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Corpus Callosum Anomalies: Prenatal Diagnosis, 
Genetic Findings, and Perinatal Outcomes  
 
Tuğçe Arslanoğlu1 , Sezin Uludağ1 , Deniz Kanber Açar1 , Alev Ateş Aydın1  
 
1Department of Perinatology, University of Health Sciences, Kanuni Sultan Süleyman Training and Research Hospital, İstanbul, Türkiye 
 
 
ABSTRACT 
Objectives: The aim of this study was to evaluate the subtype distribution of prenatally diagnosed corpus 
callosum (CC) anomalies. We also assessed associated central nervous system (CNS) and extracranial 
anomalies, genetic findings, perinatal outcomes, and the contribution of ultrasonography and fetal MRI to 
prenatal diagnosis. 
Methods: This retrospective, single-center study was conducted in a tertiary perinatology clinic between 2016 
and 2025. A total of 124 fetuses with prenatally diagnosed CC anomalies were included. Diagnosis was based 
on obstetric ultrasound, and fetal magnetic resonance imaging (MRI) was performed when ultrasound findings 
were inconclusive. Cases were classified by subtype, and associated CNS or extracranial anomalies, genetic 
test results, and pregnancy outcomes were recorded. 
Results: The study included 124 fetuses diagnosed with CC anomalies during the prenatal period. The mean 
gestational age at diagnosis was 26.6±4.7 weeks. Pregnancy resulted in termination in 67.7% of cases and live 
birth in 32.3%. In cases that ended in termination, diagnosis and delivery occurred at earlier gestational weeks, 
and birth weights were lower. Additional anomalies were present in 42.7% of cases, most commonly involving 
the CNS and the heart. Complete CC agenesis was the most frequent subtype (54%). Genetic testing was more 
often performed in the termination group and identified chromosomal abnormalities such as trisomy 18, trisomy 
13, and 22q11 deletion. Fetal MRI was performed in 45 cases, confirming the ultrasound diagnosis in 36 and 
leading to diagnostic revision in 9 cases. 
Conclusions: This study summarizes our experience in the evaluation of pregnancies diagnosed with CC 
anomalies. In our cohort, prognosis was mainly influenced by whether the anomaly was isolated, along with fetal 
MRI and genetic test findings. Overall, our approach was similar to that reported in the literature. Nevertheless, 
each case required individual assessment, and counseling was adjusted according to the clinical findings. 
Keywords: Corpus Callosum Anomalies, Fetal MRI, Prenatal Neurosonography, Genetic Anomalies, Perinatal 
Outcome 
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T he Corpus Callosum (CC) is the largest 
bundle of white matter connecting the right 
and left hemispheres of the brain and plays 

an important role in the transfer of information 
between the hemispheres. CC agenesis is defined as 
the partial or complete failure of this structure to 
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develop. The embryological development process is 
completed between approximately the 11th and 20th 
weeks of pregnancy [1]. The prevalence of CC 
agenesis in the population varies between 1.8 and 70 
per 10,000 live births, depending on the diagnostic 
methods used and the population studied [2]. Prenatal 
diagnostic methods have become more widespread, 
facilitating the detection of these cases, especially since 
isolated cases can be asymptomatic after birth [3]. 
      The corpus callosum regulates the transfer of 
cognitive, motor, and sensory information between the 
hemispheres. Postnatal outcomes of CC anomalies 
show a wide clinical spectrum. While isolated cases 
may be asymptomatic, some cases may present with 
developmental delay, learning difficulties, social 
communication problems, or epileptic seizures [4]. 
The prognosis is significantly worse when CC 
anomalies are associated with central nervous system 
(CNS) anomalies or genetic syndromes; severe motor 
sequelae, profound cognitive impairment, and high 
mortality rates have been reported [5]. 
      The primary method in prenatal evaluation is 
ultrasound. The 2025 Delphi consensus defines the 
inclusion of the midsagittal section as part of routine 
examination as the standard approach [6]. When 
suspicious findings are observed, it is recommended 
that cases be referred to specialized centers and 
evaluated with fetal magnetic resonance imaging 
(MRI). MRI provides additional information regarding 
both the structural characteristics of the corpus 
callosum and associated CNS anomalies. Prenatal 
diagnosis is important not only for establishing the 
correct diagnosis but also for managing the pregnancy 
and providing counseling to the family. 
      The purpose of this study was to describe the 
subtype distribution, associated anomalies, genetic 
findings, and perinatal prognosis of fetuses diagnosed 
with CC anomalies during the prenatal period. We also 
aimed to explore the role of ultrasound and fetal MRI 
in prenatal diagnosis and clinical counseling. 
 
 
METHODS 
 
This retrospective, single-center study was performed 
in a tertiary perinatology clinic. A total of 124 fetuses 
diagnosed with CC anomalies during the prenatal 
period between January 2016 and January 2025 were 

included in the evaluation. All prenatally diagnosed 
cases were included, and the final study population 
consisted of 124 fetuses. Prenatal imaging findings, 
genetic results, and perinatal outcomes were evaluated 
in this cohort. The study was approved by the Clinical 
Research Ethics Committee of İstanbul S.B.Ü. Kanuni 
Sultan Süleyman Training and Research Hospital 
(Decision/Protocol No: 2025.07.177; date: 03.07.2025). 
The study was conducted in compliance with the 
principles of the Declaration of Helsinki, and all 
patient data were anonymized. 
      All cases were examined during obstetric 
ultrasonography performed in the second or third 
trimester. The evaluations were carried out by 
perinatology specialists using a Voluson E6 ultrasound 
system (GE Healthcare, Zipf, Austria). Fetuses in 
cephalic presentation were evaluated with the 
transvaginal probe RIC5-9 (5–9 MHz); for patients 
who declined a vaginal examination, the abdominal 
convex probe C2-9-D (2–5 MHz) was used. 
      The midsagittal sections were used as the basis for 
evaluating the presence and morphology of the CC; 
all segments of the CC (rostrum, genu, body, 
splenium) and the pericallosal artery were examined 
in detail. In the axial plane, the lateral ventricles, third 
ventricle, interhemispheric fissure, and cavum septi 
pellucidi (CSP) were assessed; the presence, width, 
and continuity of the CSP were recorded, and the 
cavum vergae was also examined when necessary. In 
the coronal plane, the symmetry of the cerebral 
hemispheres, the CSP, and the CC were observed 
together; in addition, the cavities and commissural 
structures were evaluated. Advanced fetal 
neurosonography was performed in cases where 
suspicious findings were detected. In our cohort, 
quantitative measurements of CC length and its 
subsegments were not performed systematically; 
instead, the diagnosis was primarily based on 
morphological assessment, complemented by 
confirmation through fetal MRI. 
      Fetal MRI was used for additional evaluation 
when ultrasound findings suggested agenesis, 
hypoplasia, or dysgenesis of the CC. Imaging was 
performed using a 1.5-Tesla Siemens Magnetom Aera 
device located in our hospital's Radiology Clinic. 
Sedation was not administered to pregnant women 
during MRI scanning. MRI examinations were 
scheduled shortly after diagnosis by ultrasound. Most 
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cases were evaluated between 24 and 32 weeks of 
gestation; imaging was also performed in earlier 
weeks in cases where the diagnosis remained 
uncertain or where family counseling could not be 
delayed. The primary aim of this approach was to 
confirm sonographic findings and rule out other 
associated CNS anomalies. Genetic counseling was 
provided to families in all cases where a diagnosis was 
made, and amniocentesis, chorionic villus sampling or 
cordocentesis was recommended when necessary. 
Families were informed that genetic testing evaluates 
chromosomal abnormalities and microdeletion/ 
duplication syndromes. In the postnatal period, 
information was provided regarding the 
neurodevelopmental course, learning difficulties, risk 
of epilepsy, and follow-up of associated structural 
anomalies. Thus, comprehensive counseling covering 
both the prenatal and postnatal periods was provided. 
This approach is consistent with both our clinic's 
practices and current International Society of 
Ultrasound in Obstetrics and Gynecology (ISUOG) 
recommendations [7]. 
      The mother's age, gravida, parity, history of 
abortion, height, weight, and BMI values, as well as 
the week of diagnosis, week of delivery, and mode of 
delivery, were obtained from patient records. Neonatal 
data including sex, birth weight, and Apgar scores at 
1 and 5 minutes, were recorded. CC anomalies were 
classified as complete, partial agenesis, hypoplasia, 
and dysgenesis. Associated findings included 

ventriculomegaly, cardiac defects, other CNS 
anomalies, and extracranial anomalies. All families 
received genetic counseling, and amniocentesis, 
chorionic villus sampling (CVS), or cordocentesis 
were recommended when indicated. Karyotype or 
chromosomal microarray analysis (CMA) results were 
evaluated in cases where testing was accepted. Fetal 
MRI findings were recorded in prenatal diagnosis and 
compared with ultrasound. Pregnancy outcomes were 
classified as live birth, intrauterine loss, or 
termination. 
 
Statistical Analysis  
      For statistical analyses, the Number Cruncher 
Statistical System (NCSS) 2007 software (Kaysville, 
Utah, USA) was used. While evaluating the study 
data, descriptive statistical methods (Mean, Standard 
Deviation, Median, Frequency, Ratio, Minimum, and 
Maximum) were employed, and the distribution of the 
data was assessed using the Shapiro-Wilk Test. The 
Mann-Whitney U test was used to compare 
quantitative data between two groups. Chi-square 
analysis was utilized to examine the relationship 
between qualitative data. Statistical significance was 
evaluated at P<0.05 levels.  
 
 
RESULTS 
 
A total of 124 fetuses diagnosed with CC anomalies 
in the prenatal period between 2016 and 2025 were 
included in this study. Maternal demographic and 
obstetric characteristics are summarized in Table 1. 
The mean gestational age at diagnosis was 26.6±4.7 
weeks. The mean gestational age at delivery was 
31.3±5.7 weeks and the mean birth weight was 
2039.7±1136.4 g (Table 2). 
      Overall, 84 (67.7%) pregnancies resulted in 
termination and 40 (32.3%) in live birth. Compared 
with the live-birth group, pregnancies ending in 
termination were diagnosed at earlier gestational 
weeks, delivered at lower gestational ages, and had 
lower birth weights. Maternal age, gravida, parity, 
history of abortion, body mass index, and lateral 
ventricular width did not differ between the groups 
(Table 3). 
      Genetic testing was performed more frequently in 
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the termination group, and all three abnormal 
chromosomal results (trisomy 18, trisomy 13, and 
22q11 deletion) occurred in this group. The 
distribution of associated anomalies was similar 
between the two groups. CNS anomalies were the 
most common in both groups, while gastrointestinal 

anomalies were more frequent among live-born 
infants. Detailed clinical and genetic data are 
presented in Table 4.  
      Complete CC agenesis was the most common 
subtype, accounting for 54% (n=67) of all cases, 
followed by partial CC agenesis (21%, n=26), CC 
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dysgenesis (14.5%, n=18), and CC hypoplasia (10.5%, 
n=13). Subtype distribution did not differ significantly 
between the termination and live-birth groups 
(P=0.229). Fetal MRI was performed in 45 (36%) 
fetuses. The ultrasound-based diagnosis was 
confirmed in 36 (80%) cases, while MRI led to 
revision of the callosal subtype or detection of 
additional CNS anomalies in 9 (20%) cases.  

DISCUSSION 
 
In our study, most diagnoses of CC agenesis were made 
during the second trimester. The mean gestational age 
at diagnosis was approximately 26 weeks, with the 
earliest at 18 weeks. Similarly, Shakes et al. [7] 
reported that CC agenesis is most often diagnosed in 
the second or third trimester, while detection before 17 
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weeks remains particularly challenging. The relatively 
late gestational age at diagnosis in our series is thus in 
line with these embryological and imaging limitations 
and also reflects real-world referral patterns to our 
tertiary center. 
      The importance of the midsagittal ultrasound plane 
in prenatal screening has been increasingly emphasized 
in recent years. The 2025 Delphi consensus 
recommended incorporating midsagittal imaging of the 
fetal brain as part of routine obstetric ultrasound. In our 
series, when findings such as absence of the cavum 
septum pellucidum or abnormal ventricular 
configuration were observed, cases were referred to our 
perinatology unit for advanced neurosonography and, 
when indicated, fetal MRI. Most cases were diagnosed 
between 20 and 28 weeks. Many families reached our 
center at these relatively advanced weeks, which left 
limited time for MRI, genetic tests, and detailed 
counseling. This time pressure likely contributed to the 
higher termination rate. Earlier detection generally 
allows families more space to process information and 
consider their options. 
      Although ultrasound is our primary diagnostic tool 
for CC anomalies, definitive diagnosis is not always 
straightforward in cases of partial CC agenesis. 
Therefore, fetal MRI was additionally performed in 
45 fetuses, and the diagnosis was confirmed in 36 
(80%) cases. In 9 (20%) cases, MRI findings led to a 
revision of the diagnosis; some were reclassified as 
CC hypoplasia or CC dysgenesis, while in some cases, 
additional CNS anomalies not detected by ultrasound 
were identified. 
      Previous studies have also shown that the 
concordance between fetal ultrasound and MRI is 
generally high (approximately 85-95%) and that 
differences are mostly due to subtype differentiation 
or the detection of additional anomalies [8].  
      In our cohort, complete CC agenesis was the most 
common subtype (54%). Partial CC agenesis (21%), 
CC dysgenesis (14.5%), and CC hypoplasia (10.5%) 
followed. This general pattern was similar in both the 
termination and continuation groups. Complete CC 
agenesis remained the dominant form regardless of 
outcome. These findings are consistent with previous 
reports [9]. 
      The lack of a clear difference between groups 
suggests that subtype alone does not guide families’ 
decisions. Other issues seem to play a bigger role. These 

include the gestational week at diagnosis, the presence 
of additional anomalies, how the counseling unfolded, 
and the families’ sociocultural or religious views. 
      Colpocephaly is a common finding in CC agenesis 
and is defined as enlargement of the posterior horns 
of the lateral ventricles. In our series, the mean atrial 
width was approximately 13.7 mm, and most fetuses 
had a ventricular width greater than 10 mm. The 2020 
Society for Maternal-Fetal Medicine (SMFM) 
guidelines also state that atrial width may be normal 
in early pregnancy, with enlargement typically 
occurring later. 
      In our study, although ventricular enlargement was 
higher in the live birth group, the difference was not 
statistically significant. This finding suggests that 
ventricular size alone does not determine pregnancy 
outcome. Associated anomalies and genetic findings 
also appear to influence the decision-making process. 
Consistent with the literature, ventricular enlargement 
should be evaluated in conjunction with other 
pathologies rather than as an independent prognostic 
indicator [10-12]. 
      In our series, 57.3% of CC anomalies were 
isolated, and 42.7% were non-isolated. This ratio is 
consistent with the 40–60% range reported in the 
literature. Most non-isolated cases had additional CNS 
anomalies (70%). The most common were 
interhemispheric cysts, vermis hypoplasia, and 
hydrocephalus. Among extracranial anomalies, the 
most common finding was cardiac anomalies (18.9%). 
The presence of at least one extracranial anomaly in 
approximately half of the non-isolated cases 
demonstrates why this distinction is clinically 
important. Genetic disorders were largely observed in 
the non-isolated group. The most common genetic 
disorders were trisomy 18 and 13. During the 
counseling process, families were counseled by 
evaluating MRI, neurosonography, and genetic results 
together. Discussions focused particularly on the 
uncertainty of the prognosis and what the distinction 
between isolated and non-isolated cases meant. We 
believe this counseling influenced the decision of 
some families who were undecided. 
      It was also evident in our series that the prognosis 
for isolated cases was generally better. However, as 
noted in the literature, neurodevelopmental problems 
can still occur in some cases that appear isolated. 
Therefore, although the term “isolated” is a positive 
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sign, it does not provide complete assurance; it is 
important to inform families about the need for careful 
counseling and long-term follow-up [13].  
      Genetic testing is essential in CC anomalies to 
understand both the cause and prognosis. One-third of 
the cases in our series underwent invasive testing; most 
were normal. However, trisomy 18, trisomy 13, and 
22q11 deletion were detected in three fetuses, and all 
of these pregnancies were terminated. This situation 
shows that genetic disorders are more common in non-
isolated cases and significantly affect the 
decision-making process [14]. The literature reports 
chromosomal anomaly rates within a wide range (3–
40%), with trisomy 18 and 13 being the most common. 
Since additional findings may be detected by 
microarray or exome analysis even in cases that appear 
isolated, the SMFM and Delphi recommendations 
support performing amniocentesis with microarray 
analysis in all cases.  
      Neurodevelopmental course is an important 
determinant of the clinical significance of CC 
anomalies. In isolated cases, the majority of children 
(70–75%) show normal development or experience 
only mild difficulties. In contrast, approximately one-
quarter may develop learning difficulties, language 
delays, or problems with social communication. More 
severe neurodevelopmental presentations - such as 
epilepsy or significant developmental delay - are less 
common and are often associated with accompanying 
white matter abnormalities or underlying genetic 
causes. Recent data confirm that truly isolated cases 
represent the group with the best prognosis. This 
information was also fundamental to the counseling 
process in our study and influenced the clinical 
management process, particularly in cases with late 
diagnosis. [15-17].  
 
Strengths and Limitations  
      The most significant strength of this study is that 
it comparatively evaluated pregnancies resulting in 
termination and those continuing to live birth, based 
on a large patient series including cases diagnosed 
with corpus callosum CC anomalies during the 
prenatal period. Conducting the study at a single 
tertiary referral center allowed for the evaluation of 
diagnosis, follow-up, and clinical decisions using a 
standardized approach. The evaluation of prenatal 

imaging findings in conjunction with fetal MRI, 
genetic testing, and perinatal outcomes contributes to 
the existing literature on clinical follow-up and family 
counseling. 
      A limitation of our study is that the length and 
width of the CC were not measured. The 2025 Delphi 
consensus states that these measurements are not 
necessary in routine screening and should only be 
considered if there is suspicion regarding the shape. 
Furthermore, there is no accepted reference curve or 
international consensus for length and thickness. 
Although the lack of standardized measurements 
makes interpretation somewhat difficult, the isolated 
nature of the cases and our focus on genetic analysis 
enabled us to obtain clinically meaningful results. 
 
 
CONCLUSION 
 
In this study, we describe key considerations in the 
evaluation of pregnancies diagnosed with CC 
anomalies. The distinction between isolated and non-
isolated cases, together with MRI findings and genetic 
test results, played an important role in clinical 
decision-making in our cohort. Our experience is 
consistent with the literature, but each case should be 
evaluated individually. 
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Impact of Ovarian Cyst Size on Pregnancy Course and 
Neonatal Outcomes: Does Size Really Matter?  
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ABSTRACT 
Objectives: This study aimed to evaluate the impact of benign ovarian cyst size on maternal and neonatal 
outcomes by comparing pregnancies complicated by cysts of different diameters. 
Methods: In this retrospective cohort study, 266 pregnant women diagnosed with benign ovarian cysts were 
categorized into three groups according to cyst diameter: <5 cm, 5–10 cm, and >10 cm. Maternal characteristics, 
pregnancy complications, delivery outcomes, and neonatal parameters were analyzed. Composite adverse 
perinatal outcomes (CAPO) included prematurity, low Apgar scores, neonatal intensive care unit (NICU) 
admission, and neonatal morbidities. 
Results: Most small cysts (<5 cm) regressed spontaneously, while larger cysts showed significantly higher 
rates of complications. Cysts >10 cm were associated with increased risks of preterm delivery (23.1%), 
composite adverse perinatal outcomes (26.9%), and higher incidences of torsion, rupture, and surgical 
intervention (P<0.05 for all). No significant differences were found among groups regarding Apgar scores, 
NICU admission, or neonatal morbidities. 
Conclusions: While benign ovarian cysts generally do not impair pregnancy outcomes, cyst size is a key 
determinant of risk. Cysts >10 cm carry a markedly higher likelihood of maternal complications and adverse 
perinatal outcomes, supporting closer surveillance and individualized, size-based management strategies. 
Keywords: Pregnancy, Ovarian Cyst, Adnexal Mass, Perinatal Outcomes, Cyst Size, Torsion, Preterm Birth 
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 Ovarian cysts during pregnancy are lesions that 

are detected more frequently with the 
widespread use of routine obstetric 

ultrasonography and are mostly identified incidentally 
[1, 2]. Most of these cysts are benign, may resolve 
spontaneously during pregnancy, and generally do not 
cause any significant symptoms. However, in some 
cases, monitoring or surgical intervention may be 
necessary due to the size, structure, or risk of 

complications (such as torsion or rupture) of the cysts 
[3]. Ultrasonography is the first-line diagnostic 
method, while advanced imaging techniques may also 
be used in cases of suspected malignancy or complex 
cysts [4]. Management of ovarian cysts during 
pregnancy is individualized based on factors such as 
cyst size, presence of symptoms, and risk of 
malignancy; while most cases are monitored 
conservatively, surgical intervention is generally 
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preferred in the second trimester and in selected 
patients. Therefore, evaluating current approaches to 
the diagnosis and management of ovarian cysts 
detected during pregnancy is of great importance for 
both maternal and fetal health.  
      he impact of maternal ovarian cysts on pregnancy 
and fetal outcomes may vary depending on the cyst’s 
characteristics and management strategy. In general, 
benign ovarian cysts identified during pregnancy are 
not expected to adversely influence obstetric or 
perinatal outcomes, and both maternal and fetal 
prognoses are usually favorable [5]. Nevertheless, 
when complications such as torsion, rupture, or rapid 
enlargement occur, early diagnosis and timely 
management are essential to prevent serious 
consequences. Although these complications are 
uncommon, they can result in adverse outcomes such 
as preterm delivery, fetal distress, or procedure-related 
risks associated with surgical intervention.  
      However, limited data are available regarding the 
effect of cyst size on maternal and neonatal outcomes 
in pregnancies complicated by benign ovarian cysts. 
This study aimed to evaluate the relationship between 
ovarian cyst size and pregnancy outcomes by 
comparing maternal and perinatal parameters across 
three cyst size groups.  
 
 
METHODS 
Study Design  
      This study was designed as a retrospective cohort 
analysis to evaluate the impact of ovarian cyst size on 
maternal and neonatal outcomes in pregnancies 
complicated by benign ovarian cysts. Data were 
collected from pregnant women who were evaluated 
and followed up at the Department of Perinatology 
between January 2023 and April 2025.  
 
Selection of Case, and Selection of Control  
      This retrospective study included a total of 266 
pregnant women diagnosed with benign ovarian cysts 
during routine obstetric ultrasonography. All patients 
were evaluated and followed up at the Department of 
Perinatology of a tertiary care center between January 
2023 and April 2025. During the study period between 
January 2023 and April 2025, all pregnant women 
evaluated at our tertiary center for adnexal masses 

detected during routine obstetric ultrasonography were 
consecutively screened using hospital electronic 
medical records and ultrasound archives. Patients were 
included consecutively if they met the inclusion 
criteria and had complete antenatal follow-up and 
delivery records. After applying exclusion criteria, a 
total of 266 pregnancies with confirmed benign 
ovarian cysts were included in the final analysis. The 
number of patients was not predetermined but 
represents the complete cohort of eligible consecutive 
cases during the specified study period. Patients were 
divided into three subgroups according to the 
maximum diameter of the ovarian cysts measured by 
ultrasonography: Group 1 (<5 cm, n = 160), Group 2 
(5–10 cm, n = 80), and Group 3 (>10 cm, n = 26). 
Only cases in which the cysts were confirmed to be 
benign—either through histopathology, spontaneous 
resolution, or stable benign morphology on serial 
imaging—were included in the study. Cysts diagnosed 
as malignant, borderline, or indeterminate, as well as 
paraovarian or tubal masses, were excluded. Patients 
with singleton pregnancies who had regular antenatal 
follow-up and complete delivery records were 
included. Exclusion criteria were: multiple 
pregnancies, pre-existing chronic systemic diseases 
(such as diabetes mellitus or hypertension), fetal 
structural or chromosomal abnormalities, and 
pregnancies with incomplete clinical data or follow-
up. The diagnosis of ovarian cysts was made by 
transabdominal or transvaginal ultrasonography 
during the first or second trimester. Serial ultrasound 
examinations were performed at routine prenatal visits 
to monitor cyst characteristics and pregnancy course. 
Delivery information, including gestational age at 
birth, birth weight, Apgar scores, and perinatal 
outcomes, were obtained from hospital records. All 
patients were followed up and delivered at the same 
tertiary center, ensuring data consistency and 
uniformity in management.  
 
Data Collection and Laboratory Procedures  
      Patient data were retrospectively obtained from 
hospital electronic medical records and the 
institutional obstetric database. Demographic, 
obstetric, and ultrasonographic variables were 
recorded for all participants. Maternal age, gravidity, 
parity, height, weight, and pre-pregnancy body mass 
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index (BMI, kg/m²) were collected. Additional clinical 
parameters included history of infertility, previous 
ovarian cysts, conception method (spontaneous or in 
vitro fertilization), and gestational age at diagnosis of 
the cyst (weeks). The ultrasonographic characteristics 
of the ovarian cysts, including maximum diameter 
(cm) and bilaterality, were noted. Patients were then 
categorized into three subgroups based on cyst size: 
<5 cm, 5–10 cm, and >10 cm. Pregnancy-related 
outcomes were evaluated, including preterm delivery 
(<37 weeks), premature rupture of membranes 
(PROM), preterm premature rupture of membranes 
(PPROM), malpresentation, fetal growth restriction 
(FGR), fetal distress, cyst rupture, torsion, regression 
during follow-up, and surgical intervention during 
pregnancy. Neonatal outcomes included gestational age 
at delivery (weeks), birth weight (grams), 1-minute and 
5-minute Apgar scores, cesarean section rate, and 
admission to the neonatal intensive care unit (NICU). 
Adverse perinatal outcomes were defined as the 
presence of at least one of the following: prematurity 
(<37 weeks), low Apgar score (<7 at 5 minutes), NICU 
admission, respiratory distress syndrome (RDS), 
transient tachypnea of the newborn, neonatal sepsis, 
hypoglycemia, need for phototherapy, continuous 
positive airway pressure (CPAP) or mechanical 
ventilation, or perinatal mortality. A composite adverse 
perinatal outcome (CAPO) variable was created to 
encompass these parameters.All data were cross-
checked by two independent researchers to ensure 
accuracy and consistency before statistical analysis. 
 
Statistical Analysis  
      Statistical analysis was performed utilising IBM 
SPSS version 22.0 (IBM Corporation, Armonk, NY, 
USA). The Kolmogorov-Smirnov test was employed 
to assess adherence to normal distribution. Descriptive 
statistics for continuous variables were reported as 
"mean ± standard deviation" for normally distributed 
data and "median (interquartile range)" for non-
normally distributed data. Categorical variables were 
analysed using the chi-square test or Fisher's exact test. 
Continuous variables were analysed using the 
independent sample t-test or the Mann-Whitney U test, 
contingent upon their normal distribution status.The 
statistical analysis performed in this study involved 
the utilization of One-Way ANOVA, followed by post 

hoc tests to assess intergroup comparisons in cases 
where significant differences were observed. Pairwise 
comparisons were performed using Bonferroni-
adjusted independent samples t-tests following 
one-way ANOVA and Bonferroni-corrected Mann–
Whitney U tests following Kruskal–Wallis tests, as 
appropriate. Statistical significance for all tests was 
defined as a P value less than 0.05.  
      The study was conducted in accordance with the 
principles stated in the Declaration of Helsinki and 
ethical approval was obtained from Ethics Committee 
(approval number: AESH-BADEK-2025-318). 
Considering the retrospective nature of the study, Ethics 
Committee granted an exemption for informed consent. 
 
 
RESULTS 
 
A total of 266 pregnant women with benign ovarian 
cysts were included in the analysis. According to cyst 
diameter, 160 (60.2%) patients were classified into the 
<5 cm group, 80 (30.1%) into the 5–10 cm group, and 
26 (9.8%) into the >10 cm group. The mean maternal 
age, height, weight, body mass index (BMI), parity, 
and rates of nulliparity and in vitro fertilization did not 
differ significantly among the three groups. The mean 
gestational age at diagnosis was significantly earlier 
in women with smaller cysts (12.5±3.4 weeks) 
compared with those with moderate and large sized 
cysts (14.2±3.8 weeks and 16.1±4.2 weeks, 
respectively; P<0.001). No significant differences 
were observed in bilaterality or history of previous 
ovarian cysts across groups (Table 1).  
      The benign nature of the ovarian cysts was 
confirmed through multiple diagnostic pathways. 
Histopathological confirmation following surgery 
accounted for 12.0% of cases, whereas radiologic or 
clinical resolution was observed during pregnancy in 
34.2% and within 12 months postpartum in 24.1% of 
patients. In addition, 29.7% of cysts maintained a 
stable benign morphology on serial ultrasound 
examinations, confirming the non-malignant character 
of all included cases (Table 2). Analysis of pregnancy 
outcomes revealed a progressive increase in adverse 
maternal events with increasing cyst size. The rates of 
preterm delivery rose from 8.8% in the <5 cm group 
to 12.5% in the 5–10 cm group and 23.1% in the >10 
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cm group (P=0.047). Cyst regression during follow-
up was significantly more frequent in smaller cysts 
(71.9%) compared with moderate (45.0%) and large 
cysts (15.4%; P<0.001). Conversely, complications 
such as rupture, torsion, and surgical intervention were 
significantly more common in larger cysts. The rates 
of PPROM, PROM, malpresentation, fetal growth 
restriction, and fetal distress did not differ significantly 
between groups (Table 3).  

      Mean gestational age at delivery and birth weight 
tended to decrease with increasing cyst size, though 
not reaching statistical significance (P=0.061 and 
P=0.082, respectively). The incidence of prematurity 
(<37 weeks) increased significantly with cyst size 
(8.8%, 12.5%, 23.1%; P=0.047). Similarly, the rate of 
composite adverse perinatal outcomes was higher in 
the >10 cm group (26.9%) compared with the smaller 
cyst groups (P=0.042). Cesarean section rates, Apgar 
scores, and rates of NICU admission, transient 
tachypnea, neonatal sepsis, respiratory distress 
syndrome, and hypoglycemia did not differ 
significantly among the groups (Table 4).  
 
 
DISCUSSION 
 
In the present study, we investigated the impact of 
benign ovarian cyst size on pregnancy outcomes and 
found that cyst size is a significant determinant of risk. 
Overall, our results indicate that most ovarian cysts 
detected during pregnancy are clinically benign and 
do not adversely affect the course of pregnancy. 
However, as cyst size increases, there is a clear rise in 
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the likelihood of complications and interventions. In 
particular, pregnancies involving large ovarian cysts 
(>10 cm) showed higher rates of preterm delivery and 
a greater incidence of CAPO compared to those with 
smaller cysts. These large cysts were also far less 
likely to regress spontaneously and more often led to 
acute events such as ovarian torsion or cyst rupture, 
necessitating surgical management. This size-related 
risk gradient underscores the importance of stratifying 
antenatal management based on cyst dimensions.  
      Our findings align with the broader literature, 
noting that ovarian cysts in pregnancy are relatively 
uncommon and usually benign. The incidence of 
adnexal masses during pregnancy is estimated to range 
from about 0.2% to 2% of pregnancies, with the vast 
majority being benign, asymptomatic lesions [1, 6]. In 
a large prospective study by Gaughran et al. [7] İN 
2024, adnexal masses were detected in 1% of more 
than 28,000 pregnancies, the majority of which were 
considered simple/functional cysts, and 74% of which 
disappeared spontaneously after birth. Similarly, in our 
series, a significant portion of the cysts regressed 
during the follow-up period. The literature reports that 
85-96% of corpus luteum and follicle cysts, especially 
those detected in the first trimester, undergo 
spontaneous resolution by 16-20 weeks of gestation 
[8]. Parallel to this phenomenon, in our study, most of 
the small and simple cysts disappeared during the 
second trimester. Numerous studies demonstrate the 
safety of a conservative approach in the management 
of benign masses. In a retrospective study by Barcroft 
et al. [9], 92% of 267 adnexal masses detected during 
pregnancy were managed without the need for 
surgery; only 1.5% required emergency surgery during 
pregnancy. In the same study, it was stated that one-
quarter of the cysts disappeared spontaneously during 
pregnancy, and most of the remaining were removed 
electively in the postpartum period. Similarly, in our 
series, the rate of emergency intervention was found 
to be low, and the majority of cases reached term 
pregnancy without any problems. While there are 
concerns about the possibility of poor obstetric 
outcomes in the presence of an adnexal mass, recent 
data suggest that these concerns may be unfounded. A 
2021 review reported that planned elective surgery can 
be performed safely during pregnancy and does not 
increase the rate of miscarriage, premature rupture of 
membranes, or preterm birth [10]. In our study, no 

significant difference was found in the rates of preterm 
birth or composite adverse perinatal outcome due to 
the presence of cysts. This finding suggests that the 
presence of benign adnexal masses does not have a 
significant negative impact on fetal growth and timing 
of birth and is consistent with similar studies in the 
literature [11, 12].  
      There are also studies in the literature examining 
the relationship between cyst size and the risk of 
complications. It has been reported that the risk of 
torsion is significantly higher in medium-sized cysts 
(approximately 5-10 cm). In a classic study by Koo et 
al. [13], the risk of torsion was approximately 2.7 
times higher in masses measuring 6-10 cm compared 
to cysts measuring <6 cm. However, it has been stated 
that the risk of torsion does not increase again in very 
large cysts (>10-15 cm), perhaps due to the restriction 
of mobility of the masses. In our study, complication 
rates - including torsion, rupture, and the need for 
surgical intervention - were highest in the >10 cm 
group, rather than in the medium-sized group, 
suggesting that cysts exceeding a critical size 
threshold may behave differently in pregnancy 
compared with the patterns reported in smaller 
cohorts. In light of these findings, cyst size emerges 
as a clinically meaningful determinant of risk. Larger 
cysts are more prone to complications due to increased 
mass effect, stretching of the utero-ovarian ligament, 
impaired venous and lymphatic drainage, and a higher 
likelihood of rupture or hemorrhage as intracystic 
pressure increases [14, 15]. Several contemporary 
studies have similarly emphasized that cysts exceeding 
8–10 cm are associated with a significantly higher 
need for intervention, greater rates of acute abdominal 
pain, and a higher probability of requiring either 
emergency or elective surgery during pregnancy [16, 
17]. Moreover, mass effect from large adnexal lesions 
may alter uterine irritability or exert mechanical 
pressure on surrounding structures, potentially 
contributing to preterm uterine activity.  
      Taken together, these observations highlight that 
cyst size remains one of the most clinically relevant 
parameters in predicting pregnancy-related risks in 
women with benign adnexal masses. An important 
strength of our study is the inclusion of a well-defined 
cohort in which all cysts were confirmed as benign 
through radiological, clinical, or histopathological 
criteria, allowing a more precise evaluation of size-
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dependent behavior without the confounding effects 
of malignant or borderline lesions. Moreover, all 
patients were followed and delivered at the same 
tertiary referral center, ensuring uniform imaging 
protocols, consistent obstetric management, and 
reliable outcome documentation. The stratification of 
patients into three clearly defined size groups further 
enabled a more nuanced interpretation of how cyst 
diameter influences both maternal complications and 
perinatal outcomes.  
 
Strengths and Limitations  
      Nevertheless, certain limitations should be 
acknowledged. First, the retrospective design 
inherently introduces the possibility of selection bias 
and limits the ability to establish causal relationships. 
Although the study population is relatively large, the 
number of women with cysts >10 cm remained small, 
reflecting the rarity of giant benign adnexal masses in 
pregnancy; therefore, risk estimates for this subgroup 
should be interpreted cautiously. Finally, the single-
center design may restrict external generalizability, as 
surgical thresholds, ultrasound expertise, and follow-
up practices can vary across institutions. Despite these 
limitations, our findings contribute meaningful 
evidence to the ongoing discussion regarding the 
management of benign adnexal masses in pregnancy. 
The results suggest that while most cysts identified 
during gestation follow a benign course and frequently 
regress, cysts exceeding 10 cm warrant closer 
surveillance due to their higher likelihood of torsion, 
rupture, surgical intervention, and preterm birth. In 
contrast, smaller cysts rarely require intervention and 
are associated with favorable maternal and neonatal 
outcomes. These observations support an 
individualized, size-based approach in which 
conservative management is appropriate for the 
majority of patients, while large or symptomatic cysts 
may benefit from proactive monitoring and timely 
intervention. Future prospective multicenter studies 
with larger samples of giant cysts are needed to refine 
risk stratification and further inform management 
algorithms for this unique patient population. 
 
 
CONCLUSION 
 
Benign ovarian cysts detected during pregnancy are 

generally considered to have a favorable clinical 
course and are commonly managed conservatively, 
with most lesions remaining asymptomatic or 
regressing spontaneously. However, evidence 
regarding the influence of cyst size on maternal and 
perinatal outcomes has been limited and inconsistent. 
The present study adds to the existing literature by 
demonstrating a clear size-dependent risk pattern, 
showing that cysts larger than 10 cm are associated 
with significantly higher rates of maternal 
complications, including torsion, rupture, and the need 
for surgical intervention, as well as increased risk of 
preterm birth and composite adverse perinatal 
outcomes. These findings highlight cyst size as a key 
determinant in risk stratification and support an 
individualized, size-based management approach to 
optimize both maternal and neonatal outcomes in 
pregnancies complicated by benign ovarian cysts. 
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Association Between Kidney Function and Morphology–
Voltage–P Wave Duration (MVP) Score: A Cross-Sectional 
Electrocardiographic Study 
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ABSTRACT 
Objectives: Chronic kidney disease (CKD) is associated with a high burden of atrial arrhythmias, primarily 
atrial fibrillation (AF), due to structural and electrical remodelling of the atria. The Morphology–Voltage–P 
wave duration (MVP) score, a composite electrocardiographic parameter derived from surface 
electrocardiography (ECG), has been proposed as a simple, non-invasive marker of atrial electrical dysfunction. 
However, its relationship with renal function has not been previously explored. 
Methods: This single-centre, retrospective, cross-sectional study included 90 adults with varying levels of 
estimated glomerular filtration rate (eGFR). MVP scores were calculated from standard 12-lead ECGs, and 
echocardiographic, demographic, and laboratory variables were recorded. Patients were grouped by eGFR 
(>60, 30–59, and <30 mL/min/1.73 m²). Correlation and multiple linear regression analyses were performed 
to identify independent predictors of MVP score. 
Results: MVP score increased across worsening eGFR categories (1.33±0.61, 2.63±1.03, and 4.64±1.26, 
respectively; P<0.001). A strong inverse correlation was observed between eGFR and MVP score (r = –0.774, 
P<0.001). In multivariable analysis, eGFR (β = –0.519, P<0.001), left atrial diameter (β=0.396, P<0.001), and 
male sex (β=0.133, P=0.029) were independent determinants of higher MVP values, explaining 63% of MVP 
variance. 
Conclusions: Reduced renal function is independently associated with higher MVP scores, reflecting atrial 
electrical abnormalities in patients with CKD. The MVP score may serve as a low-cost, easily applicable ECG 
marker for early detection of subclinical atrial dysfunction and arrhythmia risk in patients with renal 
impairment. Prospective, multicentre studies integrating MVP with advanced imaging and artificial 
intelligence–based ECG analysis are warranted to validate its clinical utility. 
Keywords: Morphology-Voltage-P Wave Duration (MVP) Score, Chronic Kidney Disease, Atrial Electrical 
Remodelling 
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Chronic kidney disease (CKD) is one of the 
leading contributors to cardiovascular morbidity 
and mortality, and atrial arrhythmias, 

particularly atrial fibrillation (AF), are frequently 
observed in this population [1]. In CKD, volume 
overload, hypertension, left ventricular hypertrophy, 
and electrolyte disturbances accelerate atrial 
remodelling and fibrosis, thereby predisposing 
patients to the development of AF [2]. Accordingly, 
early evaluation of atrial electrical activity in patients 
with CKD is of substantial clinical relevance. 
      On surface electrocardiography (ECG), P-wave 
parameters - particularly morphology, duration, and 
voltage - serve as inexpensive and non-invasive 
markers that provide insight into atrial conduction 
abnormalities and interatrial block, and may predict 
the risk of AF [3]. The Morphology–Voltage–P wave 
duration (MVP) score, which integrates these 
parameters, was first described by Alexander et al. [4] 
and was shown to be a significant predictor of new-
onset AF in patients with coronary artery disease. 
Subsequent studies have demonstrated that the MVP 
score can predict in-hospital and long-term AF in 
patients with acute ischaemic stroke, AF recurrence 
following pulmonary vein isolation, early left atrial 
(LA) dysfunction in hypertensive individuals, and 
long-term AF development in patients with systolic 
heart failure [5-8]. Moreover, recent population-based 
data suggest that the MVP score may also aid in stroke 
risk stratification [9]. 
      The MVP score is a low-cost parameter that can 
be easily integrated into routine clinical practice, as it 
is derived solely from surface ECG, can be measured 
objectively, and does not require any additional 
equipment [4]. However, no study in the current 
literature has evaluated the relationship between renal 
function and the MVP score. 
      This study aims to investigate the association 
between renal function and the MVP P-wave score in 
individuals with different estimated glomerular 
filtration rate (eGFR) levels, thereby assessing the 
clinical potential of the MVP score as an easily 
obtainable electrocardiographic marker for the early 
detection of atrial electrical dysfunction.  
 
 
METHODS 
Study Population and Data Collection 
      This single-centre, retrospective, cross-sectional 

observational study was conducted to evaluate the 
relationship between the MVP score and renal 
function parameters in individuals with varying 
degrees of kidney function. Data were obtained from 
electronic medical records and archived digital ECG 
recordings. The study included a total of 90 adult 
individuals who presented to our outpatient clinic 
between January 2025 and July 2025. Participants 
were selected to represent a broad spectrum of renal 
function. Accordingly, patients were enrolled and 
stratified by renal function into three eGFR categories: 
>60 mL/min/1.73 m², 30–59 mL/min/1.73 m² and <30 
mL/min/1.73 m². This approach allowed the 
assessment of the association between renal function 
and electrocardiographic parameters not only in 
advanced kidney disease, but across the full 
physiological range. 
      All participants were in sinus rhythm at the time 
of evaluation, and standard 12-lead ECG and 
transthoracic echocardiography (TTE) were 
performed for each individual. Conditions that could 
affect P-wave morphology or atrial conduction were 
excluded. Exclusion criteria comprised a history of 
atrial fibrillation or atrial flutter, the presence of a 
permanent pacemaker or implantable cardioverter-
defibrillator (ICD), Wolff–Parkinson–White (WPW) 
syndrome, complete left or right bundle branch block, 
acute myocardial ischaemia, moderate-to-severe 
valvular heart disease, and systolic heart failure (left 
ventricular ejection fraction [LVEF] < 50%). In 
addition, patients with active infection or sepsis, 
known thyroid dysfunction, malignancy, or significant 
electrolyte imbalance (serum potassium > 5.5 or < 3.0 
mmol/L) were excluded. ECG and echocardiographic 
recordings with inadequate image or signal quality 
were also excluded from the final analysis. 
      Clinical, demographic, laboratory, and 
echocardiographic data were obtained from the 
hospital’s electronic medical record system. 
Demographic variables included age, sex, body mass 
index (BMI), and comorbidities such as hypertension, 
diabetes mellitus, and coronary artery disease. 
Laboratory parameters included serum creatinine, 
hemoglobin, electrolytes, and C-reactive protein 
(CRP) levels. 
 
Electrocardiographic Assessment and Calculation 
of MVP Score 
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      A standard 12-lead ECG was recorded in all 
participants at a paper speed of 50 mm/s and a voltage 
calibration of 10 mm/mV using a Philips PageWriter 
TC70 device (Philips Healthcare, Andover, MA, 
USA). To minimise autonomic influences, all 
recordings were obtained in the supine position after 
at least 10 minutes of rest. Digital ECG recordings 
were subsequently reviewed and analysed in 
electronic format. 
      P-wave analyses were performed offline on digital 
ECG recordings at ×200 magnification by two 
experienced cardiologists who were blinded to all 
clinical, laboratory, and echocardiographic data. For 
each lead, measurements were averaged over three 
consecutive sinus beats. The MVP score was 
calculated as previously described: 
      •P-wave duration: <120 ms = 0 points; 120–140 
ms = 1 point; >140 ms = 2 points 
      •P-wave voltage in lead I: >200 µV = 0 points; 
100–200 µV = 1 point; <100 µV = 2 points 
      •P-wave morphology in inferior leads: normal = 0 
points; partial interatrial block = 1 point; advanced 
interatrial block = 2 points 
      The total MVP score ranged from 0 to 6, with 
higher values indicating more pronounced atrial 
conduction abnormalities and atrial electrical 
remodelling [4]. All ECG measurements were 
performed independently by two blinded cardiologists 
using a standardized protocol, and discrepancies were 
resolved by consensus. 
 
Echocardiographic and Laboratory Assessment 
      TTE was performed in all participants using a 
Philips EPIQ 7C ultrasound system (Philips 
Healthcare, Andover, MA, USA) in accordance with 
the current recommendations of the American Society 
of Echocardiography (ASE) [10]. Standard 
echocardiographic measurements were obtained in all 
patients. All measurements were performed 
independently by two experienced cardiologists who 
were blinded to the MVP score results, and in cases of 
discrepancy, the final value was determined by 
consensus. 
      Venous blood samples were collected in the 
morning after an overnight fast. Serum creatinine, 
electrolytes (Na⁺, K⁺, Ca²⁺, Mg²⁺), hemoglobin, and 
CRP levels were measured using an Abbott Architect 

c8000 autoanalyser (Abbott Diagnostics, Illinois, 
USA). The eGFR was calculated using the CKD-EPI 
2021 equation [11]. 
 
Statistical Analysis  
      All statistical tests were conducted using the 
Statistical Package for the Social Sciences 25.0 for 
Windows (SPSS Inc., Chicago, IL, USA). The 
Kolmogorov-Smirnov test was used to analyze the 
normality of the data. Continuous data are expressed 
as mean±SD, and categorical data are expressed as 
percentages. Chi-square test was used to assess 
differences in categorical variables between groups. 
Comparisons of independent numerical variables were 
performed using repeated-measures ANOVA and/or 
the Kruskal–Wallis test, depending on the distribution 
of the data. The relationships among parameters were 
assessed using Pearson’s or Spearman's correlation 
analysis according to the normality of the data. 
Correlations between variables were evaluated by 
Pearson’s rank correlation test. Multiple linear 
regression analyses using the stepwise method were 
performed to assess the independent variables 
affecting the dependent variable MVP score. All 
independent variables in the multiple linear regression 
were tested for multicollinearity. If the variance 
inflation factor exceeded 3.0, the variable was 
considered to be collinear. All reported confidence 
interval (CI) values are calculated at the 95% level. 
Significance was assumed at a 2-sided P<0.05. 
 
 
RESULTS 
 
The demographic, clinical, electrocardiographic, and 
echocardiographic characteristics of the patients 
included in the study are summarized in Table 1. A 
total of 90 participants were included in the study. The 
mean age of the population was comparable across the 
three eGFR categories (P=0.182). The distribution of 
sex, BMI, hypertension, diabetes mellitus, and 
coronary artery disease did not differ significantly 
between the groups (all P>0.05). 
      Electrocardiographic and echocardiographic 
findings demonstrated progressive alterations in atrial 
conduction and structure with decreasing renal 
function. P-wave duration increased significantly from 
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100.3±12.7 ms in the eGFR > 60 mL/min/1.73 m² 
group to 129.1±19.7 ms in patients with eGFR <30 
mL/min/1.73 m² (P<0.001). Conversely, P-wave 
voltage decreased as renal function declined 
(P=0.004). The prevalence of advanced interatrial 
block was markedly higher in patients with lower 
eGFR values (P<0.001). 
      The MVP score showed a stepwise increase across 
eGFR categories, with mean values of 1.33±0.61, 
2.63±1.03, and 4.64±1.26, respectively (P<0.001). 
Moreover, QTc interval and QRS duration were both 
significantly prolonged in patients with eGFR <30 
mL/min/1.73 m² (P=0.009 and P=0.023, respectively). 
Echocardiographic parameters revealed significant 
structural changes associated with reduced renal 
function. LA diameter and left ventricular end-
diastolic diameter differed significantly across eGFR 
categories and were highest in the eGFR < 30 
mL/min/1.73 m² group (P<0.001 and P=0.005, 
respectively). Similarly, interventricular septal 
diameter (IVS) increased with worsening renal 

function (P=0.004), while pulmonary artery systolic 
pressure (PASP) reached its highest value in the eGFR 
30–59 mL/min/1.73 m² group (P=0.007). 
      Laboratory findings were consistent with the 
degree of renal dysfunction. Serum creatinine and 
potassium levels were significantly higher in the eGFR 
< 30 mL/min/1.73 m² group compared with the other 
eGFR categories (both P<0.001), whereas 
hemoglobin, total cholesterol, LDL, HDL, and 
triglycerides showed no significant differences among 
groups (P>0.05). Regarding medical therapy, beta-
blocker and calcium channel blocker use did not differ 
significantly across eGFR groups (P>0.05). 
      In the Spearman correlation analysis (Table 2), a 
strong and inverse relationship was identified between 
the MVP score and eGFR (r = –0.774, P<0.001). In 
addition, the MVP score was positively correlated with 
LA diameter (r = 0.574, P<0.001). No significant 
correlations were observed between MVP score and 
age, BMI, hypertension, diabetes mellitus, or IVS (all 
P>0.05). 
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      In the multivariable linear regression analysis 
(Table 2), eGFR (β = –0.519, P<0.001), LA diameter 
(β = 0.396, P<0.001), and male sex (β = 0.133, 
P=0.029) were identified as independent predictors of 
higher MVP scores. eGFR was the most powerful 
determinant of MVP score, indicating that lower renal 
function was significantly associated with higher 
MVP values. LA diameter also showed a positive 

association with MVP score, whereas male sex was 
found to be an independent but relatively weaker 
predictor. Together, these three variables explained 
approximately 63% of the variance in MVP score 
(adjusted R² = 0.63). Age, BMI, hypertension, diabetes 
mellitus, and IVS did not make a statistically 
significant contribution when added to the model (all 
P>0.05). 
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! !FIGURE 1. Comparison of Morphology-Voltage-P wave duration score (MVP) scores according to estimated glomerular fil-
tration rate categories. 
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FIGURE 2. Negative correlation between Morphology-Voltage-P wave duration score (MVP) score and estimated glomerular 
filtration rate (R² = 0.572, P<0.001)
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      Figure 1 illustrates the distribution of MVP scores 
across eGFR categories, demonstrating a progressive 
and statistically significant increase in MVP score with 
worsening renal function (P<0.001). Figure 2 presents 
the scatter plot depicting the correlation between MVP 
score and eGFR, confirming a strong, inverse, and 
linear relationship between the two parameters (R² = 
0.572, P<0.001). These graphical findings are 
consistent with the regression analyses, visually 
reinforcing the close association between reduced 
renal function and elevated MVP score. 
 
 
DISCUSSION 
 
In this study, we investigated the relationship between 
the MVP score and renal function parameters in 
individuals with varying degrees of kidney function. 
Our findings demonstrated a significant increase in 
MVP score with decreasing eGFR. In addition, LA 
diameter and male sex were independently associated 
with higher MVP scores, providing further evidence 
of an independent association between impaired renal 
function and atrial electrical remodelling. These 
results suggest a meaningful association between 
declining kidney function and disruption of atrial 
electrical and structural integrity. 
      CKD is a systemic condition characterised not 
only by loss of renal function, but also by chronic 
inflammation, oxidative stress, excessive activation of 
the renin–angiotensin–aldosterone system (RAAS), 
and endothelial dysfunction [12-13]. These 
mechanisms promote atrial fibrosis, conduction 
slowing, and increased electrical heterogeneity, 
thereby facilitating atrial remodelling [14-15]. 
Progressive deterioration in renal function was 
associated with electrocardiographic features 
consistent with atrial conduction abnormalities, as 
reflected by higher MVP scores [16-17]. The increase 
in MVP score observed in our cohort may therefore be 
interpreted as a non-invasive electrocardiographic 
marker of this underlying pathophysiological process. 
In patients with chronic kidney disease, even in the 
absence of overt electrolyte abnormalities, subclinical 
shifts in electrolyte balance and chronic volume 
overload are common and may influence atrial 
conduction properties. Such factors may contribute to 
prolongation of P-wave duration, attenuation of P-

wave voltage, and alterations in P-wave morphology, 
thereby affecting MVP score components. These 
mechanisms should be regarded as potential 
contributors to atrial electrical vulnerability rather than 
direct causal pathways, and residual confounding 
related to these subclinical changes cannot be fully 
excluded [12-17]. 
      The MVP score is an electrocardiographic index 
developed by Alexander et al. that combines P-wave 
duration, voltage, and morphology into a composite 
measure quantitatively reflecting atrial conduction 
abnormalities. Previous studies have reported that the 
MVP score predicts new-onset AF in patients with 
coronary artery disease, serves as a marker of LA 
dysfunction in hypertensive individuals, and is 
associated with both in-hospital and long-term AF risk 
in patients with acute ischaemic stroke. In addition, it 
has been shown to correlate with arrhythmic events in 
patients with systolic heart failure [4-8]. However, to 
date, no study has directly evaluated the relationship 
between renal function and the MVP score. In this 
context, our study provides the first evidence 
suggesting that the MVP score may be linked not only 
to cardiac pathology but also to systemic organ 
dysfunction, particularly impaired renal function. 
      Our findings demonstrate that the MVP score 
increases significantly with declining eGFR (β = –
0.519, P<0.001), and this association remains 
independent in multivariable analysis. As renal 
function deteriorates, fibrotic changes within atrial 
conduction pathways and prolongation of 
depolarisation time are expected, which are reflected 
by prolonged P-wave duration, reduced P-wave 
voltage, and consequently higher MVP scores. The 
independent association of LA diameter with elevated 
MVP scores further indicates that this process 
encompasses not only electrical, but also mechanical 
atrial remodelling. In patients with CKD, volume 
overload, left ventricular hypertrophy, and diastolic 
dysfunction increase atrial wall stress and accelerate 
fibrosis [18]. As a result of this pathological cascade, 
P-wave duration is prolonged, voltage is attenuated, 
and the MVP score rises. Therefore, the MVP score 
may represent one of the earliest and most accessible 
surface ECG markers of subclinical atrial remodelling 
associated with renal dysfunction. Although a 
definitive clinically meaningful cut-off for the MVP 
score has not been universally established, prior 
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studies have consistently shown that higher MVP 
values - particularly scores ≥3–4 - are associated with 
an increased risk of new-onset or recurrent AF [14-
18]. In this context, the progressive increase in MVP 
score observed across worsening eGFR categories in 
our study suggests a shift toward a higher atrial 
arrhythmic risk profile rather than an isolated 
electrocardiographic change. Therefore, the observed 
differences in MVP score may be considered clinically 
relevant in terms of atrial vulnerability. 
      The positive association between male sex and 
higher MVP scores is also noteworthy. Sex-related 
differences in hormonal milieu, atrial wall thickness, 
and fibrotic response may contribute to this finding. 
Consistent with previous reports indicating a higher 
prevalence of interatrial conduction disturbances and 
advanced interatrial block in men, our results suggest 
that sex should be taken into account when 
interpreting MVP scores in clinical practice [19-20]. 
In CKD, sodium–water retention, activation of the 
RAAS, and heightened sympathetic tone promote 
fibrosis, oxidative stress, and electrical delays at both 
atrial and ventricular levels. This pathological process 
is reflected on the surface ECG by prolonged P-wave 
duration, reduced P-wave voltage, and altered P-wave 
morphology [14-15]. Accordingly, an increased MVP 
score may be interpreted as a direct surface ECG 
manifestation of atrial fibrosis and conduction 
slowing. Our findings provide non-invasive 
electrophysiological evidence supporting the link 
between atrial remodelling and arrhythmogenesis in 
CKD.  
      From a clinical perspective, the MVP score is an 
easily obtainable, low-cost, and non-invasive 
parameter. It may therefore serve as a useful tool for 
the early detection of subclinical atrial dysfunction, 
prediction of arrhythmic risk, and individualisation of 
follow-up strategies in patients with CKD. Particularly 
in populations at high risk for AF or other atrial 
arrhythmias, incorporation of the MVP score into 
routine ECG assessment could facilitate early 
identification of vulnerable patients and guide the need 
for further diagnostic evaluation. 
 
Strengths and Limitations  
      The present study is strengthened by its 
methodological rigor and clinical relevance. To our 

knowledge, it provides the first evidence linking renal 
function to the MVP ECG score in a cohort spanning 
a broad eGFR range. P-wave indices were derived 
from standardized ECG recordings (50 mm/s) and 
quantified via high-resolution offline measurements, 
with independent blinded assessment by two 
cardiologists and consensus adjudication to ensure 
reproducibility. Moreover, robust multivariable 
modelling was applied to delineate independent 
determinants of MVP score while controlling for key 
clinical and echocardiographic confounders. 
      Despite these strengths, the present study has 
certain limitations that warrant consideration. First, its 
cross-sectional design precludes any causal inference. 
Second, the sample size is relatively limited and 
prospective follow-up data are lacking. In addition, the 
single-centre design may limit the generalizability of 
the findings to broader populations. Although the 
MVP score was assessed manually, the high 
interobserver agreement supports the reliability of our 
measurements. In addition, we did not employ 
advanced imaging modalities - such as atrial strain 
analysis or cardiac magnetic resonance - to further 
characterise atrial fibrosis and electrical remodelling. 
Accordingly, LA diameter was used as the structural 
echocardiographic marker, which may have limited 
the detection of more subtle atrial structural and 
functional changes. Furthermore, patient recruitment 
from an outpatient setting may introduce selection 
bias, potentially under-representing patients with more 
advanced or unstable clinical conditions. The potential 
effects of antihypertensive therapies, electrolyte 
disturbances, and dynamic changes in volume status 
were also not systematically evaluated. However, 
these variables showed no meaningful variation or 
significant association with the MVP score and were 
therefore excluded from the multivariable model to 
avoid overfitting. Quantitative interobserver and 
intraobserver reproducibility metrics, such as 
intraclass correlation coefficients, were not formally 
calculated. Given the retrospective and cross-sectional 
design of the study, causal relationships or temporal 
directionality cannot be established, and the observed 
associations should be interpreted as hypothesis-
generating. Prospective longitudinal studies are 
warranted to determine whether deterioration in renal 
function precedes or accelerates atrial electrical 
remodelling. 
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CONCLUSION 
 
This study demonstrates a close association between 
the MVP score and renal function. The progressive 
increase in MVP score with declining kidney function 
supports its role as a non-invasive 
electrocardiographic marker of atrial electrical 
remodelling in patients with CKD. Integration of the 
MVP score into routine ECG assessment may 
facilitate earlier identification of patients with renal 
dysfunction who are at increased risk for atrial 
arrhythmias. Future prospective multicentre studies 
incorporating MVP scoring with atrial strain 
measurements, advanced imaging techniques 
(including MRI-based fibrosis assessment), and 
artificial intelligence–driven ECG analysis are 
warranted to validate these findings. Such an approach 
may enable the incorporation of the MVP score into 
AI-supported decision models for the early detection 
of subclinical atrial remodelling and prediction of 
atrial arrhythmogenesis. 
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ABSTRACT 
Objectives: Plate osteosynthesis is the standard treatment for adult both-bone forearm fractures, but locked 
intramedullary nailing (IMN) offers a minimally invasive alternative. Its impact on restoring radial bow and 
functional outcomes is unclear. This study assessed changes in radial bow magnitude and location after IMN 
and their relationship with functional outcomes. 
Methods: Twenty-six adult patients who underwent locked IMN for diaphyseal both-bone forearm fractures 
between 2015 and 2024 were retrospectively analyzed. Demographic data, radiographic measurements, union 
time, functional scores, and range of motion were recorded. Radial bow magnitude and bow apex location 
were measured on standardized radiographs and compared between the operated and contralateral forearms. 
Correlation analyses were performed to evaluate associations between bow changes and functional outcomes. 
Results: All fractures achieved union, with no cases of nonunion or radioulnar synostosis. The mean time of 
union was 10.7±1.8 weeks. Extensor pollicis longus (EPL) rupture occurred in two (7.7%) patients. 
Postoperative radiographs showed reduced bow magnitude (Δ=0.61±1.13 mm; P=0.010) and a distal shift in 
bow location (Δ = –5.38±5.39%; P=0.001) on the operated side. A significant negative correlation was found 
between distal bow displacement and supination (r = –0.561; P=0.003). No correlation was observed with 
pronation, VAS, or QuickDASH scores.  
Conclusions: Locked IMN ensures reliable union and excellent function. While IMN changes radial bowing, 
only excessive distal displacement impairs supination. 
Keywords: Intramedullary Nail, Forearm Fractures, Radial Bow, Range of Motion 
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 F orearm fractures in adults are common and 

usually treated surgically. Open reduction and 
internal fixation (ORIF) with plates remains 

the standard due to reliable reduction and fixation [1], 

but has drawbacks such as vascular disruption, 
delayed union, implant irritation, refracture after 
removal, and soft-tissue issues [2, 3]. Intramedullary 
nailing (IMN) is a minimally invasive alternative that 

How to cite this article: Tütüncü MN, Sevgin MM, Akbulut SÇ, Akpınar F. Impact of Radial Bowing Alteration on Functional 
Outcomes Following Locked Intramedullary Nailing of Adult Both-Bone Forearm Fractures. Eur Res J. 2026;12(3):315-322. doi: 
10.18621/eurj.1828131 
 

Corresponding author: Mehmed Nuri Tütüncü, MD., Phone: +90 216 606 52 00, E-mail: mnuritutuncu@hotmail.com 
 
This is an open-access article distributed under the terms of a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License, which 
permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) 
and the source, provide a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have permission under this 
licence to share adapted material derived from this article or parts of it. 
 

Available Online at https://dergipark.org.tr/en/pub/eurj 

Received: November 24, 2025   Accepted: January 20, 2026   Available Online: January 22, 2026   Published: March 1, 2026 

The European Research Journal   Volume 12   Issue 3   March 2026               315

http://orcid.org/0000-0001-9399-8516
https://ror.org/05j1qpr59
http://orcid.org/0000-0002-0861-1477
http://orcid.org/0009-0005-5424-5008
https://ror.org/05j1qpr59
http://orcid.org/0000-0003-4737-757X
https://doi.org/10.18621/eurj.1828131
https://doi.org/10.18621/eurj.1828131
mailto:mnuritutuncu@hotmail.com
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://dergipark.org.tr/en/pub/eurj


Eur Res J. 2026;12(3):315-322 Radial Bowing After Locked Forearm Nailing

preserves periosteal integrity and vascularity, requires 
less dissection, and results in fewer refractures and 
soft-tissue problems [4]. First-generation nails, 
however, often failed to provide rotational stability 
and had high nonunion rates [5].  
      Diaphyseal fractures of the radius and ulna are 
considered intra-articular fractures because of the 
unique biomechanics of the forearm. Proper axial, 
angular, and rotational alignment following such 
injuries is crucial for forearm function, particularly 
pronation–supination movements [4]. Therefore, 
anatomical reduction, restoration of axial length, and 
accurate reconstruction of the radial bow are 
considered critical for achieving successful functional 
outcomes [6]. Recently developed locked 
intramedullary nails, with proximal and distal locking 
options, have improved fixation strength by enhancing 
both rotational and axial stability. Several studies have 
reported decreased complication rates, shorter union 
times, and improved functional outcomes with these 
implants [7-9].  
      Some studies suggest locked intramedullary 
nailing and plate fixation offer comparable functional 
outcomes, but the effect of changes in radial bowing 
on forearm function remains unclear [10, 11]. This 
study evaluates changes in radial bow after locked 
intramedullary nailing of both-bone forearm fractures 
and examines their relationship with functional results. 
 
 
METHODS 
 
After obtaining local ethics committee approval 
(Number: 2025/0127 Date: 28/08/2025), 32 patients 
who underwent surgery for both forearm fractures in a 
single center between 2015 and 2024 were 
retrospectively analyzed. The study included patients 
who were older than 16 years, had sustained both 
traumatic forearm fractures, grade 1-2 open fractures, 
and had a follow-up period of at least 12 months. 
Exclusion criteria were a floating elbow, Monteggia or 
Galeazzi fracture, Grade 3 open fractures, pathologic 
fractures, rheumatoid arthritis, and previous limb 
fractures or deformities. Twenty-six patients meeting 
the inclusion criteria were enrolled in the study. Written 
informed consent was obtained from each patient. The 
study was conducted in accordance with the principles 
of the Declaration of Helsinki.  

      Demographic and clinical data, including age, sex, 
fracture side, trauma mechanism, time of surgery, and 
follow-up duration, were collected from medical 
records. Radiographic data included fracture type 
(Arbeitsgemeinschaft für Osteosynthesefragen/ 
Orthopaedic Trauma Association [AO/OTA] 
classification), time to union, and radial bowing 
measurement.  
      The forearms of all participants were assessed 
using standardized anteroposterior (AP) and lateral 
radiographs taken at a distance of one meter in the 
same position. The site of the radial bow was 
determined by calculating the ratio between the 
distance from the midpoint of the bicipital tuberosity 
to the point of maximal radial curvature and the total 
length of the radius from the midpoint of the bicipital 
tuberosity to the most ulnar aspect of the distal radius, 
as previously described in the literature [11]. Identical 
radiographic positioning was ensured for both 
forearms. Patients were followed up with serial 
radiographs until radiological union was achieved. 
Fractures were classified as nonunions if, after 6 
months from the injury, radiographs showed no 
evidence of healing and patients experienced either 
persistent pain or abnormal mobility at the fracture site.  
      All operations were performed by a single surgeon 
(FA), with 3 decades of trauma surgery experience, 
using interlocking forearm nails (TST Rakor Tıbbi 
Aletler, Istanbul, Turkey). The surgical procedure has 
been previously detailed in the literature. While the 
radial nail followed a uniform design, two variations 
of the ulnar nail were available, distinguished by their 
distal interlocking mechanisms. The appropriate 
diameter and length of the implants were selected 
based on both preoperative planning and intraoperative 
evaluation. Following fixation, passive assessment of 
supination, pronation, and distal radioulnar joint 
alignment was performed to verify reduction and radial 
bowing restoration. Postoperatively, patients were 
advised to begin early mobilization. Elbow and wrist 
movements were initiated immediately, whereas 
pronation and supination exercises were introduced 
after three weeks.  
      All patients included in the study were followed 
up for a minimum of 12 months. At each follow-up 
visit, clinical and radiographic evaluations were 
performed to assess bone union and functional 
recovery. Union was defined as the presence of both 
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clinical and radiographic findings, including callus 
formation bridging the fracture at three cortices, 
continuity of the cortex, disappearance of the fracture 
line, and absence of tenderness or pain on examination 
(Figure 1). Forearm pronation–supination, wrist 
flexion–extension, and elbow flexion–extension were 
measured with a goniometer. Functional status was 
assessed at the final follow-up using the Visual Analog 
Scale, shortened version of the Disabilities of the Arm, 
Shoulder and Hand (QuickDASH) questionnaire, and 
the Grace–Eversmann scoring system. According to 
the Grace–Eversmann classification, outcomes were 
rated as excellent (union and ≥90% contralateral 
pronation–supination), good (union and ≥80%), 
acceptable (union and ≥60%), or poor (nonunion and 
<60%). All examinations were performed by an 
independent observer (M.M.S.). All radiological 
measurements were performed independently by two 
orthopedic surgeons blinded to group allocation 
(MMS and SÇA). The mean values of their 
measurements were used for analysis. Interobserver 
reliability was evaluated using the intraclass 
correlation coefficient (ICC). Agreement was 
considered excellent if the ICC was between 0.75 and 
1.00; good between 0.60 and 0.74; fair between 0.40 
and 0.59; and poor below 0.40. The interobserver ICC 
value was 0.84, indicating excellent reliability.  

Statistical Analysis  
      Statistical analyses were performed using NCSS 
(Number Cruncher Statistical System) 2020 Statistical 
Software (NCSS LLC, Kaysville, Utah, USA). 
Continuous variables were expressed as mean ± 
standard deviation, median, and minimum–maximum 
values, while categorical variables were presented as 
frequencies and percentages. The normality of data 
distribution was assessed using the Shapiro–Wilk test, 
as well as skewness–kurtosis values and Box Plot 
visual inspection. For paired quantitative variables 
with a normal distribution, the paired-samples t-test 
was used. Relationships between variables were 
evaluated using Spearman’s rank correlation analysis. 
All statistical analyses were conducted at a 95% 
confidence interval, and a P-value <0.05 was 
considered statistically significant. 
 
 
RESULTS 
 
A total of 26 patients (7 females and 19 males) with a 
mean age of 35.0 ± 16.8 years (range, 18–73 years) 
were included in the study. The left side was affected 
in 76.9% of cases. The mean follow-up duration was 
55.5±34.1 months (range, 12–120 months). Regarding 
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!FIGURE 1. A 36-year-old female patient with a both-bone forearm fracture after a motor vehicle accident. (a) Preoperative 
anteroposterior radiograph. (b) Preoperative lateral radiograph. (c) Postoperative anteroposterior radiograph at final fol-
low-up. (d) Postoperative lateral radiograph at final follow-up.
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the AO/OTA classification of the forearm fractures 
(n=26), the most common fracture patterns were 
2R2A2-2U2A2 and 2R2A3-2U2A3, each accounting 
for 34.6% (n=9) of the cases. These were followed by 
the 2R2B3-2U2A2 pattern, which was observed in 
11.5% (n=3) of the patients. The remaining fracture 
types (2R2A1-2U2A1, 2R2A2-2U2B3, 2R2B2-
2U2B2, 2R2B3-2U2B3, and 2R2C2-2U2A2) each 
represented 3.8% (n=1) of the study population.  
      The average time to radiological union was 
10.7±1.8 weeks. All fractures achieved union, and no 
cases of nonunion or radioulnar synostosis were 
observed. Two (7.7%) patients developed extensor 

pollicis longus (EPL) tendon rupture as a 
postoperative complication. One patient presented 
with acute EPL rupture in the early postoperative 
period and was successfully treated with tendon 
transfer. The other patient was diagnosed with a 
chronic EPL rupture at late follow-up but declined 
further surgical intervention (Table 1).  
      At final follow-up, 92.3% had excellent, 3.8% 
good, and 3.8% acceptable Grace–Eversmann 
outcomes. Mean VAS was 0.85±1.34 and 
QuickDASH 4.54±6.66, indicating minimal pain and 
disability (Table 2).  
      Radiographic evaluation showed that the mean 
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radial bow magnitude on the operated side was slightly 
lower than that of the contralateral forearm, while the 
bow apex was located more distally (Table 2). The 
differences were statistically significant for both bow 
magnitude (Δ=0.61±1.13 mm; P=0.010) and bow 
location (Δ= –5.38±5.39%; P=0.001) (Table 3). 
Correlation analysis demonstrated a significant 
negative relationship between the change in bow 
location (Δ) and the degree of supination (r = –0.561; 
P=0.003), suggesting that a more distally displaced 
radial bow was associated with decreased supination 
(Table 4). No statistically significant correlations were 
observed between bowing parameters and pronation, 
VAS, or QuickDASH scores (P>0.05) (Table 4).  
 
 
 
DISCUSSION 
 
The primary finding of this study is that IMN of adult 
both-bone forearm fractures achieved union in all 
cases, without any instances of nonunion or radioulnar 
synostosis, while providing excellent functional 
outcomes. However, a statistically significant negative 
correlation was detected between distal displacement 
of the radial bow and supination range, indicating that 
alterations in the anatomical curvature of the radius 

may impair rotational function.  
      Although plate osteosynthesis has long been 
considered the gold standard for treating adult forearm 
fractures, intramedullary nailing has gained increasing 
popularity and acceptance in recent years. Recent 
systematic reviews and meta-analyses have reinforced 
the clinical equivalence of IMN and ORIF in adult 
forearm fractures. Box et al. [12] and Zhao et al. [13] 
reported that IMN achieves union rates and functional 
outcomes comparable to those with plating, while 
offering shorter operative time and a lower implant 
removal rate in both forearm fractures. Lari et al. [14] 
concluded that interlocking nails provide sufficient 
radiographic restoration and patient-reported 
outcomes while causing less soft-tissue damage. This 
study supports these findings, as all fractures in this 
series achieved union, and functional recovery was 
excellent in over 90% of cases.  
      In the present study, the operated forearms 
demonstrated a reduction in radial bow magnitude and 
a distal shift in bow location compared with the 
contralateral side. However, these alterations did not 
appear to affect functional scores or fracture healing. 
The only clinically relevant finding was that a more 
distally displaced radial bow was associated with 
decreased forearm supination. Prior studies have 
reported varying interpretations of postoperative bow 
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alteration. Saka et al. [15] noted similar distal 
migration and reduction in magnitude after IMN but 
found no functional impact. Köse et al. [11] reported 
no significant differences in radial bow parameters 
between IMN and plating. Conversely, Yörükoğlu et 
al. [16] observed a significant association between 
bow alteration and nonunion, while Dave et al. [17] 
reported that reduced bow magnitude may 
compromise supination. Collectively, the literature 
suggests that IMN typically reduces bow magnitude 
and shifts its apex distally, but the functional 
consequences of these changes remain inconsistent.  
      In this study, no cases of nonunion, clinically 
significant malunion, or radioulnar synostosis were 
observed; however, two (7.7%) cases of extensor 
pollicis longus (EPL) tendon rupture were identified. 
In the patient with acute EPL rupture, early surgical 
intervention was initially recommended but postponed 
due to a concurrent pulmonary disease. Reconstruction 
was subsequently performed nine months after the 
index procedure using extensor indicis proprius tendon 
transfer. No entry point malposition or distal nail 
protrusion was identified in this case, suggesting 
inadvertent tendon injury during dorsal entry point 
exposure as the most likely mechanism. In contrast, 
the patient with delayed EPL rupture declined 
reoperation, and follow-up radiographs demonstrated 
distal nail prominence, indicating chronic mechanical 
irritation as a probable cause.  
      EPL rupture is a recognized complication of 
intramedullary nailing, attributed to the close 
anatomical relationship between the dorsal entry point 
and the EPL tendon, resulting either from inadvertent 
intraoperative injury or delayed attritional rupture due 
to distal nail prominence or bony overgrowth. 
Reported EPL injury rates vary widely in the literature, 
ranging from 4.8% to 23.6%, while a recent meta-
analysis reported a pooled incidence of approximately 
1% [14, 16, 18]. Management of EPL rupture is 
guided by patient-related factors and the timing of 
presentation and may include direct tendon repair, 
tendon transfer, or tendon grafting [19]. Taken 
together, these findings indicate that EPL rupture 
following intramedullary nailing may occur through 
timing-dependent mechanisms and underscore the 
importance of meticulous soft-tissue handling, 
accurate entry point selection, appropriate nail length 

determination, and adequate recessing of the nail tip 
to prevent tendon-related complications.  
 
Strengths and Limitations  
      This study has several limitations that should be 
acknowledged. First, the relatively small sample size 
may limit the statistical power of correlation analyses 
and subgroup evaluations, increasing the risk of Type 
II error and restricting the generalizability of the 
findings. Second, the absence of a comparative control 
group treated with plate osteosynthesis precludes 
direct comparison between fixation methods; 
therefore, the observed anatomical and functional 
changes should be interpreted as findings following 
intramedullary nailing rather than effects specific or 
exclusive to this technique. Finally, the retrospective 
design of the study may be associated with inherent 
selection and reporting biases. 
      The strengths of this study include standardized 
radiographic measurements, excellent interobserver 
reliability, and a relatively long follow-up period. 
 
 
CONCLUSION 
 
Intramedullary nailing of both-bone forearm fractures 
was associated with reliable fracture union and 
favorable functional outcomes, with a low incidence 
of major complications in this series. The findings 
suggest that alterations in the physiological contour 
and location of the radial bow may occur following 
intramedullary nailing, and excessive distal 
displacement may be associated with reduced forearm 
supination. Although these observations do not imply 
technique-specific effects when compared with other 
fixation methods, careful attention to restoration of 
radial bow anatomy, appropriate nail length selection, 
and adequate distal nail management may help 
optimize functional outcomes and reduce the risk of 
extensor tendon-related complications. 
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Distribution of Blood Groups in Patients with Atopic 
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ABSTRACT 
Objectives: Atopic dermatitis is a chronic inflammatory skin condition with a multifactorial etiology involving 
genetic, environmental, and immunologic influences. Although several mechanisms have been proposed, the 
potential association between ABO/Rh blood groups and the risk of developing atopic dermatitis is still 
uncertain. The present study sought to investigate the distribution of ABO and Rh blood groups in individuals 
with atopic dermatitis compared with healthy, age- and sex-matched controls. 
Methods: A retrospective analysis was performed covering a 10-year interval (2014–2024). The study included 
3,470 patients diagnosed with atopic dermatitis and 7,449 matched controls, yielding a total sample of 10,919 
individuals. Demographic data and blood group characteristics (ABO and Rh typing) were collected and 
evaluated. 
Results: The O Rh– phenotype was observed significantly more often in patients with atopic dermatitis than 
in controls (5.2% vs. 3.5%; odds ratio [OR]=1.52, 95% confidence interval [CI]: 1.25–1.85; P<0.001). 
Conversely, the A Rh– blood group was notably less frequent in atopic dermatitis patients compared with the 
control group (3.7% vs. 4.7%; OR=0.79, 95% CI: 0.64–0.96; P=0.021). 
Conclusions: The findings indicate that the general distribution of ABO and Rh blood groups among patients 
with atopic dermatitis is comparable to that of healthy individuals. However, the increased prevalence of the 
O Rh– type and the lower frequency of A Rh– among atopic dermatitis patients suggest that specific blood 
group antigens may influence susceptibility to atopic dermatitis. Future large-scale, multicenter, and prospective 
studies are required to further elucidate this potential relationship. 
Keywords: Atopic Dermatitis, ABO Blood Group, Rh Factor, Retrospective Study 
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 A topic dermatitis (AD) is a chronic, recurrent, and 

remitting inflammatory skin disease that affects 
one in ten people during their lifetime. Atopic 

dermatitis results from a complex interaction of immune 
dysregulation, epidermal gene mutations, and 
environmental factors that disrupt the epidermis, leading 
to intensely itchy skin lesions. Repeated scratching 

triggers a self-sustaining itch–scratch cycle, which can 
have a significant impact on the patient’s quality of life 
[1]. The etiology is complex and not fully understood. 
Immune dysregulation, including abnormalities in the 
skin barrier and excessive activity of T helper 2 (TH2 
and TH22) cells, is thought to contribute, along with 
genetic and environmental factors [2]. 
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      The diagnosis of atopic dermatitis is based on 
clinical presentation and medical history, after 
excluding multiple erythematous and eczematous 
diseases. Although diagnosing AD is generally easier 
in infants and young children, it can become difficult 
in severe cases and in adults. Adult-onset AD tends to 
present with more diverse clinical features. The 
morphology and distribution of lesions are more 
variable, with a greater likelihood of involvement of 
the head, neck, hands, and feet. Over time, multiple 
diagnostic criteria have been proposed to support the 
identification of AD. The Hanifin–Rajka (HR) criteria 
are extensive and are widely regarded as the “gold 
standard” for diagnosing AD [3, 4]. Blood groups have 
been suggested to be associated with AD and other 
allergic conditions [5].  
      In this study, we aimed to explore this potential 
association by evaluating the distribution of blood 
groups among patients with AD. 
 
 
METHODS 
 
This retrospective study was approved by the Clinical 
Research Ethics Committee of the University of 
Health Sciences, Gazi Yaşargil Training and Research 
Hospital (Approval No: 440/2025, Date: 25 April 

2025). The study was conducted in accordance with 
the principles of the Declaration of Helsinki. Due to 
the retrospective design of the study, the requirement 
for informed consent was waived by the ethics 
committee.  
      The study population was retrospectively 
identified from patients who attended the dermatology 
outpatient clinic during the study period. Patients 
diagnosed with atopic dermatitis were included in the 
case group, while the control group consisted of 
individuals who attended the same clinic during the 
same period and had no diagnosis of atopic dermatitis 
or other chronic inflammatory skin diseases. Control 
subjects were selected from patients with non-
inflammatory dermatological conditions. Age and sex 
distributions were comparable between the atopic 
dermatitis and control groups. A sum of 3,470 patients 
diagnosed with AD according to the Hanifin and Rajka 
diagnostic criteria were included in the study. Patients 
who did not meet the diagnostic criteria or had missing 
demographic or laboratory data were excluded.  
      Demographic data (age, sex) and clinical data 
(blood group distribution: ABO and Rh factor) were 
obtained from hospital records. The diagnosis of AD 
was confirmed based on the fulfillment of at least three 
major and three minor criteria as proposed by Hanifin 
and Rajka [3] (Table 1). 
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Statistical Analysis  
      Statistical analyses were conducted using the 
JAMOVI software (version 2.3). Categorical variables 
were summarized with frequency and percentage 
values. Differences between patients with AD and the 
control group were assessed using the chi-square (χ²) 
test. To evaluate the association between blood groups 
and AD, odds ratios (OR) and relative risks (RR) along 
with their 95% confidence intervals (CIs) were 
calculated. A P-value below 0.05 was considered 
indicative of statistical significance. The obtained P-
values were organized and interpreted in a table 
format. 
 
 
RESULTS 
 
Overall, the study included 10,919 participants, 
consisting of 3,470 patients with atopic dermatitis and 
7,449 controls. The mean age was 38.2±15.2 years in 
the patient group and 41.8±15.7 years in the control 
group, with a range of 18 to 75 years in both groups. 
The median ages were 35.0 and 39.0 years, 
respectively. Regarding sex distribution, females were 
more frequent in both groups. In the atopic dermatitis 

group, there were 1,156 (33.3%) males and 2,314 
(66.7%) females. In the control group, there were 
2,793 (37.5%) males and 4,656 (62.5%) females.  
      The distribution of blood groups among patients 
and controls is also presented, with O Rh+ and A Rh+ 
being the most common blood groups, and AB Rh– 
the least frequent in both groups (Table 2). The 
frequency of A Rh– was lower in patients with atopic 
dermatitis (3.7%) compared to controls (4.7%). Case-
control analysis indicated that A Rh– was significantly 
underrepresented among patients (odds ratio 
[OR]=0.79, 95% confidence interval [CI]: 0.64–0.96, 
P=0.021). The frequency of A Rh+ did not differ 
significantly between patients with atopic dermatitis 
(33.0%) and controls (33.8%) (OR=1.04, 95% CI: 
0.95–1.13, P=0.398).  
      The frequency of B Rh– did not differ 
significantly between patients with atopic dermatitis 
(1.7%) and controls (1.6%) (OR=0.93, 95% CI: 0.68–
1.27, P=0.652). The frequency of B Rh+ was similar 
between patients with atopic dermatitis (12.4%) and 
controls (12.2%) (OR=0.98, 95% CI: 0.86–1.10, 
P=0.685).  
      The frequency of O Rh– was higher in patients 
with atopic dermatitis (5.2%) compared to controls 
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(3.5%). Case-control analysis showed that O Rh– was 
significantly associated with atopic dermatitis 
(OR=1.52, 95% CI: 1.25–1.85, P<0.001). The 
frequency of O Rh+ was similar in patients with atopic 
dermatitis (37.5%) and controls (37.9%) (OR=1.02, 
95% CI: 0.94–1.10, P=0.694).  
      The frequency of AB Rh– did not differ 
significantly between patients with atopic dermatitis 
(0.7%) and controls (0.6%) (OR=0.80, 95% CI: 0.49–
1.31, P=0.376). The frequency of AB Rh+ did not 
differ significantly between patients with atopic 
dermatitis (5.7%) and controls (5.8%) (OR=1.01, 95% 
CI: 0.85–1.20, P=0.893) (Table 3).  
 
 
DISCUSSION 
 
In this study, the frequency of O Rh– blood group was 
found to be significantly higher among individuals 
with AD compared with the control group, whereas 
the A Rh– blood group was significantly less common. 
These results raise additional questions regarding the 
potential influence of blood group types on allergic 
disorders, including AD.  
      AD is a chronic, inflammatory, and non-
contagious skin disease, characterized primarily by 
persistent pruritus. Its pathophysiology is multifaceted 
and involves numerous interacting mechanisms, 
making it difficult to fully elucidate. Key contributing 
factors include genetic predisposition, impairment of 
the epidermal barrier, dysregulated immune pathways, 
and disturbances in the skin microbiome [6]. IgE is 

also believed to play a role in the disease process. 
Additionally, accumulating evidence indicates a 
possible involvement of TLR2 in the development of 
AD [7, 8]. Associations have further been reported 
between TLR2 expression and levels of the high-
affinity IgE receptor (FcεRI) [9].  
      A key feature of AD is the tendency of CD4⁺ 
lymphocytes to differentiate predominantly into the 
Th2 subtype. An overactive Th2 response results in 
elevated levels of the cytokines (interleukin [IL]-4, IL-
5, and IL-13). These cytokines promote the production 
of immunoglobulin E (IgE) antibodies and activate 
eosinophils in both the bloodstream and tissues. The 
resulting inflammatory process further impairs the 
epidermal barrier, compounding existing primary 
barrier defects, and this interplay is thought to 
contribute to the pathogenesis of AD [10, 11].  
      Blood groups have also been studied in certain 
allergic diseases associated with elevated IgE. One 
such disease is allergic rhinitis, where research has 
identified a meaningful association between blood 
group O of the ABO system and allergic rhinitis [12, 
13]. Similarly, in another IgE-related disease, asthma, 
it has been noted that individuals with blood group O 
show increased susceptibility to asthma [14–16]. In a 
systematic review, the aim was to examine the links 
between ABO blood groups and allergic diseases to 
investigate the root causes of immunological 
mechanisms. It was shown that blood group antigens 
significantly influence immune responses through 
interactions with IgE and differences in cytokine 
profiles [17]. Blood groups are also thought to alter 
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the immune response by modifying the gut microbiota, 
thereby affecting allergy risk [18]. Elevated IgE levels 
have been observed to be involved in the development 
of allergic diseases, including AD [19].  
      Studies have also reported an increased prevalence 
of allergic diseases in individuals with blood group O. 
This is thought to be related to alterations in immune 
recognition mechanisms and IgE binding due to 
alterations in the glycosylation of ABO antigens. 
Furthermore, in another study, Rh-negative individuals 
were observed to have significantly higher rates of 
allergic diseases, similar to the findings in our study 
[12, 13, 20]. It is also thought that individuals with 
blood group O might play a role in the onset of allergic 
diseases through the Th2 cytokines, IL-4 and IL-13, 
which function as mediators responsible for IgE 
release, thereby increasing IgE levels [21, 22].  
 
Strengths and Limitations 
      The main strengths of this study include its large 
sample size, covering a 10-year period, and the 
inclusion of a substantial, age- and sex-matched 
control group from the same clinical setting. The 
evaluation of both ABO and Rh blood group systems 
and the use of well-established diagnostic criteria for 
atopic dermatitis further strengthen the reliability of 
the findings. In addition, the availability of detailed 
blood group data allowed for a robust statistical 
comparison, enhancing the validity of the observed 
associations.  
      This study has several limitations. First, its 
retrospective design precludes the establishment of a 
causal relationship. Additionally, the diagnosis of 
atopic dermatitis was based on established clinical 
diagnostic criteria rather than supportive laboratory 
biomarkers. Genetic and environmental factors, as 
well as comorbid conditions, were not comprehensively 
evaluated. Moreover, only the ABO and Rh blood 
group systems were assessed, while other potentially 
relevant blood group systems were not examined. The 
study period also included the COVID-19 pandemic, 
which may have influenced outpatient clinic 
attendance patterns; however, this factor is unlikely to 
have directly affected blood group distribution. 
Finally, as this was a single-center study, the 
generalizability of the findings may be limited. 
Therefore, the results should be interpreted with 

caution and validated through future multicenter 
prospective studies with larger and more 
comprehensive datasets. 
 
 
CONCLUSION 
 
In the present study, patients with atopic dermatitis 
exhibited a notably higher prevalence of the O Rh (–) 
blood group and a lower prevalence of the A Rh (–) 
blood group compared to controls. These observations 
imply that ABO and Rh blood groups could be 
involved in the development of atopic dermatitis. The 
data particularly highlight the potential susceptibility 
of individuals with the O Rh (–) blood group to this 
condition. However, additional prospective studies 
with larger populations are necessary to better 
understand the association between blood groups and 
allergic diseases. 
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ABSTRACT 
Objectives: Gestational diabetes mellitus (GDM) is a multifactorial metabolic disorder associated with altered 
glucose metabolism and systemic physiological adaptations during pregnancy. Subtle changes in renal-related 
biochemical parameters may reflect underlying metabolic alterations accompanying GDM. This study aimed to 
evaluate the association between maternal creatinine-to-body weight (Cre/BW) and urea-to-creatinine (Urea/Cre) 
ratios and GDM, with a particular focus on their potential role as renal–metabolic indicators during pregnancy. 
Methods: This retrospective case–control study included 1,064 pregnant women (532 with GDM and 532 
matched controls) who underwent a 75 g oral glucose tolerance test between 24 and 28 weeks of gestation. 
Propensity score matching was applied to reduce baseline differences between groups. Maternal serum 
creatinine, urea, and body weight were recorded in the first and second trimesters, and Cre/BW and Urea/Cre 
ratios were calculated. Group comparisons, receiver operating characteristic (ROC) analyses, and multivariate 
logistic regression were performed. 
Results: In the second trimester, the Cre/BW ratio was significantly lower, and the Urea/Cre ratio was 
significantly higher in women with GDM compared with controls (both P<0.001). The Cre/BW ratio 
demonstrated moderate discriminatory ability for distinguishing GDM status (Area under the curve 
[(AUC)]=0.774), whereas the Ure/Cre ratio showed modest performance (AUC=0.614). In multivariate 
analysis, second-trimester Cre/BW and Urea/Cre ratios remained independently associated with GDM after 
adjustment for clinically relevant covariates. These results suggest a potential association; however, the 
discriminatory performance of the Cre/BW and Urea/Cre ratios should be regarded as exploratory rather than 
diagnostically definitive. 
Conclusions: Lower Cre/BW and higher Urea/Cre ratios were associated with GDM in this retrospective 
cohort. These findings suggest that simple renal-related biochemical ratios may reflect metabolic–renal 
adaptations in pregnancies complicated by GDM. However, given the modest diagnostic performance and 
retrospective design, these parameters should be considered exploratory indicators rather than standalone 
clinical tools. Further prospective studies are required to clarify their clinical relevance.  
Keywords: Diabetes Mellitus, Pregnancy, Creatinine, Urea, Body Weight, Biomarkers 
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G estational diabetes mellitus (GDM) is defined 
as glucose intolerance first diagnosed during 
pregnancy [1, 2]. Its prevalence varies by 

region worldwide, averaging 10–18%  [3, 4]. It is one 
of the most common complications of pregnancy, 
leading to maternal and fetal morbidity [3–5]. Insulin 
resistance and pancreatic beta cell dysfunction are the 
primary mechanisms in the pathophysiology of GDM. 
Hormonal changes, inflammation, genetic factors, 
oxidative stress, and alterations in lipid metabolism 
have been shown to contribute to this condition [6–10]. 
      GDM can cause both short- and long-term 
changes in maternal kidney function. In normal 
pregnancy, renal plasma flow and glomerular filtration 
rate increase by approximately 40–50%. As a result, a 
physiological decrease in creatinine levels is observed 
during pregnancy [11, 12]. In pregnant women 
diagnosed with GDM, microvascular function, 
glomerular hyperfiltration, and renal hemodynamic 
adaptations may not occur fully. Even if creatinine 
levels are within the reference range, the expected 
decrease seen in normal pregnancy may not be evident 
in pregnancies complicated by GDM [13–15].  
      The creatinine-to-body weight ratio (Cre/BW) is 
used as a practical indicator of muscle mass. Muscle 
mass plays an important role in glucose metabolism, 
and low muscle mass has been associated with an 
increased risk of diabetes [16, 17]. Recent studies have 
shown that the Cre/BW ratio can predict metabolic 
diseases such as insulin resistance, diabetes mellitus, 
and liver diseases [16–18]. Similarly, increased urea 
levels and the urea/creatinine ratio (Urea/Cre) have 
also been reported to be associated with metabolic 
dysfunction and GDM [19].  
      The primary clinical goal in GDM management is 
to prevent maternal and neonatal complications such 
as preterm birth, fetal distress, and cesarean delivery. 
Therefore, identifying biochemical markers that not 
only predict GDM but may also be associated with 
adverse perinatal outcomes could be of clinical 
importance. Because the Cre/BW and Urea/Cre ratios 
reflect renal and metabolic function, they may also 
provide insight into maternal adaptation mechanisms 
linked to pregnancy complications.  
      Although physiological changes in renal function 
indicators during pregnancy are well defined, very few 
studies have directly evaluated the Cre/BW and 
Urea/Cre ratios in GDM [19, 20]. The oral glucose 

tolerance test (OGTT) remains the gold standard for 
diagnosing GDM, but its acceptability and tolerance 
among pregnant women have not been fully 
established. Therefore, there is a need for simple, 
inexpensive, and non-invasive biochemical markers 
that may provide supportive information in the 
evaluation of GDM, without replacing the OGTT. 
Considering the expected physiological decrease in 
urea and creatinine levels due to increased glomerular 
filtration rate (GFR) and hemodilution during 
pregnancy, relative increases in these parameters may 
be clinically significant [11].  
      In addition to identifying GDM itself, assessing 
biochemical markers that may also be linked to 
composite adverse perinatal outcomes (CAPO) could 
provide a more comprehensive understanding of the 
disease’s clinical impact. Investigating whether renal 
function–related indices such as the Cre/BW and 
Urea/Cre ratios are associated with these complications 
may therefore have important implications for both 
diagnosis and prognosis. Accordingly, this study aims 
to examine trimester-specific changes in Cre/BW and 
Urea/Cre ratios in pregnant women and to investigate 
whether deviations in these ratios are associated with 
the development of GDM. 
 
 
METHODS 
 
This retrospective case–control study initially included 
1,101 pregnant women who presented to Etlik City 
Hospital between September 2022 and September 
2024. Propensity score matching was subsequently 
performed to create comparable groups, resulting in a 
final analytical sample of 1,064 pregnancies (532 
women with GDM and 532 controls). Approval was 
obtained from the local ethics committee (Ethics 
Committee Decision No: AEŞH-BADEK-2024-848 
date: 02/10/2024), and the research was conducted in 
accordance with the principles of the Helsinki 
Declaration. The medical records and laboratory data 
of all cases were reviewed retrospectively.  
      Pregnant women aged 18–45 years, with first 
trimester blood samples available at our hospital, and 
who underwent a 75 g OGTT between the 24th and 
28th weeks of pregnancy were included in the study. 
Patients with additional systemic diseases (such as 
kidney disease, cardiac disease, or hypertension), 
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those previously diagnosed with type 1 or type 2 
diabetes mellitus, those who developed any disease 
affecting kidney function during pregnancy, or those 
with multiple pregnancies were excluded. Among the 
cases meeting the inclusion and exclusion criteria, 
those diagnosed with GDM were classified as the 
“GDM group,” while those with normal OGTT results 
were classified as the “control group.” 
      GDM diagnosis was based on the criteria 
established by the International Association of Diabetes 
and Pregnancy Study Groups (IADPSG) [1]. Exceeding 
any of the following values in the 75 g OGTT was 
considered sufficient for a GDM diagnosis: fasting 
plasma glucose ≥92 mg/dL, 1-hour plasma glucose 
≥180 mg/dL, or 2-hour plasma glucose ≥153 mg/dL. 
      First trimester blood samples consisted of serum 
values obtained from routine laboratory tests at the 
time of initial pregnancy diagnosis and body weight 
recorded on the same day. Second trimester blood 
samples consisted of blood taken at the time of the 
OGTT visit between 24 and 28 weeks of gestation and 
body weight measurements taken on that day. All 
blood samples in both trimesters were collected in the 
morning after an overnight fast. Cre/BW and Urea/Cre 
ratios were calculated using serum urea and creatinine 
levels for both periods.  
      Cases and controls were selected consecutively 
from the same hospital database during the study period 
(September 2022–September 2024). Each woman 
diagnosed with GDM according to the IADPSG criteria 
was paired with the next eligible pregnant woman who 
had a normal 75 g OGTT result according to IADPSG 
cut-offs and met the inclusion criteria. 
      CAPO was defined as the presence of at least one 
of the following: preterm birth (<37 weeks of 
gestation), fetal distress at birth, requirement for 
admission to the neonatal intensive care unit (NICU), 
or intrauterine death.  
      Age, gravida, parity, body mass index (BMI), 
gestational age, laboratory parameters (urea, 
creatinine, hemoglobin A1c [HbA1c]), and birth 
outcomes of the cases included in the study were 
recorded through the hospital information system.  
 
Propensity Score Matching  
      To minimize baseline confounding and improve 
comparability between groups, propensity score 

matching was performed using a 1:1 nearest-neighbor 
algorithm without replacement and with a caliper 
width of 0.20 of the standard deviation of the logit of 
the propensity score. The propensity score was 
estimated through a logistic regression model 
including clinically relevant baseline covariates: 
maternal age, gravida, parity, pre-pregnancy BMI, 
first-trimester body weight, and family history of 
diabetes mellitus. After matching, 532 pregnancies 
with GDM and 532 matched controls constituted the 
final analytic cohort. All subsequent analyses - 
including univariate comparisons, ROC analyses, and 
multivariable logistic regression - were conducted 
exclusively within this matched sample. 
 
Statistical Analysis  
      Statistical analyses were performed using SPSS 
Statistics for Windows, Version 27.0 (IBM Corp., 
Armonk, NY, USA). The distribution of continuous 
variables was assessed using the Shapiro–Wilk test. 
Variables with a normal distribution were presented as 
mean ± standard deviation, while those without a 
normal distribution were presented as median 
(interquartile range, IQR). Categorical variables were 
expressed as number (n) and percentage (%). For 
group comparisons, the independent samples t-test 
was used for normally distributed variables, and the 
Mann–Whitney U test was used for non-normally 
distributed variables. For categorical variables, the 
Pearson Chi-square test or, when appropriate, Fisher's 
exact test was applied. Receiver operating 
characteristic (ROC) curve analysis was performed to 
evaluate the diagnostic performance of Cre/BW and 
Urea/Cre ratios in the second trimester for predicting 
GDM diagnosis. Area under the curve (AUC) values 
were calculated from the ROC curve, and optimal cut-
off values, sensitivity, and specificity were determined 
for statistically significant variables. In addition to 
univariate comparisons, a multivariate binary logistic 
regression analysis was performed to identify 
independent predictors of GDM. Variables that were 
considered clinically relevant (maternal age, BMI, 
fasting plasma glucose, Cre/BW ratio, Urea/Cre ratio, 
and family history of diabetes mellitus) were entered 
into the model using the enter method. Adjusted odds 
ratios (aOR) with 95% confidence intervals (CI) were 
calculated. Statistical significance was set at P<0.05. 
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RESULTS 
 
The demographic and clinical characteristics of the 
study population are shown in Table 1. Maternal age, 
gravida, parity, pre-pregnancy BMI, and first-trimester 
body weight were similar between the two groups (all 
P>0.05). Body weight in the second trimester was 

significantly higher in women with GDM compared 
with controls (77.3±14.0 kg vs. 72.3±13.9 kg, 
P<0.001). Although the frequency of a family history 
of diabetes mellitus did not differ significantly 
between groups in univariate analysis, it was further 
evaluated in multivariate analysis.  
      Biochemical parameters measured in the first and 
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second trimesters are presented in Table 2. Urea levels 
were higher in women with GDM in both trimesters 
(P<0.001 for both). First-trimester median serum 
creatinine was also higher in the GDM group (0.54 
[IQR: 0.12] vs. 0.50 [0.14] mg/dL, P<0.001), and a 
smaller but statistically significant difference persisted 
in the second trimester (P=0.028). Cre/BW was 
comparable between the groups in early pregnancy 
(P=0.214) but was significantly lower in the GDM 
group during the second trimester (0.00600 [IQR: 
0.00158] vs. 0.00758 [0.00251], P<0.001). In contrast, 
Urea/Cre was similar in the first trimester (P=0.467) 
but significantly higher among women with GDM in 
the second trimester (28.75 [IQR: 11.71] vs. 25.0 
[8.78], P<0.001). All glucose values obtained during 
the 75-g OGTT (fasting, 1-hour, and 2-hour) were 

significantly higher in the GDM group (all P<0.001).  
      Obstetric and neonatal outcomes are summarized 
in Table 3. Gestational age at birth was lower in the 
GDM group (38.0 [IQR: 2.0] vs. 39.0 [2.0] weeks, 
P<0.001), while birth weight was similar between 
groups (P=0.428). Cesarean delivery was more 
frequent among women with GDM (P<0.001). 
Preterm birth occurred more often in the GDM group 
(15.9% vs. 8.8%, P<0.001). Rates of fetal compromise 
and NICU admission were similar between the groups 
(P=0.063). The rate of composite adverse perinatal 
outcomes was significantly higher in women with 
GDM (24.6% vs. 12.2%, P<0.001).  
      The diagnostic performance of the Cre/BW and 
Urea/Cre ratios in the second trimester is summarized 
in Table 4. The Cre/BW ratio demonstrated moderate 
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discriminatory ability for identifying GDM, with an 
AUC of 0.774 (95% CI: 0.743–0.801) (Figure 1). The 
optimal cutoff value (<0.00645) yielded a sensitivity 
of 75.5% and a specificity of 62.6%. The Urea/Cre 
ratio showed more modest predictive value, with an 
AUC of 0.614 (95% CI: 0.578–0.650) (Figure 2). The 
optimal cutoff (>27.03) provided a sensitivity of 
60.1% and a specificity of 61.6%.  

      Multivariate logistic regression analysis identified 
fasting plasma glucose, second-trimester Cre/BW, and 
second-trimester Urea/Cre as independent predictors 
of GDM (Table 5). Lower Cre/BW was strongly 
associated with increased odds of GDM (adjusted OR 
0.68, 95% CI 0.55–0.84, P<0.001). Higher Urea/Cre 
ratio showed a modest but statistically significant 
association (adjusted OR 1.04, 95% CI 1.01–1.07, 
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FIGURE 1. ROC curves of second trimester Cre/BW in predicting GDM. GDM, gestational diabetes mellitus; Cre/BW, 
creatinine-to-body weight; ROC, receiver operating characteristic.

!

!

!
FIGURE 2. ROC curve of second trimester Ure/Cre in predicting GDM. GDM, gestational diabetes mellitus; Urea/Cre, urea-
to-creatinine; ROC, receiver operating characteristic.



Eur Res J. 2026;12(3):329-338 Ayas Özkan et al

P=0.045). Fasting glucose remained the strongest 
predictor (adjusted OR 1.05, 95% CI 1.03–1.08, 
P<0.001). Maternal age and BMI were not 
independently associated with GDM (P>0.05 for 
both), whereas a family history of diabetes mellitus 
emerged as an independent predictor in the 
multivariate model (adjusted OR 4.35, 95% CI 1.62–
11.65, P=0.003).  
 
 
DISCUSSION 
 
The observed alterations in renal-related biochemical 
ratios in pregnancies complicated by GDM may 
reflect underlying metabolic–renal adaptations rather 
than isolated laboratory changes. The Cre/BW ratio, 
which has been proposed as a surrogate marker of 
muscle mass and metabolic health, demonstrated a 
stronger association with GDM than the Urea/Cre 
ratio. This observation is consistent with previous 
studies reporting inverse relationships between 
creatinine-based indices and metabolic disorders, 
including diabetes mellitus [16–18]. Because body 
weight in the second trimester was higher among 
women with GDM, gestational weight gain may have 
partially influenced the Cre/BW ratio. Although this 

ratio accounts for body weight, dynamic changes in 
maternal weight during pregnancy may affect its 
interpretation. Therefore, the Cre/BW ratio should be 
considered a composite indicator influenced by both 
metabolic status and gestational factors.  
      Renal hemodynamic changes and metabolic stress 
may both contribute to the observed alterations in 
these ratios. In diabetes mellitus, hyperglycemia can 
induce glomerular hyperfiltration during early disease 
stages [21, 22]. However, GDM is also associated with 
endothelial dysfunction and microvascular alterations 
that may interfere with normal renal adaptation during 
pregnancy [23]. Previous studies have reported 
slightly higher serum creatinine levels in pregnant 
women with GDM compared with healthy controls 
[24] supporting the concept that renal physiological 
responses may differ in metabolically complicated 
pregnancies. In addition, a large cohort study 
demonstrated that higher creatinine and Cre/BW ratios 
in early pregnancy were associated with a lower risk 
of GDM, while altered renal-related indices were 
linked to increased metabolic risk [20].  
      In multivariate analysis, second-trimester Cre/BW 
and Ure/Cre ratios remained independently associated 
with GDM after adjustment for clinically relevant 
covariates. The inverse association between the 
Cre/BW ratio and GDM supports the hypothesis that 
reduced muscle mass or altered body composition may 
contribute to impaired glucose utilization and 
increased insulin resistance during pregnancy. Skeletal 
muscle represents the primary site of insulin-mediated 
glucose uptake, and lower muscle mass has been 
consistently associated with metabolic dysfunction in 
both pregnant and non-pregnant populations [16, 25, 
26]. The modest but statistically significant association 
observed for the Urea/Cre ratio may reflect subtle 
alterations in renal handling of nitrogenous waste 
products in the setting of metabolic stress, as 
previously suggested by Chong et al. [19].  
      Despite statistically significant group differences, 
the diagnostic performance of these ratios requires 
cautious interpretation. Although the discriminatory 
performance was moderate, the association between 
the Cre/BW ratio and GDM supports the hypothesis 
that this index may capture subtle metabolic 
alterations during pregnancy. Importantly, these 
biochemical indices alone are unlikely to provide 
sufficient accuracy for clinical screening or diagnostic 
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decision-making and should not be considered 
replacements for established screening strategies or 
existing clinical and biochemical predictors of GDM.  
      The associations observed between these renal-
related ratios and adverse perinatal outcomes should 
also be interpreted with caution. Although higher rates 
of composite adverse perinatal outcomes were noted 
among women with GDM, these findings were 
descriptive in nature, and causal inferences cannot be 
drawn due to the retrospective study design. Potential 
confounding factors such as hydration status, 
gestational weight gain patterns, renal hemodynamics, 
and precise assessment of muscle mass could not be 
fully accounted for and may have influenced the 
observed biochemical variations [27].  
 
Strengths and Limitations  
      Several limitations should be acknowledged. The 
retrospective case–control design limits causal 
interpretation and complete control of confounding 
variables, despite the use of propensity score matching 
and multivariable adjustment. Serum creatinine was 
used as an indirect marker of muscle mass, which may 
not accurately reflect dynamic changes in body 
composition during pregnancy. Additionally, estimated 
glomerular filtration rate was not calculated, which 
could have provided further insight into renal 
functional adaptations. The single-center nature of the 
study may also limit generalizability. Nevertheless, the 
relatively large, well-matched cohort and standardized 
timing of biochemical measurements across trimesters 
strengthen the internal consistency of the observed 
associations. 
 
 
CONCLUSION 
 
In summary, lower creatinine-to-body weight and 
higher urea-to-creatinine ratios were associated with 
gestational diabetes mellitus in this retrospective 
cohort. These renal-related biochemical indices may 
reflect underlying metabolic–renal adaptations in 
pregnancies complicated by GDM. However, given 
their modest diagnostic performance and the 
limitations inherent to the study design, these ratios 
should be regarded as exploratory indicators rather 
than clinically actionable tools. Prospective, 

multicenter studies incorporating comprehensive 
assessment of renal function and body composition are 
needed to further elucidate their potential role in the 
context of GDM. 
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ABSTRACT 
Objectives: The aim of this study is to investigate, at the molecular level, the effect of cardiopulmonary bypass 
(CPB) on Sirtuin-1 levels, an epigenetic-metabolic regulatory protein, and the relationship between this change 
and Caspase-3, one of the key executor molecules of cellular apoptosis. 
Methods: Patients undergoing open heart surgery under CPB were included in the study. Sirtuin-1 and Caspase-
3 levels were measured in venous blood samples taken from patients during the preoperative, intraoperative, 
and postoperative periods. The Wilcoxon Signed Ranks test was used to analyze differences between time points. 
Results: Sirtuin-1 levels decreased significantly during the intraoperative period compared to preoperative 
values (Z= -6.212, P<0.001). Similarly, postoperative Sirtuin-1 levels were significantly lower compared to 
both the preoperative (Z= -6.229, P<0.001) and intraoperative periods (Z= -6.186, P<0.001). Caspase-3 levels 
showed a significant increase in the intraoperative period compared to the preoperative period (Z= −6.262, 
P<0.001). Postoperative Caspase-3 levels were significantly higher than both the preoperative (Z= -6.196, 
P<0.001) and intraoperative periods (Z= -6.203, p < 0.001). 
Conclusions: These findings indicate that CPB suppresses circulating Sirtuin-1 levels and that this suppression 
is associated with increased apoptosis. CPB-induced Sirtuin-1 inhibition may be one of the molecular 
mechanisms of surgical-related cellular damage. Sirtuin-1 may be considered a potential molecular target for 
preventing CPB-related myocardial and systemic damage. 
Keywords: Cardiopulmonary Bypass, Sirtuin-1, Caspase-3, Apoptosis, Molecular Perfusion 
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 C ardiopulmonary bypass (CPB) is a fundamental 

life-supporting technology in open-heart 
surgery; however, oxidative stress, 

inflammation, and energy imbalance that develop 
during this process cause damage at the cellular level 
[1]. Silent Information Regulator 2 Homolog 1 
(Sirtuin-1 / SIRT1), an important regulator of 
intracellular energy metabolism, is notable for its 
functions in reducing oxidative stress, protecting 

mitochondrial function, and slowing cellular aging [2]. 
Changes in Sirtuin-1 levels during CPB are thought to 
be decisive for postoperative organ function and the 
recovery process. Therefore, examining the 
biochemical changes exhibited by Sirtuin-1 in 
response to CPB will contribute to redefining 
perfusion science not only in terms of systemic 
circulation but also in terms of maintaining cellular 
homeostasis at the molecular level [3].  
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      CPR, while an indispensable component of open-
heart surgery, triggers complex biological processes 
associated with systemic inflammatory response, 
oxidative stress, and cellular damage. During CPB, 
factors such as contact of blood with non-
physiological surfaces, surgical trauma, hypothermia, 
and ischemia-reperfusion injury trigger complement 
activation and pro-inflammatory cytokine release, 
thereby increasing the systemic inflammatory 
response [4, 5]. The same conditions contribute to an 
increase in reactive oxygen species production, 
leading to insufficient endogenous antioxidant 
capacity and elevated oxidative stress; this condition 
is associated with postoperative organ dysfunction. 
[6]. This pro-inflammatory and oxidative environment 
activates cellular stress responses, paving the way for 
the triggering of apoptotic pathways, particularly in 
myocardial and other organ tissues [7]. These 
mechanistic findings demonstrate that CPB not only 
achieves hemodynamic goals but also affects the 
balance between life and death at the molecular level.  
      Apoptosis is a programmed cell death mechanism 
that plays a fundamental role in maintaining cellular 
homeostasis and is closely associated with myocardial 
dysfunction, acute organ damage, and postoperative 
complications following cardiac surgery. Caspase-3, 
which plays a central role in the execution of the 
apoptotic process, is the common final effector of both 
intrinsic and extrinsic apoptotic pathways, and its 
increased circulating levels are considered a 
biochemical marker of systemic cellular damage. 
Inflammation and oxidative stress associated with 
CPB have been reported to trigger apoptosis by 
increasing caspase-3 activation; however, the higher-
level regulatory mechanisms of these processes have 
not yet been fully elucidated [7-9].  
      In recent years, Sirtuin-1 has attracted attention as 
a critical molecular sensor in the regulation of the 
cellular stress response. Sirtuin-1, a nicotinamide 
adenine dinucleotide (oxidized form) (NAD⁺)-
dependent deacetylase, has regulatory effects on 
mitochondrial function, inflammation, oxidative stress 
response, and cellular life–death balance. 
Experimental and clinical studies have shown that 
Sirtuin-1 exhibits anti-inflammatory and anti-
apoptotic properties, particularly supporting cell 
survival under oxidative stress conditions. Decreased 

Sirtuin-1 activity has been associated with increased 
inflammation and apoptosis [10-13]. 
      It has been suggested that systemic inflammation 
and redox imbalance developing during CPB may 
have an inhibitory effect on Sirtuin-1 expression and 
activity. However, in humans, changes in circulating 
Sirtuin-1 levels, particularly during the perioperative 
period, and their relationship with apoptotic markers 
have been evaluated in a limited number of studies. In 
this context, elucidating the effect of CPB on Sirtuin-
1 and its possible relationship with the apoptotic 
response may contribute to a better understanding of 
the molecular mechanisms of CPB-related cellular 
damage [14, 15]. 
      Caspase-3, which plays a central role in the 
execution phase of apoptosis, is one of the primary 
effector caspases activated under cellular stress 
conditions. Increased pro-apoptotic signals resulting 
from stimuli such as inflammation, oxidative stress, 
and ischemia-reperfusion injury lead to Caspase-3 
activation, causing the cellular death process to enter 
its irreversible phase. It has been reported that the 
systemic inflammatory response and oxidative stress 
environment that arise during CPB trigger Caspase-3-
mediated apoptotic pathways and that this contributes 
to myocardial and extracardiac cellular damage. In this 
context, Caspase-3 is considered an important 
apoptotic marker in the assessment of cellular damage 
associated with CPB [7, 9, 16, 17]. 
      The aim of this study is to evaluate changes in 
circulating Sirtuin-1 and caspase-3 levels in patients 
undergoing CPB during the preoperative, 
intraoperative, and postoperative periods using the 
ELISA method, and to investigate the relationship 
between CPB-induced Sirtuin-1 suppression and 
increased apoptosis. This study aims to shed light on 
the molecular basis of cellular stress and apoptotic 
response associated with CPB, thereby contributing to 
the development of targeted protective strategies in the 
future. 
 
 
METHODS 
 
In this prospective clinical and translational molecular 
medicine study, changes in circulating Sirtuin-1 levels 
during the perioperative period in patients undergoing 
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CPB and the relationship between these changes and 
the caspase-3-mediated apoptotic response were 
evaluated using the ELISA method.  
 
Ethical Dimension of the Research 
      Approval for this prospective study was obtained 
from the institutional administration and the Harran 
University Clinical Research Ethics Committee (Date: 
17.11.2025; Approval No: HRÜ/25.18.33). The study 
was conducted in accordance with the ethical 
principles outlined in the Declaration of Helsinki. 
Prior to enrollment, written informed consent was 
obtained from all participants after providing detailed 
information regarding the purpose, procedures, and 
potential risks of the study. Blood samples were 
collected using existing vascular access without any 
additional invasive intervention, and patient 
confidentiality was strictly maintained throughout the 
study. All data were anonymized prior to analysis.  
 
Data Collection Method 
      A total of 50 consecutive patients undergoing 
cardiac surgery with CPB and without planned 
additional surgical procedures were prospectively 
included in the study. The demographic and clinical 
data of the patients included in the study were 
systematically recorded [age, gender, height, weight, 
body surface area (BSA), flow, aortic cross-clamp 
time, total perfusion time, and type of surgery 
performed (number of coronary artery bypass grafts)]. 
Venous blood samples were collected from patients at 
three different time points: preoperatively before 
anesthesia induction, intraoperatively following aortic 
cross-clamping, and during the weaning phase from 
CPB, each sample being 10 mL. Blood samples were 
obtained using existing central venous catheters and 
the heart-lung machine manifold; no additional 
invasive procedures were performed on the patients. 
Circulating Sirtuin-1 and caspase-3 protein levels were 
analyzed from the collected blood samples using the 
ELISA method, and the obtained data were evaluated 
using appropriate statistical methods. 
 
ELISA Analysis 
      Venous blood samples were centrifuged at 3000 
rpm for 10 minutes at 4 °C after clotting to separate 
the serum. The serum samples obtained were stored at 

–80 °C until analysis. Samples were thawed only once 
prior to analysis and were not refrozen. Circulating 
Sirtuin-1 and caspase-3 protein levels were measured 
using a human serum-specific ELISA method 
according to the manufacturer's instructions. The 
minimum detectable dose of Sirtuin-1 in human serum 
was 0.28 ng/mL, with a typical range of 0.78–50 
ng/mL. 
 
Inclusion and Exclusion Criteria 
      Inclusion Criteria: Patients aged 20–85 years who 
were scheduled to undergo elective cardiac surgery with 
CPB and who provided informed consent following 
ethical committee approval were included in this study. 
All patients underwent surgery using the standard CPB 
protocol without additional surgical procedures. 
      Exclusion Criteria: Patients who received 
amiodarone therapy in the preoperative period, those 
with a history of atrial fibrillation, patients undergoing 
emergency cardiac surgery, and patients scheduled for 
additional major cardiac surgery such as aortic 
aneurysm or aortic dissection were excluded from the 
study. Additionally, patients with active infection, 
chronic or active respiratory disease such as pneumonia 
or chronic obstructive pulmonary disease (COPD), 
known systemic inflammatory or autoimmune disease, 
active malignancy, chronic corticosteroid or 
immunosuppressive therapy, previous cardiac surgery 
(redo) patients, individuals undergoing chronic 
hemodialysis treatment, those with hematological 
diseases, and patients with severe liver dysfunction 
were excluded from the study. 
 
Statistical Analysis  
      Patient data collected within the scope of the study 
were analyzed using the IBM Statistical Package for 
the Social Sciences 25 (IBM SPSS Statistics 25®) 
software package (IBM Corporation, Armonk, NY, 
USA). The sample size was determined based on 
previous similar studies and power analysis. A 
minimum power of 80% and a significance level of 
0.05 were considered sufficient to detect statistically 
meaningful differences between groups. Means and 
standard deviations were calculated for continuous and 
ordinal data. The Kolmogorov Smirnov test and 
Shapiro-Wilk test were used to assess normality of 
distribution (the Kolmogorov–Smirnov test was used 
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because the number of patients was over 30). 
Comparemeans (Paired-sample T Test) and 
Nonparametric test (2Related Samples>Willcoxon) 
tests were used to evaluate normal and non-normally 
distributed data, respectively, for the comparison of 
the same parameters before, during, and after surgery. 
Frequency and percentage analyses were performed 
for nominal data. A P value of less than 0.05 was 
considered statistically significant. 
 
 
RESULTS 
 
A total of 50 patients were included in the study. Forty-
four percent (n=22) of patients were female, and 56% 
(n=28) were male. When surgical procedures were 
evaluated, 10% (n=5) of patients underwent coronary 
artery bypass grafting (CABG)×1, 16% 
(n=8)underwent CABG×2, 40% (n=20)underwent 
CABG×3, 24% (n=12) underwent CABG×4, and 10% 
(n=5) underwent CABG×5 surgery. The number of 
cases valid for all variables was determined as 50 
(Table 1).  
      The ages of the patients included in the study 
ranged from 42 to 76 years, with an average age of 

61.18±7.23 years. The patients' height ranged from 
1.50 to 1.85 m, with an average of 1.66±0.08 m. Body 
weight ranged from 55 to 103 kg, and the average 
value was calculated as 78.62±13.39 kg. Body surface 
area (BSA) ranged from 1.50 to 2.20 m², with an 
average of 1.86±0.18 m². The average flow rate used 
during CPB was determined to be 4476.2±420.9 
mL/min. The aortic cross-clamp time ranged from 16 
to 100 minutes, with an average of 52.84±17.22 
minutes. The total perfusion time ranged from 53 to 
167 minutes, with an average of 86.08±21.96 minutes 
(Table 1). 
      In the 50 patients included in the study, Sirtuin-1 
levels ranged from 3.80 to 3.90 ng/mL in the 
preoperative period, with a mean of 3.85±0.02 ng/mL. 
Intraoperative Sirtuin-1 levels ranged from 2.88 to 3.00 
ng/mL, with a mean of 2.94±0.03 ng/mL. Postoperative 
Sirtuin-1 levels ranged from 2.40 to 2.56 ng/mL, with 
a mean of 2.48±0.03 ng/mL. Caspase-3 levels ranged 
from 145.40 to 145.80 pg/mL in the preoperative 
period, with a mean of 145.60±0.04 pg/mL. During the 
intraoperative period, Caspase-3 levels ranged from 
198.20 to 198.40 pg/mL, with an average of 
198.30±0.03 pg/mL. In the postoperative period, 
Caspase-3 levels ranged from 236.80 to 237.00 pg/mL, 
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with an average of 236.90±0.03 pg/mL (Table 2). 
      Since the data were found not to follow a normal 
distribution in the normality analysis, the temporal 
change in Sirtuin-1 levels was evaluated using the 
Wilcoxon Signed Ranks test. Intraoperative Sirtuin-1 
levels showed a significant difference compared to the 
preoperative period (Z= −6.212, P<0.001). 
Postoperative Sirtuin-1 levels showed a significant 
difference compared to the preoperative period (Z= 
−6.229, P<0.001). In addition, a statistically significant 
difference was found between postoperative and 
intraoperative Sirtuin-1 levels (Z= −6.186, P<0.001) 
(Table 3). 
      Since the data were found not to follow a normal 
distribution in the normality analysis, the temporal 
change in Caspase-3 levels was evaluated using the 
Wilcoxon Signed Ranks test. Intraoperative Caspase-
3 levels showed a significant difference compared to 
the preoperative period (Z= −6.262, P<0.001). 
Postoperative Caspase-3 levels showed a significant 
difference compared to the preoperative period (Z= 
−6.196, P<0.001). Furthermore, a statistically 
significant difference was found between 
postoperative and intraoperative Caspase-3 levels (Z= 
−6.203, P<0.001) (Table 4). 

DISCUSSION 
 
This study demonstrated that CPB significantly 
suppressed circulating Sirtuin-1 levels and that this 
suppression was associated with increased apoptosis. 
The significant decrease in Sirtuin-1 levels detected 
during the intraoperative and postoperative periods 
compared to the preoperative period suggests that the 
oxidative stress, inflammatory response, and 
metabolic imbalances caused by CPB exert an 
inhibitory effect on epigenetic-metabolic regulatory 
mechanisms. Considering the anti-apoptotic and 
cytoprotective effects of Sirtuin-1, this suppression 
may pave the way for the activation of apoptotic 
pathways under cellular stress conditions. Indeed, the 
significant increase observed in Caspase-3 levels 
during the same time period indicates the activation of 
executive apoptosis pathways and supports a possible 
causal relationship between Sirtuin-1 suppression and 
apoptosis. It is known that Sirtuin-1 supports cell 
survival by deacetylating transcription factors such as 
Tumor Protein p53 (p53), Nuclear Factor Kappa-light-
chain-enhancer of Activated B Cells (NF-κB), and 
Forkhead Box O; therefore, decreased Sirtuin-1 
activity during CPB may contribute to the 
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uncontrolled progression of the Caspase-3-mediated 
apoptotic process. These findings reveal that CPB 
causes cellular damage not only at the hemodynamic 
and inflammatory levels, but also at the epigenetic and 
molecular levels, and suggest that the Sirtuin-1 – 
Caspase-3 axis may play a critical role in 
understanding the molecular mechanisms of CPB-
related organ damage. 
      During CPB, factors such as contact of blood with 
non-physiological surfaces, ischemia–reperfusion 
injury, hemodilution, and oxidative stress trigger a 
systemic inflammatory response. These processes 
result in mitochondrial dysfunction and redox 
imbalance at the cellular level, paving the way for the 
activation of apoptotic pathways [18]. In our study, the 
increase observed in caspase-3 levels after CPB can 
be considered a biochemical reflection of systemic 
apoptotic activation associated with CPB, consistent 
with previous studies. 
      Sirtuin-1 plays a central role in regulating the 
cellular stress response as an NAD⁺-dependent 
deacetylase; it exhibits protective effects such as 
suppression of inflammation, reduction of oxidative 
stress, and inhibition of apoptosis. Through its NAD⁺-
dependent deacetylase activity, Sirtuin-1 directly 
deacetylates pro-inflammatory and pro-apoptotic 
transcription factors such as NF-κB p65 (RelA) and 
p53, thereby suppressing their activity and limiting the 
inflammatory response and cellular death pathways. It 
has been shown that a decrease in Sirtuin-1 activity 
under stress conditions is associated with the 
activation of p53 and NF-κB-mediated proapoptotic 
and proinflammatory pathways, leading to impaired 
This study demonstrated that Sirtuin-1 levels 
decreased significantly during the intraoperative and 
postoperative periods compared to the preoperative 

period in patients undergoing cardiac surgery with 
CPB, and that this suppression occurred 
simultaneously with an increase in Caspase-3 levels, 
an executor apoptosis marker. These time-dependent 
molecular changes reveal that CPB exerts an 
inhibitory effect on epigenetic-metabolic regulatory 
mechanisms and is associated with an increased 
apoptotic response. The findings suggest that the 
Sirtuin-1–Caspase-3 axis may play an important role 
in understanding the molecular basis of cellular 
damage associated with CPB and indicate that Sirtuin-
1 could be a potential biomarker and therapeutic target 
for future protective or modulatory strategies. 
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Determination of Factors Affecting Oxygen Saturation 
During Transfer From the Operating Room to the Post-
Anesthesia Care Unit 
 
Emine Arıcı Parlak1 , Neslihan Ilkaz1 , Hatice Ayhan1 , Emine İyigün1  
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ABSTRACT 
Objectives: This study aimed to determine the incidence of desaturation (SpO2 ≤94%) during the transfer of 
postoperative patients from the operating room to the post-anesthesia care unit (PACU) without oxygen support 
and to identify factors associated with desaturation. 
Methods: This prospective cross-sectional study was conducted between July 2023 and July 2024 in the 
operating room and PACU of a training and research hospital. The sample consisted of 164 patients. Data were 
collected using the Oxygen Saturation Assessment Form. Post-extubation oxygen saturation levels were 
continuously monitored with a pulse oximeter during transfer to the PACU and until discharge.  
Results: During transfer from the operating room to the PACU, 43.3% of patients had SpO2 ≤94%, and 8.4% 
of these patients had SpO2 <90%. Patients who developed desaturation had significantly higher mean age and 
body mass index (BMI) and lower preoperative SpO2 values (P<0.001). Desaturation was significantly 
associated with female sex and the presence of chronic disease (P=0.032), whereas no significant association 
was found with smoking history or ASA score (P>0.05). In addition, desaturation was associated with general 
surgical procedures, the supine position, upper abdominal and thyroid surgeries, and the use of neuromuscular 
blocking agents (P<0.05). 
Conclusions: Approximately half of postoperative patients experienced SpO2 ≤ 94% in the early postoperative 
period. Advanced age, higher BMI, lower preoperative SpO2 values, comorbidities, upper abdominal and 
thyroid surgical incisions, and the use of respiratory-depressant neuromuscular agents were identified as key 
factors negatively affecting postoperative oxygen saturation. 
Keywords: Oxygen Saturation, Patient Transfer, Perioperative Nursing, Post-Anesthesia Care Unit, 
Postoperative Desaturation, Risk Factors 
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 T he early postoperative period is characterized 

by the persistence of physiological effects of 
anesthesia, one of which is hypoxemia [1, 2]. 

A decrease in oxygen saturation measured by pulse 
oximetry is the earliest and primary indicator of 

hypoxemia. Hypoxemia is a critical oxygen deficiency 
that may develop depending on the type of surgery or 
anesthesia and typically becomes evident within the 
first 20 minutes after extubation [3, 4]. It has been 
reported that a substantial proportion of desaturated 
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patients experience hypoxemia particularly during the 
initial minutes of transfer [4-6]. Therefore, 
administering supplemental oxygen via an oxygen 
mask or nasal cannula to all patients during transfer 
from the operating room to the post-anesthesia care 
unit (PACU) and in the early post-anesthesia period 
may reduce the development or severity of hypoxemia 
[4, 7, 8]. In this regard, the transfer to the PACU 
represents a critical period for nurses and 
anesthesiologists in terms of mitigating hypoxemia 
risk [2]. 
      Postoperative hypoxemia may lead to cardiac and 
neurological complications, prolong hospital stay, and 
result in additional costs [5]. Normal postoperative 
oxygen saturation during anesthesia and emergence 
from anesthesia is expected to range between 95% and 
100%; values of 94% and below are considered 
desaturation, while levels below 90% are regarded as 
a clinical emergency [9, 10-12]. Furthermore, 
guidelines for the prevention of surgical site infections 
recommend the administration of a high fraction of 
inspired oxygen in the postoperative period and 
maintaining oxygen saturation above 95% [13, 14]. In 
the literature, reported rates of desaturation during 
transfer from the operating room to the PACU or in 
the early postoperative period range from 13% to 35% 
[2, 4, 6], while hypoxemia rates range from 14% to 
45% [9, 15, 16]. It is observed that the factors affecting 
oxygen saturation during transfer from the operating 
room to the PACU have not been clearly established 
and that desaturation incidence varies widely. One 
factor whose impact on oxygen saturation at initial 
PACU admission remains controversial is the 
provision of supplemental oxygen during transfer. The 
literature indicates that while some anesthesiologists 
transfer patients from the operating room to the PACU 
with supplemental oxygen [17, 18], others do not 
consider it necessary [19, 20]. This suggests that 
oxygen administration practices during transfer vary 
across institutions. Such variability may stem from the 
absence of clear, high-level, and binding 
recommendations regarding the transfer process in 
existing guidelines, as well as from inconsistencies in 
the available evidence. Within this context, the aim of 
the present study is to determine the incidence of 
desaturation (SpO2 ≤94%) during transfer of 
postoperative patients from the operating room to the 
PACU without supplemental oxygen and to examine 

the factors affecting desaturation. It is anticipated that 
the findings of this study will enhance the quality of 
patient care and make a significant contribution to 
clinical practice.  
 
 
METHODS 
 
The study was designed as a prospective cross-
sectional investigation and was conducted between 
July 2023 and July 2024 in the operating room and 
PACU affiliated with the Department of 
Anesthesiology and Reanimation of a training and 
research hospital in Ankara. The operating suite 
consists of a total of 14 operating rooms. Following 
surgery, patients are transferred to the PACU, which 
is located approximately 150 meters from the 
operating rooms, on a stretcher and under the 
supervision of an anesthesiologist. This transfer 
process takes an average of approximately 100 
seconds, and due to the short distance, supplemental 
oxygen is not administered during transfer. The PACU 
is equipped to provide early postoperative monitoring 
and care for up to eight patients simultaneously. After 
completion of postoperative monitoring, patients who 
meet the PACU discharge criteria are transferred to 
their respective inpatient wards.  
 
Study Population and Sample Size  
      The study population consisted of all elective 
surgical cases scheduled between July 2023 and July 
2024. The total number of surgeries performed during 
the previous year was 22,459. The study sample 
comprised 164 cases, as determined using the Raosoft 
Sample Size Calculator, with a confidence level of 
80% and a margin of error of 5% [21].  
      The inclusion criteria were as follows: 
willingness to participate in the study, age 18 years 
or older, and an American Society of 
Anesthesiologists (ASA) physical status 
classification of I, II, or III. The exclusion criteria 
included a preoperative oxygen saturation of ≤94% 
and the presence of anemia, defined as a hemoglobin 
level of <12 g/dL in women and <13 g/dL in men. 
Patients classified as ASA IV were excluded due to 
their higher baseline risk of hypoxemia and increased 
perioperative physiological instability, which could 
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have affected postoperative oxygen saturation 
measurements. Additionally, patients who developed 
intraoperative hypothermia (body temperature < 
36.0°C) or who could not be extubated 
postoperatively were excluded from the study. 
 
Oxygen Saturation Assessment Form  
      In this study, data were collected using a structured 
form developed by the researchers based on the 
relevant literature [4–6]. The form includes variables 
related to patients’ sociodemographic and clinical 
characteristics, such as age, sex, height, weight, 
presence of chronic disease, history of smoking, and 
ASA score. In addition, it contains data describing 
surgical and anesthetic characteristics, including the 
type of surgical clinic, surgical position, incision site, 
type of anesthesia, use of neuromuscular blocking 
agents, sedation status, duration of anesthesia, and 
transfer time.  
 
Operational Definitions  
      Early postoperative desaturation was defined as an 
peripheral oxygen saturation (SpO₂) value below 
94%, measured by pulse oximetry, persisting for at 
least 30 seconds during the transfer from the operating 
room to the PACU and within the first 20 minutes of 
the postoperative period in the recovery unit [4, 9, 10].  
      Sedation score was defined as follows: 0 = awake; 
1 = drowsy, arousable by verbal stimulation; 2 = 
drowsy, arousable by tactile stimulation; 3 = 
unarousable [4].  
 
Data Collection Procedure  
      Patients who met the inclusion criteria were 
informed about the study by the researchers, and 
written and verbal informed consent was obtained. 
Study data were collected using a structured data 
collection form through face-to-face interviews 
conducted in the operating room prior to surgery, as 
well as from patient medical records, and were 
subsequently recorded. Patients’ oxygen saturation 
levels were measured using a pulse oximeter. The 
study was conducted in two phases.  
      In the first phase, the first ten items of the 
researcher-developed data collection form were used 
to assess patients’ demographic and baseline clinical 
characteristics, including age, sex, height, weight, 

presence of chronic disease, ASA score, history of 
smoking, and oxygen saturation. These data were 
collected and recorded through face-to-face 
interviews. Following surgery, the same data 
collection form was used to systematically record 
information related to the surgical procedure and 
anesthesia administered to the patients.  
      The second phase of the study involved 
monitoring and evaluating the oxygen saturation levels 
of postoperative extubated patients from the time of 
extubation through transfer to the PACU and until 
discharge from the PACU, using a pulse oximeter 
(Finger Clip Pulse Oximeter, 2019). Immediately after 
extubation, the patients’ initial oxygen saturation 
values were measured and recorded by the researchers. 
Oxygen saturation monitoring continued during the 
transfer to the PACU, with patients being transferred 
with the pulse oximeter attached to their finger. The 
lowest oxygen saturation value was recorded every 30 
seconds. Pulse oximeter devices typically provide 
averaged signal readings every 6–8 seconds, and 
threshold alarms are generally set at an average of 
90%, depending on the unit or institutional protocols 
[15]. No patients received supplemental oxygen 
during the transfer process. Finally, patients’ initial 
oxygen saturation values upon arrival at the PACU and 
their oxygen saturation values at the time of PACU 
discharge were recorded. Patients were discharged 
from the PACU when an Aldrete score of ≥9 was 
achieved. 
 
Statistical Analysis  
      Study data were analyzed using SPSS version 22.0 
(SPSS Inc., Chicago, IL, USA). Descriptive statistics, 
including frequencies, percentages, means, and 
standard deviations, were used to summarize the data. 
Normality of distribution was assessed using the 
Kolmogorov–Smirnov test. For variables that showed 
a normal distribution, Chi-square tests and Student’s 
t-tests were applied to compare selected demographic, 
surgical, and anesthetic characteristics between 
patients with and without desaturation. The 
relationships between selected demographic and 
perioperative variables and minimum and mean SpO2 
values were examined using Pearson correlation 
analysis. In all statistical analyses, a P-value <0.05 was 
considered statistically significant. 
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RESULTS 
 
Patients (n=32) who developed intraoperative 
hypothermia (body temperature <36°C) or those 
(n=13) who could not be extubated postoperatively 
were excluded from the analysis. According to the 
study findings, 43.3% (n=71) of patients experienced 
a decrease in oxygen saturation to ≤94% during the 
transfer to the PACU. Additionally, 8.4% (n=6) of 
desaturated patients were found to have oxygen 
saturation levels below 90%.  
      The findings related to the comparison of patients’ 
demographic and clinical characteristics according to 
desaturation status are presented in Table 1. The mean 
age of patients who developed desaturation was 
51.95±13.4 years, whereas it was 41.4±16.6 years in 
those without desaturation, and the difference between 
the two groups was statistically significant (P<0.001). 

The mean body mass index (BMI) of desaturated 
patients was 28.3±4.7, compared with 25.2±5.3 in 
non-desaturated patients, and this difference was also 
statistically significant (P<0.001). It was determined 
that 73.2% (n=52) of desaturated patients were female 
and 59.2% (n=42) had at least one chronic disease. 
Statistically significant differences were observed 
between the groups with respect to sex and the 
presence of chronic disease (P=0.032 and P<0.001, 
respectively). In contrast, no statistically significant 
differences were found between desaturated and non-
desaturated patients in terms of smoking history and 
ASA score (P>0.05). Additionally, preoperative 
oxygen saturation levels were found to be significantly 
lower in desaturated patients compared with those 
without desaturation (P<0.001).  
      The findings regarding the comparison of patients’ 
surgical and anesthetic characteristics according to 
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desaturation status are presented in Table 2. As shown 
in Table 2, 73.2% (n=52) of desaturated patients 
underwent general surgical procedures, 52.1% (n=37) 
were operated on in the supine position, 31.0% (n=22) 
underwent upper abdominal surgery, 26.8% (n=19) 
underwent thyroid surgery, and 71.8% (n=51) received 
neuromuscular blocking agents. Statistically 
significant differences were observed between 
desaturated and non-desaturated patients with respect 
to these variables (P<0.05).  
      It was also observed that 90.1% (n=64) of 
desaturated patients received general anesthesia and 
52.1% (n=37) were awake during the transfer process. 
However, no statistically significant differences were 
found between the groups in terms of type of 
anesthesia and sedation status (P>0.05). Similarly, 
when patients were compared according to duration 
of anesthesia and transfer time, no statistically 
significant differences were identified (P=0.423 and 
P=0.543, respectively).  
      The relationships between minimum and mean 
SpO2 values and selected demographic and 
perioperative variables are presented in Table 3. 
According to the findings, age and mean BMI were 
moderately, negatively, and statistically significantly 
correlated with both minimum and mean SpO2 values 
(P<0.05). In contrast, preoperative SpO2 levels and the 
first oxygen saturation values measured after 
extubation showed a strong positive and statistically 
significant correlation with both minimum and mean 
SpO2 values (P<0.001). However, no statistically 

significant correlations were identified between 
duration of anesthesia or transfer time and minimum 
or mean SpO2 values (P>0.05).  
      Changes in patients’ mean SpO2 levels monitored 
from the preoperative period until discharge from the 
PACU are presented in Figure 1. Accordingly, the 
mean SpO2, which was 97.3% in the preoperative 
period, gradually decreased during the first three 
measurements following extubation, reaching 
approximately 94.0%. The lowest mean SpO2 value 
was observed at initial admission to the PACU 
(93.5%). Subsequently, patients’ mean SpO2 levels in 
the PACU increased to approximately 96.5%. 
 
 
DISCUSSION 
 
In this study, the incidence of desaturation (SpO₂ 
≤94%) observed during the transfer of patients from 
the operating room to the PACU, as well as the factors 
affecting oxygen saturation, were comprehensively 
examined. It is recommended that patients’ SpO₂ 
levels be maintained above 95% in the PACU [15]. In 
addition, oxygen saturation is expected to remain 
between 95% and 100% during anesthesia and the 
emergence period, with SpO₂ values of ≤94% 
considered desaturation and values below 90% 
regarded as a clinical emergency [10, 11, 22]. In the 
our study, 43.3% of patients experienced desaturation 
during transfer from the operating room to the PACU, 
and 8.4% of the desaturated patients had oxygen 
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saturation levels below 90%. In the literature, 
postoperative hypoxemia is most commonly defined 
using an SpO2 threshold of <90%, with the reported 
incidence ranging between 13% and 35% [2, 4, 6,23]. 
Studies conducted in Ethiopia have reported 
hypoxemia rates ranging from 22.7% [24] to 26.7% 
[4], while earlier studies have indicated rates as high 
as 61.4% [25]. In the study, the relatively lower 
incidence of hypoxemia may be attributable to the 
short transfer duration. However, some studies define 
desaturation as SpO2 ≤94% and report higher rates 
accordingly. Taye et al. [9] reported that 45.8% of 
patients experienced SpO2 levels of ≤94% in the early 
postoperative period, while this rate was 14.5% in the 
study by Ramachandran et al. [15] and 13.5% in the 
study by Kaushal et al. [16]. In the study conducted 
by Taye et al. [9], hypoxemia was observed in patients 
who did not receive supplemental oxygen during 
transfer, whereas in the study by Kaushal et al. [16], 
oxygen saturation values were monitored while 
patients were breathing room air. In contrast, the study 
by Ramachandran et al. [15] did not provide 
information regarding supplemental oxygen use 
during transfer. Similar to the study by Taye et al. [9], 
our study found that 43.5% of patients had oxygen 
saturation levels of SpO₂ ≤94%. In addition, none of 
the aforementioned studies reported the distance 

between the operating room and the PACU. In our 
study, however, the PACU is located close to the 
operating rooms; therefore, supplemental oxygen was 
not administered to patients during transfer. It is 
thought that these differences in the incidence of 
hypoxemia may be attributable to variations in 
practices during the transfer process from the 
operating room to the PACU after extubation, as well 
as institutional differences in hospital physical layouts.  
The literature identifies various factors influencing the 
incidence of hypoxemia during transfer from the 
operating room to the PACU or in the early 
postoperative period, with advanced age consistently 
reported as one of the most prominent risk factors. 
Numerous studies have demonstrated a significant 
increase in hypoxemia incidence among individuals 
aged 55 years and older [4, 16, 19, 26, 27]. Maity et 
al. [23] similarly reported that the rate of hypoxemia 
in elderly patients was nearly twice as high as that 
observed in younger patients (43.47% vs. 17.24%) 
[26]. Consistent with these findings, our study 
revealed that patients who developed desaturation had 
a higher mean age, and a strong, negative, and 
statistically significant correlation was identified 
between age and oxygen saturation levels. These 
results suggest that age-related physiological changes 
in the lungs may adversely affect postoperative 
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FIGURE 1. Mean oxygen saturation changes across six time points from the preoperative period to PACU transfer and 
discharge. SpO2, peripheral oxygen saturation; PACU, post-anesthesia care unit.
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oxygenation.  
      The literature indicates that BMI is an important 
determinant of postoperative oxygenation. Kaushal et 
al. [16] demonstrated that the risk of hypoxemia 
increases in patients with a BMI greater than 25, with 
this risk becoming particularly pronounced in 
individuals with a BMI ≥ 30 kg/m². Similarly, Taye et 
al. [9] reported a higher frequency of hypoxemia in 
patients with BMI >25 kg/m², while Labeste et al. [6] 
found increased hypoxemia rates among patients with 
BMI >30 kg/m². Walker et al. [27] also reported a 
similar BMI threshold value of approximately 29.5. 
Consistent with these findings, our study identified a 
significant negative relationship between BMI and 
postoperative oxygen saturation, and the mean BMI 
of desaturated patients was above 25. This finding 
suggests that pathophysiological mechanisms 
observed in obese patients, such as reduced chest wall 
compliance, upper airway obstruction, and central 
apnea, may contribute to an increased risk of 
postoperative hypoxemia.  
      The literature indicates that patients’ preoperative 
hemodynamic status, particularly preoperative SpO2 
levels, is closely associated with postoperative 
oxygenation. Andualem and Yesuf [26] reported that 
the risk of postoperative hypoxemia was four times 
higher in patients with preoperative SpO2 <95%. 
Similarly, numerous studies have demonstrated that 
preoperative SpO2 levels below 95% significantly 
increase the risk of hypoxemia [4, 6, 9]. In contrast, 
some studies have reported that preoperative oxygen 
saturation does not significantly affect the incidence 
of hypoxemia in the early postoperative period [4, 25]. 
In our study, however, consistent with the majority of 
the literature, preoperative SpO2 levels were 
significantly lower in patients who developed 
desaturation. This finding highlights that identifying 
low oxygen saturation during the preoperative period 
and implementing appropriate preventive measures 
constitute a critical area of assessment for nurses, both 
in reducing the risk of hypoxemia and in planning safe 
postoperative care.  
      The literature has demonstrated through studies 
that smoking is an important risk factor for 
postoperative hypoxemia [9, 16, 28]. However, in our 
study, no statistically significant difference was found 
between desaturated and non-desaturated patients with 
respect to smoking status. This finding may be related 

to the fact that desaturation observed in this study was 
predominantly mild in severity. In contrast, when 
comorbidity status was evaluated, the frequency of 
comorbid conditions was found to be higher in the 
desaturated group. Consistent with this result, the 
literature indicates that the risk of hypoxemia is 
significantly increased in individuals with chronic 
diseases [4, 9, 16]. This finding suggests that patients 
with respiratory, cardiovascular, and metabolic 
disorders require more careful monitoring of 
oxygenation during the postoperative period. The 
presence of comorbidities should therefore be 
thoroughly assessed during the preoperative 
evaluation as a critical risk factor. Such information 
facilitates the anticipation of potential postoperative 
oxygenation problems and supports the planning of 
individualized nursing interventions, including 
supplemental oxygen therapy, patient positioning, 
breathing exercises, and close monitoring. 
Consequently, these measures contribute to the early 
prevention of complications and the promotion of a 
safe postoperative care process.  
      When surgery-related factors were examined, the 
incidence of desaturation in this study was found to be 
higher in procedures performed in the supine or 
reverse Trendelenburg positions, as well as in 
surgeries involving upper abdominal and thyroid 
incisions. Although Kaushal et al. [16] reported that 
the type of surgical incision was not a determining risk 
factor for oxygen saturation, another study, consistent 
with our findings, demonstrated an association 
between subcostal incisions and early postoperative 
hypoxemia [4]. Regarding anesthesia-related and 
anesthetic risk factors, no significant difference was 
observed between the groups in terms of type of 
anesthesia in the present study. In contrast, the 
literature reports that general anesthesia increases the 
risk of postoperative hypoxemia [2, 4, 19, 26]. The 
lack of a significant difference in our study may be 
attributable to the fact that the vast majority of patients 
in both groups underwent surgery under general 
anesthesia. The literature presents inconsistent 
findings regarding the duration of anesthesia. Some 
studies have reported that an anesthesia duration 
longer than 120 minutes increases the risk of 
hypoxemia [4, 27]. In contrast, Kaushal et al. [16] 
indicated that anesthesia duration is not an 
independent risk factor, and similarly, the studies by 
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Maity et al. [23] and Taye et al. [9] found no 
significant association between duration and 
hypoxemia. Consistent with these findings, the present 
study also identified no significant relationship 
between anesthesia duration or transfer time and 
desaturation. The findings of Walker et al. [27], which 
suggest that transport duration is not a determining 
factor for hypoxemia, are likewise in agreement with 
the results of our study.  
 
Strengths and Limitations  
      The assessment of oxygen saturation levels in 
patients transferred from the operating room to the 
PACU without oxygen support, under routine clinical 
conditions, using a prospective design and continuous 
pulse oximetry monitoring, constitutes a key strength 
of this study. The limitation of this study is that it was 
conducted in a single training and research hospital, 
which may restrict the generalizability of the findings 
to institutions with different infrastructure, transfer 
distances, and postoperative care practices. 
 
 
CONCLUSION 
 
The findings of this study demonstrate that, in the 
early postoperative period during which all patients 
were transferred without supplemental oxygen, nearly 
half of the patients had oxygen saturation levels of 
SpO₂ ≤94%. Advanced age, higher BMI, preoperative 
SpO₂ levels close to the lower limit of normal, 
presence of comorbidities, upper abdominal and 
thyroid surgical incisions, and the use of respiratory-
depressant neuromuscular blocking agents during 
anesthesia were identified as factors that negatively 
affect postoperative oxygen saturation. Therefore, it is 
recommended that operating room nurses and the 
anesthesia team comprehensively assess patients for 
these risk factors during the preoperative period and 
identify patients at increased risk. In addition, 
continuous monitoring of SpO2 levels during patient 
transfer and the provision of supplemental oxygen 
during transfer for high-risk patients are 
recommended. This approach, together with effective 
communication of patient status to the care team upon 
handover to the PACU, is considered a prophylactic, 
simple, and effective nursing intervention that 

contributes to maintaining adequate oxygenation in the 
early postoperative period.  
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ABSTRACT 
Objectives: To examine the relationship between the learning needs and quality of life of patients with a stoma. 
Methods: This descriptive and correlational study was conducted with stoma patients receiving care in the 
surgical and oncology units of a training and research hospital between September 25, 2023 and April 25, 
2024. The study was completed with 208 patients who volunteered to participate and met the inclusion criteria. 
Data were collected through face-to-face interviews using the Patient Information Form, Patient Learning 
Needs Scale, and Stoma Quality of Life Scale. Data were analyzed with SPSS 23 using Kruskal–Wallis, 
ANOVA, Student’s t-test and Mann–Whitney U test. A significance level of P<0.05 was accepted. 
Results: There was no significant relationship between the learning needs and quality of life of stoma 
patients (P>0.05). However, patients with rectal cancer had significantly higher scores on the body 
image/sexuality subscale (t = -2.902, P=0.004) and total quality of life (t = -2.264, P=0.025) compared to 
those with colon cancer. 
Conclusions: The higher body image/sexuality and quality of life scores among patients with rectal cancer 
suggest that their care needs may be more related to social acceptance rather than purely physiological 
processes. 
Keywords: Body Image, Patient Education, Nursing Care, Ostomy, Quality of Life 
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 A  stoma is a surgically created opening that 

connects a hollow organ of the body to the 
skin surface. Patients with intestinal stomas 

have various needs that arise from living with this 
condition. These needs are influenced not only by the 
type and construction of the stoma, but also by the 
patient’s personality characteristics and demographic 
factors [1]. Although there are standardized nursing 
care guidelines for patients with a stoma [2, 3] each 
individual has different demographic and personality 
characteristics; therefore, in addition to standard stoma 

care, a holistic and individualized care plan is 
recommended [1, 4]. In addition, being left alone with 
their stoma and its care after discharge may lead to 
anxiety and stress in patients. Nurses should anticipate 
these experiences in advance and focus on meeting 
patient learning needs by considering their personality 
traits and demographic characteristics. The stress and 
anxiety levels of patients with an intestinal stoma may 
affect their readiness and motivation to learn [5]. 
Nurses should be aware of these psychological and 
individual differences and identify the learning needs 
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of patients. Determining the learning needs of 
individuals with a stoma may improve their self-
management after discharge. To enhance stoma 
self-management levels, various models such as the 
transtheoretical model, multimedia-based approaches, 
telehealth services, and the chronic care model have 
been implemented in patients with intestinal stomas [6]. 
However, for these models to be effectively 
implemented, nurses must determine the specific areas 
in which patients lack knowledge and assess whether 
they have the motivation to learn. Studies in the 
literature indicate that adequately addressing the 
learning needs of stoma patients significantly improves 
their self-management skills and quality of life. From a 
conceptual perspective, meeting patients’ learning needs 
is considered a key component of effective self-care and 
adaptation to living with a stoma [4, 6]. Self-care ability 
and adaptation processes have been shown to be closely 
associated with psychosocial well-being and quality of 
life in individuals with a stoma [5, 7]. In this context, 
learning needs may be indirectly related to quality of 
life through their influence on self-care and adaptation.  
      In the literature, the quality of life of patients with 
intestinal stomas has often been reported as low [4, 8, 
9]. The quality of life of patients with a stoma increases 
when they are younger than 60 years of age [7], have 
effective psychosocial coping skills [10], and possess 
strong social support systems. Moreover, poor self-care 
status is closely associated with lower quality of life [5]. 
In order for patients to perform stoma self-care 
effectively, they must adapt to living with a stoma. 
Achieving stoma adaptation contributes to an 
improvement in quality of life. Factors that support 
adaptation to the new life with a stoma include partner 
acceptance, social support from family and friends, 
returning to work, and maintaining overall health [7]. 
Therefore, adaptation to a stoma plays a crucial role in 
improving the quality of life.  
      Studies conducted in our country have examined 
factors affecting the quality of life of stoma patients, 
such as their sleep patterns [11, 12], religious rituals 
[13], sexuality [14], anxiety and sexuality [15], body 
image and self-perception, self-efficacy, and stoma 
adaptation [16, 17]. However, no studies have been 
found regarding their learning needs. Therefore, the 
aim of this study was to examine the relationship 
between the learning needs and quality of life of 
patients with a stoma. 

METHODS 
Study Design  
      The study is cross-sectional, descriptive, and 
correlational in design.  
 
Population and Sample  
      The population of the study consisted of intestinal 
stoma patients who received healthcare services in the 
general surgery and radiotherapy/chemotherapy units 
of Şanlıurfa Mehmet Akif İnan Training and Research 
Hospital between September 25, 2023 and April 25, 
2024. The sample size was evaluated in accordance 
with methodological recommendations for relationship-
based analyses, such as correlation and regression. In 
the literature, it is reported that approximately 80–85 
participants are sufficient to detect a moderate effect 
size (r ≈ 0.30 for correlation; Cohen’s f² = 0.15 for 
regression) [18]. In this study, a total of 208 patients 
who met the inclusion criteria and agreed to participate 
were reached, providing adequate statistical power for 
the analyses.  
 
Study Setting and Timeframe  
      Data were collected between September 25, 2023 
and April 25, 2024 through face-to-face interviews 
with intestinal stoma patients receiving healthcare 
services in the general surgery and radiotherapy/ 
chemotherapy units of Şanlıurfa Mehmet Akif İnan 
Training and Research Hospital. All data in the study 
were collected by the researcher İ.D. using the same 
questionnaires, with the same questions and 
explanations provided to each patient. This approach 
was adopted to ensure standardization of the data 
collection process. The questionnaires and explanations 
were administered to all patients in the same order and 
with the same content, thereby aiming to minimize 
variations arising from the data collection procedure. 
Each interview lasted approximately 20–30 minutes 
depending on the patient’s condition. Patients who 
were unable to continue with the study were 
withdrawn, and any partially completed questionnaires 
were excluded from the analysis.  
 
Inclusion Criteria 
      •Being a stoma patient receiving healthcare 
services at Şanlıurfa Mehmet Akif İnan Training and 
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Research Hospital 
      •Voluntarily agreeing to participate and signing the 
informed consent form 
      •Having no psychiatric disorders and being 
mentally competent 
      •Being 18 years of age or older.  
 
Exclusion Criteria  
      This study was planned only with patients with 
intestinal stomas; therefore, individuals with other 
stoma types such as tracheostomy, urostomy, and 
gastrostomy were excluded. Because the measurement 
tools used in the study were self-report-based, 
participants needed sufficient cognitive function to 
understand and carefully answer the questions. 
Cognitive competence was assessed by observing 
participants' general communication skills and 
orientation to person, place, and time during their 
responses. Considering that languages other than 
Turkish were used in the hospital where the study was 
conducted, and also because the measurement tools 
were administered in Turkish, individuals who did not 
speak Turkish were excluded from the study. To 
prevent data duplication, care was taken to ensure that 
the same participant was not included in the study 
more than once, and only the first completed datasets 
were included in the analysis. Furthermore, patients in 
clinical conditions requiring emergency medical 
intervention, such as the early postoperative period or 
while the effects of anesthesia were still present, were 
excluded from the study to both avoid risking patient 
safety and to ensure the reliability of the data obtained.  
 
Data Collection Tools and Procedures 
      In this study, a Patient Information Form, the 
Stoma Quality of Life Scale, and the Patient Learning 
Needs Scale were used to collect data. 
 
Patient Information Form 
      This form was created by researchers through a 
literature review. This form includes questions related 
to the demographic and clinical characteristics of the 
participants, such as age, gender, education level, 
marital status, number of children, health insurance 
status, income level, presence of chronic disease, 
medical diagnosis, type of stoma, status of receiving 
education about stoma care, and the person 

responsible for stoma care [11, 14–16, 19]. Since the 
Patient Information Form only contains descriptive 
questions, a pilot study was not conducted.  
 
Stoma Quality of Life Scale 
      The Stoma Quality of Life Scale was developed 
by Baxter et al. in 2006 to evaluate the quality of life 
of individuals with a stoma [20]. The Turkish validity 
and reliability study of the scale was conducted by 
Karadağ et al. in 2011 [21]. The scale consists of 19 
items in total, and the Cronbach’s alpha coefficient of 
the original scale was reported as 0.87. In the present 
study, the Cronbach’s alpha value was 0.881.  
      The first two items of the scale (Section 1) assess 
the individual's overall satisfaction with life. The first 
item evaluates instant satisfaction with life, while the 
second item evaluates overall satisfaction during the 
past month. This section is scored between 0 and 100, 
where 0 indicates complete dissatisfaction and 100 
indicates complete satisfaction.  
      The second section of the scale consists of 5-point 
Likert-type items (1 = Never, 2 = Rarely, 3 = 
Sometimes, 4 = Often, 5 = Always) grouped into three 
sub-dimensions: Work and Social Life (6 items), 
Sexuality and Body Image (5 items), and Stoma 
Function (6 items).  
      Scores for the sub-dimensions are calculated as 
follows:  
      a)Work and Social Life: 25 × (12 + S3 + S4 – S5 
– S6 – S18 + S19) / 6  
      b)Sexuality and Body Image: 25 × (1 + S7 + S8 – 
S9 + S12 + S15) / 5  
      c)Stoma Function: 25 × (24 – S10 – S11 + S13 – 
S14 – S16 – S17) / 6  
      Both sub-dimension scores and total scale scores 
range from 0 to 100. Higher scores indicate better 
quality of life. Questionnaires with one missing item 
were accepted, whereas those with two or more 
missing items were excluded from the analysis.  
 
Patient Learning Needs Scale (PLNS) 
      The Patient Learning Needs Scale was developed 
by Bubela et al. in 1990 to determine whether the 
information needs of patients at the time of discharge 
are adequately met [22]. The Turkish validity and 
reliability study of the scale was conducted by Çatal 
and Dicle in 2008 [23]. The scale consists of 50 items 
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and seven sub-dimensions, rated on a 5-point Likert 
scale (1 = not important, 2 = slightly important, 3 = 
moderately important, 4 = very important, 5 = extremely 
important). 
      The seven sub-dimensions of the scale are 
classified as follows: medication (3, 8, 16, 18, 37, 39, 
44, 45), activities of daily living (2, 5, 14, 17, 27, 28, 
29, 30, 48), community and follow-up (6, 9, 22, 31, 
36, 41), feelings related to condition (7, 24, 32, 35, 
42), treatment and complications (1, 4, 10, 19, 20, 23, 
26, 38, 47), quality of life (11, 13, 15, 21, 34, 40, 46, 
50), and skin care (12, 25, 33, 43, 49). The total score 
of the scale ranges from 50 to 250, with higher scores 
indicating greater learning needs. The scale contains 
no reverse-coded items.  
      In the original Turkish validity and reliability 
study, the Cronbach’s alpha coefficient was reported 
as 0.95 for the total scale, and between 0.69 and 0.88 
for the sub-dimensions. In the present study, 
Cronbach’s alpha was 0.89 for the total scale, and 
between 0.71 and 0.85 for the sub-dimensions.  
 
Ethical Considerations  
      Ethical approval for the study was obtained from 
the local Ethics Committee of Kilis 7 Aralık 
University. Written informed consent was obtained 
from each participant. At the beginning of the 
interview, participants were informed that their 
participation was voluntary, that they could withdraw 
from the study at any time, and that their personal 
information would remain confidential. There was no 
conflict of interest between the researchers and the 
stoma patients. The study was conducted in 
accordance with the ethical principles of the 
Declaration of Helsinki. The STROBE reporting 
guidelines were followed in conducting and reporting 
the study. 
 
Statistical Analysis  
      Normality distributions of the scales and their sub-
dimensions were examined using skewness and 
kurtosis analyses. For non-normally distributed data, 
the Mann–Whitney U test was used for comparisons 
between two groups, and the Kruskal–Wallis test was 
applied for comparisons among three or more groups. 
For normally distributed data, ANOVA and Student’s 
t-test were performed. To assess the relationships 

between scales, Pearson correlation analysis was used 
for normally distributed data, whereas Spearman 
correlation analysis was used for non-normally 
distributed data. A significance level of P<0.05 was 
accepted. 
 
 
RESULTS 
 
The demographic and stoma-related characteristics of 
the participants are presented in Table 1. Of the 
patients included in the study, 53.8% (n=112) were 
male, with a mean age of 54.38±11.36 years; 95.2% 
(n=198) were married, 56.3% (n=117) were primary 
school graduates, 36.5% (n=76) had three to four 
children, and 53.4% (n=111) reported an income equal 
to their expenses. A total of 63.9% (n=133) had a 
chronic disease, 63.5% (n=132) were diagnosed with 
colon cancer, 57.7% (n=120) had a colostomy, and 
81.7% (n=170) had their stoma care performed by a 
family member. All patients received education 
regarding stoma care, and 55.2% (n=115) received this 
education from nurses (Table 1).  
      Table 2 presents the comparison of the Stoma 
Quality of Life Scale and its sub-dimensions with 
demographic variables. The analysis revealed a 
significant difference between the number of children 
and both the sexuality and body image subscale and 
the total quality of life score. Patients with three to 
four children had higher sexuality and body image 
scores compared to those with fewer or more children 
(F = 3.881, P=0.022). Similarly, patients with three to 
four children had higher total quality of life scores 
than the other groups (F = 3.699, P=0.026). In post 
hoc analyses performed for variables where 
significance was found in triple comparisons, it was 
determined that there was a significant difference in 
terms of sexuality and body image sub-dimension and 
total quality of life scores between the 0–2 children (1) 
and 3–4 children (2) groups in the number of children 
variable. It was also found that patients diagnosed with 
rectal cancer had higher sexuality and body image 
scores (t = -2.902, P=0.004) and higher overall quality 
of life scores (t = -2.264, P=0.025) compared to those 
diagnosed with colon cancer (Table 2). 
      The demographic data of stoma patients were 
compared with the Patient Learning Needs Scale and 
its sub-dimensions. As a result of this analysis, no 
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significant findings were observed between the 
demographic data and the patient learning needs and 
its sub-dimensions. The P values obtained in these 
comparisons ranged between 0.212 and 0.953, and all 
were above the 0.05 significance level.  
      As a result of the correlation analysis, no 
significant relationship was found between the Stoma 
Quality of Life Scale and its sub-dimensions and the 
sub-dimensions of the Patient Learning Needs Scale 
(r=0.042, P=0.549). This finding indicates that the 
characteristics assessed by the two scales generally 
represent independent constructs.  
 
 
DISCUSSION 
 
The results of this study, which was conducted to 
evaluate the relationship between the learning needs 
and quality of life of stoma patients, showed no 
significant relationship between the two scales. 
However, it was observed that some demographic 
variables may have different levels of influence on 
quality of life.  
      The lack of a significant relationship between 
learning needs and quality of life constitutes a primary 
finding of this study and requires careful consideration. 
Learning needs continue throughout life. However, 
individuals must have the capacity and competence to 
recognize, express, and request information regarding 
their health-related deficiencies [24]. Furthermore, this 
capacity is closely related to the individual's role and 
responsibilities within the family, their education level, 
and economic status. In addition, the individual's 
emotional state can also affect learning needs. In 
particular, patients with high anxiety levels may 
experience negative effects on their attention, focus, 
and processing capacity for information acquisition. 
High anxiety levels negatively impact the patient's 
ability to acquire, identify, and process information 
that may be necessary after discharge [25]. 
Additionally, while determining learning needs 
represents the current situation, the fact that quality of 
life is influenced by previous experiences and shaped 
by long-term adjustment processes may be another 
possible explanation for the lack of a direct 
relationship between these two variables.  
      A significant difference was found between the 
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number of children and both the sexuality and body 
image subscale and total quality of life scores of the 
patients with a stoma. Individuals with stronger social 
support systems may adapt more easily to life after 
stoma surgery [26]. It has been reported that the 
support provided by family caregivers plays an 
important role in improving the quality of life of 
patients with a stoma [27]. Individuals who have three 
to four children may have higher sexuality and body 
image subscale scores and overall quality of life scores 
compared to others due to their relatively stronger 
levels of social support. In this group, emotional 
interaction between parents and children continues, 
while the decrease in the children’s physical 
dependence may allow family members to maintain 
their social roles more balancedly. In addition to this 
possible interpretation, it should be noted that the result 
may be coincidental. The ages of the children were not 
questioned, and the sample distribution was limited, 
which should not be overlooked. In future studies, 
questioning the number and age ranges of children and 
asking open-ended questions about parent–child 
relationships may help fill this gap in the literature. 
      Individuals with rectal cancer were found to have 
significantly higher sexuality/body image subscale 
scores and total stoma quality of life scores compared 
to those with colon cancer [11, 28]. Although studies 
have reported a significant difference between 
urostomy and ileostomy [29]; no study has been found 
comparing rectal cancer with sexuality/body image 
and quality of life. Sexuality and body image, together 
with quality of life, represent the social aspect of an 
individual [26, 30]. The social needs of individuals 
with a stoma (such as acceptance by society and their 
partner, and a sense of belonging) come after 
physiological needs according to Maslow's hierarchy 
of needs [31]. When evaluated from this perspective, 
it is thought that patients with rectal cancer experience 
fewer physiological problems due to the proximity of 
their stoma to the anus and the fact that bowel 
functions (such as nutrient, vitamin, and mineral 
absorption) are largely completed, and therefore they 
may focus more on social and psychological aspects. 
The higher body image, sexuality, and quality of life 
scores of patients with rectal cancer compared to those 
with colon cancer may be explained by the support of 
physiological well-being for social satisfaction and 
body image processes.  

      From this perspective, it may be recommended 
that nurses focus more on body image, sexuality, and 
quality of life when planning nursing care for patients 
with rectal cancer. 
 
Strengths and Limitations  
      Some significant results were obtained between 
the demographic data and the quality of life of the 
patients. However, to discuss the reasons for these 
significant differences in more depth, the scope of 
demographic variables needs to be expanded. In 
particular, more detailed information is needed 
regarding the ages of the children and the roles within 
the family. Additionally, since other social support 
systems apart from the family were not questioned in 
detail, the explanatory power of these significant 
findings is limited. The fact that the study was 
conducted in a single center and the sample size was 
limited also restricts the generalizability of the results. 
      The sample size, which includes different 
diagnostic groups and stoma types, increases the 
applicability of the results to clinical practice. 
Furthermore, the study's strengths include its provision 
of practical recommendations for nursing practices 
related to patient education and discharge planning. In 
addition, adherence to STROBE guidelines 
strengthened the methodological rigor of the study. 
 
 
CONCLUSION 
 
This study aimed to examine whether there is a 
relationship between the learning needs and quality of 
life of stoma patients, and no significant relationship 
was found between these variables in this sample. 
However, some significant differences were observed 
between demographic characteristics and quality of 
life and its sub-dimensions. A significant difference 
was found in the sexuality and body image subscale 
and total quality of life scores between patients with 
rectal cancer and those with three to four children. 
These findings should be evaluated within a 
descriptive framework, not with the aim of 
establishing a causal relationship, due to the cross-
sectional nature of the study. From this perspective, it 
can be suggested that nurses focus more on body 
image, sexuality, and quality of life when planning 
nursing care for patients with rectal cancer. In 
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addition, it is recommended that the social support 
systems of stoma patients be evaluated and the role 
distribution within the family be determined, as these 
will be important for future studies.  
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ABSTRACT 
Objectives: Our study aimed to compare patients with seronegative rheumatoid arthritis (SNRA) and 
seropositive rheumatoid arthritis (SPRA) to determine whether they represent favourable and unfavourable 
subtypes of the same disease, or whether SNRA patients follow an aggressive course similar to SPRA patients. 
Methods: Patients diagnosed with rheumatoid arthritis (RA) according to the 2010 American College of 
Rheumatology (ACR)/European League Against Rheumatism (EULAR) classification criteria (n=334) were 
evaluated retrospectively. Patients were classified into SNRA (n=108) and SPRA (n=226) groups based on 
their seropositivity status. The SNRA and SPRA groups were compared regarding clinical, laboratory, imaging, 
and medical treatment characteristics. 
Results: Gender, age at diagnosis, comorbidities, acute phase reactants, medical therapies (excluding 
leflunomide), anaemia, cancer, and mortality did not differ significantly between the two groups (P>0.05). 
There was also no significant difference between the groups in the total number of joints where erosion was 
detected (SNRA: n=9 (8.3%), SPRA: n=25 (11.1%), P=0.563). Interstitial lung disease (ILD) was the most 
common extra-articular involvement and was detected only in the SPRA group (n=9 (4.0%), P=0.034). 
Conclusions: It should be noted that SNRA patients, like SPRA patients, may experience an aggressive disease 
course and develop erosive joint damage. Seropositivity is important regarding ILD, and necessary follow-up 
and treatment plans should be implemented without delay for both SNRA and SPRA patients. 
Keywords: Interstitial Lung Disease, Joint Erosion, Seronegative Rheumatoid Arthritis, Seropositive 
Rheumatoid Arthritis 
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Rheumatology

 
 R heumatoid arthritis (RA) is a chronic 

autoimmune inflammatory joint disease that can 
also present with numerous extra-articular 

symptoms [1, 2]. Lung involvement is the most 
commonly detected extra-articular manifestation [3]. The 

pathophysiology of RA is complex, with genetic and 
environmental factors as the main contributors. Its 
prevalence in the white race is 0.5-1%, and it is more 
common in women. It usually appears in middle age in 
women, but may begin later in men. In untreated patients, 
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joint damage and other systemic involvement of RA can 
lead to poor quality of life and disability [1, 2]. 
      RA patients are classified as seropositive RA 
(SPRA) when anti-cyclic citrullinated peptide (anti-
CCP) and/or rheumatoid factor (RF) antibodies are 
present, while those with both negative RF and anti-
CCP antibodies are classified as seronegative RA 
(SNRA) [4]. Although it is stated that SNRA patients 
constitute approximately 20–40% of RA patients, it 
has been reported that the incidence has increased in 
recent years [5, 6]. It is thought that SPRA, which is 
more common, has a more severe course than SNRA 
in terms of erosive joint damage, extra-articular 
involvement, comorbidities, and mortality [7]. 
Therefore, SNRA patients are considered a well-
defined subtype of RA patients. However, recent 
studies have emphasised that, due to the scoring of 
anti-CCP and RF antibodies in the 2010 American 
College of Rheumatology (ACR)/European League 
Against Rheumatism (EULAR) classification criteria 
[8], SNRA patients require more joint involvement 
and higher levels of inflammatory markers to meet 
these criteria [9].  
      Early diagnosis and treatment planning in RA 
patients can reduce disability by preventing the missed 
opportunity window for both SNRA and SPRA. 
Furthermore, approximately half of SNRA patients 
may later become seropositive. The absence of 
antibodies, delayed diagnosis of SNRA in the early 
stages, and delayed initiation of necessary treatment 
may contribute to an aggressive course in SNRA 
patients, similar to that in SPRA patients [10].  
      Due to these conflicting results, the clinical course 
and disease severity of SPRA and SNRA patients 
remain areas that require further research.  
      This study aimed to compare SNRA and SPRA 
patients in terms of clinical and demographic 
characteristics, erosive joint involvement, extra-
articular involvement, and medical treatments used, to 
assess whether they represent good and bad subtypes 
of the same disease, or whether SNRA patients follow 
an aggressive course similar to SPRA patients. 
 
 
METHODS 
 
Patients over 18 years of age who met the 2010 
ACR/EULAR classification criteria for RA [8] were 

retrospectively screened from the records of a tertiary 
teaching and research hospital (Ethics Committee 
Approval: 26 November 2025; protocol code: 
2025/18-183). Patients were required to have been 
followed up for at least six months at the centre, and 
the treatments they received at previous centres had to 
be recorded in the system. Patients who could not be 
accessed retrospectively from the hospital record 
system for clinical, laboratory, imaging, and medical 
treatment records, as well as those with other 
concomitant inflammatory rheumatic diseases, were 
excluded from the study.  
      A total of 533 RA patients were assessed for 
eligibility. Of these, 334 were deemed eligible to 
participate in the study and were assigned to the 
SNRA (n=108) and SPRA (n=226) groups according 
to their seropositivity status. Patients who tested 
positive for either or both anti-CCP and RF antibodies 
were included in the SPRA group. Patients with results 
≥ 3 times the accepted cut-off value for RF or anti-
CCP were considered high positive. Patients were 
further classified as double high positive (both RF and 
anti-CCP values ≥ 3 times the cut-off) or single high 
positive (only one of RF or anti-CCP values ≥ 3 times 
the cut-off).  
      The patients' demographic data, joint involvement 
pattern (monoarthritis, oligoarthritis, polyarthritis) 
based on the number of joints involved at diagnosis, 
specific joints involved (large or small), and disease 
duration (months) were recorded. The presence of 
bone erosion in the joint regions during follow-up was 
determined by a specialist rheumatologist based on the 
evaluation of the most recent X-ray images.  
      The presence of extra-articular involvement, 
comorbidities, malignancy, acute phase reactants (C-
reactive protein (CRP), erythrocyte sedimentation rate 
(ESR)) at the last check-up, anaemia, and exitus were 
assessed and recorded. Interstitial lung disease (ILD), 
as a component of extra-articular involvement, was 
assessed using high-resolution computed tomography 
(HRCT).  
      Conventional disease-modifying antirheumatic 
drugs (csDMARDs), biologic disease-modifying 
antirheumatic drugs (bDMARDs), and targeted 
synthetic disease-modifying antirheumatic drugs 
(tsDMARDs) that were actively or previously used 
during the follow-up period after diagnosis were 
assessed and recorded. For the study, glucocorticoids 

368      The European Research Journal   Volume 12   Issue 3   March 2026



Eur Res J. 2026;12(3):367-375 Mısırcı and Büyükuysal

(GCs) and their doses (prednisolone ≤5 mg equivalent 
or prednisolone >5 mg equivalent) in active use at the 
time of patient assessment were recorded. 
 
Statistical Analysis  
      Statistical analyses were conducted using the 
SPSS 29.0 software package. Descriptive statistics for 
quantitative variables included mean, standard 
deviation, median, minimum, and maximum values; 
qualitative variables were presented as frequency and 
percentage. The normality of quantitative variables 
was assessed with the Shapiro-Wilk test, and the 
Mann-Whitney U test was used to compare two 
independent groups. Pearson's chi-square and Fisher's 
exact chi-square tests were used for intergroup 
comparisons of qualitative variables. In all statistical 
analyses in the study, results with a P-value below 0.05 
were considered statistically significant. 
 
 
RESULTS 
 
The study included 334 RA patients, most of whom 
were SPRA patients (SNRA: n=108, 32.3%; SPRA: 
n=226, 67.7%). The mean age in the SNRA group was 
57.52±14.13 years, and in the SPRA group, 60.20 ± 
11.50 years; there was no significant difference 
between the groups (P=0.211). The mean age at 
diagnosis was 47.01±15.33 years in the SNRA group 
and 50.58±12.30 years in the SPRA group, with no 
significant difference between the groups (P=0.084). 
The proportion of female patients was higher in both 
groups (SNRA: 75.9%; SPRA: 78.3%) (P=0.624).  
When patients in the SPRA group were examined for 
seropositivity, RF positivity was found in 184 (81.4%) 
patients, while anti-CCP positivity was found in 191 
(84.5%) patients. When evaluated in terms of titre, 124 
(54.9%) patients had high RF positivity, 155 (68.6%) 
patients had high anti-CCP positivity, 104 (46.0%) 
patients had high positivity for both RF and anti-CCP, 
and 70 (31.0%) patients had high positivity for either 
RF or anti-CCP.  
      When joint involvement at diagnosis was 
assessed, almost all patients in both groups had at least 
one small joint affected (SNRA: 99.1%, SPRA: 
98.7%). Although polyarthritis was the most common 
pattern of joint involvement in both groups, it was 

more prevalent in the SPRA group (SNRA: 63.0%, 
SPRA: 88.9%, P<0.001). The rates of oligoarthritis 
(SNRA: 33.3%, SPRA: 9.7%, P<0.001) and large joint 
involvement (SNRA: 57.4%, SPRA: 36.3%) were 
higher in the SNRA group. There was no significant 
difference between the groups in the total joint area 
affected by erosion (SNRA: n=9 (8.3%), SPRA: n=25 
(11.1%), P=0.563), and erosion was most frequently 
detected in the metacarpophalangeal (MCP) joint 
region (SNRA: n=3 (2.8%), SPRA:n=16 (7.1%), 
P=0.182). The proximal interphalangeal (PIP) joint 
and wrist were the second most common sites of 
erosion, and the rate of erosion in the PIP region was 
statistically significantly higher in the SPRA group 
than in the SNRA group (SNRA: n=1 (0.9%), SPRA: 
n=14 (6.2%), P=0.044).  
      When assessed for extra-articular involvement, 
ILD was the most common and was observed only in 
the SPRA group (n=9, p=0.034). No extra-articular 
involvement was detected except for ILD and pleural 
effusion (SNRA: n=1 (0.9%), SPRA: n=1 (0.4%), 
P=0.543). Acute phase reactants (ESR, CRP), 
comorbidities, anaemia, cancer, and exitus did not 
differ significantly between the two groups (P>0.05 
for all). Table 1 presents the clinical, demographic, and 
laboratory characteristics of SNRA and SPRA 
patients.  
      There was no statistically significant difference 
between the two groups in the rates of csDMARDs 
(excluding leflunomide), bDMARDs, tsDMARDs, 
and mycophenolate mofetil previously or currently 
used by patients for RA treatment. Similarly, there was 
no significant difference in the rates of patients 
actively using GCs. The comparison of medical 
treatments used in SNRA and SPRA patients is shown 
in Table 2. 
 
 
DISCUSSION 
 
When comparing SNRA and SPRA patients in our 
study, we found no significant differences in age, age 
at diagnosis, gender, comorbidities, anaemia, 
malignancy, exitus, or rates of bDMARDs and 
tsDMARDs used for treatment. Again, there was no 
significant difference in the proportion of patients with 
total erosion in the affected joint areas, indicating that 
SNRA patients can also have an aggressive course 
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similar to SPRA patients. On the other hand, ILD was 
detected only in the SPRA group. Furthermore, 
polyarthritis was the most common pattern of joint 
involvement in both groups; however, it was more 
prevalent in the SPRA group. Again, the higher rates 
of oligoarthritis and large joint involvement in the 
SNRA group raise the question of whether the 
diagnoses of some patients in this group will change to 
a spondyloarthropathy (SpA) or another inflammatory 
rheumatic disease in the course of the disease.  
      The genders and mean ages at diagnosis of the 
patients in our study (SNRA: 47.01±15.33; SPRA: 
50.58±12.30) showed that women in the 

perimenopausal period (SNRA: 75.9%, SPRA: 
78.3%) were affected more than men (approximately 
3:1) in both groups. Our results were consistent with 
the literature [1, 11, 12]. Again, the literature states 
that approximately 20–40% of RA patients are SNRA 
patients, but that these rates are increasing due to 
factors such as longer life expectancy and lower 
smoking rates [5, 6]. In our study, similar to the 
literature, the SNRA patient rate was 32.3%.  
      RA, particularly in SPRA patients, typically 
presents as symmetrical polyarthritis affecting small 
joints such as the wrist, MCP, PIP, and 
metatarsophalangeal joints [13]. On the other hand, 
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involvement of large joints such as the shoulders and 
knees may also be detected, and patients in this group 
may initially have higher disease activity than those 
without large joint involvement [14]. Again, it is 
generally thought that SPRA patients have a more 
aggressive course than SNRA patients in many 
parameters, such as radiographic progression of the 
joints, extra-articular involvement, comorbidities, and 
mortality [7]. In a study conducted by Gadeholt et al. 
[15] evaluating the X-ray findings of a total of 56 
SNRA and 57 SPRA patients, more erosion and joint 
space narrowing were detected in SPRA patients. The 
erosion burden was significantly higher in the SPRA 
group, particularly in the feet and MCP joints; 
however, there was no significant difference between 
the groups in erosion burden in the PIP and wrist 
joints. Conversely, a study by Choi et al. [16] indicated 
that SNRA patients initially showed a more active 
disease course. In the ACR/EULAR classification 
criteria for RA [8], the inclusion of anti-CCP 
antibodies and RF in the scoring system means that 
SNRA patients require more inflammatory activity 
and joint involvement for classification, supporting the 
view that SNRA patients may also show severe 
inflammatory findings. In our study, the incidence of 
polyarthritis was higher in SPRA patients, while 
oligoarthritis and large joint involvement were more 
common in the SNRA group. In a study, changes in 
International Classification of Diseases (ICD) codes 
were evaluated over a 15-year follow-up period for 
9,784 patients with SNRA. It was determined that the 
ICD codes of 546 of the evaluated patients changed to 
one of the SpA ICD codes (275 (48.7%) psoriatic 
arthritis, 245 (43.4%) axial SpA, 44 (7.8%) 
inflammatory bowel disease) [17]. One reason the 
rates of oligoarthritis and large joint involvement were 
higher in patients in the SNRA group in our study may 
be this situation. Because our study was retrospective 
and included patients with a short follow-up period, 
such an assessment was not possible. Clinicians 
should bear in mind that the diagnoses of SNRA 
patients may change during the follow-up period, 
particularly to diseases in the SpA group.  
      On the other hand, the absence of significant 
differences between the SNRA and SPRA groups in 
total patient rates of joint erosions, mortality, and 
comorbidities contradicts literature indicating that 
SPRA patients generally have a worse prognosis than 

SNRA patients. Furthermore, some studies emphasise 
that SNRA patients may initially have higher 
inflammatory activity and that radiographic 
progression is similar during follow-up [9, 16]. In our 
study, the most common area of erosion was the MCP, 
and no significant difference was found between the 
SNRA and SPRA groups. Although the PIP and wrist 
were also common sites of erosion, only the erosion 
rate in the PIP joint was statistically significantly higher 
in the SPRA group than in the SNRA group. The 
absence of a statistically significant difference in the 
total joint area affected by erosion suggests that SNRA 
patients, like SPRA patients, may also experience a 
poor disease course due to erosive joint damage.  
      Extra-articular involvement most frequently 
affects the lungs, which can increase morbidity and 
mortality. With the increased use of HRCT, ILD has 
become more prominent than pleural effusion, which 
was previously considered the most common lung 
involvement in RA. Clinically significant ILD is 
detected in approximately 2–10% of RA patients. 
Seropositivity is known to be an important risk factor 
for ILD [3, 18]. In a study by Kim et al. [19], 52,325 
RA patients and 261,625 non-RA controls were 
evaluated. During an average follow-up of 4.4 years, 
ILD developed in 3.7% of the RA cohort, compared 
with 0.5% of the control group. When the RA group 
was subdivided into SNRA and SPRA and analysed 
separately, the risk of ILD was higher in the SPRA 
group. However, the risk of ILD was also higher in the 
SNRA group than in the control group. In our study, 
ILD was detected in 9 (2.7%) of 334 RA patients, all 
of whom were SPRA patients (4% of SPRA patients). 
Additionally, double (RF and anti-CCP) high positivity 
was detected in six patients with ILD, while single (RF 
or anti-CCP) high positivity was found in the other 
three patients with ILD. Although our patient numbers 
are small, our findings suggest that the seropositivity 
status and titre of RA patients should be considered a 
warning sign for ILD. Based on symptom assessment 
and physical examination findings, imaging with 
HRCT should be performed when indicated. 
      In our study, there was no significant difference 
between the SNRA and SPRA groups in terms of 
csDMARDs (except leflunomide), bDMARDs, and 
tsDMARDs used. Again, although there was no 
significant difference in terms of GC use, the 
proportion of patients using prednisolone ≤5 mg 
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equivalent dose was quite high in both groups. In the 
two-year data from the ARCTIC study, which 
compared the clinical course and treatment methods 
of RA patients classified as SNRA and SPRA 
according to the ACR/EULAR classification criteria, 
it was noted that the rates of methotrexate 
monotherapy, triple therapy, and biological therapy 
were similar [9]. The study conducted by Choi et al. 
[16] also found no difference between the SNRA and 
SPRA groups regarding the initial dose of 
prednisolone, the total number of DMARDs used, the 
methotrexate dose required to achieve remission, or 
the proportion of patients using bDMARDs. The 
results of our study are consistent with this recent 
literature. Furthermore, the similarity of medical 
treatments used in both groups may be significant in 
that it shows clinicians focus on suppressing 
inflammation rather than patients' seropositive status 
in their clinical practice. On the other hand, the higher 
rates of large joint involvement in the SNRA group 
may have led to lower rates of leflunomide use and 
higher rates of sulfasalazine use.  
 
Strengths and Limitations  
      The strongest aspect of this article is that it 
demonstrates SNRA patients can also experience an 
aggressive course, contrary to the belief that the 
clinical course of SPRA patients is more aggressive 
than that of SNRA patients. The most significant 
limitation of our study is its design as a single-centre, 
retrospective study with a small patient cohort. The 
limited number of cases has not permitted advanced 
statistical analysis of ILD risk factors, defined as 
extra-articular involvement. Another limitation is that 
disease severity has mostly been assessed based on 
joint involvement and medical treatments, due to the 
absence of extra-articular involvement other than ILD 
and pleural effusion. Furthermore, it is stated that the 
diagnoses of SNRA patients may change during 
follow-up, particularly to diseases within the SpA 
group [17]. Again, it is stated that chondrocalcinosis 
and calcium pyrophosphate deposition disease are 
more common in SNRA patients than in SPRA 
patients [20]. Although our study included patients 
with long follow-up periods, some had follow-up of 
only six months. Due to the retrospective design and 
short follow-up period, it was not possible to evaluate 

potential changes in the diagnoses of SNRA patients. 
Other limitations include the inability to evaluate the 
Disease Activity Score (DAS)-28 because it was not 
documented for every patient due to the retrospective 
design, and difficulties in adequately assessing erosion 
in patients with a short follow-up period. Again, due 
to the retrospective design, the time from symptom 
onset to diagnosis could not be included in the article. 
Erosions that may develop as a result of possible 
diagnostic delays may be misleading. 
 
 
CONCLUSION 
 
In conclusion, as patients classified as SNRA 
according to the 2010 RA ACR/EULAR classification 
criteria may experience an aggressive course with 
erosive joint damage similar to SPRA patients, the 
appropriate treatment plan should be implemented 
without delay. Seropositivity is important in relation 
to ILD, and necessary follow-up and investigations 
should be planned, especially for patients with high-
titre RF and/or anti-CCP positivity. 
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Outcomes of Teletherapy and Face-to-Face Voice 
Therapy for Vocal Fold Nodules: A First-Line Treatment 
Comparison 
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ABSTRACT 
Objectives: This study aimed to compare the effectiveness of teletherapy and face-to-face voice therapy in 
patients diagnosed with vocal fold nodules by evaluating acoustic, aerodynamic, perceptual, and patient-
reported voice outcomes.  
Methods: A total of 40 patients with vocal fold nodules received either teletherapy or face-to-face voice therapy 
for a period of six to eight weeks. Voice assessments were performed before and after therapy and included 
videolaryngoscopic examination, acoustic voice analysis, aerodynamic voice measurements, auditory-
perceptual voice evaluation, and patient-reported outcome measures related to voice handicap, voice-related 
quality of life, and reflux-related symptoms.  
Results: Both therapy groups demonstrated significant improvements in acoustic voice stability, perceptual 
voice quality, and patient-reported voice outcomes after treatment. No significant differences were observed 
between teletherapy and face-to-face therapy for most outcome measures. Patients receiving face-to-face 
therapy showed a greater change in fundamental frequency compared with those receiving teletherapy. Both 
therapy modalities were associated with significant reductions in voice-related handicap, improvements in 
voice-related quality of life, and decreased reflux-related symptoms.  
Conclusions: Teletherapy appears to be an effective and accessible alternative to face-to-face voice therapy 
for patients with vocal fold nodules. Further studies are warranted to investigate long-term outcomes and to 
explore integrated and hybrid treatment models in voice rehabilitation.  
Keywords: Dysphonia, Vocal Fold Nodules, Voice Therapy, Teletherapy, Tele-Rehabilitation, Non-Surgical 
Management 
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 V ocal fold nodules are benign lesions of various 

sizes located bilaterally in the membranous 
middle part of the vocal folds [1]. They are 

fundamentally characterized by thickening of the 

epithelium along with varying degrees of 
inflammatory reactions in the superficial lamina 
propria [2]. The primary cause of vocal fold nodules 
is phonotrauma. In particular, excessive and improper 
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voice use is crucial in the formation of vocal fold 
nodules. Vibrations during phonation lead to increased 
forces and maximum impact stress and trauma in the 
middle membranous part of the vocal fold, resulting 
in scarring and subsequent nodule development [3]. In 
the literature, the only significant vocal fold nodule 
prevalence data (n=19,636 according to research data) 
was reported to be 1.31% [4]. Perceptual features such 
as roughness, low pitch, breathy voice, strained voice 
quality, imbalance and vocal fry are observed in vocal 
fold nodules [5].  
      Pharmacological treatments, phonosurgery, and 
voice therapy are among the intervention options in 
the treatment of voice disorders. For patients with 
vocal fold nodules, voice therapy and laryngeal 
microsurgical methods are generally preferred [5]. 
This highlights the necessity of effective non-surgical 
rehabilitation approaches that may reduce or delay the 
need for operative intervention in appropriate patients. 
Regardless of therapy approach differences, most 
therapy protocols should include three basic 
components: (a) educating the patient on behaviors 
contributing to nodule formation, (b) eliminating 
maladaptive behaviors exacerbating dysphonia, and 
(c) modifying individual and situation-specific 
behaviors that worsen the condition [1]. Cognitive 
processes aimed at motor learning and 
maintenance/transfer of new voice behaviors are also 
crucial. In addition, motor learning principles, 
including skill acquisition, retention, and transfer of 
newly learned vocal behaviors, play a central role in 
achieving long-term therapeutic success. Although 
studies have shown positive effects of vocal therapies 
on the healing process of vocal fold nodules, it has 
been reported that there are differences in the duration 
and intensity of therapy. On an international level, 
individuals with voice disorders often work in long-
duration, inflexible job conditions, which hinder 
regular participation in voice therapy [6]. Additionally, 
they often must travel long distances to access 
experienced therapists, resulting in transportation costs 
and limited participation (typically 2 weeks) [7]. The 
COVID-19 pandemic introduced remote interventions 
due to social distancing and led to increased 
teletherapy applications thanks to technological 
advancements such as faster internet and wider access 
[8, 9].  
      Teletherapy offers several benefits, including 

increased accessibility for individuals with geographic 
or physical limitations, cost-effectiveness, ease of use, 
and increased adherence to behavioral interventions 
[9, 10]. Studies on teletherapy for various voice 
disorders have shown positive outcomes, including in 
Parkinson’s disease [6, 11]. It is found to be a versatile 
and effective approach for dysphonic patients across 
age groups and regions [12]. Intensive teletherapy 
programs are potentially beneficial for patients with 
vocal fold nodules. Given that successful 
rehabilitation may prevent escalation to surgical 
management, establishing the effectiveness of 
teletherapy for vocal fold nodules has direct 
implications for clinical decision-making.  
      Recent studies have demonstrated that teletherapy 
is an effective and feasible approach for the 
management of various voice disorders, offering 
comparable outcomes to face-to-face interventions in 
selected patient populations [13-15]. Most of the 
available evidence, however, focuses on 
heterogeneous groups of voice disorders or functional 
dysphonia, while data specifically addressing vocal 
fold nodules remain limited [15]. This gap in the 
literature underscores the need for studies directly 
comparing teletherapy and conventional face-to-face 
voice therapy in patients with vocal fold nodules.  
      This study aims to compare the effectiveness of 
face-to-face and teletherapy interventions as first-line, 
non-surgical treatment options in patients with vocal 
fold nodules. The research questions are as follows:  
      1.Is face-to-face therapy more effective in patients 
with vocal fold nodules?  
      2.Are teletherapy applications more effective?  
      3.Are both therapy modalities equally effective?  
      4.Could teletherapy reduce the clinical need for 
phonosurgery by providing an effective first-line 
treatment option? 
 
 
METHODS 
Study Place and Design  
This study was designed as a retrospective 
observational cohort study, conducted by reviewing 
medical records and voice therapy charts of patients 
diagnosed with bilateral vocal fold nodules. Data were 
collected from the University of Health Sciences, 
Dışkapı Yıldırım Beyazıt Training and Research 
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Hospital, Department of Otorhinolaryngology. 
Medical records and voice therapy charts of patients 
diagnosed with bilateral vocal fold nodules who 
received routine clinical care between May 2020 and 
March 2021 were retrospectively reviewed.  
      This study was approved by the Clinical Research 
Ethics Committee of the Ministry of Health, 
University of Health Sciences Dışkapı Yıldırım 
Beyazıt Training and Research Hospital (17.05.2021 
/ No: 111/01). Since the design was retrospective, no 
intervention was performed for research purposes, and 
only existing clinical data were evaluated. The study 
was conducted in accordance with the principles of the 
Declaration of Helsinki.  
      In our tertiary laryngology clinic, a standardized 
comprehensive voice assessment protocol is routinely 
applied to all patients presenting with voice 
complaints, both at initial evaluation and after 
completion of voice therapy. This routine protocol 
includes videolaryngostroboscopic examination, 
acoustic and aerodynamic measurements, auditory-
perceptual evaluation, and patient-reported outcome 
measures. Therefore, these assessments are part of 
standard clinical care and were naturally available in 
the medical records for both pre- and post-therapy 
evaluations.  
 
Participants  
      Patients diagnosed with bilateral vocal fold 
nodules by videolaryngoscopic examination were 
included. The teletherapy and face-to-face therapy 
groups were created retrospectively based on the 
therapy modality the patients had received during 
routine clinical practice. No randomization was 
performed.  
      All patients who had complete baseline and post-
therapy data were included (complete-case approach). 
No patients were lost to follow-up during the therapy 
period.  
      All individuals were diagnosed with bilateral 
vocal fold nodules through videolaryngoscopic 
examination performed by an experienced 
laryngologist and referred for voice therapy. In this 
study, a consent form was filled out for all patients and 
necessary consents were obtained.  
      Inclusion criteria are the following: 
      a)Diagnosed with vocal fold nodules,  

      b)Aged between 18–55 years,  
      c)No other organic or functional cause for voice 
disorder,  
      d)No history of neck or laryngeal surgery,  
      e)Agreed to participate in voice therapy.  
      Teletherapy group-specific inclusion criteria are 
included as follows:  
      a)Use of secure, low-cost web systems with video 
capabilities, 
      b)No hearing or visual impairments,  
      c)Physical endurance to sit and use a 
keyboard/mouse,  
      d)Ability to stay seated and minimize movement,  
      e)Adequate cognitive function,  
      f)Willingness to receive teletherapy,  
      g)Functional communication abilities (hearing, 
literacy, speech intelligibility). 
      Voice disorder assessment and therapy were 
conducted by three experienced speech-language 
therapists. All sessions were conducted in quiet rooms 
to minimize distractions.  
 
Evaluations 
      All patients were evaluated before and after 
therapy with videolaryngoscopic examination, 
acoustic and aerodynamic measurements, auditory-
perceptual evaluations, and patient self-report 
instruments [Grade, Roughness, Breathiness, 
Asthenia, and Strain scale (GRBAS), Voice Handicap 
Index (VHI), Voice-Related Quality of Life (V-
RQOL), Reflux Symptom Index (RSI)].  
 
Videolaryngoscopic Examination 
      Conducted using a rigid endoscope (XION, 
Berlin, Germany), capturing /i/ vowel production at 
comfortable pitch and loudness. Nodules were 
typically located at the midpoint of the membranous 
vocal folds.  
 
Acoustic and Aerodynamic Measurements  
      Voice samples were recorded in a sound-treated 
environment (background noise level < 30 dB SPL) 
using the KayPENTAX Model 4500 CSL® 
(Computerized Speech Lab) system and a Shure 
SM48-LC microphone, positioned approximately 10 
cm from the mouth at a 45° angle. The sustained 
vowel /a/ was recorded at a sampling rate of 44,100 

The European Research Journal   Volume 12   Issue 3   March 2026               378



Eur Res J. 2026;12(3):376-386 Comparison of Teletherapy and Face-to-Face Voice Therapy

Hz. Sound pressure level (SPL) calibration was 
performed prior to each session using a Brüel & Kjær 
4231 calibrator. Acoustic analyses were performed 
with the Multi-Dimensional Voice Program (MDVP; 
KayPENTAX, version 5.1), yielding the following 
parameters: mean fundamental frequency (F0), jitter 
(%), shimmer (%), noise-to-harmonic ratio (NHR), 
relative average perturbation (RAP), and Soft 
Phonation Index (SPI). To ensure measurement 
reliability, each sample was recorded twice, and the 
mean value was used for analysis. Aerodynamic 
measures included maximum phonation time and s-to-
z ratio (s/z ratio).  
 
Auditory-Perceptual Evaluation and Patient Self-
Report Instruments  
      GRBAS scale was used by three experienced 
clinicians, who rated each dimension [Grade (G), 
Roughness (R), Breathiness (B), Asthenia (A), and 
Strain (S)] on a 0–3 scale based on a standard reading 
passage. Voice Handicap Index, a self-report 
questionnaire where patients rated their perception of 
voice problems on a 5-point Likert scale (0 = never to 
4 = always). Patient-reported outcomes were evaluated 
using the Turkish validated versions of the Voice 
Handicap Index-10 (VHI-10), the Voice-Related 
Quality of Life and Reflux Symptom Index 
questionnaires. Both tools have been previously 
adapted to Turkish with demonstrated reliability and 
validity [16-18].  
 
Procedure  
      Each patient underwent detailed voice assessment 
in the laryngology clinic as part of routine clinical 
care. Each group received a 6–8-week voice therapy 
program, with sessions lasting 30–45 minutes. The 
initial sessions included indirect voice therapy 
(education on voice production and vocal hygiene), 
followed by individualized indirect and direct voice 
therapy. Voice reassessment was conducted one week 
after the final therapy session.  
      The therapy modality (teletherapy or face-to-face 
therapy) was determined based on routine clinical 
practice and patient-related or logistical factors, 
particularly during and after the COVID-19 pandemic. 
No randomization was performed.  
      he teletherapy sessions were conducted using the 

Zoom® platform (version 5.15) with a minimum 
internet bandwidth of 10 Mbps. The Opus audio codec 
(48 kHz) was used to ensure high-fidelity audio 
transmission. The mean attendance rate was 95%, and 
no participants dropped out of the study.  
      Both teletherapy and face-to-face interventions 
were delivered by the same speech-language 
pathologists following an identical therapy 
framework. Each program included indirect voice 
therapy (education on vocal hygiene and efficient 
voice use) and direct exercises (resonant voice, easy 
onset, flow phonation, and breathing coordination). 
Home practice assignments were standardized across 
groups and reviewed during weekly sessions.  
 
Statistical Analysis  
      The data were first processed in Excel and then 
transferred to the IBM SPSS version 26.0 statistical 
software (IBM Corp., USA). Descriptive statistics 
were presented as mean±standard deviation and 
frequencies (percentages) for demographic 
characteristics, acoustic and aerodynamic voice 
parameters, auditory-perceptual ratings, and patient-
reported outcome measures. Group differences in 
categorical variables were analyzed using the chi-
square test. Data distribution was assessed using the 
Kolmogorov–Smirnov test, along with evaluation of 
skewness and kurtosis values (acceptable range: −1.5 
to +1.5). Between-group comparisons were performed 
using the independent samples t-test for normally 
distributed variables and the Mann–Whitney U test for 
non-normally distributed variables. Within-group pre- 
and post-therapy comparisons were conducted using 
the paired samples t-test for normally distributed 

379      The European Research Journal   Volume 12   Issue 3   March 2026

!

!"#$%&'(&)*+,*-&./01-/231/4+&45&16*&713,8&
)-4390!

! ! "#$%! &%'#$%!! ()*#$!
(%$%*+%,#-.! "! #! $%! #&!

'! $&(&! )&(&! $&&(&!

&#/%0*)01#/%! "! *! $*! #&!

'! #*(&! +*(&! $&&(&!

()*#$! "! +! ,,! -&!

'! $+(*! %#(*! $&&(&!

!"#!$%&'(#)*#+,(-./.+,!-01#2-,-.0-./,3#,!,340.05#67.809$,('#-'0-1!



Eur Res J. 2026;12(3):376-386 Altan et al

variables and the Wilcoxon signed-rank test for non-
normally distributed variables. Standardized effect 
sizes (Cohen’s d) with 95% confidence intervals were 
calculated for within-group pre- and post-therapy 
changes in both the teletherapy and face-to-face 
therapy groups. Given the retrospective design and 
fixed sample size, reporting effect sizes was intended 
to facilitate interpretation of the magnitude and 
clinical relevance of treatment effects. The level of 
statistical significance was set at P<0.05. 
 
 
RESULTS 
 
The study included 40 patients: 20 (50%) in the 
teletherapy group and 20 (50%) in the face-to-face 
group. In the teletherapy group,  18 (90%) were 
women and 2 (10%) were men, while in the face-to-
face group, 15 (75%) were women and , 5 (25%) were 
men. The average age of the teletherapy group is 
32.45±8.7 and the other group is 36.90± 9.4. Both 
groups are similar in age and gender (Tables 1 and 2).  
      Within-group analyses demonstrated significant 
improvements in several acoustic and aerodynamic 
parameters following therapy in both the teletherapy 
and face-to-face groups (Table 3). Upon analysis of 
Table 3, it was observed that the mean scores for pre-
therapy jitter, shimmer, RAP, NHR, and SPI in the 
teletherapy group were statistically significantly 
different from the post-therapy mean values (P=0.002, 
P=0.004, P=0.002, P=0.042 and P=0.033, 
respectively). The mean values of F0 (196.13 Hz), 
jitter (1.76), shimmer (5.69), RAP (1.05), and SPI 
(17.72) prior to therapy in the face-to-face therapy 
group were statistically significantly higher than the 
mean values of F0 (214.29 Hz), jitter (0.872), shimmer 
(3.21), RAP (0.52), and SPI (10.56) following therapy 
(P=0.003, P=0.004, P=0.023, P=0.038 and P=0.001, 
respectively).  

      In the comparison of the teletherapy and face-to-
face therapy groups before and after therapy, only the 
mean MPT scores were statistically significant 
(P=0.028 and P=0.021, respectively), while there were 
no statistically significant differences in other 
parameters (P>0.05). When comparing the pre- and 
post-therapy changes in acoustic and aerodynamic 
parameters between teletherapy and face-to-face voice 
therapy, a statistically significant difference was found 
only in the F0 parameter for both groups (P=0.005). 
The mean F0 change value of the face-to-face group 
(mean: 18.15) was higher than the mean change value 
of the teletherapy group (mean: -1.53).  
      Auditory-perceptual ratings and patient-reported 
outcome measures showed significant pre- to post-
therapy improvement in both treatment modalities 
(Table 4). Table 4 shows that the mean pre-therapy G, 
R, B, S, GRBAS, VHI, V-RQOL, and RSI scores of 
the teletherapy and face-to-face voice therapy groups 
were statistically significant compared to the post-
therapy results (P<0.05). In the comparison of the pre- 
and post-therapy changes within teletherapy and face-
to-face voice therapy groups, no statistically 
significant difference was found in terms of mean G, 
R, B, A, S, GRBAS, VHI, V-RQOL, and RSI scores 
(P>0.05).  
      Notably, the VHI, V-RQOL, and RSI scores also 
reflected meaningful improvements, reinforcing the 
therapeutic efficacy of both intervention methods. In 
general, voice therapy resulted in improvement in 
subjective and objective voice parameters in both 
groups. When we compare the improvement between 
online or face-to-face therapy groups, there is no 
statistical difference between the groups. 
 
 
DISCUSSION 
 
This study compared the effectiveness of teletherapy 
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and face-to-face voice therapy in individuals 
diagnosed with vocal fold nodules and evaluated 
various acoustic, aerodynamic, and perceptual voice 
parameters, as well as patient self-reported voice 
perceptions. Our findings indicate that both therapy 
modalities led to significant improvements in voice 
quality, with no statistically significant differences 
between the two approaches for most outcome 
measures. This suggests that teletherapy is a viable and 
effective alternative to traditional in-person therapy, 
particularly for patients facing barriers such as 
geographic distance, time constraints, or limited 
access to specialized care.  
      In our study, improvements were observed in the 
patients' acoustic and aerodynamic sound parameters 
in the comparative effectiveness of teletherapy and 
face-to-face therapy. In particular, both groups showed 
significant decreases in jitter, shimmer, RAP, and SPI 
values after therapy, indicating that patients had 
improved voice quality and voice stability. These 
findings align with prior research demonstrating that 
structured voice therapy - regardless of delivery mode 
- can mitigate phonotrauma and promote healthier 
vocal fold vibration [19, 20]. The face-to-face group 
showed a trend toward greater improvement in 
fundamental frequency (F0). This significant change 
in F0 may reflect the general severity of voice 
impairment in the 20 adult individuals, which was 
evident before starting face-to-face therapy and the 
potential impact of real-time tactile and auditory 
feedback during face-to-face sessions [21]. The 
teletherapy group also demonstrated a significant 
decrease in the signal-to-noise ratio, which is evidence 
that therapy results in improvements in the values of 
noise perturbation.  
      It should be noted that the available literature 
specifically comparing teletherapy and face-to-face 
voice therapy in patients with vocal fold nodules 
remains limited. Therefore, some supportive 
references are derived from studies on structured voice 
therapy or other dysphonia populations, and the 
present findings should be interpreted within this 
context.  
      Individuals in both the in-person and teletherapy 
groups significantly improved in voice grade, 
roughness, breathiness, and strain based on GRBAS 
assessments after completing voice therapy sessions. 
These results indicated that after receiving voice 
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therapy, individuals experienced more regular vocal 
fold vibration, significantly improved glottal closure, 
increased vocal clarity, more stable breath support, and 
improved overall voice quality. No individuals in our 
study exhibited voice asthenia. Furthermore, 
individuals receiving face-to-face therapy experienced 
slightly stronger perceptual gains in the roughness (R) 
parameter. This is consistent with studies emphasizing 
the role of immediate clinician feedback in refining 
vocal technique [22]. Both groups reported significant 
improvements in Voice Handicap Index, and Voice-
Related Quality of Life scores, reinforcing that 
patient-reported outcomes are comparable across 
modalities. This echoes findings by Portone-Maira et 
al. [23], who noted that teletherapy can enhance 
adherence and satisfaction by reducing logistical 
burdens. The significant decrease in RSI scores, post-
therapy in both groups, suggests that voice therapy 
may indirectly alleviate laryngopharyngeal reflux 
(LPR) symptoms. This could be attributed to improved 
vocal hygiene and reduced mechanical irritation from 
phonotrauma [24].  
      The comparable clinical outcomes observed in this 
study support the growing consideration of teletherapy 
in speech-language pathology practice, particularly in 
post-pandemic healthcare settings [25].  
      Although both teletherapy and face-to-face voice 
therapy resulted in significant clinical improvements, 
certain modality-specific considerations should be 
acknowledged. Face-to-face therapy may offer 
advantages in terms of immediate visual, auditory, and 
tactile feedback, particularly during the early stages of 
therapy or in patients with more severe dysphonia. In 
contrast, teletherapy provides greater accessibility, 
flexibility, and continuity of care, especially for 
individuals facing geographical, occupational, or 
logistical barriers. These complementary 
characteristics suggest that teletherapy can serve as an 
effective alternative or adjunct to in-person therapy in 
appropriately selected patients. 
      The predominance of female participants (82.5%) 
aligns with the higher prevalence of vocal nodules in 
women [26], but future studies should include more 
male participants. Differences in participants’ socio-
cultural and educational levels were not controlled, 
which may have affected individual adaptation and 
participation in teletherapy. Future studies should 
consider stratifying samples according to these 

variables to minimize bias. The sample size was 
adequate to detect medium within-group 
improvements but was likely underpowered for small 
Group × Time interaction effects. Accordingly, we 
report effect sizes with 95% CIs to complement p-
values, and we recommend a larger, prospectively 
powered RCT to confirm interaction effects. The study 
did not include a non-therapy control group, which 
limits the ability to distinguish treatment effects from 
spontaneous recovery or placebo responses. Future 
controlled trials including a no-treatment arm are 
warranted to strengthen the causal interpretation of 
these findings. Longer-term studies are needed to 
assess the durability of improvements and relapse 
rates. Variability in platforms and exercises may 
influence outcomes [27]. All participants received 
counseling on diet and lifestyle modifications to 
minimize laryngopharyngeal reflux symptoms (e.g., 
avoiding acidic and spicy foods, limiting caffeine, 
maintaining hydration, and not eating before bedtime). 
In symptomatic cases, proton pump inhibitors were 
prescribed as part of routine clinical management. 
However, adherence to these measures was not 
systematically tracked; therefore, LPR management 
was not analyzed as a separate variable.  
      Although voice therapy remains the primary 
treatment for vocal fold nodules, phonosurgery or 
microlaryngeal excision may be considered when 
conservative treatment fails or when nodules become 
fibrotic and persist over time. Previous studies have 
shown that surgical removal can improve voice 
quality, particularly in treatment-resistant lesions. Yet, 
recurrence and postoperative dysphonia may still 
occur, emphasizing the need for continued behavioral 
management after surgery [28-30]. From this 
perspective, the comparable therapeutic outcomes 
observed between teletherapy and face-to-face therapy 
in our study highlight teletherapy as a clinically 
meaningful option that may reduce or delay the 
necessity for surgical intervention in suitable patients. 
Establishing non-surgical treatment efficacy is 
particularly important given that nodule recurrence 
and poor postoperative vocal habits remain risk factors 
for re-operation. This reinforces the concept of 
teletherapy as not only an equivalent modality to in-
person rehabilitation but also a potential tool for 
decreasing surgical demand in laryngology practice. 
However, these implications should be interpreted 
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cautiously, given the retrospective design of the study.  
      From a practical perspective, teletherapy-based 
voice therapy has been seen as an alternative treatment 
approach to face-to-face therapy for individuals with 
vocal fold nodules. It can help individuals receive the 
treatment they need when they are unable to attend 
face-to-face therapy sessions due to factors such as 
transportation and financial constraints (individuals 
living in different cities from their therapist), busy 
work schedules, or a pandemic. Furthermore, 
combining teletherapy with occasional face-to-face 
sessions during patients' therapy processes can 
optimize outcomes [31].  
 
Strengths and Limitations  
      This study has several limitations that should be 
acknowledged. First, the retrospective design limits 
causal inference and increases susceptibility to selection 
bias. Second, although the sample size was sufficient to 
detect medium within-group effects, it was likely 
underpowered to identify small Group × Time 
interaction effects between teletherapy and face-to-face 
therapy modalities. Third, the predominance of female 
participants may limit the generalizability of the 
findings to male patients with vocal fold nodules. In 
addition, socio-cultural and educational differences 
among participants were not controlled and may have 
influenced engagement with teletherapy. The absence 
of a non-therapy control group precludes differentiation 
between treatment effects and spontaneous recovery. 
Furthermore, adherence to laryngopharyngeal reflux–
related lifestyle modifications and pharmacological 
management was not systematically monitored and 
therefore could not be analyzed as an independent 
variable. Finally, the use of different telecommunication 
platforms and exercise delivery methods may have 
introduced variability in treatment outcomes. 
      Despite these limitations, this study has notable 
strengths. It provides one of the relatively few direct 
clinical comparisons between teletherapy and face-to-
face voice therapy specifically in patients with vocal 
fold nodules. The inclusion of multidimensional 
outcome measures—acoustic, aerodynamic, 
perceptual, and patient-reported—offers a 
comprehensive evaluation of treatment effectiveness. 
Reporting effect sizes with confidence intervals 
strengthens the interpretation of results beyond P-

values. Importantly, the findings support teletherapy 
as a clinically effective and accessible alternative to 
in-person voice therapy, with potential implications 
for reducing barriers to care and optimizing long-term 
behavioral management in laryngology practice. 
 
 
CONCLUSION 
 
This study reinforces voice therapy as the primary 
conservative management approach for vocal fold 
nodules and suggests that teletherapy represents a 
clinically effective and accessible alternative for 
patients who are unable to attend in-person sessions 
due to geographical, economic, or time-related 
limitations. Comparable improvements observed 
across acoustic, aerodynamic, perceptual, and patient-
reported voice outcomes indicate that teletherapy can 
achieve similar therapeutic benefits to face-to-face 
voice therapy in appropriately selected patients. While 
these findings support the clinical feasibility of 
teletherapy as part of conservative voice management, 
they should be interpreted in light of the retrospective 
design, limited sample size, and lack of 
randomization. Further prospective, randomized 
studies with larger cohorts are warranted to confirm 
these results and to better define the role of teletherapy 
within standard voice rehabilitation pathways.  
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ABSTRACT 
Objectives: This study examines the validity and reliability of the Turkish version of the Mental Health Literacy 
Scale (T-MHLS) in a general population sample. Mental health literacy (MHL) is essential for recognizing 
and addressing mental health disorders; however, limited knowledge in this area contributes to underreported 
cases and untreated conditions. 
Methods: The study was conducted using face-to-face interviews, adapting the T-MHLS from the original 
MHLS. Exploratory Factor Analysis (EFA) and Confirmatory Factor Analysis (CFA) were conducted to validate 
the structure of the scale. The sample size and data collection method ensured robust data, while validity and 
reliability analyses followed established psychometric protocols. 
Results: Data were collected from 401 participants, and items with low factor loadings were removed, resulting 
in a final five-factor structure with 30 items, explaining 58.7% of the variance. Known-group validity analysis 
revealed that factors such as gender, marital status, education level, income perception, and personal or familial 
experiences with mental illness significantly influenced MHL scores. The Cronbach's alpha for the final scale 
was 0.861. 
Conclusions: The T-MHLS is shown to be a valid and reliable tool for assessing mental health literacy in 
Turkey. This scale is recommended for use in future studies involving various demographic groups to effectively 
measure MHL levels. 
Keywords: Mental Health Literacy, Turkish Version, Scale Validation, Validity 
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 Globally, 1.1 billion individuals are affected by 

mental illnesses or substance abuse disorders, 
collectively representing a substantial 

proportion of the non-fatal disease burden [1]. 
Untreated mental disorders give rise to a number of 
adverse outcomes, including difficulties in work 
settings, the formation of problematic interpersonal 
relationships, and impaired family functioning. 
Furthermore, they are associated with an increased 

risk of developing physical conditions such as diabetes 
mellitus, heart disease, and stroke, which ultimately 
reduce life expectancy [2-4].  
      Despite the significance of mental health, the 
proportion of individuals with mental health disorders 
who seek and obtain appropriate assistance remains 
relatively low [5]. Mental disorders affect one-third of 
the global population each year, but only two-thirds 
receive treatment. In countries like India and China, 
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up to 80% do not seek medical assistance [5]. In 
Europe, 27% of the population is affected annually, 
with 74% not receiving treatment [6]. Factors 
contributing to these low treatment rates include 
stigma, distrust of those who can offer help, and 
difficulty in recognizing mental health disorders [7].  
      The concept of health literacy, which has been in 
use for over four decades, has recently gained 
significant attention, resulting in a notable increase in 
research publications on the subject [1]. As research 
on health literacy has expanded, it has provided a more 
nuanced understanding of the concept, which has 
further allowed for the study of health literacy in 
specific subcategories. Mental health literacy (MHL) 
is one of that subcategories.  
      In 1997, Jorm et al. [8] defined MHL as 
"knowledge and beliefs about mental disorders which 
aid their recognition, management, or prevention". 
MLH’s scope was defined as the ability to recognize 
specific disorders; knowing how to seek mental health 
information; knowledge of risk factors and causes, of 
self-treatments, and of professional help available; and 
attitudes that promote recognition and appropriate 
help-seeking in the same article. Low MHL rates 
contribute to the underreporting and undiagnosis of 
mental disorders, which, in turn, result in untreated 
illnesses, unemployment, higher morbidity and 
mortality rates, increased stress for caregivers, and lost 
years of life due to suicide and homicide [9].  
      A variety of methods and scales are employed to 
assess MHL. Some of these scales concentrate on 
particular disorders (e.g., depression or bipolar 
disorder) and may consequently fail to include 
essential elements of MHL. Conversely, other scales 
include questions that extend beyond the boundaries 
of MHL. Moreover, some scales are unable to generate 
quantitative results. This underscores the necessity for 
an updated, quantitative scale to assess MHL in a 
reliable and consistent manner [10].  
      O’Connor and Casey [11] developed Mental 
Health Literacy Scale (MHLS) in 2015 to address 
these issues. In a systematic review, the MHLS was 
identified as the optimal scale in accordance with the 
COSMIN (Consensus-Based Standards for the 
Selection of Health Status Measurement Instruments) 
criteria for measuring MHL [12]. Since its publication, 
the MHLS has been translated into numerous 
languages and has been employed extensively.  

      Despite previous studies examining the validity 
and reliability of the MHLS in Turkish, discrepancies 
in sampled populations and results have led to 
variations in item counts and the distribution of sub-
factors in the Turkish version of the scale [13, 14]. 
This study aimed to evaluate the validity and 
reliability of the Turkish version of the MHLS within 
a population representative of the broader community 
and to examine factors associated with MHLS scores. 
 
 
METHODS 
Sampling and Data Collection  
      This study was designed as a methodological 
study. Data were collected from the waiting rooms of 
surgery and internal medicine outpatient clinics from 
the relatives of patients who were over 18 years old 
and volunteered to participate in the study. To 
determine the sample size, a variable-to-participant 
ratio of at least 10:1 was targeted. The scale, consisting 
of 35 items, was administered to 401 participants. Data 
collection was carried out through face-to-face 
interviews, which ensured no missing data.  
 
Data Collection Tools  
Personal Information Form  
      A personal data form, developed by the 
researchers based on a literature review, was used to 
gather information on participants' age, gender, marital 
status, education level, income perception, occupation, 
any diagnosed chronic illnesses (and specific illnesses, 
if any), any diagnosed mental disorders, current 
treatment for mental disorders, and presence of family 
members with a mental disorder diagnosis.  
 
Turkish Version of Mental Health Literacy Scale  
      The MHLS is a 35-item scale developed by 
O'Connor and Casey [11] in 2015 for the purpose of 
measuring six key characteristics of mental health 
literacy. The MHLS employs a 4- or 5-point Likert 
scale, with a potential range of scores from 35 to 160. 
It incorporates both positively and negatively worded 
items. 
      Turkish version of MHLS (T-MHLS) was formed 
by Akdoğan [13] in 2018. A group translation method 
(Hambleton, Merenda, and Spielberger) was used to 
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facilitate linguistic adaptation. In the initial phase, the 
scale was translated into Turkish by seven experts 
proficient in English and native Turkish speakers. In 
the second phase, a distinct group of translators 
revised the translated text independently, without 
reference to the original, and subsequently conducted 
a comparison with the source text. In the third phase, 
the revised scale was back-translated into English. 
Three linguistic experts compared this version with 
the original, made the necessary adjustments, and 
obtained feedback from the original author. Finally, 
the scale was tested on a group of 20 individuals, and 
adjustments were made based on their feedback. The 
content reliability index was calculated, with the 
lowest score determined to be 0.890 [13].  
 
Ethical Considerations  
      Ethical approval was obtained from the Istanbul 
University Istanbul Faculty of Medicine Clinical 
Research Ethics Committee (decision date: 
09.08.2019; decision number: 2019-13/1007). 
Permission to employ the MHLS was obtained from 
Matt O'Connor, the scale's original developer, and 
Emine Akdoğan, the creator of the Turkish version. 
 
Statistical Analysis  
      The reliability of the Turkish version of the MHLS 
(T-MHLS) was evaluated through the implementation 
of Exploratory Factor Analysis (EFA) and 
Confirmatory Factor Analysis (CFA). In order for an 
item to be included in the item analysis, the item-total 
score correlation must be at least 0.20 for all items. 
The adequacy of the sample was evaluated through the 
application of the Kaiser-Meyer-Olkin (KMO) 
coefficient and Bartlett's Sphericity Test, with the 
established criteria being a KMO value exceeding 0.70 
and a highly significant Bartlett's X2 [15]. Principal 
component analysis with Varimax rotation was 
employed in the EFA. Factors that contributed more 
than 5% of the variance and had eigenvalues above 1 
were retained. It was anticipated that each item would 
demonstrate a minimum shared variance and factor 
loading of 0.40 in both the factor and pattern matrices, 
with a minimum difference of 0.10 to control for 
double loading. CFA was conducted to validate the 
model generated by EFA. Error adjustments were 
applied based on model recommendations: 
adjustments decreasing χ2 by at least 20 points if χ2 < 

1000, and by at least 30 points if χ2 ≥ 1000, within the 
same factor’s variables. 
      The model fit was evaluated using several indices, 
including the ratio of χ2 to df, the root mean square 
error of approximation (RMSEA), the 90% confidence 
interval for RMSEA, the standardized root mean 
square residual (SRMR), the Tucker–Lewis index 
(TLI), and the comparative fit index (CFI). The 
acceptable thresholds for these indices are outlined in 
Table 1. The objective was to achieve a difference of 
no more than 0.10 between the lower and upper 
bounds of the 90% confidence interval (CI) for the 
RMSEA. Cronbach's alpha was calculated to assess 
the internal consistency reliability of the scale, while 
the Guttman split-half coefficient was employed to 
evaluate the correlation between the first and second 
halves of the scale.To assess known-group validity, the 
Mann-Whitney U test, Kruskal-Wallis test, or 
Spearman correlation were applied to group-based 
questions from the personal information form, and 
effect sizes were calculated for group differences. CFA 
was conducted using IBM SPSS AMOS 16, and other 
statistical analyses were performed with SPSS version 
21.0. 
 
 
RESULTS 
Sample characteristics  
      The mean age of the participants was 38.4±13.8 
years; 55.1% were men. Most participants were 
married (63.3%). Other characteristics of the 
participants are shown in Table 2.  
 
Construct Validty  
Item Analysis and EFA  
      Following the initial item-total score correlation 
analysis, four items (questions 9, 10, 12, and 15) with 
correlation coefficients below 0.2 were identified, but 
they were retained for the initial factor analysis phase. 
The KMO coefficient for the T-MHLS was calculated 
as 0.864, and Bartlett’s Sphericity Test yielded a χ² 
value of 6476.476 (P<0.001), indicating that the 
sample size was adequate for factor analysis.  
      A principal component analysis with Varimax 
rotation was conducted to identify the underlying 
factors. This initial analysis revealed eight factors with 
eigenvalues greater than one. Since five of these 
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factors explained approximately 5% or more of the 
variance, the analysis was repeated with a five-factor 
model. In this analysis, the same four items exhibited 
factor loadings below 0.4. In light of their low item-
total correlations and factor loadings, these items were 
excluded from the scale.  
      In the final analysis, all remaining items exhibited 
extraction values above 0.30 prior to rotation, and no 
item demonstrated a factor loading below 0.40 on its 
primary factor within the rotated factor matrix. 
Furthermore, no items demonstrated cross-loading. 
Following the exclusion of the four items previously 
mentioned, a five-factor structure was identified, 
which explained 57.3% of the total variance in the 31-
item version of the scale (Table 3).  
 
Confirmatory Factor Analysis  
      The five-factor, 31-item scale was found to be a 
valid and reliable measurement tool for MHL 
following the EFA. CFA was conducted to assess the 
model's fit and to identify any potentially problematic 
items. In the initial model, only one item (item 20) had 
a factor loading below 0.3 (factor loading = 0.298). As 
this item was also the only one with a factor loading 
below 0.5 in the EFA (0.441), it was excluded, and the 
model was re-evaluated (Figure 1).  
 
CFA Model Fit Indices  
      The fit index values of the model before setting 
the covariance of errors are shown in Table 4. Values 
other than TLI were found to be close to acceptable or 
good fit levels. The 90% confidence interval bounds 
for RMSEA were found to have a difference of 0.10 
units between them. Corrections were applied to the 
model by adjusting three error covariances as 
presented in Figure 1, and the fit index values obtained 
after setting the covariance are presented in Table 4.  
 
Known-group Validity  
      Table 5 shows the results of the known-group 
validity analysis. Higher mental health literacy scores 
were significantly associated with being female 
(P=0.018), single (P=0.016), having a higher level of 
education (P<0.001), perceiving high income 
(P=0.003), having a mental illness (P<0.001), 
receiving treatment for a mental illness (P<0.001), or 
having a relative with a mental illness (P<0.001). 
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)

FIGURE 1. Confirmatory factor analysis model of the 30-item mental health literacy scale.
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Reliability  
      The Cronbach’s alpha value for the final 30-item 
version of the scale was found to be 0.861. Cronbach’s 
alpha values for the individual factors were 0.930, 
0.890, 0.809, 0.792, and 0.656, respectively. Each item 
was most strongly correlated with its own factor score, 
with the lowest item-factor correlation being 0.555. 
For item-total correlations, no item had a correlation 
below 0.2, with the lowest being 0.232.  
      The Guttman Split-Half coefficient for the model 
was calculated as 0.875. The average T-MHLS total 
score was 95±13.5, with a minimum score of 55 and a 
maximum score of 132 out of a possible 139.  
 
 
DISCUSSION 
 
This study assesses the validity and reliability of the 
MHLS by applying it to a sample that is more 
representative of the general population. Furthermore, 
it compares the final version of the scale with other 
adaptations conducted in various countries.  
      The original MHLS was applied to a group of 
psychology students with an average age of 21.1±6.3 
years [11]. In the Turkish adaptation by Akdoğan, the 
scale was administered to a sample in which 98% were 
single and 38.8% had taken a psychology course, with 
a mean age of 22±2.2 years [13]. Akdoğan's study, 
conducted among university students, suggested 
reducing the T-MHLS to a 22-item version by 

excluding 13 questions. However, this shortened 
version covers only three of the MHLS's six main 
aspects, omitting important dimensions such as risk 
factors, information about causes, self-treatment 
knowledge, and professional help information [13].In 
comparison, the study by Kesgin et al. included a 
smaller sample (282 vs. 401 in our study) with a 
demographic distribution less representative of the 
general population. Additionally, Kesgin et al. did not 
apply EFA, whereas our study employed both EFA and 
CFA to establish a more robust factor structure. In the 
final version of our T-MHLS, no items had factor 
loadings below 0.5 in EFA or below 0.4 in CFA, 
indicating that each item strongly aligns with the 
scale's purpose. Moreover, our scale does not contain 
factors with only two items, unlike Kesgin et al.'s 
version, which included two such factors and several 
items with factor loadings below 0.4. These aspects 
underscore the enhanced structural integrity and 
reliability of our version of the scale [14].  
      Although the original 35-item scale comprises six 
main aspects of MHLS, the T-MHLS is a 30-item, 
five-factor scale that explains 58.7% of the variance 
and demonstrates acceptable to good fit indices. It 
covers five main aspects of MHLS, excluding risk 
factors and information about causes. Table 6 shows 
the distribution of T-MHLS questions and factors 
across the MHL aspects.  
      Questions 9, 10, 12, 15, and 20 were excluded 
from the Turkish version of the scale due to 
insufficient factor loadings. Nonetheless, the factor 
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structure of the T-MHLS showed a distribution similar 
to the original MHLS, suggesting that differences 
between versions may stem from cultural variations 
inherent to the distinct countries and populations in 
which they were applied.  
      The results of the known-group validity test 
revealed differences in MHL levels according to 
gender, marital status, education, income perception, 
having a diagnosed mental disorder, undergoing 
mental disorder treatment, and having a relative with 
a mental disorder. These findings are consistent with 
previous studies on MHL levels conducted in 
Australia, Japan, and England [11, 16-18]. Other 
adaptations of the MHLS show some structural 
variations as well. For example, the Vietnamese 
version consists of 31 questions across 4 factors [19] 
while the Persian version has 29 questions and 5 
factors [20]. Another Persian adaptation includes 30 
questions with a 5-factor structure [21], and the 
Pakistani version has 34 questions and 6 factors [22]. 
When considering the number of items and factor 
distribution, the T-MHLS aligns with these 
international adaptations. This suggests that, despite 
minor cultural differences in each adaptation, the 
MHLS retains a consistent and broadly applicable 
structure across diverse countries and cultures.  
      The Cronbach's alpha value of the T-MHLS was 
found to be 0.861. The Cronbach's alpha values for the 
five factors were 0.930, 0.890, 0.809, 0.792, and 
0.656, respectively. The T-MHLS and four of its 
factors demonstrated high internal consistency. The 
relatively lower Cronbach's alpha value of 0.656 for 
one factor may be attributed to the fact that this factor 
comprises only three items. 
 
Strengths and Limitations  
      The strengths of our study include the use of the 
MHLS, a new, widely adopted, and high-quality scale, 
to measure MHL; a study sample with a strong 
representation of the general population; and the face-
to-face data collection method, which resulted in no 
missing data. However, due to the inability to access 
the original sample group, test-retest reliability could 
not be assessed. Additionally, it was not possible to 
compare the T-MHLS with another scale, as no similar 
scale exists in Turkish. 

CONCLUSION 
 
The T-MHLS is a valid and reliable tool for assessing 
mental health literacy in Turkish-speaking 
populations. Five items were removed, resulting in a 
30-item scale with five subscales. The T-MHLS can 
be effectively used to measure mental health literacy 
levels in Turkey. We recommend testing and applying 
it in studies involving various demographic groups 
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Early On-Treatment Nutritional Change and Baseline 
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ABSTRACT 
Objectives: In patients receiving immune checkpoint inhibitors (ICIs), baseline nutritional status is frequently 
recorded, but what happens during treatment may be at least as informative. We examined whether the 3-month 
change in Mini Nutritional Assessment (ΔMNA)–Short Form (SF) is associated with survival, and how this 
relates to baseline systemic inflammation measured by modified Glasgow Prognostic Score (mGPS).  
Methods: We retrospectively screened institutional records and included 54 adults with advanced/metastatic 
solid tumors treated with ICIs who had MNA-SF documented at treatment start and again at approximately 3 
months. ΔMNA was defined as MNA-SF (~3 months) minus baseline MNA-SF (higher values indicate 
improvement) and was categorized for Kaplan–Meier analyses as worsened (≤ −1), stable (= 0), or improved 
(≥ +1). Baseline mGPS was derived using CRP >5 mg/L and albumin <35 g/L. Overall survival (OS) and 
progression-free survival (PFS) were measured from ICI initiation. Cox regression assessed ΔMNA as a 
continuous variable, with prespecified adjustment for baseline mGPS, age, and sex. 
Results: Median follow-up was 317 days (IQR 170.5–457.3). Death occurred in 16/54 patients and a PFS 
event in 27/54. Median OS was 706 days (1-year OS 71.3%; 2-year OS 49.4%), and median PFS was 337 days 
(1-year PFS 48.5%; 2-year PFS 15.1%). Nutritional categories shifted toward better status at 3 months (baseline 
normal/risk/malnutrition 29/23/2 vs 35/17/2 at follow-up). In univariable Cox models, higher ΔMNA was 
associated with longer survival (PFS: HR 0.72, 95% CI 0.56–0.94; P=0.016; OS: HR 0.56, 95% CI 0.38–0.82; 
P=0.003). In prespecified multivariable models, baseline mGPS was independently associated with OS (HR 
1.86, 95% CI 1.00–3.45; P=0.048). After adjustment, the association between ΔMNA and outcomes remained 
in the protective direction but did not meet conventional statistical significance (OS: HR 0.67, 95% CI 0.42–
1.06; P=0.086; PFS: HR 0.72, 95% CI 0.56–1.05; P=0.094). In an exploratory lung cancer subgroup (n=36), 
ΔMNA was associated with improved PFS (HR 0.62; P=0.008) and OS (HR 0.59; P=0.018). These subgroup 
findings should be interpreted as hypothesis-generating. 
Conclusions: Baseline mGPS captured inflammatory risk at ICI start, while ΔMNA captured what happened 
to nutritional status over the first 3 months. In this cohort, nutritional improvement showed a consistent 
protective direction for OS and PFS even after accounting for baseline inflammation, and mGPS retained an 
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Immune checkpoint inhibitors (ICIs) have 
reshaped the management of many advanced 
solid tumors; however, a substantial proportion of 

patients experience early progression or limited 
durable benefit despite appropriate indication and 
contemporary treatment algorithms. Beyond tumor-
intrinsic factors, accumulating evidence highlights the 
relevance of the host milieu - particularly nutritional 
reserve, systemic inflammation, and functional status 
- in shaping tolerance, immune competence, and 
clinical outcomes during systemic therapy. Recent 
supportive-care guidance also recommends routine 
nutrition screening and timely management of 
malnutrition and cachexia as part of standard oncology 
practice [1].  
      In routine practice, nutritional risk must be captured 
with tools that are feasible and reproducible in real-
world settings. The Mini Nutritional Assessment–Short 
Form (MNA-SF) is a brief, validated screening 
instrument that integrates appetite and weight loss 
history, mobility, acute disease/stress, neuropsychological 
problems, and anthropometrics, and has been widely 
adopted across oncology and geriatric-oncology settings 
[2]. While body mass index (BMI) remains a readily 
available measure, it can underestimate clinically 
meaningful nutritional decline and does not fully reflect 
metabolic stress or inflammation-driven catabolism. 
Therefore, coupling nutritional screening with 
inflammation-related biomarkers may provide a more 
clinically informative representation of the patient’s 
trajectory under treatment. 
      Systemic inflammation is a well-established 
hallmark of cancer progression and treatment 
vulnerability. Simple C-reactive protein (CRP)–
albumin–based scores such as the modified Glasgow 
Prognostic Score (mGPS) have shown robust, tumor-
site–independent prognostic value and are frequently 
interpreted as surrogates of cancer-related 
inflammation and cachexia biology [3, 4]. Importantly, 
contemporary immuno-oncology literature 
increasingly supports the notion that on-treatment 

dynamics of these host-related markers may carry 
incremental information beyond baseline assessment, 
potentially complementing imaging-based response 
evaluation in selected settings [5].  
      Within the ICI era, inflammation–nutrition 
composite indices have also gained attention. The 
Prognostic Nutritional Index (PNI), derived from 
albumin and lymphocyte count, has been associated 
with outcomes in ICI-treated populations, and 
systematic reviews/meta-analyses in lung cancer 
cohorts similarly suggest that poorer pretreatment PNI 
relates to inferior survival with ICIs [6, 7]. However, 
most prior work has focused on single time-point 
measurements. From a clinical standpoint, early 
within-patient changes may better reflect treatment-
period physiologic stress, evolving systemic 
inflammation, and nutritional resilience than baseline 
values alone. Whether early within-patient change in 
nutritional status during immune checkpoint inhibitor 
therapy provides prognostic information beyond 
baseline inflammation remains insufficiently defined.  
      Based on this rationale, we investigated whether 
early change in nutritional status during the first 3 
months of ICI therapy, captured by ΔMNA (month-3 
MNA minus baseline MNA), is associated with 
progression-free and overall survival in a real-world 
solid tumor cohort. In addition, we evaluated baseline 
systemic inflammation using mGPS as a pragmatic 
risk adjustment variable, aiming to contextualize 
ΔMNA within the inflammation–nutrition framework 
that underpins outcomes in advanced cancer.  
 
 
METHODS 
Study design and setting  
      This was a retrospective, single-center cohort study 
of adult patients with advanced or metastatic solid 
tumors treated with immune checkpoint inhibitors at 
our institution. Data were obtained from routine 
electronic medical records. For all time-to-event 
analyses, the index date (“time zero”) was defined as 
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independent association with OS. These findings support prospective studies that reassess nutrition during 
immunotherapy rather than relying on a single baseline measurement. 
Keywords: Immune Checkpoint Inhibitor, Mini Nutritional Assessment–Short Form, Nutritional Status, 
Modified Glasgow Prognostic Score, Systemic Inflammation, Survival 
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the date of immunotherapy initiation. The study was 
approved by the Pamukkale University Non-
Interventional Clinical Research Ethics Committee 
(approval date: 30 December 2025; document number: 
E-60116787-020-806466). Due to the retrospective 
design and use of routinely collected clinical data, the 
requirement for written informed consent was waived 
in accordance with institutional regulations.  
 
Cohort Assembly and Data Collection  
      Patients were identified by retrospective screening 
of institutional records. Because nutritional screening 
was not available for all immunotherapy-treated 
patients in routine practice, the analytic cohort was 
restricted to patients with documented MNA-SF at 
two prespecified time points: baseline at 
immunotherapy initiation and early follow-up at 
approximately 3 months during routine outpatient 
visits. Baseline and approximately 3-month laboratory 
parameters were extracted from the same clinical 
records (complete blood count and standard 
biochemistry panels, including CRP and albumin). For 
the present manuscript, analyses were prespecified to 
focus on early nutritional change (ΔMNA) and 
baseline systemic inflammation captured by mGPS; 
other available laboratory parameters were not 
included in the primary analytical models and are 
therefore not presented. No protocolized nutritional 
interventions such as enteral or parenteral nutrition 
were initiated as part of the study; patients received 
standard oncologic care and general dietary 
counseling. The final analytic cohort comprised 54 
patients with MNA-SF recorded at both time points.  
 
Nutritional assessment (MNA-SF) and definition of 
ΔMNA  
      Nutritional status was assessed using the MNA-
SF; total score 0–14), a validated nutritional screening 
tool widely used in oncology and geriatric practice. 
MNA-SF consists of six domains evaluating recent 
food intake/appetite, involuntary weight loss, mobility, 
recent acute disease or psychological stress, 
neuropsychological problems, and BMI. In this cohort, 
BMI was available for all patients and was used for 
MNA-SF scoring. The total MNA-SF score was 
categorized as 0–7 (malnutrition), 8–11 (risk of 
malnutrition), and 12–14 (normal nutritional status).  

MNA-SF was recorded at baseline (at immunotherapy 
initiation) and at early follow-up approximately 3 
months after treatment start, according to routine care. 
The primary exposure variable was early on-treatment 
change in nutritional status, defined as:  
 
ΔMNA = MNA-SF (approximately 3 months) − 
MNA-SF (baseline) 
      Higher ΔMNA values indicate improvement in 
nutritional status during the early treatment period. For 
Kaplan–Meier analyses, ΔMNA was categorized as 
worsened (≤ −1), stable (= 0), or improved (≥ +1). 
Because ΔMNA requires a follow-up assessment, 
results were interpreted within a prespecified 3-month 
landmark analysis framework.  
 
Systemic inflammation (modified Glasgow 
Prognostic Score) 
      Baseline systemic inflammation was quantified 
using the mGPS, calculated at immunotherapy 
initiation from CRP and albumin using predefined 
thresholds (CRP >5 mg/L; albumin <35 g/L). mGPS 
was coded as 0–2 according to standard criteria. 
Baseline mGPS was prespecified as the baseline risk 
covariate and was included in the primary 
multivariable models as an ordinal variable (per 1-
point increase from 0 to 2).  
 
Outcomes  
      Overall survival (OS) was defined as the time 
from immunotherapy initiation to death from any 
cause. Progression-free survival (PFS) was defined as 
the time from immunotherapy initiation to the first 
documented disease progression or death, whichever 
occurred first. Disease progression was determined 
based on routine radiologic assessment using cross-
sectional imaging interpreted according to standard 
institutional practice, and/or documented clinical 
progression as recorded by the treating oncologist in 
the electronic medical record. Patients without an event 
were censored at the date of last clinical follow-up. 
 
Statistical Analysis  
      Continuous variables are reported as median 
(interquartile range [IQR]) and categorical variables 
as number (%). OS and PFS were estimated using the 
Kaplan–Meier method and compared across ΔMNA 
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categories using the log-rank test. Associations 
between ΔMNA and outcomes were evaluated using 
Cox proportional hazards regression. ΔMNA was 
modeled as a continuous variable (per 1-point 
increase). The prespecified primary multivariable 
models adjusted for baseline mGPS, age, and sex. 
Exploratory subgroup analyses were performed in the 
lung cancer subgroup and were interpreted as 
hypothesis-generating. Missing data were handled 
using complete-case analysis for each model. All tests 
were two-sided and P<0.05 was considered 
statistically significant. Analyses were performed 
using IBM SPSS Statistics for Windows, version 26.0 
(IBM Corp., Armonk, NY, USA).  
 
 
RESULTS 
Patient Characteristics  
      A total of 54 patients treated with immune 
checkpoint inhibitors were included in the analysis. 
Baseline demographic, clinical, and laboratory 
characteristics of the study population are summarized 
in Table 1. The median age at immunotherapy 
initiation was 64.0 years (IQR 59.0–69.8), and the 
majority of patients were male (83.3%). Lung cancer 
was the most common primary tumor (66.7%), 
followed by melanoma (16.7%) and renal cell 
carcinoma (7.4%). Other tumor types included head 
and neck cancer (n=2), esophageal cancer (n=1), 
cervical cancer (n=1), and mesothelioma (n=1). 
Overall, 37 (68.5%) patients had stage IV disease at 
the time of immunotherapy initiation.  
      Baseline inflammatory and nutritional parameters 
demonstrated substantial inter-individual variability. 
Median baseline C-reactive protein was 9.85 mg/L 
(IQR 3.01–36.04), and median serum albumin was 
40.1 g/L (IQR 35.4–43.4). The baseline modified 
Glasgow Prognostic Score distribution was mGPS 0 
in 28 (51.9%) patients, mGPS 1 in 16 (29.6%), and 
mGPS 2 in 10 (18.5%).  
 
Nutritional Status and Early Change in MNA  
      Baseline nutritional status assessed by the MNA-
SF showed that 29 (53.7%) patients were classified as 
nutritionally normal, 23 (42.6%) were at risk of 
malnutrition, and 2 (3.7%) were malnourished. At the 
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3-month follow-up assessment, the proportion of 
patients with normal nutritional status increased to 35 
(64.8%), whereas the proportion at risk of malnutrition 
decreased to 17 (31.5%); the number of malnourished 
patients remained unchanged (n=2, 3.7%).  
      The early change in nutritional status, defined as 
ΔMNA (MNA at 3 months minus baseline MNA), 
demonstrated marked heterogeneity across the cohort. 
The median ΔMNA was 0 (IQR −1 to 1.75). Overall, 
25 patients (46.3%) experienced an improvement in 
nutritional status (ΔMNA ≥ +1), 13 (24.1%) remained 
stable (ΔMNA = 0), and 16 (29.6%) showed a 
deterioration in nutritional status (ΔMNA ≤ −1).  
 
Survival Outcomes  
      During a median follow-up of 317 days (IQR 
170.5–457.3), 16 (29.6%) patients died and 27 
(50.0%) patients experienced disease progression or 
death. Kaplan–Meier analysis demonstrated a median 
overall survival of 706 days, with estimated 1-year and 
2-year overall survival rates of 71.3% and 49.4%, 
respectively. Median progression-free survival was 
337 days, with corresponding 1-year and 2-year 
progression-free survival rates of 48.5% and 15.1%.  
 
Kaplan–Meier Survival According to ΔMNA 
Categories  
      Kaplan–Meier analyses stratified by early change 
in nutritional status suggested a visual separation of 
survival curves across ΔMNA categories. Patients who 

experienced an improvement in nutritional status 
during the first 3 months of immunotherapy appeared 
to have longer overall survival compared with those 
with stable or worsened nutritional status (Figure 1). 
In parallel, progression-free survival also appeared to 
differ among ΔMNA groups, with the most favorable 
outcomes observed in patients with improved 
nutritional status and the least favorable outcomes in 
those with nutritional deterioration (Figure 2).  
 
Association of ΔMNA with Progression-free and 
Overall Survival  
      In univariable Cox regression analyses, 
improvement in nutritional status over the first 3 
months of immunotherapy was associated with 
favorable clinical outcomes. Each 1-point increase in 
ΔMNA was associated with longer progression-free 
survival (HR 0.72, 95% CI 0.56–0.94, P=0.016) and 
longer overall survival (HR 0.56, 95% CI 0.38–0.82, 
P=0.003) (Table 2).  
      After adjustment for age and sex, ΔMNA 
remained independently associated with improved 
overall survival (HR 0.63, 95% CI 0.41–0.97, 
P=0.038), whereas the association with progression-
free survival showed a consistent direction but did not 
reach statistical significance (HR 0.76, 95% CI 0.56–
1.02, P=0.071) (Table 2).  
      In the prespecified primary multivariable models 
incorporating baseline systemic inflammatory risk, 
ΔMNA remained directionally associated with 
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FIGURE 1. Kaplan–Meier curves showing overall survival 
stratified by early change in nutritional status (ΔMNA) 
categories (improved, stable, worsened).

FIGURE 2. Kaplan–Meier curves illustrating progression-
free survival according to early change in nutritional status 
(ΔMNA).
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improved outcomes after adjustment for baseline 
mGPS, age, and sex. For progression-free survival, 
ΔMNA was associated with a trend toward improved 
outcomes (HR 0.77, 95% CI 0.56–1.05, P=0.094), 
while baseline mGPS was not significantly associated 
with progression-free survival (HR 1.10, 95% CI 
0.67–1.81, P=0.702). In contrast, baseline mGPS was 
independently associated with higher mortality risk in 
overall survival analyses (HR 1.86, 95% CI 1.00–3.43, 
P=0.048) (Table 2).  
 
Exploratory Lung Cancer Subgroup Analysis  
      In the lung cancer subgroup (n=36), ΔMNA 
remained associated with clinical outcomes in 
univariable analyses. Each 1-point increase in ΔMNA 
was associated with improved progression-free 
survival (HR 0.62, 95% CI 0.43–0.88, P=0.008) and 
improved overall survival (HR 0.59, 95% CI 0.38–
0.91, P=0.018) (exploratory, univariable analyses). 
These subgroup analyses were exploratory and not 
powered for definitive inference. 
 
 
DISCUSSION 
 
In this retrospective cohort of patients treated with 
immune checkpoint inhibitors, early improvement in 

nutritional status during the first 3 months - captured 
by ΔMNA - was consistently associated with more 
favorable survival outcomes. Consistent with this, 
each 1-point increase in ΔMNA was associated with 
longer PFS (HR 0.72, 95% CI 0.56–0.94; P=0.016) 
and longer OS (HR 0.56, 95% CI 0.38–0.82; P=0.003) 
in univariable analyses. This observation is consistent 
with broader oncology evidence indicating that MNA-
based nutritional assessment relates to clinically 
meaningful endpoints, including overall survival and 
disease progression, although most prior work has 
focused on single time-point evaluations rather than 
early trajectories [8]. In the immunotherapy setting, 
accumulating data support the concept that host 
immune–nutritional reserve influences treatment 
benefit: pretreatment PNI has been associated with 
response and survival in NSCLC patients receiving 
ICIs [9]. Moreover, worsening nutritional status before 
immunotherapy initiation - reflected by low PNI and 
declining pretreatment BMI - may correlate more 
closely with immunotherapy outcomes than baseline 
BMI alone, reinforcing the clinical relevance of 
dynamic nutritional change [10]. Overall, our results 
are consistent with prior reports and support ΔMNA 
as an early on-treatment marker in patients receiving 
ICIs [8–10].  
      A key element of our prespecified approach was 
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to interpret ΔMNA in the context of baseline systemic 
inflammation, using the mGPS as a pragmatic risk-
adjustment variable. Because mGPS integrates CRP 
and albumin, it reflects the inflammatory–nutritional 
milieu that can influence both tumor biology and host 
resilience during immunotherapy. In ICI-treated 
populations, baseline mGPS has repeatedly 
demonstrated prognostic value across tumor types, 
including advanced NSCLC treated with anti–PD-1 
agents and metastatic renal cell carcinoma treated with 
ICI-based regimens [11,12]. Importantly, a recent 
systematic review and meta-analysis of patients with 
advanced cancers receiving ICIs further supported the 
overall prognostic utility of GPS/mGPS, with higher 
scores associated with worse survival outcomes [13]. 
Clinically, the message is straightforward: baseline 
mGPS captured baseline risk - particularly for overall 
survival - whereas ΔMNA added dynamic prognostic 
information during the first months of treatment. In 
the prespecified multivariable model including age 
and sex, baseline mGPS was independently associated 
with OS (HR 1.86, 95% CI 1.00–3.43; P=0.048), 
whereas ΔMNA showed a directionally protective 
association that did not reach conventional statistical 
significance (HR 0.67, 95% CI 0.42–1.06; P=0.086).  
      This pattern is biologically plausible. Cancer-
related malnutrition and cachexia are increasingly 
conceptualized not merely as inadequate intake but as 
a systemic inflammatory syndrome with downstream 
metabolic and functional consequences, which may 
shape both treatment tolerance and long-term 
outcomes [14]. In this context, reduced nutritional and 
muscle reserve has been linked to inferior efficacy of 
immune checkpoint inhibitors: a meta-analysis in 
NSCLC reported that pre-immunotherapy sarcopenia 
was associated with poorer survival and less favorable 
response-related outcomes in patients receiving ICIs 
[15]. Moreover, dynamic deterioration during ICI 
therapy appears clinically meaningful; in a multicenter 
cohort of recurrent/metastatic head and neck cancer, 
the combination of baseline cachexia and early weight 
loss during immune checkpoint inhibition was 
associated with worse overall survival, independent of 
PD-L1 expression.[16] Collectively, these data 
provide biological and clinical context for interpreting 
ΔMNA as an accessible on-treatment marker in our 
cohort, while acknowledging that - given the 
retrospective design - ΔMNA may partly reflect 

underlying disease trajectory and residual confounding 
rather than a purely causal pathway [14–16].  
      In our cohort, the prognostic separation by early 
nutritional trajectory was clinically meaningful: 
patients with improved ΔMNA during the first 3 
months showed better survival patterns on Kaplan–
Meier analyses, and ΔMNA remained directionally 
consistent in Cox models after adjustment for baseline 
inflammatory risk, with effect estimates favoring 
improved survival. Notably, in the prespecified 
multivariable model, baseline mGPS was 
independently associated with OS (HR 1.86, 
P=0.048), whereas ΔMNA showed a protective trend 
(HR 0.67, P=0.086). This supports a practical message 
for routine care—nutritional status during 
immunotherapy should be monitored as a dynamic 
process rather than a single baseline attribute. Current 
guidance is aligned with this approach: ESPEN 
recommendations emphasize routine screening with 
repeated reassessment and stepwise, individualized 
nutritional interventions (from counseling and oral 
supplementation to enteral/parenteral strategies when 
indicated), explicitly recognizing that nutritional risk 
and needs evolve during active treatment [17]. 
Likewise, ESMO cachexia guidance highlights early 
identification of nutrition-impact symptoms and 
functional decline, and advocates timely, multimodal 
supportive management tailored to disease trajectory 
and expected survival [1]. Interpreted alongside these 
frameworks, ΔMNA offers an accessible way to 
operationalize “early trajectory” in daily practice—
baseline assessment followed by a planned 
reassessment around 3 months—to identify patients at 
risk of early nutritional deterioration who may benefit 
from prioritized supportive interventions. While it 
remains uncertain whether nutritional optimization 
directly augments antitumor efficacy of immune 
checkpoint inhibitors, nutritional care before and 
during treatment is consistently regarded as clinically 
relevant for maintaining functional reserve, improving 
tolerance, and minimizing avoidable treatment 
interruptions, which plausibly contributes to better 
real-world outcomes—consistent with the patterns 
observed in our cohort [18].  
      In our cohort, the association of ΔMNA with 
overall survival appeared more robust than with 
progression-free survival in the fully adjusted models, 
and this pattern is not unexpected. In contemporary 
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oncology trials and real-world datasets, early 
endpoints such as response rate or PFS often show an 
imperfect and sometimes discordant relationship with 
OS, particularly when post-progression management, 
treatment sequencing, and supportive care influence 
survival after progression [19, 20]. OS captures not 
only the timing of progression but also post-
progression survival, which can be shaped by 
subsequent therapies, functional reserve, and the 
ability to continue treatment - domains plausibly 
linked to nutritional trajectory and symptom burden. 
Early nutritional improvement (higher ΔMNA) may 
reflect better host resilience and treatment 
sustainability, which can translate more clearly into 
OS than into PFS when imaging intervals, progression 
ascertainment, and early-event dynamics dilute the 
PFS signal. Finally, because ΔMNA is a post-baseline 
measure, analyses that compare groups defined by on-
treatment change are vulnerable to guarantee-time 
(immortal-time) bias unless handled appropriately; 
using a prespecified landmark framework (e.g., at 3 
months) is a methodologically sound approach to 
mitigate this bias and support interpretable survival 
comparisons [21].  
 
Strengths and Limitations  
      Several strengths of this study deserve mention. 
We evaluated nutritional status longitudinally using a 
standardized instrument and focused on an early, 
clinically actionable window (baseline to 3 months), 
which aligns with routine follow-up schedules in 
immunotherapy practice. We also prespecified a 
conservative analytic framework that accounted for 
baseline systemic inflammation (mGPS), and we 
explicitly considered guarantee-time bias and 
prespecified a 3-month landmark framework for 
interpreting analyses of an on-treatment change 
variable. At the same time, important limitations 
should be acknowledged. The retrospective, single-
center design and modest sample size increase the risk 
of selection bias and residual confounding, and the 
cohort’s heterogeneous tumor composition limits 
tumor-specific inference despite the consistent signal 
observed in the lung cancer subgroup. In addition, the 
heterogeneous tumor composition and the limited 
number of outcome events preclude robust tumor-
specific conclusions. Accordingly, the observed 

associations should be interpreted as reflecting overall 
host-related dynamics during immunotherapy rather 
than definitive tumor-type–specific effects. ΔMNA 
may partly capture underlying disease trajectory and 
symptom burden (e.g., early progression-related 
anorexia or treatment-limiting toxicity) rather than a 
purely modifiable pathway, and we did not have a 
standardized nutritional intervention protocol to 
determine whether proactive nutritional optimization 
can improve outcomes. These findings should be 
considered hypothesis-generating and require 
prospective validation. Future multicenter studies 
should confirm the prognostic utility of ΔMNA within 
more homogeneous tumor cohorts, integrate objective 
body-composition and functional measures, and test 
whether structured early nutritional interventions can 
translate into improved treatment tolerance and 
survival. In summary, early nutritional trajectory 
(ΔMNA), considered alongside baseline inflammatory 
risk (mGPS), may offer a practical framework for risk 
stratification during immunotherapy and highlights the 
value of reassessing nutrition early in treatment [22].  
 
 
CONCLUSION 
 
In this real-world cohort of patients treated with 
immune checkpoint inhibitors, baseline mGPS 
reflected inflammatory risk at treatment initiation, 
whereas early change in nutritional status (ΔMNA) 
provided additional insight into the patient’s trajectory 
during the first months of therapy. Patients who 
experienced nutritional improvement within the first 
three months tended to have more favorable overall 
and progression-free survival patterns, even after 
accounting for baseline inflammatory burden. These 
findings highlight the clinical importance of 
reassessing nutritional status during immunotherapy 
rather than relying solely on a single baseline 
measurement. Larger prospective studies are needed 
to confirm these observations and to determine 
whether early nutritional optimization can improve 
long-term outcomes.  
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