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Effects of the Enhanced Recovery After Surgery
Protocol on Postoperative Recovery, Sleep Quality, and
Postpartum Depression in Elective Cesarean Section
Patients: A Single-Center, Prospective Study

Elif Keles Tayfur!®~=, Deha Denizhan Keskin'®=x

!Deparment of Obstetrics and Gynecology, Ordu University, Faculty of Medicine, Training and Research Hospital, Ordu, Tiirkiye

Abstract:

Objective: To assess the effects of the Enhanced Recovery After Surgery—Cesarean Delivery (ERAS-CD)
protocol on early postoperative recovery, pain scores, postpartum sleep quality, and postpartum depression in
patients undergoing elective cesarean delivery.

Methods: This single-center prospective cohort study involved women with at least one cesarean delivery
who underwent planned CD between December 2022 and May 2023. The primary outcome was to reduce
hospital stay and morbidity following CD. Secondary outcomes included breastfeeding/formula
supplementation status, postoperative pain score, postpartum sleep quality, and predisposition to postpartum
depression. The protocol included preoperative oral intake of cherry juice, multimodal analgesia, antiemetic
medications, and early ambulation. The number of patients and minimum sample size per group were
determined based on power analysis results from previous studies.

Results: A total of 294 patients were included in the study. The ERAS-CD protocol group and the control
group were similar in demographic characteristics, body weight, and parity (P>0.05). Postoperative Visual
Analog Scale and severe pain scores were lower in all components of the ERAS-CD protocol group (P<0.001).
The total score and two subcomponent scores (Sleep duration and Habitual sleep efficiency) of the Pittsburgh
Sleep Quality Index were significantly lower in the ERAS-CD group (P=0.005, P=0.004, and P=0.016;
respectively). The total score of the Postoperative Recovery Index, as well as the subcomponent scores for
bowel symptoms and general symptoms, were significantly lower in the ERAS-CD group (P=0.041, P=0.020,
and P=0.045; respectively). Moreover, the Edinburgh Postnatal Depression Scale score and the score indicating
predisposition to depression were significantly lower in the ERAS-CD group (P<0.001 for both).
Conclusion: Consistent with the existing literature, the present study demonstrates that the implementation of
the ERAS-CD protocol in Cesarean Deliveries has favorable effects on preoperative, intraoperative, and
postoperative outcomes. Specifically, the ERAS-CD protocol was shown to reduce postoperative pain, improve
postpartum sleep quality, and decrease the predisposition to postpartum depression.

Keywords: ERAS, Postoperative Recovery Index, Postpartum, Depression, Cesarean Delivery
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ERAS Protocol on Postoperative Recovery in Elective CS Patients

abdominal surgery worldwide. Enhanced

Recovery After Surgery (ERAS) is a
contemporary concept that encompasses multiple
interventions designed to enhance recovery. It is a
protocol that covers preoperative, intraoperative, and
postoperative interventions and, through evidence-based
methods, aims to facilitate earlier hospital discharge [1].
The foundations of the ERAS concept were first laid in
the 1990s by Prof. Dr. Henrik Kehlet [2]. The ERAS
Society has published the Enhanced Recovery After
Surgery - Cesarean Delivery (ERAS-CD) guideline for
cesarean deliveries, one of the most frequently
performed surgical procedures worldwide [3-5].

The primary aim of the ERAS protocol is to reduce
hospital stay and morbidity, and to enable patients to
return to their daily activities as soon as possible by
implementing methods to improve postoperative
outcomes and enhance the recovery process. Over the
years, ERAS protocol guidelines have been published
across numerous surgical subspecialties, including
gynecology and gynecologic oncology [6]. The
protocol aims to shorten the postoperative care process
and enhance recovery by minimizing the metabolic
response to surgical stress [1].

The Pittsburgh Sleep Quality Index (PSQI),
developed by Buysse et al. [7] in 1989, is a 24-item
scale for evaluating sleep quality. The Postoperative
Recovery Index (PoRI), developed by Butler et al. [8]
in 2012, evaluates early postoperative recovery. A
literature review revealed no previous studies using
PoRI in patients undergoing the ERAS-CD protocol.
The primary aim of this study was to investigate
whether the ERAS-CD protocol accelerates
postoperative recovery, improves postpartum sleep
quality, and reduces the incidence of postpartum
depression compared to the standard perioperative
care protocol, and to compare pain intensity using the
Visual Analog Scale (VAS), early postoperative
recovery quality using the PoRI, postpartum sleep
quality using the PSQI, and postpartum depression
predisposition using the Edinburgh Postnatal
Depression Scale (EPDS).

Cesarean delivery is the most commonly performed

METHODS

This prospective, randomized, single-center study was

conducted at the Department of Obstetrics and
Gynecology, Ordu University Faculty of Medicine,
following ethics committee approval (No. 2022/263,
dated 25/11/2022). Written and signed informed
consent was obtained from all participants before the
study in the presence of their relatives. The study was
conducted in accordance with the principles of the
Declaration of Helsinki.

Two hundred and ninety-four patients who applied
to the Department of Obstetrics and Gynecology, Ordu
University Faculty of Medicine between 25 November
2022 and 15 May 2023, who were scheduled for
elective cesarean section, and who met the inclusion
criteria and agreed to participate in the study, were
included in the study.

Inclusion criteria were: age >18, gestational age
>37 weeks, at least one prior cesarean delivery, no
history of psychiatric disorder or use of psychiatric
medication, no pregnancy-related comorbidities (such
as hypothyroidism, hyperthyroidism, type 1 or type 2
diabetes mellitus, gestational diabetes, chronic
hypertension, or gestational hypertensive disorders),
no emergency cesarean due to antepartum bleeding,
and administration of regional anesthesia.

Patients who met the inclusion criteria and agreed
to participate were randomly assigned by drawing
either a burgundy or a blue card from a box. Those
who drew a burgundy card were assigned to the
ERAS-CD protocol group, while those who drew a
blue card were assigned to the control group receiving
standard perioperative care. A total of 147 patients
were randomized to the ERAS-CD group, and 147 to
the control group. The ERAS-CD protocol was
explained to the patients scheduled to undergo it in the
preoperative, intraoperative, and postoperative
periods. Patients in the ERAS-CD group were given
200 mL of pulp-free cherry juice 2 hours before
surgery. In addition, patients were allowed to consume
clear liquids such as tea and coffee up to 2 h before
surgery and solid foods up to 6 h before surgery; their
nutrition was continued with carbohydrate-rich fluids.
Preoperatively, antacids (Esmoprazole®) and H2
receptor antagonists (Ranitidine®) were administered
together. Thirty minutes before skin incision, patients
were administered 2 g of first-generation cephalosporin
parenterally. No bowel cleansing was performed
before the surgery. Patients were fitted with pneumatic
compression stockings preoperatively. After spinal
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anesthesia was administered in the operating room,
urinary catheters were inserted. Spinal anesthesia was
administered to the patients. Perioperative fluid
therapy was provided at 0.5 ml/kg/min. Intravenous
(i.v.) balanced fluid (2,000 mL) containing Ephedrine®
was administered. A combination of Zofer®
(ondansetron) and Metpamid® (metchloropamide) was
given to prevent intraoperative nausea and vomiting.
30 IU Synpitan® (oxytocin) was slowly infused in 1
liter i.v. fluid intraoperatively. For postoperative
analgesic prophylaxis, a multimodal analgesic
regimen was routinely administered for two days,
including Dicloron® (diclofenac sodium, 1 vial=75
mg) 3 times a day intramuscularly and Parol®
(paracetamol, 1 vial=500 mg) 3x1 intravenously.
Perioperative blood glucose was monitored four times
daily. After surgery, the patient was instructed to chew
xylitol-containing gum upon arrival in the room.
Postoperatively, room temperature was maintained
above 23°C, and the patient's body temperature above
36°C. Oral feeding was initiated at the 4th
postoperative hour, the urinary catheter was removed,
and the patient was mobilized.

In the control group, oral intake was restricted
from 00:00 the night before surgery. Preoperative
bowel cleansing was not performed. 2 g of first-
generation cephalosporin was administered 30-60 min
before the surgery, and 1 g of azithromycin was added
for patients with water-ruptured membranes. Urinary
catheterization was performed before patients were
taken to the operating room, and spinal anesthesia was
administered to all patients. Conventional perioperative
intravenous fluid therapy was provided, and short-
acting opioid analgesics (Fentanyl®) were used. 30 TU
Sinpitan® was administered intraoperatively in 500 ml
i.v. fluid. Postoperatively, patients received Dicloron®
intramuscularly and Parol® parenterally. Oral intake
was initiated at the 8th postoperative hour, the urinary
catheter was removed, and out-of-bed mobilization
was performed. These patients were discharged at the
48th postoperative hour after confirming the passage
of flatus.

Data Collection

For all patients included in the study, preoperative,
postoperative 6th hour, and 24th hour hemogram
parameters, albumin, glucose, and C-reactive protein

(CRP) values were recorded on the data collection
form. Intraoperative nausea and vomiting were
assessed and documented. Neonates' weights and
APGAR scores at 1 and 5 min were recorded.
Postoperative breastfeeding status and the need for
formula feeding were assessed and documented.
Patients were asked to note the time to pass flatus and
report it. Patients were asked when they felt ready for
discharge, and this was recorded. After discharge, the
duration of urinary catheter placement was obtained
from patient records, and the total catheterization time
was calculated. Preoperative fasting duration,
operation time, and time to oral intake were recorded,
and total fasting duration was calculated.
Intraoperative and postoperative fluid volumes,
operation times, and all anesthetic, analgesic, and
antiemetic medications administered with their doses
were documented. Patients’ average preoperative,
perioperative, and postoperative blood pressures were
calculated and recorded.

Postoperative pain scores of patients receiving the
ERAS-CD protocol and standard perioperative care
were recorded at 6, 12, and 24 hours using the
internationally accepted Visual Analog Scale (VAS).
All patients were contacted on the 10th postoperative
day, and the EPDS was administered to assess
predisposition to postpartum depression. Scoring was
performed according to patient responses. The
guidelines prepared by the Public Health Institution of
the Ministry of Health of the Republic of Turkey state
that the mother's psychological state can be assessed
between the first day and the forty-two days after
delivery. In this study, we decided that it would be
appropriate to evaluate the EPDS score of the patients
when they came for their follow-up visit on the 10th
day after delivery.

All patients were contacted on the 10th
postoperative day, and their postpartum sleep quality
was assessed using the PSQI; responses were scored
according to PSQI guidelines, and total PSQI scores
were calculated. Patients’ early postoperative recovery
quality was assessed using the PoRI on postoperative
day 1. PoRI scores were calculated according to their
responses. The PoRI that was tested for validity and
reliability by Butler ef al. [9] in 2012 consists of 37
items. High scores received from the index reflect that
more problems are experienced in postoperative
recovery, whereas low scores show that postoperative
recovery has been easier.
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Statistical Analysis

Sample size was calculated using G*Power 3.1.9.6 to
achieve 90% power at a 95% confidence level to
detect a 20% reduction in primary outcome opioid
analgesic use, resulting in a minimum of 108 patients
per group, totaling 216 patients.

Statistical analysis was performed using
Microsoft® Excel version 21.02 and SPSS version
23.0.0 (SPS Inc.; Chicago, IL, USA). Descriptive data
were presented as meantstandard deviation.
Normality of continuous variables was assessed using
the Kolmogorov-Smirnov and Shapiro-Wilk tests. For
comparison of numerical variables, Student’s t-test
was used for normally distributed data, and the Mann-
Whitney U test for non-normally distributed data.
Categorical variables were analyzed using Pearson’s
chi-square test or Fisher’s Exact test. A P-value <0.05
was considered statistically significant.

RESULTS

The mean age of patients in the ERAS-CD protocol
group was 28.87+5.00 years, and the mean age of the
patients in the control group was 29.19+5.16 years.
Demographic characteristics of the ERAS-CD
protocol group and the control group were similar
(P=0.590). The obstetric characteristics of the patients
in the ERAS-CD and control groups and the

characteristics of the newborns were compared. When
groups were compared in terms of the mean number
of gravida (2.69+1.06 vs 2.78%1.14; P=0.492), the
mean number of parity (2.31£0.5 vs 2.43+0.7;
P=0.107), the mean number of caesarean section
(2.28+0.5 vs 2.41+0.6; P=0.073), the mean gestational
week (38.08+0.7 vs 38.1+0.7; P=0.280), newborn
birth weight (3261.5+440.9 vs 3315.1+4 21.5;
P=0.287), APGAR 1st minute score (8.78+0.4 vs
8.81+0.4; P=0.571) and APGAR 5th minute score
(9.68+0.4 vs 9.76+0.4; P=0.216), no statistically
significant difference was found between the control
group and the ERAS-CD group.

While the mean preoperative glucose value was
108.27£3 mg/dL in the ERAS-CD group, it was
82.94+16.9 mg/dL in the control group. The difference
between the groups was statistically significant
(P<0.001).

In the control group, the amount of intraoperative fluid
administered was higher than in the ERAS-CD group,
and the difference was statistically significant
(2198.6+450.4 vs 2000.00+0.000; P<0.001). The
amount of the short-acting opioid Fentanyl® used
intraoperatively was 8.95+16.4 mcg in the ERAS-CD
protocol group and 31.4+19.7 mcg in the control
group; the difference was found to be statistically
significant (P<0.001). The mean intraoperative
systolic blood pressure was 107.4+10.1 mmHg in the
control group and 111.1+£8.5 mmHg in the ERAS-CD
group, showing a statistically significant difference

TABLE 1. Comparison of Intraoperative Data of ERAS-CD and Control Groups

ERAS-CD group Control group P-value®
(n=147) (n=147)
Liquid amount (mL) 2000.00+0.000 2198.64+450.416 <0.001
Fentanyl® amount (mcg) 8.95+16.451 31.46£19.761 <0.001
Dormicum® amount (mg) 1.00£0.00 0.46+0.500 <0.001
Propofol® (mg) 14.29+36.882 20.54+49.911 0.222
Synpitan® amount (IU) 31.29+3.886 31.63+5.141 0.523
Ephedrine® amount (mg) 24.93+5.703 7.14+11.302 <0.001
Systolic blood pressure (mmHg) 111.10+8.539 107.49+10.115 0.001
Diastolic blood pressure (mmHg) 66.14+8.654 62.21+£9.715 <0.001
Operation time (min) 37.21£11.167 39.1349.153 0.108

Data are shown as meantstandard deviation. ERAS-CD, enhanced recovery after surgery—cesarean delivery.
aStudent's t test. Statistically significant P-values are shown in bold.
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TABLE 2. Comparison of Postoperative 6th Hour and Postoperative 24th Hour Biochemical
Parameters and Postoperative Data

ERAS-CD group Control group P-value®
(n=147) (n=147)
Glucose 6th hour(mg/dL) 99.18+£24.258 79.54+£14.659 <0.001
Albumin 24th hour (g/dL) 30.382+2.9053 29.592+3.3251 0.031
Glucose 24th hour (mg/dL) 92.90+18.547 85.35+14.260 <0.001
CRP 24th hour(mg/L) 51.713+46.9935 56.508+37.1092 0.332
Liquid amount (mL) 3,000+0.000 2996.60+41.239 0.318*
Dichloron® amount (flacon) 6.00£0.000 2.43+1.250 <0.001
Parol® amount (flacon) 6.00£0.000 0.43+0.876 0.001
Aldolan® amount (facon) 0.00£0.00 0.02+0.142 0.082
Systolic blood pressure (mmHg) 111.71£7.239 109.65+9.004 0.031
Diastolic blood pressure (mmHg) 67.35+6.672 65.89+6.711 0.063
Total catheter urinary drainage time (min) 240.00£0.000 564.12+66.761 <0.001
Total fasting time (min) 360.00 +£0.000 1186.12+315.392 <0.001
Gas discharge time(h) 11.20+£5.623 14.63+10.878 <0.001
Time to feel ready for discharge (h) 21.16+5.024 46.72+7.049 <0.001

Data are shown as meantstandard deviation. ERAS-CD, enhanced recovery after surgery—cesarean delivery.
8Student's t test. Statistically significant P-values are shown in bold.

(P<0.001). The amount of Dormicum® used
intraoperatively was significantly higher in the ERAS-
CD group compared to the control group (1.00+0.00
vs 0.46+0.5; P<0.001). Patients in the ERAS-CD
group received more Dormicum® and Ephedrine®,
while patients in the control group received more
Fentanyl® and a higher volume of intravenous fluids.
Blood pressure values also indicated that both systolic
and diastolic pressures were higher in the ERAS-CD
group. There was no significant difference between

the groups in terms of Propofol® use, and the
requirements for® Synpitan® were met. The
implementation of the ERAS-CD protocol did not
affect operative time.

The incidence of postoperative complaints was
lower in the ERAS-CD group, and this difference was
statistically significant.

The ERAS-CD group and the control group were
compared in terms of the postoperative 6th-hour
hemogram parameters. When the ERAS-CD group

TABLE 3. Comparison of Postoperative 0th Hour, 6th Hour and 24th Hour VAS Scores and EPDS Scores

ERAS-CD group Control group P-value®
(n=147) (n=147)
VAS 0th hour 3.52+2.925 5.43+3.125 <0.001
VAS 6th hour 3.60+2.083 5.56+2.559 <0.001
VAS 24th hour 1.73+£1.698 3.76+£2.525 <0.001
EPDS score 5.58+4.420 14.14+4.453 <0.001

Data are shown as meantstandard deviation. ERAS-CD, enhanced recovery after surgery—cesarean delivery; VAS, visual

analog scale; EPDS, Edinburgh postpartum depression scale.

aStudent's t test. Statistically significant P-values are shown in bold.
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and the control group were compared, no statistical
difference was found between the groups. No
significant difference was observed between the
groups in terms of postoperative 24th hour hemogram
parameters.

Postoperative 6th-hour glucose and postoperative
24th-hour albumin, glucose, and CRP values of
ERAS-CD and control groups were compared. The
postoperative 24th hour albumin level was 30.3+2.9
in the ERAS-CD group, while it was 29.54+3.3 g/ dl in
the control group, showing a statistically significant
difference (P=0.031. Both 6th- and 24th-hour glucose
levels were higher in the ERAS-CD group compared
to the control group.

The amounts of Dicloron® and Parol® used
postoperatively, and the mean postoperative systolic
blood pressure differed significantly between the
ERAS-CD and control groups (Table 1).

In accordance with the ERAS-CD protocol,
patients in this group received higher doses of
Dicloron® and Parol®. Mean postoperative systolic
and diastolic blood pressures were higher in the
ERAS-CD group. The difference in systolic blood
pressure was statistically significant.

The time to first postoperative flatus (11.2£5.6 vs.
14.6+£10.8; P=0.001), total fasting duration (360.0+0.0
vs. 1186.1£315.3; P<0.001), total urinary catheter
drainage duration (240.0£0.0vs. 564.1+66.7;
P<0.001), and the time to feel ready for discharge
(21.14£5.0 vs. 46.7+7.0; P<0.001), were all statistically
significantly different between the ERAS-CD and the

In summary, total urinary catheter drainage time
and total fasting duration were significantly shorter in
the ERAS-CD group. The time to first flatus and the
time patients felt ready for discharge were also shorter
in the ERAS-CD group compared to the control group.
In the ERAS-CD group, 93.9% (n=138) of patients
were breastfeeding, compared to 85.7% (n=126) in the
control group, and the difference was statistically
significant ~ (P=0.021).  Regarding  formula
supplementation, 37.4% (n=55) of infants in the
control group required formula supplementation,
compared to 21.8% (n=32) in the ERAS-CD group.
The difference between the groups was also
statistically significant (P=0.003). Breastfeeding rates
were higher and formula supplementation lower in the
ERAS-CD group.

Postoperative 0-hour, 6-hour, and 24-hour VAS
scores of the patients in the ERAS-CD group and the
control group were compared. Patients in the ERAS-
CD group experienced less pain.

When the patient groups were compared in terms
of postpartum depression tendencies, the mean EPDS
score was 5.544.4 in the ERAS-CD group and
14.1444.4 in the control group, and the difference was
statistically significant (P<0.001) (Table 3).

According to these results, it was determined that
the patients in the ERAS-CD protocol group were less
prone to postpartum depression than the control group.
An increase in predisposition to postpartum depression
was observed in 12 patients (8.2%) in the ERAS-CD
group, compared to 95 patients (64.6%) in the control

control group (Table 2). group, with the difference being statistically
TABLE 4. Comparison of PSQI Scoring and Subcomponents
ERAS-CD group Control group P-value®
(n=147) (n=147)

Total PSQI 9.56+2.809 10.52+2.922 0.005
Subjective sleep quality 1.84+0.641 1.93+0.746 0.242
Sleep latency 1.12+£0.711 1.20+0.728 0.373
Sleep duration 1.52+0.797 1.78+0.745 0.004
Habitual sleep efficiency 1.37£1.212 1.72£1.232 0.016
Sleep disorder 2.05+0.783 2.18+0.777 0.156
Daytime dysfunction 1.65+0.782 1.70+0.823 0.611

Data are shown as meantstandard deviation. ERAS-CD, enhanced recovery after surgery—cesarean delivery; PSQI, Pittsburgh
sleep quality index. *Student's t test. Statistically significant P-values are shown in bold.
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TABLE 5. Comparison of the Scores of PoRI and Its Sub-dimensions

ERAS-CD group Control group P-value®
(n=147) (n=147)
PoRI total 2.06660+0.547213 2.20973+0.644434 0.041
Psychological symptoms 2.0306+0.59744 2.1190+0.71812 0.252
Physical activities 2.86565+0.724907 2.95408+0.847675 0.337
Appetite symptoms 1.61224+0.68633 1.7126+0.69757 0.215
Bowel symptoms 2.137+0.9114 2.404+1.0372 0.020
General symptoms 1.6871+0.73200 1.8588+0.72920 0.045

Data are shown as meantstandard deviation. ERAS-CD, enhanced recovery after surgery—cesarean delivery; PoRI,

postoperative recovery index.

aStudent's t test. Statistically significant P-values are shown in bold.

significant (P<0.001).

PSQI scores and sub-components were compared
between the ERAS-CD and control groups. When the
patient groups were compared in terms of
postoperative sleep quality, PSQI score was
9.56+2.809 in the ERAS-CD group, while it was
10.5£2.9 in the control group, and the difference
between the groups was statistically significant
(P=0.005). It is seen that the patients in the ERAS-CD
group achieved better sleep quality (Table 4).

When the groups were compared about
postoperative recovery, the difference in total PoRI
score (2.06+0.5 vs. 2.2+0.6; p=0.041) was found to be
statistically significant. It was concluded that the
patients in the ERAS-CD group felt better
postoperatively (Table 5).

A comparison was made between the ERAS-CD
and control groups regarding the difficulty levels of

the PoRI psychological symptoms subdimension. In
the ERAS-CD group, 1 patient (0.7%) experienced
extreme difficulty, compared to 8 patients (5.4%) in
the control group (P=0.042) (Table 6).

DISCUSSION

The rising prevalence of cesarean sections further
emphasized the need to improve perioperative care
processes during cesarean procedures. The ERAS-CD
protocol aims to reduce stress, enhance postoperative
responses, and rapidly restore metabolic functions [9].
In a Cochrane review including 27 studies, preoperative
carbohydrate fluid loading as an element of the ERAS
protocol was shown to shorten the time to return of
bowel function, time to first flatus, and length of
hospital stay [10]. In a study by Orji et al. [11]

TABLE 6. PoRI - Psychological Symptoms of ERAS-CD and Control Groups

ERAS-CD group Control group Total P-value
n % n % n %
No difficulty 14 9.5 19 12.9 33 112 0.042°
Little difficulty 8 5.4 4 2.7 12 4.1
PoRI - Psychological Medium difficulty 87 59.2 71 48.3 158 53.7
symptoms Considenable 37 252 45 30.6 82 279
difficulty
Extreme difficulty 1 0.7 8 5.4 9 3.1

ERAS-CD, enhanced recovery after surgery—cesarean delivery; PoRI, postoperative recovery index.
"Pearson Chi-Square test. Statistically significant P-values are shown in bold.
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comparing early feeding and late feeding in cesarean
section patients, time to first flatus and length of
hospital stay were found to be shorter in the early
feeding group. In a 2013 meta-analysis by Hsu ef al.
[12], including 17 studies with a total of 2,966
cesarean section patients, early postoperative oral
feeding was shown to reduce the time to first flatus.
In our study, encouraging patients in the ERAS-CD
group to consume clear fluids up to 2 hours before
surgery and initiating oral feeding 4 hours
postoperatively resulted in a shorter total fasting time
in this group. Consistent with the literature, time to
first flatus was also shorter in the ERAS-CD group
compared to the control group.

Several studies in the literature have similarly
demonstrated that patients with shorter preoperative
fasting times also had shorter hospital stays [13-15].
The ERAS-CD protocol recommends controlled
perioperative fluid therapy. In the study conducted by
Miller et al., the control group received intravenous
fluid therapy compared to patients who underwent the
ERAS protocol. Aggressive fluid therapy was shown
to delay the return of bowel function and increase
postoperative ileus, postoperative nausea, vomiting,
and length of hospital stay [16]. Our study supports
the literature. Patients in the ERAS-CD group received
controlled perioperative fluids, and the time to first
flatus was observed to be shorter compared to the
control group.

Chewing gum was shown to reduce postoperative
time to first flatus, accelerate bowel movements, and
shorten hospital stay [17, 18]. Various studies on the
ERAS protocol have also emphasized reduced hospital
stay and complications with its implementation [19-
21]. In our study, in accordance with the literature,
patients chewing gum and receiving the ERAS-CD
protocol had a statistically significantly shorter time
to first flatus and time to feeling ready for discharge.

Examining studies on the postoperative ERAS-CD
protocol, early wurinary catheter removal and
mobilization are recommended; a meta-analysis by
Huang et al. [22] of eight gynecological surgery
studies showed that catheter removal within 6 hours
reduced urinary tract infections and urinary retention.
In our study, urinary drainage duration was shorter;
none of the patients in either the ERAS-CD group,
which received early mobilization, or the standard
perioperative care group required re-catheterization.

Our study demonstrated that early removal of the
urinary catheter and early mobilization are safe
practices. In our study, the ERAS-CD protocol group
showed a shorter postoperative time to first flatus,
which was associated with significantly lower pain
scores, higher patient satisfaction, increased
breastfeeding rates, and a reduced time to readiness
for discharge.

Pain is the most common and significant
complaint after a cesarean section. Effective
intraoperative and postoperative analgesia facilitates
postoperative recovery and the return of functions. The
ERAS-CD protocol recommends opioid-sparing
multimodal analgesic prophylaxis. In the relevant
literature, Kleiman et al. [23] examined the superiority
of the ERAS protocol implementation over the control
group in cesarean deliveries and demonstrated
reductions in opioid consumption, pain scores, and
length of hospital stay. A study reported that patients
who underwent cesarean delivery and received the
ERAS protocol experienced reduced postoperative
pain, shorter hospital stays, and lower opioid
requirements, while their newborns had better
outcomes compared to those in the conventional care
control group [24]. In our study, patients in the ERAS-
CD protocol group showed statistically significant
reductions in VAS scores, the incidence of severe pain,
and the time to feeling ready for discharge.
Additionally, breastfeeding rates were higher, and
formula supplementation rates were lower in this
group.

Studies have also reported that VAS scores were
significantly lower in the ERAS protocol group [25,
26]. In our study, patients in the standard perioperative
care group experienced more severe pain compared to
those in the ERAS-CD protocol group, and the
difference between the groups was statistically
significant.

Apart from our study, no other ERAS-CD protocol
study in the literature has been found to utilize both
the PSQI and the PoRI. In the study conducted by
Cengiz et al. [27], high scores received from the index
reflect that more problems are experienced in
postoperative recovery, whereas low scores show that
postoperative recovery has been easier. We also based
our study on these criteria. Our study demonstrated
that implementation of the ERAS-CD protocol in
cesarean patients improved early postoperative
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outcomes. When comparing patients in the ERAS-CD
protocol group with those in the control group in terms
of total PoRI scores, the difference between the groups
was found to be statistically significant. Analysis of
PoRI subscales revealed significant differences
between the groups in the bowel symptoms and
general symptoms subscales.

It has been stated that the ERAS-CD protocol
implementation may reduce postpartum depression in
women [28]. In our study, it was shown that sleep
quality was better in the ERAS-CD protocol group
compared to the standard perioperative care group.
The total EPDS score was also lower in the ERAS-CD
protocol group, with fewer patients showing a
predisposition to depression.

Strengths and Limitations

In this study, we aimed to provide a previously
unexamined contribution to the literature by
examining the ERAS protocol in post-cesarean section
patients using multiple parameters. We believe our
study makes a significant contribution to the literature
because it utilized several internationally accepted
scoring systems. Apart from our study, no other
ERAS-CD protocol study in the literature uses the
Pittsburgh Sleep Quality Index and Postoperative
Recovery Indices.

There are several limitations that should be
considered when interpreting the results of this study.
The single - center design may limit the
generalizability of the findings to different healthcare
settings or patient populations. In addition, postpartum
depression and sleep quality were assessed at a single
time point in the early postpartum period; therefore,
long-term psychological outcomes could not be
evaluated.

CONCLUSION

Beyond physical recovery, this protocol improved
postpartum sleep quality and significantly reduced
predisposition to postpartum depression, while also
supporting favorable neonatal outcomes such as higher
breastfeeding rates. These findings highlight the
ERAS-CD protocol as an effective, patient-centered
perioperative care model that enhances both maternal

recovery and psychological well-being following
cesarean delivery. In conclusion, the implementation
of the ERAS-CD protocol in elective cesarean
deliveries significantly improved postoperative
recovery.
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Abstract:

Objective: This study aimed to evaluate the impact of digital breast tomosynthesis (DBT) on BI-RADS
categorization compared to conventional mammography (MMG), across different mammographic breast
density types.

Methods: In this retrospective study, 520 female patients aged 3585 years who underwent both MMG and
DBT between 2023 and 2025 were included. Standard craniocaudal (CC) views were acquired for MMG and
mediolateral oblique (MLO) views for DBT. Synthetic MLO (sMLO) images were automatically generated
by the device from DBT data. Patients were categorized according to the breast density (Type A—D), and all
images were reviewed in consensus by two experienced radiologists. Breast Imaging Reporting and Data
System (BI-RADS) categories, lesion types, were recorded. BI-RADS categorizations from MMG and DBT
were compared overall and within density subgroups.

Results: The mean age was 53.0 £ 9.9 years. Breast density distribution was: Type A (3.8%, n=20), B (28.5%,
n= 148), C (43.5%, n=226), and D (24.2%, n=126). BI-RADS classifications differed significantly between
MMG and DBT, especially in dense breasts. Of the BI-RADS 2 cases on MMG, 21.6% (n=64) were reclassified
as BI-RADS 3 or 4 with DBT, while 6.3% (n=7) of BI-RADS 3 cases were downgraded. BI-RADS 5
categorization showed complete agreement between modalities, though 33% (n=5) of BI-RADS 4 cases were
downgraded. At least one pathological finding was observed in 91.3% (n=475) of patients, most commonly
nodular opacities (57.1%, n=297), vascular wall calcifications (13.3%, n=69), and coarse calcifications (5.4%,
n=28). McNemar analysis revealed significant reclassification between BI-RADS 2 and 3 in Types C and D
(P<0.001).

Conclusion: DBT significantly alters BI-RADS categorization in dense breasts. These findings support the
potential role of DBT as a complementary tool in screening protocols, particularly for patients with
heterogeneously dense or extremely dense breast tissue.
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BI-RADS Category Changes After Tomosynthesis

in women and a significant cause of morbidity

and mortality worldwide [1]. Treatment
success and survival rates significantly increase in
breast cancers detected at an early stage, highlighting
the importance of effective screening strategies [1, 2].
Mammography (MMG) is currently considered the
most widely used imaging method for breast cancer
screening and forms the basis of national screening
programs in many countries [2]. However, the
diagnostic efficacy of conventional mammography is
significantly affected by breast tissue density [3].
Especially in women with dense breast tissue (Type
C+D), fibroglandular structures can mask potential
lesions, leading to false-negative results and delaying
diagnosis [3]. This demonstrates that breast density is
not merely an imaging characteristic but also an
important factor influencing clinical decisions.

Digital breast tomosynthesis (DBT) is a
technology developed to overcome these limitations,
reducing tissue superposition by imaging breast tissue
in layers [4]. DBT has been shown to make lesions,
particularly those with ill-defined borders or those
masked within the breast parenchyma, easier to detect
[4]. Furthermore, synthetic mammograms created
from tomosynthesis images have made it possible to
obtain diagnostic information without additional
radiation exposure [4].

Recent studies have shown that tomosynthesis
provides higher diagnostic accuracy compared to
conventional mammography, particularly in dense
breast tissue [5]. However, the impact of this
technology on the Breast Imaging Reporting and Data
System (BI-RADS) classification, developed by the
American College of Radiology (ACR) and widely
used to guide clinical management, remains unclear.
Whether the changes induced by tomosynthesis in BI-
RADS categorization vary, particularly based on
breast density, is an important research topic.

In this context, this study aimed to retrospectively
evaluate the modifying effect of digital breast
tomosynthesis on BI-RADS categories determined by
conventional mammography in individuals with
different breast densities. The contribution of
tomosynthesis to the diagnostic process and the
possibility of reclassifying suspicious lesions,
especially in patients with dense breast structure, were
comparatively investigated.

@ reast cancer is the most common malignancy

METHODS
Study Design and Ethical Approval

This study was designed as a retrospective
observational study. Archived images of female
patients who underwent MMG and simultaneous DBT
for routine breast cancer screening or preliminary
diagnosis of malignancy at our hospital between
January 2023 and June 2025 were evaluated. Local
ethics committee approval was obtained for the study
(Gaziantep University, No: 2025/157), and all patient
data were anonymized and handled in accordance with
the principles of the Declaration of Helsinki.

Patient Selection

The study included female patients aged 35-85
years who underwent MMG for screening or
diagnostic purposes and had MMG and DBT images
available in the institutional archive. Inclusion criteria
were technically adequate image quality and
availability of a complete dataset for both modalities.
During the study period, records meeting these criteria
were retrospectively reviewed, and 1,200 patients
were initially identified. Patients with prior breast
surgery, previous chest radiotherapy, pregnancy or
lactation, or incomplete/artifact-containing images
were excluded (n=680). After applying these exclusion
criteria, a final cohort of 520 patients was included in
the analysis.

Imaging Protocol

All imaging studies were performed using the
same device (Fujifilm Amulet Innovality, DBT
system) and by the same technician according to a
standard protocol. Conventional mammography
images were acquired in the craniocaudal (CC) view,
while digital breast tomosynthesis (DBT) was
performed in the mediolateral oblique (MLO) view.
The MLO view for mammographic evaluation was
provided by synthetic MLO (sMLO) images
automatically generated from the DBT data; therefore,
no additional conventional full-field digital
mammography MLO acquisition was performed. This
allowed the mammographic assessment to be
completed using a standard two-view approach (CC +
MLO) without additional radiation exposure. This
imaging strategy reflects current clinical practice, as
DBT is most commonly performed in the MLO

720

The European Research Journal | Volume 12 | Issue 7 | July 2026



Eur Res J. 2026;12(7):719-729

Tekcan Sanli et al

position to provide the widest breast coverage with
minimal radiation exposure [4, 6, 7]. Previous studies
have demonstrated that the combination of DBT with
synthesized two-dimensional 1images achieves
diagnostic accuracy comparable to, or even superior to,
conventional two-view full-field digital mammography
(FFDM), while avoiding additional radiation exposure
[8, 9]. Cost-effectiveness analyses have further
supported the clinical adoption of DBT combined with
synthetic mammography as a viable alternative to
conventional FFDM [10]. Tomosynthesis scans were
performed at 2-mm intervals with 15° narrow-angle
projections, and technical parameters were
automatically adjusted according to breast thickness
and compression strength.

Mammographic and Tomosynthesis Evaluation

MMG images, consisting of conventional CC and
sMLO views, were evaluated in consensus by two
experienced radiologists (DETS, EA) using the ACR
BI-RADS Mammography Lexicon as the reference
standard [11]. The evaluations for MMG and DBT
were not performed simultaneously. All MMG images
were first reviewed in consensus by two experienced
radiologists. Subsequently, in separate sessions held
on different days, the same radiologists evaluated the
DBT images. During DBT interpretation, the readers
were blinded to their prior MMG assessments and to
any available histopathological results. This approach
was chosen to minimize recall bias and to ensure
methodological rigor.

Patients were categorized as Type A-B-C-D based
on mammographic breast density. According to the
ACR criteria [11]. Based on the available imaging
findings, the BI-RADS category was determined and
recorded for each patient, first for MMG and then for
DBT. Pathological findings (mass opacity, nodular
opacity, asymmetric density, coarse calcification-
vascular calcification, microcalcification, distortion)
detected in cases other than BI-RADS 1, as well as the
2D maximum transverse diameters of these
pathologies, were also noted. DBT findings were taken
into account in lesion characterization and
classification. In cases where more than one
radiological finding was observed simultaneously, the
characteristic that was decisive for malignancy was
selected as the dominant finding.

In the study, benign findings most frequently
observed included coarse calcifications, vascular wall
calcifications (BI-RADS 2), and oval, circumscribed
nodular opacities <l cm in size with benign
morphology (BI-RADS 2-3). In such cases, the most
dominant imaging characteristic was recorded. For
example, when both BI-RADS 2 and BI-RADS 3
features coexisted, the case was categorized as BI-
RADS 3. When more than one BI-RADS 2 feature
was present (e.g., coarse calcifications together with
vascular wall calcifications), the case was classified
as BI-RADS 2. Other benign descriptors such as
intramammary lymph nodes with typical appearance,
fat-containing lesions (such as lipomas, hamartomas),
and secretory-type calcifications were also accepted
as BI-RADS 2. Lesions with probably benign features
such as focal asymmetries or circumscribed masses
without suspicious morphology were assigned to BI-
RADS 3, in line with the ACR BI-RADS lexicon [11].

In patients divided into four groups based on
mammographic breast density, differences observed
between the BI-RADS categories determined by
MMG and DBT were analyzed both at the population
level and within breast density subgroups.

Statistical Analysis

All statistical analyses were performed using
SPSS (v25.0). For descriptive statistics, mean,
standard deviation, minimum, and maximum values
were calculated for numerical variables, and
frequencies and percentage distributions were
calculated for categorical variables. Patients were
divided into four main groups based on breast density
(Types A, B, C, and D). The agreement between BI-
RADS categories determined by MMG and DBT was
assessed separately for all cases and density
subgroups. The McNemar test was used to evaluate
differences in paired categorical data and to determine
whether tomosynthesis caused reclassification.
Statistical significance was set at P<0.05 in all
analyses.

RESULTS
Demographic Data and Imaging Distributions

A total of 520 female patients with available
digital MMG and DBT images were included in this
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FIGURE 1. BI-RADS category distribution chart comparing Mammography (MMG) and Tomosynthesis (DBT). BI-RADS,

Breast Imaging Reporting and Data System.

study. The mean age of the patients was 53.0+9.9
years. Based on mammographic breast density, 3.8%
(n=20) of the patients were classified as Type A,
28.5% (n=148) as Type B, 43.5% (n=226) as Type C,
and 24.2% (n=126) as Type D. The mean ages for the
density groups were 52.3+4.9 for Type A, 57.2+10.2
for Type B, 54.6+£9.9 for Type C, and 47.2 + 6.3 for
Type D, respectively. The Type D group was observed

to be concentrated in the younger age group. Among
all mammography images in the study, 13.0% (n=71)
were reported as normal (BI-RADS 1), while at least
one pathological radiological finding was detected in
the remaining 91.3% (n=475). The most common
pathological lesion type was nodular opacity, observed
in 57.1% (n=297) of all cases. This was followed by
vascular wall calcification (13.3%, n=69), coarse

FIGURE 2. In a 46-year-old female patient who underwent screening MMG, a regional asymmetric density increase was
observed in the conventional MMG image at the 12 o'clock position in the left breast, while a 32x27 mm well-circumscribed
mass opacity was detected at this level in the DBT images (BI-RADS 3) (evaluated in favor of fibroadenoma by ultrasound).
MMG, Mammography; DBT, Tomosynthesis; BI-RADS, Breast Imaging Reporting and Data System.
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FIGURE 3. A 39-year-old woman presented with a palpable hardness in her left breast. A diagnostic MMG scan performed
for a preliminary diagnosis of malignancy revealed adjacent millimetric nodular opacities with unclear contours in the upper
outer quadrant of her left breast. The DBT image revealed two lesions with irregular contours (BI-RADS 4C). (Ultrasound
assessed the lesions as highly suspicious for malignancy, and the biopsy result was reported as invasive ductal carcinoma,
grade 3, Estrogen Receptor: 90%, Progesterone Receptor: 60%, and Ki-67 index: 20%). MMG, Mammography; DBT,
Tomosynthesis; BI-RADS, Breast Imaging Reporting and Data System.

calcification (5.4%, n=28), mass density (4.8%, n=25),
asymmetric density (4.6%, n=24), distortion (1.9%,
n=10), and microcalcification (1.2%, n=6).

In the evaluation performed with conventional
MMGQG, 3.7% (n=19) of all images were reported as BI-
RADS 0; 13.7% (n=71) as BI-RADS 1; 56.9% (n=296)
as BI-RADS 2; 21.5% (n=112) as BI-RADS 3; 2.9%
(n=15) as BI-RADS 4 and 1.3% (n=7) as BI-RADS 5.
In the re-evaluation performed with DBT, 1.5% (n=8)
were classified as BI-RADS 0; 11.9% (n=62) as BI-
RADS 1; 47.9% (n=249) as BI-RADS 2; 33.8%
(n=176) as BI-RADS 3; 3.5% (n=18) as BI-RADS 4;
and 1.3% (n=7) as BI-RADS 5 (Figures 1 to 4).

The number of patients with BI-RADS 4 (n=15)
and BI-RADS 5 (n=7) by MMG was 22; with DBT
(18/7) was 25. Pathology results of 22 of these patients
were available in the system and a total of 17 patients
were diagnosed as malignant histopathologically (BI-
RADS 4: 10 malignant; BI-RADS 5: 7 malignant).

BI-RADS Distribution at the General Population
Level

When the total cases included in the study were
evaluated, differences were observed between the BI-

RADS categories assigned on MMG and those after
DBT. Reclassifications were particularly notable in
BI-RADS 2 and 3. Of the 296 cases assessed as BI-
RADS 2 on MMG, 61 (20.6%) were reclassified to
BI-RADS 3 on DBT; additionally, 3 cases were
upgraded to BI-RADS 4 and 8 were downgraded to
BI-RADS 1. Of the 112 cases classified as BI-RADS
3 on MMG, 5 were upgraded to BI-RADS 4 and 5
were downgraded to BI-RADS 2, while 2 were
reclassified as BI-RADS 1. Some cases initially
categorized as BI-RADS 4 on MMG were reclassified
to lower categories after DBT. These shifts were
primarily attributable to improved depiction of lesion
morphology on DBT, including clearer margin
assessment and better visualization of subtle
architectural distortion.

BI-RADS Comparison Based on Breast Density
Type A (Fatty Breast)

In this group, the effect of DBT on BI-RADS
classification was quite limited. Of the 6 patients
classified as BI-RADS 2 with MMG, only 1 was
reclassified to BI-RADS 3 with DBT, and 3 patients
were classified as BI-RADS 3 with both MMG and
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FIGURE 4. A 75-year-old woman presented with left breast hardness. A diagnostic MMG revealed linear asymmetric density
accompanied by parenchymal distortion and retraction in the lower inner quadrant of the left breast, along with a millimetric
nodular opacity with indistinct margins. On DBT, a 12.8 mm nodular opacity with irregular spiculated contours and highly
suspicious for malignancy was clearly visible along with its contours (BI-RADS 5). (Ultrasound was also evaluated as BI-
RADS §, and the biopsy pathology report revealed invasive ductal carcinoma, grade: 3, Estrogen Receptor: 90%, Progesterone
Receptor: 90%, and Ki-67 index: 10%). MMG, Mammography; DBT, Tomosynthesis; BI-RADS, Breast Imaging Reporting
and Data System.

DBT. According to the McNemar test, this difference 2 with MMG were reclassified with DBT, but 11
was not statistically significant (P=1.00). This group patients were upgraded to BI-RADS 3. Similarly, 2

comprised a total of 20 patients. patients classified as BI-RADS 3 were downgraded to
BI-RADS 2 with DBT. The McNemar test found this
Type B (Scattered fibroglandular densities) difference to be statistically significant (P=0.022). The

In this group, 70 patients classified as BI-RADS group included 148 patients.

TABLE 1. Cross-Tabulation of BI-RADS Categories Between Mammography and Digital Breast
Tomosynthesis

MMG BI-RADS BI-RADS BI-RADS BI-RADS BI-RADS BI-RADS  Total
0 1 2 3 4 5 (MMG)
DBT
BI-RADS 0 (n=19) 0 8 1 10 0 0 19
BI-RADS 1 (n=71) 0 52 17 2 0 0 71
BI-RADS 2 (n=296) 0 8 224 61 3 0 296
BI-RADS 3 (n=112) 0 2 5 100 5 0 112
BI-RADS 4 (n=15) 0 0 2 3 10 0 15
BI-RADS 5 (n=7) 0 0 0 0 0 7 7

Values represent the number of patients reclassified between BI-RADS categories when comparing conventional
mammography (MMG) and digital breast tomosynthesis (DBT). BI-RADS, Breast Imaging Reporting and Data System. Rows
indicate the initial BI-RADS category based on MMG, and columns represent the final BI-RADS category after DBT.
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Type C (Heterogeneous Dense Breast)

One of the most significant effects of DBT was
observed in this group. Of the 103 patients with BI-
RADS 2, 25 were upgraded to BI-RADS 3 with DBT,
and 3 BI-RADS 3 patients were downgraded to BI-
RADS 2 with DBT. The McNemar test showed that
this difference was highly significant (P<0.001). There
were a total of 226 patients in this density group.

Type D (Extremely Dense Breast)

The most significant reclassification rates were
observed in this group. Of the 45 patients with BI-
RADS 2 with MMG, 24 were upgraded to BI-RADS
3 with DBT. The 21 patients with BI-RADS 3
remained unchanged; no regression was observed.
According to the McNemar test results, this difference
was highly statistically significant (P<0.001). Type D
group consists of 126 patients.

Re-Evaluation of BI-RADS 0 Cases

A total of 19 (3.5%) cases classified as BI-RADS
0 by MMG were referred for further evaluation due to
incomplete evaluation or inability to clarify a
suspicious finding. Re-evaluation with DBT resulted
in a clear classification of all these cases. 10 (52.6%)
cases were re-classified as BI-RADS 3, 8 (42.1%) as
BI-RADS 1, and 1 (5.3%) as BI-RADS 2 (Table 1).

251

= N
5 =]

.
5]

Number of Reclassified Patients

Type B

Re-Classification of BI-RADS 1 Cases

Of the 71 (13.7%) cases classified as BI-RADS 1
by MMG, re-evaluation with DBT resulted in only 52
(73.2%) retaining the BI-RADS 1 classification. Of
the remaining cases, 17 (23.1%) were reclassified as
BI-RADS 2 with DBT, and 2 (2.8%) as BI-RADS 3
(Table 1).

Reclassification of BI-RADS 2 Cases

Of the 296 (56.9%) cases identified as BI-RADS
2, 224 (75.7%) remained in the same category with
DBT; 61 (20.6%) were reclassified as BI-RADS 3, and
3 (1.0%) were reclassified as BI-RADS 4 (Figure 5).
Additionally, 8 (2.7%) cases were reclassified as BI-
RADS 1 because previously identified benign findings
on DBT were no longer visible or more clearly
distinguished. Within this group, the proportion of
cases in which the BI-RADS category changed with
DBT was approximately 24% (Table 1).

Reclassification of BI-RADS 3 Cases

Of the 112 (21.5%) cases assessed as BI-RADS 3
by MMG, only 100 (89.3%) maintained the same
category with DBT. Of the remaining 12 (10.7%)
cases, 5 (4.5%) were reclassified to BI-RADS 2 due
to lower suspicion, and 5 (4.5%) were reclassified to
BI-RADS 4 due to increased suspicion (Figure 5).

e MMG 2 - DBT 3
s MMG 3 - DBT 2

Type C Type D

Breast Density Type

FIGURE 5. The bar chart illustrates the reclassification of patients between BI-RADS categories 2 and 3 based on breast
density type when comparing conventional MMG with DBT. MMG, Mammography; DBT, Tomosynthesis; BI-RADS, Breast

Imaging Reporting and Data System.
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Additionally, 2 (1.8%) cases were assessed within
normal limits by DBT and were reclassified as BI-
RADS 1 (Table 1).

Reclassification of BI-RADS 4 Cases

A detailed examination of the 15 (2.9%) cases
assessed as BI-RADS 4 by MMG, revealed that only
10 (66.7%) of these cases maintained the BI-RADS 4
category after reevaluation with DBT. Of the
remaining 5 (33.3%) cases, 3 (20%) were reclassified
to BI-RADS 3 by DBT, and 2 (13.3%) were
reclassified to BI-RADS 2 (Table 1).

Consistency of BI-RADS 5 Cases

All 7 (1.3%) cases classified as BI-RADS 5 by
MMG were also classified as BI-RADS 5 by DBT
(Table 1).

DISCUSSION

This study aimed to evaluate the effect of DBT on BI-
RADS categorization in different breast density types
compared to conventional MMG. The results
demonstrate that DBT significantly alters BI-RADS
classification, particularly in women with dense breast
tissue, and thus contributes significantly to the
diagnostic process.

The overall findings of the study revealed a
remarkable reclassification rate between BI-RADS 2
and 3 categories. More than 20% of patients assessed
as BI-RADS 2 on MMG were upgraded to BI-RADS
3 or 4 with DBT. Similarly, some cases identified as
BI-RADS 3 on MMG were downgraded to BI-RADS
2 as less suspicious, while others were upgraded to BI-
RADS 4. This suggests that the ability of
tomosynthesis to more fully delineate lesion
morphology allows for more accurate classification of
suspicious lesions. Approximately 27% of cases
assessed as BI-RADS 1 were reclassified to higher
categories such as BI-RADS 2 or 3, with new findings
detected by tomosynthesis. This reclassification
highlights the clinical importance of tomosynthesis,
particularly in dense tissue that may cause a masking
effect on mammography. Our findings demonstrate
that DBT substantially modifies BI-RADS
categorization, particularly through reclassification
between BI-RADS 2 and 3, which were the most

frequent and statistically significant shifts. Beyond
this, DBT contributed to reducing the proportion of
indeterminate examinations: all BI-RADS 0 cases
were reassigned into definitive categories, and a
proportion of BI-RADS 1 cases were reclassified into
BI-RADS 2 or 3, underscoring its potential to decrease
recalls and improve diagnostic clarity. Moreover, the
bidirectional reclassification observed in BI-RADS 3
suggests that DBT reduces diagnostic uncertainty in
this challenging intermediate category. Finally, the
observation that some BI-RADS 4 cases were
downgraded following DBT highlights its potential
role in reducing unnecessary biopsies, a trend also
supported by previous studies. Collectively, these
results emphasize the clinical utility of DBT as a
complementary tool to conventional MMG. The
reclassification of BI-RADS categories in our study
was primarily based on specific morphological
features that could be better delineated with DBT
compared to MMG. For example, several lesions
initially classified as BI-RADS 3 on MMG were
upgraded to BI-RADS 4 on DBT because margin
characteristics such as microlobulation or irregular
contours became more apparent in the tomosynthesis
slices. Conversely, some BI-RADS 3 lesions were
downgraded to BI-RADS 2 when DBT clarified their
smooth, circumscribed margins and confirmed benign
features. In addition, distortions that were equivocal
on MMG could be identified more clearly with DBT,
leading to upgrades. The histopathology results were
available in 22 patients classified as BI-RADS 4 or 5,
of which 17 were malignant. However, systematic
follow-up was not part of the study design, which we
acknowledge as a limitation. The upgrade and
downgrade decisions in our study were mainly driven
by margin assessment and the detection of subtle
architectural distortions on DBT. These mechanisms
have also been highlighted in previous studies. It was
reported that DBT was particularly effective in
reducing false positives by refining the reclassification
between BI-RADS 3 and 4 categories [8]. Similarly,
Rafferty ef al. [12] demonstrated that DBT improves
margin visibility and distortion detection, thereby
supporting more reliable upgrade decisions. Our
findings are consistent with these reports,
underscoring that the morphological features better
delineated by DBT play a pivotal role in BI-RADS
category shifts.
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In our cohort, microcalcifications were detected in
only 1.1% of patients, which is lower than reported in
some previous studies [13]. This relatively low
proportion can be explained by the characteristics of
our study population and the retrospective design.
Most of the patients presented with nodular opacities
or benign calcifications, such as vascular wall or
coarse calcifications, while suspicious
microcalcifications were less frequent. In addition, the
technical specifications of the DBT system may have
influenced our results. We used a narrow-angle DBT
system, which is reported to provide relatively better
visualization of microcalcifications but may be less
advantageous than wide-angle systems for depicting
architectural distortions and margin characteristics of
masses [14]. Conversely, wide-angle DBT systems
(=40°) reduce structural noise and improve lesion
conspicuity, particularly for spiculated or
microlobulated masses and distortions. Therefore,
while our narrow-angle system could theoretically
favor microcalcification assessment, the overall low
rate of microcalcifications in our study is more likely
explained by patient population characteristics.

Analyses performed according to density
subgroups also support this conclusion. While no
significant difference was found between the BI-
RADS categories determined by MMG and DBT in
Type A and Type B (fatty and less dense breast)
groups, the BI-RADS 2 « 3 transitions were shown
to be statistically significant in Type C and Type D
(heterogeneously and extremely dense breast) groups
(P<0.001). This finding highlights the issue of
"decreased sensitivity of mammography in dense
breast tissue," frequently emphasized in the literature,
and suggests that tomosynthesis may compensate for
this disadvantage [15]. Large population-based
screening trials have similarly reported that DBT
increases cancer detection rates and reduces recall
rates in women with dense breasts [16, 17].

On the other hand, analyses conducted for the
highly suspicious categories BI-RADS 4 and 5
revealed a different pattern. All cases assessed as BI-
RADS 5 by MMG were also classified in the same
way by tomosynthesis; some cases with BI-RADS 4
were downgraded to lower categories by DBT. This
demonstrates that tomosynthesis can serve as a
confirmatory tool, particularly in highly suspicious
cases, and can also contribute to the prevention of

unnecessary further examinations.

This study also demonstrates that tomosynthesis

offers multifaceted benefits in terms of both diagnostic
accuracy and its impact on clinical decision-making.
The more precise evaluation of some indeterminate
lesions, particularly those in the BI-RADS 3 category,
with DBT provides valuable contributions to clinical
decision-making by preventing unnecessary short-
term follow-up and potentially missed malignant
lesions.
These findings are consistent with the existing
literature. Previous studies have also reported that
DBT offers a higher lesion detection rate and fewer
false-negative results compared to conventional
MMG, nparticularly in dense breasts [6, 18, 19].
Additionally, there are results indicating that
tomosynthesis can reduce false-positive rates, thus
reducing unnecessary biopsies and anxiety [10, 20-
22].

Strengths and Limitations

This study has several limitations. First, its
retrospective and single-center design may limit the
generalizability of the findings. Mammographic
evaluation was performed using conventional CC
images combined with synthetic MLO images,
allowing a two-view assessment comparable to routine
MMG; however, DBT acquisition was limited to the
MLO projection. As CC DBT images were not
available, lesions located outside the optimal MLO
coverage may have been missed, potentially
introducing bias. Nevertheless, this approach reflects
routine clinical practice aimed at minimizing radiation
exposure, as MLO DBT provides the widest breast
coverage with a single projection.

Second, interobserver variability could not be
assessed because all evaluations were performed in
consensus by two experienced radiologists, precluding
statistical agreement analysis. In addition, although the
overall cohort size was relatively large, the limited
number of patients in BI-RADS 4 and 5 categories
restricts the reliability of subgroup analyses for high-
suspicion lesions.

Another limitation is the lack of systematic
histopathological confirmation for most cases.
However, as the majority of patients had benign
imaging features, biopsies were not clinically

The European Research Journal | Volume 12

Issue 7 | July 2026

727



Eur Res J. 2026;12(7):719-729

BI-RADS Category Changes After Tomosynthesis

indicated. Importantly, the primary aim of this study
was not to assess diagnostic accuracy or malignancy
prediction, but to evaluate the effect of DBT on BI-
RADS categorization across different breast density
groups.

Finally, DBT was available for all patients
included in the retrospective dataset, including those
with fatty breasts. While this allowed for uniform
comparison between MMG and DBT across all breast
density categories, it may limit the generalizability of
our findings to real-world screening settings where
DBT is often selectively applied, particularly in
women with dense breasts. Despite these limitations,
our findings are consistent with large population-based
screening trials, such as the STORM and Oslo
Tomosynthesis Screening Trials, which have
demonstrated the added value of DBT, especially in
dense breast tissue [16, 17].

CONCLUSION

This study demonstrated that DBT significantly
influences BI-RADS categorization, particularly in
women with dense breast tissue. DBT enabled both
up- and down-classification of lesions, especially
between BI-RADS 2 and 3, contributing to improved
lesion characterization. The consistent performance in
high-risk categories (BI-RADS 5) and enhanced
detection of subtle findings further support its
diagnostic value. These results support the potential
role of DBT as a complementary tool to conventional
MMG in routine breast cancer screening.
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Abstract:

Objective: Vascular access 1s a key component of effective hemodialysis treatment. Patient education regarding
selection, complications, and daily care remains challenging. Recently, large language models (LLMs) have
been explored as supportive tools in this field. This study compared three widely used LLMs (ChatGPT-5,
Gemini-2.5, and DeepSeek-V3) in addressing patient-centered questions on hemodialysis vascular access.
Methods: Twenty-five frequently asked patient questions were compiled from literature, educational materials,
and expert input. Each question was submitted to the three LLMs in standardized sessions, and answers were
anonymized. Four cardiovascular surgeons independently evaluated responses in a blinded manner using 5-
point Likert scales for accuracy, clarity, and scientificity. Statistical analyses compared model performances.
Results: DeepSeek-V3 provided significantly responses with a higher word count and achieved higher scientific
depth scores compared to ChatGPT-5 and Gemini-2.5 (P<0.01). Accuracy scores showed ChatGPT-5
demonstrated significantly lower than both Gemini-2.5 and DeepSeek-V3 (P<0.001). No significant differences
were observed among models regarding clarity. Overall, DeepSeek achieved the highest mean scores across
all criteria.

Conclusion: DeepSeek-V3 demonstrated superior scientific depth and overall reliability, whereas ChatGPT-
5 showed relative weaknesses in accuracy. The comparable clarity across models highlights LLMs’ potential
as supportive tools for patient education. Future studies should further validate these tools in real-world clinical
settings and define appropriate safeguards for their use.

Keywords: Large Language Models, Artificial Intelligence, Patient Education, Hemodialysis, Vascular Access

health problem with increasing prevalence and disease. Adequate and reliable vascular access is vital
incidence, significantly reducing quality of life for the effective implementation of hemodialysis.
and closely associated with mortality [1]. Arteriovenous fistula (AVF), arteriovenous graft
Hemodialysis is one of the most commonly used renal (AVG), and central venous catheter (CVC) are the

Chronic kidney disease (CKD) is a global public  replacement therapies for patients with end-stage renal
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main vascular access routes used today. International
guidelines recommend AVF creation as the first option
because it provides the highest possible patency, the
lowest complication rate, and the best patient survival
[2,3].

However, patients may experience uncertainty and
anxiety across a wide range of issues, from the choice
of access type to the postoperative care process, from
potential complications to the organization of daily life
activities. Patients with insufficient knowledge may
have difficulty recognizing clinical symptoms
requiring medical intervention and, as a result, may
delay seeking healthcare [4]. Furthermore, it has been
reported that CKD patients with low health literacy
have significantly lower quality of life parameters
related to physical and mental health [5]. The literature
shows that patients who can communicate effectively
with healthcare professionals, evaluate reliable
information sources, and understand and process
health information have a higher prevalence of AVF
use compared to catheters [6].

Traditionally, this information process has been
carried out face-to-face by nephrologists,
cardiovascular surgeons, and dialysis nurses.
However, the intensity of healthcare systems, time
constraints, and the large number of patients can make
it difficult to allocate sufficient time to each patient.
To fill this gap, patients are increasingly turning to the
internet and digital resources. Revolutionary
developments in artificial intelligence (Al) in recent
years suggest that tools such as Large Language
Models (LLMs) could play a potential role in patient
education. Thanks to their natural language processing
capabilities, these models have the potential to explain
complex medical topics in language appropriate for
patients. A study on the use of Al in nephrology
reported that nephrologists who can integrate Al into
their work can provide better care to their patients [7].

However, there are significant concerns regarding
the quality, accuracy, and reliability of the content
produced by these models. LLMs may reflect errors
or biases in the datasets they were trained on, provide
outdated information, or generate statements that
sound plausible but are entirely unrealistic, known as
“hallucinations” (8). When it comes to medical
information, the risk that such errors could potentially
harm patients necessitates a rigorous evaluation of
these tools' performance. The current literature

includes studies measuring the knowledge level of
ChatGPT and other LLMs across various medical
disciplines [9, 10]. However, no comprehensive study
has been identified that provides a comparative
evaluation of these models within a specific,
multidisciplinary field such as hemodialysis vascular
access, where patient education is crucial.

Therefore, access to accurate, understandable, and
evidence-based information may play a pivotal role in
patients’ decision-making regarding hemodialysis
vascular access. Based on this premise, the aim of the
present study is to evaluate the responses provided by
three popular LLMs (ChatGPT-5, Gemini-2.5, and
DeepSeek-V3) to frequently asked questions by
patients about hemodialysis vascular access;
evaluating them using a blinded method by an expert
panel based on the criteria of accuracy, clarity, and
scientific depth.

METHODS

The methodology of this study was designed to
compare the performance of three LLMs in answering
patient questions about hemodialysis vascular access.
The study was based on a panel of expert physicians
evaluating the responses obtained from the models
using a blinded method and comparing these
responses in terms of objective metrics. The models
evaluated were ChatGPT-5 (OpenAl, Microsoft
Corporation, San Francisco, CA, USA, 2025),
Gemini-2.5 (Google, Mountain View, CA, USA,
2025), and DeepSeek-V3 (DeepSeek, Beijing,
CHINA, 2025) versions, which were accessed via
their public interfaces on August 21, 2025.

The question set consists of 25 questions covering
a variety of topics, including preparation for fistula
surgery, fistula maturation, daily life and protection,
fistula complications and their management, and
catheter care. The identification of frequently asked
questions was carried out through a systematic
evaluation of widely used online platforms, including
Google Trends, YouTube search recommendations,
patient support forums, and official web portals of
relevant healthcare organizations. Furthermore,
questions recurrently reported by patients in daily
clinical practice were included based on the
investigators’ observations.
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During the data collection process, each question was
presented with a standardized prompt for each model.
As an important methodological precaution, the
browser cache and cookies were cleared for each new
question, and a new chat session was always opened
to prevent previous interactions from influencing the
model output. All responses received were recorded
in plain text, stripped of formatting, along with the
relevant question and model ID.

To evaluate the collected responses, 25 responses
from each model were randomly labeled with letters
(Model X, Y, Z) and compiled into separate booklets.
No information revealing the model ID was included
anywhere in the booklets. The evaluation was
conducted by a panel of four cardiovascular surgery
specialists. A calibration meeting was held prior to the
evaluation to ensure that the panelists interpreted the
scales consistently. A minimum of 72 hours was
allowed between the evaluation of one booklet and the
distribution of the next to clear the evaluators' memory
(washout). Each response was scored by the panelists
on a 5-point Likert scale according to three main
criteria: accuracy of medical content, clarity and
comprehensibility of information for patients, and
scientific depth and scope of information provided.

Statistical Analysis

All data were analyzed using IBM SPSS Statistics
for Windows, Version 26.0 (IBM Corp., Armonk, NY,
USA) software. The normality of data distribution was
assessed using the Shapiro—Wilk test. Differences in
response scores between the three models were
examined using repeated measures analysis of variance
for normally distributed data and the Friedman test for
non-normally distributed data. Results for normally
distributed data were reported as mean + standard
deviation, while results for non-normally distributed
data were reported as median (minimum—maximum)
values. A statistical significance level of P<0.05 was
accepted for all analyses.

RESULTS

In terms of response length, defined as the total word
count of each generated answer, statistically
significant differences were observed among

ChatGPT-5, Gemini-2.5, and DeepSeek-V3.
DeepSeek-V3 produced the longest responses, with a
mean word count of 439.12, followed by Gemini-2.5
(257.08) and ChatGPT-5 (149.60). These differences
were statistically significant (P<0.001). Pairwise
comparisons demonstrated that DeepSeek-V3
responses contained a significantly higher number of
words than those of both Gemini-2.5 and ChatGPT-5
(P<0.01 for both comparisons), and that Gemini-2.5
responses were also significantly longer than those of
ChatGPT-5 (P<0.001). Detailed data on response
length are presented in Table 1.

For Rater 1, a statistically significant difference
was found between ChatGPT-5, Gemini-2.5, and
DeepSeek-V3 in the scientificity category (Figure 1).
In pairwise comparisons, this difference was observed
between ChatGPT-5 and DeepSeek-V3 (P=0.022).
DeepSeek's median value was found to be
significantly higher than ChatGPT-5's (5 and 4,
respectively; P=0.04). No statistically significant
differences were found in the other categories
evaluated for R1 (P=0.294).

No statistically significant differences were found
among the three models in the accuracy category for
Rater 2 (P=0.312). Statistically significant differences
were found between ChatGPT-5, Gemini-2.5, and
DeepSeek-V3 in the scientificity category for R2
(P<0.001). In the pairwise comparisons, DeepSeek
scored significantly higher than ChatGPT-5 (P<0.001)
and was also significantly superior to Gemini-2.5
(P<0.001). No significant difference was found among
the three models in the clarity category (P=0.113).

For Rater 3, statistically significant differences
were found among the three models in the accuracy
category (P<0.001). In the pairwise comparisons,
ChatGPT-5 scored significantly lower than both
Gemini-2.5 and DeepSeek-V3 (P<0.001 for both
comparisons). In contrast, no significant difference
was found between Gemini-2.5 and DeepSeek-V3
(P=0.832). For R3, a statistically significant difference
was found among the three models in the scientificity
category (P<0.001). In pairwise comparisons,
ChatGPT-5 scored significantly lower than both
Gemini-2.5 (P=0.007) and DeepSeek-V3 (P<0.001).
In contrast, no significant difference was found
between Gemini-2.5 and DeepSeek-V3 (P=0.437). No
statistically significant difference was found among
the models in the clarity category for R3 (P=1.000).
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TABLE 1. Comparison of Response Length (Measured as Word Count) Among ChatGPT-5,
Gemini-2.5, and DeepSeek-V3

Questions ChatGPT-5 Gemini-2.5 DeepSeek-V3
1. Why is it necessary to establish a vascular access for 171 321 433
hemodialysis?

2. What is the difference between an arteriovenous fistula and a 180 366 524
catheter? Which one is safer?

3. Which vascular access option is more suitable for me for 243 438 570
hemodialysis?

4. What tests are performed before fistula surgery? 171 285 574
5. Is fistula surgery difficult? How long does it take? 116 143 482
6. Do I need to do any special preparation before fistula surgery? 195 214 410
7. How long after fistula surgery will it be ready for use? 102 185 333
8. What does it mean for a fistula to “mature’? How long does it take? 160 242 419
9. What should I do after surgery to protect my fistula? 194 283 489
10. How can [ tell if my fistula is working? 143 250 449
11. Can I use my fistula arm? Can I lift heavy objects? 123 215 374
12. Can blood pressure measurements or blood draws be 73 181 242
performed on my fistula arm?

13. What should I be careful about in daily life to avoid damaging 177 237 408
my fistula?

14. What should I do if my fistula becomes swollen, painful, or bruised? 128 243 489
15. What happens if my fistula becomes blocked? Can it be reopened? 103 302 347
16. How can I tell if a clot has formed in my fistula? 120 201 445
17. Is it dangerous if a balloon (aneurysm) develops in my fistula? 155 250 463
18. How will I undergo dialysis if my fistula does not function? 136 247 435
19. Why is a catheter inserted, and why is it preferred over a fistula? 158 355 548
20. How can I tell if my dialysis catheter is infected? 125 317 287
21. Can I bathe with my dialysis catheter, and what should I pay 173 224 404
attention to in daily care?

22. What should I do if my dialysis catheter becomes blocked? 118 292 393
Does it need to be replaced?

23. What is a fistula graft, and in which cases is it preferred? 206 276 521
24. If my fistula fails, can [ have another surgery? 114 190 441
25. If my vascular access is no longer viable, what is the last resort 156 170 498
for dialysis?

Mean+SD 149.6+£38.68 257.08468.27 439.124+82.58
P-value <0.001

F 517.55

SD, standard deviation; F, One-way Anova test statistic. Statistically significant P-value is shown in bold.
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FIGURE 1. Comparison of ChatGPT, Gemini, and DeepSeek's scores in the accuracy, scientificity, and clarity categories

using a bar chart.

TABLE 2. Comparison of ChatGPT-5, Gemini-2.5, and DeepSeek-V3's Accuracy, Scientificity,
and Clarity Categories and Overall Average Scores

ChatGPT-5 Gemini-2.5 DeepSeek-V3 stat P-value
Accuracy (R1) 5@3-5) 4 (2-5) 4 (3-5) x2=2.452 0.294
Scientificity (R1) 4 (3-5) 4 (3-5) 5(3-5) x2=7.600 0.022
Clarity (R1) 5@3-5) 4 (3-5) 4 (3-5) x2=2.233 0.327
Accuracy (R2) 4 (4-5) 4 (3-5) 5(4-5) %2=6.500 0.312
Scientificity (R2) 4 (3-5) 4 (3-5) 5(4-5) x2=21.816  <0.001
Clarity (R2) 5@3-5) 4 (3-5) 5(4-5) x2=4.353 0.113
Accuracy (R3) 4 (4-5) 5(4-5) 5(5-5) x2=38.273  <0.001
Scientificity (R3) 4 (3-5) 5@3-5) 5 (4-5) x2=18.620  <0.001
Clarity (R3) 5(4-5) 5(5-5) 5(5-5) x2=8.000 1.0
Accuracy (R4) 5(4-5) 5(4-5) 5(4-5) x2=0 1.0
Scientificity (R4) 4 (3-5) 4 (3-5) 5(3-5) x2=9.864 0.007
Clarity (R4) 5(5-5) 5@3-5) 5(5-5) %2=10.000 0.051
Accuracy (average) 4.5 (4-5) 4.75 (3.5-5) 4.75 (4.25-5) x2=18.074  <0.001
Scientificity (average) 4 (3.5-4.75) 4.25 (3.25-5) 4.75 (4-5) x2=22.422  <0.001
Clarity (average) 4.75 (4.25-5) 4.5 (3.75-5) 4.75 (4.5-5) %2=6.000 0.05
Three categories (average) 4.41+0.21 4.46+0.34 4.73+0.17 F=34.811 <0.01

¥2, Friedman test statistic; F, one-way Anova test statistic; SD, standard deviation; Min, minimum; Max, maximum; R, rater

(cardiovascular surgery specialist).

Statistically significant P-values are shown in bold.
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No statistically significant difference was found
among the models in the accuracy category for Rater
4 (P=1.000). A statistically significant difference was
found between the models in the scientificity category
for R4 (P=0.007). In the pairwise comparisons, this
difference was observed between DeepSeek-V3 and
ChatGPT-5 (P=0.02), and DeepSeek's scores were
found to be significantly higher. No statistically
significant difference was found between the models
in the clarity category for R4 (P=0.051).

When the models were compared in terms of
average accuracy scores, a statistically significant
difference was found (P<0.001). In pairwise
comparisons, ChatGPT-5 scored significantly lower
than both Gemini-2.5 (P=0.034) and DeepSeek-V3
(P<0.001). In contrast, no significant difference was
found between Gemini-2.5and DeepSeek-V3 (Table 2).

When comparing the models in terms of average
scientificity scores, a statistically significant difference
was found (P<0.01). In pairwise comparisons,
DeepSeek-V3 scored significantly higher than both
Gemini-2.5 (P=0.002) and ChatGPT-5 (P<0.001). No
statistically significant difference was found between
the models in terms of average clarity scores
(P=0.051).

When the average scores for the three categories
were compared (Figure 2), a statistically significant

Three categories
(average)

Clarity
(average)

Scientificity
(average)

Accuracy
(average)

78]

3.5

difference was found between ChatGPT-5, Gemini,
and DeepSeek-V3 (P<0.001). DeepSeek-V3's average
scores were found to be significantly higher than both
Gemini-2.5 and ChatGPT-5 (4.73 compared to 4.46
and 4.41; P<0.01). In contrast, no significant
difference was found between Gemini-2.5 and
ChatGPT-5 in terms of average scores (P=1.000).

DISCUSSION

This is among the first studies to the performance of
three LLMs (ChatGPT-5, Gemini-2.5, and DeepSeek-
V3) in a specific medical field where patient education
is critically important, such as hemodialysis vascular
access, against expert evaluation. The findings reveal
that, overall, the DeepSeek-V3 model demonstrated a
statistically significant superiority over ChatGPT-5
and Gemini-2.5 in terms of accuracy, scientificity, and
overall average scores. However, no significant
difference was found among the models in the clarity
category. This suggests that DeepSeek-V3's detailed
responses do not reduce comprehensibility.

Previous studies evaluating LLMs in patient
education across different medical domains have
reported generally high performance in terms of clarity
and patient-oriented explanations, with more variable

MDeepSeek-V3 MGemini-2.58ChatGPT-5

FIGURE 2. Comparison of ChatGPT, Gemini, and DeepSeek's accuracy, scientificity, clarity, and overall average scores

using a bar chart.
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results regarding scientific depth and accuracy. The
literature has shown that LLMs can effectively
communicate medical information, but performance
can vary significantly depending on the clinical
context and evaluation criteria [9, 10]. Consistent with
these findings, our results indicate that although all
evaluated models performed similarly in terms of
clarity, notable differences were observed in scientific
depth and accuracy, particularly in a multidisciplinary
and procedure-specific field such as hemodialysis
vascular access.

The most striking finding of our study is that
DeepSeek-V3 scored significantly higher than the
other two models on the scientificity criterion. This
may be related to the scope, recency, and quality of
the medical literature in the model's dataset. In
particular, the evaluations by Rater 2 and Rater 3
showed that DeepSeek-V3 tends to present medical
content in a more in-depth and evidence-based
manner. This finding is extremely important when
considering the role of LLMs in providing medical
information, as it is essential to maintain scientific
accuracy as well as comprehensibility for patients
[11]. In this study, DeepSeek-V3's ability to generate
responses with a higher word count may have
contributed to its high scientific score. However, long
responses containing unnecessary details may cause
confusion in patient education. Therefore, when
evaluating the scientific depth of responses, attention
was paid not only to the number of words but also to
content density, evidence-based information
presentation, and literature references. However, it
should be noted that the relationship between response
length and quality is not linear; unnecessarily lengthy
and off-topic responses can have negative
consequences in patient education [12].

In the accuracy category, it is concerning that
ChatGPT-5 has a significantly lower average score
compared to both Gemini-2.5 and DeepSeek-V3.
ChatGPT-5's most noteworthy response was providing
clear information that a fistula would mature and be
ready for dialysis within four weeks in response to a
question about fistula maturation (Question 8: What
does it mean for a fistula to “mature”? How long does
it take?). It did not provide a time frame and did not
mention the valuable “Rules of 6” found in the
guidelines [2]. This may indicate that ChatGPT-5 has
a higher risk of producing hallucinations in this

specific domain. Rater 3's evaluations were where this
difference was most pronounced. One of the major
criticisms of LLM use in medicine - the risk of
hallucination - —has once again been confirmed by
the results of our study [13, 14]. The statistically
similar performance of Gemini-2.5 and DeepSeek-V3
in terms of accuracy suggests that these models may
be more consistent in providing reliable information.

In contrast, Gemini-2.5 demonstrated a more
balanced and moderate performance profile across the
evaluated domains. While it did not exhibit
pronounced strengths comparable to ChatGPT-5 in
clarity or to DeepSeek-V3 in scientific depth, it also
did not show marked weaknesses. This intermediate
performance may suggest a more conservative
response generation approach, prioritizing consistency
over specialization, which could be advantageous in
certain patient education contexts.

Interestingly, all three models scored similarly
high in the clarity category, with no statistically
significant difference observed between them. This
finding demonstrates that current LLMs have
generally reached a mature level of ability to express
complex medical concepts in understandable language
appropriate for the patient level. This is a promising
result that strengthens their potential for use as a
supportive tool, particularly for patient groups with
low health literacy [15, 16].

The scoring variance among evaluators (e.g.,
Rater 1 not observing a significant difference in
scientific accuracy, while other raters did) highlights
the role of subjective judgment in evaluating medical
information. Different clinical experiences and
emphases can lead to different interpretations of the
quality of a response. This highlights the value of
study designs using multi-rater, blinded methods in
evaluating LLM outputs and points to the limitations
of assessments based on a single expert opinion.

Strengths and Limitations

This study’s main strength lies in its direct,
blinded comparison of three LLMs in the context of
hemodialysis vascular access, a field where patient
education is critically important. The use of clinically
relevant, patient-centered questions and independent
evaluation by multiple expert raters enhances the
reliability of the findings. Moreover, the separate
assessment of accuracy, clarity, and scientific depth
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allows for a clear delineation of each model’s strengths
and limitations in patient education. Nevertheless, this
study has some limitations. First, the models'
performance was evaluated at a specific point in time
(August 2025). Since LLMs are constantly updated
and model parameters (e.g., temperature settings) can
affect the randomness of outputs, their performance
may vary over time. Additionally, differences in model
architecture, training datasets, and the rapid update
cycles of LLMs may limit direct quantitative
comparisons with previously published studies
evaluating earlier model versions. Second, although
the 25-question set used in the study is comprehensive,
it may not cover all possible scenarios and
complications related to hemodialysis access. Thirdly,
the evaluator panel consisted solely of cardiovascular
surgeons, and the exclusion of nephrologists and
dialysis nurses is a factor that limits the generalizability
of the study. Another limitation of this study is that
intraclass correlation coefficient (ICC) analyses did not
yield interpretable results due to the inherently
subjective nature of expert-based evaluations of LLM-
generated responses, which may have contributed to
variability in the findings. Finally, the real-world
impact of the responses on patient groups
(comprehension, compliance, satisfaction) has not been
measured; this is an important area for future research.

CONCLUSION

In conclusion, this study demonstrates that DeepSeek-
V3 may be a more reliable source in terms of scientific
depth and overall quality regarding hemodialysis
vascular access; while ChatGPT-5's relative weakness
in accuracy reinforces the fact that LLMs should be
critically verified rather than automatically accepted
for medical use. The success of all models in terms of
clarity, however, shows that this technology holds
promise as a support tool in patient education.
However, ethical concerns must also be considered
when using LLMs in patient education. Patients may
place a high level of trust in Al-based information,
which could create potential risks if incorrect or
incomplete information is provided. Therefore,
clinicians should review LLM-based educational
materials and ensure the accuracy and clinical
appropriateness of the information provided.
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The large language model-based chatbots
ChatGPT-5 (OpenAl, Microsoft Corporation, San
Francisco, CA, USA, 2025), Gemini-2.5 (Google,
Mountain View, CA, USA, 2025) and DeepSeek-V3
(DeepSeek, Beijing, CHINA, 2025) were used solely
to respond to patient questions about hemodialysis
vascular access. The final content was critically
reviewed and approved by human authors, who take
full responsibility for the integrity and accuracy of the
work. The language model was not involved in
authorship or editorial decision-making.

The all content of the study was produced by the
author(s) in accordance with scientific research
methods and academic ethical principles.
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ABSTRACT

Objective: Polycystic ovary syndrome (PCOS) is associated with elevated cardiovascular disease (CVD) risk
due to metabolic derangements. Although obesity contributes to CVD, the independent contribution of PCOS
remains controversial. This study aimed to compare insulin resistance (IR) and atherogenic lipid indices across
body mass index (BMI) categories within PCOS, to evaluate the diagnostic performance of atherogenic indices
between non-obese PCOS and healthy controls, and to derive exploratory, data-driven thresholds that may
inform cardiovascular risk assessment in non-obese PCOS.

Methods: This single-center case-control study enrolled 65 treatment-naive women newly diagnosed with
PCOS (Rotterdam criteria 2003) and 100 age-matched healthy controls. A panel of IR and composite
atherogenic lipid indices (e.g., Lipid Accumulation Product [LAP], Visceral Adiposity Index [VAI],
Triglyceride-Glucose [TyG] Index) was compared between groups.

Results: Within PCOS, atherogenic lipid indices were similar in obese versus non-obese subgroups. Non-
obese PCOS demonstrated significantly higher atherogenic lipid and IR indices compared to controls (all
P<0.05). Receiver operating characteristic (ROC) curve analysis identified LAP (Area under the curve [AUC]
=0.747, 95% confidence intervals [CI]: 0.647-0.844, threshold=18.05), VAI (AUC=0.707, 95% CI: 0.605-
0.811, threshold=1.15), and TyG (AUC=0.701, 95% CI: 0.583-0.814, threshold=8.29) as the three best indices
distinguishing non-obese PCOS from healthy controls.

Conclusion: Elevated atherogenic lipid and IR indices in non-obese PCOS compared to non-obese controls,
alongside similar atherogenic markers between obese and non-obese PCOS groups are consistent with the
notion that PCOS may independently contribute to atherogenesis beyond obesity-related mechanisms. In this
exploratory analysis, data-driven thresholds for LAP, VAI and TyG were identified in non-obese PCOS. These
values require external validation in larger, multi-center cohorts before they can be considered for routine CVD
risk screening or monitoring.

Keywords: Polycystic Ovary Syndrome, Lipid Accumulation Product, Triglyceride-Glucose Index, Visceral
Adiposity Index

Submitted: November 5, 2025 Accepted: December 7, 2025 Published Online: December 29, 2025

How to cite this article: Andag B, Navdar Basaran M, Eren GN. Atherogenic Burden and Insulin Resistance in Non-Obese
Women with Polycystic Ovary Syndrome: A Comparative Study with Healthy Controls. Eur Res J. 2026;12(7):739-751. doi:
10.18621/eurj.1815977

Corresponding author: Burak Andag, MD., Phone: +90 452 225 01 85, E-mail: drburakandac87@gmail.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://www.eurj.org.tr

The European Research Journal | Volume 12 | Issue 7 | July 2026 739


http://orcid.org/0009-0003-9830-7413
https://ror.org/04r0hn449
http://orcid.org/0000-0001-8680-0313
https://ror.org/04r0hn449
http://orcid.org/0000-0001-7817-2871
https://doi.org/10.18621/eurj.1815977
https://doi.org/10.18621/eurj.1815977
mailto:drburakandac87@gmail.com
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.eurj.org.tr

Eur Res J. 2026;12(7):739-751

Atherogenic Indices in Non-Obese PCOS

prevalent, multifaceted endocrine disorder in

women of reproductive age, with global
estimates ranging from 4% to 21% depending on the
diagnostic criteria applied and the characteristics of
the studied population [1]. PCOS exhibits marked
heterogeneity, encompassing a broad range of
clinical manifestations and diverse phenotypes.
Clinically, it is characterized by oligomenorrhea and
hyperandrogenism, alongside cardiovascular risk
factors including glucose intolerance, insulin
resistance (IR), obesity, dyslipidemia, metabolic
dysfunction-associated steatotic liver disease, and
obstructive sleep apnea [1, 2]. Despite the absence of
a controlled, systematic study to delineate the exact
prevalence, the prevailing literature indicates that
>50% of women with PCOS are obese. Furthermore,
relative to women without PCOS, the majority exhibit
hyperinsulinemia and IR irrespective of obesity [3, 4].
A meta-analysis has confirmed elevated risks of
coronary heart disease (CHD) and stroke in PCOS
populations [4]. Factors such as obesity, IR, type 2
diabetes mellitus (DM), and dyslipidemia appear to
contribute to the heightened susceptibility of this
population to CHD [3, 5]. However, the independent
contribution of PCOS to cardiovascular risk, distinct
from the confounding influence of obesity, remains
incompletely  understood. = Multiple  studies
demonstrated that non-obese women with PCOS
exhibit higher levels of cardiovascular risk markers -
including inflammatory markers, endothelial
dysfunction, and subclinical atherosclerosis - than
their non-PCOS counterparts, independent of body
mass index (BMI) [6-8].

Anthropometric (e.g., BMI, waist circumference
[WC]), atherogenic (e.g., Castelli risk index,
Atherogenic Index of Plasma [AIP], Atherogenic
Coefficient [AC]), and IR indices (e.g., Homeostatic
Model Assessment of Insulin Resistance [HOMA-IR],
Triglyceride-Glucose [TyG] index, Metabolic Score
for Insulin Resistance [METS-IR], Visceral Adiposity
Index [VAI], Lipid Accumulation Product [LAP]) are
increasingly used as non-invasive, cost-effective tools
for predicting cardiovascular disease (CVD) risk
across diverse populations. Recent large-scale cohort
studies demonstrate that these indices are
independently associated with incident CVD and
mortality [9-11]. Furthermore, these indices have been

?olycystic ovary syndrome (PCOS) is a

shown to reflect metabolic disturbances in PCOS [12-
15]. However, comprehensive evaluations comparing
multiple validated atherogenic and IR indices across
BMI categories within PCOS cohorts remain scarce.
Moreover, defining clinically applicable diagnostic
cut-offs for these indices specifically in non-obese
PCOS would facilitate early risk stratification and
guide targeted preventive interventions.

The present study aimed to address these
knowledge gaps through four primary objectives: (1)
to comprehensively compare markers of IR/
atherogenic indices in PCOS and healthy controls
(including obese and non-obese), (2) to compare these
markers between obese and non-obese subgroups
within the PCOS cohort, (3) to evaluate the diagnostic
performance of the indices in discriminating between
non-obese PCOS and healthy controls, and (4) to
derive exploratory, data-driven threshold values that
may help inform clinical screening and longitudinal
monitoring of cardiovascular risk in non-obese PCOS
populations.

METHODS
Study Design and Participants
This single-center case-control study was

conducted using data from patients examined between
December 2023 and July 2025. The study population
comprised 65 treatment-naive women newly
diagnosed with PCOS and 100 age-matched healthy
controls. PCOS diagnosis was established according
to the Rotterdam criteria 2003, requiring the presence
of at least two of three features: (1) oligo-ovulation or
anovulation, (2) clinical and/or biochemical
hyperandrogenism, and (3) polycystic ovaries on
ultrasonography, after exclusion of other etiologies
[16]. All PCOS participants were treatment-naive at
enrollment to eliminate the confounding effects of
medications on metabolic parameters.

Inclusion criteria for the PCOS group included:
age 18-45 years, fulfillment of Rotterdam diagnostic
criteria, absence of any medical treatment for PCOS
or metabolic disorders in the preceding six months.
Exclusion criteria encompassed: pregnancy, lactation,
use of lipid-lowering drugs, strenuous exercise habits,
history of previous or current oral contraceptive use,
patients using glucocorticoids and drugs that may
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affect glucose metabolism, decompensated thyroid
disease, patients with other causes of androgen excess
(classic or nonclassic congenital adrenal hyperplasia,
hyperprolactinemia, Cushing’s syndrome, androgen-
secreting tumors, idiopathic hirsutism), patients
diagnosed with depression, and patients using
medications with a diagnosis of depression, chronic
inflammatory diseases, hepatic or renal dysfunction,
and smoking or excessive alcohol consumption.
Healthy controls were recruited from hospital staff and
community volunteers undergoing routine health
examinations. Control inclusion criteria included: age
18-45 years, regular menstrual cycles (26-35 days),
absence of clinical or biochemical hyperandrogenism,
and absence of any chronic medical conditions or
regular medication use. The same exclusion criteria
applied to the PCOS group were also applied to the
control group.

Anthropometric Measurements

BMI was calculated as weight (kg) divided by
height squared (m?). Obesity was defined as BMI >30
kg/m? and non-obesity as BMI <30 kg/m? in
accordance with commonly used World Health
Organization (WHO) criteria. Within the PCOS group,
women were categorised as obese (BMI >30 kg/m?)
or non-obese (BMI <30 kg/m?) for subgroup analyses.
Obesity subclasses were not analysed separately
because of the limited number of patients in each
category. WC was measured at the midpoint between
the lowest rib and iliac crest during mid-expiration
using a non-stretchable tape measure to the nearest 1
cm. The waist-to-height ratio (WHtR) was computed
as waist circumference (cm) divided by height (cm).

Biochemical Analyses

Blood samples were collected after a minimum
12-hour overnight fast. Glycated hemoglobin (HbA1c¢)
was quantified on a Tosoh G8 high-performance liquid
chromatography  (HPLC) analyzer utilizing
manufacturer-supplied reagents. Serum glucose, total
cholesterol (TC), low density lipoprotein (LDL)-
cholesterol (LDL-C), high density lipoprotein
(HDL)-cholesterol (HDL-C), triglycerides (TQ),
fasting plasma glucose (FPG) were assayed on a
Roche C702 clinical chemistry platform using the
corresponding proprietary kits. Serum insulin

concentrations were determined by chemiluminescent
immunoassay with analytical sensitivity of 0.5
plU/mL.

Calculation of Insulin Resistance and Atherogenic
Indices

All laboratory values are reported in mg/dL; for
indices whose original definitions required SI units,
TG and HDL were converted to mmol/L only for
index calculations, using TG [mmol/L] = TG [mg/dL]
x 0.01129 and HDL [mmol/L] = HDL [mg/dL] x
0.02586. All indices are unitless; TG/HDL were
internally converted to mmol/L only for AIP, VAI, and
LAP as per original definitions.”

Insulin Resistance Indices

-HOMA-IR = (FPG [mg/dL] x fasting insulin
[WIU/mL]) /405 [17]

-Quantitative Insulin Sensitivity Check Index
(QUICKI) = 1 / (log(fasting insulin [pIU/mL]) +
log(FPG [mg/dL])) [18]

-Fasting Glucose—Insulin Ratio (FG-IR) = FPG
(mg/dL) / fasting insulin (WIU/mL) [12]

-Metabolic Score for Insulin Resistance (METS-
IR) = (Ln[2 x FPG (mg/dL) + fasting insulin
(WU/mL)] x TG (mg/dL)) / Ln(HDL-C [mg/dL]) [11]

Atherogenic Lipid Indices

-TyG index = Ln[TG (mg/dL) x FPG (mg/dL) / 2] [9]

-TyG-BMI = TyG index x BMI (kg/m?) [12]

-TG/HDL ratio =TG (mg/dL) / HDL-C (mg/dL) [12]

-Atherogenic Index of Plasma AIP = Log;o[TG
(mmol/L) / HDL-C (mmol/L)] [12]

-LAP (women)=[WC (cm)— 58] X TG (mmol/L) [10]

-Visceral Adiposity Index (VAI) (women) = [WC
(cm) /(36.58 + 1.89 x BMI)] x [TG (mmol/L) / 0.81]
x [1.52 / HDL-C (mmol/L)] [10]

-Castelli Risk Index I = TC (mg/dL) / HDL-C
(mg/dL) [19]

-Castelli Risk Index IT = LDL-C (mg/dL) / HDL-
C (mg/dL) [19]

-AC = (TC (mg/dL) — HDL-C (mg/dL)) / HDL-
C (mg/dL) [12]

-Lipoprotein Combine Index (LCI) = TC (mg/dL) x
TG (mg/dL) x LDL-C (mg/dL) / HDL-C (mg/dL) [12]

-non-HDL-C=TC(mg/dL) —HDL-C (mg/dL) [12]

In this study, the term ‘atherogenic burden’ is used
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in a descriptive manner to denote the overall pattern
of classical lipid parameters (TC, LDL-C, HDL-C,
TG, non-HDL-C) and derived atherogenic indices
(TyG, TG/HDL-C, AIP, Castelli risk index I and II,
AC, and LCI) that have been associated with increased
cardiovascular risk.

Statistical Analysis

Normality of continuous variables was assessed
using the Kolmogorov-Smirnov test and visual
inspection of Q-Q plots. Data are presented as
meantstandard deviation for normally distributed

variables, median (interquartile range) for non-
normally distributed variables, and frequencies with
percentages for categorical variables. Comparisons
between two independent groups were performed
using Student's t-test for normally distributed
variables, Welch's t-test when variances were unequal,
and Mann-Whitney U test for non-normally
distributed variables. Categorical variables were
compared using chi-square or Fisher's exact test as
appropriate. Effect sizes were reported for all between-
group comparisons. For parametric contrasts
(Student/Welch t-test), we calculated Hedges’ g

TABLE 1. Comparisons of Anthropometric Measurements and Biochemical Parameters in PCOS

and Control Groups

Variables PCOS group Control group P-value Effect size

(n=65) (n=100) (95% CI)

Age (years) 25.00 26.00 0.145° rab, = —0.13
[22.00-29.00] [18.00-37.00] (-0.32, 0.05)

BMI (kg/m?) 28.23 24.16 <0.001* rab, > 0.30
[24.35-33.46] [21.31-28.36] (=0.12, 0.49)

WHtR 0.59 0.49 <0.001* raby > 0.30
[0.53-0.67] [0.45-0.56] (=0.12, 0.49)

WC (cm) 95.00 80.00 <0.001* raby > 0.30
[88.00—104.00] [73.75-90.00] (=0.12, 0.49)

Fasting glucose (mg/dL) 90.00 90.00 0.175° rab)=0.13
[85.00-99.00] [85.00-94.00] (-0.06,0.31)

Fasting insulin (mU/L) 13.60 8.91 <0.001* rab)>0.30
[9.92-23.20] [6.72—12.05] (=0.12, 0.49)

HbAlc (%) 5.30 5.30 0.607* raby = 0.05
[5.10-5.50] [5.10-5.60] (-0.13,0.23)

TC (mg/dL) 180.00 172.50 0.340° raby = 0.09
[158.00-205.00] [157.75-196.00] (=0.09, 0.27)

HDL-C (mg/dL) 50.65+9.47 55.91+13.13 0.003"  Hedges g = —0.44

(-0.76,—0.13)

LDL-C (mg/dL) 104.00 100.50 0.361° raby = 0.08
[87.00-125.00] [84.75-117.50] (=0.10, 0.26)

Triglyceride (mg/dL) 101.00 77.50 <0.001* rarby > 0.30
[70.00-138.00] [56.00-96.12] (=0.12, 0.49)

non-HDL-C(mg/dL) 132.00 115.00 0.085* raby = 0.16
[102.00-153.00] [100.00-140.25] (=0.02, 0.34)

Data are shown as meantstandard deviation or median [IQR] where appropriate. BMI, body mass index; HbAlc, glycated
hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; PCOS, polycystic ovary
syndrome; TC, total cholesterol; WC, waist circumference; WHtR, Waist/height ratio. Distribution was evaluated by KS test and
variables were reported accordingly. *Mann—Whitney U, "Welch t-test. Statistically significant P-values are shown in bold.
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TABLE 2. Comparisons of Atherogenic/Insulin Resistance Indices in PCOS and Control Groups

Variables PCOS group Control group P-value Effect size
(n=65) (n=100) (95% CI)
TyG index 8.40 8.14 <0.001° rab, > 0.30
[8.05-8.83] [7.79-8.41] (=0.12, 0.49)
TyG-BMI 240.39 193.20 <0.001° raby > 0.30
[201.15-283.89] [171.79-240.99] (=0.12, 0.49)
TG/HDL ratio 2.04 1.35 <0.001* raby > 0.30
[1.25-3.07] [0.96-1.97] (=0.12, 0.49)
AIP (log10, mmol/L) -0.05 -0.23 <0.001* rab) > 0.30
[-0.26-0.13] [-0.38—0.06] (=0.12, 0.49)
METS-IR 41.62 32.39 <0.001°  rurb,>0.30
[34.60—48.80] [29.38-40.77] (=0.12, 0.49)
LAP 37.32 17.21 <0.001° raby > 0.30
[23.95-66.99] [10.77-28.80] (=0.12, 0.49)
VAI 1.64 1.06 <0.001? r(rb) >0.30
[1.03-2.51] [0.76-1.59] (=0.12, 0.49)
HOMA-IR 3.15 1.90 <0.001°  rurb,>0.30
[2.06-5.16] [1.41-2.75] (=0.12, 0.49)
QUICKI 0.32+0.04 0.35+0.03 <0.001" Hedges g = —0.87
(—-1.20, —0.54)
FG-IR 6.91 9.69 <0.001* rab, <-0.30
[3.84-9.44] [7.61-13.20] (=-0.49,-0.12)
Castelli I 3.58 3.07 0.013* raeby=0.23
[2.83-4.35] [2.63-3.87] (0.05,0.41)
Castelli IT 2.08 1.81 0.040° raeby = 0.19
[1.62-2.76] [1.36-2.47] (0.01, 0.37)
AC 2.58 2.07 0.013* rab, = 0.23
[1.83-3.35] [1.63-2.87] (0.05, 0.41)
LCI 43937.58 22694.63 0.004* rab) = 0.16
[17758.93-70031.71] [12864.99-44917.91] (=0.02, 0.34)

Data are shown as meantstandard deviation or median [IQR] where appropriate. AC, atherogenic coefficient; AIP, atherogenic
index; FG-IR, fasting glucose—insulin ratio; HDL, high-density lipoprotein, HOMA-IR, homeostatic model assessment for insulin
resistance; LAP, lipid accumulation product; LCI, lipid combination index; METS-IR, Metabolic score for insulin resistance;
QUICKI, quantitative insulin sensitivity check index; TG, triglyceride; TyG, triglyceride-glucose; PCOS, polycystic ovary
syndrome; VAI, Visceral adiposity index. Distribution was evaluated by KS test and variables were reported accordingly.
METS-IR = (Ln[2 x FPG + fasting insulin (uW[U/mL)] x TG / Ln(HDL-C); AIP = Logio[ TG / HDL-C]; LAP=[WC — 58] x TG;
VAI=[WC/((36.58 + 1.89 x BMI)] x [TG /0.81] x [1.52 / HDL-C]; Castelli Risk Index I = TC / HDL-C; Castelli Risk Index II
=LDL-C/HDL-C; AC=(TC — HDL-C)/HDL-C; LCI=TC x TG x LDL-C / HDL-C.

“Mann-Whitney U, "Student t-test. Statistically significant P-values are shown in bold.
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(bias-corrected Cohen’s d). For non-parametric
contrasts (Mann—Whitney U), we calculated the rank-
biserial correlation. Two-sided 95% confidence
intervals were derived via bootstrap resampling (5,000
iterations). Effect sizes were oriented such that
positive values indicate higher levels in the first-listed
group for each comparison (PCOS vs controls in
Tables 1A-B; BMI <30 vs BMI >30 kg/m? in Table 2;
non-obese PCOS vs non-obese controls in Table 3).
Thresholds for magnitude were |g|~0.2/0.5/0.8 and
[r {rb}|=0.1/0.3/0.5 (small/medium/large). Receiver
operating characteristic (ROC) curve analysis was
conducted to evaluate diagnostic performance of
atherogenic indices in discriminating non-obese PCOS
from healthy controls. Area under the curve (AUC)
with 95% confidence intervals (CI) was calculated.
Optimal cutoff values were determined using Youden's
index (sensitivity + specificity — 1), maximizing both
sensitivity and specificity. DeLong's test was used to
compare AUCs between different indices. Because
LAP exhibited the highest AUC among all indices, it
was used as the reference curve in DeLong
comparisons. Statistical analyses were performed
using SPSS version 22.0 (IBM Corp., Armonk, NY,
USA) and P-values <0.05 were considered statistically
significant.

RESULTS

In a comparative analysis between women diagnosed
with PCOS (n=65) and a cohort of healthy controls
(n=100), the PCOS group had significantly higher
values for key indicators of atherogenic dyslipidemia and
IR. Detailed comparisons of anthropometric
measurements, biochemical parameters, and the
atherogenic/IR indices are summarized in Tables 1 and 2.

Upon dividing the PCOS group into obese and
non-obese categories based on BMI, atherogenic lipid
indices did not differ significantly between groups
(Specifically, TyG, TG/HDL, AIP, Castelli I, Castelli
I, AC, LCI, and non-HDL; P=0.295, P=0.089,
P=0.085, P=0.127, P=0.287, P=0.127, P=0.504, and
P=0.842, respectively) (Table 3).

Non-obese women with PCOS (n=37) were then
compared with non-obese controls (n=81). In non-
obese women, TG, TC and non-HDL-C were
significantly higher in the PCOS group than in BMI-

matched controls, whereas LDL-C did not differ
significantly between groups (Table 3). Non-obese
women with PCOS also had significantly higher
values for almost all atherogenic and IR indices
evaluated. Specifically, TyG, TG/HDL, AIP, METS-
IR, LAP, VAI, HOMA-IR, Castelli I-II, AC,
non-HDL, and LCI were higher in the PCOS cohort
(P=<0.001, P=0.002, P=0.002, P=0.017, P<0.001,
P<0.001, P<0.001, P=0.016, P=0.032, P=0.016, and
P=0.018, respectively) (Table 4).

ROC curve analysis with AUC estimation was
performed to assess the ability of atherogenic indices
to discriminate non-obese PCOS from non-obese
controls and to determine optimal cut-off values. The
top three indices with the highest AUC values were:
LAP (AUC = 0.747, 95% CI: 0.647—-0.844; optimal
threshold = 18.05; sensitivity = 78.4%; specificity =
63.0%), VAI (AUC = 0.707, 95% CI: 0.605-0.811;
threshold = 1.15; sensitivity = 64.9%; specificity =
66.7%), and TyG (AUC = 0.701, 95% CI: 0.583—
0.814; threshold = 8.29; sensitivity = 59.5%;
specificity = 79.0%) (Table 5, Figure 1).

DISCUSSION

The present study provides evidence that non-obese
women with PCOS exhibit significantly elevated
atherogenic burden and insulin resistance compared to
healthy controls, while atherogenic lipid indices
remain comparably elevated across obesity categories
within PCOS. These findings are consistent with the
hypothesis that PCOS may independently contribute
to cardiovascular risk beyond obesity-related
mechanisms.

PCOS is strongly associated with obesity and with
the clinical sequelae of IR. IR contributes to
disordered steroidogenesis and consequent androgen
excess [1, 3]. Obesity-independent cardiovascular
risk in PCOS may stem from several underlying
mechanisms, including IR, hyperandrogenism,
chronic low-grade inflammation, and endothelial
dysfunction [20-26]. PCOS is linked to a more
atherogenic lipid profile (low HDL-C and high TG
concentrations) and higher blood pressure, even in the
absence of obesity, further increasing cardiovascular
risk [1, 3]. Moreover, relative to BMI- and IR—
matched women without PCOS, women with PCOS
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TABLE 3. Comparison of Atherogenic / Insulin Resistance Indices According to the Presence of
Obesity in the PCOS Patient Group

Variables BMI<30 kg/m? BMI>30 kg/m? P-value Effect size
(n=37) (n=28) (95% CI)
HOMA-IR 2.97 3.67 0.0381° raby=-0.10
[1.75-3.89] [2.49-6.93] (-0.19, —0.01)
QUICKI 0.33+0.04 0.31+0.03 0.0270° Hedges g = +0.55
(0.05, 1.05)
FG-IR 7.67 4.78 0.0215% raby = +0.11
[5.25-9.72] [3.43-8.13] (0.02, 0.19)
METS-IR 34.88 50.65 <0.0001* raeb,=-0.18
[30.61-38.46] [46.73-57.28] (-0.27,-0.09)
TyG 8.36+0.51 8.50£0.53 0.2951° Hedges g =—0.27
(—=0.76, 0.23)
TyG-BMI 205.33+31.64 298.98+39.98 <0.0001" Hedges g =—2.61
(—3.28, —1.94)
VAI 1.38 2.06 0.0815* raby = —0.08
[1.02-2.19] [1.14-3.01] (-0.17, 0.00)
LAP 26.58 64.77 <0.0001* raeby=—-0.18
[18.63—47.19] [36.94-85.49] (—0.27,—-0.09)
TG/HDL-C 1.73 2.35 0.0887* raby = —0.08
[1.17-2.63] [1.33-3.52] (-0.16, 0.00)
AIP (log10, mmol/L) -0.11+£0.24 -0.00£0.27 0.0851° Hedges g = —0.43
(—0.93, 0.07)
Castelli I 3.51+0.81 3.86+1.05 0.1274° Hedges g =—0.37
(—0.86, 0.12)
Castelli IT 2.09+0.63 2.29+0.82 0.2872° Hedges g =—0.28 (
—0.77, 0.22)
AC 2.51+0.81 2.86+1.05 0.1274° Hedges g =—0.37
(—0.86, 0.12)
LCI 37847.20 55412.44 0.5035* raby = —0.03
[19183.50-62136.36] [16306.23—73022.92] (-0.12, 0.00)
non-HDL (mg/dL) 129.51+31.12 127.86+35.48 0.8421° Hedges g = +0.05
(—0.44, 0.54)

Data are shown as mean+standard deviation or median [IQR] where appropriate. AC, atherogenic coefficient; AIP, atherogenic
index; BMI, body mass index; FG-IR, fasting glucose—insulin ratio; HDL-C, high-density lipoprotein cholesterol; HOMA-IR,
homeostatic model assessment for insulin resistance; LAP, lipid accumulation product; LCI, lipid combination index; METS-
IR, Metabolic score for insulin resistance; QUICKI, quantitative insulin sensitivity check index; TG, triglyceride; TyG,
triglyceride-glucose; PCOS, polycystic ovary syndrome; VAI, Visceral adiposity index.
Distribution was evaluated by KS test and variables were reported accordingly.
METS-IR = (Ln[2 x FPG + fasting insulin (W[U/mL)] x TG / Ln(HDL-C); AIP = Logio[TG / HDL-C]; LAP= [WC — 58] x
TG; VAI=[WC/(36.58 + 1.89 x BMI)] x [TG /0.81] x [1.52 / HDL-C]; Castelli Risk Index I = TC / HDL-C; Castelli Risk
Index IT = LDL-C / HDL-C; AC = (TC — HDL-C) / HDL-C; LCI = TC x TG x LDL-C / HDL-C.
“Mann—Whitney U, *Student t-test. Statistically significant P-values are shown in bold.
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TABLE 4. Atherogenic/Insulin Resistance Indices and Classical Lipid Parameters in Non-Obese
PCOS and Non-Obese Control Groups

Variables Non-obese PCOS Non-obese control P-value Effect size
(n=37) (n=81) (95% CI)
Insulin resistance indices
TyG 8.30 8.03 <0.001* rab, = +0.38
[8.05-8.69] [7.76-8.26] (0.15, 0.60)
TyG-BMI 205.98 183.37 0.004" raby = +0.33
[181.53-226.42] [170.27-204.98] (0.11, 0.56)
METS-IR 34.88 31.64 0.017* rab, = +0.28
[30.61-38.46] [28.42-35.29] (0.05, 0.50)
HOMA-IR 2.97 1.80 <0.001° rab, = +0.38
[1.75-3.89] [1.33-2.31] (0.15, 0.60)
QUICKI 0.33+0.04 0.35+0.03 0.002" Hedges g = —0.59
(=0.99, —0.20)
FG-IR 7.67 10.00 <0.001° rab,=—0.38
[5.25-9.72] [8.42-14.02] (—0.60, —0.15)
Atherogenic indices
TG/HDL-C ratio 1.73 1.19 0.002* rab, = +0.36
[1.17-2.63] [0.93-1.71] (0.13, 0.58)
AIP (log10, mmol/L) -0.12 -0.28 0.002° rab, = +0.36
[-0.29-0.06] [-0.39—0.13] (0.13,0.58)
LAP 26.58 14.63 <0.001* rab, = +0.38
[18.63-47.19] [9.14-23.48] (0.15, 0.60)
VAI 1.38 0.96 <0.001° rab, = +0.38
[1.02-2.19] [0.73-1.43] (0.15, 0.60)
Castelli I 3.39 2.94 0.016" rab, = +0.28
[2.83-4.26] [2.55-3.53] (0.05, 0.50)
Castelli T 1.98 1.71 0.032* rab) = +0.25
[1.64-2.73] [1.33-2.13] (0.02, 0.47)
AC 2.39 1.94 0.016" raob, = +0.28
[1.83-3.26] [1.55-2.53] (0.05, 0.50)
LCI 37847.20 18507.27 0.002* rab, = +0.36
[19183.50-62136.36] [12010.58-34538.40] (0.13, 0.58)
Classical lipid parameters
HDL-C (mg/dL) 53.46+8.19 56.71+13.30 0.106° Hedges g =-0.27
(—0.66, 0.12)
TG (mg/dL) 101.00 72.00 <0.001° rab, = +0.38
[69.00-123.00] [55.00-83.00] (0.15, 0.60)
TC (mg/dL) 186.00 169.00 0.037* rahb) = +0.24
[166.00-205.00] [155.00-186.00] (0.02, 0.47)
LDL-C (mg/dL) 110.00 98.00 0.059* raby = +0.22
[88.00-127.00] [83.00-113.00] (0.00, 0.44)
non-HDL-C (mg/dL) 132.00 111.00 0.018" rab, = +0.27
[104.00-153.00] [97.00-135.00] (0.05, 0.50)

Data are shown as meantstandard deviation or median [IQR] where appropriate. AC, atherogenic coefficient; AIP, atherogenic
index; BMI, body mass index; FG-IR, fasting glucose—insulin ratio; HDL-C, high-density lipoprotein cholesterol; HOMA-IR,
homeostatic model assessment for insulin resistance; LAP, lipid accumulation product; LCI, lipid combination index; LDL-C,
low-density lipoprotein cholesterol; METS-IR, Metabolic score for insulin resistance; QUICKI, quantitative insulin sensitivity
check index; TC, total cholesterol; TG, triglyceride; TyG, triglyceride-glucose; PCOS, polycystic ovary syndrome; VAI,
Visceral adiposity index. Distribution was evaluated by KS test and variables were reported accordingly.

METS-IR = (Ln[2 x FPG + fasting insulin (uIU/mL)] x TG / Ln(HDL-C); AIP = Logio[TG / HDL-C]; LAP= [WC — 58] %
TG; VAI=[WC/ (36.58 + 1.89 x BMI)] x [TG /0.81] x [1.52 / HDL-CT; Castelli Risk Index I = TC / HDL-C; Castelli Risk
Index I = LDL-C / HDL-C; AC = (TC — HDL-C) / HDL-C; LCI =TC x TG x LDL-C / HDL-C.

aMann-Whitney U, ®Welch t-test. Statistically significant P-values are shown in bold.
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TABLE 5. ROC Analysis for Threshold Values of Atherogenic/insulin Resistance Indices Between

Non-Obese PCOS and Control Groups

Index AUC %95 CI %95 CI  Youden Sensitivity  Specificity AAUC vs P-value
Lower Upper Cut-off LAP (DeLong, vs LAP)

LAP 0.747  0.647 0.844 18.053 78% 63% — -
VAI 0.707  0.605 0.811 1.150 65% 67% 0.040 0.584
TyG index 0.701 0.583 0.814 8.289 59% 79% 0.046 0.577
AIP 0.678  0.566 0.792 -0.055 46% 85% 0.068 0.429
TG/HDL-C 0.678  0.566 0.792 2.020 46% 85% 0.069 0.428
LCI 0.677  0.578 0.781 37 847 51% 80% 0.069 0.414
Castelli I 0.638  0.548 0.747 3.295 59% 69% 0.108 0.308
AC 0.638  0.548 0.747 2.295 59% 69% 0.108 0.308
METS-IR  0.638 0.514 0.736 32.979 70% 63% 0.109 0.203
Castelli IT 0.623 0.530 0.733 1.571 81% 44% 0.123 0.275

AC, atherogenic coefficient; AIP, atherogenic index; AUC, area under the curve; BMI, body mass index; CI, confidence
interval; HDL-C, high-density lipoprotein cholesterol; LAP, lipid accumulation product; LCI, lipid combination index; LDL-
C, low-density lipoprotein cholesterol; METS-IR, Metabolic score for insulin resistance; TC, total cholesterol; TG,
triglyceride; TyG, triglyceride-glucose; PCOS, polycystic ovary syndrome; ROC, receiver operating characteristic; VAL,

Visceral adiposity index.

METS-IR = (Ln[2 x FPG + fasting insulin (u[U/mL)] x TG / Ln(HDL-C); AIP = Logi[TG / HDL-C]; LAP= [WC — 58] x
TG; VAI= [WC / (36.58 + 1.89 x BMI)] x [TG / 0.81] x [1.52 / HDL-C]; Castelli Risk Index I = TC / HDL-C; Castelli Risk
Index Il = LDL-C / HDL-C; AC = (TC — HDL-C) / HDL-C; LCI = TC x TG x LDL-C / HDL-C.

ROC curves for LAP, VAl and TyG (non-obese PCOS vs non-obese controls)

1.04 LAP (AUC = 0.747)
VAI (AUC = 0.707)
—— TyG index (AUC = 0.701) J
0.8+
g
e
[0}
2
-Ju—j 0.6
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v
=
s
204F
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=
wn
c
[
n
0.2+
0.0f et
0.0 0.2 0.4 0.6 1.0

1 — specificity (false positive rate)

FIGURE 1. ROC analysis for threshold values of atherogenic lipid/insulin resistance indices between non-obese PCOS and
control groups. AUC, area under the curve; LAP, lipid accumulation product; PCOS, polycystic ovary syndrome; ROC, re-
ceiver operating characteristic; VAI, Visceral adiposity index. AUC values are shown in the legend; numerical AUCs and
95% ClIs are provided in Table 5.
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demonstrate a higher prevalence of atherogenic small,
dense LDL particles [25].

To elucidate obesity-independent effects of PCOS
on atherogenic burden, we stratified the PCOS cohort
by BMI. As expected, IR indices differed significantly
between obese and non-obese PCOS subgroups.
HOMA-IR and METS-IR were higher, QUICKI and
FG-IR were lower in the obese PCOS group,
confirming obesity's contribution to worsening IR.
Additionally, our comprehensive assessment of
multiple IR indices—HOMA-IR, QUICKI, FG-IR,
and METS-IR——consistently demonstrated significantly
greater IR in non-obese PCOS compared to BMI-
matched controls. This confirms that IR in PCOS
extends beyond obesity-associated mechanisms,
reflecting intrinsic metabolic dysfunction. Remarkably,
pure atherogenic lipid indices showed no significant
differences between obese and non-obese PCOS
subgroups. We also observed that both pure
atherogenic indices and IR-based cardiovascular risk
indicators were significantly higher in non-obese
PCOS compared to non-obese controls. Importantly,
this adverse profile was not restricted to composite
atherogenic indices; routine lipid measures, including
TG, TC and non-HDL-C, were also significantly
higher in non-obese women with PCOS than in non-
obese controls, indicating that an atherogenic shift is
detectable even with standard lipid panels.
Collectively, these findings are compatible with the
concept that the metabolic derangements driving
atherogenic dyslipidemia in our cohort may stem
predominantly from core PCOS pathophysiology—
such as chronic hyperandrogenism, ovarian dysfunction
and IR—rather than merely reflecting the consequences
of excess adiposity. However, the cross-sectional
design precludes definitive causal inferences.

Our ROC analysis identified LAP, VAI, and TyG
as superior discriminators of atherogenic lipid indices
in non-obese PCOS, with LAP demonstrating optimal
overall performance (AUC=0.747). These composite
indices integrate multiple metabolic components,
potentially capturing cardiovascular risk more
comprehensively than isolated lipid parameters.

LAP index is a simple marker of central lipid
accumulation, and is strongly linked to increased
cardiovascular risk—including in women with PCOS,
both obese and non-obese [27-32]. Several large
cohort studies indicate that higher LAP values are

independently associated with an increased risk of
cardiovascular events and mortality, surpassing BMI
in certain populations [27-29]. Additionally, some
studies have found the LAP index in PCOS to be
strongly associated with impaired glucose tolerance,
IR, and metabolic syndrome, which are key drivers of
cardiovascular risk [30-32]. In our study, LAP index
was found to be higher in the non-obese PCOS group
than in the BMI-matched control group. In this
context, the LAP value of 18.05 identified, within our
cohort, non-obese women with PCOS who displayed
a more adverse atherogenic profile using only routine
anthropometric and lipid measurements.

VAL is a validated, sex-specific index to estimate
visceral fat function and predict cardiometabolic risk,
including CVD. Numerous studies show that higher
VAL is independently associated with increased risk of
CVD, heart failure, and metabolic syndrome in diverse
populations [33-35]. Amato et al. proposed that the
VAL could serve as a significant metric in both clinical
settings and population-based research for evaluating
cardiovascular risk in individuals with PCOS [36]. In
our investigation, we observed that the VAI was
significantly elevated in the non-obese PCOS cohort
relative to the non-obese healthy control group. The
analysis revealed a favorable discrimination
performance, indicated by an AUC of 0.707, along
with an optimal cut-off value of 1.15 in our non-obese
PCOS population. These findings may imply a
dysfunction of visceral adipose tissue, even among
individuals maintaining a normal BMI.

The TyG index serves as an estimate of insulin
resistance. A higher TyG index has been consistently
associated with elevated CVD risk across diverse
populations [9, 37]. In a prospective cohort, Lopez-
Jaramillo et al. reported that the TyG index was
significantly associated with subsequent cardiovascular
mortality, myocardial infarction, stroke, and type 2
DM [9]. In a meta-analysis of twelve cohort studies
(six prospective and six retrospective) comprising
6,354,990 participants, Liu ef al. identified a likely
linear relationship between the TyG index and incident
coronary artery disease and composite CVD [37].
However, direct evidence linking the TyG index to
cardiovascular risk specifically in PCOS—in either
obese or non-obese patients—is lacking. In our
investigation, we found that the TyG index was
significantly elevated in the non-obese PCOS cohort
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compared to control participants. Moreover, the
threshold of 8.29 identified in our ROC analysis
demonstrated fair discriminatory ability (AUC =0.701)
with relatively high specificity (79%) in this sample.

It should be noted that AIP is essentially a
logarithmic transformation of the TG/HDL-C ratio;
thus, both indices preserve the same ranking of
individuals and are expected to yield identical AUC
values, as observed in our cohort.

A noteworthy point in our study is that, although
LAP had the numerically highest AUC, the DeLong
test did not demonstrate a statistically significant
superiority of LAP over other indices, including VA,
TyG, AIP, TG/HDL-C ratio, LCI, Castelli indices, AC,
and METS-IR. These findings suggest that multiple
indices capturing overlapping aspects of IR and
atherogenic dyslipidemia perform similarly and that
index selection may be guided by clinical applicability
rather than clear differences in AUC.

In the present single-center, cross-sectional study,
the cut-off values derived from ROC analysis for LAP,
VAI and TyG should be interpreted as exploratory and
cohort-specific. Rather than representing universally
applicable clinical thresholds, these values may
indicate approximate levels at which non-obese
women with PCOS in our population begin to exhibit
a more adverse atherogenic profile compared with
BMI-matched controls. Importantly, the performance
of these indices and their corresponding thresholds is
likely to vary across ethnic groups. Consequently,
these indices and cut-points should not yet be used as
stand-alone decision tools in clinical practice; instead,
they may serve as supportive markers and starting
points for future validation studies and risk-prediction
models.

Strengths and Limitations

Several limitations warrant acknowledgment. The
cross-sectional design precludes causal inference and
assessment of temporal relationships between PCOS,
atherogenic lipid indices, and cardiovascular
outcomes. Longitudinal studies evaluating whether
elevated indices predict incident cardiovascular events
in non-obese PCOS would strengthen clinical
applicability. Additionally, the study population
consisted solely of women from one geographic
location and ethnic background. This limitation

reduces generalizability to other ethnicities,
considering known racial and ethnic differences in
PCOS phenotype and cardiovascular risk profiles.
Validation of our identified thresholds in independent
PCOS cohorts from diverse geographic and ethnic
backgrounds would establish generalizability or
enable the determination of ethnicity-specific cutoff
values optimized for different populations.

CONCLUSION

This study demonstrates that non-obese women with
PCOS exhibit significantly elevated atherogenic lipid
and IR indices compared to BMI-matched healthy
controls. Moreover, atherogenic dyslipidemia markers
were similar in obese and non-obese groups in patients
with PCOS. These findings are consistent with the
notion that PCOS may independently contribute to
cardiovascular risk through mechanisms extending
beyond obesity-related metabolic dysfunction.
Furthermore, the identified optimal thresholds for
LAP (>18.05), VAI (>1.15), and TyG (>8.29) should
be considered hypothesis-generating and specific to
our cohort. Future research should validate these
thresholds in diverse populations, assess their
prognostic value for predicting cardiovascular events,
and investigate whether targeted therapeutic
interventions that improve these atherogenic indices
lead to significant reductions in cardiometabolic risk
among non-obese individuals with PCOS.
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Abstract:

Objective: The rapid digitalization of daily life has made smartphone dependence a growing public health
concern, particularly among university students. This study explored how smartphone addiction relates to sleep
quality, temporomandibular disorder (TMD), and bruxism in dental students at different stages of training.
Methods: A total of 259 participants completed validated questionnaires assessing the Smartphone Addiction
Scale—Short Version (SAS-SV), Pittsburgh Sleep Quality Index, bruxism, and TMD symptoms.

Results: Nearly half of the students exhibited signs of smartphone addiction. Higher addiction scores were
significantly correlated with poorer sleep quality and greater TMD severity, particularly among preclinical and
doctoral students, while no significant relationship was found between bruxism and addiction scores.
Conclusion: These results imply that excessive smartphone use may silently impact mental and orofacial health
by causing stress, sleep disturbances, and postural strain. Promoting healthier technology habits and addressing
digital dependence could be key to protecting the well-being of future dental professionals.

Keywords: Smartphone Addiction Scale, Pittsburgh Sleep Quality Index, Temporomandibular Disorders,
Bruxism, Dental Students

he 21 century has witnessed a profound
transformation in human behavior driven by
the rapid evolution of digital technology.
Smartphones, used by more than 6.6 billion people
worldwide, have become essential tools for
communication, learning, and organization [1, 2].
Despite their benefits, concerns have grown regarding
excessive use and its impact on public health [3].
Smartphone addiction is often described as a
behavioral form of dependence, marked by
compulsive use, withdrawal symptoms, and

difficulties in self-regulation [4]. Similar to non-
substance addictions, it involves tolerance,
preoccupation, and adverse effects on mental and
physical health [4-6]. University students, particularly
those on health-related degrees, seem to be
particularly vulnerable. High usage rates are
consistently associated with poor sleep, emotional
distress and reduced academic performance [7].
Sleep problems are among the most consistent
findings in studies on problematic smartphone use.
Light exposure from screens suppresses melatonin and
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delays sleep onset [8, 9]. In addition, habits such as
“revenge bedtime scrolling” cause individuals to delay
sleep to gain personal time [10]. Over time, these
patterns contribute to reduced cognitive performance,
weakened immunity, and increased physiological
stress [11]. Some evidence also links digital overuse
with oral health problems, such as fatigue-related
dysfunctions and changes in periodontal health [12].

Another  issue  concerns  posture  and
musculoskeletal strain. The forward head posture
commonly adopted during smartphone use increases
the mechanical load on cervical and masticatory
muscles, which may predispose users to
temporomandibular disorders (TMDs) [13]. These
disorders often coexist with stress and sleep
disturbance. Bruxism, characterized by clenching or
grinding of teeth, is also linked to emotional tension
and irregular routines [14-16]. Health science students
are particularly susceptible, as heavy academic
demands and continuous smartphone use may impair
their sleep, mood, and academic efficiency. Recent
research increasingly emphasizes the reciprocal nature
of these interactions. Behavioral and environmental
factors such as digital overuse, poor posture, and
insufficient rest appear to influence both psychological
balance and musculoskeletal stability [17]. Students
in health-related fields, particularly dental and medical
programs, occupy a unique position within this
landscape. Their long study hours, clinical
responsibilities, and dependence on digital tools can
lead to fatigue, postural discomfort, and irregular sleep
patterns [3, 7, 11].

In this context, the current study was designed
based on the hypothesis that there may be differences
in the levels of smartphone addiction among dental
students at different stages of their academic journey.
The study aimed to determine the degree of
smartphone addiction in this population and to
examine its associations with sleep quality, TMD, and
bruxism, and thus the impact of digital behaviors in
this population.

METHODS
Study Design and Participants

This cross-sectional study was conducted among
students enrolled at the Istanbul Aydin University

Faculty of Dentistry during the 2024-2025 academic
year. Ethical approval for the study was granted by the
local ethics committee (Non-Interventional Clinical
Research Ethics Committee (2024/66). All study
procedures were performed in accordance with the
ethical principles of the Declaration of Helsinki.

In order to ensure adequate statistical validity, the
preliminary study power analysis indicated that the
required sample size was obtained with a significance
level of a = 0.05 and a statistical power of 1-p = 0.80.
In consideration of the potential data loss, a total of
270 individuals were included in the study.

The inclusion criteria comprised undergraduate
and postgraduate dental students enrolled in the
Istanbul Aydin University, Faculty of Dentistry, who
were literate in Turkish and voluntarily provided
written informed consent. All participants who met the
specified criteria and had completed the questionnaire
were initially included in the study. Following the
collection of data, responses containing missing or
inconsistent information were excluded from the final
analysis to ensure data quality.

The study population, consisting of 270
participants, was divided into three academic groups:
the preclinical group (Group P; 3rd-year students), the
clinical group (Group C; 4th- and 5th-year students),
and the doctoral group (Group D; PhD students), with
participants distributed equally across groups. In order
to maintain standardization in academic workload and
stress-related conditions, all data were collected during
the final examination period at the end of the year.

Data Collection

The data were collected using a structured, self-
administered questionnaire, which was distributed in
classroom settings under the supervision of a
researcher from the study team (SNA). Before
participation, all subjects were informed about the
study's purpose and confidentiality principles, and
provided written informed consent. The survey was
designed to require approximately 15-20 minutes to
complete, and participants were permitted to review
their responses prior to submission. The questionnaire
consisted of four main sections: a demographic section
collecting age, gender, and academic level, followed
by four validated questionnaires evaluating smartphone
addiction, sleep quality, bruxism, and TMDs.
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The assessment of smartphone addiction was
conducted utilizing the Smartphone Addiction Scale—
Short Version (SAS-SV), which was originally
developed by Kwon et al. [4] and subsequently
validated for reliability and construct validity in
Turkish [18]. The scale under consideration consists
of 33 items, which are to be rated on a six-point Likert
scale ranging from 1 (strongly disagree) to 6 (strongly
agree). Scores on this measure are positively
correlated with the severity of symptoms, indicating a
smartphone addiction.

The evaluation of sleep quality was conducted
utilizing the Pittsburgh Sleep Quality Index (PSQI)
[19, 20]. The questionnaire under consideration
comprises 19 self-rated items, which are grouped into
seven components as follows: subjective sleep quality,
sleep latency, sleep duration, habitual sleep efficiency,
sleep disturbances, use of sleep medication, and
daytime dysfunction. Each component is assigned a
score ranging from 0 to 3, resulting in a global score
that extends from 0 to 21. Scores of 5 and above are
indicative of poor sleep quality.

Bruxism was assessed using the Turkish version
[21] of the Bruxism Assessment Index (BAI), which
was originally developed by Lobbezoo et al. [14]. The
questionnaire evaluates both awake and sleep bruxism
through self-reported items answered as “Yes”,
“Sometimes”, or “No”. Higher total scores indicate a
greater frequency and severity of bruxism-related
behaviors.

The final part of the questionnaire assessed TMD
using the validated Turkish version of the Fonseca
Anamnestic Index (FAI) [22, 23]. This includes 10
self-reported items, which are scored as 0 (no), 5
(sometimes), or 10 (yes). This results in a total score
ranging from 0 to 100. TMD severity is then classified
as mild (20—40), moderate (45-65), or severe (70—
100) based on these scores.

After data collection, 11 questionnaires containing
missing or inconsistent responses were excluded in
accordance with the predefined exclusion criteria. The
final sample, therefore, consisted of 259 participants:
90 from Group P, 87 from Group C, and 82 from
Group D.

Statistical Analysis

All statistical analyses were performed using IBM

SPSS Statistics for Windows, Version 29.0 (IBM
Corp., Armonk, NY, USA). The Kolmogorov—
Smirnov test was used to assess the normality of data
distribution, indicating that the variables did not
follow a normal distribution. Therefore, nonparametric
tests were applied. Descriptive statistics were
calculated for all variables, including minimum,
maximum, mean, standard deviation, median, and
frequency. Quantitative variables were compared
among the three academic groups using the Kruskal—
Wallis H test, followed by Dunn's post hoc test for
pairwise comparisons. The Mann—Whitney U test was
used for comparisons between two independent
groups. Qualitative variables were analysed using the
Chi-square test, Fisher—Freeman—Halton Exact test, or
Continuity (Yates) correction as appropriate.
Correlations between continuous or ordinal variables
were examined using Spearman’s rank-order (rho)
correlation analysis. All statistical tests were two-
tailed, and P<0.05 was considered statistically
significant.

RESULTS
Demographic Characteristics

The 259 participants were aged between 20 and
47 years (24.9243.59), with 57.5% (n=149) being
female and 42.5% (n=110) being male.

Of the participants in Group C, 71.3% (n=62)
were 4th-year students and 28.7% (n=25) were 5Sth-
year students. In Group D, 22.0% (n=18) were in their
Ist year, 50.0% (n=41) in the 2nd year, 24.4% (n=20)
in the 3rd year, and 3.7% (n=3) in the 4th year of the
doctoral program.

A statistically significant difference in mean age
was observed among the groups, with Group D
exhibiting a higher mean age than both Group P and
Group C (P=0.001 for both). Group C also showed a
higher mean age than Group P (P= 0.001). Gender
distribution did not differ significantly across the
groups (P> 0.05) (Table 1).

Survey Data

No statistically significant difference was found
in SAS-SV scores among the groups (P = 0.181).
Similarly, no significant difference was observed
between 4th- and Sth-year students within Group C
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TABLE 1. Comparison of Age and Gender Distribution Among Groups

Group P Group C Group D P-value
(n=90) (n=87) (n=82)
Age (years) 22.3942.97 (22) 24.304+2.66 (24) 28.36+3.04 (28) 0.001*
Gender Female 50 (55.6%) 50 (57.5%) 49 (59.8%) 0.856°
Male 40 (44.4%) 37 (42.5%) 33 (40.2%)

Data are shown as mean+standard deviation (median) or n (%) where appropriate. Group P, Preclinical Group; Group C,

Clinical Group; Group D, Doctoral Group.

*Kruskal Wallis test, *Ki-kare test. Statistically significant P-value is shown in bold.

(P=0.331).
PSQI scores differed significantly among the groups
(P=0.002). Post hoc analysis revealed that Group C
had significantly higher PSQI scores compared to
Group D (P=0.001), while no significant differences
were found between the other groups (P>0.05). There
was also no significant difference in PSQI scores
between 4th- and Sth-year students within Group C
(P>0.05).

TMD scores did not show a statistically significant
difference among the groups (P=0.102). However, 4th-

year students demonstrated significantly higher TMD
scores compared to Sth-year students within Group C
(P=0.008).
T he prevalence of smartphone addiction and
bruxism did not differ significantly among the groups
(P=0.148). Likewise, no significant differences were
observed between 4th- and Sth-year students in either
smartphone addiction or bruxism prevalence
(P=0.129).

No statistically significant differences were found
among academic years within Group D in SAS-SV,

TABLE 2. Comparison of Survey Parameters Among Groups

Group P Group C Group D P-value
(n=90) (n=87) (n=82)
SAS-SV score 33.3349.68 31.75+£9.94 30.84+10.37 0.181%
32 (13-55) 30 (11-60) 30 (10-60)
PSQI score 8.02+3.54 8.75+2.93 7.11£3.14 0.002*
8 (1-17) 9 (3-14) 7 (2-17)
TMD score 41.22+24.59 38.85+24.93 33.294+24.5 0.102?
40 (0-100) 35 (0-100) 30 (0-100)
Smartphone addiction No 45 (50%) 51 (58.6%) 53 (64.6%) 0.148°
prevalence Yes 45 (50%) 36 (41.4%) 29 (35.4%)
Bruxism prevalence No 32 (35.6%) 27 (31%) 36 (43.9%) 0.214°
Yes 58 (64.4%) 60 (69%) 46 (56.1%)
TMD severity None 17 (18.9%) 22 (25.3%) 24 (29.3%) 0.443°
Mild 35 (38.9%) 31 (35.6%) 36 (43.9%)
Moderate 23 (25.6%) 21 (24.1%) 14 (17.1%)
Severe 15 (16.7%) 13 (14.9%) 8 (9.8%)

Data are shown as meantstandard deviation or median (minimum-maximum) or n (%) where appropriate. SAS-SV,
Smartphone addiction scale-short version; PSQI, Pittsburgh sleep quality index; TMD, temporomandibular disorder. Group P,
Preclinical Group; Group C, Clinical Group; Group D, Doctoral Group.

“Kruskal Wallis test, *Ki-kare test. Statistically significant P-value is shown in bold.
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PSQI, or TMD scores, nor in the prevalence of
smartphone addiction, bruxism, or TMD severity
(P=0.653, P=0.068, P=0.539, P=0.201, P=0.499, and
P=0.443, respectively). All survey data are presented
in Table 2.

Correlation Analysis

In the overall analysis, SAS-SV scores
demonstrated  statistically significant positive
correlations with PSQI scores (r=0.152, P=0.014) and
with TMD scores (r = 0.186, P=0.003). However, the
statistical analysis did not reveal a significant
association between SAS-SV scores and bruxism
(P>0.05). When analysed by group, a statistically
significant positive correlation was found between
SAS-SV and PSQI scores in Group D (r = 0.272,
P=0.014) and between SAS-SV and TMD scores in
Group P (r = 0.272, P=0.010). No statistically
significant correlations were detected within Group C.

DISCUSSION

This study examined the level of smartphone addiction
among dental students at different academic stages, as
well as its relationship with sleep quality, bruxism, and
TMD. A considerable percentage of students in each
academic group - ranging from one-third to nearly
one-half - met the criteria for smartphone addiction,
reflecting a notable prevalence of problematic
smartphone use in this population. The findings also
revealed statistically significant positive correlations
between smartphone addiction, poor sleep quality, and
TMD scores, suggesting that excessive smartphone
use may be associated with both psychological and
somatic consequences. These findings are consistent
with an expanding body of evidence underscoring the
biopsychosocial consequences of problematic
smartphone use [3, 24-26].

The observed association between smartphone
addiction and poor sleep quality in the present study
is consistent with previous research. Excessive
smartphone use, particularly during nighttime hours,
has been demonstrated to delay sleep onset, shorten
sleep duration, and impair overall sleep efficiency due
to blue light exposure and behavioral hyperarousal [1,
19, 27]. Nikolic et al. [7] reported that 21.7% of

medical students met the criteria for smartphone
addiction, which was significantly associated with
poorer sleep quality, anxiety, and depression. In line
with these findings, Demirci ef al. [27] and Joshi [28]
also observed that problematic smartphone use
negatively affects both sleep hygiene and
psychological well-being among university students.
The present findings among dental students support
these observations, highlighting that this population-
characterized by high academic workload and stress,
may be particularly vulnerable to sleep disturbances
associated with excessive smartphone use.
Consistently, the significant positive correlation
between SAS-SV and PSQI scores observed in our
study further reinforces the close link between digital
dependence and poor sleep quality. This association
was particularly evident among doctoral students,
which may reflect the impact of increased academic
workload, prolonged screen exposure related to
research activities, and heightened psychological
stress commonly experienced during advanced
training. This relationship can also be explained by the
behavioral concept of digital dependence. Recent
studies have described "revenge bedtime scrolling” as
a form of self-regulation in which individuals
intentionally delay sleep to reclaim personal time lost
to academic or work responsibilities. Such patterns are
likely to be prevalent among dental students, who
often have long study hours, limited leisure time, and
a high cognitive load. Consequently, continuous
nighttime engagement with digital devices may
perpetuate a cycle of delayed sleep, reduced sleep
quality, and increased daytime fatigue.

TMDs and bruxism are multifactorial conditions
influenced by physiological, psychological, and
behavioral factors. In recent years, increasing attention
has been directed toward the potential contribution of
digital behavior to musculoskeletal dysfunctions. de
Jesus Correia et al. [13] reported that smartphone
addiction is associated with musculoskeletal pain in
the neck, shoulders, and upper limbs, primarily due to
prolonged flexed posture and static muscle activation.
Maintaining a forward head position for extended
periods can increase strain on the cervical and
masticatory muscles, thereby predisposing individuals
to TMD symptoms [29]. In the present study, SAS-SV
scores were significantly correlated with TMD scores,
particularly among preclinical students. This
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association may be attributed to posture-related strain
compounded by academic stress. Kee et al. [16]
similarly reported that sustained postural imbalance
and repetitive screen-based activities alter
temporomandibular biomechanics, exacerbating TMD-
related discomfort. Moreover, psychological tension
arising from excessive digital engagement may
manifest as awake or sleep bruxism [14, 15]. Lobbezoo
et al. [14] highlighted psychological stress as a
principal etiological factor for bruxism, while
Manfredini et al. [15] suggested that certain behavioral
habits, including prolonged screen exposure, may
contribute to increased parafunctional activity.

Smartphone addiction shares several
neurobiological and behavioral features with other
forms of behavioral addiction, including dopaminergic
reinforcement and impaired impulse control [30].
Previous research has consistently reported strong
associations  between smartphone addiction,
depression, anxiety, and stress [7, 25, 30]. Alageel et
al. [31] further demonstrated that postgraduate
students with higher levels of smartphone addiction
were twice as likely to experience insomnia and
exhibited significantly higher depression scores.

The weak but significant correlations observed in
the present study between smartphone addiction, poor
sleep quality, and TMD can be interpreted within this
psychosomatic framework. Chronic stress and
prolonged digital exposure may increase muscle
tension, disrupt sleep regulation, and impair
physiological recovery, thereby creating a self-
perpetuating cycle of behavioral and somatic strain
[29, 32].

The results of this study have important
implications for health promotion among university
students. Previous authors have emphasized
smartphone addiction as an emerging public health
concern due to its detrimental effects on mental health,
sleep, and posture [3, 10, 32]. Loleska and Pop-
Jordanova [3] argued that problematic smartphone use
should be recognized as a behavioral addiction with
measurable physiological consequences. Given that
dental and medical students are among the heaviest
smartphone users for both academic and social
purposes, targeted preventive interventions are
warranted. Educational programs should promote
ergonomic awareness, digital hygiene, and stress
management strategies. Additionally, structured

breaks, posture training, and screen time regulation
may help reduce the risk of TMD and sleep
disturbances in this population [16, 19].

Strengths and Limitations

To the best of our knowledge, this study is the first
to measure smartphone addiction among dental school
students at different academic levels. The study also
assessed sleep quality, TMD, and the presence of
bruxism using valid scales. The presented study, which
focuses on smartphone addiction as an important
public health concern, has certain limitations in
addition to these strengths. Its cross-sectional design
does not allow for establishing causal relationships
between smartphone addiction and the observed
physiological or behavioral outcomes. All data were
obtained through self-reported questionnaires, which
may have introduced recall or social desirability bias.
Furthermore, the relatively limited sample size may
have affected the generalizability of the findings and
reduced statistical power, particularly in subgroup
comparisons among preclinical, clinical, and doctoral
students. Future studies with larger and more diverse
samples, employing longitudinal or interventional
designs, are recommended to clarify causal
mechanisms and to assess the effectiveness of
preventive and behavioral strategies aimed at reducing
smartphone-related health risks among students in
health sciences.

CONCLUSION

This study highlights the significant associations
between smartphone addiction, sleep quality, and
TMD among dental students. Although group
differences were not statistically significant, the
observed correlations suggest that excessive
smartphone use may indirectly influence orofacial
health through pathways involving stress, poor sleep,
and postural strain. Given the widespread use of
smartphones in academic environments, increasing
awareness of healthy digital habits, proper posture,
and sleep hygiene is essential. Future studies
employing longitudinal and experimental designs are
needed to elucidate causal relationships and to develop
targeted interventions aimed at minimizing the health
risks associated with problematic smartphone use.
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Abstract:

Objective: Postbiotics, defined as non-viable microbial cells or their components that provide health benefits,
are emerging as an important topic in functional food research. However, awareness and consumption among
young adults remain limited. This study aimed to evaluate the awareness and knowledge levels of postbiotics
among university students.

Methods: The study population included 346 students who completed a questionnaire consisting of 17
demographic and lifestyle questions and a 20-item postbiotic knowledge scale adapted from a validated tool.
Descriptive statistics were used to analyze the data.

Results: It was revealed that 86.1% (n=298) of the students included in this study had never heard of postbiotics
and 96.2% (n=333) had never used postbiotic supplements. Overall, 48.8% (n=169) of participants had a poor,
39.0% (n=135) a moderate, and 11.8% (n=41) a good knowledge level. Female students demonstrated
significantly higher knowledge scores than males (P<0.05).

Conclusion: The findings indicate that university students have limited awareness and consumption of
postbiotics. Contributing factors may include insufficient promotion, inadequate understanding of health
benefits, and limited market availability of postbiotic products. To improve awareness, it is recommended that
educational activities be organized in universities to enhance students’ understanding of postbiotics and
encourage their inclusion in health-promoting dietary habits.

Keywords: Functional Foods, Health Behavior, Knowledge, Postbiotics, Students

specifically designed to meet any requirements

in terms of functionality, nutrition, suitability,
and medicinal properties [1]. The importance of
biotics in the development of functional foods is
widely recognized. Probiotics in supplement form are
the most prominent component among functional
foods in terms of their health effects. It has long been

Tunctional foods can be defined as products

known that non-viable microorganisms, their cellular
components, and metabolites can also influence health
[2]. A variety of different terms, such as non-viable
probiotics, heat-killed probiotics, cell lysates,
paraprobiotics, and postbiotics, have begun to be
addressed in various studies [3]. The term postbiotic
originates from the Greek words “post,” meaning
after, and “bios,” meaning life. It belongs to the
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broader “biotic” family encompassing probiotics,
prebiotics, synbiotics, and postbiotics all of which are
associated with microorganisms or their substrates.
Accordingly, postbiotics are defined as products that
remain once microorganisms are no longer viable,
meaning they are dead, inactive, or non-living [2].
These substances generally consist of a heterogeneous
mixture of microbial cell components and metabolites,
including teichoic acids, exopolysaccharides,
peptidoglycans, bacteriocins, among others.

The effectiveness of postbiotics is primarily driven
by three mechanisms: providing protection against
pathogens, strengthening the epithelial barrier, and
regulating both inflammatory and immune processes
[4]. At present, their use extends beyond the field of
fermented foods, as they are also being explored as a
potential therapeutic option for various health issues,
especially gastrointestinal problems like bloating and
diarrhea. Consequently, postbiotics are expected to
play a pivotal role in complementing probiotics and
advancing the broader health industry [5]. Although
the mechanisms related to the health-improving effects
of postbiotics are not fully understood, they are
believed to positively influence microbiota
homeostasis and/or signaling pathways in the host. It
has been reported that postbiotics can provide
potential effects such as anti-inflammatory,
antimicrobial, anti-obesity, immunomodulatory, anti-
cancer, antihypertensive, antioxidant, and
hypocholesterolemic effects [6, 7].

Recent studies have highlighted the potential
health benefits of postbiotics across various
physiological systems. Postbiotics have been
associated with improved gut barrier integrity,
modulation of immune responses, and regulation of
inflammatory pathways [8]. In addition, evidence
suggests that postbiotics may exert beneficial effects
in conditions such as irritable bowel syndrome,
metabolic disorders, obesity, and infections by
enhancing host-microbiota interactions [9]. Compared
to live probiotics, postbiotics offer advantages
including improved safety, longer shelf life, and
stability, making them promising candidates for
functional food and therapeutic applications [10].

A review of the literature shows that awareness of
the postbiotic concept is increasing, and there has been
a rise in scientific studies conducted in recent years

[11, 12]. However, there is a lack of sufficient studies
indicating the consumption status of postbiotics and
the knowledge levels within the community. This
study aims to evaluate the postbiotic knowledge level
and consumption status of postbiotics among
university students.

METHODS

The research is a cross-sectional study designed to
determine university students' postbiotic knowledge
levels and consumption.

Population and Sample of the Study

The study population consisted of undergraduate
students enrolled in the Faculties of Health Sciences,
Tourism, and Sports Sciences at Aksaray University
and Gazi University during the 2023-2024 academic
year. A convenience sampling method was used due
to voluntary participation and accessibility constraints.
Students who met the inclusion criteria and agreed to
participate were included in the study. Inclusion
criteria were being aged 18 years or older and being
enrolled in one of the specified faculties during the
data collection period. Exclusion criteria included
incomplete questionnaires and refusal to participate.
The minimum required sample size was determined
by reviewing similar cross-sectional studies conducted
among university students investigating nutrition-
related knowledge and behaviors. [13, 14]. Based on
these studies, a sample size exceeding 300 participants
was considered sufficient to ensure adequate
representation and statistical power. A total of 346
students participated in the study. Participants were
recruited proportionally from the Faculties of Health
Sciences, Tourism, and Sports Sciences to reflect
faculty-based distribution at both universities.

Data Collection Tools

A questionnaire consisting of 17 questions about
gender, height, age, chronic diseases, family income,
and the frequency of probiotic food consumption,
along with a 20-item scale assessing postbiotic
knowledge, was administered to university students.
The postbiotic knowledge level was modeled from a
validated scale by Batmaz [15]. The Cronbach's alpha
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reliability coefficient of the modeled scale was found
to be 0.72. The items in the modeled scale were
developed by the team members to gather information
about postbiotic knowledge and preferences, and they
were tested for validity among several microbiologists
and participants before the start of the study. The
questionnaire was administered by evaluating team
members to ensure that it was presented and
interpreted in a similar manner. The questions in this
section were evaluated using a 5-point Likert scale,
with response options ranging from "strongly
disagree," "disagree," "neutral," "agree," to "strongly
agree." The maximum score that can be obtained
under the knowledge level category is 80. The scores
obtained from the scale were categorized as poor,
moderate, good, and very good. A score of 65 or
higher from the section was considered very good. The
frequency of consumption of foods that could increase
postbiotic production among students was measured
using a modified food frequency questionnaire. When
determining the frequency of consumption of foods
that could increase postbiotic production, certain
references were taken into account. Since postbiotics
can be obtained from probiotics or their inactivation,
and  because postbiotics are produced
biotechnologically through fermentation, yogurt, kefir,
cabbage, and pickled vegetables have been identified
as relevant foods.

Ethical Aspect of the Research

The research was conducted in accordance with
ethical guidelines, and all procedures were carried out
in compliance with the principles of the Helsinki
Declaration. Ethical approval for the study was
obtained from the Aksaray University Human Research
Ethics Committee (number: 2024/01-41). Before
starting the research, students were given the necessary
explanations about the study and its procedures.
Afterward, verbal consent was obtained from the
students, and the questionnaire was administered.

Statistical Analysis

The statistical analysis of the data obtained in the
study was conducted using SPSS 26 (IBM SPSS, IBM
Corporation, USA) software. Descriptive statistics,
including frequencies and percentages, were used to
present the demographic data and the postbiotic

knowledge levels of university students. Some
percentage rates presented in the tables were calculated
based on the total number of participants who
responded to that question. In other sections of the
study, Chi- squared test, t-tests and one-way analysis
of variance (ANOVA) were conducted based on the
characteristics of the variables. In the one-way analysis
of variance (ANOVA), Tukey analysis was used for
significance testing. In the tables, the arithmetic mean

TABLE 1. Basic Information About Students
Numbers (n) Total (%)

Gender
Female 173 50.0
Male 173 50.0
Departments
Recreation 18 5.2
Nursing 42 12.1
Recreation 52 15.0
anagement
Physical education 37 10.7
eaching
Coaching education 152 43.9
Sports management 45 13.1
Class
1 55 15.9
2 133 38.4
3 57 16.5
4 101 29.2
Chronic Disease
Yes 12 3.5
No 334 96.5
Family or personal
financial status
Poor 24 6.9
Moderate 209 60.4
Good 106 30.6
Very good 7 2.1
Average Min-Max
Age (years) 21.55 17-42
BMI (kg/m?) 22.26 15-41

BMI, body mass index; Min, minimum; Max, maximum
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(x), standard deviation (sd), and P-value are provided.
A P-value less than 0.05 was considered statistically
significant for testing differences.

RESULTS
Sociodemographic Characteristics of Students

The mean age of the 346 participants was 21.55
years (range: 17-42). The gender distribution was
equal, with 173 (50.0%, n=173) females and 173
(50.0%, n=173) males. Regarding academic
disciplines, 12.1% (n=42) were enrolled in Health
Sciences, 72.8% (n=252) in Sports Sciences, and
15.0% (n=52) in Tourism-related programs. Table 1
summarizes the demographic characteristics.

Students Postbiotic Consumption Status and
Behaviors

When asked whether they had heard of the term
“postbiotics,” only 13.9% (n=48) of students
responded affirmatively, while 86.1% indicated they
had never heard of it. A total of 3.8% (n=13) of
participants reported having used postbiotic
supplements (4.0% n=7 of females vs. 3.5%, n=6 of
males). Among those who had used postbiotics, the

primary motivations included health-related concerns
(30.8%, n=4), recommendations from others (46.2%,
n=06), and advertisements (23.0%, n=3). The frequency
of postbiotic supplement use was significantly lower
among female students compared to males (P<0.001).
Table 2 presents a detailed breakdown of students'
awareness and consumption behaviors.

Consumption Frequency of Postbiotic-Enhancing
Foods

Among foods associated with postbiotic
production, yogurt was the most frequently consumed.
Specifically, 24.6% (n=85) of students reported daily
consumption, and 42.8% (n=148) consumed it twice
weekly. Kefir had the lowest consumption rate, with
43.1% (n=149) of students reporting no intake at all.
Sauerkraut was most often consumed biweekly 28.6%,
(n=99), while 26.6% (n=92) of students reported never
consuming pickled vegetables. Overall, pickled
vegetables and sauerkraut were consumed more
frequently than kefir. No statistically significant
differences in food consumption patterns were
observed between genders (Table 3).

Postbiotic Knowledge Levels of Students
Postbiotic knowledge was predominantly low

TABLE 2. Consumption Status and Behaviors of Students Regarding Postbiotics Products

Total Female Male
n (%) n (%) n (%) P-value®
Have you ever heard of the term "postbiotics"?
Yes 48 (13.9) 29(16.8) 19(11.0) 0.l161
No 298 (86.1) 144 (83.2) 154 (89.0)
Have you ever used a postbiotic supplement before?
Yes 13 (3.8) 7 (4.0) 6 (3.5) 0.222
No 333 (96.2) 166 (96.0) 167 (96.5)
If yes, what factors influence your consumption?
Health Issues 4(30.8)  4(57.1) - 0.097
Advice 6 (46.2) 1(14.3) 5(83.3)
Advertisements 3(23.0) 2 (28.6) 1(16.7)
If you use it, how often do you take postbiotic supplements?
Frequently 5(385) 2(28.6) 3(50.0) <0.001
Rarely 8 (61.5) 5(71.4) 3 (50.0)

Fisher’s Exact test. Statistically significant P-value is shown in bold.
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TABLE 3. Frequency of Consumption of Foods that May Increase Postbiotic Production

Total Male Female
n (%) n (%) n (%) P-value*
Yogurt
Once a day 85 (24.6) 43 (24.9) 42 (24.3) X?=1.384
2-3 times a day 23 (6.6) 13 (7.5) 10 (5.8) 0.926
Twice a week 148 (42.8) 75 (43.4) 73 (42.2)
Once every 15 days 65 (18.8) 29 (16.8) 36 (20.8)
Once a month 20 (5.8) 10 (5.8) 10 (5.8)
I never consume 5(1.4) 3(1.7) 2(1.2)
Kefir
Once a day 26 (7.5) 15 (8.7) 11 (6.4) X?=7.200
2-3 times a day 11 (3.2) 3(1.7) 8 (4.6) 0.206
Twice a week 24 (6.9) 8 (4.6) 16 (9.2)
Once every 15 days 88 (25.4) 48 (27.7) 40 (23.1)
Once a month 48 (13.9) 27 (15.6) 21 (12.1)
I never consume 149 (43.1) 72 (41.6) 77 (44.5)
Sauerkraut
Once a day 31 (9.0 16 (9.2) 15 (8.7) X?=4.052
2-3 times a day 16 (4.6) 9(5.2) 7(4.0) 0.542
Twice a week 92 (26.6) 38 (22.0) 54 (31.2)
Once every 15 days 99 (28.6) 54 (31.2) 45 (26.0)
Once a month 61 (17.6) 32 (18.5) 29 (16.8)
I never consume 47 (13.6) 24 (13.9) 23 (13.3)
Pickled vegetables
Once a day 29 (8.4) 15 (8.7) 14 (8.1) X?=2.132
2-3 times a day 25(7.2) 10 (5.8) 15 (8.7) 0.831
Twice a week 66 (19.1) 33 (19.1) 33 (19.1)
Once every 15 days 87 (25.1) 43 (24.9) 44 (25.4)
Once a month 47 (13.6) 27 (15.6) 20 (11.6)
I never consume 92 (26.6) 45 (26.0) 47 (27.2)

*Pearson’s chi-square test

among participants. According to categorized scale
scores, 48.8% (n=169) had poor knowledge, 39.0%
(n=135) moderate knowledge, 11.8% good
knowledge, and only 0.4% (n=1) very good
knowledge. Gender-based comparison revealed that
52.0% (n=90) of female students and 45.7% (n=79) of
male students fell into the “poor” knowledge category
(Table 4). The mean postbiotic knowledge score for
female students was 45.99+7.54, while the mean score

for male students was 45.91+7.88. Although the scores
were close, the difference was statistically significant
(P<0.001), suggesting higher awareness among female
participants. Knowledge levels across academic
departments showed no statistically significant
differences suggesting higher awareness among
female participants (Table 5). Knowledge levels across
academic departments showed no statistically
significant differences (P=0.291) (Table 6).
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TABLE 4. Distribution of Participants Postbiotic Knowledge Levels by Gender

Postbiotic knowledge level Female (n=173)

Male (n=173)

Total (n=346)

Basic nutrition (Total score: 80) n %

Poor (<45) 90 52.0
Moderate (45-55) 64 37.0
Good (56-65) 18 10.4
Very Good (>65) 1 0.6

n % n %
79 45.7 169 48.8
71 41.0 135 39.0
23 133 41 11.8
- - 1 0.4

DISCUSSION

This study investigated postbiotic awareness,
consumption behaviors, and knowledge levels among
university students from diverse academic disciplines.
Despite the growing scientific interest in postbiotics
and their potential health benefits, our findings
indicate a substantial gap in student knowledge and
usage. The International Scientific Association for
Probiotics and Prebiotics (ISAPP) defined postbiotics
in 2021 as "a preparation of inanimate microorganisms
and/or their components that confers a health benefit
to the host." This definition proposed by ISAPP is
comprehensive enough to allow for the development
of postbiotics from various microorganisms and their
application to different body sites. Beneficial effects
can be evaluated or validated in humans, animals, and
other target organs [2].

A study conducted among university students has
shown that the average score regarding students'
knowledge and perception of probiotics is good [16].
In a study that included healthcare personnel, it was
found that 88% of the participants were familiar with
the term "probiotic," while 22% were familiar with the
term "prebiotic" [17]. In another study conducted with
students, 56% of the participants were aware of the
definition of probiotics; however, no student was able
to answer questions related to the types of bacteria

TABLE 5. Average Postbiotic Knowledge Levels
of University Students by Gender

Gender n Mean+SD t P-value
Male 173 45.91+7.88 0.096 <0.001
Female 173 45.99+7.54

known as probiotics correctly [18]. In a study
involving medical students, 57.3% of the students
reported that they had never heard the definition of
probiotics before [19]. Based on these results, it can
be stated that students are familiar with definitions
they may have heard in class or through casual
conversations, but there is a need to increase their level
of knowledge on this topic. In this study, it was found
that 86.1% of the students had never heard of the
concept of postbiotics (Table 2). It can be said that
students' awareness of postbiotics may be low due to
the fact that postbiotics is a relatively new concept and
postbiotic supplements are not yet widely available on
the market [20, 21]. However, this study concluded
that only 3.8% of all students use postbiotics (Table
2). Based on this, it is anticipated that the usage rate
will increase as awareness of the concept grows. When
evaluated alongside the existing probiotic literature,
the findings of this study are consistent with previous
research demonstrating limited awareness and
inconsistent consumption patterns of microbiota-
related functional foods among university students.

TABLE 6. Postbiotic Knowledge Averages of
University Students by Academic Departments

Departments n Mean+SD P-value
Recreation 18 47.55+6.98 0.291*
Nursing 42 44.95+7.16
Recreation 52 43.90+8.13
management

Physical education 37 45.10+6.78

teaching

Coaching education 152  46.92+8.00

Sports management 45 46.04+6.89

SD, standard deviation. Statistically significant P-value is
shown in bold.

SD, standard deviation.
*Tukey Test
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Similar to studies on probiotics, knowledge levels
regarding postbiotics were higher among female
students, suggesting that gender-related differences
observed in probiotic awareness may also extend to
emerging concepts such as postbiotics. These parallels
support the notion that postbiotics represent a natural
extension of probiotic research rather than an isolated
concept.

In this study, no literature was found regarding the
frequency of postbiotic consumption, and instead, the
studies on the frequency of probiotic food
consumption were addressed due to the ability of
probiotics to enhance postbiotics. Yal¢in ef al. [22]
found in their study that yogurt was the most
consumed probiotic food at 90.9%, followed by
buttermilk at 59.6% and pickles at 55.6%, while kefir
was not preferred. In a study consisting of athletes, the
proportion of those who never consumed kefir was
found to be 50%, while those who consumed kefir
daily were limited to 3.3% [23]. In a study
investigating the frequency of probiotic food
consumption, the most frequently consumed
probiotics among students were yogurt (82.4%),
followed by Greek yogurt (55.9%), probiotic-added
yogurt (42.4%), and kefir (9.3%) [15]. In this study,
the proportion of those who consumed kefir daily was
limited to 7.5%, which was lower than the daily
consumption rates of other probiotic foods (Table 3).
Based on these results, it can be said that individuals
prefer products like yogurt and pickles more
frequently. When the frequency of consumption of
foods that may increase postbiotic production is
analyzed, 32.4% of men and 30.1% of women
consume yogurt daily. A study conducted by Aydin et
al. [24], a statistically significant difference was found
between the frequency of probiotic food consumption
and gender, with women exhibiting a higher frequency
of probiotic food consumption compared to men.
Another study conducted with adult individuals found
that yogurt consumption was significantly higher
among female participants compared to male
participants [25]. However, in our study, no significant
difference was observed based on gender (Table 3). In
their research, Sevim et al. [23] found that the
frequency of pickle consumption was similar to our
study, with a consumption rate of 46.6% for 1-2 times
a week. The low frequency of sauerkraut consumption
has been attributed to limited access, as products like

yogurt and ayran are more frequently preferred over
sauerkraut in school and dormitory cafeterias. The low
consumption frequency of foods other than yogurt
may be primarily attributed to university students' lack
of awareness regarding the importance of improving
health and lifestyle, as well as the fact that a large
majority have not heard of the concept of postbiotics.

In a study investigating probiotic knowledge
levels, it was observed that 364 participants scored an
average of 6.16 out of a maximum of 8 points,
indicating that they have a good level of knowledge
about probiotics [26]. Ozgiir and Dingoglu [27] stated
in their research that university students have some
knowledge about probiotics; however, they do not
possess sufficient information regarding current
developments in the field. However, since the sample
group consists of Nutrition and Dietetics students, it
can be assumed that they possess knowledge about
probiotics. In a study that included medical students,
it was found that they had low to moderate levels of
knowledge about probiotics and that the students
needed more educational programs on the topic. In a
study involving 1,126 participants, the level of
knowledge about probiotics was investigated, and it
was found that 76.4% of the participants had
insufficient knowledge, 21.1% had average
knowledge, and 2.5% had good knowledge [28]. In
our study, the percentage of university students with a
very good level of knowledge about postbiotics was
found to be 0.4%, while the percentage of those with
poor knowledge was 48.8%. Factors contributing to
this situation include the fact that the concept of
postbiotics is relatively new in our country,
insufficient advertising for products containing
postbiotics, and low awareness regarding these
products (Table 4). When examining the average
postbiotic knowledge levels of university students by
gender, it was found that females have a higher
knowledge level compared to males (Table 5).
Horasan et al. [29], in their study aimed at determining
the probiotic knowledge levels and consumption
patterns of university students, found that females
consumed probiotic foods at a higher rate, and the
difference between genders was statistically
significant. Additionally, similar to the findings of this
research, there are studies that support the notion that
women consume probiotic foods more than men [30,
31]. The reasons for women having a higher level of
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knowledge about postbiotics may include their greater
attention to health, nutrition, and body image
compared to men [32, 33].

Strengths and Limitations

The research is limited to students continuing their
education in specific departments of two state
universities. Therefore, more comprehensive scientific
studies can be conducted on broader sample groups
regarding postbiotics. When the strengths of this study
are evaluated, the fact that it is one of the first studies
to examine the level of postbiotic awareness and
knowledge among university students in Turkey and
that the subject is relatively new in the literature
increases the scientific value of the research. In
addition, by selecting participants from Health, Sports
and Tourism faculties, comparison of students from
different academic fields was made possible and the
research results were not limited to health sciences
students only.

CONCLUSION
Despite the increasing number of studies
demonstrating the positive health effects of

postbiotics, it has been found that the knowledge
levels and consumption frequencies of postbiotics
among students, who are expected to have higher
awareness, are not at the anticipated levels. Possible
reasons for this situation include the limited promotion
and advertising activities regarding postbiotics, a lack
of understanding of the health benefits of postbiotics,
the infrequent availability of postbiotic products in the
market, and uncertainties surrounding their
consumption. Therefore, it is recommended to
organize training sessions in faculties about postbiotic
foods to raise awareness among students. Students
who will become future coaches, teachers, and
healthcare  personnel should first become
knowledgeable about this concept, which is
recognized for its positive effects on the maintenance
and preservation of a healthy lifestyle, and integrate it
into their dietary routines. Although there are currently
no widespread commercial products or supplements
available, postbiotics have the potential to become
significant players in the functional food market in the

next decade. Therefore, scientists are encouraged to
conduct more scientific studies on postbiotics.
Therefore, it is anticipated that the consumption
frequency of postbiotic foods will increase in light of
the scientific studies conducted. Finally, the research
is limited to students continuing their education in
specific departments of two state universities.
Therefore, more comprehensive scientific studies can
be conducted on broader sample groups regarding
postbiotics.
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Abstract

Objective: Forward head posture (FHP) is a common postural abnormality where the external auditory canal
is positioned ahead of the shoulder joint’s plumb line. This study aimed to evaluate FHP’s impact on thoracic
kyphosis, hand grip strength, and pinch grip strength in healthy adults.

Methods: Ninety-three healthy adults (18-25 years) participated, divided into two groups based on
craniovertebral angle (CVA): the FHP group (CVA <45°, n=38) and the control group (CVA >45°, n=55). CVA
was measured via photogrammetry. The thoracic kyphosis angle was assessed using the Goniometer Pro app.
Hand grip strength was measured with a Jamar dynamometer, and pinch grip strength with a Baseline hydraulic
pinch gauge.

Results: No significant differences were found between groups in thoracic kyphosis angle, hand grip, or pinch
grip strength (P>0.05). CVA showed no significant correlation with these parameters in either group (P>0.05).
However, in the FHP group, the thoracic kyphosis angle was significantly correlated with non-dominant hand
grip strength (r=-0.324, P=0.047), dominant pinch grip strength (r=-0.350, P=0.031), and non-dominant pinch
grip strength (r=-0.394, P=0.014).

Conclusion: Hand grip and pinch grip strength were not affected by FHP in asymptomatic young adults. No
relationship was found between CVA and thoracic kyphosis. However, individuals with FHP and thoracic
kyphosis angles above 40° may experience altered non-dominant hand function, potentially due to kyphotic
changes.

Keywords: Craniovertebral Angle, Forward Head Posture, Hand Grip Strength, Pinch Grip Strength

any studies have shown that several factors
Maffect hand grip strength, among which a
few studies have shown that shoulder and
elbow position and head and neck position have an
effect [1-3]. In addition, hand strength is related to

upper extremity strength, general body strength, and
upper extremity function [4]. The hand is important

for performing daily life activities that require precise
control. Grip strength is the ability of the fingers to
grasp objects and is an important factor in hand
function performance [5]. The ability to hold small
objects between the thumb and index finger is defined
as pinch strength [6] Hand grip and pinch strength do
not depend solely on the fingers and wrist; they require
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proper functioning of the forearm, pre-scapular, and
shoulder muscles [7]. Scapular position affects upper
extremity and hand function. Upper extremity function
may be affected by a hyperkyphotic posture, which
involves scapular protraction and scapulohumeral
rhythm dissociation.

Forward head posture (FHP), defined as any
alignment in which the external auditory canal is
positioned in front of the plumb line across the
shoulder joint, can develop when using a smartphone,
carrying a backpack, using a computer, overusing the
shoulders, or maintaining poor posture habits [8—12].
FHP has also been associated with cervical spine
hyperextension, forward head tilt, and shortened
levator scapulae, sternocleidomastoid, upper trapezius,
and posterior cervical spine muscles. In people with
FHP, when performing arm lifting activities, a
decrease in serratus anterior activity causes the scapula
to bend forward, and at the same time, winging of the
scapula occurs. With winging of the scapula, the upper
thoracic slope greatly increases in the transverse plane,
and thoracic kyphosis can occur, with an increase in
the anteroposterior diameter of the rib cage. The
posture of the thoracic spine also affects scapular and
glenohumeral kinematics. Increased flexion of the
thoracic spine can lead to decreased range of motion
at the glenohumeral joint [12, 13]. The relationship
between increased FHP and thoracic kyphosis has

been explored in previous studie [14, 15].

Few studies have investigated the relationship
between excessive smartphone use and hand grip
strength or pinch grip strength. One study reported that
the long-term use of smartphones is associated with
poorer hand grip and pinching, showing that the
duration of smartphone use, a factor other than age,
may contribute to reduced hand muscle strength. [16].
A study comparing the hand grip and pinch strength
of children with high-frequency and low-frequency
smartphone use found that the high-frequency users
had decreased hand and pinch strength [17].

Long-term smartphone use commonly leads to
symptoms such as FHP, decreased cervical range of
motion, and pain around the neck [18, 19]. However,
there are limited studies examining the relationship
between FHP and thoracic kyphosis angle, hand grip,
and pinch grip strength. Therefore, this study was
conducted to evaluate the relationships and differences
between hand and finger muscle strength, thoracic
kyphosis angle, and FHP in individuals with and
without common FHP symptoms. The study
hypothesized that, in individuals with FHP syndrome,
there would be a detectable relationship between the
FHP angle and the thoracic kyphosis angle, which may
affect the upper extremity kinematics and, in turn,
negatively affect hand grip strength and pinch grip
strength.

250 Subjects
screened for
eligibility

| |

Eligible
n=93

Excluded n=157
Not fulfiling inclusion = 142
Refused=15

FHP Group Control Group
n=38 n=55
CVA<45 CVA>45

FIGURE 1. The participants' flow chart

771



Eur Res J. 2026;12(7):770-779

Akkas et al

METHODS
Participants

This study, conducted at the Prosthetics and
Orthotics Department of Ankara University from
September 2023 to January 2024, evaluated the FHP
degree, thoracic kyphosis degree, and hand and pinch
grip strength in healthy adults. A random sample of
two hundred and fifty participants was composed of
undergraduate students of Ankara University Faculty
of Health Sciences. Ninety-three students between the
ages of 18 and 25 were recruited for this study. A priori
sample size calculation was performed using G*Power
software (version 3.1.9.7; Heinrich-Heine-Universitét
Diisseldorf, Diisseldorf, Germany). Based on a
medium-to-large effect size (Cohen’s d = 0.6), an
alpha level of 0.05, and a power of 80% for a two-
tailed independent samples t-test, the minimum
required total sample size was calculated as 90
participants. Therefore, our sample of 93 participants
was considered sufficient to provide adequate
statistical power. The participants included in the study
had at least 6 months of experience using a
smartphone, spent 2 h or more per day on a
smartphone, and achieved minimum smartphone
texting and computer typing speeds of between 15 and
30 words per minute, respectively. Smartphone users
in both groups were excluded from the study if they
had a history of traumatic injury, neck pain, other
medical conditions or surgical interventions involving
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FIGURE 2. Measurement of craniovertebral angle.

the spine and upper extremities, an orthopedic or
neurological disorder, mental illness, or a chronic
disorder affecting the musculoskeletal system, such as
rheumatoid arthritis, osteoarthritis, or another
connective tissue disease and if they were athletes
(Figure 1). Upon acceptance of participation, informed
consent was obtained for signature, and then the
evaluation form was filled out by the researcher. FHP
and thoracic angle measurements were made by the
same physiotherapist.

Each participant provided written informed
consent according to the Declaration of Helsinki, and
the study procedure was explained and demonstrated
to them. This study was approved by the Ankara
University Faculty 0f Medicine Human Research
Ethics Committee.

Procedure for Assessment
Measurement of Craniovertebral Angle

In this cross-sectional study, we compared a group
of 38 young adults over the age of 18 years with FHP
<45° to a group of 55 matched individuals with FHP
>45° who had normal FHP. For the assessment of FHP,
the craniovertebral angle (CVA) was measured using
the photogrammetric method. The tragus and 7th
cervical vertebra (C7) points were taken as a reference
based on photographs of the individual’s
craniocervical angle in the sagittal plane. The angle
between a line drawn from the tragus and a line drawn
vertically from C7 was recorded as the anterior tilt
angle. Photographs were taken with the individual
standing in a comfortable position with feet shoulder-
width apart and head facing forward. Subjects were
asked to stand 1.5 m from the postural board, and
photographs were taken with the digital camera on a
tripod. All photographs were analyzed using the
ImageJ program [20-23]. An angle of less than 45.5°
indicates anterior tilt to the head (Figure 2).

Assessment of Hand and Pinch Grip Strength in
Dominant and Non-Dominant Hands

Measurements were taken from the dominant and non-
dominant hands in both groups. The dominant hand
was defined as the one preferred for daily activities
such as writing, eating and handling heavy objects.
Grip strength was measured using a Jamar hand
dynamometer (Jamar, Los Angeles, CA, USA), and
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pinch strength was measured using a Baseline
hydraulic pinch gauge (Fabrication Enterprises, Inc.).
The Jamar hand dynamometer, which is recommended
by the American Society of Hand Therapists as a
standard tool for measuring grip strength, is small and
portable. It was professionally calibrated before use
according to the manufacturer’s instructions. The dial
indicates force in both kilograms and pounds, marked
in 2 kg or 5 Ib increments, allowing evaluation to the
nearest 1 kg or 2.5 1b. The Jamar dynamometer is
adjustable to accommodate hands of various sizes [24,
25]. Each subject was instructed to sit in a straight-
backed chair. Hand muscle strength was measured
with feet flat on the ground, shoulders in adduction,
elbow joint in 90° flexion, and forearm in neutral
position, with the wrist joint at 0° and 30° extension
and 0° and 15° ulnar deviation [26]. Three
measurements of hand grip strength were registered
for each hand, with a 1 min rest between
measurements to avoid fatigue, then the average value
was recorded [27, 28]. Pinch grip strength was
measured as tip pinch (thumb tip to index tip, also
known as 2-point pinch) [29]. The average of 3 trials
was recorded for final analysis.

Measurement of Thoracic Kyphosis

The researcher explained to the evaluators how to
take measurements and find skeletal landmarks. T1—
T12 signs were labeled as follows: First, the C7
spinous process was located by palpation. This
vertebra has the largest protrusion in the neck region
when the head is tilted forward. Then, the T1 spinous
process was identified by touching the bottom of C7.
The subject was asked to flex the trunk slightly
forward, and the T2-T12 spinous processes were
located by palpation [30].

A Samsung Galaxy Note9 smartphone with a 6.3-
inch screen with the Goniometer Pro Android
application was used [31]. The validity and reliability
of the Goniometer Pro application for measuring
spinal curvature have been well-established in recent
literature. Shahri and Hesar [32] reported a strong
correlation (r = 0.81) and a high intraclass correlation
coefficient (ICC = 0.89) between the Goniometer Pro
measurements and the radiographic Cobb angle, which
is considered the gold standard for thoracic kyphosis
assessment. Similarly, Pakeloglu et al. [33]

demonstrated that the application possesses excellent
intra-rater reliability (ICC = 0.90) and high inter-rater
reliability (ICC = 0.87) specifically for measuring the
thoracic kyphosis angle in university students.
Furthermore, previous studies evaluating the
electromechanical properties of smartphone-based
goniometers have confirmed their accuracy, with
measurement errors of less than 2° compared to
universal goniometers [34]. First, we ran the
Goniometer Pro application and placed the middle of
the lower edge of the smartphone on the marked point
of the spinous process (T1), and when the angle was
shown, we tapped the purple button on the screen. We
then repeated the process for T12 and tapped the green
circle on the phone screen to show the scores. The
lowest score was the kyphosis angle. If the calculated
angle was equal to or greater than 40°, the participant
was assigned to the hyperkyphosis group [35].

Statistical Analysis

It was performed using SPSS Statistics (version
26; IBM, Chicago, IL, USA). The Kolmogorov—
Smirnov test was used to assess the normality of the
data distribution. Descriptive statistics and t-tests were
used for the comparisons of mean age, height, weight,
and body mass index. To compare thoracic kyphosis,
hand grip, and pinch strength between groups, we used
independent sample t-tests. The Spearman correlation
coefficient was used to determine the correlation
between CVA and thoracic kyphosis and grip and
pinch strength. The level of significance for all
statistical tests was set at P<0.05.

RESULTS
General Characteristics of the Participants

There were 93 participants in this study; Table 1
shows their demographic features, CVA, thoracic
kyphosis angle, grip strength, and pinch strength. The
FHP group (n=38) had a CVA of less than 45°, and the
control group (n=55) had a CVA of more than 45°.
There was a significant difference in CVA between the
groups (P<0.001): the average CVA was 42.87+2.4°
in the FHP group and 50.81+£3.6° in the control group.
There were no significant differences between groups
in terms of mean age and height. Average mean body
mass index and weight were significantly different
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TABLE 1. Descriptive Characteristics of the Study Groups

FHP group Control group P-value

CVA<4S degrees CVA>4S degrees
(n=38) (n=55)

Age (years) 21.1542.3 21.18+4 0.970
Height (cm) 168.81£10.6 168.86+10.1 0.980
Weight (kg) 70.26+15.5 62.2+12.7 0.008
BMI (kg/m?) 24.42+3.4 21.67+3 <0.001
CVA (degrees) 42.87+2.4 50.81+3.6 <0.001
Thoracic kyphosis angle (degrees) 43.88+9 43.33£6.6 0.790
Dominant hand grip strength 33.61+10.6 31.57+10.7 0.298
Non-dominant hand grip strength 32.19+11 29.35£10.7 0.147
Dominant pinch grip strength 20.57+£5.4 19.15+4.9 0.275
Non-dominant pinch grip strength 19.42+4.4 18.44+4.4 0.255

Data are shown as mean+standard deviation. BMI, body mass index; CVA, craniovertebral angle; FHP, forward head posture.

Statistically significant P-values are shown in bold.

between groups (P<0.05): the average BMI (kg/m?)
was 24.42+3.4 in the FHP group and 21.67+3 in the
control group. No significant differences in the mean
thoracic kyphosis angle, hand grip, and pinch grip
strength of both hands were found between groups
(P>0.05).

Correlation Analysis

As shown in Table 2, no significant correlations
between CVA and thoracic kyphosis angle, hand grip,
and pinch grip strength were found in both groups in
this study. Table 3 shows the correlations between
thoracic kyphosis degree and CVA, hand grip, and
pinch grip strength. In the FHP group (CVA <45°),
significant correlations were found between thoracic

kyphosis degree and non-dominant hand grip strength
(r=-0.324, P=0.047), dominant hand pinch strength
(r=-0.350, P=0.031), and non-dominant hand pinch
strength (r= -0.394, P=0.014), but there was no
significant correlation with dominant hand grip
strength. The thoracic kyphosis angle showed a weak
and negative correlation with non-dominant hand grip
strength, dominant hand pinch strength, and non-
dominant hand pinch strength. Table 3 shows the
correlations between grip strength and pinch strength;
significant differences were found between dominant
and non-dominant hand grip strength and dominant
and non-dominant hand pinch strength in the two
groups. Hand grip strength showed positive
correlation with pinch grip strength.

TABLE 2. Correlation Between CVA Degree on Thoracic Kyphosis Angle, Hand, and Tip Pinch

Grip Strength

CVA degree Thoracic Dominant Non-dominant Dominant Non-dominant
kyphosis angle, hand grip hand grip pinch grip pinch grip
degrees strength strength strength strength
FHA Group r=-0.066 r=0.026 r=0.058 r=-0.049 =-0.063
P=0.694 P=0.875 P=0.728 P=0.769 P=0.706
Control Group r=-0.156 r=-.140 r=-.117 r=-.004 =004
P=0.254 P=0.308 P=0.384 P=0.980 P=0.975

FHA group, CVA<45 degrees; Control group, CVA>45 degrees; CVA, craniovertebral angle
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TABLE 3. Correlation Between Thoracic Kyphosis Angle on FHP Degree, Hand, and Tip Pinch

Grip Strength

Thoracic FHP Dominant hand Non-dominant Dominant pinch Non-dominant
kyphosis angle  degree grip strength hand grip strength  grip strength  pinch grip strength
FHP group r=-0.066 r=-0.263 r=-0.324 r=-0.350 r=0-.394
P=0.694 P=0.111 P=0.047 P=0.031 P=0.014
Control group r=-0.156 r=0.043 r=0.044 r=0.039 r=0.012
P=0.254 P=0.758 P=0.747 P=0.778 P=0.930

FHA group, CVA<45 degrees; Control group, CVA>45 degrees; CVA, craniovertebral angle; FHP, forward head posture.

Statistically significant P-values are shown in bold.

DISCUSSION

The purpose of this study was to evaluate the
correlations between thoracic kyphosis, dominant and
non-dominant hand grip strength, and dominant and
non-dominant hand pinch grip strength in young
smartphone users with CVA <45° and CVA >45°. The
results show that the thoracic kyphosis angle, hand
grip strength, and pinch grip strength were not
associated with CVA. There was no difference in
thoracic kyphosis angle, hand grip strength, or pinch
grip strength between the two groups. However, the
thoracic kyphotic angle was correlated with the grip
strength and pinch strength of the non-dominant hand
in the FHP group, and this may be related to head and
neck rotational position [31, 36].

FHP is defined as a CVA of less than 45° and
manifests as forward protrusion of the head in the
sagittal plane and extension in the upper cervical
region. FHP can cause neck pain, changes in postural
control, and decreased balance ability. Any change in
cervical lordosis can biomechanically lead to postural
changes in the thoracic and lumbar spine. We did not
find any correlation between CVA and thoracic
kyphosis angle. The current results are supported by
the findings of Talati et al., who did not find any
significant correlation between FHP, thoracic
kyphosis, and lumbar lordosis in healthy adults aged
18-35 years [37].

Lee et al. [38] evaluated the use of
electromyography to record the muscle activity of the
upper trapezius, extensor pollicis longus, and abductor
pollicis during smartphone use and observed higher
activity in these muscles during one-handed
smartphone use than during two-handed use. The

study noted that increased muscle activity may
compensate for instability in the shoulder and wrist
during single-handed device handling. We did not find
a correlation between CVA and hand grip or pinch grip
strength, but did find a correlation between thoracic
kyphosis angle and non-dominant hand grip strength
and both dominant and non-dominant hand pinch grip
strength in the FHP group. Because the people
evaluated in our study were using a smartphone with
their dominant hand and there was an increase in upper
extremity muscle activity on the dominant side, a
relationship with the dominant hand may not have
been detectable. In our study, we found a relationship
between the thoracic kyphosis angle and the pinch
strength on the non-dominant hand side, which may
align with the findings of Lee et al. Because of the
increased muscle strength and compensation on the
dominant side, there may be no relationship between
CVA and thoracic kyphosis angle.

Several factors may explain why our hypothesis
regarding the correlation between CVA, thoracic
kyphosis, and grip strength was not supported. First,
the participants in this study were young,
asymptomatic adults (18-25 years). In this age group,
postural deviations such as FHP are often 'functional'
or flexible in nature, originating from soft tissue habits
rather than fixed structural bony deformities [37].
Therefore, a forward head position may not
mechanically force the thoracic spine into a rigid
hyperkyphotic curve as strictly as it would in older
populations with degenerative changes. Second,
young adults possess high biomechanical
compensatory capabilities. As suggested by Lee et al.,
increased muscle activity in the upper extremities
during smartphone use may compensate for the
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glenohumeral instability caused by poor posture,
thereby maintaining grip strength levels despite the
altered alignment [38]. Consequently, the kinematic
chain effect—where FHP leads to kyphosis and
subsequently reduces grip strength—may not yet be
fully established in this early stage of postural
misalignment.

A study by Mosaad et al. [39] reported that hand
grip strength was not affected by forward head tilt and
rounded shoulder posture or by rounded shoulder
posture alone in asymptomatic young adults, and CVA
was not associated with an inverse effect on hand grip
strength. Mosaad ef al.’s [39] study supports the
results of this study, with no correlation found between
CVA and hand grip and pinch grip strength. In the
Mosaad et al.’s [39] study, the average CVA was
47.03+2.42° in the group with forward head tilt and
rounded shoulder posture, whereas in our study, the
CVA was 42.87+2.4°, and even if the angle was
smaller, there was no correlation with grip or pinch
strength. The lack of correlation between CVA and
grip strength was consistent with the findings of Mosa
and Fayaz [40], who concluded that there was no
significant relationship between FHP severity and
upper extremity anthropometry, including total upper
extremity, forearm, and hand length, in addition to
mid-arm circumference. Alshahrani et al. [41] reported
that smartphone addiction negatively affected neck
flexor endurance but not grip or pinch strength in
healthy college students. The current results are not
supported by the findings of Bashir et al. [42], who
found an increase in FHP; increased disabilities of the
arm, shoulder, and hand; and a probable decrease in the
grip strength of the dominant hand in smartphone users.

The discrepancy between the findings of Mosaad
et al. [39] and Bashir et al. [42], may be attributed to
differences in the study populations and the severity
of symptoms. Mosaad et al.’s [39] study, similar to
ours, evaluated asymptomatic young adults where
postural deviations might be in a flexible stage without
causing significant biomechanical disadvantages in the
upper extremity [39]. In contrast, Bashir et al.’s [42]
study likely included participants with more
pronounced musculoskeletal symptoms or different
patterns of smartphone usage intensity, which could
lead to detectable deficits in grip strength. Therefore,
the impact of FHP on hand function appears to be
context-dependent, becoming more evident when

accompanied by pain or chronic disability rather than
in asymptomatic structural variations.

The correct position of the scapula increases upper
extremity movement efficiency and its stability affects
hand functions. In kyphotic individuals, the scapula is
in a protracted position, disrupting the scapulohumeral
rhythm. Limited scapular and chest movement also
reduces the shoulder joint’s range of motion [43]. The
kyphotic spinal structure can cause muscle imbalance
in the upper extremity kinetic chain, affecting the
pectoralis minor, pectoralis major, thomboids, and
serratus anterior. This imbalance can result in reduced
grip and pinch strength [44].

In our study, there was no difference between the
thoracic kyphosis angle in the FHP group (43.88+9°)
and the control group (43.33+6.6°). Both were over
40°, and there was a slightly kyphotic structure. In
adults, the kyphosis angle can vary between ~35° and
37° according to different investigators, although those
studies were conducted in heterogeneous populations
[45]. Boseker et al. [46] reported that normal kyphosis
ranged between 20° and 50° using+two standard
deviations.

In our study, a negative relationship between
thoracic kyphosis and non-dominant hand grip
strength and dominant and non-dominant hand pinch
strength was found in the FHP group. The correlation
between thoracic kyphosis and non-dominant hand
and pinch grip strength may be due to muscle
activation on the dominant side and increased
activation of the extensor pollicis longus and abductor
pollicis muscles, especially in one-sided smartphone
users. Second, there may be an effect depending on
the head and neck position. Kumar et al. [3] concluded
that head—neck position can influence grip strength
and noted that, for right-hand-dominant people, head—
neck rotation to the left may have a greater influence
than a neutral position or rotation to the right. Fercho
et al. [47] identified the region that makes greatest
contribution to forward flexion along the cervical
parameters during various tasks involving smartphone
use, and indicated that the greatest contributor to head
flexion is the CO—C1 joint and involuntary rotation of
the cervical spine toward symmetry when texting.
Involuntary rotation in the cervical region can affect
grip and pinch strength in individuals with FHP.
According to these studies, the functional effects of
the muscles that rotate the cervical region occur in
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individuals with FHP. A study by Xie et al. [48] found
a significant increase in right-side cervical flexion
angle and greater postural changes in cervical rotation
when texting on a smartphone. While texting with two
hands was associated with increased cervical flexion,
texting with one hand was associated with asymmetric
movement.

Strengths and Limitations

This study provides valuable insights into the
relationship between sagittal plane postural alignments
and distal extremity functions, specifically focusing
on FHP and grip strength. A key strength of the
research is the objective measurement of the
craniovertebral angle (CVA) and thoracic kyphosis,
which allowed for a precise categorization of the
subjects. Furthermore, by focusing on a specific,
young, and asymptomatic population, the study
minimizes the confounding effects of age-related
degenerative changes or pre-existing musculoskeletal
pathologies, offering a clearer view of the kinetic
chain connection in a modern, smartphone-using
demographic.

Despite these strengths, the current study has some
limitations. First, only young and healthy individuals
were included; therefore, the results cannot be
generalized to the broader population or clinical
groups, though they serve as a solid basis for future
research. Second, the cross-sectional design of the
study limits our ability to establish causal
relationships. Future research should employ
longitudinal designs to determine if long-term,
asymptomatic FHP eventually leads to structural
changes and functional deficits in grip strength as
individuals age. Additionally, incorporating
electromyographic analysis of the cervical and
scapulothoracic muscles would provide deeper
insights into the compensatory muscle activation
patterns. Finally, interventional studies examining
whether corrective postural exercises for FHP result
in improvements in distal hand function would further
clarify the clinical relevance of the kinetic chain
connection.

CONCLUSION

Based on the data analysis, it can be concluded that

there was no correlation between thoracic kyphosis
and hand grip and pinch grip strength in individuals
with FHP compared to those without FHP. In our
findings, no relationship between FHP and thoracic
kyphotic angle was detected, but a negative correlation
between thoracic kyphosis and non-dominant hand
grip strength and pinch grip strength in the FHP group
was detected. In the control group, no correlation
between thoracic kyphosis and non-dominant hand
grip and pinch strength was found. In individuals with
FHP with a thoracic kyphosis angle greater than 40°,
non-dominant hand functions may be affected. FHP
may affect upper extremity kinetics and, upon
evaluating joint movement and muscle strength in the
upper extremity and cervical region of individuals
with FHP in the clinic, recommendations and orthotic
approaches can be suggested to keep the head and
neck position neutral.
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Abstract:

Objective: Severe COVID-19 pneumonia is often complicated by hyperinflammation and multiorgan failure.
Tocilizumab, an interleukin-6 receptor antagonist, has been used to mitigate cytokine storm; however, it’s
prognostic impact remains uncertain.

Methods: This retrospective cohort study included 43 adult patients with PCR-confirmed COVID-19
pneumonia who received tocilizumab at a tertiary hospital in Turkiye between April and September 2020.
Patients were categorized as survivors or non-survivors. Demographic data and laboratory markers were
analyzed at baseline, 24 hours, and 7 days post-treatment. Statistical analyses included Mann—Whitney U,
Wilcoxon signed-rank, and chi-square tests.

Results: Non-survivors were significantly older (mean age: 72.4 vs. 64.9 years, P=0.046) and had higher levels
of C-reactive protein (P=0.002), D-dimer (P=0.004), procalcitonin (P= 0.001), troponin (P=0.004), BUN
(P<0.001) and creatinine (P=0.02). Survivors showed higher albumin and prognostic nutritional index (PNI)
values (P=0.009 and P<0.001, respectively). On day 7, survivors exhibited increased lymphocyte, eosinophil,
and platelet counts, while non-survivors had persistent neutrophilia, leukocytosis, and elevated neutrophil-to-
lymphocyte ratios (P<0.05). Dynamic biomarker trends suggested ongoing inflammation and prothrombotic
states among non-survivors.

Conclusion: Tocilizumab therapy may be more effective when administered early and in patients with
preserved nutritional and immune function. Advanced age, renal dysfunction, elevated inflammatory markers,
and poor nutritional status were significant predictors of mortality. Further prospective studies are warranted
to validate these findings.

Keywords: COVID-19, Viral Pneumonia, Tocilizumab, Prognosis, Mortality

by severe acute respiratory syndrome significant morbidity and mortality due to respiratory
coronavirus 2 (SARS-CoV-2), was first failure. On March 11, 2020, the World Health
identified in Wuhan, China, in December 2019. The Organization declared COVID-19 a global pandemic,

Coronavirus disease 2019 (COVID-19), caused disease rapidly spread worldwide, leading to
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Factors Affecting Mortality with Tocilizumab Treatment in COVID-19

and the first case in our country was reported on the
same day [1, 2].

COVID-19 exhibits a wide clinical spectrum
ranging from mild symptoms to severe pneumonia and
multiple organ failure. Although most patients
experience a favorable course, up to 10% develop
acute lung injury, acute respiratory distress syndrome
(ARDS), and multiorgan involvement. Severe cases
are characterized by hyaline membrane formation,
inflammatory cell infiltration, and excessive cytokine
release, all of which contribute to respiratory failure
and mortality [3].

A hallmark of severe disease is the exaggerated
immune response known as cytokine release
syndrome, in which proinflammatory cytokines-
particularly interleukin-6 (IL-6) play a central role [3].
Elevated IL-6 levels have been strongly associated
with disease severity, respiratory failure, and mortality.
Cytokine storm, considered a major driver of ARDS
and multiorgan failure, significantly exacerbates the
clinical course. Glucocorticoids remain the first-line
therapy for macrophage activation syndrome (MAS),
a condition driven by cytokine storm. In patients with
inadequate response, blockade of the IL-6 receptor is
recommended [1, 3].

Tocilizumab, a recombinant humanized
monoclonal antibody, binds to both soluble and
membrane-bound IL-6 receptors (sIL-6R and mIL-
6R), thereby inhibiting IL-6—mediated signaling and
reducing systemic inflammation. By targeting this
pathway, tocilizumab may prevent progression of lung
injury, systemic hyperinflammation, and multiorgan
failure in critically ill patients [3]. The agent, already
approved for the treatment of rheumatoid arthritis and
cytokine release syndrome following chimeric antigen
receptor T-cell therapy, has been proposed for use in
COVID-19-associated hyperinflammation [1, 4].

In our country, national COVID-19 treatment
guidelines, supported by current literature, recommend
tocilizumab administration in patients with severe
disease or in those demonstrating clinical and
laboratory features of cytokine storm [5].

METHODS

This retrospective cohort study was conducted in the
Department of Pulmonology at a tertiary care

university hospital in Turkiye between April.15.2020
and September.30.2020, following approval by the
local Ethics Committee (ODU KEAK 2020/226).
Patients aged >18 years with radiologically confirmed
pulmonary involvement and a positive SARS-CoV-2
polymerase chain reaction (PCR) test were eligible for
inclusion. A total of 43 patients who received
tocilizumab therapy were analyzed. Patients were
categorized as survivors or non-survivors based on
clinical outcomes. Exclusion criteria included age <18
years, refusal to provide consent for tocilizumab
therapy, and unavailable medical records.

Tocilizumab was administered intravenously at a
dose of 8 mg/kg (maximum 800 mg), as recommended
by national guidelines, and was usually administered
as a single infusion. A second dose was considered
within 12-24 hours at the discretion of the treating
physician if hyperinflammatory findings persisted. All
patients additionally received standard care, including
oxygen supplementation, dexamethasone,
anticoagulation, and antiviral therapy (e.g.,
favipiravir), in line with institutional and national
COVID-19 management protocols. All patients
received a standardized corticosteroid regimen
consisting of 250 mg intravenous methylprednisolone
for three days administered according to the
institutional protocol. Demographic data (age, sex),
comorbidities, radiological findings, and treatment
details were retrieved from electronic medical records.
Laboratory parameters were recorded at three time
points: baseline (Day 0, prior to tocilizumab
administration), Day 1 (24 hours post-treatment), and
Day 7 (one week post-treatment).

Statistical Analysis

Statistical analyses were performed using IBM
SPSS Statistics version 23.0 (IBM Corp., Chicago, IL,
USA). The Shapiro—Wilk test was applied to assess
normality of quantitative data. Comparisons of non-
normally distributed variables were performed using
the Mann—Whitney U test, while repeated
measurements were evaluated using the Wilcoxon
signed-rank test. Categorical variables were analyzed
with the Pearson chi-square test. Data are presented as
number (percentage), median (minimum—maximum),
or mean (95% confidence interval [CI]). P-value <0.05
was considered statistically significant.
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RESULTS

A total of 43 patients who received tocilizumab
therapy for COVID-19 pneumonia were included in
the study. The mean age of non-survivors was
significantly higher than that of survivors (72.4£11.5
vs. 64.9+14.4 years, P=0.046). No significant
differences were found between the two groups
regarding gender distribution, concomitant favipiravir
therapy, radiological findings, or length of hospital
stay (Table 1).

In terms of laboratory parameters, several
significant changes were observed during follow-up.
On day 7 after treatment, survivors had higher
lymphocyte counts (P=0.027), platelet counts
(P=0.021) and eosinophil counts (P=0.020), whereas
non-survivors showed marked elevations in neutrophil
counts (P<0.001), white blood cell counts (P=0.004),
and neutrophil-to-lymphocyte ratio (NLR) (P<0.001)
(Table 2). Similarly, inflammatory and biochemical
markers including C-reactive protein (CRP),
procalcitonin, troponin, D-dimer, blood urea nitrogen
(BUN), and creatinine levels were significantly higher

in non-survivors (P<0.05). In contrast, albumin and
prognostic nutritional index (PNI) levels were
consistently lower among non-survivors (P<0.05)
(Table 2).

Dynamic changes in biomarkers following
tocilizumab administration further supported these
findings. From baseline to day 7, non-survivors
exhibited progressive increases in neutrophil counts,
NLR, BUN, creatinine, D-dimer, procalcitonin, and
sodium levels, while survivors demonstrated
significant decreases in hemoglobin, hematocrit, and
albumin levels (P<0.05) (Table 3). Conversely, ferritin
levels decreased more prominently in survivors
compared with non-survivors, suggesting a differential
response to treatment.

DISCUSSION

In this study, we evaluated 43 patients with COVID-
19 pneumonia who received tocilizumab therapy.
Survivors and non-survivors were compared in terms
of demographic, radiological, and laboratory

TABLE 1. Baseline Demographic, Clinical, and Radiological Characteristics of COVID-19 Patients
Who Received Tocilizumab Therapy According to Survival Status

Survivor Non-survivor P-value
Age (years) 64.9+£14 .4 72.4+11.5 0.046
Gender
Male 15 (65.2%) 12 (60%) 0.724
Female 8 (34.8%) 8 (40%)
Favipiravir
Received 5(21.7%) 4 (20%) 0.089
Not received 18 (78.3%) 16 (80%)
Chest Radiology
Ground-glass opacity 20 (87%) 18 (90%) 0.756
Fibrosis 1 (4.3%) 3 (15%) 0.230
Consolidation 4 (17.4%) 4 (20%) 0.826
Atelectasis 2 (8.7%) 4 (20%) 0.286
Pleural Effusion 3 (13%) 2 (10%) 0.756
Pulmonary Nodule 1 (4.3%) 0 (0%) 0.345
Length of stay (days) 18.5+6.3 21.2+11.6 0.779

Data are shown as mean+standard deviation or number (%) unless otherwise indicated.
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parameters. Our findings demonstrated that mortality
was significantly associated with advanced age, renal
dysfunction reflected by elevated BUN and creatinine
levels, impaired poor nutritional status, indicated by
low PNI and albumin levels, increased inflammatory
markers (CRP, D-dimer, and procalcitonin), cardiac
injury (elevated troponin), and hematological
abnormalities (lymphopenia, elevated NLR, and
thrombocytopenia).

Although the role of tocilizumab in COVID-19
pneumonia remains controversial, most studies
highlight its potential benefit in attenuating the
hyperinflammatory response. Xu et al. [1] reported
that tocilizumab led to rapid improvements in fever,
oxygenation, and radiological findings in patients with
severe disease [1]. Similarly, Luo ef al. [6] observed
significant reductions in CRP and ferritin levels
following treatment, though additional interventions
were required in some patients. Zhang et al. [3]
suggested that IL-6 blockade may be critical in
suppressing cytokine storm and reducing mortality.
Our results are also consistent with large-scale
randomized trials such as REMAP-CAP and
RECOVERY, which demonstrated that tocilizumab
reduced mortality, particularly when administered
early in the disease course, in patients with high
inflammatory burden and without advanced organ
failure [7, 8]. In contrast, the randomized controlled
trial by Stone et al. [4] did not show a significant
benefit in preventing intubation or death, which may
be attributed to lower baseline disease severity and
delayed initiation of therapy, further emphasizing the
importance of timing in the effectiveness of 1L-6
receptor blockade.

The prognostic significance of nutritional status in
COVID-19 has gained increasing attention. In our
study, both PNI and serum albumin levels were
significantly lower in non-survivors at baseline and
during follow-up. Consistent with observations in the
general COVID-19 pneumonia population, mortality
was also higher among patients with lower PNI and
albumin levels despite receiving tocilizumab therapy.
These findings support the hypothesis proposed by
Soetedjo ef al. [9] who reported that hypoalbuminemia
was independently associated with increased
mortality, even when inflammatory markers improved.
Similarly, another study evaluating nutritional
biomarkers in COVID-19 emphasized the importance

of including nutritional support alongside
immunomodulatory therapy to optimize clinical
outcomes [10].

Several retrospective studies suggest that
tocilizumab may improve survival, particularly in
critically ill patients. Pehlivanlar Kiictlik et al. [11]
reported that tocilizumab treatment reduced all-cause
mortality and improved survival in intensive care
settings. Kaya et al. [12] further demonstrated that the
survival benefit was most pronounced when
tocilizumab was initiated early, within the first 6.5
days of hospitalization.

Conversely, some studies have shown no
significant effect on long-term mortality. These
discrepancies likely reflect differences in patient
selection, comorbidity profiles, and, most importantly,
the timing of tocilizumab administration [12].

The Scottish multicenter retrospective cohort

study conducted by MacGregor et al. [13] provides
valuable insights in this regard. The investigators
compared early (within the first 2 days) versus late
(between days 2 and 7) administration of tocilizumab
and reported a 90-day mortality rate of 22% in the
early group compared with 45% in the late group. Late
administration increased the risk of death by more than
threefold (adjusted OR: 3.33; 95% CI: 1.29-8.54;
P=0.012). Consistent results were also observed for
28-day and 180-day mortality, underscoring the
critical importance of treatment timing [13].
In our study, elevated CRP, D-dimer, NLR,
procalcitonin, and troponin levels emerged as key
predictors of mortality. These biomarkers reflect both
systemic inflammation and organ dysfunction, and
may help identify patients most likely to benefit from
tocilizumab. Similarly, MacGregor et al. [13]
highlighted that elevated CRP levels, in addition to
treatment timing, were strongly associated with
prognosis.

The marked increase in D-dimer levels among
non-survivors despite tocilizumab therapy suggests the
presence of an underlying prothrombotic state
insufficiently controlled by IL-6 inhibition alone.
Some studies have shown that, D-dimer levels
remained elevated in patients receiving tocilizumab,
which was explained on the basis of the lack of an
effect of tocilizumab on coagulation [14, 15]. In
another study evaluating D-dimer levels with
tocilizumab treatment, no significant difference was
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found in D-dimer levels in patients treated with
tocilizumab, but changes were observed in FXIII
levels. A relationship was established between these
two coagulation parameters. However, D-dimer levels
were found to be high in all patients, and tocilizumab
treatment was reported to have no significant effect on
D-dimer levels [16].

In our study, the mean age of non-survivors was
significantly higher, consistent with previous evidence
identifying age as one of the strongest predictors of
mortality. Moreover, the higher PNI observed in
survivors suggests that nutritional status and immune
system reserves play an important role in determining
prognosis. Similarly, elevated D-dimer, troponin, and
procalcitonin  levels were associated with
coagulopathy, cardiac injury, and secondary infection
burden, respectively, indicating that these biomarkers
may be valuable in predicting mortality.

In conclusion, both our findings and existing
national and international literature demonstrate that
the clinical benefit of tocilizumab depends not only on
its administration but also on early initiation,
appropriate patient selection, and careful consideration
of comorbidities.

Strengths and Limitations

This study has several notable strengths. At first,
unlike many previous reports that focused only on
baseline laboratory parameters, our study evaluated
dynamic changes in inflammatory, hematological, and
biochemical markers at three predefined time points
(baseline, day 1, and day 7) following tocilizumab
administration. This  longitudinal  biomarker
assessment provides a more comprehensive
understanding of treatment response rather than
relying on static measurements. On the other hand, all
patients received a standardized -corticosteroid
protocol (250 mg intravenous methylprednisolone for
three days) in addition to tocilizumab, minimizing
therapeutic heterogeneity and allowing a more
consistent evaluation of IL-6 receptor blockade in a
real-world clinical setting. And, the study assessed not
only classical inflammatory markers (CRP, D-dimer,
ferritin, NLR), but also included nutritional and
immunological indices such as albumin and
Prognostic Nutritional Index (PNI). The integration of
nutritional  status into the evaluation of

immunomodulatory therapy has a significant role in
COVID-19 research. The analysis of dynamic
biomarkers between survivors and non-survivors
allowed identification of early indicators of poor
prognosis, such as progressive elevation of
neutrophils, NLR, BUN, and procalcitonin. This
provides clinically applicable insights for early risk
stratification after tocilizumab therapy. Finally, the
study reflects real-world clinical practice, as treatment
decisions were made according to national guidelines
and institutional protocols, increasing external
applicability to similar tertiary care settings.

This study has several limitations. First, the absence
of a non-tocilizumab control group precludes direct
conclusions regarding the comparative efficacy of
tocilizumab therapy; however, the primary objective of
the study was to identify factors associated with
mortality among patients selected for and treated with
tocilizumab. Second, the retrospective and single-center
design inherently limits the generalizability of our
findings. Although all patients received standardized
institutional ~ treatment protocols, uncontrolled
confounding factors may have influenced clinical
outcomes and biomarker dynamics. Detailed respiratory
severity parameters, including PaO»/FiO. ratios and
formal ARDS classification, were not consistently
available due to the retrospective design. Third, the
relatively small sample size (n=43) may have reduced
statistical power to detect subtle associations,
particularly in subgroup analyses. The imbalance
between survivor and non-survivor groups may also
have introduced bias in intergroup comparisons. Fourth,
while multiple biomarkers were analyzed, cytokine
levels such as IL-6 were not routinely measured after
treatment due to logistical and economic constraints.
This limited our ability to directly assess the
immunological impact of tocilizumab.

CONCLUSION

Tocilizumab alone may not be sufficient to determine
clinical outcomes in COVID-19 pneumonia; rather, its
effectiveness appears to depend on appropriate patient
selection, underlying comorbidities, and, most
importantly, the timing of administration. Our findings
suggest that tocilizumab is most beneficial when
initiated early in patients with a high inflammatory
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burden and preserved immune and nutritional status.
Among patients treated with tocilizumab, mortality
was primarily influenced by treatment timing, while
nutritional status, age, and inflammatory markers
should be carefully considered when selecting
candidates for therapy. Future prospective, randomized
controlled trials with larger cohorts are warranted to
confirm these findings and to better define optimal
patient selection and treatment strategies.
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Abstract:

Objective: Biologic intra-articular injections, including platelet-rich plasma (PRP), hyaluronic acid (HA), and
mesenchymal stem cell (MSC) based therapies, are increasingly investigated for knee osteoarthritis (KOA).
However, no comprehensive, multidatabase bibliometric study has compared publication dynamics, thematic
evolution, and international collaboration patterns across these modalities.

Methods: We searched PubMed, Web of Science, and Scopus for studies published between 2000 and 2025
using standardized terms for KOA and intra-articular PRP/HA/MSC. Records were merged and deduplicated
in R (bibliometrix). Descriptive bibliometrics (publication counts, country output) and science mapping
techniques (co-authorship networks, thematic co-word analysis) were applied. Figures included annual
publication trends, geographic distribution, collaboration networks, thematic networks, and a PRISMA flow
diagram.

Results: After duplication, 2,291 unique publications were included. PRP-related research grew steeply after
2012 and remained dominant; MSC-related publications expanded rapidly after 2015; HA output was modest
and relatively stable. A total of 82 countries contributed, led by the United States (n=2,074) and China
(n=1,559), followed by Italy, France, and Spain. Strong bilateral collaborations were observed between Italy
and the United Kingdom, the USA—Canada, and Italy—Switzerland. Thematic analysis identified hydrogel,
intra-articular HA, and rehabilitation as motor themes, while extracellular vesicles and cartilage regeneration
emerged as hotspots.

Conclusion: Research on biologic intra-articular injections for KOA has grown substantially, with PRP and
MSC driving recent expansion. The field is geographically broad but dominated by North America, China,
and Western Europe. Hotspot clusters suggest a shift toward cell-free biologics and regenerative strategies.
Our open, reproducible workflow provides a transparent basis for ongoing bibliometric monitoring and evidence
synthesis.
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Biologic Injections in Knee OA: A Bibliometric View

nee osteoarthritis (KOA) is one of the most
g<common causes of pain and disability in

adults worldwide. Its prevalence continues to
increase with population aging and obesity [1, 2].
KOA is now recognized as a whole-joint disorder
involving cartilage, subchondral bone, synovium, and
periarticular soft tissues [1]. Standard management is
mainly conservative, focusing on symptom relief
through exercise, physical therapy, weight
management, and intra-articular injections [2].

Among injectable options, hyaluronic acid (HA)
has been widely used for decades as a
viscosupplementation therapy [3]. However, its
efficacy has been debated because of heterogeneity in
molecular formulations and trial results [3]. Platelet-
rich plasma (PRP) has gained attention during the last
decade. Several randomized trials and meta-analyses
suggest that PRP may provide superior pain relief and
functional improvement compared with HA [4, 5].
Still, results vary due to differences in preparation
methods, dosing regimens, and concomitant
treatments [6]. Mesenchymal stem cell (MSC)-based
approaches, including exosome-derived therapies,
represent an emerging area with promising anti-
inflammatory and chondroprotective effects [7-9].

Despite the growing body of clinical and preclinical
evidence, few studies have comprehensively mapped
the scientific landscape of biologic injections for KOA.
Some bibliometric analyses have examined PRP alone
[8] or intra-articular therapies in general [9], but no
study has compared PRP, HA, and MSC simultaneously
across multiple databases and a long-time frame. This
gap limits our understanding of publication dynamics,
thematic hotspots, and international collaboration
networks.

This study aimed to merge PubMed, Web of
Science, and Scopus records from 2000 to 2025 and
provide a comprehensive bibliometric analysis of
intra-articular PRP, HA, and MSC for KOA. We
sought to describe temporal trends, identify research
themes, and map geographic collaboration patterns to
guide future research directions.

METHODS
Search Strategy and Data Sources

We conducted a comprehensive literature search

in PubMed, Web of Science (WoS Core Collection),
and Scopus from January 1, 2000, to September 9,
2025. The search strategy combined terms for KOA
with PRP, HA, MSCs, and intra-articular injection.
Search syntax was adapted for each database. Records
were exported in native formats (.nbib for PubMed,
txt for WoS, csv for Scopus). The bibliometric
analysis was conducted using the Bibliometrix R
package and
Its web interface, Biblioshiny [10].

Eligibility Criteria

Records were included if they reported on intra-
articular PRP, HA, or MSC therapies for KOA. We
applied no restriction on study design or article type.
Non-English articles, duplicates across databases, and
unrelated topics were excluded. No human or animal
ethics approval was required, as only published
literature was analyzed.

Data cleaning and integration

All records were merged in RStudio (R version
2025.05.1). Initial totals were 1,858 (PubMed), 3,012
(WoS), and 2,913 (Scopus). After deduplication, 2,291
unique publications remained. Deduplication involved
DOI and title-based screening, supplemented by
manual checks for residual duplicates. Records were
harmonized to standard fields, including title, abstract,
keywords, author information, country, and year of
publication.

Bibliometric Analysis

We performed descriptive analyses (annual output,
top countries, prolific collaborations) and science
mapping. Country-level output and co-authorship
networks were constructed. International collaboration
networks were visualized using Louvain clustering.
Thematic evolution was explored by co-word analysis
based on Author Keywords (DE) and Keywords Plus
(ID). Results were displayed as temporal trends, world
maps, collaboration networks, thematic maps, and co-
word clusters.

Reporting Framework

The review process followed the PRISMA 2020
guidelines for transparent reporting of literature
searches [11]. A PRISMA-style flow diagram was
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included to depict identification, screening, and
inclusion of records.

Statistical Analysis

Statistical analysis in this study was conducted
within the framework of bibliometric and network-
based methods rather than inferential clinical statistics.
All analyses were performed using the bibliometrix
package (version 4.5.1) in R (R Foundation for
Statistical Computing, Vienna, Austria) and its web-
based interface, Biblioshiny. Descriptive bibliometric
indicators were calculated to summarize publication
characteristics, including annual publication counts,
country-level productivity, and collaboration
frequencies. Publication trends over time were
analyzed using absolute frequencies and temporal
distributions  without hypothesis testing, as
recommended for bibliometric studies. Network
analyses were applied to evaluate scientific
collaboration and thematic structure. Country-level
co-authorship networks were constructed based on
author affiliation data. Network visualization and
clustering were performed using the Louvain
community detection algorithm to identify major
collaboration clusters. Network nodes represent
countries, node size reflects publication volume, and
edge thickness indicates collaboration strength.
Thematic analysis was conducted using co-word
analysis based on Author Keywords (DE) and
Keywords Plus (ID). Keyword co-occurrence matrices
were generated, and thematic maps were produced

using Callon’s centrality and density measures to
classify themes into motor, basic, emerging, and
declining categories. Thematic evolution was assessed
descriptively across the entire study period. No
inferential statistical tests, effect size calculations, or
p-values were applied, as the aim of the study was to
map research trends, thematic development, and
collaboration patterns rather than to test causal
hypotheses. Results are presented descriptively
through tables, figures, and network visualizations.

RESULTS
Search Results

A total of 1,858 records were identified from
PubMed, 3,012 from Web of Science, and 2,913 from
Scopus. After merging and deduplication, 2,291
unique records were included in the final dataset
(Figure 1, PRISMA flow diagram).

Flow of records through identification,
deduplication, screening, and inclusion. A total of
1,858 (PubMed), 3,012 (Web of Science), and 2,913
(Scopus) records were identified; after deduplication,
2,291 unique records were included in the bibliometric
analysis.

Annual Trends

Publication output increased steadily after 2010.
PRP-related studies experienced a steep increase after
2012 and remained dominant. MSC-related

Records identified:
PubMed (n=1858)
WoS (n=3012)
Scopus (n=2913)
Total = 7783

e

Records after duplicates removed
n=2291

'

Final records included in analysis
n=2291

~,

Records excluded:
Duplicates (n=5492)

FIGURE 1. PRISMA flow diagram.
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PRP / HA / MSC — Annual Publication Trends (2000-2025)
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FIGURE 2. Platelet-rich plasma (PRP) vs Hyaluronic acid (HA) vs Mesenchymal stem cell (MSC) — Annual publication

trends (2000-2025).

publications rose sharply after 2015. HA-related
output was modest and relatively stable throughout the
period (Figure 2). As shown in Figure 2, PRP
publications increased markedly after 2012, whereas
HA output remained relatively stable.

Geographic Distribution

In total, eighty-two countries contributed to the
field. Among them, the United States accounted for
the highest number of publications (n=2,074),
followed by China (n=1,559), Italy (n=846), France
(n=493), and Spain (n=379) (Table 1). Other
productive contributors included Korea, the United
Kingdom, Japan, Canada, and Australia (Figure 3).

International Collaborations

Collaboration networks revealed strong cross-
border ties. The most frequent co-authorship links were
Italy—United Kingdom (n=44), USA—Canada (n=41),
Italy—Switzerland (n=40), Italy—Germany (n=35), and
USA-United Kingdom (n=33) (Table 2). These
partnerships reflect the central role of Western Europe
and North America in shaping the field (Figure 4).

Country-level co-authorship network. Node size
corresponds to publication volume; edge thickness
reflects collaboration strength. Labels highlight the
most productive countries; strong collaborations were

observed between Italy—United Kingdom, USA-
Canada, and Italy—Switzerland.

Thematic Structure

Thematic co-word mapping identified several
motor themes, including intra-articular hyaluronic

TABLE 1. Top 10 Countries by Publication
Volume (2000-2025)

Rank Country Publications (n)
1 USA 2,074
2 China 1,559
3 Italy 846
4 France 493
5 Spain 379
6 Korea 339
7 United Kingdom 298
8 Japan 295
9 Canada 271
10 Australia 247

Top 10 countries ranked by the number of publications
included in the final bibliometric dataset between 2000 and
2025. “Publications (n)” indicates the count of included
documents per country based on author affiliation—country
assignment. Note: Counts refer to the deduplicated dataset.
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Geographic Distribution of Publications

Intra-articular Biologic Therapies for KOA (2000-2025)

e

* Publications (n)
. 2000

1500

1000

500

FIGURE 3. Geographic Distribution of Publications (2000-2025). Choropleth map of country-level publication counts. Darker
shading indicates higher output. The United States and China contributed the largest volumes, followed by Italy, France,

and Spain.

acid, rehabilitation, and hydrogel research. Emerging
clusters were observed around extracellular vesicles
and cartilage regeneration, suggesting new research
directions in regenerative therapy (Figure 5).
Co-occurrence network derived from Keywords
Plus (ID). Communities detected using the Louvain
algorithm. Node size indicates term degree

TABLE 2. Top 10 International Collaborations
(2000-2025)

Rank Country pair Co-authored
publications (n)
1 Italy — United Kingdom 44
2 USA — Canada 41
3 Italy — Switzerland 40
4 Italy — Germany 35
5 USA — United Kingdom 33
6 USA — Italy 32
7 Italy — Spain 32
8 France — Belgium 32
9 Italy — France 28
10 USA — China 25

Country pairs with the highest number of co-authored
publications in the final bibliometric dataset between 2000 and
2025. “Co-authored publications (n)” counts documents
listing at least one author from each country in the pair.

Note: Collaboration strength is reflected by the number of
joint publications.

(centrality), and edge transparency reflects co-
occurrence weight. Labels show the most central terms
within clusters.

DISCUSSION

This multidatabase bibliometric study shows a
consistent rise in publications on intra-articular
biologic injections for knee osteoarthritis. Output
accelerated after 2012, with PRP accounting for the
largest share, followed by MSC and HA. These
bibliometric patterns mirror clinical findings. Meta-
analyses have reported superior pain and functional
outcomes for PRP compared with HA [4, 5].
Meanwhile, MSC therapies have gained interest due
to their regenerative and immunomodulatory potential,
as emphasized in recent systematic reviews [7-9].

The United States and China produced the highest
number of publications, followed by Italy, France, and
Spain. This distribution aligns with their recognized
leadership in orthopedic and regenerative research [1,
2]. Italy emerged as a European hub, forming strong
bilateral collaborations with the United Kingdom,
Germany, Switzerland, and Spain. Such partnerships
enhance visibility and accelerate clinical translation.
Earlier bibliometric studies limited to PRP or intra-
articular therapy did not offer this level of comparative
geographic and collaborative mapping [8, 9]. Our
study addresses this gap by integrating PubMed, Web
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International Collaboration Network
Intra-articular Biologic Therapies for KOA (2000-2025)
MNode size represents publication volume; edge thickness reflects collaboration strength
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FIGURE 4. International Collaboration Network (2000-2025). Communities were identified using Louvain clustering; larger

nodes represent higher publication output. ).

of Science, and Scopus into a unified analysis.
Thematic signals converged on cell-free biologics
and regenerative strategies. Reviews and year-in-
review reports emphasize that exercise-centered
rehabilitation remains the core of KOA care, and that
adjunct intra-articular options should be integrated

Thematic Co-word Network (Keywords — ID, 2000-2025)
Louvain communities; node size = degree; edges = co-occurrence strength

within multimodal programs rather than used in
isolation [12, 13]. Within biologics, extracellular
vesicles (EVs)/exosomes are emerging as prominent
hotspots.  Recent  reviews  highlight their
immunomodulatory and chondroprotective actions
and the translational appeal of cell-free delivery
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FIGURE 5. Thematic Co-word Network of Keywords (2000-2025). Node size reflects keyword centrality, while edge thickness

represents co-occurrence strength between terms.
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compared with whole-cell MSC therapies [14].
Preclinical synthesis shows consistent structural and
pain-related benefits of MSC-derived exosomes in
KOA models, supporting continued clinical
development [15]. On the viscosupplementation/
hydrogel axis, product-level differences in hyaluronic
acid remain relevant, with evidence suggesting short-
term pain reduction and potential formulation-specific
effects - findings that fit our “motor theme”
observation around intra-articular HA [6]. Finally, the
regenerative stream points toward cartilage repair
trajectories; contemporary overviews underscore both
the progress and the methodological gaps that next-
generation biologics must address to achieve durable
structure-modifying outcomes [16]. Engineering
approaches for long-acting EV platforms and targeted
delivery are proposed as near-term solutions to
improve persistence and joint-tissue uptake, aligning
with the keyword network we observed [17].

A strength of this study is the integration of three
major databases (PubMed, Web of Science, Scopus),
reducing the bias of single-source coverage. The
workflow followed the PRISMA framework for
transparent reporting [ 11] and applied an open-source
R package (bibliometrix) that allows reproducibility
[10]. Compared with earlier bibliometric efforts that
focused only on PRP [8] or general intra-articular
injections [9], our approach provides a wider
perspective and a standardized data-cleaning pipeline.
The use of multiple visualizations annual trends, world
maps, collaboration networks, and thematic mapping,
offers a multidimensional view of the field. Such
integration of quantitative metrics with science
mapping is increasingly recognized as a best practice
in bibliometric studies [18, 19].

The expansion of research on intra-articular
biologics for KOA reflects the clinical need for
alternatives beyond conventional analgesics and
surgery. PRP and MSC dominate recent publication
growth, suggesting that regenerative and cell-free
approaches may increasingly shape treatment
pathways. Current OARSI guidelines highlight
exercise and weight management as cornerstones of
care, while allowing intra-articular injections as
adjunctive options in selected patients [2]. At the same
time, expert consensus statements underline that
biologic injections should not replace established

rehabilitation programs but may complement them
when standard care is insufficient [2]. Our bibliometric
results show rising attention to extracellular vesicles
and cartilage regeneration, indicating a translational
shift that requires robust randomized trials and
standardized protocols before routine clinical use [14,
15, 20]. These observations reinforce the need for
closer integration between basic science, clinical
research, and guideline development, and they provide
the rationale for our concluding statements. From a
translational perspective, the bibliometric trends
identified in this analysis may help inform future
research priorities rather than direct clinical decision-
making. The growing emphasis on PRP
standardization, MSC-derived extracellular vesicles,
and hydrogel-based delivery systems highlights areas
where well-designed randomized controlled trials are
particularly needed. Mapping these trends may assist
researchers and guideline developers in identifying
gaps in evidence, harmonizing outcome measures, and
designing comparative trials that address current
heterogeneity in biologic injection protocols.

Strengths and Limitations

This study has several notable strengths. First, it
integrates three major bibliographic databases
(PubMed, Web of Science, and Scopus), which
enhances coverage and reduces the risk of single-
database bias compared with previous bibliometric
studies focused on a single source. Second, the long
observation period (2000-2025) allows for a
comprehensive evaluation of temporal publication
trends and thematic evolution in intra-articular
biologic therapies for knee osteoarthritis. Third, the
use of standardized, reproducible methods based on
the bibliometrix R package enables transparent data
processing, network construction, and thematic
mapping, facilitating reproducibility and future
updates of the analysis. Finally, combining descriptive
bibliometrics with collaboration and co-word network
analyses provides a multidimensional overview of
research productivity, international cooperation, and
emerging scientific themes.

Despite these strengths, several limitations should
be acknowledged. First, database coverage bias cannot
be fully excluded, as PubMed, Web of Science, and
Scopus differ in journal indexing policies, regional
representation, and citation practices. Although

The European Research Journal | Volume 12

Issue 7 | July 2026

795



Eur Res J. 2026;12(7):789-797

Biologic Injections in Knee OA: A Bibliometric View

integrating multiple databases reduces single-source
bias, some relevant publications may still be
underrepresented or inconsistently indexed. Second,
citation lag may affect the visibility of recently
published studies, particularly those from the final
years of the study period, potentially underestimating
their scientific impact. Third, bibliometric indicators
primarily reflect publication volume, citation patterns,
and network structures rather than study quality,
methodological rigor, or clinical effectiveness.
Therefore, the observed trends should be interpreted
as indicators of research activity and thematic
development, not as evidence of therapeutic
superiority or clinical efficacy.

CONCLUSION

This bibliometric analysis provides a comprehensive
overview of global research activity on intra-articular
biologic therapies for knee osteoarthritis over the past
25 years. By integrating three major databases and
systematically comparing PRP, HA, and MSC-related
publications, the study delineates distinct temporal
trajectories, evolving thematic structures, and
international collaboration patterns. PRP has emerged
as the most extensively studied modality, HA has
maintained a stable research presence, and MSC-
related research has expanded rapidly in recent years.
Importantly, these findings reflect research dynamics
and thematic evolution rather than clinical
effectiveness. The identification of emerging topics
such as extracellular vesicles and advanced delivery
systems highlights shifting research interests toward
regenerative concepts. This bibliometric framework
offers a transparent basis for future evidence synthesis
and ongoing monitoring of research trends in this
evolving field.
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Abstract:

Pilomatrixoma is a rare benign skin neoplasm originating from the hair follicle matrix and is exceptionally
uncommon in breast tissue, particularly in male patients. Due to overlapping clinical and ultrasonographic
features, it is frequently misdiagnosed as breast cancer. This study aims to highlight pilomatrixoma as an
important differential diagnosis of breast masses and to emphasize the role of histopathological confirmation.
We report two male patients with breast lesions. A 40-year-old male presented with an infected breast lesion,
and a 70-year-old male presented with a palpable breast mass. Both patients underwent clinical evaluation,
ultrasonography, and tru-cut biopsy. Following histopathological confirmation of pilomatrixoma, elective
surgical excision was performed. Tru-cut biopsy findings in both cases were consistent with pilomatrixoma.
Ultrasonographic evaluation suggested suspicious features, leading to BI-RADS 4-5 categorization and initial
concern for malignancy. Complete surgical excision with clear margins was achieved in both patients, and no
complications or recurrences were observed. Pilomatrixoma is a rare benign tumor of the skin that can closely
mimic breast cancer, especially on imaging. Despite its typical occurrence in the head, neck, and upper
extremities and predominance in young females, it should be considered in the differential diagnosis of male
breast masses. Histopathological confirmation via tru-cut biopsy is essential for accurate diagnosis, and surgical
excision with clear margins is curative.
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from the hair follicle matrix. It mostly occurs

in the head, neck, and upper extremities, and
rarely on the trunk [1]. Based on a literature search
conducted in the PubMed database, 22 cases
involving breast tissue have been reported to date
[1-20]. It generally occurs in the first or second
decades of life. Pilomatrixoma — known also as
Malherbe’s calcified epithelioma — is often confused
with breast cancer on physical examination when

?ilomatrixoma is a rare skin neoplasm arising

arising in the breast tissue [17]. The lesion can be
confused with a malignancy based on radiological
findings and be reported as BI-RADS 4 or 5 (Breast
Imaging Reporting and Data System) [17], and
presents as an asymptomatic, mobile, and slow-
growing nodule [21]. We describe here two cases of
this rare disease that presented in an unusual
location within the breast tissue. This case report has
been compiled in accordance with the SCARE
guidelines [22].
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CASE PRESENTATION
Case 1

A 40-year-old male patient presented to our
outpatient clinic with a 5x4 cm lump, located 3 cm
from the areola in the upper outer quadrant of the right
breast. The lump was accompanied by discharge and
superficial infection and was raised above the skin
surface (Figure 1). The patient had no comorbid
conditions, history of surgery or family history of
cancer. On physical examination, the mass lesion was
found to have sharp margins and was mobile, while an
ultrasonographic examination revealed a mass lesion
with a marked posterior acoustic shadow, calcified
foci, and hypervascularization (BI-RADS 5).
Complete blood count, liver function tests, and kidney
function tests showed normal findings, and the
patient’s C-reactive protein (CRP) level was within the
normal range. The patient was referred to the
interventional radiology unit for tru-cut biopsy and
pathological sampling. The pathological examination
revealed a pilomatrixoma, and the patient underwent
elective surgery after surgical preparation. During

surgery, the mass lesion was resected with an ellipsoid
incision, circumcising the lesion, and the surgical
material was sent to the pathology laboratory for
examination. A Jackson-Pratt drain was placed in the
resection site, and skin and subcutaneous tissues were
closed as per the routine breast surgery procedure.
After a 2-day follow-up period at our clinic, the
amount of drainage decreased to less than 20 cc/day.
The patient was discharged with full recovery after the
removal of the drain. Consistent with the result of the
tru-cut biopsy examination, the pathological
examination of surgical material also revealed
pilomatrixoma with a diameter of 4.4 cm (Malherbe’s
tumor) (Figure 3).

Case 2

A 70-year-old male patient presented to our center
with a 4x4 cm lump, located 2 cm from the areola in
the lower outer quadrant of the left breast (Figure 2).
The patient had a history of diabetes mellitus but no
history of surgery or family history of cancer. Physical
examination revealed a firm and mobile mass lesion
with sharp margins below the skin. Complete blood
count, liver function tests, and kidney function tests

FIGURE 1. A 40-year-old male patient presented to our
outpatient clinic with an infected lesion in the upper outer
quadrant of the right breast.

FIGURE 2. A 70-year-old male patient presented to our
outpatient clinic with a palpable mass in the lower outer
quadrant of the left breast.
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FIGURE 3. First patient, pathological appearance (%200
magnification)

showed normal findings, and the patient’s CRP level
was within the normal range. Ultrasonographic
examination revealed dense calcification within the
lesion, and as the posterior of the mass could not be
assessed, further investigation was recommended (BI-
RADS 4), for which the patient was referred to the
interventional radiology unit for tru-cut biopsy, the
pathological examination of which revealed a skin tag
tumor consistent with pilomatrixoma. The patient
underwent elective surgery after surgical preparation.
The mass lesion was resected with an ellipsoid
incision, the surgical material was sent to the
pathology laboratory, and the skin and subcutaneous
tissues were closed. The patient was followed up for
two days after surgery and discharged with full
recovery. The pathological examination of the surgical
material confirmed the diagnosis of pilomatrixoma
(Figure 4).

No lesion was detected in either patient during
control visits at 3, 6, and 12 months.

Written informed consent was obtained from both
patients for publication of their clinical data and
accompanying images.

DISCUSSION
Pilomatrixoma was described for the first time by Dr.

Chenantals Malherbe in 1880 as a calcified
epithelioma of sebaceous glands [11]. This benign

FIGURE 4. Second patient, pathological appearance (%200
magnification)

lesion most often affects females in the first and
second decades of life [8]. The usual localizations are
the head and neck (64%), upper extremities (22%),
trunk (8%) and lower extremities (5%) [21]. The
occurrence of such lesions in the breast tissue of males
is extremely rare [17]. Although the underlying
etiology is unknown, repeated trauma and
inflammation are believed to stimulate the hair follicle
matrix [17]. The patients may present with a palpable
mass on physical examination or with an infected
lesion, as in the first case, and the lesion can mimic
breast cancer. Lesions can appear hypoechoic,
isoechoic or hyperechoic on ultrasonographic
examination, and may contain calcifications. The most
commonly reported ultrasonographic feature is
posterior acoustic shadow [11, 17]. Lesions can be
graded as BI-RADS 4-5 requiring further
histopathological examination. The cytological
features of pilomatrixoma were published for the first
time by Woyke et al. [23] in 1982. On
histopathological examination, pilomatrixoma is
characterized by epithelial cells with peripheral
inflammatory-like elements and nodular aggregates of
connective tissue matrix. Each nodule contains two
different types of epithelial cells: packs of viable,
basophilic, keratin-producing cells in the periphery,
and non-viable eosinophilic cells with open spaces in
the center that are described as ghosts or shadows.
Lesions may also contain hair, calcifications, foci of
necrosis, and giant cells with multiple nuclei [15].
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According to the study by Woyke et al. [23],
pathological diagnosis can be established from a
meticulous examination of a fine needle aspiration
biopsy, although reports in the literature recommend
tru-cut biopsy. The differentiation of the lesion from
breast cancer is crucial in the practice of general
surgery. The resection of the mass lesion with clear
margins was found to be adequate in the two patients
reported in this manuscript [21].

CONCLUSION

Pilomatrixoma is a benign skin lesion taking the form
of a calcified epithelioma of the sebaceous glands, the
occurrence of which in male breast tissue is extremely
rare. The lesion may be confused with breast cancer
based on clinical and ultrasonographic findings, and
the use of tru-cut biopsy is recommended in the
differential diagnosis. The resection of the lesion with
clear margins would seem to be sufficient as a surgical
treatment.
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