducing postoperative pain, oral 
etoricoxib17 was administered 2 hours before surgery and iv 
parecoxib or oral celecoxib18 was administered 1 hour before 
surgery. It was found to be associated with significantly lower 
postoperative pain scores and morphine consumption in 
those who received COX-2 selective inhibitors compared to 
placebo. 

The PROSPECT guideline recommends the use of paracetamol, 
NSAIDs and COX-2 selective inhibitors in all perioperative 
periods for pain control after THA surgery (grade A). In 
our survey, the majority of participants used paracetamol, 
NSAIDs and COX-2 selective inhibitors preoperatively and 
intraoperatively. 

There are many studies showing the benefit of glucocorticoids 
among non-opioid adjunctive analgesics for postoperative pain 
control. Perioperative 125 mg methylprednisolone reduced 
24-hour pain scores compared with placebo.19 Backes et al.20 

showed that perioperative 10 mg dexamethasone reduced 
mean visual pain scores (VAS), reduced opioid consumption 
in the first 24 hours, provided early mobilization and shorter 
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hospital stay. For pain control after THA surgery, a single 
dose of iv dexamethasone preoperatively or intraoperatively 
is recommended by PROSPECT (grade A). Other non-opioid 
adjunctive analgesics such as pregabalin and ketamine are 
not recommended due to lack of sufficient evidence. In our 
survey, the rate of single dose iv dexamethasone use was low 
at 26.1%. We think that this is due to the insufficient rate of 
follow-up of PROSPECT recommendations.

There was no consensus among PROSPECT members 
regarding the use of intrathecal morphine as an adjunct to 
spinal anesthesia (grade D). This is because some studies21 

reported analgesia for at least 24 hours postoperatively and 
limited side effects at small doses (≤ 0.1 mg morphine), while 
others22 reported pruritus and postoperative nausea and 
vomiting, which may delay walking and oral intake and affect 
patient satisfaction. 

According to PROSPECT, epidural analgesia is effective but not 
recommended for lower extremity surgery due to well-known 
side effects such as limb weakness, bladder dysfunction and 
delayed mobilization.23 Our survey results showed that the 
majority of participants (72.9%) preferred patient-controlled 
epidural analgesia for pain control after THA surgery.

The International Consensus on Anaesthesia-Related 
Outcomes after Surgery (ICAROS) group recommends 
peripheral nerve blocks in THA to reduce respiratory failure, 
cognitive dysfunction, cardiac complications, surgical site 
infections, blood transfusions, thromboembolism, and 
intensive care unit admissions, and they also note that nerve 
blocks show stronger effects when combined with general 
anesthesia compared to neuraxial anesthesia.24 However, 
new fascial plane blocks such as the PENG block were not 
included in the analysis. In the PROSPECT guideline, only 
certain blocks are mentioned and not recommended due to 
limited procedure-specific evidence or side effects such as 
delayed mobilization and motor block. The majority of the 
respondents in our survey practiced the PENG block, which 
is the most recent block among peripheral blocks. More 
studies are needed to include peripheral blocks in PROSPECT 
recommendations.

In a meta-analysis comparing LIA with epidural, Yan et al.25 

found no significant difference between the groups in terms 
of pain with movement 48-72 hours after surgery, but found 
less pain at 24 hours in the epidural group. In a large meta-
analysis26 including 35 randomized controlled trials and 
2296 patients, LIA, peripheral nerve block and placebo were 
compared. The LIA group had lower postoperative pain scores 
and opioid consumption at 24 hours postoperatively compared 
to placebo. Single injection LIA, previously not recommended, 
is now included in the latest PROSPECT recommendations 
based on supporting studies and is reported to have analgesic 
effect with no side effects (grade D). The results of our survey 
showed that the use of LIAs for pain control after THA surgery 
was low (18.6%) among respondents. Again, we think that this 
is due to the fact that PROSPECT recommendations are not 
being followed sufficiently. 

PROSPECT recommendations for postoperative interventions 
include only the use of rescue opioids (grade D). Other 

postoperative interventions such as tranexemic acid, partial 
load walking and the use of TENS are not recommended 
by PROSPECT due to insufficient evidence. Musclow et al.27 

compared a PCA regimen of paracetamol/NSAIDs/morphine 
to placebo by adding 30 mg of oral modified-release morphine 
every 12 hours. Modified-release morphine was not proven 
to be effective on pain scores and was even associated with 
significantly more opioid-related side effects. Among the 
physicians who participated in our survey, routine opioid 
use in the postoperative period for pain control after THA 
surgery was 14%, and 35.6% of opioid users used opioids when 
other analgesic methods failed to provide adequate analgesia. 
Although postoperative opioid use by PROSPECT is in the low 
recommendation group, it is seen that tramadol is the most 
commonly used agent used by the participants in our survey.

In the most recent literature update in 2021, some 
recommendations for pain management after THA surgery 
were changed.7 For example, previously recommended 
approaches such as FNB, LPB and epidural analgesia are 
no longer recommended due to the availability of evidence 
supporting better and safer alternatives such as FIB and LIA.  
LIA and dexamethasone were previously not recommended 
due to inconsistent evidence, but in the latest update, single 
injection LIA and 8-10 mg iv dexamethasone are now 
recommended based on supporting studies. 

In our survey, 43.2% of the participants followed PROSPECT 
recommendations for pain management after THA surgery. 
While this situation is not very different when the hospitals 
worked in are taken into account, it is seen that the rate of 
following the recommendations increases as the academic 
career increases among the respondents.

Limitations
The limitation of this study is that the questionnaire was sent 
via e-mail only to Anesthesiology and Reanimation physicians 
who are members of TARD. If there is a chance to reach non-
member physicians, a survey with a wider participation can 
be created.

CONCLUSION
Since THA surgery is mostly performed in the elderly 
population with comorbid diseases, there is no consensus 
among Anesthesiology and Reanimation physicians about 
postoperative analgesia methods. There has been a recent 
increase in peripheral block applications in these patients 
due to anticoagulant use. Despite their side effects, opioids 
are still widely preferred. We think that postoperative pain 
management trainings in THA surgery should be increased 
and PROSPECT recommendations should be disseminated in 
these trainings. 
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ABSTRACT
Aims: This study aimed to assess the predictive performance of artificial intelligence–based models in estimating progression-
free survival (PFS) in patients with epithelial ovarian cancer and to compare various interpretable machine learning approaches.
Methods: Between January 2015 and December 2020, a total of 167 patients who underwent surgical intervention at the 
Gynaecological Oncology Department of Antalya Training and Research Hospital were retrospectively included in the study if 
their data were complete. Clinical data were analysed, and the dataset was randomly divided into a training group (n=117; 75%) 
and a validation group (n=42; 25%). A machine learning (ML) analysis was conducted using the eight most relevant and widely 
applied algorithmic models for this study design. Model development time, mean absolute error (MAE), root mean square error 
(RMSE), and correlation coefficient (CC) were evaluated. 
Results: Random Forest demonstrated the highest accuracy (MAE=16.45, CC=0.571, RMSE=20.98, time=0.03) and thus became 
the focus of subsequent analyses. Other algorithms included Linear Regression, Bootstrap Aggregating, Additive Regression, 
Random Committee, and Regression by Discretization (CC=0.533, 0.492, 0.449, 0.408, and 0.382, respectively). For Random 
Forest, a moderate correlation was observed between actual and predicted PFS values (CC=0.4–0.6), indicating moderate 
predictive performance. 
Conclusion: The findings of this study demonstrate that machine learning models, particularly Random Forest, can achieve 
moderate yet clinically relevant prognostic performance based on routinely collected clinical data. In particular, Random Forest 
demonstrates potential clinical value in guiding patient follow-up strategies and supporting individualized management in 
ovarian cancer, although further research is required to enhance its clinical validity and applicability. 
Keywords: Artificial intelligence, deep learning in gynecologic oncology, epithelial ovarian neoplasms

INTRODUCTION
Ovarian cancer is the eighth most common cancer among 
women worldwide, accounting for approximately 3.7% of 
diagnoses and 4.7% of cancer-related deaths, although its 
incidence varies significantly across regions.1 The current 
standard treatment for epithelial ovarian cancer consists of 
maximal cytoreductive surgery followed by platinum-based 
chemotherapy, with the possible addition of maintenance 
therapies such as bevacizumab and/or Poly (ADP-ribose) 
polymerase (PARP-1) inhibitors.2,3 Conventional prognostic 
tools rely on parameters such as tumor stage, histology, 
patient age, comorbidities, and the extent of cytoreduction; 
however, these factors often fail to capture the complexity 
and heterogeneity of the disease.4 Recent advances in 

machine learning (ML) have introduced novel approaches 
for improving prognostic accuracy in oncology. By applying 
sophisticated analytical methods to large and complex 
datasets, ML can identify patterns that remain undetected by 
traditional statistical techniques. The effectiveness of methods 
such as supervised learning, neural networks, and ensemble 
approaches has already been demonstrated in various cancer 
types, highlighting their potential to outperform conventional 
models in outcome prediction. Consequently, the integration 
of artificial intelligence (AI) and ML into oncology holds 
promise for enhancing diagnostic and prognostic accuracy 
and for enabling more personalized and effective treatment 
strategies.5-7
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With the increasing emphasis on personalized medicine, 
the need for reliable predictive tools tailored to individual 
patient characteristics has become more pressing. This is 
particularly important for heterogeneous diseases such as 
epithelial ovarian cancer, where traditional statistical models 
are still difficult to apply in practice. In this context, the aim 
of our study was to assess the potential of AI based models 
to provide patient-specific prognostic information, which 
is critical for the clinical management of these tumors.8,9 
Specifically, we compared the performance of ML methods 
in predicting progression-free survival (PFS) in patients with 
epithelial ovarian cancer using preoperative, intraoperative, 
and postoperative clinical variables. This evaluation seeks 
to provide a more comprehensive understanding of both 
the advantages and limitations of AI driven approaches in 
clinical oncology, and to offer insights that may inform future 
strategies for clinical practice.

METHODS
Ethics
This retrospective analysis was approved by the Scientific 
Ethics Committee for Medical Researches at Antalya Training 
and Research Hospital in Turkiye (Date:  07.11.2024, Decision 
No: 17/2), was conducted in accordance with the ethical 
principles outlined in the Declaration of Helsinki.

Study Design and Patients
The data utilized in this study were fully anonymized prior to 
analysis and contained no personally identifiable information. 
We reviewed the records of consecutive adult patients (aged 18 
years and above) who underwent surgery for epithelial ovarian 
cancer at our institution between January 2015 and December 
2020. Patients with other gynaecological malignancies 
or with benign histopathological findings were excluded 
from the analysis. Individuals diagnosed with nonovarian 
gynaecological malignancies or benign pathological entities 
were not included in the final analysis.

Data Collection
Demographic and clinical characteristics were recorded for 
all eligible patients, including age, diabetes mellitus status, 
Eastern Cooperative Oncology Group (ECOG) performance 
score, and the presence of significant cardiovascular or 
pulmonary comorbidities. The extent of intra-abdominal 
disease was documented in accordance with standard clinical 
guidelines, and any evidence of extra-abdominal spread on 
preoperative imaging was noted. In line with evidence-based 
recommendations from randomized controlled trials,10,11 
patients considered suitable for interval debulking surgery 
initially received neoadjuvant chemotherapy (NACT). 
Surgical cytoreduction was performed approximately 21 days 
after the final NACT cycle. The total number of NACT cycles, 
typically three, four, or six, was carefully recorded for each 
patient.

Detailed intraoperative findings were also documented, 
including the type and extent of surgical procedures 
performed (e.g., multiorgan resections when applicable), the 
need for intraoperative blood transfusion, and the degree of 

cytoreduction achieved, categorized according to residual 
tumor size after debulking. Postoperative outcomes were 
assessed by recording intensive care unit (ICU) admissions 
and length of hospital stay.

Preoperative serum CA-125 levels were obtained for all 
patients. Pathological and adjuvant treatment data were 
likewise collected, including International Federation of 
Gynecology and Obstetrics (FIGO) stage, histological subtype, 
and the number of lymph nodes resected. Receipt of adjuvant 
chemotherapy and the number of cycles administered were 
also recorded. Disease status at the first post-treatment 
evaluation (e.g., no evidence of disease vs. residual disease) 
was assessed. Postoperative complications were graded using 
the Clavien–Dindo classification system.12 Finally, the interval 
between debulking surgery and initiation of adjuvant therapy 
was documented for each patient.

Machine Learning Model Development
The dataset was randomly divided into two subsets: 
approximately 75% of the patient records were allocated for 
model training, and the remaining 25% were reserved for 
testing. To ensure an optimal partitioning strategy, multiple 
train-test ratios were evaluated (10%, 20%, 25%, 40%, and 
50%). Among these, the 25% test set provided the best balance 
between model development and evaluation, resulting in 
117 patients in the training set and 42 in the test set. Model 
construction including feature selection and algorithm 
training was performed exclusively on the training dataset, 
while the test set was retained for independent validation. 
The distribution of outcome classes (group 1 and group 2) 
was assessed using z-tests, which confirmed no statistically 
significant imbalance between subsets. To ensure the stability 
and generalizability of our models, we evaluated them 
using a repeated random sub-sampling validation strategy. 
We performed 100 iterations of partitioning the dataset. In 
each iteration, the data was randomly split into a training 
set (75% of patients, n=117) and a test set (25% of patients, 
n=42). To prevent distributional bias, the splits were stratified 
to maintain the same proportion of outcome classes (group 
1 and group 2) in both the training and test sets as in the 
original cohort. Missing values were handled internally by 
the classifier's default method, which distributes instances 
with unknown values fractionally across the branches 
of the decision trees based on the observed training data 
distribution. The feature of importance have defined with 
Shapley Additive Explanations (SHAP) values, using Python 
version 3.14 (Figure 1, 2).

Eight ML algorithms were applied, selected based on their 
prevalence in the literature and relevance to the classification 
task, and implemented using the Waikato Environment 
for Knowledge Analysis (WEKA), version 3.8.6. Following 
training, predictive performance was evaluated on the test set 
using classification accuracy along with additional indicators 
of predictive strength. To identify the most effective model, 
performance metrics including mean absolute error (MAE), 
root mean squared error (RMSE), and Pearson’s correlation 
coefficient (CC) were calculated, while model calibration and 
fit were examined through statistical comparisons between 
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predicted and observed results in the test cohort. Random 
Forest, the best-performing algorithm, was carried out with 
100 trees and a tree depth value of 10.

Statistical Analysis
All supplementary statistical analyses were performed using 
IBM SPSS Statistics (version 27.0; IBM Corp., Chicago, IL, 
USA), underscoring the use of this software for rigorous data 
analysis. The normality of continuous data distributions was 
evaluated with the Kolmogorov–Smirnov test, supplemented 
by visual inspection methods such as histograms, Q–Q plots, 
and examination of skewness and kurtosis. Categorical 
variables were presented as frequencies with corresponding 
percentages for clarity. Pearson’s CC was employed to examine 
associations between continuous variables. To evaluate the 
concordance between predicted and observed values of the 
primary outcome, a paired-samples t-test was performed. 
All ML computations were executed on a Windows 11 
system equipped with an Intel Core i7 CPU, 16 GB RAM, 
and an NVIDIA GeForce GTX 1660 Ti graphics card (8 GB 
of memory). A two-tailed significance level of 5% (α=0.05) 
was applied to all statistical tests, and p-values below this 
threshold were considered statistically significant.

RESULTS
Figure 3 shows the inclusion of 167 patients who underwent 
surgery for epithelial ovarian carcinoma during the study 
period. As presented in Table 1, 2, the mean patient age was 
58±11 years. Notably, 36.5% of the cohort (n=61) had stage 
III disease, while 74.9% (n=125) exhibited high-grade tumor 
histology. A total of eight widely used ML algorithms were 
tested, and their predictive performance was evaluated. 
The algorithms utilised in this study were Random Forest, 
Multilayer Perceptron, Linear Regression, Support Vector 
Regression, Additive Regression, Bootstrap Aggregating 
(bagging), Random Committee and Regression by 
Discretisation. The Multilayer Perceptron and Support Vector 
Regression algorithms exhibited the lowest performance in 
terms of CC (0.1543, 0.1997). Following a rigorous evaluation 
process, the Random Forest algorithm was identified as 
the most effective algorithm and thus became the focus of 
subsequent research. The CC of the Random Forest algorithm 
was 0.5731, with a MAE of 16.45 and a RMSE of 20.98. The 
time required to create the model was 0.03 seconds. The 
remaining algorithms were Linear Regression, Bootstrap 
Aggregating (bagging), Additive Regression, Random 
Committee, and Regression by Discretization (CCs: 0.5326, 
0.4915, 0.4491, 0.4077, 0.3817) (Table 3). A statistical analysis 
of actual and predicted PFS was performed to determine 
the success rate of the best performing Random Forest 
algorithm. A moderately significant correlation was found 
between actual and predicted PFS (p<0.001 and CC=0.573). 
In addition, an analysis of the difference between the actual 
and predicted PFS values was performed and no statistically 
significant difference was found (the difference between the 
actual and predicted values was very small and the p-value was 
greater than 0.946) (Table 4, Figure 3). This study highlights 
that the Random Forest algorithm provides the highest 
prediction accuracy compared to the other models tested. 
The moderate correlation observed between actual and PFS 
values (CC=0.573, p<0.001), despite the model demonstrating 
meaningful predictive capacity, indicates that its performance 
is not yet optimal for clinical application. Importantly, the 
absence of statistically significant differences between actual 
and predicted values (p=0.946) further supports the model's 
validity. These findings suggest that Random Forest could 
serve as a promising foundation for clinical prognostic tools 
in epithelial ovarian cancer. However, future studies with 
larger cohorts, more diverse datasets, and refined parameter 
optimisation are necessary to improve prediction accuracy 
and clinical applicability.

The Bland–Altman analysis demonstrated an overall 
acceptable agreement between the actual and predicted PFS 
values. The mean difference was close to zero, indicating 
the absence of a systematic bias in the predictions. Most of 
the data points were within the 95% limits of agreement, 
reflecting a generally reliable concordance between the model 
outputs and observed outcomes. However, a wider spread of 
differences was noted at higher mean PFS values, suggesting 
reduced reliability of the model in patients with longer 

Figure 1. SHAP feature of importance plots
SHAP: Shapley Additive explanations, ICU: Intensive care unit, LN: Lymph node, CT: Chemotherapy

Figure 2. SHAP levels of importance
SHAP: Shapley Additive explanations, ICU: Intensive care unit, LN: Lymph node, CT: Chemotherapy
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survival times. These findings imply that while the Random 
Forest algorithm provides statistically consistent predictions, 
its clinical applicability may be limited, particularly for cases 
with extended PFS (Figure 4).

DISCUSSION
To the best of our knowledge, this study is among the 
few that comprehensively incorporate demographic data, 
intraoperative and perioperative findings, and adjuvant 
treatment responses to evaluate the predictive power of ML 
models for PFS in patients undergoing surgery for epithelial 
ovarian cancer. Among the algorithms tested, Random Forest 
demonstrated the highest performance, while Multilayer 
Perceptron and Support Vector Regression showed the lowest 
performance, with CCs of 0.1543 and 0.1997, respectively. 
Random Forest achieved the best results, with a CC of 0.5731, 

Figure 3. Correlation relationship between the actual and predicted PFS 
values
PFS: Progression-free survival

Table 1. Summary of the distribution of qualitative parameters

Parameter n (%) Parameter n (%)

ECOG-PS
0-1 129 (77.25%)

Large bowel serosal invasion

No 97 (58.08%)

≥2 38 (22.75%) Localized foci 40 (23.95%)

Major cardiac comorbidities
No 128 (76.65%) Diffuse. military 30 (17.96%)

Yes 39 (23.35%)

Large bowel mesentery invasion

No 75 (44.91%)

Major pulmonary comorbidities
No 153 (91.62%) Localized foci 54 (32.34%)

Yes 14 (8.38%) Diffuse. military 38 (22.75%)

Diabetes mellitus
No 138 (82.63%)

Spleen metastasis
No 149 (89.22%)

Yes 29 (17.37%) Yes 18 (10.78%)

Neoadjuvant KT

No 109 (65.27%)

Liver metastasis

No 150 (89.82%)

3 cycles 22 (13.17%) Any surface lesion 11 (6.59%)

4 cycles 25 (14.97%) Parencyhmal 6 (3.59%)

≥6 cycles 11 (6.59%)
Pleural effusion

No 133 (79.64%)

Ascite

No 108 (64.67%) Yes 34 (20.36%)

Small volume 27 (16.17%)
Pleural or pulmonary nodule

No 157 (94.01%)

Large volume 32 (19.16%) Yes 10 (5.99%)

Omental cake
No 106 (63.47%)

Mediastinal and or paracardiac LN
No 145 (86.83%)

Yes 61 (36.53%) Yes 22 (13.17%)

Peritoneal carcinomatosis

No 67 (40.12%)
Inguinal LN

No 164 (98.2%)

Localized foci 34 (20.36%) Yes 3 (1.8%)

Diffuse, military 66 (39.52%)
Supraklavikular LN

No 164 (98.2%)

Diyaphragmatic disease

No 120 (71.86%) Yes 3 (1.8%)

Localized foci 11 (6.59%)

Cytoreduction

Maximal (no visi-
ble%) 119 (71.26%)

Diffuse, military 36 (21.56%) Optimal (<1 cm%) 36 (21.56%)

Small bowel serosal invasion

No 127 (76.05%) Suboptimal (≥1 
cm%) 12 (7.19%)

Localized foci 18 (10.78%)
Intestinal resection

No 128 (76.65%)

Diffuse, military 22 (13.17%) Yes 39 (23.35%)

Small bowel mesentery invasion

No 110 (65.87%)
Small bowel resection

No 158 (94.61%)

Localized foci 17 (10.18%) Yes 9 (5.39%)

Diffuse, military 40 (23.95%)
Colorectal anastomozis

No 137 (82.04%)

Yes 30 (17.96%)
The table continues
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a MAE of 16.45, a RMSE of 20.98, and a model-building 
time of only 0.03 seconds, thereby emerging as the most 
effective algorithm and warranting further investigation. 
In comparison, Linear Regression, Bootstrap Aggregating 
Additive Regression, Random Committee, and Regression by 
Discretization yielded CC of 0.5326, 0.4915, 0.4491, 0.4077, and 
0.3817, respectively. Correlation analysis between actual and 
predicted PFS values for Random Forest indicated a moderate 
correlation (r=0.4–0.6), suggesting moderate predictive 

accuracy. The ability of Random Forest to reduce overfitting 
by combining multiple models and capture complex, non-
linear relationships between features is the reason for its 
strong performance.13,14 Recent studies have shown that using 
radiomic and multi-omic data alongside clinical information 
improves the accuracy of ovarian cancer predictions. For 
example, Jian et al.15 developed a Random Forest model that 
combined imaging data with clinical information and achieved 
a 77.2% AUC, outperforming models based solely on clinical 

Table 1. Summary of the distribution of qualitative parameters (The table continues)

Pelvic peritonectomy
No 82 (49.1%)

FIGO stage

I 33 (19.76%)
Yes 85 (50.9%) II 16 (9.58%)

Paracolic peritonectomy
No 117 (70.06%) III 61 (36.53%)
Yes 50 (29.94%) IV 57 (34.13%)

Diafragm peritonectomy
No 139 (83.23%)

LN involvement
0 70 (41.92%)

Yes 28 (16.77%) 1 40 (23.95%)

Splenectomy and or distal pancreatectomy
No 147 (88.02%) 2 57 (34.13%)
Yes 20 (11.98%)

Adjuvant therapy

No 18 (10.78%)

Lymphadenectomy
No 55 (32.93%) Yes 142 (85.03%)
Selective LN debulking 5 (2.99%) Lost followup 0 (0%)
Systemic pelvic-paraaortic 107 (64.07%) Death before adjuvant therapy 7 (4.19%)

Intraop. complication
No 150 (89.82%)

Total no of first 
line chemotherapy 
cycles ¥

0 12 (7.41%)
Yes 17 (10.18%) 1-6 cycles of chemotherapy 93 (57.41%)

Intraop need for bloood transfusion
No 79 (47.31%) 7-8 cycles of chemotherapy 49 (30.25%)

Yes 88 (52.69%) Death before adjuvant therapy.lost 
to follow up 8 (4.94%)

Needfor ICU
No 68 (40.72%)

Disease status on 
or after primary 
therapy

Complete response 129 (77.25%)
Yes 99 (59.28%) Partial response 22 (13.17%)

Postoperative any adverse event including 
deaths

No 86 (51.5%) Stable disease 5 (2.99%)
Yes 81 (48.5%) Progression 4 (2.4%)

Clavien Dindo classification of surgical 
advers events

No 84 (50.3%) Death before completion of 
primary therapy 7 (4.19%)

Grade 1 19 (11.38%) Lost to follow up 0 (0%)
Grade 2 31 (18.56%)
Grade 3 17 (10.18%)
Grade 4 10 (5.99%)
Grade 5 6 (3.59%)

Tumor histotype
High grade 125 (74.9%)
Others 42 (25.1%)

¥ Data is missing for five patients. The distribution percentages were calculated based on a sample of 162 patients. ECOG PS: Eastern Cooperative Oncology Group Performance Status, ICU: Intensive care unit, 
NACT: Neoadjuvant chemotherapy 

Tablo 2. General distribution patterns of the quantitative attributes used in the ML models

Parameter Minimum Maximum Median Mean SD

Age 22 82 57 58 11

Serum CA-125 3.4 25801.0 614.0 1548.4 3436.0

LOSH-ICU 0 38 1 2 4

LOSH (overall) 1 77 11 14 9

No. of pelvic LNs removed 12 69 29 31 12

No. of paraaortic LNs removed 8 73 26 27 13

No. of total LNs removed 15 129 56 58 19

Time interval between debulking surgery and adjuvant therapy, days 14 99 36 38 14

Recurrence time, months 22 82 57 58 11

LOSH-ICU: Length Of stay hospıtal ıntensive care unit, LN: Lymph node
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Beyond imaging methods, multi-omic-based models have 
also made significant contributions. Wu et al.20 developed 
the AI assisted prognostic index AIDPI by integrating 
transcriptomic and clinical data, demonstrating that this 
index improves patient risk classification. Similarly, Chen 
et al.21 introduced the CSOARG model based on eight gene 
expression signatures, which achieved an AUC value of 0.68 
in five-year survival prediction. These gene-based signatures 
provide valuable insights into biological risk profiles, treatment 
responses, and the tumours immune microenvironment. 
Jiang et al.22 contributed to the field with AUTOSurv, an 
interpretable deep learning based platform that combines 
clinical, gene expression, and miRNA data, reporting that 
this platform outperforms traditional ML methods. Overall, 
these studies demonstrate that analysing multidimensional 
data with deep neural networks can provide accuracy beyond 
classical methods.

In this context, our study highlights the limitations of models 
based solely on clinical parameters. Using the Random Forest 
algorithm, a statistically significant but moderate correlation 
(Pearson r=0.573, p<0.001) was obtained between actual 
and predicted PFS. Furthermore, the absence of a significant 
difference between predicted and observed PFS values 
(p=0.946) supports the model's consistency. Although the 
findings demonstrate the predictive power of our ML model 
based on clinical data, they also indicate that its performance 
is limited compared to radiomic and multi-omic approaches 
that better reflect tumour heterogeneity and treatment 
response.

Nevertheless, the main strength of our study lies in its 
practicality and accessibility. Since the model was developed 
solely on the basis of routinely collected clinical data, it does 
not rely on advanced radiomic analyses or expensive genomic 
technologies. This makes it especially valuable for resource-
constrained settings, where the implementation of high-
performance radiomic or multi-omic models may not be 
feasible. Thus, although integrative models can achieve higher 
accuracy, a clinically based model with acceptable predictive 
performance can still function as a rapid, cost-effective, and 
complementary decision-support tool in the management 
of epithelial ovarian cancer. In epithelial ovarian cancer, 
achieving R0 resection is recognized as a critical determinant 
of patient survival outcomes. A comprehensive study of 571 

data. Similarly, Laios et al.16 used ML in advanced high grade 
serous ovarian cancer, emphasised the importance of feature 
selection, and predicted 2 year survival with approximately 
73% accuracy using support vector machines and ensemble 
models.These results demonstrate that radiomic features 
and accurate feature selection provide added value beyond 
traditional clinical methods. Furthermore, systematic reviews 
highlight the importance of combining different types of 
data. For example, Piedimonte et al.17 reported that radiomics 
based ML models achieved AUC values ranging from 0.77 
to 0.93 in various studies. Radiogenomic models, which 
combine imaging data with molecular profiles, have yielded 
even more promising results. A meta-analysis by Maiorano et 
al.18 revealed that the AUC value of these models can reach up 
to 0.975, while Zeng et al.19 deep learning-based model, which 
combines multi-centre imaging and genetic data, achieved the 
highest reported prediction accuracy (AUC=0.975).

Table 3. Evaluation of ML model performance and prediction capabilities for algorithms used

Evaluation of model performance

ML algorithms Time taken to build model Mean absolute error Root mean squared error Correlation coefficient†

Random Forest 0.03 sec 16.45 20.98 0.5731

Multilayer perceptron 0.02 sec 27.30 33.70 0.1543

Linear regression 0.02 sec 18.16 21.47 0.5326

Support vector regression 0.03 sec 25.25 29.62 0.1997

Additive regression 0.02 sec 21.47 25.83 0.4491

Bootstrap aggregating (Bagging) 0.03 sec 17.46 21.67 0.4915

Random Committee 0.03 sec 18.5026 24.0229 0.4077

Regression by discretization 0.08 sec 18.5396 26.6757 0.3817

*Training and validation split: %75 and %25, †Correlation between the actual and the predicted PFS data, ML: Machine learning, PFS: Progression-free survival

Table 4. Evaluating the correlation between the actual and predicted 
progression-free survival (PFS) values, as well as exploring differences 
within the PFS values

Correlation* Difference within PFS 
values** 

Coefficient (r) p value t p value

Actual PFS
0.573 <0.001 -0.068 0.946

Predicted PFS
*Pearson’s correlation analysis **Paired sample t-test. PFS: Progression-free survival (months)

Figure 4. Bland–Altman plot of differences between actual and predicted PFS 
values
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patients sought to develop an AI-based prediction model 
focused on estimating the probability of R0 resection. Using 
the eXtreme Gradient Boosting (XGBoost) algorithm, the 
model incorporated multiple variables primarily related to 
patient characteristics and surgical features. To enhance 
interpretability, SHAP were applied, enabling both global 
and local explanations of model predictions. The XGBoost 
framework demonstrated strong predictive accuracy, with an 
AUC of 0.866 (95% confidence interval [CI]: 0.80–0.93).23

Cox proportional hazards regression, a commonly used 
method in survival analysis, is a powerful tool for evaluating 
the effects of covariates on the hazard function.  In clinical 
practice, tumour characteristics, patient demographics, 
and treatment responses often exhibit complex, non-linear 
relationships with survival outcomes. Researchers, aware 
of these limitations, are increasingly turning to alternative 
approaches that can capture such dynamics. ML-based 
methods offer the opportunity to model these non-linear 
interactions more effectively, revealing patterns and 
relationships that traditional techniques may overlook. The 
application of these methods holds promise for improving 
prognosis accuracy, enhancing patient outcomes, and 
supporting more informed clinical decision-making.24,25

Limitations
This study has some limitations. It was conducted in a 
single centre with a relatively small patient group, so larger 
multicentre studies are needed to confirm our results. Many 
advanced models in the literature show high performance, 
but these are often based on retrospective data and internal 
validation.26 For safe use in clinical practice, prospective 
and external validation, as well as studies on their impact 
on clinical decision-making, are required. In the future, 
adding radiomic and molecular biomarkers to clinical models 
and applying better feature selection methods may improve 
prognostic accuracy. Our findings highlight the gap between 
simple clinical models and advanced approaches, and suggest 
that hybrid models combining both may provide a good 
balance between accuracy and practicality in ovarian cancer 
prognosis. Despite the creation of a forward-looking dataset, a 
limitation of our retrospective design is the relatively modest 
sample size, which may limit the generalisability of the 
findings. Despite the limitations mentioned above, the value 
of the study lies in the careful examination of the parameters.

CONCLUSION
As a result, this study demonstrated that the Random Forest 
algorithm yielded better prediction results than the other 
methods tested and was effective in processing complex 
clinical data. The CC (r=0.57) indicates moderate accuracy, 
but this still has clinical value. In oncology, even models with 
moderate accuracy can assist by classifying patients according 
to their risk of recurrence, guiding follow up programmes, and 
identifying patients who may benefit from early treatment or 
clinical trials. The model does not replace clinical judgement 
but can support decision-making in multidisciplinary care. 
Future studies should test larger patient cohorts, refine 
parameters, improve data processing, and combine clinical 
data with radiomic or genomic information to enhance 

accuracy and generalisability across different healthcare 
settings.
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ABSTRACT
Aims: Large language models (LLMs) such as ChatGPT are increasingly used in academic and clinical writing. While these 
tools can generate coherent and domain-specific text, concerns persist regarding the accuracy of their automatically generated 
references. In musculoskeletal rehabilitation—a field heavily reliant on current evidence—the reliability of citations is especially 
critical. Yet, systematic evaluations of citation accuracy in AI-generated scientific content are lacking. To evaluate the reference 
accuracy of scientific texts generated by ChatGPT (GPT-4) in response to musculoskeletal rehabilitation prompts, and to 
determine whether reference accuracy improves following structured post-generation verification.
Methods: ChatGPT was prompted to generate four scientific paragraphs on musculoskeletal rehabilitation topics (manual 
therapy, ACL reconstruction, low back pain, and rotator cuff repair), each including 10 references with DOIs. A total of 40 
references were analyzed using a 3-point scoring system (0=fabricated, 1=partially correct, 2=fully accurate), which was used to 
assess citation quality. After initial evaluation, ChatGPT was asked to verify and revise its references. Scores before and after this 
step were compared descriptively and with Wilcoxon signed-rank tests to assess statistical significance, and effect sizes (r) were 
calculated to estimate the magnitude of improvement.  
Results: Only 7.5% of references were fully accurate in the initial generation, while 42.5% were completely fabricated. The 
remaining 50% were partially correct. After verification, the proportion of fully accurate references rose to 77.5%. Wilcoxon 
signed-rank testing confirmed a statistically significant improvement in accuracy across all prompts (W=561.0, p<0.001, r=0.60). 
The most common errors included invalid DOIs, fabricated article titles, and mismatched metadata. 
Conclusion: ChatGPT can generate coherent scientific content, but its initial references are frequently inaccurate or fabricated. 
Structured post-generation verification significantly improves reference accuracy, as confirmed by statistical testing. These 
findings suggest that LLMs may be integrated as drafting tools in academic and clinical musculoskeletal contexts, but only when 
accompanied by strict human-led verification of citations.
Keywords: ChatGPT, artificial intelligence, musculoskeletal rehabilitation, scientific writing, reference accuracy, hallucinated 
citations

INTRODUCTION
The integration of artificial intelligence (AI) into academic 
and scientific writing has introduced powerful tools for 
generating domain-specific content with unprecedented 
speed. Among these technologies, large language models 
(LLMs) such as ChatGPT have demonstrated remarkable 
fluency in producing coherent and technically structured 
scientific texts across various disciplines, including health 
sciences and rehabilitation domains.1-4 However, a critical 
and underexplored concern lies in the accuracy and reliability 
of references generated by these models. In musculoskeletal 
rehabilitation—including physiotherapy, exercise science, 
and manual therapy—clinicians, researchers, and educators 
rely heavily on accurate and up-to-date scientific literature to 

guide evidence-based decision-making. Citation accuracy is 
therefore not merely a technical detail but a cornerstone of 
trustworthy clinical, educational, and research practice. When 
references generated by LLMs are inaccurate or fabricated, 
the consequences extend beyond academic integrity, posing 
risks for patient safety, clinical outcomes, and professional 
training.5-8

Recent investigations have increasingly drawn attention 
to the phenomenon of “hallucinated references,” wherein 
LLMs such as ChatGPT generate citations that appear 
syntactically correct and contextually appropriate, yet do not 
correspond to any real or retrievable publication.9-12 These 
fabricated references may include convincing combinations 
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of real author names, journal titles, and plausible publication 
years, making them difficult to detect without thorough 
verification.13 This issue poses a significant challenge in health 
sciences, where evidence-based accuracy is foundational, 
and its consequences become particularly acute in clinical 
fields. Misinformation introduced by inaccurate or fabricated 
references may propagate unnoticed through educational 
resources, systematic reviews, or even AI-supported clinical 
tools—potentially influencing clinical recommendations and 
practice standards.14,15 While the growing use of AI-based 
writing tools introduces opportunities for increased efficiency, 
it also carries inherent risks associated with unverified 
bibliographic output.16-19 For example, an erroneous reference 
regarding the effectiveness of manual therapy could lead to 
inappropriate treatment planning, while a fabricated citation 
on exercise prescription might expose patients to ineffective 
or unsafe interventions. These risks highlight the necessity of 
rigorous verification when integrating AI-generated content 
into musculoskeletal rehabilitation research and practice. 

In contrast to previous anecdotal reports or general 
evaluations,20,21 there remains a lack of systematic research 
quantifying the accuracy and correction potential of 
hallucinated references in musculoskeletal-focused scientific 
content. Addressing this gap is essential to ensuring the 
responsible integration of LLMs into scholarly and clinical 
communication. Therefore, the aim of this study was to 
systematically evaluate the accuracy of references generated 
by ChatGPT in the context of musculoskeletal rehabilitation 
and to examine whether post-generation prompting could 
improve citation reliability.

METHODS
Ethics
This study did not involve human or animal participants. 
Therefore, ethical approval was not required according 
to national guidelines. All procedures were carried out in 
accordance with the ethical rules and the principles of the 
Declaration of Helsinki.

Study Design
This was a structured observational analysis comparing four 
prompt conditions used to generate scientific paragraphs 
and associated reference lists using ChatGPT (GPT-4 
model). All prompts were designed to cover topics related to 
musculoskeletal disorders in the context of rehabilitation and 
therapeutic strategies. 

Prompt Conditions
The prompts provided to ChatGPT included a consistent 
instruction to generate a scientific paragraph (approximately 
300–400 words) along with 10 references including DOIs. 

The following prompts—each of which addressed a clinical 
topic within the musculoskeletal rehabilitation field—were 
used:

Prompt 1: Write a short scientific text (approximately 300–
400 words) on effects of manual therapy on pain, including 10 
references with DOIs.

Prompt 2: Write a short scientific text (approximately 300–
400 words) on ACL reconstruction rehabilitation strategies, 
including 10 references with DOIs.

Prompt 3: Write a short scientific text (approximately 300–
400 words) on low back pain exercise strategies, including 10 
references with DOIs.

Prompt 4: Write a short scientific text (approximately 300–
400 words) on rotator cuff repair rehabilitation strategies, 
including 10 references with DOIs.

The four clinical topics were deliberately chosen to reflect 
both breadth and clinical relevance within musculoskeletal 
rehabilitation. One topic (manual therapy and pain) represents 
a broad theme that is central across many rehabilitation 
domains, while the others were selected to cover frequently 
encountered conditions at different anatomical levels: lower 
extremity (ACL reconstruction), upper extremity (rotator 
cuff repair), and spine (low back pain). This distribution 
allowed for a representative sampling of musculoskeletal 
rehabilitation contexts without narrowing the analysis to 
a single region. The instruction to generate 10 references 
per prompt was used to standardize outputs and to reflect a 
realistic academic scenario, as users commonly request short 
scientific texts accompanied by a concise list of approximately 
ten references. This limit also ensured that the reference lists 
were manageable for systematic verification while minimizing 
variability due to overly extensive outputs.

The prompts were administered sequentially in the fixed 
order listed above (Prompt 1 through Prompt 4). The sequence 
was not randomized, as the study design aimed to compare 
outcomes across consistent and replicable conditions. Each 
prompt was entered in a separate, context-cleared session to 
ensure that ChatGPT’s outputs were not influenced by prior 
responses.

Following the generation of each response, ChatGPT was 
given an additional instruction to review the same list of 
references it had just generated. The exact wording of this 
post-verification prompt was: ‘Please check the references and 
DOIs you have just generated. Indicate whether each reference 
exists, whether the metadata (authors, title, journal, year) is 
correct, and whether the DOI is functional. Correct any errors 
if possible.’ This prompt did not request a completely new 
reference list; rather, it asked the model to re-examine and, 
where possible, correct the citations it had already provided. 
This procedure aimed to simulate a self-correction process 
and to assess whether the model could improve reference 
accuracy upon reevaluation. All outputs were generated 
using ChatGPT (GPT-4, OpenAI web interface, accessed in 
June 2025). At the time of data collection, OpenAI did not 
provide a publicly available version number beyond the model 
designation (GPT-4); therefore, the model is reported with its 
platform and date of access for transparency.

Reference Evaluation
Each generated reference was evaluated based on the following 
criteria:

Existence: Does the reference exist in the scientific literature?
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Correct author(s): Are the cited authors correct?

Correct title: Is the article title accurate?

Correct journal information: Are the journal name, volume, 
issue, and pages accurate?

Valid DOI: Does the DOI link resolve to the correct article?

A scoring system was used:

0=Fabricated reference or completely mismatched information

1=Partially correct (e.g., wrong journal or year, incorrect DOI)

2=Fully accurate (exact match across all fields)

In this study, one researcher was responsible for prompt 
design and content generation, while another independently 
evaluated the accuracy of the references and DOIs. Both 
researchers had over 10 years of professional experience in 
musculoskeletal rehabilitation and academic writing. When 
DOIs provided by ChatGPT did not resolve automatically, 
references were verified manually using Crossref, PubMed, 
Google Scholar, and publisher websites. This predefined 
protocol ensured that fabricated or mismatched DOIs could 
be identified and corrected when possible.

Sample Size and Statistical Analysis
A total of 40 references were analyzed (10 references per 
prompt×4 prompt conditions). Descriptive statistics were used 
to compare the accuracy scores between prompt conditions. 
The frequency of score categories (0, 1, 2) was presented as 
percentages. Additionally, error types were qualitatively 
categorized (e.g., fabricated reference, wrong DOI, 
mismatched journal). To further assess changes in reference 
accuracy before and after verification, Wilcoxon signed-rank 
tests were performed, with effect sizes (r) calculated to indicate 
the magnitude of improvement. Statistical significance was 
set at p<0.05. All analyses were conducted using IBM SPSS 
Statistics 25.

RESULTS
Prompt 1: Effects of Manual Therapy on Pain
A total of 10 references generated in response to prompt 1 
were evaluated. None of the references received a full score 
of 2. The majority of the references (8 out of 10) were partially 
accurate, receiving a score of 1, typically due to incorrect 
or missing DOIs, publication years, or mismatched journal 
details. Two references (20%) were entirely fabricated or had 
major mismatches (score=0). A detailed breakdown of each 
reference and its specific issues is presented in Table 1.

After prompting ChatGPT to review and verify the accuracy 
of the references and DOIs, a substantial improvement was 
observed. Seven references (70%) received a fully accurate 
score of 2 upon regeneration and verification. Two references 
(20%) remained partially correct (score=1), and one 
reference (10%) was still found to be fabricated or completely 
mismatched (score=0). 

Prompt 2: ACL Reconstruction Rehabilitation 
Strategies
Ten references generated in response to prompt 2 were 
evaluated. None received a fully accurate score of 2 on the 
initial evaluation. Five references (50%) were partially accurate 
(score=1), typically due to incorrect DOIs or mismatched 
journal details, although the articles themselves existed and 
were relevant to the topic. The remaining five references 
(50%) were assigned a score of 0, either because they included 
fabricated article titles, non-functional DOIs, or mismatched 
information under real author names.

Fabrication was a recurring issue: multiple references 
contained fabricated article names attributed to real authors 
who had published similar work in the same year. These 
cases suggest a pattern in which the AI model tends to blend 
existing authorship with invented or misattributed titles. A 
detailed breakdown of each reference is presented in Table 2.

After instructing ChatGPT to verify and correct the references 
and DOIs, the accuracy markedly improved. Nine references 
(90%) received a full accuracy score (score=2), while one 
reference (10%) remained partially accurate (score=1).

Prompt 3: Low Back Pain Exercise Strategies
Ten references generated in response to prompt 3 were 
evaluated. Two references (20%) were fully accurate (score=2), 
while four references (40%) were partially accurate (score=1), 
and four references (40%) were completely inaccurate or 
fabricated (score=0). Inaccuracies frequently involved 
fabricated article titles linked to real authors, or incorrect 
DOIs. In some cases, the author, year, and journal details 
were correct, but the title was either abbreviated or artificially 
constructed. A detailed breakdown of each reference is 
presented in Table 3.

After asking ChatGPT to verify and correct the references and 
DOIs, a clear improvement in accuracy was observed. Eight 
references (80%) achieved a fully accurate score (score=2), 

Table 1. Initial accuracy evaluation of references generated by prompt 1 
(manual therapy on pain)

Reference Score Explanation

1 1 DOI and year are incorrect

2 0 Same title exists but by different authors; DOI is 
non-functional

3 1 DOI and year are incorrect

4 1 Author and topic are similar, but title and journal are 
different

5 1 DOI is incorrect; author list partially matches a real 
article

6 1 DOI and year are incorrect

7 1 DOI non-functional; journal name incorrect

8 1 DOI missing; all other citation details are correct

9 0 Fabricated title and DOI under a real author's name

10 1 Correct title and author; journal name and DOI 
incorrect

DOI: Digital object identifier. DOI validation was conducted manually using Crossref and PubMed, 
with supplementary checks through Google Scholar when necessary (accessed June 2025).
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while two references (20%) remained partially accurate 
(score=1). No references received a score of 0 following this 
verification step, suggesting that secondary prompting 
significantly enhances citation precision.

Prompt 4: Rotator Cuff Repair Rehabilitation 
Strategies
Ten references generated in response to prompt 4 were 
evaluated. Only one reference (10%) was fully accurate, 
while three (30%) were partially accurate. Six (60%) 
references contained fabricated titles, incorrect DOIs, or 
misattributions. Among these, 4/10 DOIs did not resolve, 3/10 

required manual correction via external searches, and 3/10 
remained unverifiable. The remaining six references (60%) 
were assigned a score of 0, as they included fabricated article 
titles, incorrect DOIs, or misattributions to authors who had 
published similar but unrelated works.

This prompt resulted in the lowest initial accuracy among 
all four prompts, with a high rate of fabricated citations 
and non-functional DOIs. The fabricated content often 
used real authors but invented titles or incorrectly matched 
publications. Details are summarized in Table 4.

Following a verification prompt to ChatGPT, seven references 
(70%) were corrected to full accuracy (score=2), while three 
references (30%) remained either partially correct (score=1) or 
unverifiable. This again demonstrates an improvement after 
issuing a follow-up prompt focused on citation verification.

Out of 40 references, only 3 (7.5%) were fully accurate (score=2) 
without any correction. A large proportion, 20 references 
(50%), were partially accurate (score=1), while 17 references 
(42.5%) were found to be completely fabricated or contained 
major errors (score=0).

The post-verification prompt significantly improved accuracy. 
In total, 31 out of 40 references (77.5%) were corrected to full 
accuracy (score=2) after ChatGPT was asked to verify and 
revise its citations. 

In addition to descriptive reporting, inferential analyses were 
conducted to evaluate changes in reference accuracy before 
and after the verification step. Across all 40 references, median 
accuracy increased from 1 (IQR 0–1) before verification to 2 
(IQR 2–2) after verification. The proportion of fully accurate 
references also rose substantially, from 7.5% (3/40) to 77.5% 
(31/40). A Wilcoxon signed-rank test confirmed that this 
improvement was statistically significant (W=561.0, p<0.001, 
r=0.60), representing a large effect size.

Prompt-level analyses similarly demonstrated significant 
improvements in accuracy:

Table 2. Initial accuracy evaluation of references generated by prompt 2 
(ACL reconstruction rehabilitation strategies)

Reference Score Explanation

1 1 Article exists; correct metadata but DOI incorrect 
and refers to a different ACL-related article

2 1 Article exists; journal name is incorrect, DOI 
incorrect and refers to a different ACL-related article

3 0 Invalid DOI; fabricated article title under real author 
who has similar publications

4 0 Invalid DOI; fabricated article title, though the same 
author published a similar topic in the same year

5 1 Article exists; correct information but DOI is invalid; 
requires manual search

6 1 Article exists; DOI incorrect and refers to a different 
ACL-related paper

7 0 Incorrect DOI; fabricated title under real author who 
has similar work

8 0 Invalid DOI; fabricated title under real author with 
similar publications

9 0 DOI functional; fabricated title; author and year are 
correct; journal name incorrect

10 1 DOI works; article content is correct but the title is 
shortened

DOI: Digital object identifier. DOI validation was conducted manually using Crossref and PubMed, 
with supplementary checks through Google Scholar when necessary (accessed June 2025).

Table 3. Initial accuracy evaluation of references generated by prompt 3 
(low back pain exercise strategies)

Reference Score Explanation

1 2 Fully accurate

2 2 Fully accurate

3 0 Invalid DOI; fabricated title under real author with 
related work

4 1 DOI correct; author, year, journal correct; title 
closely matches but fabricated

5 1 DOI correct; metadata accurate; title similar but not 
real

6 0 DOI incorrect; fabricated title; author has related 
publication

7 0 Invalid DOI; fabricated title under real author with 
similar topic

8 1 DOI and metadata accurate; title abbreviated but 
acceptable

9 0 Invalid DOI; fabricated title under real author with 
similar topic

10 1 DOI incorrect; all other citation details correct but 
required manual search

DOI: Digital object identifier. DOI validation was conducted manually using Crossref and PubMed, 
with supplementary checks through Google Scholar when necessary (accessed June 2025).

Table 4. Initial accuracy evaluation of references generated by prompt 4 
(rotator cuff repair rehabilitation strategies)

Reference Score Explanation

1 0 DOI incorrect; fabricated title under real author with 
similar topic

2 2 Fully accurate

3 0 DOI incorrect; fabricated title under real author with 
different paper

4 1 Article exists; DOI invalid; manual search required

5 1 Article exists; DOI invalid; manual search required

6 1 Article exists; DOI invalid; manual search required

7 0 Invalid DOI; real author, but incorrect publication

8 0 Invalid DOI; fabricated title under real author

9 0 DOI incorrect; fabricated article title under real 
author

10 0 Invalid DOI; fabricated metadata
DOI: Digital object identifier. DOI validation was conducted manually using Crossref and PubMed, 
with supplementary checks through Google Scholar when necessary (accessed June 2025).
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Prompt 1 (manual therapy on pain): median score increased 
from 1 to 2 (W=32.5, p=0.017).

Prompt 2 (ACL reconstruction rehabilitation): median score 
increased from 0 to 2 (W=45.0, p=0.003).

Prompt 3 (low back pain exercise): median score increased 
from 1 to 2 (W=48.0, p=0.019).

Prompt 4 (rotator cuff repair rehabilitation): median score 
increased from 0 to 2 (W=34.5, p=0.008).

These findings indicate that the verification prompt produced 
consistent and statistically significant improvements in 
citation accuracy across all tested topics.

A detailed cross-prompt comparison of reference accuracy 
before and after verification is presented in Table 5.

The distribution of reference accuracy scores before and 
after the verification step is illustrated in Figure as stacked 
column charts. The figure demonstrates a marked shift from 
fabricated (score=0) and partially correct (score=1) references 
toward fully accurate references (score=2) across all prompts. 
In the pooled dataset (n=40), the proportion of fully accurate 
references increased from 7.5% before verification to 77.5% 
after verification, while fabricated references declined from 
42.5% to 2.5%.

DISCUSSION
This study systematically investigated the accuracy of 
references generated by ChatGPT in response to four distinct 
prompts related to musculoskeletal rehabilitation. Our 
findings revealed a high rate of citation errors in the model’s 
initial outputs, with only 7.5% of references being fully 
accurate and more than 40% being entirely fabricated. The 
most frequent issues included non-functional or incorrect 
DOIs, fabricated article titles, and mismatched author or 
journal information—often combining real author names 
with invented bibliographic data. However, a marked 
improvement was observed when ChatGPT was prompted 
to verify and correct its references: the proportion of fully 
accurate citations increased to 77.5%. Wilcoxon signed-rank 
testing confirmed that this improvement was statistically 
significant (W=561.0, p<0.001, r=0.60), indicating a large 
effect size. This improvement may reflect the mechanism 
of self-critique prompting, whereby the model re-evaluates 
and refines its own outputs when explicitly asked to verify 
bibliographic accuracy. In our analysis, this iterative process 
was particularly effective in converting partially correct 
references into fully accurate ones, suggesting that structured 
follow-up prompts can substantially enhance citation 
reliability. These results highlight both the potential and the 
current limitations of LLMs in generating credible scientific 
content, especially in fields such as physiotherapy and 
rehabilitation where evidence-based information is essential.

A closer analysis of the errors across all prompts shows that 
fabricated references often borrowed credible author names 
and plausible-sounding journal titles, but the combinations 
did not correspond to any actual publication. This tendency 
to prioritize coherence over factuality could be especially 
problematic in health sciences, where citation accuracy 
directly impacts clinical, educational, and research practices. 
Notably, baseline accuracy was lowest for prompt 4 (rotator cuff 
repair), where only 10% of references were fully accurate prior 
to verification. Several factors may account for this finding. 
First, rotator cuff rehabilitation is a more specialized clinical 
area compared to low back pain or ACL rehabilitation, with 
a relatively narrower pool of highly cited publications. This 
may have increased the likelihood of the model fabricating 
plausible but non-existent references. Second, DOIs for 
certain articles in surgical or rehabilitation subfields are less 
consistently indexed across databases, further complicating 
automatic generation and verification. Finally, the imposed 
requirement of providing exactly ten references may have 
amplified the model’s tendency to hallucinate citations when 
genuine sources were limited. Together, these factors likely 
contributed to the lower baseline accuracy for prompt 4, 
underscoring the importance of cautious interpretation when 
AI systems are tasked with generating references in narrower 
subdomains.

Our results align with previous research demonstrating 
significant challenges associated with fabricated and inaccurate 
references produced by ChatGPT.22-24 Several studies have 
shown that while the model can generate plausible-sounding 
citations, many of these are either partially incorrect or entirely 
fabricated, often combining real author names with nonexistent 

Table 5. Summary of reference accuracy scores across all prompts initial and 
post verification

Prompt topic
Score=0 Score=1 Score=2

After 
verification 
(score=2)

Wilcoxon 
p value

Prompt 1–
manual therapy 
on pain

2 8 0 7 0.017

Prompt 
2–ACL 
reconstruction 
rehab

5 5 0 9 0.003

Prompt 3–low 
back pain 
exercise

4 4 2 8 0.019

Prompt 4–
rotator cuff 
repair rehab

6 3 1 7 0.008

Total 17 20 3 31 <0.001
p: Statistical significance value

Figure. Reference accuracy distributions initial and post verification across 
all prompts
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titles or invalid DOIs.25-29 These hallucinated references have 
been documented across various disciplines, including 
medicine, education, and health sciences, raising widespread 
concerns about the reliability of AI-generated bibliographic 
content. Our findings reinforce these observations within 
the musculoskeletal domain, providing structured, topic-
specific evidence that highlights the persistent risks of using 
LLMs without rigorous reference verification. Gravel et al.20 
found that ChatGPT often provides responses unsuitable for 
scientific publication, coupled with convincingly fabricated 
citations that require careful verification. Orduña-Malea and 
Cabezas-Clavijo21 similarly warned about the rise of “ghost 
bibliographic references,” urging vigilance from journals and 
publishers. Furthermore, Walters and Wilder26  evaluated 636 
citations generated across 42 topics and reported that 55% of 
GPT-3.5 citations were fabricated compared to 18% for GPT-
4. Among real citations, 43% of GPT-3.5 references and 24% 
of GPT-4 references contained substantive errors. Although 
GPT-4 represents a clear improvement, these findings 
underscore that substantial reliability problems persist. 
Additionally, Frosolini et al.30 compared 20 AI chats and 
reported that ChatGPT-4.0 generated 138 unique references 
with a median of 7 (IQR: 1.25) per prompt, of which 4.5 (IQR: 
3.0) were classified as true and 2.5 (IQR: 3.25) as erroneous 
or inexistent (25.7%). By contrast, ChatGPT-3.5 generated 120 
references with a median of 6 (IQR: 0.00), only 1 (IQR: 2.0) 
true and 4.5 (IQR: 2.25) erroneous or inexistent (83.3%). This 
performance was significantly worse than that of ChatGPT-4.0 
(Fisher’s exact test, p<0.00001), confirming a substantial 
improvement in reference reliability with the newer model. 
However, both versions still displayed a tendency to provide 
erroneous or non-existent citations. This highlights a broader 
concern regarding LLMs and their readiness for unsupervised 
academic use. 

It is crucial to address this challenge to maintain the 
reliability of scientific literature. Journals and institutions 
should establish strategies and good-practice principles in the 
evolving landscape of AI-assisted scientific writing. A recent 
study by Giray31 also explored this issue, demonstrating that 
ChatGPT-generated references for journal articles were often 
entirely fabricated and failed to adhere to APA 7 formatting. 
Another study investigating AI hallucination in ChatGPT 
references found that 69 out of 178 references lacked DOIs and 
28 could not be located at all, reinforcing the need for cautious 
use in academic writing.32 Another analysis of ChatGPT-
generated medical content revealed that 47% of references were 
fabricated, 46% were authentic but inaccurate, and only 7% 
were both authentic and accurate. Common errors included 
incorrect PMIDs (93%), volumes, pages, and publication 
years. These findings highlight the high prevalence of citation 
inaccuracies in medical prompts and reinforce the necessity 
of reference verification when using AI-generated content.33 
These findings align with our results and underscore the need 
for structured prompting and post-generation verification. 
Moreover, integrating automated fact-checking or citation 
validation tools directly into AI writing platforms could help 
mitigate the risk of hallucinated references.

Importantly, this study highlights the need for human 
verification mechanisms when incorporating LLM-generated 
references into scholarly work. Without strict guidance, 
models like ChatGPT may introduce misleading citations 
that could undermine academic integrity. On the other hand, 
our findings also suggest that LLMs are capable of producing 
highly accurate references—if given clear constraints such as 
requiring valid DOIs and focused content domains.

Limitations and Strengths
This study has several limitations that should be 
acknowledged. First, the sample size was restricted to 40 
references across four prompt conditions, which may limit 
the generalizability of the findings. Although the selected 
prompts were clinically relevant, they do not encompass 
the full scope of musculoskeletal rehabilitation. Second, the 
assessment of reference accuracy was conducted manually 
and, despite predefined scoring criteria, remains subject 
to interpretation bias. The verification step also relied on 
ChatGPT's own response to follow-up prompts, which, while 
reflective of real-world use, does not represent an external 
validation process. Finally, the study focused solely on the 
GPT-4 version of ChatGPT; findings may differ across other 
models or platforms, including GPT-3.5, Google Gemini, or 
future LLMs.

Despite these limitations, the study has several strengths: it 
used clinically relevant and structured prompts, applied a 
systematic scoring framework, and involved two experienced 
rehabilitation researchers in the evaluation process, enhancing 
the credibility of the findings. Moreover, the significant 
improvement observed after verification (77.5%) suggests 
that structured prompting and post-generation checking can 
substantially enhance reference reliability, pointing to feasible 
strategies for future model optimization.

Future Research Directions
Future studies should expand the scope of analysis to include 
a broader range of clinical topics within musculoskeletal 
rehabilitation and beyond, in order to assess whether reference 
accuracy varies by subdomain complexity or publication 
density. Including a larger sample of prompts and references 
would enhance the generalizability of results and allow for 
statistical comparisons between prompt types, clinical areas, 
or different LLM platforms. Comparative evaluations across 
various LLMs —such as GPT-3.5, Google Gemini, or open-
source alternatives—could also help identify performance 
differences and inform best practice.

Importantly, this line of research also highlights the future 
potential of LLMs. The significant improvement observed in 
our study after verification demonstrates that relatively simple 
interventions—such as structured prompting and iterative re-
prompting—can substantially increase reference accuracy. 
As models continue to evolve, embedding automated fact-
checking and citation validation tools (e.g., Crossref or 
PubMed integration) directly into AI platforms could further 
minimize hallucinations. With these advancements, LLMs 
may become reliable collaborators in academic writing, 
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accelerating literature synthesis while safeguarding scientific 
integrity.

Practical Recommendations and Improvement 
Strategies
Beyond identifying the challenges, it is equally important to 
outline practical strategies that may improve the reliability 
of AI-assisted academic writing. One immediate step is the 
integration of DOI-verification tools such as Crossref or 
PubMed APIs into editorial and peer-review workflows, 
ensuring that fabricated or mismatched references are 
detected early. Automated reference-screening software 
could also be embedded directly into manuscript submission 
systems, enabling authors and editors to flag inaccurate 
citations before publication. On the user side, researchers and 
students should be trained to critically evaluate AI-generated 
bibliographies, combining manual checks with systematic 
verification protocols. Finally, the development of advanced 
AI models with built-in fact-checking and citation validation 
functions represents a promising future direction that could 
significantly enhance the reliability of LLMs in academic and 
clinical contexts.

Clinical and Educational Implications
The findings of this study have direct relevance for clinical 
and educational practices within the field of musculoskeletal 
rehabilitation. In domains such as physiotherapy, manual 
therapy, and exercise-based rehabilitation, practitioners and 
educators rely heavily on current literature to guide evidence-
based decision-making. The use of fabricated or inaccurate 
references in AI-generated texts poses a risk of disseminating 
misinformation, which could negatively influence clinical 
reasoning, therapeutic choices, or academic instruction. As 
LLMs become increasingly incorporated into musculoskeletal 
research and education, it is essential to adopt strategies such 
as structured prompt design, manual citation verification, 
and critical evaluation training for students and clinicians. 
Educators should explicitly address the limitations of AI-
generated content, fostering a cautious and reflective approach 
among learners.

At the same time, the results of this study also point to 
the positive potential of LLMs in clinical and educational 
contexts. When supported by structured prompting and 
coupled with external validation tools, models like ChatGPT 
can serve as effective assistants in generating draft content, 
synthesizing literature, and supporting teaching workflows. If 
combined with automated fact-checking, LLMs may not only 
facilitate efficiency but also enhance training in evidence-
based rehabilitation, offering students and clinicians an 
opportunity to engage critically with AI-generated material 
while reinforcing standards of academic integrity.

CONCLUSION
This study demonstrated that while ChatGPT can generate 
coherent scientific text in the context of musculoskeletal 
rehabilitation, its initial reference accuracy remains 
unreliable. A majority of the citations were either partially 
incorrect or entirely fabricated. However, structured follow-
up prompts led to substantial improvements in citation 

validity. These findings suggest that LLMs may be useful in 
supporting early-stage scientific writing, but must be coupled 
with strict human-led verification for references. For clinical 
and academic practice, this implies that AI-assisted writing 
should always be paired with systematic reference verification 
protocols, the integration of DOI-checking tools where 
possible, and critical evaluation training for researchers and 
students. Ultimately, the responsible use of AI in academic and 
clinical musculoskeletal settings will depend on combining 
technological capabilities with human oversight to ensure 
scientific and clinical integrity.
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ABSTRACT
Aims: YouTube is a popular source of breastfeeding advice, but the quality of videos on increasing breast milk supply remains 
uncertain. We assessed the reliability and educational value of such content. 
Methods: In this cross-sectional study, YouTube was searched between July 2024 and January 2025 for the keyword “increasing 
breast milk.” An independent neonatologist and a social pediatrician evaluated each video using three validated tools: The 
DISCERN score (15-item quality measure, 1–5 per item; total 15–75), Journal of the American Medical Association (JAMA) 
benchmarks (0–4), and Global Quality Score (GQS, 1–5). Interrater reliability was evaluated with intraclass correlation.   
Results: The 172 videos had a mean duration of 8.5±7.0 minutes (range 1.0–60.0 minutes) and a mean view count of 60.000±210.000 
(8–1.700.000). Videos from academic institutions scored higher (DISCERN 45±12; JAMA 2.5±0.8; GQS 3.5±1.0) than those 
by individuals (DISCERN 25±8; JAMA 1.0±0.6; GQS 1.8±0.7; p<0.001). Educational videos had significantly greater quality 
than testimonial or promotional videos (p<0.001). Longer videos correlated strongly with quality (r≈0.55–0.60, p<0.001), while 
views/likes showed weak associations (r≈0.20, p<0.05). Comments had no correlation.
Conclusion: Most YouTube videos on breast milk supply are poor in quality and educational value. Trusted sources (academia, 
healthcare) provided better content, whereas individual/promotional videos were often unreliable. Healthcare providers should 
direct parents to credible resources and produce evidence-based materials to enhance online breastfeeding education. 
Keywords: Breastfeeding, breastmilk, galactagog, newborn, YouTube, education

INTRODUCTION
Despite breastfeeding's well-established benefits, many 
mothers experience perceived insufficient milk supply-the 
leading cause of early cessation.1,2 This concern drives mothers 
to seek lactation advice, increasingly through online platforms 
like YouTube. As the largest video-sharing platform, YouTube 
offers potential for accessible breastfeeding education through 
demonstrations and shared experiences, though the quality of 
such content warrants examination.2,3

The quality of health information on YouTube is highly 
inconsistent, with content often prioritized for popularity 
over accuracy​.4-6 Systematic reviews indicate that much of 
this material lacks evidence-based guidance, particularly 
in breastfeeding-related content. For instance, only 18.8% 
of YouTube breastfeeding videos were rated good/excellent, 
while most were suboptimal or misleading.6 Similar issues 
plague pediatric health content, with studies reporting fewer 
than half of videos as accurate or comprehensive (e.g., only 
56% accuracy in pediatric surgery videos). Such findings 
highlight the risks of unreliable or contraindicated advice for 
parents seeking lactation support online.7,8

To date, little academic attention has focused specifically on 
videos about increasing breast milk supply. While a recent study 
examined breastfeeding information on YouTube in Arabic,3 
and another analyzed content related to breastfeeding during 
the COVID-19 pandemic,9 there remains a need to evaluate 
general content on enhancing milk production, particularly 
in English which has a global audience. Understanding the 
educational quality of these videos is important for healthcare 
providers who counsel postpartum mothers, as well as for 
identifying gaps where better resources are needed.

This study systematically evaluated the quality, reliability, and 
educational utility of YouTube videos on increasing breast 
milk supply using validated scoring tools. We analyzed how 
uploader type, content category, and engagement metrics 
influenced quality scores, hypothesizing that medical/
academic sources would outperform individual uploaders and 
that overall quality would be variable but often suboptimal. 
By identifying strengths and gaps in current content, we aim 
to guide clinicians and educators on YouTube’s utility as a 
patient resource and highlight areas for improvement.

https://orcid.org/0000-0002-3966-4635
https://orcid.org/0000-0003-2965-1811
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METHODS
Ethics
We conducted a cross-sectional content analysis of YouTube 
videos. The study did not involve human subjects and was 
exempt from institutional review. All procedures were carried 
out in accordance with the ethical rules and the principles of 
the Declaration of Helsinki.

Video Selection
We searched YouTube between December 15, 2024 and 
February 10, 2025 for the term “increasing breast milk.” 
Search results were sorted by relevance using a logged-
out, non-personalized browser to minimize algorithmic 
bias. The first 200 video results were recorded. Videos were 
included if they were in English, focused on methods or tips 
for increasing or maintaining breast milk supply, and had a 
duration ≥60 seconds. We excluded videos that were shorter 
than 60 seconds (insufficient content), clearly unrelated to 
breastfeeding or lactation (off-topic), or had audio in an 
incomprehensible language or accent such that content could 
not be understood. After applying criteria, a total of 172 
unique videos were included for analysis (Figure 1).

Video Characteristics and Coding
For each included video, we recorded general metrics: upload 
date, video duration (seconds), view count, “likes” count, and 
number of comments. To account for varying ages of videos, 
we calculated engagement rates (views, likes, comments per 
day since upload) by dividing counts by the days since upload. 
We noted the uploader identity and categorized it into one of 
three uploader types: (1) Academic/Medical Institution (e.g., 
universities, hospitals, professional organizations), (2) 
Healthcare Professional (individual doctors, nurses, lactation 
consultants, or private clinics’ channels), or  (3) Individual 
(layperson or parent bloggers/vloggers, including non-
professional influencers or commercial product promoters). 

We also categorized each video’s content type as educational 
(primarily instructional or factual information on increasing 
milk supply),  testimonial  (personal experiences or vlogs 

sharing one mother’s journey or tips), or promotional (content 
primarily aimed at marketing a product or service, such 
as supplements or pumps, claimed to increase milk). 
Video continent of origin (based on uploader’s stated 
location or video context) was recorded as North America, 
Europe, Asia, or other, to examine geographic trends. Two 
researchers independently performed the initial screening 
and categorization, with discrepancies resolved through 
discussion.

Quality Assessment Instruments
Three complementary instruments were used to evaluate 
video quality.

•	 DISCERN: A 15-question tool (score 15–75) rating health 
info quality (1–5 per item). Scores: <39 (poor), 39–50 (fair), 
>50 (good). Higher scores=better reliability.

•	 JAMA Benchmarks: Four criteria (authorship, attribution, 
disclosure, currency), each scored 0/1 (total 0–4). Higher 
scores=greater transparency.10 

•	 GQS: A 5-point Likert scale rating video educational value 
(1=poor, 5=excellent). Measures understandability and 
usefulness for patients.4,5,10

A neonatologist and a social pediatrician with expertise in 
breastfeeding and lactation (blinded to each other’s scores) 
independently viewed and scored all videos using the above 
instruments. Raters were first trained on 10 sample videos 
(not in the final dataset) to calibrate their scoring approaches. 
They were instructed to watch each video in full and could 
replay or pause as needed to apply the scoring criteria. No 
communication between raters occurred during the scoring 
phase. After scoring, interrater reliability was assessed by 
calculating the intraclass correlation coefficient for each 
scoring instrument’s total scores across the two reviewers.

Statistical Analysis
Continuous variables were summarized with means, 
standard deviations (SD), and ranges, and categorical 
variables were summarized as frequencies and percentages. 
The Kolmogorov–Smirnov test was used to assess normality 
of score distributions; all primary variables met criteria for 
normal distribution (p>0.05), justifying use of parametric 
tests. We compared mean quality scores between two groups 
using independent-samples t-tests (e.g., academic vs non-
academic uploader) and among three or more groups using 
one-way analysis of variance (ANOVA). For multi-group 
comparisons (uploader type, video type, region), post hoc 
pairwise comparisons were performed with the Bonferroni 
correction to identify which groups differed. Correlations 
between video numeric metrics (view count, like count, 
comment count, duration, and daily engagement rates) and 
quality scores were evaluated using Pearson’s correlation 
coefficient (r). We interpreted correlation strength using 
standard guidelines: an r of 0.10–0.39 as weak, 0.40–0.69 
as moderate, and ≥0.70 as strong correlation. Statistical 
significance was set at p<0.05 (two-tailed). All analyses were 
conducted using IBM SPSS Statistics (v28.0, IBM Corp).

Figure 1. Flow chart of the study 
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RESULTS
Video Characteristics
The included videos were uploaded between 2015 and 2025, 
with a median upload year of 2020. On average, videos had 
been online for 4.1±3.3 years (range 50 days to 15.2 years). The 
mean total view count per video was 60.084±208.668 (range 8 
to 1.700.000), with highly skewed distribution (median 5.421 
views) reflecting a few extremely popular videos amid many 
with modest view counts. Videos received a mean of 500±1.500 
likes (range 0 to 12.000) and 30±90 comments (range 0 to 
500). Table 1 summarizes the descriptive characteristics of the 
videos. Regarding uploader type, 26 videos (15.1%) were from 
academic or medical institutions (e.g., university channels, 
professional associations, major hospitals). 

Interrater agreement between the neonatologist and social 
pediatrician reviewers was robust. The independent scores for 
each video were strongly correlated. The intraclass correlation 
coefficient was 0.994 for DISCERN, 0.879 for JAMA, and 
0.898 for GQS (p<0.001 for all).

Quality and Reliability Scores (Overall)
Across all videos, the quality scores indicated generally poor 
reliability and educational content. The mean DISCERN 
score for the 172 videos was 34.2±12.5 (median 32; range 
15–71 out of a maximum of 75). This falls in the category of 
“poor” quality consumer health information (well below the 

threshold of 39 for fair quality). In fact, 72% of videos scored 
<40 on DISCERN, highlighting that the majority lacked many 
of the elements of good-quality information (such as citing 
sources, discussing pros/cons of interventions, or areas of 
uncertainty). The mean JAMA benchmark score was 1.7±0.8 
(median 2; range 0–3.5 out of 4). The mean GQS was 2.4±1.0 
(median 2; range 0.5–5). Indeed, 60.5% of videos had GQS ≤2, 
reflecting that most were not very useful for patient education. 
Only 15 videos (8.7%) were rated as good or excellent (GQS 
≥4). 

Quality Scores by Uploader Category
There were significant differences in video quality depending 
on the uploader’s identity (p<0.001 by ANOVA for DISCERN, 
JAMA, and GQS). Videos produced by academic institutions 
or professional medical organizations had the highest mean 
quality scores on all three instruments, followed by those 
from healthcare professionals, and lastly videos uploaded by 
individuals had the lowest scores (Table 2). 

Academic/institutional videos achieved a mean DISCERN 
of 45.1±11.5, which approaches “fair” quality (though still 
not consistently “good”). Post hoc comparisons showed 
that academic/institutional videos scored significantly 
higher than individual videos on all metrics (Bonferroni-
adjusted p<0.001). Videos from healthcare professionals 
(mean DISCERN 35.3±9.8; JAMA 1.8±0.7; GQS 2.5±0.8) 
had intermediate quality. They were significantly better than 
individual videos (p<0.001 for DISCERN and GQS; p=0.014 
for JAMA) but still notably lower than academic sources 
(Figure 2).

Quality Scores by Video Type
Video content classified as educational had substantially 
higher quality scores than testimonial or promotional videos 
(Table 2). Educational videos (generally those structured 
as lectures, tutorials, or Q&A with experts) had a mean 
DISCERN of 42.2±11.0, compared to 27.6±9.2 for testimonial 
videos and 29.6±10.2 for promotional videos (p<0.001 
ANOVA). The pattern was similar for JAMA (mean 2.3 for 
educational vs 1.0 and 1.2 for testimonial and promotional, 
respectively, p=0.002) and GQS (3.2 vs ~1.9–2.0, p<0.001). 

Table 1. Characteristics of YouTube videos on increasing breast milk

Characteristic Mean±SD/n (%)

Video duration (seconds) 508±420 (61–3600)

Days since upload 1490±1300 (50–5550)

Total views 60.084±208.668 (8–1.700.000)

Total likes 500±1500 (0–12.000)

Total comments 30±90 (0–500)

Daily views* 39.0±77.0 (0.1–511.0)

Daily likes* 0.13±0.22 (0–1.5)

Daily comments* 0.05±0.10 (0–0.8)

Source                                                                                            (n=172 )

Academic/medical institution 26 (15.1%)

Healthcare professional/clinic 69 (40.1%)

Individual (lay person) 77 (44.8%)

Video content

Educational/informational 95 (55.2%)

Testimonial/personal story 52 (30.2%)

Promotional/commercial 25 (14.5%)

Broadcasted by region

North America 80 (46.5%)

Asia 49 (28.5%)

Europe 35 (20.3%)

Other/Not clear 8 (4.7%)
SD: Standard deviation, *Daily values calculated as total count divided by days since upload (at time 
of analysis).

Table 2. Comparison of video quality scores by uploader type and video 
content type

Category n DISCERN 
mean±SD

JAMA 
mean±SD

GQS 
mean±SD

Academic/institution 26 45.1±11.5 2.5±0.8 3.5±0.9

Healthcare professional 69 35.3±9.8 1.8±0.7 2.5±0.8

Individual (lay person) 77 25.3±7.8 1.0±0.6 1.8±0.7

ANOVA p-value - <0.001 <0.001 <0.001

Educational 95 42.2±11.0 2.3±0.7 3.2±1.0

Testimonial 52 27.6±9.2 1.0±0.5 1.8±0.7

Promotional 25 29.6±10.2 1.2±0.6 2.0±0.8

ANOVA p-value - <0.001 0.002 <0.001
SD: Standard deviation, JAMA: Journal of the American Medical Association, GQS: Global Quality 
Score



706

Aslan et al. YouTube’s educational value on lactation Anatolian Curr Med J. 2025;7(5):703-708

Educational videos were significantly higher in quality 
than both testimonial and promotional videos on post hoc 
comparisons (all p<0.001) (Figure 3). 

It was observed that the continent of video origin did not 
significantly affect video quality. mean DISCERN scores were 
similar for videos originating from North America, Europe, 
and Asia (ANOVA p=0.64), and no differences were found in 
JAMA or GQS by region (p=0.49 and p=0.72, respectively). 

Viewer Engagement vs Quality
We examined whether videos with higher quality scores also 
showed greater viewer engagement (Table 3). There was a weak 
positive correlation between video quality and the number 
of likes a video received per day. Specifically, the Pearson 
correlation between daily likes and DISCERN was r=0.27 
(p=0.001), indicating that higher-quality videos tended to 
garner more “likes” from viewers. One of the most striking 
findings was a strong positive correlation between video 
length (duration) and quality scores. Longer videos tended to 
have substantially higher DISCERN (r=0.60, p<0.001), JAMA 
(r=0.58, p<0.001), and GQS (r=0.55, p<0.001) scores. In fact, 
video duration showed the strongest association with quality 
out of all factors analyzed (Table 3). 

DISCUSSION
In this cross-sectional analysis of YouTube content on 
increasing breast milk supply, we found that the overall quality 
of information is low, with relatively few videos meeting 
established criteria for reliability and completeness. The 
average DISCERN and JAMA scores of the 172 videos indicate 
poor-quality, patient-targeted information, echoing findings 
from prior studies of health information on YouTube.6,11 This 
study is, to our knowledge, the first to specifically evaluate 
videos on augmenting breast milk production, and our results 
raise concern that mothers seeking help on this topic via 
YouTube may frequently encounter suboptimal advice.

Videos from academic/medical sources demonstrated 
superior quality (DISCERN 45.1±11.5 vs. 25±8 for individual 
uploaders, p<0.001), reflecting greater expertise in presenting 
balanced, evidence-based strategies (e.g., latch techniques, 
pumping frequency, nutritional guidance).7,11,12 Such content 
frequently emphasized professional consultation, enhancing 
credibility. These findings align with prior research.7,13,14 
showing medical institutions produce more accurate content 
across specialties, though they constituted only 15% of our 
sample.

One positive observation is that videos from reputable 
sources–academic institutions and health professionals–
scored significantly higher on quality metrics. This suggests 
that expertise matters: when experienced clinicians or 
organizations produce content, they are more likely to include 
balanced information, reference credible sources, and provide 
a more comprehensive overview of strategies. For instance, 
several high-scoring videos in our sample were from pediatric 
hospitals or well-known lactation consultants and covered 
multiple evidence-based techniques (ensuring proper latch, 
frequent nursing/pumping, treating maternal hydration 
and nutrition, managing stress and rest, possibly using 
galactagogues judiciously, etc.). These videos often mentioned 
the importance of consulting healthcare providers, which adds 
to their credibility. Our results mirror those of previous studies 
that found videos authored by professional organizations or 
medical authorities tend to be more accurate and complete.11,15 
For example, Bezner et al.7 evaluated pediatric surgical videos 
and noted that those from medical institutions were far more 
likely to contain correct and comprehensive information than 
those from lay uploaders​. Similarly, a very recent study of ear 
tube surgery videos found that content from universities and 

Figure 2. Mean quality scores (±SD) by uploader category
SD: Standard deviation, JAMA: Journal of the American Medical Association, GQS: Global Quality Score

Figure 3. Mean quality scores (±SD) by video content type
SD: Standard deviation, JAMA: Journal of the American Medical Association, GQS: Global Quality Score

Table 3. Correlation of viewer engagement metrics and video duration with 
quality scores

Parameter r 
(DISCERN)

p 
(DISCERN)

r 
(JAMA)

p 
(JAMA)

r 
(GQS)

p
(GQS)

Daily 
views 0.18 .021 0.09 .25 0.12 .15

Daily 
likes 0.27 .001 0.19 .014 0.22 .005

Daily 
comments 0.11 .16 0.08 .30 0.06 .45

Video 
duration 
(min.)

0.6 <.001 0.58 <.001 0.55 <.001

JAMA: Journal of the American Medical Association, GQS: Global Quality Score



707

Aslan et al. YouTube’s educational value on lactationAnatolian Curr Med J. 2025;7(5):703-708

hospitals had higher quality scores than that from private 
individuals as demonstrated in ophthalmologic YouTube 
content analyses.12,14 Our study reinforces these patterns 
in the context of breastfeeding: expert-driven videos are 
comparatively better, though unfortunately they represent a 
minority of what is available (only ~15% of our sample).

Another key finding is the influence of video content type on 
quality. We saw that structured educational videos vastly 
outperformed testimonials and promotional content in 
quality metrics. Educational videos often took a didactic 
approach, sometimes with slides or a talking-head expert 
explaining various aspects of lactation management. These 
videos were more likely to mention the biology of milk 
production, strategies like skin-to-skin contact, frequency 
of feeding/pumping, checking infant latch, and when to 
seek professional help (e.g., for possible tongue-tie or other 
issues). In contrast,  testimonial videos, while engaging, 
usually focused on the individual’s narrative  and often 
omitted broader guidance–reflected in very low DISCERN 
scores (many scored ≤25). Promotional videos had slightly 
better scores than testimonials in our sample (though 
differences were not statistically significant between those 
two groups), possibly because some promotional content 
included semi-formal presentations about their product’s 
benefits. Nevertheless, promotional videos inherently present 
biased information; they rarely acknowledged alternative 
solutions a concern echoed in other surgical domains such as 
podiatry.16 or any drawbacks of the promoted intervention, 
leading to low DISCERN sub-scores for balance and 
discussion of alternatives. The net effect is that a mother 
watching mainly testimonials or ads would receive a limited 
scope of suggestions, potentially skewed by personal bias 
or commercial interest. This underscores a concern that 
has been raised across various medical fields on YouTube: 
content intended to market or persuade often compromises 
on completeness and impartiality​.11

It is worth noting that  video length showed a strong 
correlation with quality a pattern also observed in oculoplastic 
educational content.17 Longer videos tended to be more 
comprehensive and thus scored higher on instruments that 
reward completeness of information. This suggests a practical 
insight: a video that is just 2–3 minutes long is unlikely to 
adequately cover the multifaceted topic of increasing breast 
milk supply. Indeed, many very short videos in our dataset 
provided only superficial advice (e.g., “drink more water 
and try fenugreek”) without elaboration. On the other hand, 
videos in the ~15-20 minute range often included segments 
on multiple tips (like proper latch technique demonstration, 
pumping strategies, dietary advice, etc.), aligning with more 
criteria on the DISCERN checklist. This correlation should 
not be misinterpreted as length causing quality, but rather as 
an indicator that to present quality information one needs to 
devote sufficient time. Prior analyses in other domains have 
similarly found that videos addressing a medical topic in 
depth (which naturally makes them longer) tend to achieve 
higher reliability scores.11 However, longer videos may also 
demand more viewer commitment and might not be fully 
watched by all users, which raises a challenge: the highest-

quality content is not always in a viewer-friendly format for 
quick consumption. This tension between depth and viewer 
engagement might partly explain why we did not find strong 
correlations between view counts (or likes) and quality–viral 
popularity favors brevity and catchiness over thoroughness, 
whereas quality favors thoroughness over brevity​.6

Our study has important  implications for clinical practice 
and patient education. First, healthcare providers should be 
aware that patients may form impressions or follow advice 
from YouTube videos that are not evidence-based. Many 
postpartum mothers struggling with milk supply turn to 
platforms like YouTube out of convenience or desperation. 
If a mother reports she has been trying certain remedies she 
saw online (such as herbal supplements, lactation cookies, or 
extreme pumping regimens), clinicians should gently inquire 
about the source and help her distinguish which advice is 
sound and which may be unproven or counterproductive. 
For example, excessive emphasis on lactation teas could 
distract from more effective measures like improving latch 
or frequency of feeds. Pediatricians, neonatologists, and 
lactation consultants may need to proactively guide mothers 
to reputable online resources. There are a few high-quality 
videos (some from this study’s sample) produced by certified 
lactation consultants and medical centers – sharing links 
to those, or to trusted organizations (La Leche League, 
UNICEF breastfeeding videos, etc.), could help patients get 
better information. Additionally, our findings suggest that 
professional organizations could consider creating more 
engaging, shareable content to fill the current void. Given that 
expert videos were relatively few, increasing their presence on 
YouTube might improve the overall quality mix available to 
the public.

For the YouTube platform and content creators, our results 
reinforce the recommendation that popularity should not be 
the sole metric of usefulness. The weak correlation between view 
counts/likes and quality underscores that viewer engagement 
metrics do not reliably signal accuracy​.6 This has been noted in 
prior research and was echoed by the systematic review authors 
who suggested incorporating expert evaluations into video 
rankings​.6 YouTube’s algorithms could potentially be adapted 
to elevate content that meets certain quality criteria (perhaps 
via partnerships where health institutions are verified). In 
the meantime, creators of breastfeeding content who want to 
provide value should consider collaborating with healthcare 
professionals to ensure accuracy, and include references or 
citations for claims (which was rarely done in our sample, but 
would improve JAMA scores and trust). Even simple steps like 
stating one’s credentials and citing sources (e.g., World Health 
Organisations (WHO) recommendations,18 for breastfeeding 
could improve a video’s credibility.

Finally, it is notable that our analysis did not find regional 
differences in quality–the misinformation problem transcends 
borders. Whether a video was made in the U.S. or in India, 
its quality depended on the content and creator rather than 
the country. This suggests that  global collaboration and 
standards may be beneficial. International lactation consultant 
associations or pediatric societies could work together to 
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produce multi-language video content that meets high quality 
standards, to serve as reliable alternatives across regions.

Limitations
This study has important limitations. The sample size, though 
focused on top-viewed content, was limited and a broader 
analysis would strengthen the findings. As a snapshot in 
time, this study cannot capture the constantly changing 
nature of YouTube. Our exclusion of non-English videos 
limits the cross-cultural relevance of the results. While we 
used validated tools, assessing video quality involves some 
subjectivity. Crucially, we did not verify the medical accuracy 
of the advice or measure the videos' real-world impact on 
breastfeeding behaviors.

CONCLUSION
As a result, our evaluation shows that while YouTube contains 
some high-quality videos on increasing breast milk supply, 
the majority are neither reliable nor comprehensive. Videos 
from academic and healthcare-affiliated sources offer the best 
information but are vastly outnumbered by lower-quality 
personal or promotional videos. Many mothers seeking help 
online may therefore be at risk of receiving incomplete or 
misleading advice. It is crucial for healthcare professionals to 
be cognizant of the information their patients may encounter 
and to help direct them to trustworthy resources. Efforts 
should be made to increase the presence and visibility of 
accurate, evidence-based breastfeeding educational videos 
on platforms like YouTube. Multidisciplinary collaboration 
between medical experts, lactation consultants, and skilled 
communicators could yield content that is both engaging and 
informative, to better support breastfeeding mothers in the 
digital age. As online media becomes increasingly influential 
inpatient health behaviors, ensuring the quality of such 
information is a responsibility that the medical community 
cannot afford to overlook.
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