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—20) ABSTRACT Cosr

Background: Artificial intelligence (Al) has emerged as a transformative
tool in medical education, offering significant potential to enhance
student learning and engagement. However, its integration also raises
challenges, including over-reliance, ethical concerns, and variability in
accuracy.

Objective: This study aims to assess the impact of Al tools on the
academic performance, knowledge, attitudes, and practices of medical
students in Baghdad, Irag.

Methods: A cross-sectional survey was conducted among 1,340
undergraduate medical students in Baghdad in 2024. The primary
measurement tool was a structured, self-administered questionnaire
designed to assess multiple domains. These included demographic
characteristics, students’ knowledge of artificial intelligence, attitudes
toward its application in medical education, and the academic impact
of Al tool usage. Knowledge was evaluated through binary-response
items, while attitudes were measured using a Likert-scale format to
capture perspectives on Al’s utility, ethical implications, and future role
in medicine. Data were analyzed using SPSS version 25.0, employing
frequency tables and chi-square tests to determine associations
between variables.

Results: The majority of participants (56.9%) expressed positive
attitudes toward Al, and 47% demonstrated adequate knowledge of its
applications. Significant associations were observed between Al usage
and improvements in subject understanding (x> = 15.165, p < .001) and
grades (x* = 24.808, p < .001). ChatGPT was the most frequently used
Al tool (80.8%), followed by Canva (21.3%). Participants highlighted Al's
ease of use (85% agreed or strongly agreed) and time-saving benefits
(82.8% agreed or strongly agreed), though concerns about reliability
and critical thinking persisted.

Conclusion: Al tools have positively influenced the academic outcomes
of Iraqi medical students, particularly in subject understanding and
grades. However, ensuring ethical and balanced integration of Al
into curricula is essential to maximize its potential while addressing
limitations.

Keywords: academic performance, artificial intelligence, ChatGPT, cross-
sectional study, Irag, medical education.
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Al's Impact on Academic Performance

INTRODUCTION

Artificial intelligence (Al) plays a key role in higher
education and has great implications for the day-
to-day and academic lives of students [1]. Al in
medical school has numerous benefits that have
the potential to transform this learning process. For
starters, Al-based technologies have the ability to
enhance students’ engagement and retention of
information through customization of learning. For
instance, Al-based writing software gives automatic
feedback in grammar, punctuation, and style. This
tool greatly enhanced the students’ writing quality.
Other examples include Al-based adaptive learning
platforms, which enable the creation of personally
tailored educational content for learners, and
automated evaluation systems that streamline
assessment processes [2,3]. Preliminary studies
have shown that Al tools like ChatGPT can generate
valid knowledge in specific disciplines for medical
students. Nevertheless, their standardization,
reliability, and integrity are yet to be rigorously
tested. Moreover, Al simulates the clinical
environment, improving critical thinking skills
and decision-making [4,5]. These findings indicate
that Al has the potential to greatly enhance the
educational experience for medical students. With
all these benefits, however, there are challenges
which face Al upon integration in the area of
medical education. For example, it can be limiting
as overreliance may hinder independent critical
thinking and problem-solving. Accuracy differs for
content produced, and so it could further result in
real misinformation. Other key concerns related to
Al concern ethical matters involving data privacy
and potential biases within algorithms. These
challenges clearly indicate that what needs to be
done with regard to Al in the medical curriculum
includes cautious assessment and responsible
integration to make it only complementary, not
compromising, in the educational process [1,5].

This present study analyze the influence of Al
tools on medical students’ academic performance,
knowledge, attitudes, and practices. It compares
groups of students who use Al-based toolkits
with the group that applies traditional assessment
methods. It also ascertains attitudes towards Al,
particularly in relation to its perceived reliability,
competence, ease of use, and time efficiency,
constructs aligned with the Technology Acceptance

Model and goes on to proffer recommendations for
optimum usage in the medical education sphere.

METHOD

Study design and population

This investigation employs a cross-sectional survey
design to evaluate the academic performance
of medical students in 2024, in regards to Al
Undergraduate medical students who were
enrolled in these institutions comprised the
target population. The Department of Obstetrics
and Gynecology at Mustansiriyah University and
College of Medicine supervised the study.

Measurements

The questionnaire from this study is designed
in such a manner to comprehensively assess the
adoption and perception of Al among medical
students. The instrument is divided into several
key sections. The demographic section is the first
part, including items on age, gender, and year
of study. Although this section does not have
a scored outcome for the learner, it provides a
critical contextualization of the responses. The
second areas are those that test knowledge
about artificial intelligence. This begins with the
assessment of whether the respondents have any
prior knowledge of Al basics and proceeds to the
different generations of Al that they do know.
Scoring is based on binary Yes/No-type answers.
Every correct identification or acknowledgement
adds up to a knowledge score, which shows
familiarity with Al. It further goes on to explore
the integration of Al into medical education
by asking if the respondents have been taught
about Al during their undergraduate studies,
and what their understanding is regarding data
requirements for Al, more specifically labeled data.
Added to this is assessing students’ understanding
of the barriers that exist toward applying artificial
intelligence in medical education. These questions
are scored both for the degree of formal education
in Al that the students have received and for their
level of consciousness with the challenges in Al
implementation. The assessment of the attitude
toward Al is, therefore, critical to understanding
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students’ perception and attitude toward the role
of Al in medical education. This scale has a set of
statements rated by the respondents on a five-
point Likert scale, ranging from “Strongly Disagree”
to “Strongly Agree!” The statements query students
beliefs about the necessity of Al education, the
potential impact of Al in the medical field and its
ethical implications, and what that really means for
the future of Al in clinical practice. These responses
are summed to provide an overall attitude score,
where high scores indicate a more positive or
receptive attitude toward Al in relation to the
medical field.

7

The last section is Academic Performance, which
seeks to establish the direct effect of Al tool usage
on students’ results or academic outcomes. This
section opens with the main purposes that students
use Al tools for. In addition, this section shall aspire
to explore any perceived disadvantages of Al
Students are asked to rate the effect of Al tools on
their understanding of specific subjects and report
any changes in grade after using Al. This section is
scored with variables such as the degree of grade
improvement and the factors that motivate Al
usage, rated on a Likert scale.

Instrument validity and reliability

The questionnaire used in this study was developed
based on prior literature and expert consultation
in medical education (Supplementary 1). Content
validity was ensured through review by a panel of
three academic experts in medical education who
evaluated the questionnaire for clarity, relevance,
and comprehensiveness. To assess reliability, a pilot
test was conducted with 10 students from one
medical college not included in the final sample.

Data collection procedure

Data were collected through a self-administered
online questionnaire using Google Forms between
June 2024 to August 2024. The survey link was
distributed via official university communication
platforms and student WhatsApp groups.
Participation was voluntary, and informed consent
was obtained at the beginning of the form.

Statistical analysis

The data was analyzed using SPSS version 25.0.
We employed frequency tables to visualize the
frequencies of the variables.

Ethical approval

This study was reviewed and approved by the
Ethics Committee of Mustansiriyah University,
College of Medicine. Prior to participation, all
students were presented with an online informed
consent form embedded at the beginning of the
survey. The participant’s anonymity and autonomy
were prioritized in this observational study. The
participant was unable to be identified as the study
did not include any names or emails. The privacy of
each participant was adequately protected during
the course of the investigation. The investigation
was conducted in strict adherence to the principles
of the Declaration of Helsinki. Before completing
the survey, all participants provided informed
consent.

RESULTS

The final sample consisted of 1,340 undergraduate
medical students from various medical colleges
across Irag, withoneincomplete response excluded.
The mean age of participants was 21.9 years (SD =
24.1). The gender distribution showed a slightly
higher proportion of females (57.9%) compared
to males (42.1%). Participants were drawn from
more than 30 institutions, with the largest group
from Mustansiriyah University (23.6%), followed
by the University of Anbar College of Medicine
(12.2%) and Baghdad University (5.9%). Regarding
academic year, most students were in their 4th
year (21.6%), 2nd year (20.1%), or 6th year (20.4%),
indicating broad representation across all stages of
undergraduate training.

Knowledge scores

The analysis revealed that 53.0% of participants
exhibited inadequate knowledge of Al, while
47.0% demonstrated adequate knowledge.
Gender-based comparisons showed no significant
difference in knowledge scores (x> = 2.195, p =
.138), with similar distributions of adequate and
inadequate knowledge among males and females
(Table 1). Significant variations in knowledge levels
were observed across universities (x* = 61.063, p
= .001). Students’ knowledge varied significantly
across academic years (x> = 15.982, p =.007). Higher
academic years were associated with increased
adequate knowledge scores, particularly among
4th-year students (21.8%) and 6th-year students
(20.5%) (Table 2).
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Table 1. Gender and knowledge score categories

Knowledge score categories Total
ota
Inadequate knowledge Adequate knowledge
Count 286 279 565
Male
% of Total 21.3% 20.8% 42.2%
Gender
Count 424 351 775
Female
% of Total 31.6% 26.2% 57.8%
Total Count 710 630 1340
% of Total 53.0% 47.0% 100.0%
Table 2. Knowledge score distribution across academic years
Knowledge score categories Total
ota
Inadequate knowledge Adequate knowledge
Count 14 11 25
1st year
% of Total 1.0% 0.8% 1.9%
Count 119 149 268
2nd year
% of Total 8.9% 11.1% 20.0%
Count 117 114 231
3rd year
. % of Total 8.7% 8.5% 17.2%
Academic year
Count 158 134 292
4th year
% of Total 11.8% 10.0% 21.8%
Count 153 96 249
5th year
% of Total 11.4% 7.2% 18.6%
Count 149 126 275
6th year
% of Total 11.1% 9.4% 20.5%
Count 710 630 1340
Total
% of Total 53.0% 47.0% 100.0%
Attitudes toward Al A significant proportion believed Al would

The majority of participants (56.9%) expressed a  revolutionize education (74.3%), though only 7.2%
positive attitude toward Al, with 40.7% remaining  strongly agreed that Al would replace human
neutral and only 2.4% holding negative attitudes.  teachers in the foreseeable future (Figure 1).

800

600

No of participants
8

545
40.67%
200
=]
2.39%
0 . ..
Negative Neutral Positive

Attitude score categories

Figure 1. Distribution of participants’attitudes toward Al in medical education
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Table 3. Distribution of Al utilization across medical
subjects among study participants

Frequency Percent
Anatomy Yes 464 34.6
No 876 65.4
Physiology Yes 471 35.1
No 869 64.9
Biochemistry Yes 393 293
No 947 70.7
Pharmacology Yes 343 25.6
No 997 74.4
Pathology Yes 334 249
No 1006 75.1
Microbiology Yes 246 18.4
No 1094 81.6
Internal medicine | Yes 393 29.3
No 947 70.7
Surgery Yes 290 21.6
No 1050 784
Paediatric Yes 156 11.6
No 1184 88.4
Obstetrics and Yes 178 133
gynaecology No 1162 86.7
Total 1340 100.0

Al usage varied by subject, with the highest
reported impacts in anatomy (34.6%), physiology
(35.1%), and biochemistry (29.3%). Significant
relationships were observed between Al usage
and improved knowledge in anatomy (x> = 15.165,
p = .000), physiology (x> = 5.028, p = .025), and
biochemistry (x* = 7.143, p = .008) (Table 3).

Helps analyse data for research projects
Searching about reference for article

Virtual reality simulations

By simulating patient cases for practice
Practice exams

Diagnosing purposes (ECG, X-ray)

Searching for educational content resources

Personalized learning

The frequency of Al usage varied, with 33.4% using
it sometimes for exam preparation, 24.0% often,
and 11.2% all the time. For research purposes,
26.4% often used Al, and 18.4% reported consistent
usage (Figure 2).

Al was rated positively for ease of use (x> = 18.152,
p =.001) and time preservation (x> = 8.573, p = .073).
While most participants believed Al tools were reliable
(36.3% agreed or strongly agreed), 18.1% highlighted
issues with accuracy, and 29.9% identified errors
needing further verification (Figure 3).

Participants’ perceptions of Al tools were evaluated
across four dimensions: reliability, competence,
ease of use, and time preservation. Regarding
reliability, 36.3% of participants either agreed or
strongly agreed that Al tools are reliable, whereas
45% remained neutral, and 18.7% expressed
disagreement. In terms of competence, 60.2% of
participants believed Al tools to be competent, with
17.2% strongly agreeing and 43% agreeing, while
32.9% held a neutral stance. Ease of use emerged
as the most positively rated dimension, with 85%
of participants agreeing or strongly agreeing that
Al tools are easy to use, and 47.2% expressing
strong agreement. Similarly, time preservation was
highly rated, with 82.8% of participants agreeing or
strongly agreeing that Al tools save time, including
47.9% strongly agreeing. These findings indicate
that participants generally view Al tools favorably,
particularly for their ease of use and efficiency in
saving time, though there is a notable proportion of
neutrality in reliability and competence evaluations
(Table 4).

M Percent %

Figure 2. Percentage of Al usage across various academic and clinical applications
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Decline critical thinking (spoon feeding)

Decline creativity

Has many mistakes that need to be ensured by google search

Not updated information

Not accurate at all

H%

Figure 3. Perceived limitations and concerns of Al usage in academic applications

Table 4. Participants’ perceptions of Al tools across key
dimensions

Frequency | Percent
Strongly Agree 142 10.6
Agree 344 257
Reliable Neutral 603 45.0
Disagree 217 16.2
Strongly disagree 34 25
Strongly Agree 230 17.2
Agree 576 43.0
Competent | Neutral 441 329
Disagree 74 5.5
Strongly disagree 19 14
Strongly Agree 632 47.2
Agree 506 37.8
Easy to use |Neutral 165 12.3
Disagree 27 2.0
Strongly disagree 10 7
Strongly Agree 642 47.9
Agree 468 349
Preserve Neutral 195 14.6
time Disagree 25 1.9
Strongly disagree 10 0.7
Total 1340 100.0

Impact of Al tools on academic performance

Al tools had a measurable impact on understanding
course subjects, with 39.9% reporting moderate
improvement, 24.7% significant improvement,
and 5.1% dramatic improvement. A smaller
fraction (9.2%) reported no impact. Changes in
academic grades were also noted, with 28.3%
observing improvement and 8.5% experiencing
a decline (x> = 17.254, p = .000). The degree of
grade improvement varied, with 28.4% reporting

30.7
21
29.9
20.2
18.1
moderate  improvement, 7.8%  significant

improvement, and 2.3% dramatic improvement
(x> = 24.808, p = .000) (Table 5). These findings
highlight a generally positive impact of Al tools on
students’ academic outcomes, with variability in
the degree of perceived benefits (Table 6, Table 7).

The table highlights the frequency and percentage
of participants using various Al tools. ChatGPT
was the most commonly used tool, with 80.8% of
participants reporting usage. Canva was utilized
by 21.3% of participants, while Copilot (11.0%)
and Gemini (13.0%) had lower adoption rates.
Additionally, 14.7% of participants reported not
using any of these tools (Table 8). These findings
reflect a strong preference for ChatGPT among
participants, with limited use of other Al platforms.

DISCUSSION

The advent of Al in medical education presents a
transformative potential, as reflected in this study of
Iragi medical students. Our findings align with and
expand upon prior global research, underscoring
the nuanced role Al plays in modern medical
education.

Our study also showed that more than half of the
participants had poor knowledge about Al, though
Al is gaining much importance in healthcare and
education.Thisreflectsthe general trend, aswasalso
pointed out by Al-Qerem et al. [6] and Allam et al. [5],
where foundational Al knowledge among medical
students is often limited. While this knowledge
gap points to an urgent need for structured Al
education in medical curricula, the challenges lie in
ensuring that such training is accessible, context-
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Table 5. The impact of Al tools on understanding of the learning subjects

Knowledge score categories
Inadequate knowledge Adequate knowledge
Count 86 37
No impact
% of Total 6.4% 2.8%
Count 146 138
. Slight improvement
Rate the impact % of Total 10.9% 10.3%
of Al tools on your Count 279 555
understanding of the | Moderate improvement . . .
subjects you used % of Total 20.8% 19.0%
them for L . Count 160 171
Significant improvement
% of Total 11.9% 12.8%
o Count 39 29
Dramatic improvement
% of Total 2.9% 2.2%
Count 710 630
Total
% of Total 53.0% 47.0%
Table 6. Impact of Al tools on participants’ understanding and academic performance
Frequency Percent
No impact 123 9.2
) ) Slight improvement 284 21.2
Rate the |rT1pact of Al tools on your understanding e ——— 534 39.9
of the subjects you used them for
Significant improvement 331 24.7
Dramatic improvement 68 5.1
) ) Improved 379 28.3
Havg you seen changes in your grades in that Neutral 847 632
specific lecture
Declined 114 85
No impact 448 334
Slight improvement 376 28.1
If your grades have changed, how much was the Moderate improvement 381 28.4
change? Significant improvement 104 7.8
Dramatic improvement 31 2.3
Total 1340 100.0

specific, and inclusive of both technical and ethical
dimensions. Interestingly, gender-based analysis in
our study showed no significant differences in Al
knowledge levels, contrasting with some regional
findings, such as those reported by Al-Qerem et
al. [6], where a slight male predominance in Al
knowledge and use was noted. These regional
differences may stem from variations in cultural
attitudes, exposure to technology, or educational
opportunities, emphasizing the need for a tailored
approach to integrating Al education in diverse
contexts.

The largely optimistic attitudes of participants in
the present research are promising, with a vast
majority aware of the potential of Al to revolutionize
the educational system. Such results agree with the

results provided by Jackson et al. [7] and Civaner
et al. [8], when students were also optimistic that
Al will play a useful role in enhancing efficiencies
and reducing errors in medicine. The participants,
however, remain skeptical about the possibility of
Al replacing the jobs of human doctors, with 37.6%
of participants indicating fear of replacement at the
workplace. This tallies with the findings of Kansal
et al. [9], and Swed et al. [10], where the majority
did not agree with the statement that Al will take
over human expertise. Ethical implications related
to Al confidentiality breaches, loss of patient trust,
and dehumanization of care were huge concerns
among our respondents. Most of the participants
were wary of Al, expressing apprehension that Al
may exert an adverse influence on the physician-
patient relationship. Evidence of such results can
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Table 7. Association between Al tool usage and academic outcomes: understanding, grades, and magnitude of

change

Category Negative Neutral Positive Total
Impact of Al Tools

No Impact 8 (0.6%) 57 (4.3%) 58 (4.3%) 123 (9.2%)
Slight Improvement 9 (0.7%) 126 (9.4%) 149 (11.1%) 284 (21.2%)
Moderate Improvement 12 (0.9%) 232 (17.3%) 290 (21.6%) 534 (39.9%)
Significant Improvement 2 (0.1%) 109 (8.1%) 220 (16.4%) 331 (24.7%)
Dramatic Improvement 1 (0.1%) 21 (1.6%) 46 (3.4%) 68 (5.1%)
Change in Grades

Improved 6 (0.4%) 109 (8.1%) 264 (19.7%) 379 (28.3%)
Neutral 17 (1.3%) 385 (28.7%) 445 (33.2%) 847 (63.2%)
Declined 9(0.7%) 51 (3.8%) 54 (4.0%) 114 (8.5%)
Magnitude of Change

No Impact 18 (1.3%) 224 (16.7%) 206 (15.4%) 448 (33.4%)
Slight Improvement 4 (0.3%) 145 (10.8%) 227 (16.9%) 376 (28.1%)
Moderate Improvement 5(0.4%) 132 (9.9%) 244 (18.2%) 381 (28.4%)
Significant Improvement 2 (0.1%) 31 (2.3%) 71 (5.3%) 104 (7.8%)
Dramatic Improvement 3(0.2%) 13 (1.0%) 15 (1.1%) 31 (2.3%)
Total 32 (2.4%) 545 (40.7%) 763 (56.9%) 1340 (100.0%)

Table 8. Frequency and percentage of Al tool usage
among participants

Frequency Percent

Yes 1083 80.8
ChatGPT

No 257 19.2

Yes 148 11.0
Copilot

No 1192 89.0

Yes 285 21.3
Canva

No 1055 78.7

Yes 174 13.0
Gemini

No 1166 87.0

Yes 197 14.7
None of them No 1143 85.3

Total 1340 100.0

be represented in Jackson et al. [7] and Civaner et
al. [8]. These concerns underscore the importance
of embedding ethical training within Al-related
education to equip future professionals with
the skills needed to navigate these challenges
responsibly.

A high number of participants also noted
improvements in the understanding of course
content with the help of Al tools, most notably
in anatomy and physiology. This corroborates
Stogiannos et al. [11] results, who noted Al’s ability

to improve comprehension of key concepts in
medicine via adaptive learning tools and virtual
simulation. However, the use of Al for more complex
clinical applications, such as patient simulations
and diagnostic training, remains underutilized,
pointing to an opportunity for future innovation.
Interesting to note here that these uses turned out
to be skewed toward more practical and accessible
areas, like grammar checking and basic research
support, as seen in Al-Qerem et al. [6]. In other
words, this would mean that while Al related to
advanced clinical and judgment areas is talked
about, its practical application may turn out to
be far from reality, either because it has not been
adequately trained in the field or the access route to
such an advanced tool is obscure. This gap could be
minimized, for example, by subjecting students to
Al-powered clinical scenarios and decision-support
systems. Despite its benefits, Al's integration
into education raises important concerns. In
our study, 30.7% of participants believed over-
reliance on Al could inhibit critical thinking, a
sentiment mirrored by Jackson et al. [7] and Sarwar
et al. [12]. This highlights the delicate balance
required in leveraging Al as an aid rather than a
replacement for traditional learning methods.
Al should augment rather than undermine the
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development of problem-solving skills, creativity,
and clinical judgment. This cross-sectional design
precludes the possibility of determining causality
or evaluating the longitudinal effects. Furthermore,
the fact that the data comes from self-reported
responses predisposes it to biases, including social
desirability or overestimation of the benefits of Al.
Future studies should overcome such limitations
by using longitudinal designs and, via the use of
survey triangulation.

The findings of this study highlight the urgent need
to integrate Al into medical curricula—not only
as a technical tool but as a subject of ethical and
clinical significance. As emphasized by Knopp et
al. [13], ethical oversight and responsible adoption
are essential as Al reshapes medical education.
Structured training should include hands-on,
interdisciplinary approaches, supported by Fatima
etal.[14], who advocate for Al-driven, project-based
learning to build real-world skills. Access disparities
must also be addressed. Muhammad and Orji [15]
stress that democratizing Al tools is vital to ensure
equitable educational outcomes, particularly in
under-resourced settings. Furthermore, Lu et al.
[16] argue that Al ethics, including data privacy,
algorithmic bias, and patient autonomy, must
become a core part of medical training to prepare
students for complex decision-making in digital
healthcare.

A recent study by Murad [17] offers valuable
initial insights into the perceptions of Iraqi
medical students toward artificial intelligence,
highlighting strong interest in Al and a recognized
need for educational integration. Building on this
foundational work, our study expands the scope
by incorporating a larger, more diverse national
sample and examining not only attitudes but also
knowledge, usage patterns, and self-reported
academic impact. To our knowledge, this makes
the present study among the first comprehensive,
multi-institutional analyses of Al in undergraduate
medical education in Iraq, offering practical insights
to inform curricular reform and policy.

Limitations

This study has several limitations. First, its cross-
sectional design prevents causal inferences about
the long-term impact of Al tools on academic

performance. Second, the reliance on self-reported
data introduces potential biases, including social
desirability and recall bias. Lastly, the measurement
tool, while piloted and expert-reviewed, may not
fully capture the nuanced competencies and ethical
reasoning required for effective Al integration in
clinical practice.

CONCLUSION

This research has justified the significant impact of
Al tools on students’ academic performances and
their perception at medical schools in Baghdad,
Irag. In fact, Al tools, particularly ChatGPT, are
considered to be taken into great account in
developing understanding in medical subjects
and academic grades considerably. While most
of the participants had presented a positive
approach toward Al, a large number had also
raised certain challenges like over reliability, ethics,
and un reliability. Future research should explore
longitudinal impacts of Al integration, focus on its
role in clinical training, and evaluate methods to
mitigate its limitations. By fostering a thoughtful,
ethical, and inclusive approach to Al in education,
medical institutions can unlock its full potential to
enhance learning outcomes and prepare students
for the evolving demands of the healthcare field.
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Supplementary 1. Questionnaire on Al Use in Medical Education

Section 1: Demographics

1. Age:
[Open response]

2. Gender:
O Male
O Female

3. University: (Select one)
Baghdad University
Al-Kindy College, University of Baghdad
Mustansiriyah University
Nahrain University
[ragia University
Ibn Sina University
University of Fallujah College of Medicine
University of Anbar College of Medicine
University of Tikrit College of Medicine
University of Babylon College of Medicine
University of Babylon College of Medicine Hammurabi
University of Karbala College of Medicine
University of Kufa College of Medicine
Jabir ibn Hayyan University College of Medicine
University of Mosul College of Medicine
University of Nineveh College of Medicine
University of Kirkuk College of Medicine
University of Wasit College of Medicine
University of Maysan College of Medicine
University of ThiQar College of Medicine
University of Sumer College of Medicine
University of Muthanna College of Medicine
University of Qadisiya College of Medicine

University of Basra College of Medicine
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Al-Zahraa College of Medicine, University of Basra
University of Diyala College of Medicine
University of Sulaymaniyah College of Medicine
University of Warith Al-Anbiyaa College of Medicine
University of Ameer College of Medicine
University of Al-Ain College of Medicine
University of Hawler College of Medicine
University of Dohuk Faculty of Medicine

4. Academic Year:
L1 1st Year
0 2nd Year
O 3rd Year
O 4th Year
O 5th Year
O 6th Year

Section 2: Knowledge Assessment
5. Do you have a solid knowledge of the basics of Al?
Ll Yes
O No
6. Do you know what type of generation of Al (Rule-based, ML, DL, RL)?
[l Yes
LI No
7. Do you know any application of Al in your field of interest (e.g., medicine)?
O Yes
LI No

Section 3: Al Usage and Exposure

8. Which Al tools do you use most frequently in your academic activities? (Select all that apply)
O ChatGPT
I Copilot
] Canva

134



Acta Medica 2025; 56(3): 123-137 Abdul Ameer Jaafar et al.

O Gemini
[0 None of the above
9. Have you attended any online/offline courses regarding Al?
L1 Yes
I No
10. Name the Al program you use most frequently:
[Open response]
11. Have you ever been taught about Al in your undergraduate studies?
O Yes
LI No
12. Al requires a lot of labeled data to learn.
O Yes
LI No
13. lunderstand the barriers to applying Al in medicine.
O Yes
LI No

Section 4: Attitude Assessment

14. Healthcare students should learn the basics of Al.

15. Al will be a highly required tool in my field.

16. Ethical implications of Al must be understood by all students.
17. Al will revolutionize the educational system.

18. Human teachers will be replaced in the foreseeable future.
19. I'm excited about upcoming changes in education due to Al.
20. Al should be part of the training system in medical fields.
21. Clinical Al will be more accurate than physicians.

22. Some specialties are more prone to be replaced by Al.

23. Al could increase errors in diagnosis.

Response options for all above:

[ Strongly Agree [ Agree [ Neutral [ Disagree [ Strongly Disagree

135



Al's Impact on Academic Performance

Section 5: Frequency of Al Use

24. How frequently do you use Al to prepare for exams?
25. ...for homework/assignments?

26. ...for research?

27....for idea generation and brainstorming?

28. ...for personal choices/career guidance?

29. ...for spelling and grammar checking?

30. ...for personality development or other skills?
Response options for all above:

O All the time O Often [0 Sometimes [ Rarely I Never

Section 6: Academic Performance and Al Perception

31. For what purposes do you use Al in your studies? (Select all that apply)
1 Personalized learning

O Searching for content

L1 Diagnosing (ECG, X-ray)

O Practice exams

O Simulating patient cases

O Virtual reality

[ Searching for references

O Analyzing data

O Standardizing guidelines

[ Other: [Open field]

32.What are the disadvantages of Al in your studies? (Select all that apply)
O Inaccurate information

1 Not updated

L] Requires validation

[0 Reduces creativity

[0 Reduces critical thinking

33. Impact of Al on understanding subjects used for:

O No impact O Slight 0 Moderate O Significant O Dramatic
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34. For which subjects have you used Al? (Select all that apply)
O Anatomy [ Physiology [ Biochemistry L1 Pharmacology
O Pathology [0 Microbiology [ Internal Medicine

O Surgery O Pediatrics 1 Obstetrics/Gynecology

011 did not use Al at all

35. Have you seen changes in your grades in these lectures?
I Improved [ Neutral [ Declined

36. If grades changed, how much?

O No impact O Slight 0 Moderate O Significant O Dramatic
37.In your opinion, what makes you use Al?

Rate the following:

« Reliable

« Competent

« Easy to use

« Time-saving

Response options:

O Strongly Disagree [ Disagree [ Neutral [1 Agree [1 Strongly Agree
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In silico prediction of rhabdomyolysis-inducing drugs utilizing a
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Objective: Rhabdomyolysis is a life-threatening syndrome characterized

by the release of myocyte components into the bloodstream and can
be induced by pharmaceutical agents. Although quantitative structure-
activity relationship (QSAR) models are widely used for assessing
adverse drug reactions, studies in computational toxicology focusing on
rare and serious side effects, such as rhabdomyolysis, are still relatively
limited. Due to this gap, this study aims to build an in silico QSAR model
for early prediction of drugs at risk of rhabdomyolysis.

Materials and Methods: A binary dataset was developed by gathering 187
pharmaceutical compounds from the Drug-Induced Rhabdomyolysis
Atlas (DIRA), and classification models were developed in the research.
Machine learning (ML) algorithms, such as Instance-Based Learning with
k-Nearest Neighbors (IBk), Simple Logistic (SL), and BayesNet (BN), were
employed. Additionally, post-hoc model explanations and importance
rankings of molecular descriptors were provided using Permutation
Feature Importance (PFI).

Result: The performances of the ML classifiers ranged from 82.00% to
85.33% in the training set and from 75.67% to 81.08% in the test set.
The highest success rate for the test set was achieved by the IBk model,
with a rate of 81.08%. The most significant feature in the post-hoc IBk
model explanation using PFl was highlighted as the JGI6 descriptor. The
descriptor class with the most identifiers was the Electrotopological
State Atom Type (E-State) Descriptors.

Conclusion: The physicochemical properties presented in this study
regarding rhabdomyolysis and the developed models are anticipated to
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INTRODUCTION

Rhabdomyolysisisaclinical syndrome characterized
by the release of intracellular elements, including
myoglobin, electrolytes, aldolase, and creatine
kinase (CK), into the bloodstream as a result of
acute or subacute damage to striated muscle [1,2].
Without prompt and aggressive interventions [3],
fatal complications may occur, including acute
renal failure [4], cardiac arrhythmia, intravascular
coagulation [2], and acute muscle necrosis.
Additionally, clinical signs such as limb weakness,
myalgias, fever, leukocytosis, dark urine, and
myoglobinuria may also develop [5]. The factors
causing rhabdomyolysis are categorized into two
main groups: hereditary and acquired. The acquired
causes are further divided into traumatic and non-
traumatic types. The most prevalent non-traumatic
factors include the use of pharmaceuticals.
Approximately 150 pharmaceutical compounds
have been identified as causes of rhabdomyolysis
[1], including various pharmacological groups
such as psychoactive drugs [6], selective serotonin
reuptake inhibitors [7], statins [8], antihistamines,
and antidepressants [9]. In this regard, the Drug-
Induced Rhabdomyolysis Atlas (DIRA), a web-
based application, was developed to ensure safe
drug use without causing rhabdomyolysis. The
DIRA presents a classification framework based on
drug labeling information provided by the Food
and Drug Administration (FDA). This framework
classifies drugs into four classes based on their risk
of causing rhabdomyolysis (DIR) [8].

Currently, quantitative structure-activity
relationship (QSAR), a computational method
used in drug development, serves as an essential
tool for evaluating potential drug side effects.
These computational models can predict possible
toxicity profiles by analyzing the structural features
of compounds. Based on machine learning (ML)
algorithms, QSAR models analyze the information
obtained from the input dataset and provide faster,
ethical, and cost-effective results compared to
traditional laboratory tests [10,11].

Despite the numerous [ITALIC]in silicol/ITALIC]
studies in the literature concerning the toxic effects
of pharmaceuticals, predictive models assessing
the rhabdomyolysis risk remain relatively limited
[12-14]. This study focused on predicting rare but
life-threatening DIR risk using QSAR models. The

dataset was collected from the DIRA, which contains
187 active pharmaceuticalingredients presented by
Wenetal.tosupportdevelopingnewmethodologies
for addressing the rhabdomyolysis side effect [8].
The present study focused on the potential of
pharmaceuticals to induce rhabdomyolysis rather
than assessing varying degrees of risk. For this
purpose, drugs with varying hazard levels in DIRA
were grouped together, whereas safe drugs with
no rhabdomyolysis risk were classified separately.
Thus, the drug status was evaluated as binary:
“induces rhabdomyolysis” or “does not induce
rhabdomyolysis”. In the current study, classification-
based QSAR models were created as binary, and the
Permutation Feature Importance (PFl) method was
employed to improve the model’s explainability
and prioritize the descriptors. These models enable
the early identification of rhabdomyolysis risk
for a molecule with an unclear side effect profile
during the initial phases of drug development.
Furthermore, the prioritized descriptors guide
which physicochemical properties need to be
modified. Thus, optimizing molecular descriptors
may prevent or reduce the risk of rhabdomyolysis.
These QSAR models can enhance the management
of side effect profiles for pharmaceuticals, resulting
in safer and more sustainable drug development.

MATERIALS AND METHODS

Data collection, curation, and preparation

The dataset comprised 187 orally or parenterally
administered pharmaceuticals for human use, split
into two groups: DIR-positive (n=147) and DIR-
negative (n=40) (Table S1). All individual molecules
were collected from the FDA-based DIRA website
[8]. The molecular characteristics were gathered
from two-dimensional structure datafiles (2D-SDFs)
[15]. Then, the open-source PaDEL tool was used to
generate the descriptors. The software currently
calculates 1444 2D physicochemical properties of
the molecules [16].

Data curation and preparation are crucial processes
for converting raw data into a suitable format for
modeling. The steps include cleaning, instance
reduction, attribute selection, data transformation,
and data partitioning [17]. This research utilized
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Python 3.9.5 [18] and WEKA 3.9.5 [19] to prepare
the raw data. WEKA 3.9.5 is an open source software
package used for data mining and machine learning
applications [19]. Raw 2D-SDFs were initially
analyzed, and then corrupted data was removed.
Noisy and duplicate data were removed.

The attribute selection process finds the optimal
descriptor set with the highest correlation with the
specific target variable [20]. This study utilized the
CfsSubsetEval-Best First method in WEKA 3.9.5 [19]
to select a relevant subset of features for model
construction.

To mitigate the impact of large values on smaller
ones, the data are scaled using a suitable scaling
method during the data transformation step. We
employed the popular Min-Max scaling approach
[16]. After scaling the data, the analysis set was
randomly divided into training (80%, n=150) and
test sets (20%, n=37) (Table 1).

Development and validation of the models

The three ML algorithms—Instance-Based
Learning with k-Nearest Neighbors (IBk) [21],
Simple Logistic (SL) [22], and BayesNet (BN) [23]—
were employed to construct binary-QSAR models
based on the selected optimal identifiers. IBk is
grounded in instance-based classification, relying
on k-nearest neighbour methods for prediction.
Instead of constructing a general model, it retains
all training instances and classifies new inputs
based on the majority class among the k nearest
examples, determined by a distance metric [21].
SL is a classification algorithm that builds logistic
regression models using the LogitBoost technique.
It incrementally adds base learners to minimize
logistic loss, resulting in a probabilistic model
suitable for both binary and multi-class problems
[22]. BN employs a directed acyclic graph to
represent a probabilistic model, illustrating the
relationships between random variables and
their conditional dependencies. Its fundamental
mathematical foundation is based on Bayes’
theorem [23].

The k-fold cross-validation technique is used for
validating the training set. This technique divides
the data set into k equal parts, using each part
as a validation set while the remaining parts are
used to train the model. Repeating the process k
times measures the model’s generalization ability
and reduces the risk of overfitting [24]. The 10-

Table 1. Composition of the training and test sets

Dataset (n=187)
Training set Test set
(80%, n=150) (20%, n=37)
DIR-positive 120 27
DIR-negative 30 10

n: number of molecules; DIR: drug-induced rhabdomyolysis

fold cross-validation method was employed in the
study. Additionally, an independent test set was
used for external validation to assess the model’s
performance.

This research employed the Topliss ratio, as
recommended by the OECD, for validation in drug
modeling studies. The ratio is key in assessing the
model’s reliability [24]. For a model to be considered
validated under this criterion, the Topliss ratio must
exceed 5 [25].

The model’s performance was evaluated using the
true positive (TP), true negative (TN), false positive
(FP), and false negative (FN) components of the
confusion matrix. Performance metrics, including
accuracy (ACC), specificity (SP), sensitivity (SE),
F-score, and Matthews correlation coefficient
(MCQ), were computed using the confusion matrix
elements. The metrics were calculated using
equations (1) through (5), as shown below.

Accuracy (ACQ)

ACC = TP+ TN (M
TP +TN+FP+FN
Specificity (SP)
TN
= —— 2
SP TN + FP @
Sensitivity (SE)
TP
= — 3
SE TP +FN ®)
F-score
2xTP
F — score =———————— 4)

2xTP+FP+FN’
Matthews correlation coefficient (MCC)
TP xTN — FP x FN

Mcc =
(TP + FP)(TP + FN)(TN + FP)(TN + FN)

The Organisation for Economic Co-operation and
Development (OECD) has established a framework
of rules to ensure the applicability of models
to different chemical structures. In this context,
defining an applicability domain (AD) is essential.
This domain sets the boundaries for the structures
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to which the model can provide accurate and
reliable predictions. The Tanimoto index [26] and
chemical space analysis [24] were employed to
establish a well-defined AD in this research. The
Tanimoto index measures chemical diversity, with
values ranging from 0 to 1. An index closes to 0
indicates a high degree of diversity, while one close
to 1 indicates a high degree of similarity [26]. The
chemical space analysis shows the distribution of
the test and training sets in chemical space [24].

Post-Hoc explainability of the models

The OECD guidance on QSAR models encourages
improving model explainability to increase
reliability [24]. The PFI analysis from the model-
agnostic methods is widely employed to explain
decisions made by black-box models. The PFI
method quantifies the effect of each feature on the

Table 2. The selected molecular descriptors

predictive accuracy. To understand the effect on
the model’s performance, the values of a specific
feature are randomly mixed, and the change in the
accuracy is measured. This analysis enhances the
clarity of the complex estimation processes [27].

RESULTS

Selected molecular descriptors

1444 2D descriptors were calculated by the open-
source PaDEL tool [16]. After this process, the
best 24 2D descriptors were selected using the
CfsSubsetEval filter+BestFirst search method.
Consequently, we created prediction models
utilizing the 24 optimal descriptors (Table 2) to
enhance modeling success.

No |Descriptor |Description Descriptor Class
1. |JGl6 Mean topological charge index of order 6 Topological Charge
2. | GGI7 Topological charge index of order 7 Descriptor
3. | maxsOH Maximum atom-type E-State: -OH Electrotopological State
4. | hmin Minimum H E-State Atom Type (E-State)
. . . . . Descriptor
5. | minHBint10 | Minimum E-State descriptors of strength for potential Hydrogen Bonds of
path length 10
6. | minHBint5 Minimum E-State descriptors of strength for potential Hydrogen Bonds of
path length 5
7. |DELS Sum of all atoms intrinsic state differences
8. |maxHCsats | Maximum atom-type H E-State: H bonded to B, Si, P, Ge, As, Se, Sn or Pb
9. |naaS Count of atom-type E-State: aSa
10. | MATS4s Moran autocorrelation - lag 4 / weighted by |-state Autocorrelation Descriptor
11. | MATS2c Moran autocorrelation - lag 2 / weighted by charges
12. | ATSC8p Centered Broto-Moreau autocorrelation - lag 8 / weighted by polarizabilities
13. | MIC3 Modified information content index (neighborhood symmetry of 3-order) Information Content
14. | MIC2 Modified information content index (neighborhood symmetry of 2-order) Descriptor
15. |VE3_D Logarithmic coefficient sum of the last eigenvector from detour matrix Detour Matrix Descriptor
16. | VE3_Dt Logarithmic coefficient sum of the last eigenvector from detour matrix
17. |VE2_Dzp Average coefficient sum of the last eigenvector from Barysz matrix / weighted | Barysz Matrix Descriptor
by polarizabilities
18. | VE3_DzZ Logarithmic coefficient sum of the last eigenvector from Barysz matrix /
weighted by atomic number
19. |VC-3 Valence cluster, order 3 Chi Cluster Descriptor
20. | SCH-5 Simple chain, order 5 Chi Chain Descriptor
21. | nF9Ring Number of 9-membered fused rings Ring Count Descriptor
22. | nAtomLAC Number of atoms in the longest aliphatic chain Longest Aliphatic Chain
Descriptor
23. | WTPT-5 Sum of path lengths starting from nitrogens Weighted Path Descriptor
24. | SpMin7_Bhm | Smallest absolute eigenvalue of Burden modified matrix - n 7 / weighted by Burden Modified
relative mass Eigenvalues Descriptor
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Table 3. Performance measurements of the classifiers

IBk SL BN
Training Test Training Test Training Test
ACC % 84.00 81.08 85.33 78.38 82.00 75.67
SP 0.833 0.806 0.844 0.773 0.855 0.732
SE 0.840 0.811 0.853 0.784 0.820 0.757
F-score 0.936 0.808 0.847 0.776 0.831 0.727
MCC 0.476 0.506 0.509 0.420 0.531 0.293

IBk: Instance-Based Learning with k-Nearest Neighbors; SL: Simple logistic; BN: BayesNet; ACC: Accuracy; SP: Specificity; SE: Sensitivity; MCC:

Matthews correlation coefficient.

Evaluation of the model performance

Inthe current study, the IBk [21], SL [22], and BN [23]
algorithms were used to construct QSAR models
due to their highest performance. The ACC, SP, SE,
F-score, and MCC metrics were computed for each
algorithm. The internal and external validation
outcomes were analyzed to assess the performance
(Table 3).

The classifiers’ performances were recorded with
values ranging from 82.00% to 85.33% in the
training set and from 75.67% to 81.08% in the test
set. The model has been trained using the training
dataset, and the observed performance reflects its
capability and consistent learning from the training
data. In this study, the 10-fold cross-validation
technique was preferred for internal validation.
The k-fold cross-validation assesses training
performance by dividing the data into several
subgroups. The approach guarantees strong
predictive performance and versatility across
different chemical domains for the model [28].
The test set is a dataset that is excluded from the
training process, serving to evaluate the model’s
ability to generalize. The model’s final performance
evaluation is conducted on the test set. In the
current model, the IBk algorithm demonstrated the
highest success rate on the test set (81.08%), along
with all other evaluated metrics. The values of 0.806
and 0.811 for SP and SE, respectively, indicate the
model’s high capability for true negative and true
positive rates. The results from the internal and
external validation processes demonstrated the
IBk model’s high generalization capability and
reliability. Specifically, the ACC rates for the training
and test sets indicated that the IBk model achieved
consistent success, with rates of 84.00% and 81.08%,
respectively. This consistency enhances the model’s
ability to prevent overfitting and adapt to new real-
world data. The findings indicate that the IBk model

effectively distinguishes between DIR-positive and
DIR-negative compounds, demonstrating its robust
predictive capabilities.

Calculating the Topliss ratio is crucial in validating
the QSAR model [24]. The proposed models met
the validity criteria, achieving a Topliss ratio of 7.8,
based on 187 compounds and 24 descriptors. Based
on this result, overfitting appears to be prevented.

We performed analyses of the Tanimoto similarity
index [26] and chemical space distribution [24]
to establish a reliable AD area for ensuring model
robustness. The average Tanimoto scores for
the training and test datasets were recorded as
0.3739 and 0.4070, respectively. These scores
indicate chemical diversity and AD compatibility
within the datasets. Molecular weight (MW) and
Ghose-Crippen LogKow (ALogP) values were
utilized to analyze the distribution of chemical
space (Figure 1). The MW values of the molecules
ranged from 131.0946 to 2637.0983 g/mol, while
their ALogP values were from -26.7021 to 3.8871.
This visualization confirmed that the test set
components were adequately included in the
chemical domain of the training set.

° Dataset
25004 ® Training set (n=150)
® Test set (n=37)

20001

1500 1

MW (g/mol)

1000 1

=25 -20 =15 -10 5 o ]
ALogP

Figure 1. Distribution analysis in chemical space

(n: number of molecules; MW: Molecular Weight; AlogP: Ghose-
Crippen LogKow)
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These techniques enhanced the current model’s
validity and clarified AD’s boundaries.The IBk model
shows promise in producing robust and reliable
predictions across various chemical domains. These
findings support the selection of the IBk algorithm
to ensure inter-class consistency.

Explanation of the top-performing model

The top-performing IBk model was explained using
PFlanalysis(Figure 2).Thegraph’svertical axis (Y-axis)
lists the features utilized by the model, arranged
from bottom to top according to increasing relative
importance—features positioned higher have
a greater effect on the model’s predictions. The
horizontal axis (X-axis) indicates the importance
score attributed to each feature within the model.
This score is computed by assessing the decrease
in model accuracy when the values of a particular
feature are randomly permuted. Variables with
higher values along the X-axis strongly influence
the model’s decisions. Variables near zero minimally
affect model predictions. This analysis highlights
the features exerting the greatest influence on
predictions [27].

The most significant descriptor for the 1Bk model
is JGlI6, followed by maxsOH, MATS4s, and
nAtomLAC. Next, MATS2c, MIC3, and MIC2 show
equal influence. After these, VC-3 and SpMin7_
Bhm vyield similar effects. Following this are VE3_D
and maxHCsats, which also exhibit comparable
impacts. Then, WTPT-5 and SCH-5 rank similarly in

their effects. Next is hmin, followed by minHBint10.
Additionally, minHBint5, DELS, and VE2_Dzp
share equal importance, trailing behind nF9Ring.
Following these are naaS, VE3_Dt, and VE3_DzZ,
which indicate equal impact. Lastly, GGI7 and
ATSC8p are noted as having a negligible effect.

DISCUSSION

The majority of the descriptors in the model
belong to the Electrotopological State Atom Type
(E-State) Feature class (maxsOH, maxHCsats, hmin,
minHBint10, minHBint5, DELS,and naa$S).The E-state
index encodes both electronic and topological
information at the atomic and sub-molecular levels
[29]. This class plays a crucial role in identifying
functional regions of molecules with potential
pharmacophore or toxicophore properties. The
capability to evaluate electronic structures and
topological properties via a comprehensive
approach has established E-state indices as a
crucial instrument for QSAR analyses [30]. Our
model’s descriptors mainly consist of E-state indices
consistent with the chemoinformatics literature.
This model contains three descriptors from the
Autocorrelation Descriptor class [31]: MATS4s,
MATS2¢, ATSC8p. Some drugs known to cause
rhabdomyolysis have been reported to trigger this
condition through direct toxicity to skeletal muscle,
by increasing intracellular free ionized calcium
levels, and by decreasing serum coenzyme Q levels

JGI6 4
maxsOH
MATS4s 9
nAtomLAC +
MATS2c¢ 1
MIC3 1

MIC2 1

VC-3 4
SpMin7_Bhm
VE3_D 4
maxHCsats
WTPT-5 1
SCH-5 4
hmin
minHBInt10 4
minHBIntS
DELS A
VE2_Dzp 4
nF9RIng
naas 1
VE3_Dt
VE3_DzZ 4
GGI7 4
ATSC8p 1

Features

0.00 0.01 0.02 0.03 0.04

0.05 0.06 0.07 0.08

Feature Importance
Figure 2. The contribution of molecular descriptors to the top-performing model
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[9]. In a QSAR model for predicting the activity
of 3-Hydroxy-3-methylglutaryl-CoA (HMG-CoA)
reductase inhibitors, various descriptors from the
E-State, Autocorrelation, Topological Charge, Detour
Matrix, and Barysz Matrix Descriptor classes were
utilized, similar to our study. These characteristics
significantly impacted the model’s estimating
capacity [32]. Additionally, a study aimed at
identifying newly synthesized HMG-CoA reductase
inhibitors  through  [ITALIC]in  silico[/ITALIC]
methods employed chemical similarity analysis
and QSAR model integration, with Autocorrelation
descriptors serving as a significant component [33].
Our QSAR model also included descriptors from
Topological Charge (JGI6 and GGI7), Information
Content (MIC3 and MIC2), Detour Matrix (VE3_D
and VE3_Dt), and Barysz Matrix (VE2_Dzp and
VE3_DzZ). Given that rhabdomyolysis is a serious
side effect of statins, using these descriptor classes
in our study is significant. In the model of statin
activity created by Ancuceanu et al. [32], the JGI5
descriptor from the Topological Charge index was
used. Higher HMG-CoA reductase inhibitory activity
was linked to higher JGI5 levels. The sixth-order
derivative, JGI6, was the strongest descriptor in the
current model. JGI6 tends to rise as the molecular
structure becomes more complicated, with more
ring systems, branching, and more heteroatoms
[32]. Based on the chemoinformatic literature and
current findings, it can be suggested that a higher
JGI6 value may increase the risk of drug-induced
rhabdomyolysis.

The current model includes one descriptor for
each class in the Chi Cluster Descriptor (VC-3),
Chi Chain Descriptor (SCH-5), Longest Aliphatic
Chain Descriptor (nAtomLAC), Burden Modified
Eigenvalues Descriptor (SpMin7_Bhm), Weighted
Path Descriptor (WTPT-5), and Ring Count
Descriptor (nF9Ring). Rajathei et al. developed
a 2D-QSAR model by correlating the structural
features of a series of atorvastatin analogs
identified as HMG-CoA reductase inhibitors with
their biological activities [33]. One of the significant
descriptors in the HMG-CoA reductase inhibitors
model was SCH-7, a Chi Chain Descriptor family
member. The SCH-x descriptors of the Kier and Hall
molecular connectivity indices [34] are the x-th
degree chain (or ring) type versions, describing the
x-th degree of connectivity of non-hydrogen atoms
in molecules. According to a study by Rajathei et
al., the inhibitory action of SCH-7 may be attributed

to its higher degree of connectivity, resulting from
its increasing positive value [33]. Similarly, the 5th-
level derivative of this descriptor, SCH-5, emerged
as a significant predictor in the current DIR model.
The current model suggests that the susceptibility
of medications to rhabdomyolysis may increase
as the SCH-5 value increases. Another significant
descriptor highlighted in the aforementioned study
is the VE3_Dt descriptor derived from the Detour
Matrix index [33], which is also included in our
model. Furthermore, the present model employed
VE3_D, while the HMG-CoA reductase inhibitors
model used VE1_D and VE2_D [33].

The PIF analysis revealed that GGI7 and ATSC8p
have the lowest impact on the current model
prediction. After removing these features and
rebuilding the model, a slight decrease in
performance was observed. This implies that
these features may interact with other variables
as they are not entirely independent. In the
presence of interrelated variables, assessing
feature combinations yields more reliable insights
than analyzing individual predictors [35]. The
descriptors presented in this study are suggested
as potential toxicophore structures responsible for
a molecule’s rhabdomyolysis risk. Before modifying
drugs at the molecular level to reduce the risk of
rhabdomyolysis, an assessment should consider
the descriptors supported by other studies and the
importance ranking determined by the PIF analysis
(Figure 2) to ensure the decision-making process is
well-founded.

Prior molecular modifications aimed at minimizing
DIR, a comprehensive assessment should be
conducted based on the importance hierarchy
determined through PIF analysis (Figure 2) and
descriptors validated by previous studies to ensure
a robust and evidence-based decision-making
framework.

Strengths and limitations of the model

DIR is a potentially fatal idiosyncratic adverse
drug reaction. Diagnosing DIR in clinics can often
be challenging due to the limited availability of
methods. Current methods, particularly monitoring
CK levels and testing for myoglobinuria in urine, are
inadequate for the early and definitive detection of
DIR[36].Various commonly prescribed medications,
such as antidepressants (e.g, promazine,
trifluoperazine), lipid-lowering medications
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(e.g., clofibrate, lovastatin), and antihistamines
(e.g., doxylamine, diphenhydramine), have the
potential to trigger rhabdomyolysis. As more
newly synthesized drugs are introduced into
clinical use, the risk of rhabdomyolysis associated
with these drugs is expected to increase [9]. Thus,
accurately identifying the DIR risk before marketing
is crucial. Utilizing [ITALIC]in silico[/ITALIC] analysis
is recommended as the quickest and most
economical approach in the initial phase [23].

The limited number of DIR cases and the inclusion of
drugs without conclusive safety evidence regarding
rhabdomyolysis risk in the ‘safe’ group limit the
accuracy and reliability of several DIR models
available in the literature. To address this gap in
the literature, a 2D-QSAR model was developed in
this study to predict the pharmaceutical-related
risk of rhabdomyolysis using DIRA data. In this
context, models were developed utilizing the 1Bk,
SL, and BN algorithms with data categorized as DIR-
positive and DIR-negative. The IBk model, noted for
its strong predictive performance, was analyzed in
detail. The binary IBk model achieved an accuracy
of 81.08% on the test set. In the multiclass DIR QSAR
model developed by Zhou et al., a success rate of
73.00% was recorded using the Random Forest
(RF) algorithm. Although assessing various levels of
rhabdomyolysis risk in the RF model is considered
an advantage, it requires improvements to increase
its success rate [13].

In the current study, collecting data from a single
source increased homogeneity and positively
contributedtodataconsistencyandmodelaccuracy.
However, depending on a single source dataset
can present challenges in creating comprehensive
datasets. Conversely, the accuracy of both the
positive and negative groups in the present dataset
is supported by the literature. In this respect,
compared to other models that accept medications
without rhabdomyolysis data as negative, it offers
a more reliable dataset. For example, Cui et al.
developed a binary DIR prediction model using 163
drug molecules associated with rhabdomyolysis
risk and 1341 drug molecules with no reported
rhabdomyolysis risk. In the study, the RF algorithm
achieved the highest success rate of 79.28% [12].
Besides, the binary rhabdomyolysis QSAR model
developed using the Support Vector Machine
(SVM) algorithm, based on a dataset of similar size
to the current study, achieves an accuracy rate of

84.50%. Although the study demonstrated a higher
performance than the 81.08% ACC rate obtained in
our study, a direct comparison is not appropriate
due to dataset differences. The SVM model’s dataset
includes various ingredients, pharmaceuticals, and
chemicals [9]. The diversity in the dataset is a crucial
factor directly affecting the model’s generalization
capacity. Concentrating exclusively on
pharmaceutical compounds has both advantages
and limitations. Utilizing only pharmaceutical-
grade ingredients ensured consistency in the
dataset, enhancing the model’s sensitivity to a
specific chemical group and contributing to safer
drug development processes. Additionally, the
presented model explanations provide new insights
into minimizing or preventing potential drug side
effects. In this context, the present model excludes
non-pharmaceutical substances. Furthermore, as
in traditional QSAR modeling, salts and inorganic
compounds have been excluded from the scope
of analysis. Restructuring the algorithms used in
the model requires high expertise; however, the
availability of the datasets simplifies the process of
creating the model.

In conclusion, the QSAR models developed in the
present study can support DIR assessment during
drugdevelopmentandtheearly stages of preclinical
research. Integrating QSAR-based approaches
into drug safety management offers an ethically
sustainable alternative, enhancing both economic
efficiency and time effectiveness. Alongside the
strong predictive performance demonstrated by
the DIR model, this study aims to contribute to
safer drug development by providing structural
insights. The study anticipates that the presented
physicochemical properties and the developed DIR
models will serve as significant guides and effective
analytical tools for assessing DIR-related risks.
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Objective: This study investigated the interrelationships between
chronotype, impulsivity, resilience, and affective symptomatology
in individuals with Major Depressive Disorder (MDD) in remission.
Specifically, it examined whether impulsivity and resilience mediate
the association between eveningness and depressive and anxiety
symptoms, and whether sleep quality moderates these pathways.

Materials and Methods: This cross-sectional study was conducted
between February and April 2025 at Istanbul Tuzla State Hospital,
Turkiye, and included 203 patients diagnosed with MDD in remission.
Participants were assessed using validated psychometric instruments,
including the Morningness-Eveningness Questionnaire (MEQ), Beck
Depression Inventory (BDI), Beck Anxiety Inventory (BAI), Psychological
Resilience Scale (PRS-33), Barratt Impulsiveness Scale (BIS-11), and
the Pittsburgh Sleep Quality Index (PSQI). Analyses were conducted
using SPSS 22.0, including correlations, multiple linear regression, and
PROCESS-based mediation and moderation models.

Results: Eveningness was significantly associated with increased
severity of both depressive and anxiety symptoms. Non-planning and
attentional impulsivity partially mediated the relationship between
eveningness and depressive symptoms. Resilience also partially
mediated the link between eveningness and depression, indicating
a protective psychological buffer. Sleep quality moderated the
chronotype-depression association, such that poor sleep exacerbated
depressive symptoms in evening types, but it did not moderate the
chronotype-anxiety link.

Conclusion: Chronotype influences mental health outcomes through
intricate  cognitive-affective pathways. Evening-type individuals
are more vulnerable to affective symptoms due to heightened
impulsivity and reduced resilience. These findings emphasize the
need for multidimensional interventions that address not only
circadian misalignment but also impulsivity regulation and resilience
enhancement to improve psychological outcomes in mood disorder
populations.

Keywords: anxiety, chronotype, depression, impulsivity, resilience
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INTRODUCTION

Major depressive disorder (MDD) remains one
of the most significant global health burdens,
necessitating a comprehensive understanding
of its multifaceted etiology [1]. While genetic
predispositions, environmental stressors, and
neurobiological mechanisms are well-established
contributors emerging research underscores
the critical influence of individual differences
in neurobiological rhythms and psychological
traits—particularly chronotype, impulsivity, and
resilience—on vulnerability to MDD and overall
psychological well-being [2].

Chronotype, defined as an individual’s biological
preference for activity and alertness in the
morning or evening, has gained attention as a
chronobiological factor linked to emotional and
psychiatric outcomes. A growing body of research
suggests that eveningness is associated with
greater susceptibility to depression, anxiety, and
impulsivity, likely due to circadian misalignment
andsleepdisruptions[3,4].In contrast, morningness
has been linked to increased psychological
resilience and reduced vulnerability to mood
disturbances [5,6]. Importantly, chronotype effects
extend beyond this dichotomy, as circadian rhythm
amplitude and stability also play a vital role in
coping mechanisms, affective regulation, and
mental health outcomes [7].

Psychological resilience—the capacity to adapt to
and recover from adversity—acts as a protective
buffer against psychiatric disorders, including
depression and anxiety [8]. Resilient individuals
tend to regulate emotions more effectively and
cope better with stress, maintaining psychological
well-being despite life challenges. Recent studies
suggest that resilience may mediate the impact
of chronotype on psychopathology, potentially
mitigating the negative consequences of
eveningness [6,9,10]

Impulsivity, characterized by difficulties in self-
requlation, delayed gratification, and increased
risk-taking, is another psychological trait closely
associated with mood disorders. Individuals with
an evening chronotype tend to exhibit higher
levels of impulsivity, which can exacerbate
emotional dysregulation, increase susceptibility to

depression and anxiety, and promote maladaptive
behaviors [4,11]. Additionally, personality traits
such as neuroticism and low conscientiousness may
moderate the chronotype-impulsivity—depression
pathway, further emphasizing the need to consider
trait-level individual differences [12].

Anxiety symptoms frequently co-occur with
depressive disorders, and comorbidity rates are
particularly high amongindividuals diagnosed with
MDD. Research indicates that nearly half of patients
with MDD also meet criteria for an anxiety disorder,
a co-occurrence that significantly increases illness
severity, functional impairment, and the risk of
poor treatment outcomes [13].

Despite extensive evidence linking chronotype,
impulsivity, and resilience to mental health,
inconsistencies persist regarding their direct
and indirect effects. Some studies challenge
the assumption that eveningness is inherently
maladaptive, suggesting its impact may be
context-dependent and shaped by environmental,
cognitive, and social factors [14]. Moreover, the
stability of chronotype in clinical populations and
the potential for therapeutic circadian interventions
remain topics of ongoing investigation. Other
contributing factors, such as cognitive rumination,
emotional dysregulation [3], and genetic variations
(e.g., PER3 gene [15]), may further mediate these
complex interactions.

While previous research has established links
between chronotype and mood disorders [3,4],
the current study aims to make several unique and
important contributions. Specifically, we focus on
individuals with Major Depressive Disorder (MDD)
in remission—a clinically relevant yet relatively
understudied population in circadian rhythm
research. Investigating this group is crucial, as
remitted patients often continue to experience
residual cognitive and emotional vulnerabilities
[3], including poor sleep and diminished resilience,
which can predict relapse. Studying MDD in
remission therefore offers a strategic opportunity
to identify underlying risk pathways that persist
beyond symptom resolution. To our knowledge,
this is the first study to simultaneously examine
both impulsivity and resilience as key mediating
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factors in the relationship between chronotype
and affective symptoms (both depressive and
anxiety) in a remitted MDD patient group. Most
prior research has typically focused on either
a single mediator [4] or broader associations
between chronotype and mood symptomatology
[5], or has examined bipolar populations [11].
Our integrated approach incorporates both
mediation and moderation analyses, enabling a
more nuanced understanding of how sleep quality
interacts with chronobiological preference and
cognitive-affective traits. This framework may
help uncover distinct and potentially overlapping
pathways linking eveningness to depressive and
anxiety symptoms, thereby offering novel insights
for the development of more tailored and targeted
interventions for individuals with mood disorders.

MATERIALS AND METHODS

Study population and sample

This study was conducted on a clinical sample
of patients diagnosed with Major Depressive
Disorder (MDD) based on the criteria outlined in
the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (DSM-5). The diagnosis of
MDD was confirmed using the Structured Clinical
Interview for DSM-5 Disorders (SCID-5), a gold-
standard diagnostic tool for psychiatric assessment.
Participants were recruited from the outpatient
psychiatry clinics of Istanbul Tuzla State Hospital.
A total of 203 patients who met the eligibility
criteria and provided written informed consent
were included in the study. Data collection was
conducted between February 2025 and April 2025.

At the time of assessment, all participants were
in remission, defined by the absence of active
depressive symptoms based on clinical evaluation
and SCID-5 criteria. However, we acknowledge
that residual symptoms—particularly sleep
disturbances—may persist during remission, as
noted in previous research [16].

Inclusion and exclusion criteria

To ensure a homogeneous sample, this study
implemented a set of strict inclusion and exclusion
criteria.Participants wereeligibleforinclusionifthey

were between the ages of 18 and 65 years, literate,
and capable of independently completing self-
report questionnaires. Additionally, all participants
had a confirmed diagnosis of Major Depressive
Disorder (MDD), which was established using the
Structured Clinical Interview for DSM-5 Disorders
(SCID-5). At the time of assessment, participants
were required to be in remission, as determined
by clinical psychiatric evaluation, ensuring
the absence of active depressive symptoms.
Furthermore, only individuals who were receiving
routine follow-up care at the outpatient clinic were
considered for inclusion. Prior to their participation,
all individuals provided written informed consent
after receiving comprehensive information about
the study, including its objectives, procedures, and
their rights as participants.

To eliminate potential confounding factors and
maintain the validity of the findings, several
exclusion criteria were applied. Patients who were
currently experiencing an active major depressive
episode at the time of assessment were excluded,
as were those with a history of intellectual disability
(IQ < 70), dementia, or other neurocognitive
disorders that could impair their ability to
comprehend or complete the study assessments.
Furthermore, individuals with severe and
potentially confounding psychiatric disorders were
excluded. These encompassed psychotic disorders
such as schizophrenia, schizoaffective disorder, and
delusional disorder; bipolar and related disorders
including bipolar | disorder, bipolar Il disorder, and
cyclothymic disorder, due to the distinct affective
and circadian rhythm profiles characteristic of these
conditions; and severe personality disorders—
such as borderline or antisocial personality
disorder—when, in the judgment of the evaluating
psychiatrist, these were likely to significantly
compromise the accuracy of self-report measures
or introduce marked emotional instability beyond
the scope of MDD.

To further minimize the influence of undiagnosed
psychiatric comorbidity, all participants underwent
the SCID-5, and only individuals with a primary
diagnosis of MDD in remission and no comorbid
psychiatric disorders at the diagnostic level were
included. Consequently, no subgroup reanalysis for
psychiatric comorbidity was required.
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Total patients initially recruited

Active depressive episode: 32

Comorbid psychiatric disorder: 21
Primary sleep disorder: 18
Cognitive impairment (IQ < 70,

Declined to participate / withdrew

Incomplete data or dropout: 12

v

(n=300)
ﬁxcluded Patients (n =97):
dementia): 8
consent: 6
. 4

Final sample included in analysis

(n=203)

Figure 1. Flowchart of participant recruitment and exclusion criteria

In addition, individuals with primary sleep
disorders—including insomnia, obstructive sleep
apnea, or restless legs syndrome—diagnosed
independently of depressive symptoms, were
excluded, as these conditions could independently
influence key psychological variables such as mood,
sleep quality, and impulsivity. Lastly, participants
who were unable or unwilling to provide informed
consent were not included in the study (see Figure

1).

Measures

A combination of structured clinical interviews and
validated psychometric instruments was employed
to assess the key psychological constructs relevant
to the study.

Sociodemographic and clinical characteristics—
including age, gender, education, marital status,
illness onset, duration, psychiatric history, suicide

attempts, family psychiatric history, and substance
use—were collected via a structured researcher-
developed questionnaire. To assess depressive and
anxiety symptoms, participants completed the Beck
Depression Inventory (BDI) and the Beck Anxiety
Inventory (BAI), both widely validated self-report
measures that assess symptom severity [17,18].
Psychological resilience was measured using the
Psychological Resilience Scale for Adults (PRS-33),
which evaluates resilience across six dimensions
[191.

Chronotype was assessed using the Morningness-
Eveningness Questionnaire (MEQ), a validated
measure that classifies individuals into morning,
evening, or intermediate types based on their
sleep-wake preferences [20]. Sleep quality was
evaluated using the Pittsburgh Sleep Quality
Index (PSQI), a self-report instrument assessing
subjective sleep quality over the past month [21].To
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measure impulsivity, the study utilized the Barratt
Impulsiveness Scale - Short Form (BIS-11-SF), which
assesses impulsivity across attentional, motor, and
non-planning dimensions [22].

All psychometric instruments used in this study
have been adapted into Turkish, with their validity
and reliability confirmed through prior research
[23-27].

Procedure

Participants who met the eligibility criteria were
invited to participate in the study. After obtaining
written informed consent, they completed self-
report questionnaires under the supervision
of trained research staff. The assessments were
conducted in a standardized and structured
manner to ensure consistency and minimize
potential biases.

Clinical and demographic data were gathered
through structured interviews and supplemented
with a review of hospital medical records. The SCID-
5 interview was conducted by trained psychiatrists
to confirm the diagnosis of MDD. The absence
of active depressive symptoms was clinically
evaluated, ensuring that all participants were in
remission.

Statistical analysis

An a priori power analysis was performed using
GPower (version 3.1.9.7) to estimate the minimum
sample size needed for detecting a moderate effect
size (= 0.08) in a multiple linear regression model
with six predictors, including chronotype, sleep
quality, impulsivity subscales, and resilience. With
an alpha level of 0.05 and desired power of 0.80,
the required sample size was calculated to be 160
participants. The final sample of 203 exceeded this
threshold, ensuring adequate statistical power to
detect hypothesized effects.

The Kolmogorov-Smirnov test was applied to
evaluate the normality of data distributions for
all continuous variables. Descriptive statistics,
including mean + standard deviation (SD) for
normally distributed variables and median
(minimum-maximum) for non-normally distributed
variables, were used to summarize continuous
demographic  and  clinical  characteristics.

Categorical variables were summarized using
frequencies and percentages (n, %). Pearson’s
correlation coefficients were calculated to assess
bivariate relationships among key study variables,
including chronotype, sleep quality, impulsivity,
resilience, and affective symptoms. To examine the
predictive power of chronotype, impulsivity, and
resilience on depressive and anxiety symptoms,
multiple linear regression analyses were performed.
To test indirect and conditional effects, mediation
and moderation analyses were conducted using
the PROCESS macro for SPSS (Model 4 and Model
1, respectively; Hayes, 2018). Mediation models
assessed whether impulsivity (non-planning and
attentional) or resilience served as mediators in
the relationship between chronotype and affective
symptoms. Moderation models explored whether
sleep quality (PSQI) or impulsivity dimensions
moderated the effect of chronotype on depression
or anxiety outcomes. All analyses were performed
using IBM SPSS Statistics (Version 22.0; IBM Corp.,
Armonk, NY, USA). Statistical tests were two-tailed,
and significance was set at p < 0.05.

Ethical considerations

This study was approved by the Istanbul Medipol
University Noninterventional Clinical Research
Ethics Committee (Protocol No: E-10840098-
202.3.02-1257; Date: 13.02.2025) and conducted in
accordance with the Declaration of Helsinki (2013).
Written informed consent was obtained from all
participants. Confidentiality and anonymity were
ensured through coded data and secure storage
procedures.

RESULTS

Table 1 provides a comprehensive overview of
the sociodemographic and clinical characteristics
of the patient sample, offering insights into the
composition and clinical profiles of the study
participants. The sample consisted of 203 patients,
with amean age of 39.01 +10.13 years, representing
a broad adult age range. A majority of participants
were female (64.5%), and more than half were
unmarried (53.7%), a factor often associated with
increased psychological vulnerability in clinical
populations. Further details are summarized in
Table 1.
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Table 1. Sociodemographic and clinical characteristics
of patients

n (%)
mean = SD
median (min-max)
Gender
Female 131 (64.5)
Male 72 (35.5)
Age 39.01+10.13
Education (Years) 9.97 £2.69
Marital Status
Single/Divorced/Widowed 109 (53.7)
Married 94 (46.3)
Work Status
Employed 99 (48.8)
Not Working 51 (25.1)
Retired 37(18.2)
Student 16 (7.9)
Smoking Status
Smoker 112 (55.2)
Non-Smoker 91 (44.8)
Age of Disease Onset 31(13-62)
lliness Duration (Years) 6 (1-20)
History of Suicide Attempt
Yes 14 (6.9)
No 189 (93.1)
Other Medical Comorbidities
Yes 118 (58.1)
No 85(41.9)
Family History of Psychiatric Disorder
Yes 65 (32.0)
No 138 (68.0)

Values presented as mean + SD (standard deviation), median (min-
max) and n (%).

Participants had a mean MEQ (chronotype) score
of 43.46 + 11.97, indicating a tendency toward
eveningness. Average scores were 7.89 £ 2.19 on
the BAl and 5.13 %+ 1.15 on the BDI. The total PRS-
33 averaged 114.45 + 10.56, with subscale means
as follows: Self-Perception (18.93 + 4.39), Future
Orientation (13.22 + 3.99), Structured Style (13.96
+ 2.90), Social Competence (22.15 + 5.43), Family
Cohesion (20.11 +£4.50), and Social Resources (26.08
+ 4.74). Sleep quality, measured by the PSQI, had a
mean score of 7.54 + 2.67. Impulsivity subscales of
the BIS-11 yielded mean scores of 25.85 + 4.16 for
Non-Planning, 21.70 + 5.64 for Motor, and 23.02 +
5.09 for Attentional impulsivity.

Chronotype (MEQ) showed significant negative
correlations with anxiety (BAI), depression (BDI),
and all impulsivity subscales, while positively
correlating with resilience (PRS-33). Poor sleep
quality (PSQI) was positively associated with
depressive symptoms but unrelated to anxiety
or impulsivity. Resilience was negatively related
to both depression and impulsivity. For detailed
correlation coefficients and significance values, see
Table 2.

Prior to conducting the multiple linear regression,
a series of univariate linear regression analyses
were performed to assess the individual predictive
capacity of each independent variable on
depressive symptoms, as measured by the BDI. The
results indicated that chronotype, assessed by the
MEQ, significantly predicted depressive symptoms
(B =-0.207, p = 0.003). Sleep quality, measured by
the PSQI, was also a significant predictor (3 = 0.289,
p < 0.001). All three subdimensions of the BIS-
11 were significantly associated with depressive
symptoms: Non-Planning Impulsivity (B = 0.239, p
= 0.001), Motor Impulsivity (B = 0.144, p = 0.040),
and Attentional Impulsivity (3 =0.165,p =0.019).In
terms of resilience, the total score of the PRS-33 was
negatively associated with depressive symptoms
(B = -0.228, p = 0.001), along with the following
subdimensions: Self-Perception ( § = -0.176, p =
0.012), Future Orientation (3 = -0.165, p = 0.019),
and Family Cohesion (B = -0.144, p = 0.040).
Conversely, the subdimensions Structured Style
(B = -0.001, p = 0.984), Social Competence (§ =
-0.037, p=0.599), and Social Resources (3 =-0.020,
p = 0.776) did not significantly predict depressive
symptomatology (Table 3).

A multiple linear regression analysis was conducted
to examine the predictive capacity of MEQ, PSQI,
BIS-11-NP, BIS-11-M, BIS-11-A, and PRS-33 on
depressive symptoms, as measured by the BDI. The
overall model was statistically significant, F(6, 196) =
8.544, p < 0.001, explaining 20.7% of the variance in
BDI scores (R* = 0.207, Adjusted R* = 0.183). Among
the predictors, PSQI (f = 0.322, p < 0.001), BIS-11-
NP (B = 0.208, p = 0.003), and PRS-33 (f = -0.148,
p = 0.031) were significant predictors of depressive
symptomes. In contrast, MEQ (3 =-0.009, p = 0.904),
BIS-11-M (B = 0.051, p = 0.441), and BIS-11-A (B =
0.133, p = 0.046) did not significantly contribute to
the model (Table 3).
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Table 2. Correlation matrix of chronotype, impulsivity, resilience, and psychological symptoms

MEQ BAI BDI BIS-11-NP BIS-11-M BIS-11-A PRS-33
MEQ r 1.000 -0.241 -0.207 -0.259 -0.147 -0.147 0311
p - 0.001** 0.003** <0.001** 0.037* 0.037* <0.001**
PSQl r -0.224 0.039 0.289 -0.117 0.059 -0104 -0.004
p 0.001 0.585 <0.001 0.098 0.407 0.138 0.953
BAI r -0.241 1.000 0.079 0.024 -0.094 0.230 -0.052
p 0.0071** 0.264 0.737 0.183 0.0071** 0.459
BDI r -0.207 0.079 1.000 0.239 0.144 0.165 -0.226
p 0.003** 0.264 0.001** 0.040* 0.019% 0.001**
BIS-11-NP |r -0.259 0.024 0.239 1.000 0.171 0.164 -0.244
p <0.001** 0.737 0.0071** - 0.015* 0.020* <0.001**
BIS-11-M  |r -0.147 -0.094 0.144 0.171 1.000 0.185 -0.089
p 0.037* 0.183 0.040* 0.015*% 0.008** 0.207
BIS-11-A r -0.147 0.230 0.165 0.164 0.185 1.000 -0.138
p 0.037* 0.001** 0.019*% 0.020* 0.008** - 0.049*
PRS-33 r 0.311 -0.052 -0.226 -0.244 -0.089 -0.138 1.000
p <0.0071** 0.459 0.0071** <0.001** 0.207 0.050%

MEQ: Morningness-Eveningness Questionnaire, PSQI: Pittsburgh Sleep Quality Index, BAI: Beck Anxiety Inventory, BDI: Beck Depression Inventory,
BIS-11-NP: Barratt Impulsiveness Scale-11 - Non-Planning Impulsivity, BIS-11-M: Barratt Impulsiveness Scale-11 - Motor Impulsivity, BIS-11-A: Barratt
Impulsiveness Scale-11 - Attentional Impulsivity, PRS-33: Psychological Resilience Scale for Adults, r indicates Pearson correlation coefficient, ** p<
0.01, *p<0.05.

Table 3. Univariate and multivariable regression analyses of factors associated with depressive symptoms among
patients

Unstandardized Standardized cl
Coefficients Coefficients t p

B Std. Error B Lower Upper
Univariate Analysis
MEQ -0.020 0.007 -0.207 -0.033 -0.007 -3.005 0.003
PSQl 0.125 0.029 0.289 0.067 0.182 4.288 <0.001
BIS-11-NP 0.066 0.019 0.239 0.029 0.103 3.491 0.001
BIS-11-M 0.029 0.014 0.144 0.001 0.057 2.067 0.040
BIS-11-A 0.037 0.016 0.165 0.006 0.068 2.366 0.019
PRS-33 -0.025 0.007 -0.226 -0.039 -0.010 -3.282 0.001
PRS-33-PS -0.046 0.018 -0.176 -0.082 -0.010 -2.531 0.012
PRS-33-FO -0.048 0.020 -0.165 -0.087 -0.008 -2.374 .0019
PRS-33-SS -0.001 0.028 -0.001 -0.056 0.055 -0.021 0.984
PRS-33-SC -0.008 0.015 -0.037 -0.037 0.022 -0.527 0.599
PRS-33-FC -0.037 0.018 -0.144 -0.072 -0.002 -2.070 0.040
PRS-33-SR -0.005 0.017 -0.020 -0.039 0.029 -0.284 0.776
Multivariate Analysis
MEQ -0.001 0.007 -0.009 -0.014 0.013 -0.120 0.904
PSQl 0.139 0.029 0.322 0.082 0.196 4.8 <0.001
BIS-11-NP 0.057 0.019 0.208 0.020 0.095 3.019 0.003
BIS-11-M 0.010 0.013 0.051 -0.016 0.037 0.773 0.441
BIS-11-A 0.030 0.015 0.133 0.001 0.060 2.008 0.046
PRS-33 -0.016 0.007 -0.148 -0.031 -0.001 -2.167 0.031

MEQ = Morningness-Eveningness Questionnaire; PSQI = Pittsburgh Sleep Quality Index; BIS-11-NP = Barratt Impulsiveness Scale-11 - Non-
Planning Impulsivity; BIS-11-M = Barratt Impulsiveness Scale-11 — Motor Impulsivity; BIS-11-A = Barratt Impulsiveness Scale-11 - Attentional
Impulsivity; PRS-33 = Psychological Resilience Scale for Adults — Total Score; PRS-33-PS = Self-Perception subscale; PRS-33-FO = Future Orientation
subscale; PRS-33-SS = Structured Style subscale; PRS-33-SC = Social Competence subscale; PRS-33-FC = Family Cohesion subscale; PRS-33-SR =
Social Resources subscale. Unstandardized coefficients (B), standard errors, standardized coefficients (), confidence intervals (Cl: lower and upper
bounds), t-values, and p-values are reported for each predictor.
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Table 4. Univariate and multivariable regression analyses of factors associated with anxiety symptoms among patients

Unstandardized Standardized a
Coefficients Coefficients t P

B Std. Error B Lower Upper
Univariate Analysis
MEQ -0.044 0.013 -0.241 -0.069 -0.019 -3.524 0.001
PSQl 0.032 0.058 0.039 -0.082 0.146 0.546 0.585
PRS-33 -0.011 0.015 -0.052 -0.040 0.018 -0.742 0.459
PRS-33-PS 0.027 0.035 0.054 -0.042 0.096 0.764 0.446
PRS-33-FO 0.018 0.039 0.032 -0.058 0.094 0.460 0.646
PRS-33-SS -0.055 0.053 -0.073 -0.160 0.049 -1.042 0.299
PRS-33-SC -0.024 0.028 -0.059 -0.080 0.032 -0.832 0.406
PRS-33-FC -0.043 0.034 -0.089 -0.111 0.024 -1.264 0.208
PRS-33-SR 0.001 0.033 0.003 -0.063 0.066 0.039 0.969
BIS-11-NP 0.012 0.037 0.024 -0.061 0.086 0.336 0.737
BIS-11-M -0.036 0.027 -0.094 -0.090 0.017 -0.337 0.183
BIS-11-A 0.099 0.029 0.230 0.041 0.157 3.351 0.001
Multivariate analysis
MEQ -0.039 0.012 -0.212 -0.063 -0.014 -3.122 0.002
BIS-11-A 0.085 0.029 0.199 0.028 0.143 2.929 0.004

MEQ = Morningness-Eveningness Questionnaire; PSQI = Pittsburgh Sleep Quality Index; BIS-11-NP = Barratt Impulsiveness Scale-11 - Non-
Planning Impulsivity; BIS-11-M = Barratt Impulsiveness Scale-11 — Motor Impulsivity; BIS-11-A = Barratt Impulsiveness Scale-11 - Attentional
Impulsivity; PRS-33 = Psychological Resilience Scale for Adults — Total Score; PRS-33-PS = Self-Perception subscale; PRS-33-FO = Future Orientation
subscale; PRS-33-SS = Structured Style subscale; PRS-33-SC = Social Competence subscale; PRS-33-FC = Family Cohesion subscale; PRS-33-SR =
Social Resources subscale. Unstandardized coefficients (B), standard errors, standardized coefficients (), confidence intervals (Cl: lower and upper

bounds), t-values, and p-values are reported for each predictor.

Prior to conducting the multivariable analysis, a
series of univariate linear regression analyses were
performed to evaluate the individual predictive
capacity of each variable on anxiety symptoms,
as measured by the BAI. The results indicated that
MEQ (3 =-0.241,p=0.001) and BIS-11-A (3 = 0.230,
p = 0.001) were significant predictors of anxiety
symptoms. In contrast, PSQI (B = 0.039, p = 0.585),
PRS-33 (3 =-0.052, p =0.459), PRS-33-PS (3 = 0.054,
p = 0.446), PRS-33-FO (3 =0.032, p = 0.646), PRS-33-
SS (B =-0.073, p = 0.299), PRS-33-SC (B = -0.059, p
= 0.406), PRS-33-FC (3 =-0.089, p = 0.208), PRS-33-
SR (B = 0.003, p = 0.969), BIS-11-NP (3 = 0.024, p =
0.737), and BIS-11-M ( = -0.094, p = 0.183) did not
significantly predict anxiety symptoms (Table 4).

A multiple linear regression analysis was then
conducted to examine the combined predictive
capacity of MEQ and BIS-11-A on anxiety symptoms.
The overall model was statistically significant, F(2,
200) = 10.733, p < 0.001, explaining 9.7% of the
variance in BAI scores (R* = 0.097, Adjusted R* =
0.088). Both MEQ (B = -0.212, p = 0.002) and BIS-
11-A (B = 0.199, p = 0.004) remained significant
predictors in the multivariable model, highlighting

their unique and additive contributions to anxiety
symptomatology (Table 4).

The moderation analysis demonstrated that the
interaction between chronotype (MEQ) and sleep
quality (PSQI) significantly predicted depressive
symptoms (BDI) (3 =-0.006, p = 0.025), suggesting
that the impact of chronotype on depression is
contingent upon sleep quality. The overall model
was statistically significant, F(3, 199) = 9.706,
p < 0.001, explaining 12.8% of the variance in
depressive symptoms (R> = 0.128). Probing the
interaction revealed that MEQ scores were not
significantly associated with BDI scores at low (-1
SD) levels of sleep disturbance ( = 0.005, p = 0.639)
or ataverage levels (3 =-0.010, p =0.146). However,
at high levels of sleep disturbance (+1 SD), lower
MEQ scores (i.e, eveningness) were significantly
associated with increased depressive symptoms (3
=-0.025, p = 0.002).

In contrast, sleep quality did not significantly
moderate the relationship between chronotype
and anxiety symptoms (BAl), as the interaction
term (MEQ x PSQI) was non-significant (3 = 0.003,
p=0.610).
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Figure 2. Structural model illustrating the hypothesized pathways linking chronotype (MEQ) to depressive symptoms
(BDI), with psychological resilience (PRS-33) and impulsivity—non-planning (BIS-11-NP) and attentional (BIS-11-A)—

as mediators. Values represent standardized coefficients.

The mediation analysis revealed that non-planning
impulsivity (BIS-11-NP) partially mediated the
relationship between chronotype (MEQ) and
depressive symptoms (BDI). Lower MEQ scores
(indicating  eveningness) were significantly
associated with higher levels of BIS-11-NP ( =
-0.090, p < 0.001), which in turn predicted greater
BDI scores (3 = 0.055, p = 0.005). The indirect effect
of MEQ on BDI through BIS-11-NP was statistically
significant (B = -0.005, 95% Cl [-0.011, —-0.001]),
confirming a mediation effect. Although the direct
path from MEQ to BDI remained significant (8
= -0.015, p = 0.027), the presence of this partial
mediation suggests that non-planning impulsivity
is a key psychological mechanism linking circadian
misalignment to depressive symptomatology
(Figure 2, Supplementary Table 1).

The mediation analysis revealed that attentional
impulsivity (BIS-11-A) partially mediated the
relationship between chronotype (MEQ) and
depressive symptoms (BDI). Lower MEQ scores
(indicating  eveningness) were significantly
associated with higher BIS-11-A scores ( = -0.062,
p = 0.037), which in turn predicted increased BDI
scores (B = 0.031, p = 0.049). The indirect effect
of MEQ on BDI through BIS-11-A was marginally
significant (3 = -0.002, 95% CI [-0.005, -0.001]),
suggesting a subtle mediation effect. Despite
this, the direct path from MEQ to BDI remained
significant (3 = -0.018, p = 0.007), indicating that
attentional impulsivity contributes to, but does not
fully explain, the association between eveningness
and Depression (Figure 2, Supplementary Table 2).
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The mediation analysis demonstrated that
psychological  resilience  (PRS-33)  partially
mediated the relationship between chronotype
(MEQ) and depressive symptoms (BDI). Chronotype
significantly predicted resilience (B = 0.274, p <
.001), with morningness associated with higher
resilience levels. In turn, resilience significantly
predicted depressive symptoms (f = -0.019, p =
.014), indicating that higher resilience was linked
to lower depression severity. The indirect effect
of chronotype on depressive symptoms through
resilience was significant (3 =-0.005,95% CI [-0.011,
-0.001]), suggesting that part of the protective effect
of morningness on depression operates through
enhanced resilience. However, the direct effect of
chronotype on depressive symptoms remained
significant (B = -0.015, p = 0.035), indicating that
while resilience explains part of this relationship,
other mechanisms may also contribute (Figure 2,
Supplementary Table 3).

The mediation analysis demonstrated that
attentional impulsivity (BIS-11-A) partially mediated
the relationship between chronotype (MEQ) and
anxiety symptoms (BAI). Chronotype significantly
predicted BIS-11-A scores (3 = -0.062, p = .037),
with eveningness associated with higher levels of
attentional impulsivity. In turn, greater BIS-11-A
scores significantly predicted elevated BAI scores
(B = 0.085, p = .004), indicating that individuals
with higher impulsivity experienced more severe
anxiety symptoms.

The indirect effect of chronotype on anxiety
symptoms through attentional impulsivity was
significant (3 = -0.005, 95% Cl [-0.014, -0.001]),
suggesting that attentional impulsivity plays a
role in the pathway linking chronotype to anxiety.
However, the direct effect of chronotype on
anxiety remained significant (3 = -0.039, p = .002),
indicating that while impulsivity explains part

of this relationship, other mechanisms may also
contribute (Figure 3, Supplementary Table 4).

DISCUSSION

The present study aimed to investigate the
complex relationships between chronotype,
impulsivity, resilience, depression, anxiety, and
psychological well-being. Our findings suggest that
chronotype—particularly eveningness—is linked
to increased depressive symptoms and anxiety.
This relationship appears to be mediated by
impulsivity and moderated by both sleep quality
and resilience. These results align with existing
literature emphasizing the adverse psychological
consequences of evening chronotype and
underscore theimportance of individual differences
in circadian preference as a determinant of mental
health outcomes.

Our findings reinforce the growing consensus that
evening chronotype is significantly associated with
elevated depressive symptoms, consistent with
previous literature [3,4]. This association may be
driven by circadian misalignment, which disrupts
synchronization between endogenousrhythmsand
external social demands, compromising emotional
regulation [28]. The circadian desynchrony
hypothesis suggests that such misalignment may
compromise neurobiological systems involved in
affective regulation, thus increasing susceptibility
to depressive symptoms.

In contrast to earlier studies that broadly link
eveningness to depression and anxiety [3,4], our
findings delineate specific cognitive-affective
mechanisms—namely non-planning and
attentional impulsivity, as well as psychological
resilience—that = mediate  this  association.
Importantly, while much of the existing literature

BIS-11-A

-0.147

0.199

[MEQ]

0.212

)

Figure 3. Structural model illustrating the hypothesized pathway linking chronotype (MEQ) to anxiety symptoms
(BAI), with attentional impulsivity (BIS-11-A) as a mediator. Values represent standardized coefficients.
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has focused on non-clinical populations or
individuals with active depressive symptoms, our
study uniquely examines individuals with MDD in
remission, a group in whom underlying cognitive
and emotional vulnerabilities may persist despite
clinical improvement. For example, Tafoya et al. and
Chung et al. investigated resilience in relation to
chronotypein studentor mixed samples, butdid not
assess impulsivity or employ mediation modeling
[5,6]. Similarly, Hasler et al. linked eveningness
to impulsivity traits but did not evaluate mood
outcomes in a clinical context [4]. Our study builds
on and integrates these findings, identifying
distinct psychological pathways through which
eveningness confers ongoing affective risk—even
in the absence of active depressive episodes.

Importantly, our results extend this framework
by showing that impulsivity—particularly non-
planning and attentional dimensions—partially
mediates this association. Individuals with an
evening chronotype exhibited greater difficulties
in future-oriented thinking and attentional control,
both of which were linked to more severe depressive
symptoms. These findings align with Hasler et al.
and Gorgol et al., who argue that impulsivity may
act as a key cognitive-affective pathway through
which circadian preference influences mood [4,12].
In our study, non-planning impulsivity emerged
as a robust mediator, suggesting that limited
capacity for prospective thinking and goal-setting
may exacerbate depressive risk in evening-type
individuals.

Furthermore, we found that sleep quality
moderated the link between chronotype and
depression, such that the association was
stronger among individuals with poor sleep. This
interaction highlights the amplifying effect of
sleep disturbances on the maladaptive impact of
eveningness, reinforcing prior research that poor
sleep may synergistically interact with biological
predispositions to undermine psychological health
[11]. Notably, eveningness was not associated with
depression in individuals reporting good sleep,
indicating a potential protective effect of sleep
quality.

Although all participants were considered in
symptomatic remission based on SCID-5 and
clinical evaluation, PSQI scores varied considerably,
indicating a range of subjective sleep quality.

This finding aligns with prior research suggesting
that sleep disturbances often persist even in
remitted individuals and may continue to affect
psychological well-being [16]. In our study, poor
sleep quality remained a significant predictor of
depressive symptoms, reinforcing the need to
assess and address sleep problems even after mood
symptoms have resolved. These results highlight
that residual sleep disturbances may represent an
ongoing vulnerability factor, with implications for
relapse risk and functional recovery.

Taken together, these findings suggest that
targeting impulsivity and sleep hygiene, rather
than attempting to shift chronotype directly,
may be a more feasible and effective approach in
mitigating depressive risk. Interventions focusing
on cognitive control (e.g., executive function
training) and structured behavioral routines could
support more adaptive functioning within an
individual’s chronotype constraints. This resonates
with the growing movement toward personalized
chronotherapeutic approaches, which aim to align
therapeutic strategies with circadian and cognitive-
affective profiles.

Our study found that attentional impulsivity
significantly mediated the relationship between
eveningness and anxiety symptoms, underscoring
impulsivity as a key cognitive-affective pathway
in the circadian-anxiety link (Supplementary
Table 4). Specifically, individuals with an evening
chronotype reported elevated levels of attentional
impulsivity, which in turn predicted greater anxiety
severity. This finding is consistent with prior
research suggesting that cognitive dysregulation—
particularly poor inhibitory control and attentional
instability—may heighten emotional reactivity in
evening types [4,11].

Interestingly, while a significant direct association
between eveningness and anxiety was observed,
sleep quality did not moderate this relationship.
This contrasts with our findings in the depression
model and suggests that anxiety symptoms in
evening chronotypes may emerge independently
of sleep disturbance, potentially through alternative
pathways such as trait-level impulsivity, emotional
dysregulation, or heightened cognitive reactivity.
This further supports the notion that additional
unmeasured moderators or neurobiological factors
may be involved.
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These results reinforce the idea that circadian
typology not only affects physiological rhythms
but also shapes the temporal structure of affective
and cognitive processes. Evening-type individuals
may exhibit heightened vulnerability to anxiety
due to greater sensitivity to internal and external
stressors, mediated by impulsive responding and
reduced attentional control.

Our findings also build upon the work of Weiss
et al, who demonstrated that sleep quality and
genetic polymorphisms (e.g.,, PER3) mediate the
chronotype—depression relationship, but not
necessarily the chronotype-anxiety link [15]. In
line with this, we found that while disrupted sleep
may contribute to elevated anxiety, it does not
appear to function as a moderator in this pathway.
This divergence implies that depression may be
more tightly coupled with physiological circadian
disruptions, whereas anxiety may be more
influenced by cognitive vulnerabilities associated
with eveningness.

Collectively, these findings position attentional
impulsivity as a promising intervention target for
evening-typeindividuals at elevated risk for anxiety.
Therapeutic strategies that enhance attentional
control, emotional regulation, and executive
function may reduce affective risk, especially in
populations with pronounced eveningness and
cognitive instability.

Our findings demonstrate that psychological
resilience  (PRS-33) partially mediates the
relationship between chronotype and depressive
symptoms, with  morning-type individuals
exhibiting significantly higher resilience, which
in turn predicted lower depression severity
(Supplementary Table 3). This supports the
conceptualization of resilience as a critical
psychological ~ buffer—a  protective  factor
that attenuates the maladaptive emotional
consequences of eveningness. Resilient individuals
may possess greater emotional regulation, stress
tolerance, and adaptive coping capacities, making
them less susceptible to mood disturbances,
particularly within the context of circadian
misalignment.

Importantly, while resilience significantly mediated
the chronotype-depression relationship, it did
not significantly predict anxiety symptoms. This
divergence suggests that internal protective

mechanisms such as resilience may differentially
influence mood and anxiety domains, pointing
to potentially distinct pathways of emotional
regulation and vulnerability. Future research
is warranted to explore these domain-specific
resilience effects, including the possibility that trait-
based resilience may be more tightly coupled to
affective regulation in depression than in anxiety.

Our results are consistent with prior studies
emphasizing the mediating role of resilience
between circadian typology and mental health
outcomes. Tafoya et al. and Chung et al. similarly
found that morningness was associated with
greater resilience, which helped mitigate
depressive symptoms, particularly in clinical and
student populations with disrupted sleep patterns
[5,6]. Moreover, Jeon et al. observed that resilience
buffered the adverse effects of circadian rhythm
disturbances on subjective well-being [10], while
Di Milia and Folkard highlighted the importance
of circadian amplitude and stability in promoting
coping and emotional endurance [7].

Taken together, these findings support the notion
that resilience is a dynamic system—one that offers
protection against both internal vulnerabilities
(e.g., impulsivity) and external challenges (e.g.,
poor sleep quality). This reinforces the value of
interventions aimed at enhancing resilience,
particularly in evening-type individuals, who may
be more susceptible to circadian misalignment and
related affective disturbances.

From a translational perspective, stabilizing daily
routines and promoting circadian regularity may
simultaneously strengthen both biological and
psychological resilience. Such synergy could
enhance emotional stability, reduce depressive
vulnerability, and contribute to long-term mental
health improvement in chronotype-sensitive
populations.

The present study contributes to a growing body
of research linking eveningness with heightened
psychological vulnerability, primarily through
the mediating effects of impulsivity and reduced
resilience. Evening-type individuals were more
likely to exhibit elevated levels of both non-
planning and attentional impulsivity, which in turn
predicted increased symptoms of depression and
anxiety. These findings support earlier assertions
thatimpulsivity and circadian disruption frequently
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co-occur, interacting to compound affective risk
[11,12].

Moreover, theresultsrevealedanuanceddivergence
in how sleep quality interacts with affective
outcomes: while poor sleep quality amplified
depressive symptomsin evening chronotypes, it did
not significantly influence anxiety symptoms. This
pattern suggests that distinct pathways underlie
the relationships between chronotype, sleep, and
various mood domains. Specifically, attentional
impulsivity emerged as a critical pathway linking
circadian misalignment to depressive symptoms
(Supplementary Table 2), highlighting the need
to further investigate additional mediators such
as cognitive biases, emotion regulation strategies,
and neurobiological vulnerabilities.

Our findings reinforce the idea that chronotype
exerts both direct and indirect effects on mood,
with its impact mediated through cognitive-
affective  mechanisms, including impulsivity
and resilience. In particular, eveningness may
represent a broader psychobiological disposition
characterized by reduced emotional regulation,
diminished future orientation, and disrupted
behavioral rhythms. From a real-world perspective,
these insights can inform practical screening and
intervention strategies in outpatient psychiatry and
primary care settings. For instance, brief self-report
measures of chronotype, impulsivity, and sleep
quality can be incorporated into routine follow-ups
for patients with remitted depression. This could
allow clinicians to proactively identify residual
cognitive-affective vulnerabilities and intervene
before full relapse occurs.

Additionally, this study supports a multifactorial
model of psychological well-being, one that
integrates chronobiological factors, cognitive
control, and trait-level psychological resilience. This
aligns with findings by Kim et al., who demonstrated
that eveningness, in combination with poor sleep
quality, was associated with lower resilience
and elevated depressive symptoms [9]. These
associations underscore that chronotype is not
merely abehavioral preference, butadynamicfactor
shaping cognitive, emotional, and physiological
processes. Implementing structured daily routines,
psychoeducation on chronobiological rhythms,and
targeted cognitive interventions may be feasible in
outpatient practice and community mental health

programs. These strategies are particularly relevant
for working adults or students with evening
chronotypes, whose schedules often clash with
social norms, increasing stress and vulnerability.

A more comprehensive perspective on chronotype
must therefore move beyond simple classifications
of morningness or eveningness, and instead
consider the regularity, flexibility, and stability of
circadian rhythms. Such an approach allows for a
deeper understanding of how biological timing
systems interact with psychological traits to affect
mental health —and how they can be modified in
real-world therapeutic contexts.

Collectively, these findings call for multidimensional
treatment approaches that target biological
rhythms, impulsivity regulation, and resilience
enhancement. Integrating cognitive-behavioral,
chronotherapeutic, and lifestyle-based
interventions may offer more effective strategies
for improving mental health outcomes in
individuals with evening chronotypes and affective
vulnerabilities.

Clinical implications

A key strength of this study lies in the selection of
a remitted MDD population. While many studies
examine active depressive states, our focus on
remission provides insights into underlying trait
vulnerabilities—such as impulsivity and circadian
misalignment—that may remain unaddressed
despite clinical improvement. This has practical
implications: identifying at-risk individuals during
remission allows for preventive, resilience-building,
and chronotherapeutic interventions aimed at
reducing long-term recurrence risk.

The current findings offer meaningful implications
for clinical practice, particularly in the personalized
treatment of mood disorders. The demonstrated
links between evening chronotype, impulsivity,
and resilience highlight key intervention targets
that extend beyond traditional symptom-focused
approaches.

First,enhancing psychological resilience in evening-
type individuals may serve as a protective buffer
against depressive symptomatology. Interventions
designed to cultivate resilience—such as stress
management training, mindfulness-based therapy,
and emotion regulation  strategies—could
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empower individuals to better cope with the
psychological challenges associated with circadian
misalignment.

Second, the role of impulsivity as a mediator of
both depression and anxiety underscores the value
of cognitive-behavioral interventions aimed at
improving emotional foresight, inhibitory control,
and decision-making. Targeting non-planning
and attentional impulsivity may reduce affective
vulnerability by strengthening executive function
and reducing maladaptive reactivity.

Third, the findings support the implementation
of chronotherapeutic strategies that promote
circadian alignment. Interventions such as sleep
hygiene education, light therapy, social rhythm
therapy, and structured daily routines may help
optimize functioning within an individual’s natural
circadianprofile.These strategiesmaybeparticularly
effective for evening-type individuals, who often
experience greater circadian misalignment and
mood instability.

Taken together, these results advocate for
multimodal treatment approaches that
simultaneously  address  biological  rhythm
regulation, cognitive-affective  vulnerabilities,
and protective psychological traits. By integrating
chronotype-informed care with evidence-based
psychological techniques, clinicians may improve
emotional outcomes and reduce relapse risk in

individuals with mood disorders.

Limitations and future directions

While this study provides important insights into
the interplay between chronotype, impulsivity,
resilience, and mood outcomes, several limitations
warrant consideration.

First, the cross-sectional design precludes any
inference of causal relationships among the
observed variables. Although theoretical and
empirical evidence supports directional pathways,
longitudinal and prospective studies are essential
to clarify the temporal dynamics and potential
bidirectional influences between chronotype,
impulsivity, and mood symptomatology.

Second, the sample consisted exclusively of
individuals with Major Depressive Disorder (MDD)
in remission, which may limit the generalizability
of the findings to patients experiencing acute

depressive episodes. Future studies should include
diverse clinical populations, including those
with active symptoms or comorbid disorders, to
evaluate whether these associations remain robust
under different affective states.

Third, although the study examined key mediators
and moderators such as impulsivity, sleep quality,
and resilience, other cognitive-affective factors—
notably rumination, emotional dysregulation, and
cognitive reactivity—were not directly assessed.
These constructs have been previously implicated
in the chronotype-mood relationship and should
be systematically incorporated into future models
[31.

Lastly, the reliance on self-report measures may
introduce bias related to subjective reporting,
particularly for constructs like sleep quality and
impulsivity. Integrating objective measures and
multi-informant approaches could provide a more
comprehensive understanding of the mechanisms
underlying circadian and affective vulnerability.

Future investigations should prioritize integrated,
multidimensional  frameworks  encompassing
biological, cognitive, affective, and behavioral
domains to elucidate chronotype-mental health
associations. Such work will be instrumental in
advancing personalized chronotherapeutic and
cognitive interventions for individuals at elevated
risk of mood dysregulation.

CONCLUSION

This study underscores the complex interplay
between chronotype, impulsivity, resilience, and
affective symptomatology in individuals with Major
Depressive Disorder. Eveningness was associated
with increased depressive and anxiety symptoms,
a relationship partially mediated by elevated
impulsivity—particularly in the non-planning
and attentional domains. Conversely, resilience
emerged as a protective factor, mitigating the
adverse effects of eveningness on depressive
symptoms.

These findings highlight the need for targeted,
multidimensionalinterventions that extend beyond
circadian realignment alone. Clinical strategies
should focus on enhancing self-regulation
capacities, promoting psychological resilience,

161



Chronotype, Impulsivity, and Mood

and accommodating individual chronobiological
profiles to optimize mental health outcomes. Future
research integrating biological, cognitive, and
behavioral frameworks will be critical to advancing
personalized care for mood disorders.
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Supplementary Table 1. Mediation Analysis of Non-Planning Impulsivity (BIS-11-NP) in the Relationship Between

Chronotype (MEQ) and Depressive Symptoms (BDI)

Components Effect Stan:rar:)c:ized Stcaone(:;:?:::d t Lower Upper p
MEQ-> BIS-11-NP -0.090 0.024 -0.259 -3.797 -0.137 -0.043 <0.001
BIS-11-NP->BDI 0.055 0.019 0.199 2.831 0.017 0.093 0.005
Indirect Effect

MEQ-> BIS-11-NP->BDI -0.005 0.003 -0.011 -0.001

Direct Effect

MEQ->BDI -0.015 0.007 -0.156 -2.221 -0.028 -0.002 0.027
Total Effect

MEQ->BDI -0.020 0.007 -0.207 -3.005 -0.033 -0.007 0.003

This table presents the mediation analysis examining the indirect effect of non-planning impulsivity (BIS-11-NP) in the relationship between
chronotype (MEQ) and depressive symptoms (BDI). MEQ refers to the Morningness-Eveningness Questionnaire, BIS-11-NP to the Non-Planning
subscale of the Barratt Impulsiveness Scale-11, and BDI to the Beck Depression Inventory. Reported values include unstandardized coefficients
(Effect), standard errors (SE), standardized coefficients (Beta), t-values, 95% confidence intervals (Cl: Lower and Upper bounds), and p-values.

Supplementary Table 2. Mediation Analysis of Attentional Impulsivity (BIS-11-A) in the Relationship Between
Chronotype (MEQ) and Depressive Symptoms (BDI)

Components Effect Stan:rarroc:ized Stcaonet:;:?;:‘etd t Lower Upper P
MEQ-> BIS-11-A -0.062 0.030 -0.147 -2.101 -0.121 -0.004 0.037
BIS-11-A->BDI 0.031 0.016 0.137 1.980 0.001 0.062 0.049
Indirect Effect

MEQ-> BIS-11-A->BDI -0.002 0.001 -0.005 -0.001

Direct Effect

MEQ->BDI -0.018 0.007 -0.187 -2.704 -0.031 -0.005 0.007
Total Effect

MEQ->BDI -0.020 0.007 -0.207 -3.005 -0.033 -0.007 0.003

This table presents the mediation analysis exploring the indirect role of attentional impulsivity (BIS-11-A) in the association between chronotype
(MEQ) and depressive symptoms (BDI). MEQ indicates the Morningness-Eveningness Questionnaire; BIS-11-A refers to the Attentional Impulsivity
subscale of the Barratt Impulsiveness Scale-11; and BDI denotes the Beck Depression Inventory. The table reports unstandardized coefficients
(Effect), standard errors (SE), standardized coefficients (Beta), t-values, and 95% confidence intervals (Cl: Lower and Upper bounds), along with
corresponding p-values.

Supplementary Table 3. Mediation Analysis of Psychological Resilience (PRS-33) in the Relationship Between
Chronotype (MEQ) and Depressive Symptoms (BDI)

Components Effect Stan:rarroc:ized Stcaonecifai:?;etd t Lower Upper p
MEQ-> PRS-33 0.274 0.059 0.311 4.638 0.158 0.391 <0.001
PRS-33 ->BDI -0.019 0.008 -0.178 -2.488 -0.035 -0.004 0.014
Indirect Effect

MEQ-> PRS-33 ->BDI -0.005 0.003 -0.055 -0.011 -0.001

Direct Effect

MEQ->BDI -0.015 0.007 -0.152 -2.119 -0.028 -0.001 0.035
Total Effect

MEQ->BDI -0.020 0.007 -0.207 -3.005 -0.033 -0.007 0.003

This table presents the mediation analysis assessing the indirect role of psychological resilience (PRS-33) in the relationship between chronotype
(MEQ) and depressive symptoms (BDI). MEQ stands for the Morningness-Eveningness Questionnaire, PRS-33 represents the total score of the
Psychological Resilience Scale for Adults, and BDI denotes the Beck Depression Inventory. The table reports unstandardized coefficients (Effect),
standard errors, standardized coefficients (Beta), t-values, and 95% confidence intervals (Lower and Upper bounds), along with p-values.
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Supplementary Table 4. Mediation Analysis of Attentional Impulsivity (BIS-11-A) in the Relationship Between
Chronotype (MEQ) and Anxiety Symptoms (BAI)

Components Effect Stan:rar::ized Stcaone(:;:?:::d t Lower Upper p
MEQ-> BIS-11-A -0.062 0.030 -0.147 -2.101 -0.121 -0.004 0.037
BIS-11-A->BAl 0.085 0.029 0.199 2.929 0.028 0.143 0.004
Indirect Effect

MEQ-> BIS-11-A->BAl -0.005 0.004 -0.029 -0.014 -0.001

Direct Effect

MEQ->BAI -0.039 0.012 -0.212 -3.122 -0.063 -0.014 0.002
Total Effect

MEQ->BAI -0.044 0.013 -0.241 -3.524 -0.069 -0.019 0.001

This table displays the mediation analysis evaluating the role of attentional impulsivity (BIS-11-A) in the relationship between chronotype (MEQ)
and anxiety symptoms (BAI). MEQ refers to the Morningness-Eveningness Questionnaire, BIS-11-A denotes the attentional subscale of the Barratt
Impulsiveness Scale, and BAl is the Beck Anxiety Inventory. The table includes unstandardized coefficients (Effect), standard errors, standardized
coefficients (Beta), t-values, and 95% confidence intervals (Lower and Upper bounds), with associated p-values.
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~200 ABSTRACT Cosr

Objective: Postoperative abdominal bleeding (POB) is a rare but life-
threatening complication after abdominal oncologic surgery. POB can
increase mortality by up to sixfold. Surgical treatment (ST) is generally
preferred for early bleeding, while interventional radiologic treatment
(IRT) is often favored for late bleeding; however, the literature remains
inconclusive. This study aimed to compare the outcomes of ST and IRT
in patients who developed POB after abdominal surgery for malignancy.

Methods: Patients who underwent abdominal surgery for malignancy
between January 1, 2014, and December 31, 2024, were retrospectively
reviewed. Bleeding occurring within 24 hours postoperatively was
defined as early, while bleeding after 24 hours was considered late.
Demographic data, clinical characteristics, treatment modalities, and
outcomes were analyzed.

Results: Of 2,266 patients, 35 (1.54%) developed POB and were
included. Seventeen (48.57%) had early bleeding, and 18 (51.43%) had
late bleeding. ST was performed in 18 patients (51.43%), and IRT in 17
(48.57%). Median time from surgery to bleeding was significantly shorter
in the ST group (1 vs. 14 days, p<0.001). The ST group also had lower
median red blood cell transfusion requirements (6 vs. 25 units, p<0.001)
and shorter hospital stays (15.5 vs. 33 days, p=0.008). Among four
late-bleeding patients treated surgically, three (75%) died. Rebleeding
occurred in three IRT patients (17.65%), two of whom had bleeding from
pancreaticojejunal anastomosis. Overall mortality was 31.4%, with no
significant difference between groups (p=0.54).

Conclusion: POB after malignant abdominal surgery is a serious
condition. ST for early bleeding and IRT for late bleeding offer
comparable success and mortality rates. However, IRT is associated with
higher rate of rebleeding in cases of pancreaticojejunal anastomotic
hemorrhage, while ST for late bleeding carries a high mortality risk.
Major abdominal surgeries should be performed in centers equipped for
IRT, and treatment decisions should be made within a multidisciplinary
framework.

Keywords: intra-abdominal bleeding, interventional radiology,
embolization, bleeding control, malignant abdominal surgery
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INTRODUCTION

Despite advancements in surgical techniques
and the standardization of operative procedures,
postoperative bleeding remains a major cause
of mortality following abdominal surgery.
Postoperative intra-abdominal bleeding
(POB) occurs in approximately 0.4% to 10% of
abdominal procedures, with the majority of cases
associated with pancreatic surgery [1,2]. Bleeding
following pancreatoduodenectomy (PD) occurs in
approximately 3% to 10% of cases and is associated
with mortality rates as high as 50% in affected
patients [3-5]. POB has been reported in 1% to 8%
of cases following liver surgery, while its incidence
after gastric surgery ranges from 1.3% to 3.8% [6-9].

The most widely accepted classification for
POB is the postpancreatectomy hemorrhage
(PPH) definition established by the International
Study Group of Pancreatic Surgery (ISGPS) [10].
Bleeding occurring within the first 24 hours after
surgery is categorized as early bleeding, while
bleeding that occurs after 24 hours is defined as
late bleeding. Based on this classification, various
management algorithms have been proposed
for the treatment of PPH [11]. Surgical treatment
(ST) is generally recommended for early bleeding,
while interventional radiologic treatment (IRT)
is preferred for late bleeding. However, these
recommendations remain controversial, and there
is no universally accepted approach for managing
POB following surgeries of other abdominal organs.

Malignant Abdominal Surgeries
(n=2266)

The aim of this study is to evaluate the
characteristics and treatment outcomes of patients
who developed POB after undergoing abdominal
surgery for malignancy at our institution, a high-
volume center specialized in oncologic surgery.

PATIENTS AND METHODS

Study design and patient selection

Patient data were retrospectively obtained from
the hospital information system. Among 2,266
patients who underwent abdominal surgery for
malignancy at our institution between January
1, 2014, and December 31, 2024, a total of 35
patients who received either surgical treatment
(ST) or interventional radiologic treatment (IRT)
for postoperative intra-abdominal bleeding (POB)
were included in the study. The inclusion criteria
were as follows: all adult patients who underwent
laparoscopic or open surgery for malignancies of
the pancreas, liver, biliary tract, stomach, colon,
small intestine, or retroperitoneum and were
subsequently treated with ST or IRT for POB. The
exclusion criteria were as follows: patients under
the age of 18; those who underwent abdominal
surgery for non-malignant conditions; patients
managed conservatively without surgical or
interventional treatment following bleeding;
and those who underwent surgery involving
the kidneys or gynecologic organs. The process
of patient selection is illustrated in Figure 1 as a
flowchart.

Patients who Underwent Invasive
Procedures due to Bleeding
(n=35)

Early bleeding (s24h after surgery)
(n=17)

Surgical Treatment Interventional
(n=14, 82.35%) Radiologic Treatment

l (n=3, 17.46%)

l Mortality ———» n=3

[ |
v
Overall Mortality n=3(17.64%)

Figure 1. Flowchart

l

Late bleeding (24h after surgery) ‘

(n=18)

[
Interventional
Radiologic Treatment
(n=14, 77.77%)

b

n=3 ‘ n=2 <4——— Mortality

[ |
v

n=8 (44.44%) 4—{ Overall Mortality

Surgical Treatment
(n=4, 22.22%)
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Ethical Approval: The study was approved
by the Hacettepe University, Health Sciences
Research Ethics Committee (Protocol no. 2025/05-
48/18.02.2025). Written informed consent was
obtained from all patients prior to treatment.

Demographic, clinical, and laboratory features

Data collected included patient age, sex,
preoperative diagnosis, Charlson Comorbidity
Index (CCl), type of index surgery, postoperative
complications, Clavien-Dindo classification (C-D
score), bleeding-related variables, characteristics of
the surgical or interventional radiologic treatment
performed for bleeding, and the outcomes of these
interventions.

Definitions and classifications

In the postoperative period, the presence of
hemorrhagic output from surgical drains or
nasogastric tubes, as well as the development
of  hematemesis, melena, hematochezia,
accompanying tachycardia, hypotension, oliguria,
altered mental status, or a drop in hemoglobin
levels, were clinically considered indicative of
bleeding (Figure 2).

Figure 2. Appearance of hemorrhagic fluid coming from
abdominal drain

Based on the ISGPS definition of PPH, bleeding
occurring within 24 hours after abdominal surgery
was defined as early bleeding, while bleeding
after 24 hours was classified as late bleeding [10].
According to the same guideline, bleeding into
the lumen of an intestinal organ was defined as
intraluminal bleeding, while bleeding into the
abdominal cavity was classified as extraluminal
bleeding.

In line with the postoperative pancreatic fistula
definition by the same study group, pancreatic
fistulas were categorized as Grade A, B, or C,
with Grade B and C fistulas considered clinically
significant [12].

Rebleeding was defined as the occurrence of
recurrent active bleeding after the initial hemostatic
intervention had been performed.

Bleeding control procedures

Surgery

All surgical procedures were performed under
general anesthesia with endotracheal intubation.
The abdomen was accessed through reopening of
the previous abdominal incision. After peritoneal
lavage, the celiac trunk (CA), common hepaticartery
(CHA), gastroduodenal artery (GDA), right hepatic
artery (RHA), left hepatic artery (LHA), left gastric
artery (LGA), splenicartery (SA), superior mesenteric
artery (SMA), the surgical field, anastomotic sites,
retroperitoneum, and diaphragmatic surfaces were
systematically inspected for bleeding. Hemostasis
was achieved, and after confirming the absence
of active bleeding, the abdomen was closed with
the placement of negative pressure closed-system
silicone drains.

Interventional radiologic treatment

For interventional radiologic procedures, vascular
accesswasobtainedviathefemoral orbrachialartery
using the Seldinger technique. A microcatheter was
advanced in a superselective manner into branches
of the CA, SMA, or abdominal aorta. Based on the
location of the bleeding, mechanical or liquid
embolic agents were used to achieve hemostasis
following catheterization. Control angiographic
images were obtained to confirm the absence of
contrast extravasation (Figure 3).
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Figure 3. Interventional radiologic treatment. A 67-year-old male patient underwent an open subtotal gastrectomy
with D2 lymphadenectomy for gastric adenocarcinoma. During his hospital stay, he was being managed for
a postoperative duodenal stump leak with antibiotics and a drainage catheter. On postoperative day 28, the
patient developed hemodynamic instability. Laboratory tests revealed a hemoglobin level of 5.5 g/dL. After initial
resuscitation, imaging demonstrated active bleeding from a gastroduodenal artery pseudoaneurysm. The patient
was successfully treated with coil embolization. A. Fluoroscopic image obtained during active bleeding. The
asterisk indicates a pseudoaneurysm in the gastroduodenal artery; the black star indicates the drainage catheter. B.
Fluoroscopic image after successful bleeding control with coil embolization. The black-and-white arrow indicates the
embolized gastroduodenal artery; the black arrowhead indicates the proper hepatic artery; the black star indicates

the drainage catheter.

Statistical analysis

Categorical variables were summarized as
frequencies and percentages, while non-normally
distributed continuous variables were presented
as medians with corresponding minimum and
maximum values. The Mann-Whitney U test
was used to compare non-normally distributed
continuous variables. The Pearson chi-square test
or Fisher’s exact test was applied for the analysis of
categorical and ordinal variables, as appropriate.
A two-tailed p-value of <0.05 was considered
statistically significant. All statistical analyses were
conducted using IBM SPSS Statistics, version 25.0
(IBM Corp., Armonk, NY, USA).

RESULTS

Among 2,266 patients who underwent intra-
abdominal surgery for malignancy during the study
period, 35 patients (1.54%) who required treatment
for postoperative bleeding were included in the

study. Of these, 23 patients (65.7%) were male.
ST was performed in 18 patients (51.43%), while
IRT was applied in 17 patients (48.57%). When the
demographic characteristics of the patients were
analyzed, no statistically significant differences
were observed between the groups in terms of age,
CCl, ASA score, use of antithrombotic medications,
or receipt of neoadjuvant therapy. In the ST group,
bleeding occurred following pancreatic surgery in
nine patients, colorectal surgery in five, resection
of intra-abdominal masses in three, and liver
surgery in one patient. In the IRT group, bleeding
occurred after pancreatic surgery in nine patients,
gastric surgery in six, and colorectal surgery in
two. Demographic data and primary malignancy
etiologies are summarized in Table 1.

When patients were evaluated based on the
timing of bleeding, 17 (48.57%) experienced early
bleeding, while 18 (51.43%) had late bleeding.
Among early bleeding cases, 14 patients (82.35%)
were treated with ST, whereas 14 patients (77.77%)
with late bleeding received IRT. The mortality rate
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Table 1. Patient characteristics and demographic data

Surgical management

Interventional radiologic

management (n=17) p-value

(n=18)

Gender (m/f)
Age, median (min-max)
Charlson Comorbidity Index, median (min-max)
ASA score, median (min-max)
Use of antithrombotic drug (n)
Etiology of primary malignancy, (n)
Pancreas
Ductal adenocarcinoma
Neuroendocrine tumor
Metastasis (Renal cell carcinoma)
Stomach
Adenocarcinoma
Colon and rectum
Adenocarcinoma
Gastrointestinal stromal tumor
Intraabdominal mass
Leiomyosarcoma
Carcinosarcoma
Liposarcoma
Liver
Malign mesenchymal tumor
Neoadjuvan treatment

Chemotherapy, n (%)

Radiotherapy, n (%)

9/9
63 (44-78)
4(2-10)
2(1-3)
2/18

14/3
56 (22-70)
4(2-7)
2(1-3)
117

0.07
0.07
0.36
0.22
0.52

_ = 8 a2 W= 1O O = O v
O O © O © © O N N OO 0 O W O ©

0.63
0.48

5(27.78) 6 (35.29)
2(11.11) 0

ASA: American Society of Anesthesiologists.

was 17.64% in the early bleeding group and 44.44%
in the late bleeding group; however, this difference
was not statistically significant (p=0.14).

When perioperative characteristics were examined,
28 patients (80%) had extraluminal bleeding, while
7 patients (20%) had intraluminal bleeding. In the
ST group, extraluminal bleeding was observed in
15 patients and intraluminal bleeding in 3 patients.
In the IRT group, 13 patients had extraluminal and
4 had intraluminal bleeding (p=0.10). Regarding
the source of bleeding, no hemorrhagic drainage
was detected in 18 patients (51.43%), whereas 10
patients (28.57%) showed blood in their abdominal
drainage tubes. In the evaluation of the bleeding
site, all patients in the IRT group (100%) underwent
computed tomography angiography (CTA), while
only one patient (5.55%) in the ST group, who
experienced bleeding on postoperative day 9,
underwent CTA. The median time from the index

operation to the onset of bleeding was significantly
shorter in the ST group compared to the IRT group
(1 vs. 14 days, respectively; p<0.001). Similarly, the
medianred blood celltransfusion (RBC) requirement
after bleeding diagnosis was significantly lower in
the ST group than in the IRT group (6 vs. 25 units,
respectively; p<0.001). Length of hospital stay was
significantly shorter in the ST group (median 15.5
vs. 33 days, respectively; p=0.008). However, there
were no statistically significant differences between
the groups regarding ICU admission, number of
lymph nodes removed, or in-hospital mortality.
Likewise, when comparing early postoperative
complications between groups, no statistically
significant differences were found in rates of
pancreatic fistula, biliary leakage, anastomotic
leakage, sepsis, or intra-abdominal abscess (p=0.26,
0.73, 0.23, 0.60, and 0.07, respectively). C-D scores
were also similar between the groups (p=0.83). The
results are presented in Table 2.
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Table 2. Perioperative characteristics of patients
Surgical treatment Interventional radiologic
(n=18) treatment (n=17) p-value
Type of Initial Surgery (n)
Hepatectomy 1 0
Segmentectomy (Segment 4) 1 0
Pancreatic surgery 9 9
Pancreaticoduodenectomy 8 8
Laparoscopic distal pancreatectomy 1 0
Enucleation 0 1
Gastric surgery 0 6
Subtotal gastrectomy 0 2
Total gastrectomy 0 3
Laparoscopic total gastrectomy 0 1
Colorectal surgery 5 2
Low anterior resection 2 0
Right hemicolectomy 1 1
Left hemicolectomy 1 0
Total abdominal colectomy 1 0
Total abdominal colectomy-HIPEC 0 1
Intraabdominal tumor excision 3 0
Postoperative early complications, n/total (%)
Sepsis 3/18 (16.67) 1/17 (5.88) 0.60
Pancreatic fistula 4/9 (44.44) 2/10 (20) 0.26
Biliary leakage 1/9(11.11) 1/8(12.5) 0.73
Anastomotic leakage 1/13 (7.69) 4/16 (25) 0.23
Intraabdominal abscess 3/18(16.67) 8/17 (47.05) 0.07
Claviden dindo classification, median (min-max) 4 (3-5) 4 (3-5) 0.83
Site of blood (n) 0.10
Extraluminal 15 13
Dissection area 6
Anastomosis 1
Vascular 7 11
Pancreatic duct 1 0
Intraluminal 3 4
Anastomosis 2 3
Aortoenteric fistula 0 1
Stress ulcer 1 0
Source of bleeding (n) 0.06
Bleeding abdominal drainage tube 7 3
Hematemesis 1 6
None 10 8
RBC transfusion*, unite, median (min-max) 6 (1-30) 25 (4-56) <0.001
Time interval between index operation to 1(0-9) 14 (1-36) <0.001
hemorrhage, day, median (min-max)
Number of Lymph node, median (min-max) 12 (0-31) 10 (0-33) 0.59
Length of Hospital stay, day, median (min-max) 15.5 (6-83) 33 (9-202) 0.008
ICU stay, day, median (min-max) 8.5 (0-32) 9 (0-80) 0.50
In-hospital mortality, n (%) 6(33.33) 5(29.41) 0.54

RBC: red blood cell; HIPEC: Hyperthermic Intraperitoneal Chemotherapy; ICU: Intensive care unit.

*The amount of transfusion after diagnosis of bleeding.
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Table 3. Bleeding sites and treatment characteristics in patients who underwent interventional radiologic treatment

Patient Number Source of hemorrhage Endovascular treatment method

1 Left superior vesical artery Glue

2 Aortoenteric fistula Endovascular graft

3 Celiac artery Glue

4 Segment 2-3 artery Coil+Glue

5 Gastroduodenal artery Coil

6 Gastroduodenal artery Coil

7 Right external iliac artery Endovascular graft

8 Gastrojejunostomy anastomosis line Glue

9 Hepatic artery Glue

10 Splenic artery Coil

11 Pancreaticojejunostomy anastomosis line Coil

12 Replaced right hepatic artery Coil

13 Gastroduodenal artery Coil

14 Gastroduodenal artery Coil

15 Pancreaticojejunostomy anastomosis line Glue

16 Gastroduodenal artery Coil

17 Pancreaticojejunostomy anastomosis line Coil
Table 4. Perioperative characteristics of patients who developed rebleeding

Patient | 1 vingbleeding | secondary procedures Gay) | procedure | Location | Dead/Alive
1 Glue embolization 1 Relaparotomy | P-J anastomosis Alive
2 Coil embolization 2 Relaparotomy GDA Alive
3 Coil embolization 9 Relaparotomy | P-J anastomosis Alive

P-J: pancreaticojejunostomy; GDA: gastroduodenal artery.

When patients were analyzed according to the
source of bleeding, it was found thatin the ST group,
eight patients had bleeding from the surgical site,
three from the anastomotic line, two from behind
the superior mesenteric vein, two from mesenteric
vessels, one from the gastroduodenal artery (GDA),
one from the gonadal vein, and one from the portal
vein. The bleeding sites and treatment modalities
in the IRT group are presented in Table 3.

Rebleeding occurred in three patients (17.65%) who
underwent IRT for bleeding. All of these patients
subsequently underwent surgical intervention to
achieve bleeding control. No IRT-related mortality
was observed in any of the patients. Perioperative
characteristics of the patients are summarized in
Table 4.

Despite treatment, in-hospital mortality occurred
in 11 patients (31.4%). Six of these patients were in
the ST group, and five were in the IRT group. Among
these cases, the median survival time following
bleeding control was 6 days. The final cause of
death was identified as intra-abdominal sepsis
in five patients, multiorgan failure secondary to
hypovolemic shockin four patients,and pneumonia
in two patients. Data on patients who experienced
post-treatment mortality are presented in Table 5.
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Table 5. Characteristics of patients who died following bleeding
Patient Interval between
Index operation index operation |Bleeding source Final treatment Cause of death
number
and death (day)
1 Whipple operation 3 Dissection area Relaparotomy Pneumonia
2 Whipple operation 0 Uncinate process Relaparotomy Hipovolemic shock
Intraabdominal tumor |9 Gastroduodenal artery | Relaparotomy Intraabdominal
resection Sepsis
4 Left hemicolectomy 2 Retroperitoneal plane Relaparotomy Hipovolemic shock
5 Right hemicolectomy |0 Superior mesenteric Relaparotomy Hipovolemic shock
artery
6 Laparoscopic distal 1 Left adrenal gland Relaparotomy Hipovolemic shock
pancreatectomy
7 Total gastrectomy 36 Aortoenteric fistule Graft Intraabdominal
Sepsis
8 Subtotal gastrectomy | 28 Coeliac artery Glue embolization Intraabdominal
Sepsis
9 Laparoscopic total 6 Gastroduodenal artery | Coil embolization Pneumonia
gastrectomy
10 Whipple operation 14 Pancreaticojejunostomy | Coil embolization Intraabdominal
Sepsis
11 Total gastrectomy, 10 Gastroduodenal artery | Coil embolization Intraabdominal
splenectomy, distal Sepsis
pancreatectomy
DISCUSSION Advancements in oncology and innovations in

Postoperative bleeding requiring treatment was
observed in 1.54% of patients who underwent
intra-abdominal surgery for malignancy. Among
these, 48.57% were classified as early bleeding and
51.42% as late bleeding. Although not statistically
significant, mortality was clinically higher in
patients with late bleeding compared to those with
early bleeding (17.65% vs. 44.44%, respectively;
p=0.14). The overall mortality rate among patients
with postoperative bleeding was 31.42%. ST was
more commonly employed in early bleeding cases,
whereas IRT was more frequently used for late
bleeding. Notably, among patients who underwent
ST for late bleeding, the mortality rate was 75%.
Patients treated with ST had a lower requirement
for RBC transfusion and a shorter length of hospital
stay. IRT achieved a 100% technical success rate,
with a 17.65% incidence of rebleeding and an
82.35% clinical success rate. Both treatment
modalities yielded comparable morbidity and
mortality outcomes. However, in cases of bleeding
originating from pancreaticojejunostomy (P-J)
anastomoses, rebleeding occurred in 66.66% of
patients following IRT.

neoadjuvant therapies have enabled surgical
intervention for tumors that were previously
considered locally advanced, unresectable,
or inoperable. In parallel, progress in surgical
techniques has led to more frequent performance
of vascular resections. As a result, the incidence
of POB has increased compared to previous years
[13-16]. Although POB is most commonly observed
after pancreatic surgery, it can occur following any
type of abdominal operation. In cases of bleeding
after pancreatic procedures, mortality rates can
reach up to 50%, and the risk of death is reported to
be up to six times higher in patients who experience
bleeding compared to those who do not [4,17].

The most widely accepted definition of POB is
the PPH classification proposed by the ISGPS [10].
This classification can also be applied to bleeding
that occurs following intra-abdominal surgery
for malignancy [18]. Bleeding within the first 24
hours after surgery is defined as early bleeding,
while bleeding that occurs thereafter is classified
as late bleeding. Early bleeding is often associated
with inadequate intraoperative hemostasis or
bleeding masked by vasoconstriction that goes
undetected at the end of the procedure. In
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contrast, late bleeding is considered the result of
a more complex postoperative process and has
been shown to be associated with complications
such as intra-abdominal abscesses, anastomotic
leakage, biliary leakage, and pancreatic fistulas [19-
22]. Additionally, during peritumoral lymph node
dissection, the adventitial layer of the vessels may be
removed, leaving the vessels unprotected and more
susceptible to injury [15]. Intra-abdominal fluid
collections can erode the weakened vascular wall,
leading to the development of pseudoaneurysms
or sudden hemorrhage. In our study, early bleeding
occurredin 17 patients (48.57%), while late bleeding
was observed in 18 patients (51.42%). All pancreatic
and gastric surgeries in the cohort involved lymph
node dissection around the CA and CHA. Despite
this, there was no statistically significant difference
in early postoperative complications between the
early and late bleeding groups—an observation
that differs from what has been commonly reported
in the literature.

Surgical treatment is generally the recommended
approach for managing early bleeding [18,19]. In
the past, ST was also the initial recommendation for
managing late bleeding. Although relaparotomy
may be considered effective not only for
controlling bleeding but also for evaluating the
abdominal cavity and addressing other potential
complications, postoperative mortality rates
of 32.3% to 37% have been reported following
relaparotomy [23,24]. Due to its less invasive nature,
high success rates, and rapid recovery outcomes
compared to ST, IRT has increasingly become the
first-line option, particularly in the management of
late postoperative bleeding [24,25]. Some authors
argue that hemodynamic stability is a prerequisite
for performing IRT [26]. However, in a study
investigating which type of emergency intervention
should be performed, univariate analysis did not
identify any significant predictors [27]. In our study,
14 (82.35%) of the 17 patients with early bleeding
were treated with ST, while 14 (77.77%) of the 18
patients with late bleeding underwent IRT. Among
the four late bleeding patients who received ST,
the mortality rate was 75%. These findings are
consistent with the literature, which recommends
ST for early bleeding and IRT for late bleeding.

In studies examining the outcomes of IRT in
the literature, technical success rates have been

reported to range between 82% and 100%,
rebleeding rates between 7% and 30%, hepatic
complications between 12% and 63%, and
mortality rates between 7% and 54% [28,29]. In a
study evaluating 24 patients who developed POB
after gastrectomy and were treated with IRT, the
reported outcomes included a technical success
rate of 100%, 30-day mortality of 12%, persistent
bleeding in 4.16% of cases, rebleeding in 4.16%,
and a clinical failure rate of 21% [30]. In contrast,
a meta-analysis evaluating 163 cases found no
significant differences between IRT and ST in terms
of hemostasis, complication rates, or mortality
[31]. Due to factors such as the limited number of
cases and the emergency nature of the condition,
there are no randomized controlled trials directly
comparing IRT and ST. In a recent study by Habib et
al., it was emphasized that endoscopic treatment of
intraluminal bleeding is often unsuccessful due to
massive hemorrhage and hemodynamic instability,
which may delay the initiation of IRT [24]. The study
also highlighted that IRT can achieve high success
rates even in cases of intraluminal bleeding. In our
study, none of the patients received endoscopic
treatment. All six patients who developed POB after
gastric surgery were treated with IRT. The technical
success rate of IRT was 100%. Rebleeding occurred
in 3 patients (17.64%) following IRT, resulting in a
clinical failure rate of 17.64% and a clinical success
rate of 82.36%. No IRT-related complications or
organ failure were observed. Upon analysis of
the three rebleeding cases, one was found to
originate from the gastroduodenal artery (GDA),
while the remaining two originated from the P-J
anastomosis. Among the patients treated with
IRT, three had P-J anastomotic bleeding, and two
of these (66.66%) experienced rebleeding. Based
on these findings, surgical treatment may be a
more appropriate approach for patients with P-J
anastomotic bleeding.

Despite literature suggesting surgical intervention
in patients with postoperative complications,
14 of the patients (82.35%) in our study who
underwent IRT had postoperative complications.
Furthermore, there was no statistically significant
difference between the IRT and ST groups in
terms of postoperative complication rates
(Table 2). Unlike previous reports, our findings
demonstrate comparable success rates between
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the two treatment modalities, even in the presence
of complications. Among the 14 patients who
underwent ST for early bleeding, complications
developed in 6 patients (42.85%) during follow-
up, and mortality occurred in 3 patients (21.42%).
These results highlight the critical importance of
achieving meticulous hemostasis during the initial
surgical procedure.

In angiographic treatment, polyvinyl alcohol, glue,
or coils are commonly used as embolic agents.
When the bleeding vessel can be directly accessed,
coils are preferred; for embolization of distal
branches that cannot be directly catheterized, glue
is typically used [28]. In previous studies, the most
commonly reported bleeding vessels include the
GDA, CA, CHA, LHA, RHA, SA, SMA, and LGA [32,33].
The risk of hepatic infarction following complete
embolization of the CHA has been reported to
be as high as 30% [34]. Selective embolization
in GDA bleeding aims to preserve hepatic blood
flow; however, although technically challenging,
it carries a high risk of rebleeding [33]. Therefore,
graft placement techniques have been developed
to minimize both ischemic complications and
the risk of rebleeding. Successful application of
this method requires that the bleeding artery be
anatomically suitable for graft placement [35].
However, graft-related complications such as
infection and thrombosis have been reported.
Additionally, antiplatelet therapy is typically
recommended following graft placement, but in
patients with POB, the necessity of antiplatelet use
after treatment remains a matter of debate due to
the increased risk of recurrent bleeding [36]. In our
study, coil embolization was the most frequently
used technique in IRT; however, no cases of organ
dysfunction or procedure-related mortality were
observed. Additionally, in line with the literature,
the most commonly treated bleeding sources were
the GDA, branches of the HA, and P-J anastomotic
sites.

In our study, among patients who developed
mortality, four had undergone pancreatic surgery,
four had gastric surgery, two had colorectal surgery,
and one had intra-abdominal tumor resection. The
mortality rate was 29.41% among patients treated
with IRT and 33.33% among those treated with ST.
When evaluatedaccordingtothetiming ofbleeding,
mortality was 17.65% in the early bleeding group
and 44.44% in the late bleeding group. Although

this difference was not statistically significant, it was
considered clinically relevant. The overall mortality
rate was 31.42%, which is consistent with previous
literature. The similar mortality rates between ST
and IRT suggest that both treatment modalities
offer comparable success in managing POB.
However, in clinical practice, a higher mortality risk
should be anticipated in patients presenting with
late bleeding.

In this study, comparison of perioperative
characteristics between the two treatment
groups revealed that the median RBC transfusion
requirement was significantly lower in the ST group
(6 vs. 25 units, respectively; p<0.001). Regarding
the time interval between the index operation and
the onset of hemorrhage, the median duration was
1 day in the ST group and 25 days in the IRT group
(p<0.001). When comparing the length of hospital
stay, it was significantly shorter in the ST group
(median 15.5 vs. 33 days, respectively; p=0.008).
These findings suggest that early bleeding is more
frequently managed with ST, requires fewer RBC
transfusions, and results in shorter hospitalization.
The observed differences may be attributed to the
factthat patients treated with IRT often had ongoing
postoperative, surgery-specific complications,
which necessitated prolonged hospitalization and
additional blood product support even before the
onset of bleeding.

One study reported that CT angiography was
diagnostic in only 45% of cases, suggesting that it
should not be routinely performed in all patients
[24]. In our study, CT angiography was performed
in only one patient (5.55%) in the ST group, and this
was a late bleeding case on postoperative day nine.
In contrast, all patients in the IRT group underwent
CT angiography. Based on these findings, it can be
concluded thatin cases of early bleeding, treatment
can often be planned without the need for pre-
intervention imaging.

Our study has several limitations. The retrospective
design, the use of data from a single center, and
the relatively small sample size were among
the primary limitations. Additionally, the lack of
accessible data regarding sentinel bleeding—
an important indicator for the early detection of
severe hemorrhage in POB patients—was another
major limitation. Moreover, factors such as the type
of energy devices used during surgery, variations
in perioperative patient management, and the
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use of minimally invasive techniques are potential
variables that may have influenced the study
outcomes.

CONCLUSION

Postoperative bleeding following intra-abdominal
surgery for malignancy is a life-threatening
complication. As in pancreatic surgery, ST for early
bleeding and IRT for late bleeding appear to offer
acceptable success rates in surgeries involving
other abdominal organs as well. However, in cases
of bleeding from P-J anastomoses, ST should be
prioritized as the first-line treatment. Additionally,
in early bleeding, pre-intervention imaging may
not be necessary. In conclusion, major abdominal
oncologic surgeries should be performed in
tertiary centers where IRT is readily available. In the
event of POB, treatment decisions should be made
on a case-by-case basis through a multidisciplinary
approach involving both general surgeons and
interventional radiologists.
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Objective: ldiopathic normal pressure hydrocephalus (iNPH) is a
reversible cause of cognitive impairment in older adults, characterized
by gait disturbance, urinary incontinence, and cognitive decline. While
ventriculoperitoneal (VP) shunt surgery can improve the classical triad,
its cognitive and emotional effects remain under characterized.

In this study we aim to investigate neuropsychiatric outcomes following
VP shunt surgery in iNPH patients and to identify predictors of
postoperative cognitive improvement.

Material and Methods: This retrospective single-center study included
55 patients with iNPH who underwent VP shunt surgery between 2020
and 2024. Neuropsychological testing was conducted preoperatively
and at a median of 11 months postoperatively, evaluating global
cognition, memory, attention, executive and visuospatial functions,
and mood. Pre- and postoperative performances were compared, and
multivariate regression models were used to determine independent
predictors of cognitive gain.

Results: Significant postoperative improvements were observed in
MMSE (median 24.0 to 27.0, p < 0.001), memory scores (ERCT: 40.0 to
45.0, p < 0.001), attention/executive functions and depression severity
(BDI: 12.0 to 9.0, p < 0.001). Stratified regression analysis showed that
patients in the lowest baseline MMSE and ERCT tertile experienced
the greatest improvement shortly after surgery, with longer follow-up
associated with diminishing gains (MMSE: 3 = -0.76, p < 0.001, ERCT: 3
=-0.76, p < 0.001).

Conclusion: Cognitive improvement after VP shunt surgery in iNPH is
strongly influenced by baseline cognitive status and the timing of follow-
up. Patients with lower preoperative scores benefit the most when
evaluated in the early postoperative phase. These findings emphasize
the need for timely intervention and tailored neuropsychological
monitoring to optimize outcomes.

Keywords: idiopathic normal pressure hydrocephalus,
ventriculoperitoneal shunt, cognitive impairment, neuropsychological
testing
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INTRODUCTION

Idiopathic normal pressure hydrocephalus (iNPH)
is a neurological disorder predominantly affecting
older adults, characterized by the classic triad
of gait disturbance, urinary incontinence, and
cognitive decline [1-3]. Its prevalence increases
with age, reaching 1.4%-3.8% in individuals
over 80 years according to Japanese data, and
up to 8.9% in certain Western populations [4,5].
Ventriculoperitoneal (VP) shunt surgery remains
the standard treatment, often leading to marked
clinical improvement [6]. The pathophysiology of
iNPH involves ventriculomegaly and disturbances
in cerebrospinal fluid (CSF) dynamics, which may
exert pressure on frontal-subcortical circuits. These
alterations can result in various cognitive and
neuropsychiatric symptoms, particularly apathy,
executive dysfunction, and attentional deficits [7,8].
Although motor improvement is well-documented
following shunting, the extent and pattern of
cognitive recovery remain less predictable.

Growing evidence highlights the utility of
comprehensive neuropsychological assessments
not only in evaluating treatment response but also
in differentiating iNPH from neurodegenerative
dementias such as Alzheimer’s disease [9,10].
Cognitive symptoms in iNPH often follow a
subcortical pattern and may co-occur with
neuropsychiatric disturbances such as depression
and apathy, both of which are linked to poorer
functional outcomes if left unaddressed [11,12].
Recent studies have shown that shunt surgery can
lead to cognitive gains, particularly in executive and
attention domains [13]. However, the trajectory of
these improvements, their sustainability over time,
and their relationship to baseline cognitive status
remain underexplored. Despite increasing interest
in cognitive outcomes, existing evidence is limited
and lack of stratified analyses. Therefore, this study
aims to evaluate neuropsychiatric outcomes after
VP shunt surgery and to identify the factors that
shape the trajectory of postoperative cognitive
improvement.

METHODS

This study was approved by the Local Institutional
Review Board (Approval Decision Number:
2023/01-30, Research Number: GO 22/1064, Date:
January 24, 2023).

A total of 55 patients who underwent
ventriculoperitoneal (VP) shunt surgery between
January 2020 and December 2024 were included
in this single-center study. iNPH was determined
basedonclinicalandradiologicalcriteria.Individuals
aged 60 years and older, who underwent VP shunt
surgery and were evaluated with the NPT battery
before and after the procedure, have been included.
Patients with secondary causes of hydrocephalus
and secondary normal pressure hydrocephalus, as
well as those not assessed by neuropsychological
testing (NPT) battery both preoperatively and
postoperatively, have been excluded from the
study.

A comprehensive NPT battery was administered
to evaluate cognitive performances prior to and
on average 11 months following shunt surgery.
The NPT battery included Mini-Mental State
Examination (MMSE) [14,15], enhanced cued recall
test (ERCT) [16], trail-making tests A and B [17,18],
Stroop test [19,20], clock drawing test [21,22], and
Beck Depression Inventory (BDI) [23,24]. Within the
NPT battery, executive functions were not assessed
via a single scale but were instead operationalized
through a composite rating approach. Specifically,
qualitative severity ratings (Severe, Moderate, Mild,
Normal) were assigned based on the synthesis of
performance across tests tapping into executive
domains. This rating was established by the
consensus of two raters (neurologist and clinical
neuropsychologist) who independently reviewed
the test performance and clinical interview notes,
and resolved discrepancies through discussion. The
same method was applied at follow-up using the
equivalent battery.
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Statistical analysis

Categorical variables are expressed as n (%) and
continuous variables as mean + standard deviation
(SD) or median (interquartile range). Group-wise
comparisons were performed by chi-square test
for categorical variables and Student’s t-test or
Whitney U test for continuous variables depending
on the normality of the distribution. The Wilcoxon
signed-rank test was used to compare the numeric
observations between pre- and postoperative in
the cohort. Finally, linear regression models were
constructed to determine independent factors
related to the cognitive improvement. Age, sex,
education and symptom duration were introduced
into the models as independent variables. To
evaluate whether the relationship between
follow-up duration and cognitive improvement
was moderated by baseline performance, we
performed stratified analyses for the MMSE and
the ERCT. Baseline scores were divided into tertiles
to define three subgroups (low, medium, and high
performance). Within each tertile, we examined the
association between follow-up duration (in months)
and change scores (postoperative — preoperative)
using linear regression models. A p-value of <0.05
was considered statistically significant. Statistical
analyses were performed by using R version 4.4.2
(R Core Team, 2024).
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RESULTS

A total of 55 patients (43.6% female, the median
age: 71 years [IQR]: 67-75) who underwent VP shunt
surgery for iNPH were included. NPT battery was
performed preoperatively and at a median follow-
up of 11(IQR: 8-14) months. Statistically significant
postoperative improvements were observed across
multiple cognitive domains.

The MMSE score improved from a median of
24.0 [20.0-27.0] to 27.0 [25.0-29.0] (p < 0.001),
indicating an overall enhancement in global
cognition. Depression severity, as measured by the
BDI, significantly decreased from 12.0 [7.0-20.7] to
9.0 [4.0-13.0] (p < 0.001). Memory scores derived
from ERCT also improved significantly from 40.0
[31.2-45.0] to 45.0 [42.0-48.0] (p < 0.001) (Figure 1).
A negative correlation was found between memory
score change and follow-up duration (Spearman’s p
=-0.592, p < 0.0001), indicating that memory gains
were more prominent in the early postoperative
period. A multiple linear regression analysis was
conducted to determine independent predictors
of memory and global cognitive improvement
(post—pre difference). The model included baseline
scores, follow-up duration, age, and sex. Among all
predictors, only baseline memory score was found
to be statistically significant (B = -0.76, p < 0.001).
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Figure 1. Changes in global cognition, depressive symptoms, and memory performance before and after VP shunt

surgery in patients with iNPH.

Boxplots depict significant postoperative improvements in (A) Mini-Mental State Examination (MMSE), (B) Beck Depression Inventory (BDI), and (C)
Enhanced Cued Recall Test (ERCT) total scores. All comparisons reached statistical significance at p < 0.001 (Wilcoxon signed-rank test).
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Table 1. Multiple linear regression predicting memory improvement

B’ Std. error tvalue p-value B2 95% Cl (Lower-Upper)
Intercept 32.15 7.04 4.57 <0.001 17.99 - 46.30
Preoperative ERCT score -0.76 0.10 -7.86 <0.001 -0.75 -0.95--0.57
Follow-up (Months) -0.08 0.08 -1.13 0.265 -0.11 -0.24 - 0.07
Age 0.05 0.08 0.66 0.515 0,06 -0.11-0.21
Sex 0.41 1.43 0.29 0.775 0,03 -2.47 -3.30

Residual standard error: 5.12 on 48 degrees of freedom; multiple R-squared: 0.638, adjusted R-squared: 0.608; 3': Unstandardized regression
coefficient; Std. error: Standard error; 3% Standardized regression coefficient.

Table 2. Multiple linear regression predicting global cognitive improvement

B’ Std. error tvalue p-value B2 95% Cl (Lower-Upper)
Intercept 10.92 3.62 3.01 <0.05 3.61-1823
Preoperative MMSE score -0.33 0.10 -3.32 <0.05 -0.52 -0.53--0.13
Follow-up (Months) -0.08 0.04 -1.82 0.075 -0.24 -0.17 - 0.01
Age 0.03 0.04 0.80 0.426 0,09 -0.05-0.12
Sex 0.31 0.76 -0.41 0.685 -0.04 -1.85-1.23

Residual standard error: 2.76 on 48 degrees of freedom; multiple R-squared: 0.276, adjusted R-squared: 0.216; 3': Unstandardized regression
coefficient; Std. error: Standard error; 3% Standardized regression coefficient
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Figure 2. Change in MMSE and ERCT by follow-up duration stratified by baseline scores

The plot displays the relationship between follow-up duration and postoperative cognitive changes, stratified by baseline level (low, medium,
high tertiles). Patients with lower baseline scores showed greater improvements when evaluated earlier, while those with higher baseline scores

demonstrated minimal or slightly positive trends.

Also, multivariate analysis for MMSE similarly
revealed pre-op MMSE score as the only significant
predictor for postoperative improvement of global
cognition (3 =-0.33, p < 0.05) (Table 1 and Table 2).

To further explore the relationship between timing
of assessment and cognitive outcomes, follow-
up duration was analyzed in subgroups stratified
by baseline MMSE and ERCT performance (low,
medium, high tertiles). As shown in Figure 2,
patients with low baseline scores exhibited a clear
negative relationship between follow-up time
and cognitive improvement, suggesting early

postoperative gains were more pronounced in this
subgroup. In contrast, patients with higher baseline
scores showed minimal or slightly positive trends.

Pre- and postoperative ordinal ratings of executive
function (Severe, Moderate, Mild, Normal)
revealed categorical improvements. As depicted
in Figure 3, most patients with moderate baseline
dysfunction improved postoperatively. Specifically,
11 of 18 patients with moderate or severe executive
dysfunction (61.1%) transitioned to a milder
category: 6 to normal and 5 to mild. No patient
showed deterioration.
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Figure 3. Transitions in executive function severity levels
before and after surgery

The alluvial diagram illustrates individual-level changes in executive
function severity from baseline (Preoperative) to follow-up
(Postoperative). Categories include Severe, Moderate, Mild, and
Normal. Flows between levels represent the number of patients who
transitioned between categories. Improvements are indicated by flows
moving from left to right toward less severe categories (e.g., Moderate
to Mild or Normal). The majority of patients initially categorized as
Moderate demonstrated clinical improvement postoperatively.

DISCUSSION

This study demonstrates that ventriculoperitoneal
(VP) shunt surgery in patients with idiopathic
normal pressure hydrocephalus (iNPH) is associated
with significant improvements in global cognition,
memory, executive functioning, and depressive
symptoms. More importantly, cognitive benefits
were more profound in patients with lower pre-op
scores and earlier postoperative phases.

Our findings on the cognitive and emotional
improvements following VP shunt surgery
align with previous research, which suggests
that iNPH patients often experience a range of
neuropsychiatric symptoms, including mood
disturbances, disinhibition, and cognitive deficits
[25,26]. A recent study highlighted that therapeutic
lumbar tapping or VP shunt surgery could lead
to significant improvements in neuropsychiatric
symptoms in a patient with normal pressure
hydrocephalus [27]. Similar to previous studies,
we observed marked improvements in overall
cognitive  status, memory, attention, and
depression postoperative. These consistent results
reinforce the efficacy of shunt surgery in addressing
neuropsychiatric symptoms associated with iNPH
[28,29].

Among the cognitive domains assessed, memory
and MMSE scores showed the most robust
improvements  postoperatively.  Importantly,

our stratified regression analyses revealed that
cognitive benefits were more pronounced in
patients with lower baseline performance,
highlighting the potential of reversibility of
cognitive impairment and that even these patients
may respond effectively to intervention. These
findings support prior work suggesting that early-
stage cognitive dysfunction may be more reversible
following shunting, whereas more preserved
baseline functioning may leave less room for
observable gains. These improvements may be
attributed to the relief of ventricular enlargement
and subsequent normalization of CSF dynamics,
which likely reduces periventricular white matter
compression and restores functional connectivity
within frontal-subcortical circuits. These circuits—
particularly involving the dorsolateral prefrontal
cortex, caudate nucleus, and anterior cingulate—
are critical for executive function, working
memory, and attention. Restored perfusion and
synaptic efficiency in these regions may underlie
the observed cognitive gains following VP shunt
surgery [30].

However, our study diverges from some previous
research regarding visuospatial abilities. Many
studies reported improvements in all cognitive
domains, especially processing speed, memory and
attention have showed more robust improvement
compared to visuospatial skills [31-35]. In the
current study, visuospatial skills evaluated by clock
drawing test did not improve significantly following
the surgery. This discrepancy might be attributed
to differences in patient populations, the test used
to evaluate this domain, or the duration of follow-
up periods.

The negative association between follow-up
duration and cognitive improvement, particularly
in memory scores, indicates that cognitive gains
were most evident in earlier postoperative phases.
This time-sensitive pattern may reflect the dynamic
neurophysiological changes following VP shunting,
including gradual improvements in cerebral
perfusion, especially in frontal-subcortical regions
implicated in attention and memory [36,37]. Our
stratified regression models further reinforce the
observation that patients with low baseline MMSE or
ERCT scores demonstrated stronger improvements
with earlier follow-up. Previous studies have also
reported that significant improvements in MMSE
and memory score are often observed within
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the few weeks after surgery, but these gains may
decline over longer follow-up periods [38,39].
This emphasizes that neurodegeneration is still a
progressive process even after shunt surgery in
iNPH. Although cognitive gains may attenuate
over time, many patients retain a level of function
above baseline for at least two years [39]. Therefore,
even though the benefits may be time-limited,
early intervention and monitoring remain critical
components of effective INPH management.

Preoperative neuropsychological performance is
a key consideration in predicting outcomes after
shunt surgery for iINPH. However, the association
between preoperative cognitive scores and
postoperative improvement is complex, with
studies showing mixed results regarding their
predictive value. Some studies found that neither
baseline symptoms nor NPT scores could reliably
forecast postoperative improvement [38,40]. There
is substantial variability in individual outcomes:
some patients with severe preoperative deficits
show marked improvement, while others do
not, and vice versa for those with milder deficits
[38,41]. A notable exception is that a dominant
complaint of memory problems at baseline may be
associated with a lower likelihood of improvement
[40]. In the current study, multivariate analyses
identified baseline cognitive scores as the only
significant independent predictor of cognitive
change for both memory and global cognition.
Although follow-up duration showed a negative
correlation with cognitive improvement in
univariate analysis, this relationship did not remain
significant in the multivariate models. This suggests
that the observed time-dependent gain may be
confounded by baseline performance, highlighting
the dominant role of preoperative cognitive
reserve in determining postoperative recovery and
underscores the importance of the time of surgical
intervention.

Limitations

Our study has several limitations that warrant
consideration. First, the relatively small sample
size may limit the statistical power and reduce the
generalizability of the findings to broader iNPH
populations. Second, the retrospective study design
inherently carries risks of selection bias and limits
the ability to establish causal relationships. Third,
the median follow-up duration of 11 months may

not be sufficient to capture long-term cognitive
trajectories and the single-center nature of the
study may introduce center-specific procedural or
population biases. Finally, the potential presence
of co-existing neurodegenerative pathologies
in patients diagnosed with iNPH. Although
iNPH may present with overlapping features of
other neurodegenerative dementias, we did not
systematically apply biomarker-based, imaging, or
clinical exclusion criteria—such as CSF biomarkers,
amyloid or tau PET imaging, or expert structural
MRI review—to rule out mixed pathologies. The
absence of such assessments may represent
a potential confounding factor, particularly in
interpreting cognitive and emotional outcomes.
Future research should aim to address these
limitations by employing prospective, multicenter
designs with larger cohorts and extended follow-
up durations to enhance external validity.

CONCLUSION

Our findings suggest that cognitive improvements
following VP shunt surgery in patients with iNPH are
most pronounced in the early postoperative period.
Baseline cognitive status emerged as the strongest
independent predictor of postoperative outcomes,
highlighting the importance of preoperative
neuropsychological evaluation in clinical decision-
making. These results contribute to the growing
evidence base on cognitive trajectories in iNPH
and emphasize the need for individualized, stage-
sensitive management strategies. Integrating
early neuropsychological screening into clinical
protocols may facilitate timely referral and better
long-term outcomes.
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—20) ABSTRACT Cosr

Background: The lactate dehydrogenase-to-albumin ratio (LAR) is a
promising prognostic marker in various malignancies. However, its
clinical relevance in extensive-disease small-cell lung cancer (ED-SCLC)
remains unclear.

Methods: We analyzed a total of 221 patients diagnosed with ED-SCLC
between January 2008 and December 2021. Patients without treatment
response data (n=8), those who did not receive systemic therapy (n=37),
and those who lacked baseline LDH values (n=48) were excluded. The
LAR was calculated by dividing baseline serum LDH (U/L) by albumin
(g/L) and, using ROC analysis, the optimal cut-off level was determined
to be 5.71 (sensitivity: 81.5%, specificity: 77.8%). Kaplan-Meier and Cox
regression analyses were used to evaluate both progression-free (PFS)
and overall survival (OS).

Results: A total of 128 patients diagnosed with ED-SCLC were included
in our analysis. Patients with an LAR >5.71 had significantly shorter
median OS (8.1 vs. 20.2 months, p<0.001) and PFS (5.9 vs. 9.4 months,
p=0.003) compared to those with an LAR <5.71. In multivariate analysis,
a high LAR was an independent predictor of a shorter OS (HR: 3.60; 95%
Cl: 1.35-9.60; p=0.010) and had a strong association with a shorter PFS
(HR: 2.61; 95% Cl: 0.95-7.14; p=0.063).

Conclusion: The LAR is a simple, cost-effective, and independent
prognostic biomarker in patients with ED-SCLC. It could assist in risk
stratification and guide treatment decisions in clinical practice.

Keywords: lactate dehydrogenase, albumin, LAR, small-cell lung cancer,
prognosis, survival, biomarker
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INTRODUCTION

Small-cell lung cancer (SCLC) is an aggressive
neuroendocrine tumor and has a poorer prognosis
than non-small cell lung cancer (NSCLC) [1,2].
Unfortunately, two-thirds of patients are diagnosed
with Extensive-disease SCLC (ED-SCLC) at the time
of diagnosis and this is associated with a median
overall survival (OS) of less than one year despite
systemic therapy [3]. While immune checkpoint
inhibitors have modestly improved outcomes
in some patients [4], identifying reliable and
inexpensive prognostic biomarkers is an unmet
critical need in clinical practice.

Serum lactate dehydrogenase (LDH) is a marker
of tumor burden and has been shown to correlate
with adverse outcomes in SCLC [5]. Albumin
reflects both nutritional and inflammatory status
as well and hypoalbuminemia has been linked to
poor survival in several malignancies [6]. Lactate
dehydrogenase-albumin ratio (LAR) is created by
the combination of these two biomarkers. Several
studies have demonstrated that an elevated LAR
is significantly associated with worse prognosis in
gastrointestinal cancers [7-12], oral cancers [13],
bladder [14], breast cancers [15] and hematological
malignancies [16].

Despite its growing application, data on LAR in the
context of SCLC are extremely limited. Although
some studies have explored LDH or albumin
separately or in composite prognostic models
[5,6], no prior research has directly evaluated LAR
as a unified biomarker in an ED-SCLC population
receiving systemic chemotherapy.

The objective of this research was to determine
if pretreatment LAR could predict outcomes in
patients with ED-SCLC. We hypothesize that a
higher LAR might point to both aggressive tumor
behavior and tumor-related inflammatory response
and support more informed treatment choices.

MATERIALS AND METHODS

Patients and data collection

This retrospective study included 128 patients
diagnosed with extensive-disease ED-SCLC
between January 2008 and December 2021 at our
University Cancer Institute. The study inclusion

criteria were as follows: a pathologically confirmed
SCLC diagnosis, clinical-stage ED-SCLC, and having
received at least 2 cycles of chemotherapy after
diagnosis. Patients without available treatment
response data, those who did not receive
chemotherapy, and those with missing baseline
LDH values were excluded from the analysis (Figure
1). Demographic data, comorbidities, Eastern
Oncology Cooperative Group (ECOG) performance
status, metastatic sites, treatment modalities, and
baseline laboratory parameters were collected from
medical records. Tumor response was evaluated
using computed tomography (CT), with Response
EvaluationCriteriain SolidTumorscriteriaversion 1.1
every three cycles until treatment discontinuation
or disease progression. Progression-free survival
(PFS) referred to the time from the initiation of
first-line therapy to either documented disease
progression or death. OS was measured from the
time the start of first-line treatment to either death
or the last known follow-up.

This retrospective observational study was
approved by the Hacettepe University Ethics
Committee (Protocol no: GO 22/1119, Date:
01.11.2022).

Excluded (n=8)
No treatment related data

Patients diagnosed with ED-SCLC
(n=221)

Patients diagnosed with

response data (n=213)

Excluded (n=37)
No treatment received

Patients diagnosed who

received treatment (n=176) No baseline LDH data

-
H
H

Excluded (n=48) |

Patients included in final
analysis (n=128)
e Chemotherapy (n=119)
o Chemotherapy +l0 (n=9)

Figure 1. Flow chart of patient selection in ED-SCLC
cohort.
ED-SCLC: extensive-disease small-cell lung cancer; 10: immunotherapy.
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LAR and baseline laboratory parameters

Serum LDH and albumin levels were measured
at the central biochemistry laboratory of our
university hospital. LDH was measured using an
enzymatic spectrophotometric method based on
IFCC (International Federation of Clinical Chemistry
and Laboratory Medicine) standards. Albumin was
measured using the bromocresol green method.
Both tests were performed on routinely used
automated analyzers. The LAR was calculated by
dividing pretreatment serum LDH (U/L) by serum
albumin (g/L). Baseline reference values were as
follows: LDH = 240 U/L, albumin = 35-55 g/dL, and
sodium = 135-145 mmol/L. Anemia was considered
present if hemoglobin levels dropped below 13.5
g/dLin men or 12.0 g/dL in women.

Statistical analysis

Continuous variables are summarized as medians
and interquartile ranges (IQRs), while categorical
variables are mentioned as counts and percentages.
Group comparisons for continuous variables
based on LAR stratification were conducted using
the Mann-Whitney U test for two groups and
the Kruskal-Wallis H test for multiple groups.
Categorical variables were compared using Fisher’s
exact test.

We used OS as the endpoint to calculate the LAR
cut-off value and performed receiver operating
characteristic (ROC) curve analysis. We calculated
sensitivity and specificity using the area under the
curve (AUQ).

We conducted a bootstrapping analysis with
1000 resamples for validating the stability of the
derived cut-off. In each repetition, a new sample
was generated by using random sampling with
replacement and the AUC was calculated again.
Additionally, the mean AUC and 95% confidence
interval were reported to evaluate the robustness
of the model. The bootstrapping validation
analysis was performed by using RStudio (version
2024.03.1+402) with the “pROC” package (version
1.18.5).

Furthermore, we assessed multicollinearity among
LAR, LDH, and albumin using variance inflation
factor (VIF) analysis. We calculated VIF values

based on a linear regression model including
these variables. A VIF value greater than 5 was
considered indicative of significant collinearity. The
VIF analysis was performed using RStudio (version
2024.03.1+402) with the “car” package.

Survival outcomes, including OS and PFS, were
estimated using the Kaplan-Meier method.
Differences between survival curves were evaluated
via the log-rank test. The Cox proportional hazards
regression model was employed for uni- and
multivariate analyses to verify the independent
predictive value of the pretreatment LAR in OS and
PFS. Variables that showed a p-value below 0.10 in
the univariate analyses were used for inclusion in
the multivariate Cox regression models. Results are
presented as hazard ratios (HRs) along with 95%
confidence intervals (Cls). A two-sided p-value of
less than 0.05 was considered to indicate statistical
significance. All statistical analyses were conducted
using SPSS software, version 27.0 (IBM Corp.,
Armonk, NY, USA).

RESULTS

Patient characteristics

Atotal of 128 patients diagnosed with ED-SCLC were
included in the final analysis. We excluded patients
with missing LDH, outcome, or treatment data.
These missing values were not imputed, as they
were considered clinically meaningful and non-
random (Figure 1). The median age was 64 years
(IQR: 58-69), and the majority were male (90.6%).
Almost 73% of patients had an ECOG performance
status of <2. In addition, approximately 70%
(n=89) of patients had at least one comorbidity.
One hundred and nineteen received platinum-
etoposide-based chemotherapy, and nine patients
(7%) received platinum-etoposide combined
with immunotherapy as first-line treatment. No
statistically significant differences were observed
between the two groups regarding age, sex,
ECOG performance status, metastatic involvement
(including adrenal metastases, p=0.38), or
administration of prophylactic cranial irradiation
(PCl). The baseline characteristics of patients
stratified by LAR levels are shown in Table 1.
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Table 1. Baseline characteristics stratified by lactate dehydrogenase-to-albumin ratio (LAR) cut-off
. Total LAR<5.71 LAR=>5.71
Characteristic N=128 (%100) N=29 (22.7%) N=99(77.3%) | P'AUe
Age median (IQR), years 64 (58, 69)
Age groups (years) 0.10
<65 70 (54.7) 12 (17.1%) 58 (82.9%)
>65 58 (45.3) 17 (29.3%) 41 (70.7%)
Gender 0.21
Female 12(9.4) 1(8.3%) 11 (91.7%)
Male 116 (90.6) 28 (24.1%) 88 (75.9%)
Comorbidity 0.59
No 39 (30.5) 10 (25.6%) 29 (74.4%)
Yes 89 (69.5) 19 (21.3%) 70 (78.7%)
Cardiac Diseases 34 (26.6) 3 (8.8%) 31 (91.2%)
Diabetes 24 (18.7) 7 (29.2%) 17 (70.8%)
Hypertension 58 (45.3) 12 (20.7%) 46 (79.3%)
Second Malignancy 13(10.2) 7 (53.8%) 6 (46.2%)
COPD 14 (10.9) 4 (30.8%) 9 (69.2%)
ECOG 0.97
<2 93 (72.7) 21 (22.6%) 72 (77.4%)
>2 35(27.3) 8(22.9%) 27 (77.1%)
Liver metastasis 0.13
Yes 46 (35.9) 7 (15.2%) 39 (84.8%)
No 82 (64.1) 22 (26.8%) 60 (73.2%)
Adrenal metastasis 0.38
Yes 25(19.5) 4 (16.0%) 21 (84.0%)
No 103 (80.5) 25 (24.3%) 78 (75.7%)
Brain metastasis 0.43
Yes 14 (10.9) 2 (14.3%) 12 (85.7%)
No 114 (89.1) 27 (23.7%) 87 (76.3%)
Bone metastasis 0.41
Yes 66 (51.6) 13 (19.7%) 53 (80.3%)
No 62 (48.4) 16 (25.8%) 46 (74.2%)
1st-line chemotherapy 0.67
Cisplatin/etoposide 82(64.2) 19 (23.2%) 63 (76.8%)
Carboplatin/etoposide 39 (30.5) 10 (25.6%) 29 (74.4%)
Oral etoposide 2(1.5) 0 (0%) 2 (100%)
Weekly carboplatin 2(1.5) 0 (0%) 2 (100%)
Carboplatin after cisplatin/etoposide 3(2.3) 0 (0%) 3 (100%)
Immunotherapy 0.015
Yes 9(7) 5 (55.6%) 4 (44.4%)
No 119 (93) 24 (20.2%) 95 (79.8%)
PCl 0.20
Yes 21 (16.4) 7 (33.3%) 14 (66.7%)
No 107 (83.6) 22 (20.6%) 85 (79.4%)
Hemoglobin (g/dL) 0.85
Low 46 (35.9) 10 (21.7%) 36 (78.3%)
Normal 82 (64.1) 19 (23.2%) 63 (76.8%)
Na (mmol/L) 0.49
Low 28 (21.9) 5(17.9%) 23 (82.1%)
Normal 100 (78.1) 24 (24.0%) 76 (76.0%)
LDH (U/L) <0.001
Low 34 28 (82.4%) 6 (17.6%)
High 94 1(1.1%) 93 (98.9%)
Albumin (g/L) 0.017
Low 24 (18.7) 1 (4.2%) 23 (95.8%)
Normal 104 (81.3) 28 (26.9%) 76 (73.1%)

LAR: lactate dehydrogenase-to-albumin ratio; IQR: interquartile range; COPD: chronic obstructive pulmonary disease; ECOG: Eastern Cooperative
Oncology Group; PCl: prophylactic cranial irradiation; LDH: lactate dehydrogenase; Na: sodium.
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ROC Curve
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Figure 2. Receiver operating characteristic (ROC) curve
of the lactate dehydrogenase-to-albumin ratio (LAR)
for predicting overall survival. The area under the
curve (AUC) was 0.779, indicating good discriminatory
performance.

LAR cut-off value determination

The ROC analysis identified an optimal LAR
threshold of 5.71 for predicting OS, with an AUC of
0.779. This cut-off provided a sensitivity of 81.5%
and specificity of 77.8% for distinguishing between
favorable and unfavorable survival outcomes
(Figure 2).

We validated the stability of the cut-off value
using the bootstrapping analysis. The mean AUC
was 0.775 and the 95% Cl ranged from 0.647 to
0.889. These results confirmed that the internal
consistency of the LAR threshold (Supplementary
Figure 1).

Survival outcomes

At the time of analysis, 123 patients (96.1%) had
experienced progression, and 119 patients (92.9%)
had died. A total of nine patients were censored in
the survival analysis: two were lost to follow-up,
and seven were alive at last follow-up. The median
PFS in the low LAR group (<5.71) was 9.4 months
(95% Cl: 7.3-11.5), compared to 5.9 months (95%
Cl: 4.9-6.8) in the high LAR group (p=0.003) (Figure
3). The median OS was 20.2 months (95% Cl: 11.7-
28.7) in the low LAR group, markedly higher than
the 8.1 months (95% Cl: 6.9-9.3) in the high LAR
group (p<0.001) (Figure 4). Furthermore, a low
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Figure 3. Kaplan-Meier curve for progression-free
survival (PFS) stratified by lactate dehydrogenase-to-
albumin ratio (LAR).
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Figure 4. Kaplan-Meier curve for overall survival (OS)
stratified by lactate dehydrogenase-to-albumin ratio
(LAR).

albumin level was associated with poor OS (5.6
months (95% Cl, 2.96-8.24) vs. 10.4 months (95% Cl,
7.85-12.94), p<0.001) and patients with high LDH
values were found to have a shorter OS (15 (95%
Cl, 11.98-18.02) vs 8.3 (95% Cl, 6.92-9.68) months,
p=0.001).

Cox regression analysis

In univariate Cox regression analysis (Table 2), a
high LAR was significantly associated with a shorter
PFS (HR: 1.89; 95% Cl: 1.23-2.90; p=0.004) and OS
(HR: 3.36; 95% ClI: 2.01-5.63; p<0.001); however, it
did not remain significant in multivariate model
for PFS (p=0.13). Other factors associated with a
shorter PFS included liver (HR: 2.21; p<0.001) and
brain metastases (HR: 2.24; p=0.007), low albumin
(HR: 1.99; p=0.004), and an absence of PCI (HR: 0.39;
p<0.001). Notably, liver (HR: 3.10; p<0.001) and
brain metastases (HR: 3.80; p<0.001), elevated LDH
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Table 2. Univariate and multivariate cox regression analysis for progression-free survival

Characteristics

Univariate Analysis

Multivariate Analysis

Hazard Ratio (95% Cl) p value Hazard Ratio (95% ClI) p value
Age groups (years)
<65 Reference
>65 1.05 (0.73-1.50) 0.79
Gender
Female Reference
Male 1.45 (0.77-2.73) 0.25
Comorbidity
Yes 1.08 (0.73-1.60) 0.69
No Reference
ECOG
0-1 Reference
>2 1.19 (0.79-1.79) 0.40
Liver metastasis
Yes 2.21(1.49-3.26) <0.001 1.53 (0.98-2.39) 0.06
No Reference
Adrenal metastasis
Yes 0.88 (0.56-1.38) 0.57
No Reference
Brain metastasis
Yes 2.24(1.25-4.01) 0.007 1.69 (0.89-3.17) 0.10
No Reference
Bone metastasis
Yes 1.06 (0.74-1.5) 0.73
No Reference
Immunotherapy
Yes 1.22 (0.59-2.51) 0.59
No Reference
PCl
Yes 0.39 (0.24-0.66) <0.001 0.47 (0.28-0.80) 0.005
No Reference
Hemoglobin
Low 1.03 (0.71-1.49) 0.89
Normal Reference
Na
Low 1.25(0.81-1.93) 0.20
Normal Reference
LDH
Normal Reference
High 1.67 (1.11-2.50) 0.014 0.76 (0.31-1.87) 0.55
Albumin
Low 1.99 (1.25-3.16) 0.004 1.39(0.82-2.38) 0.22
Normal Reference
LAR
<5.71 Reference
>5.71 1.89(1.23-2.92) 0.004 2.11(0.81-5.50) 0.13

LAR: lactate dehydrogenase-to-albumin ratio; ECOG: Eastern Cooperative Oncology Group; PCl: prophylactic cranial irradiation; LDH: lactate

dehydrogenase.
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Table 3. Univariate and multivariate cox regression analysis for overall survival

Characteristics

Univariate Analysis

Multivariate Analysis

Hazard Ratio (95% Cl) p value Hazard Ratio (95% ClI) p value
Age groups (years)
<65 Reference
>65 0.99 (0.69-1.43) 0.97
Gender
Female Reference
Male 1.67 (0.88-3.17) 0.11
Comorbidity
Yes 1.17 (0.78-1.74) 0.44
No Reference
ECOG
0-1 Reference
>2 1.38 (0.91-2.09) 0.13
Liver metastasis
Yes 3.1 (2.03-4.78) <0.001 1.93 (1.20-3.11) 0.007
No Reference
Adrenal metastasis
Yes 0.90 (0.57-1.43) 0.67
No Reference
Brain metastasis
Yes 3.80 (2.07-6.99) <0.001 2.84 (1.48-5.48) 0.002
No Reference
Bone metastasis
Yes 1.35(0.93-1.94) 0.11
No Reference
Immunotherapy
Yes 0.81(0.35-1.83) 0.61
No Reference
PCl
Yes 0.34(0.19-0.58) <0.001 0.41(0.23-0.73) 0.002
No Reference
Hemoglobin
Low 0.93 (0.64-1.36) 0.72
Normal Reference
Na
Low 1.19(0.78-1.84) 0.42
Normal Reference
LDH
Normal Reference
High 2.03 (1.31-3.14) 0.001 0.63 (0.28-1.42) 0.27
Albumin
Low 2.47 (1.55-3.92) <0.001 1.66 (0.99-2.79) 0.056
Normal Reference
LAR
<5.71 Reference
>5.71 3.36 (1.38-8.14) <0.001 3.2(1.31-7.81) 0.011

LAR: lactate dehydrogenase-to-albumin ratio; ECOG: Eastern Cooperative Oncology Group; PCl: prophylactic cranial irradiation; LDH: lactate

dehydrogenase.
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(HR:2.03; p=0.001), low albumin (HR: 2.47; p<0.001),
and an absence of PCl (HR: 0.34; p<0.001) were also
significant predictors for OS (Table 3). No significant
association was found between sodium levels and
either OS or PFS in both univariate and multivariate
analyses (p=0.42 and p=0.20, respectively).

A high LAR remained an independent prognostic
factor for OS (HR: 3.36; 95% Cl: 1.38-8.14; p=0.007),
along with liver and brain metastases, low albumin,
and a lack of PCl in multivariate Cox analysis (Table
3). It's worth mentioning that the LAR did not
reach statistical significance in the adjusted model
(p=0.135), but liver and adrenal metastases and an
absence of PCl remained significant for PFS (Table
2).

DISCUSSION

SCLC is a highly invasive malignancy with rapid
growth, early spread and high recurrence rates.
It represents approximately 13-15% of all lung
cancers and is usually diagnosed at an extended
stage of disease [17]. ED-SCLC treatment has
recently been improved with the addition of
first-line immune checkpoint inhibitors (ICls)
[18]. Despite improved treatment options, most
patients still face a poor prognosis [19], and this
makes it important to find simple, affordable
biomarkers that can guide treatment decisions.
Several inflammatory and nutritional biomarkers,
such as the prognostic nutritional index and
systemic immune-inflammation, have shown
prognostic significance in SCLC treated with both
chemotherapy and immunotherapy [6,13].

LDH levels often increase due to changes in tumor
metabolism. Even when oxygen is present, cancer
cells prefer glycolysis to produce energy which is
known as the Warburg effect. This metabolic shift
promotes lactate production and supports rapid
tumor growth. LDH elevation may also reflect
tumor-related necrosis and hypoxia. Therefore,
serum LDH can act as an indirect indicator of tumor
burden and aggressive biological behavior [20]. It
has been associated with tumor burden, hypoxia,
and poor outcomes in various malignancies,
including SCLC [21]. In addition, Zhou et al. found
a 1.92-fold increased risk of death in patients
with abnormally elevated baseline LDH values
compared to patients with normal LDH values [5].

Also, elevated LDH levels have been consistently
associated with poor prognosis in SCLC patients
in previous studies [22,23]. These findings align
with our results and reinforce the clinical relevance
of LDH as a readily accessible biomarker in the
management of extensive-stage SCLC.

Albumin is an important biomarker that reflects
systemic  inflammation,  nutritional  status,
and overall physiological reserve [24-26]. Low
albumin levels, often reflecting malnutrition, have
been associated with unfavorable outcomes in
individuals with cancer [27]. Many studies have
linked hypoalbuminemia to adverse outcomes in
many conditions, including cardiovascular, surgical,
and infectious diseases [28-31]. Similar to these
studies, we observed that lower albumin levels
were clearly associated with shorter OS in ED-SCLC
[32].

As mentioned above, LAR combines tumor-related
(LDH) and host-related (albumin) features in a
single metric. This integration may better capture
the interplay between tumor aggressiveness and
the patient’s systemic condition. In our study,
LAR remained independently associated with
survival, even after adjusting for LDH and albumin
separately. These results suggest that LAR may offer
more comprehensive prognostic value than either
marker alone. Our results are also compatible with
previous studies in other malignancies such as
hepatocellular carcinoma [7], Hodgkin’s lymphoma
[33], nasopharyngeal carcinoma [34], and
esophageal squamous cell carcinoma [35]. These
findings underline the broad applicability of the
LAR as a prognostic indicator.

Although CRP values were not available in our
study cohort, inflammation-based prognostic
tools such as the Glasgow Prognostic Score (GPS)
may still be relevant. GPS incorporates serum CRP
and albumin levels and reflects both nutritional
and inflammatory status. Previous studies have
shown that GPS has prognostic value in patients
with extensive-stage small-cell lung cancer
[36]. Including GPS or similar CRP-based indices
alongside LAR in future studies could help provide
a more comprehensive evaluation of systemic
inflammation and survival outcomes.

In order to assess the robustness of the LAR cut-
off value, we performed a bootstrapping analysis
with 1000 iterations. The consistent AUC values
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observed across samples indicate strong internal
validity. Nonetheless, external validation remains
essential to confirm generalizability.

The LAR cut-off value varies among studies, and
values of, for example, 5.5 [7], 4.04 [37] and 3.8 [14]
have been suggested. Differences in tumor type,
sample size, geographical region and laboratory
equipment may explain this variation. In our cohort,
an LAR cut-off of 5.71 effectively distinguished
patients with significantly different survival
outcomes. While the LAR was independently
associated with OS, it did not reach statistical
significance for PFS (p=0.13). This may be due to
the modest sample size or potential confounding
factors. Therefore, conclusions regarding the
predictive role of LAR for PFS should be interpreted
cautiously and confirmed in larger cohorts.

LDH and albumin values, which showed a
significant difference in survival in univariate
analysis (p=0.014 and 0.004 for PFS; p=0.001 and
<0.001 for OS, respectively), did not show this
difference in multivariate analysis (p=0.55 and 0.22
for PFS; p=0.27 and 0.056 for OS, respectively). For
this reason, we assessed multicollinearity using VIF
analysis. Clearly, LAR and LDH showed very high VIF
values (89.0 and 85.4, respectively) which reflecting
strong collinearity due to the mathematical
relationship between the variables. This likely
explains why LDH lost statistical significance in
multivariate analysis when LAR was included.
Albumin showed a moderate VIF (2.98), suggesting
acceptable collinearity. Eventually, these results
support the idea that LAR captures the combined
prognostic effect of LDH and albumin more
effectively than when they are analyzed separately.

Multivariate Cox analysis further identified liver and
brain metastases, low albumin, and an absence
of PCl as independent predictors of OS. A high
LAR remained significant after adjusting for these
variables (HR: 3.36; 95% Cl: 1.38-8.14; p=0.007). For
PFS, liver and adrenal metastases were significantly
associated with worse outcomes. These results
emphasize the negative prognostic impact of
visceral metastases [38,39]. Furthermore, an
absence of PCl emerged as an independent adverse
prognostic factor for both OS and PFS, in our study.
This finding correlates with previous research
indicating that PCl can reduce the occurrence of
brain metastases in ED-SCLC while also enhancing

disease management. According to recent meta-
analyses PCl had significant reductions in brain
metastasis risk and prolonged PFS, even when
compared to MRI-based surveillance strategies
[40,41]. Moreover, Chen et al. and Yilmaz et al.
reported improved clinical outcomes in patients
who received PCI following a good response to
initial therapy [42,43].

In our cohort, hyponatremia was not significantly
associated with survival outcomes. Although
hyponatremia has been reported as a poor
prognostic factor in SCLC in previous studies [44-
46], its lack of significance in our analysis may be
related to the limited number of patients with low
sodium levels.

This study has several limitations. First, it is a
retrospective, single-center analysis, which may
affect the generalizability of the results and may
introduce institutional bias related to patient
management and data recording practices.
Second, we excluded patients without baseline
LDH or albumin values and those not receiving
systemic therapy to ensure data completeness
and consistency in prognostic analysis. We
acknowledge that this may have introduced
selection bias, possibly favoring patients with
better overall performance status and more
complete records. Third, although a minority of
patients (n=9) received immunotherapy, this
group was too small for subgroup analysis, and
it had limited the applicability of our findings to
current treatment standards. Additionally, the
optimal LAR cut-off value may vary depending on
population characteristics, laboratory methods,
and therapeutic context. Therefore, albeit bootstrap
analysis supported the internal consistency of our
findings, our results require validation in larger,
prospective cohorts.

In conclusion, pretreatment LAR can be used
in clinical practice as an accessible, simple and
promising prognostic tool in ED-SCLC and can
reflect tumor burden and systemic status. Since
LDH and albumin levels are routinely used in
our daily oncology practice, clinicians can easily
calculate LAR at the time of diagnosis. High LAR
values may help to identify patients with a poor
prognosis. These patients might benefit from closer
follow-up, early supportive care, or more intensive
treatment when appropriate. However, we should
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also know that further prospective studies are
needed to confirm its clinical usefulness, especially
in the immunotherapy era.
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Supplementary Figure 1. Bootstrapped distribution of
AUC values for the LAR cut-off.

The histogram illustrates the distribution of AUC values obtained from
1000 bootstrap iterations. The red vertical line indicates the mean
AUC. This analysis was conducted to assess the internal validity and
robustness of the LAR cut-off in predicting overall survival. AUC: area
under curve; LAR: lactate dehydrogenase-albumin ratio.

198



Acta Medica 2025; 56(3): 199-209 DOI: 10.32552/2025.ActaMedica. 1164

acta medica ORIGINAL ARTICLE

Predictors of secondary traumatic stress: traumatic experience,
psychiatric symptoms and gender vs. mindfulness and mortality
awareness
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Objective: The present study mainly aimed to examine the relationship

Talat Demirs6z? between mindfulness, mortality awareness, and the emergence of

ORCID: 0000-0002-3786-1272 secondary traumatic stress (STS) symptoms in young adults who
had been indirectly exposed to social media content related to the 6
February 2023 Kahramanmaras earthquakes.

Materials and Methods: Data were collected online between June 2023
and May 2024 from 96 participants aged 18-26 (83% female). Exclusion
criteria included direct exposure to the earthquake, residing in the
affected provinces, bereavement of close relatives, or engagement in
rescue operations. Measures included the Brief Symptom Scale-25,
Multidimensional Mortality Awareness Measure, Secondary Traumatic
Stress Scale for Social Media Users, and the Five Facet Mindfulness
Questionnaire-Short Form. Hierarchical Regression Analysis was used
to investigate predictive roles of mindfulness and mortality awareness
for secondary traumatic stress symptoms, controlling the effects of
gender, past traumatic experience, and the effect of general psychiatric
symptomatology.

Results: Gender, psychiatric symptoms, and past trauma history
significantly predicted STS, accounting for 30% of the variance. Being
female, having more psychiatric symptoms, and a history of trauma were
associated with higher STS levels. Adding mindfulness and mortality
awareness increased the explained variance to 46%. Specifically,
mortality fearfulness and mortality legacy positively predicted STS
symptoms, suggesting that fear of death and the need to leave a legacy
may heighten vulnerability. Conversely, the mindfulness sub-dimension
of nonjudging inner experience negatively predicted STS, indicating a
protective role. Independent-samples t tests indicated that STS scores
were higher among participants with a past trauma history than those
without (M=52.00 vs 43.30), t(94)=2.58, p=.011, and among females
versus males (M=47.24 vs 36.20), t(93)=2.80, p=.006.

Conclusion: Controlling for established predictors (female gender,
'Private Boylam Psychiatric Hospital, Ankara, Tiirkiye psychiatric symptomatology, and past trauma), mortality fearfulness
and mortality legacy remained positive predictors of STS, whereas
nonjudging of inner experience remained a negative predictor. This
pattern suggests that mortality awareness and mindfulness facets
contribute unique variance to STS beyond core risk factors.
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Predictors of Secondary Traumatic Stress

INTRODUCTION

According to the American Psychiatric Association
(APA), the term “trauma” is defined as an actual
or threatening encounter with death, serious
injury or sexual assault [1]. In accordance with
this, the emphasis is placed on exposure rather
than exclusively on firsthand victimization. These
events, may have been either directly or indirectly
experienced by the individual. Post-traumatic stress
disorder (PTSD) is characterised by the involuntary
resurgence of traumatic memories, distress when
reminded of the event, and avoidance of related
triggers. It can also involve negative alterations
in cognition and mood related to the event. The
condition may also manifest as symptoms of arousal
and reactivity [1]. In this clinical context, trauma-
related symptom constellations are predominantly
discussed within the framework of PTSD.

The notion of STS which was first theorised by
Ludick and Figley in 2017, can be defined as the risk
of secondary traumatisation that occurs because of
indirect exposure to the traumatic experiences of
others [2]. In both direct and indirect exposure to
traumatic experiences, the symptoms that develop
in individuals are remarkably similar [3]. Like
PTSD, STS includes intrusive thoughts, avoidance,
hyperarousal, disturbing emotions, sleep problems,
and interpersonal difficulties [4]. Although the
existence of secondary trauma in professional
groups that assist trauma victims is widely
accepted, there is a paucity of research examining
whether STS can occur in ordinary people exposing
to trauma on the internet, television or social
media [5]. While STS shares several common risk
factors with PTSD—including female gender, high
levels of psychological distress, and insufficient
social support—it also differs in symptom severity,
phenomenology, and etiology. Unlike PTSD, STS
emerges from indirect exposure, such as repeatedly
hearing about or witnessing others’ trauma. The
symptoms are usually less severe, but they can still
be clinically important [6,7]. Moreover, the risk of
STS is especially high in groups who are regularly
exposed to others’ suffering with strong empathy
(such as healthcare providers, therapists, and
humanitarian workers) and in situations of repeated
indirect exposure, including media coverage of
disasters [8,9]. These distinctions underline the

importance of examining both shared and unique
pathways to stress responses in the aftermath
of collective trauma. On 6 February 2023, two
earthquakes occurred in Turkey measuring 7.7
and 7.6 on the Richter scale, respectively, at 4:17
and 13:24. These seismic events affected a total
of 11 provinces. Afterwards, it was estimated that
approximately 13 millionindividuals wereimpacted,
with a reported 46,000 fatalities [10,11]. Turkey is
a disaster-prone country frequently exposed to
large-scale events such as earthquakes, mining
accidents, and industrial catastrophes, which
increases collective vulnerability to secondary
traumatization. Epidemiological studies show that
PTSD prevalence rates after earthquakes in Turkey
have been considerably high; for example, it is
found that elevated PTSD symptoms among adults
following the 2011 Van-Ercis earthquake [12]. These
findings indicate that large-scale disasters in Turkey
have left a lasting psychological impact on adults.
In addition, it is reported that 74.4% of participants
felt unprepared and anxious [13]. These findings
underscore  how inadequate preparedness
amplifies psychological distress. Moreover, media
coverage in Turkey often presents disaster-related
events with repetitive, graphic, and emotionally
charged content. International evidence suggests
that such media exposure can amplify stress and
secondary traumatization [14,15]. These structural
and sociocultural factors likely contribute to
elevated levels of STS within the Turkish society.

It is thought that even individuals who were not
directly exposed to the earthquake may have been
subjected to recurrent exposure to media portrayals
regarding the earthquake in the following days of
the disaster. In this context, the present study aims
to investigate the secondary traumatic effects in
individuals who have experienced the earthquake
indirectly through the media.

The extant literature on trauma indicates that
mindfulness and acceptance-based practices
can improve the psychological adjustment of
traumatized individuals and reduce the risk of
developing PTSD symptoms [16]. Accordingly, it is
important to specify what is meant by mindfulness
in this context.
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Mindfulness can be defined as the act of attending
to the present moment nonjudgementally [17]. The
term mindfulness is defined as the non-judgmental
and non-reactive observation of the ongoing flow
of internal and external stimuli including unwanted
emotions and cognitions as they arise [18]. Practices
of mindfulness-based stress reduction are thought
to have a positive effect on emotional well-being
[19]. Alongside the utilisation of mindfulness
practices for the general public, there is also
literature concerning their use for individuals who
are indirectly exposed to trauma. For instance, Setti
and Argentero’s study in 2014 revealed a negative
correlation between mindfulness and vicarious
traumatization in a sample of firefighters [20].
Accordingly, it is thought that elevated levels of
mindfulness appear to offer a safequard against
the occurrence of vicarious traumatization among
firefighters. In a similar vein, a study conducted with
lawyers reported that mindfulness was a negative
predictor of STS [21]. In light of the accumulated
research findings, it is hypothesized that the
concept of mindfulness may be an important factor
within the context of this study.

In addition to the concept of mindfulness, the
concept of mortality awareness was introduced to
deepen the issue because rescue activities received
prolonged media coverage in the short period
after earthquake. Thus, it is thought that people
who follow these news through media channels
have been exposed to the concept of death for a
prolonged time. One of the significant theories
associated with the notion of mortality awareness
is the Terror Management Theory. In accordance
with Terror Management Theory, the awareness of
mortality and the inevitability of death can exert
a significant influence on thoughts, feelings and
behaviours [22,23]. In this context, it is estimated
that a considerable number of individuals have
been exposed to the destruction especially through
the utilization of social media platforms. Within
the scope of this study, the concept of mortality
awareness consists of sub-dimensions such as
mortality fearfulness, mortality legacy, mortality
acceptance, mortality disempowerment and
mortality disengagement [24]. Mortality legacy,
in this context, is defined as the act of creating
a legacy to ensure survival beyond death. The
concept of mortality fearfulness is understood to

reflect the anxiety associated with the impossibility
of escaping death. Mortality acceptance, on the
other hand, is defined as the acknowledgement
that death is an inevitable part of life, as opposed
to a rejection of death. Mortality disempowerment
is explained as the perception that the individual
perceives themselves as insignificant and that
all is meaningless in the face of death. Mortality
disengagement, in this regard, refers to the act
of not thinking about death, which is indicative
of an individual ignoring the reality of death and
focusing on the present moment.

In addition to the aforementioned factors, there are
other factors that are hypothesised to be related
to STS. Psychiatric symptomatology and gender
are accepted to be significant predictors of stress
following exposure to traumatic experiences,
whether direct or indirect. [25-27]. Another salient
factor associated with traumatic stress is the
existence of past traumatic experiences [26-29]. A
body of research has demonstrated an association
between repetitive traumatic experiences and
alterations in brain function, as evidenced even by
neuroimaging studies. These alterations manifest as
increased activity in the amygdala, reduced volume
inthe hippocampus, and impaired prefrontal cortex
function [30].

In order to provide a coherent theoretical
foundation, the present study draws on two
complementary perspectives: stress and coping
framework [31] and contemporary resilience
models [32,33]. The former conceptualizes stress
as occurring when perceived demands exceed
available resources, with outcomes shaped by
individuals’ threat appraisals and coping strategies.
The latter emphasizes the protective factors that
enable individuals to adapt positively in the face of
adversity. These models enable us to identify both
the risk and protective factors associated with STS.

More specifically, the stress and coping framework
highlights the role of risk appraisal in shaping
stress responses in the context of stress and coping
framework. Within this framework, disaster-related
media exposure can be considered a type of stressor
that heightens vulnerability through threat/risk
appraisal processes. In particular, in the aftermath
of large-scale disasters, there is a demonstrable
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correlation between repeated exposure to
graphic media content and the sustaining of
mortality salience. This, in turn, has been shown
to be associated with heightened acute stress and
symptoms of PTSD-like conditions in the general
population [9,34]. This exposure also maintains
the cognitive accessibility of the inevitability of
death and, consequently, may therefore create
a psychological vulnerability of risk for STS. This
framework is thought to be align with Terror
Management Theory (TMT). TMT explains that
when people are more aware of death, they often
react defensively and this can make them more
vulnerable to stress. For example, they may strongly
defend their cultural values, show prejudice toward
out-groups, or seek higher self-esteem as a way
to manage their anxiety [35]. Therefore, mortality
awareness is thought to represent a theoretically
grounded risk factor for STS in the stress and coping
framework [9,34].

The resilience perspective on the other hand
emphasizes the protective coping resources
that foster positive adaptation in the face of
adversity. Within this framework, mindfulness
can be conceptualized as a protective factor
that mitigates vulnerability to stress responses
subsequent to indirect trauma exposure. Empirical
studies demonstrate that mindfulness may foster
acceptance, emotion regulation, and adaptive
coping, thereby enhancing resilience and
reducing vulnerability to STS [36-38]. In this sense,
mindfulness operates as a protective predictor
in elucidating the construct of STS after disaster-
related media exposure.

By situating mortality awareness within the
stress—coping/TMT framework as a risk factor
and mindfulness within resilience models as a
protective factor, the present study seeks to offer
a broad account of predictors of STS following the
indirect disaster exposure. Examining both risk and
protective predictors within the stress—resilience
framework allows for a more comprehensive
understanding of why some individuals develop
STS following indirect disaster exposure, whereas
others remain more resilient.

Considering the huge magnitude of the disaster,
the main aim of this present study is to investigate
the relationship between mindfulness and
mortality awareness in individuals who were not

personally exposed to the earthquake, and the
subsequent emergence of STS symptoms. The
present examination is exploratory in nature.

MATERIALS AND METHODS

Participants

The present study was conducted with the approval
of the Hacettepe University Health Sciences
Research Ethics Committee (GO 23/344). Online
data collection was conducted over the period
from 23/06/2023 to 14/05/2024. Participants were
recruited via social media and completed the
scales after their consent being obtained online.
The study’s sample is comprised of 96 individuals
ranging in age from 18 to 26. In accordance with
the validity and reliability study of the Secondary
Traumatic Stress Scale for Social Media Users
(STSS-SM) employed in the research, which was
conducted with young adults, the present study
included only participants from this age group.
The mean age of the subjects was 23.09 years (SD
= 2.23). Upon analysis of the gender distribution of
the sample, it was observed that 83.3% (n=80) of the
subjects were female and 15.6% (n=15) were male.
(see Table 1) One participant did not wish to specify
gender. The inclusion criteria were determined
as being between the ages of 18 and 26. The
exclusion criteria included a history of head trauma
resulting in lifelong impairment, bereavement
of a close relative (mother, father, spouse, child,
sibling, partner, relative, or close friend) during
the 6 February 2023 Kahramanmaras earthquakes,
being a resident in one of the 11 provinces at the
time of earthquake, and engagement in volunteer
aid activities in one of the 11 affected provinces.
In accordance with these exclusion criteria, 75
participants were excluded from the study and
thanked for their interest.

Table 1. Demographic characteristics of the sample

Mean SD.
Age 23.09 2.23
N Percentage (%)
Gender
Female 80 833
Male 15 15.6
Do Not Want to Specify 1
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Instruments

Demographic information form

A demographic information form was utilized
to obtain descriptive information regarding the
participants’ age, gender, current psychiatric
diagnosis, history of head trauma, current
psychiatric medication use, city of residence at
the time of the 6 February 2023 Kahramanmaras
earthquakes, loss of relatives in the 6 February 2023
Kahramanmaras earthquakes, and past traumatic
experiences. Participants were asked to select from
a list of traumatic life events if they had experienced
similar events.

Brief Symptom Inventory-25

The Brief Symptom Scale-25 was developed by
Blais et al. in 2015 to measure general psychiatric
symptomatology [39]. The Cronbach’s alpha
internal consistency reliability coefficient of both
the original scale and that of Turkish adaptation of
the scale was found to be 0.92. Turkish adaptation
of the scale was conducted by Giiliim and Soyglitin
2017 [40]. It is a 7-point Likert-type scale (1=not at
all, 7=extremely) and consists of 25 items.

Multidimensional Mortality Awareness Measure

The Multidimensional  Mortality =~ Awareness
Measure was developed by Levasseur et al. in 2015
[41]. The original scale consists of 36 items and
has 5 sub-dimensions. It is a 7-point Likert-type
scale (1=strongly disagree, 7=strongly agree). The
Cronbach’s alpha internal consistency reliability
coefficient of the original scale is between 0.59 and
0.87.The scale was adapted into Turkish by Bulut et
al.in 2017 [24].The Turkish adaptation consists of 30
items and 5 sub-dimensions (mortality fearfulness,
mortality legacy, mortality acceptance, mortality
disempowerment and mortality disengagement
) and is a 5-point Likert-type scale (1=strongly
disagree, 5=strongly agree). The Cronbach’s a
internal consistency reliability coefficient of the
Turkish adaptation was found to be 0.79 and the
split-half reliability coefficient was found to be 0.74.

Secondary Traumatic Stress Scale for Social
Media Users (STSS-SM)

The Secondary Traumatic Stress Scale for Social
Media Users (SM-STSS) was developed by Mancini
in 2019 to assess the symptoms that may arise

in relation to traumatic experiences indirectly
exposed through social media [42]. The Cronbach’s
alpha internal consistency reliability coefficient of
the original scale is 0.92. The Turkish adaptation of
the scale was conducted by Balci Celik and Altinisik
in 2021 [43]. The scale consists of 17 items and is
scored on a 5-point Likert-type scale (1=Never,
5=Very Often). The Turkish adaptation of the scale
consists of a single factor and Cronbach’s alpha
internal consistency reliability coefficient is 0.95.

Five Facet Mindfulness Questionnaire (FFMQ)-
Short Form

Five Facet Mindfulness Questionnaire (FFMQ)-
Short Form is a 20-item version of the 39-item
and 5-factor scale developed by Baer et al. in
2006 to measure people’s mindfulness levels and
shortened by Tran et al. in 2013 [44,45]. The Turkish
adaptation of the scale was conducted by Ayalp
and Hisli Sahin in 2018 [46]. It is a 5-point Likert-
type scale (1=Never, 5=Always). The scale has 5
sub-dimensions: observing, describing, acting
with awareness, nonjudging of inner experience,
nonreactivity to inner experience. Cronbach’s
a internal consistency reliability coefficient is
between 0.69 and 0.85. The Cronbach’s a internal
consistency reliability coefficient of the total score
of the scale is .71.

Statistical analysis

The analysis was conducted using IBM SPSS 26.0.
Prior to analysis, outliers were identified skewness
andkurtosisvaluespointedoutanormaldistribution
[47]. Pearson Correlation Coefficient Analysis
was conducted to examine the relationships
between the variables. An independent sample
t-test was conducted to compare participants’ STS
scores. The present study employed Hierarchical
Regression Analysis to investigate the hypothesis
that mindfulness and mortality awareness would
predict STS symptoms, controlling the effects of
gender, past traumatic experience and the effect of
general psychiatric symptomatology.

RESULTS

The mean, standard deviation, minimum and
maximum values of the participants’ scores from
the scales are presented in Table 2.
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Table 2. Descriptive statistics regarding participants’ scores on the scales

Variable Mean SD Range
BSI 74.77 27.35 25-132
STS 4539 14.47 19-80
M-Legacy 33.42 9.39 11-49
M-Fearfulness 41.06 15.59 12-75
M-Acceptance 27.39 341 16-33
M-Disempowerment 8.31 3.78 3-21
M-Disengagement 15.02 4.77 4-26
FFMQ-Observing 15.23 3.25 5-20
FFMQ-Describing 14.20 3.70 6-20
FFMQ-Acting with awareness 10.90 3.96 4-20
FFMQ-Nonjudging of inner experience 12.66 4.04 4-20
FFMQ-Nonreactivity to inner experience 12.27 3.35 4-20

SD: Standard Deviation, SD: Standard Deviation, BSI: Brief Symptom Inventory Total Score, STS: Secondary Traumatic Stress Scale for Social Media
Users Total Score, M-: Multidimensional Mortality Awareness Measure sub-dimensions, FFMQ-: Five Facet Mindfulness Questionnaire (FFMQ)-Short

Form sub-dimensions.

Table 3. Comparison of STSS-SM scores according to various variables

N Mean SD. Std. Error Mean. t P
Past Trauma Yes 23 52.00 13.32 1.67 2.58 011
History No 73 4330 14.27 2.78
Gender Female 80 47.24 14.00 1.57 2.80 .006
Male 15 36.20 14.03 3.62

N: Number of Participants, SD: Standard Deviation, Std. Error Mean.: Standard Error Mean, STSS-SM: Secondary Traumatic Stress Scale Score for
Social Media Users, t: independent samples t test, F: One-way analysis of variance (ANOVA), p: significance value.

The findings of the independent samples t-test
demonstrated thatthe STS scores of the participants
with (mean=52.00, SD=13.32) and without a history
of past traumatic history (mean=43.30, SD=14.27)
statistically  significantly differed (t(94)=2.58,
p=.011). Furthermore, the analyses indicated that
the STS levels of female (Mean = 47.24, SD = 14.00)
and male (Mean = 36.20, SD = 14.03) participants
statistically significantly differed (t (93)=2.80,
p=.006) (see Table 3).

The correlational analyses indicated that STS
was positively associated with  psychiatric
symptomatology and legacy and fearfulness
subscales of MA suggesting that greater
psychological distress and heightened death-
related concerns are linked to higher levels of
STS. Conversely, describing, nonjudging of inner
experience, acting with awareness subscales of
mindfulness facets of showed negative correlations
with STS, indicating that a mindfulness practices
may buffer against STS. In addition, gender was
significantly correlated with STS, meaning that
being female was associated with higher levels
of stress. These results demonstrate that the key

study variables are meaningfully interrelated at the
bivariate level (see Table 4).

In the hierarchical regression analysis, STS level
was included as the dependent variable, with
gender, general psychiatric symptomatology, the
presence of past traumatic history, the mindfulness
and  mortality awareness  sub-dimensions
included in the analysis as predictor variables.
The subdimensions of mortality awareness and
mindfulness, which showed a statistically significant
correlation with the dependent variable, were
included in the hierarchical regression analysis as
predictor variables. In the first step of the analysis,
gender, general psychiatric symptomatology,
and the presence of past traumatic history were
included as predictors. In the second step, the
analysis incorporated the mindfulness and
mortality awareness sub-dimensions. The results of
the Hierarchical Regression Analysis demonstrate
that gender, general psychiatric symptomatology
and the presence of past traumatic experiences
collectively accounted for 30% of the variance, and
were statistically significant (R2=.30, F(3,92)=13.16,
p< .001). The association between being female
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Table 4. Results of correlational analyses

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1.STS — | A46%* | -28%* | 26%* | 21* | 37** | -07 | .10 | -.08 | .16 | -.19% |-33**| -24% | -17
2.BSI — -.06 14 A3 ] .25%% | -.05 | .36%* | -.09 | .01 |-.32%*|-37%*% -47*¢ -18
3. Gender — | -18% | .07 .06 .09 15 .07 | -13 | .19% | .08 | .30%* | .24**
4.PTH — -.01 -12 .07 .05 .06 .14 .03 .04 | -18* | -.06
5.M-L = .08 | .35%* | -19* | .11 14 .10 11 .23* | -.00
6. M-F 17 10 |-31**| -01 | -05 | -.15 | -.08 | -.11
7.M-A = -02 | .24* | .02 | .29%* | .07 12 .09
8. M-DISEMP — 05 09 .10 11 05 09
9. M-DISENG = 15 .16 15 18 24*
10. F-OBS — a0 | -15 ) -12 ) -1
11. F-DES = .07 12 .09
12. F-NONJ — 12 .09
13. F-ACTWA = .09
14. F-NONR —

N=96. *p<.05, **p<.01. BSI: Brief Symptom Inventory Total Score, STS: Secondary Traumatic Stress Scale Total Score, PTH: Past Traumatic History,
M-: Multidimensional Mortality Awareness Measure sub-dimensions (Legacy, Fearfulness, Acceptance, Dissmpowerment, Disengagement),
FFMQ-: Five Facet Mindfulness Questionnaire sub-dimensions (Observing, Describing, Nonjudging of Inner Experience, Acting with Awareness,

Nonreactivity to Inner Experience).

and higher levels of STS was found to be statistically
significant (8 =-0.23, p=.012). The general
psychiatric symptomatology (8 =0.43, p<.001) were
found to be positive predictor of STS symptoms. In
the subsequent phase, the analysis encompassed
the sub-dimensions of mindfulness and mortality
awareness. The statistically significant contribution
of these variables to the initial model was 16% (R(2)
(change) =.16, F(change) (4,88)=6.60, p<.001). The
total variance explained at the conclusion of the
second model was 46% (R(2) =.46, F(7,88)=10.78,

p<.001). In the context of the present study, the
presence of a history of traumatic experiences (8
=0.24, p=.005) and sub-dimensions of mortality
awareness such as mortality legacy (8=0.17,
p=.044) and mortality fearfulness (8=0.31, p<.001)
were found to positively predict STS symptom:s.
Conversely, nonjudging of inner experience
(8=-0.23, p=.013) from the sub-dimensions of
mindfulness was found to negatively predict STS
symptoms (see Table 5).

Table 5. Results of hierarchical regression analysis conducted on the prediction of secondary traumatic stress

symptoms
Dependent Variable | Predictor Variable B t p Tolerance| R | R? F
Model 1 | Secondary Traumatic | Gender -0.23 | -257 | .012* .965
Stress Psychiatric Symptomatology 043 | 483 | .000** 980 |.548.300 | 13.16
Past Trauma History 0.16 | 1.75 .083 .950
Model 2 | Secondary Traumatic | Gender -0.26 | -3.13 .002* .877
Stress Psychiatric 0.28 | 280 @ .006* 637
Symptomatology
Past Trauma History 024 | 287 .005* .906
Mortality Legacy 0.17 | 2.05 .044* .867 .679 | 462 | 10.78
Mortality Fearfulnes 031 | 3.72 | .000%* .905
Nonjudging of inner experience | -0.23 | -2.53 | .013* .769
Acting with awareness 0.09 | 091 .365 .580

Note: * p<.05; ** p<.001.
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DISCUSSION

Exposure to traumatic content through the media
has been demonstrate to pose a risk for developing
STS, thus emerging as a significant public health
concern. The findings of the study reveal that both
past traumatic experience, current psychiatric
symptoms and gender, as well as mindfulness and
mortality awareness are significant predictors of
STS.

The present study provides further support
to the findings in the literature [26,28,29]. by
demonstrating that a history of traumatic
experiences is a significant predictor of STS. On the
other hand, another outcome of this study is that
being female is a risk factor for STS. This finding
regarding gender is consistent with the results
reported in the existing literature [26]. As asserted
by Bangasser and Wicks in 2017, research has
indicated that the hypothalamic-pituitary-adrenal
(HPA) axis, a regulatory system for the stress
response, would exhibit greater dysregulation in
women compared to men in response to traumatic
events [48]. This biological difference has the
potential to cause heightened sensitivity to stress
in women, both emotionally and physiologically
[48]. As demonstrated in the research by Bangasser
and Valentino in 2014, hormonal fluctuations,
particularly those associated with estrogen and
oxytocin, have the potential to amplify the intensity
of women's stress responses to traumatic stimuli
[49]. In addition to these biological factors, research
has demonstrated that women exhibit higher
levels of empathy compared to men [50]. This
higher empathic tendency in women compared to
men may be a contributing factor to heightened
emotional responses to traumatic experiences and
the exacerbation of STS symptoms. Furthermore,
the predominance of psychiatric symptomatology
as a risk factor for STS symptoms is consistent with
the findings of previous studies [27].

The study vyielded additional findings, though
contrary to expectations, these were less robust
than the initial set of findings. It is found that
nonjudging of inner experience, a component
of mindfulness, functions as a negative predictor
for the development of STS. The “ nonjudging of
inner experience “ sub-dimension of mindfulness

suggests that mindfulness may play a protective
role against STS as a variable having the potential to
increase emotion regulation capacity. This finding
is consistent with the findings of researchers
who have demonstrated that mindfulness-based
interventions have a positive effect on emotional
well-being [17-19]. Mindfulness has been shown to
facilitate the development of an acceptance-based
approach to traumatic thoughts, thereby reducing
the impact of ruminative thought patterns [51]. In
addition, when intrusive thoughts inevitably arise,
mindfulness can increase the ability to tolerate
related emotional arousal by facilitating the
processing of distressing emotions[52]. Thefindings
of the study indicate that certain sub-dimensions of
mortality awareness, namely “mortality fearfulness”
and “mortality legacy’, predict STS. Therefore, these
sub-dimensions can be regarded as risk factors for
STS. When evaluated within the framework of TMT
[22,23], the awareness of inevitability of death may
increase the level of (death) anxiety in individuals.
In this way, it can be assumed that fear of death
intensifies STS reactions following exposure to
traumatic material by excessively depleting the
individual’s cognitive and emotional resources.

On the other hand, when examined the findings
of the present study, the necessity to establish a
mortality legacy has been observed to emerge
within the context of the individual’s pursuit of
continuity subsequent to death is found to be a
risk factor for STS symptoms. The mortality legacy
dimension is associated with the desire to create a
legacy to ensure survival after death, as well as the
endeavour to leave a lasting impression after death.
However, given the age range of the participantsin
this study, it can be assumed that this dimension has
not yet been fully developed. This incompleteness
has the potential to act as a significant source of
stress for the individual. Besides, this finding may
also be related to the magnitude of the earthquake.
In the face of the substantial destruction, it is
thought that individuals may have sought to
leave a record, yet found themselves powerless in
doing so. Therefore, this increased risk of STS due
to mortality legacy may be attributable to the
aforementioned feelings of helplessness.

Upon comprehensive consideration of all the
findings, it is imperative to identify individuals
who are predisposed to STS within the context
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of factors such as gender, the presence of past
traumatic experiences, and the extent of psychiatric
symptoms. The implementation of enhanced
monitoring strategies for these individuals during
the post-disaster phase has the potential to
prevent the chronicity of the problem. The findings
of this study also demonstrate that practices aimed
at cultivating mindfulness in individuals function
as a preventative and curative resource not only
for those who have been directly exposed to
trauma, but also for individuals who have been
indirectly exposed to traumatic content. Besides,
it is acknowledged that mortality awareness may
serve a significant role in elucidating psychological
responses to trauma experienced indirectly.
Therefore, findings postulated that integrated
practices of mindfulness and mortality awareness
within the intervention programs are assumed
to have a preventive role in terms of secondary
traumatization, especially in individuals who follow
media intensively after disasters.

The present research provides important findings
within limitations. Firstly, the majority of the
sample consists of women (83.3%) and young
adults who are university students or graduates.
This particular sample structure has the effect
of limiting the generalizability of the findings to
different age groups, socioeconomic levels or
occupational groups. In 1995, Porst and von Briel
posit that, in addition to personal and situational
factors, women are more likely to respond to
surveys due to altruism as cited in Becker’ study
[53]. Therefore, the higher number of female
participants in this study is consistent with this
finding. Secondly, the cross-sectional nature of
this study does not permit the establishment of
causal relationships between variables. The causal
relationships between predictive variables and
STS symptoms can be explained by conducting
longitudinal studies in future research. Utilization
of self-report data is another limitation for the
study including confinements to the boundaries of
social desirability.

Recommendations for future research

As previously stated, this study makes a
significant contribution to the existing literature
by demonstrating a relationship between STS
symptoms and an individual’s level of mindfulness.
The development of short-term, group and/
or online mindfulness-based psychoeducation

programs would be a valuable for individuals who
have been exposed to traumatic content through
the media, particularly in the aftermath of traumatic
events that have a societal impact. It is thought that
these programs can assist in improving emotion
regulation skills, reducing avoidant coping
strategies, and enhancing the psychological
resilience of the individuals. Alongside these
programs, mental health professionals can prepare
psychoeducational programmes for mass media
as part of public health initiatives. Furthermore,
TMT-based approaches or existential-based
interventions would be incorporated into these
psychoeducation programs to focus on awareness
of mortality of the target groups. In order to mitigate
the psychological impact on individuals, public
service announcements informing the public about
media use during disasters and about awareness of
exposure to traumatic content, and mental health-
based social media campaigns, can be prepared. To
sum up, the presence of past traumatic experiences
and the female sex are identified as risk factors for
STS. The creation of preventative psychological
support systems for these groups is recommended.
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Pseudomonas-driven amyloid storm: a tale of two cases with
rapidly progressive kidney injury
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) AA amyloidosis is a significant cause of chronic kidney disease and, if
Betll Ogut? untreated, often leads to progressive kidney damage. This study aims to

ORCID: 0000-0002-1385-7324 illustrate how AA amyloidosis can manifest as both slowly progressing
chronic kidney injury and rapidly progressive acute kidney injury
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We describe two patients experiencing an amyloid storm related to
Pseudomonas aeruginosa infection: one with bronchiectasis-related
amyloidosis and another with paraplegia and decubitus ulcer-related
amyloidosis. Clinical, laboratory, and kidney biopsy findings were
analyzed.
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Both cases demonstrated accelerated kidney failure within two weeks.
The first case involved chronic decubitus ulcers and osteomyelitis, while
the second had bronchiectasis with pneumonia. Despite infection
control and colchicine therapy, both patients experienced irreversible
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These cases underscore the importance of aggressive infection control
in preventing amyloid storm and highlight the interplay between
chronic inflammation and acute infections in AA amyloidosis.
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INTRODUCTION

AA amyloidosis, also known as reactive or secondary
amyloidosis, is a systemic disease resulting from
elevated hepatic production of serum amyloid A
(SAA), triggered by cytokine release—especially
interleukin-1 (IL-1)—from activated macrophages
[1,2]. It often arises secondary to genetic disorders
(e.g., familial Mediterranean fever), rheumatoid
arthritis, inflammatory bowel disease, connective
tissue disorders, or chronic infections (e.g.
osteomyelitis, decubitus ulcers, bronchiectasis) [3].
The kidney is a common target organ, with clinical
presentations often including nephrotic syndrome
[4]. While AA amyloidosis typically progresses
to chronic kidney disease unless the underlying
cause is adequately addressed, certain conditions
can precipitate rapid renal failure [4]. An amyloid

storm is a rare complication seen in patients
with amyloidosis. It describes a sudden and
overwhelming organ involvement by AA amyloid,
presumably driven by an acute inflammatory
trigger such as infection [5].

This report highlights two cases of AA amyloidosis
complicated by accelerated kidney failure within
two weeks. Both cases showed hallmark findings of
AA amyloidosis on kidney biopsy and Pseudomonas
aeruginosa infection. This study was conducted
by the Declaration of Helsinki and approved by
the Ethical Committee of Gazi University Faculty
of Medicine (approval number 2024-1115, 12 July
2024). Written informed consent was obtained
from all participants.
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CASE PRESENTATION

Case 1: Paraplegic male with decubitis ulcer

A 45-year-old male was admitted to the emergency
department with a one-month history of
progressively worsening pretibial edema and a
recurrent pressure ulcer over the right gluteal
region. His medical history included paraplegia
following a childhood traffic accident and surgical
intervention for the same decubitus ulcer ten years
ago. The ulcer was grade four with dark yellow
discharge and a seven-centimeter diameter wound.
The patient appeared pallor and cachectic and had
grade three pretibial edema (BP: 110/60 mmHg).

Laboratory tests revealed severe anemia
(hemoglobin: 7.8 g/dL), leukocytosis (13,700/pL
with 88.6% neutrophils), and markedly elevated
inflammatory markers (CRP: 242 mg/L, ESR: 130
mm/h). Renal function tests indicated acute
kidney injury with a serum creatinine of 5.2 mg/
dL and BUN of 38.9 mg/dL (Serum creatinine level
three months before admission was 1.0 mg/dL).
Hypokalemia (serum potassium: 2.7 mmol/L) and
hypoalbuminemia (serum albumin: 1.1 g/dL) were
also noted. Urinalysis showed nephrotic-range
proteinuria (+3 protein dipstick, urine protein-to-
creatinine ratio of 76,121 mg/qg).

Leukocyte scintigraphy indicated osteomyelitis
near the pressure wound, and wound cultures grew

Figure 1. Kidney biopsy findings of case 1. A) Hematoxylin and Eosin (H&E) staining demonstrating amorphous
eosinophilic material in the glomerulus. Glomerular tufts are expanded by acellular, eosinophilic, amorphous material
suggestive of amyloid. There is associated interstitial inflammation and tubular atrophy. B) Masson'’s Trichrome staining
of renal cortex reveals prominent mesangial expansion and sclerosis. There is moderate interstitial fibrosis and tubular
atrophy (IFTA) with collagen deposition (green staining). Glomeruli demonstrate mesangial matrix expansion. C)
Congo Red stain under bright-field microscopy showing amyloid deposits. Homogeneous, amorphous deposits are
seen in glomerular mesangium and vessel walls, consistent with amyloid deposition. D) Immunohistochemistry for
Serum Amyloid A (SAA) showing strong positive staining in glomerular and vascular deposits. There is diffuse, intense
SAA positivity in glomerular deposits, confirming the diagnosis of AA-type amyloidosis.
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Morganella morganii, Pseudomonas aeruginosa,
and Escherichia coli. Intravenous meropenem was
initiated.

The biopsy revealed positive staining for AA
amyloid, with  diffuse  polymorphonuclear
leukocyte-predominant tubulointerstitial
inflammation. Moderate tubular atrophy and
interstitial fibrosis were observed, along with 2/30
global glomerulosclerosis. These findings were
consistent with AA amyloidosis and ongoing acute
kidney injury (Figure 1).

Despite broad-spectrum antibiotics and colchicine
therapy, serum creatinine rose from 5.2 mg/dL
to 7.8 mg/dL over five days, accompanied by
worsening edema and refractory hyperkalemia.

A

Hemodialysis was initiated on day six. The patient
remains on thrice-weekly hemodialysis six months
post-discharge.

Case 2: Female with bronchiectasis

A 54-year-old female with bronchiectasis and
immotile cilia syndrome presented to the
emergency department with altered mental status
and worsening respiratory symptoms. Her medical
history included chronic bronchiectasis, occasional
NSAID use, and recurrent lower respiratory tract
infections.

Initial tests revealed mild renal impairment
(serum creatinine: 0.85 mg/dL, BUN: 22 mg/dL)
and elevated inflammatory markers (CRP: 197.2

Figure 2. Kidney biopsy findings of case 2. A) Hematoxylin and Eosin (H&E) staining showing glomerular involvement
by amyloid. Glomeruli appear expanded by acellular, pale eosinophilic material, with associated interstitial
inflammation and tubular atrophy. B) Congo Red staining under polarized light showing apple-green birefringence
of amyloid deposits. Glomerular and vascular deposits demonstrate characteristic apple-green birefringence under
polarized light, confirming the presence of amyloid. C) Congo Red staining under bright-field microscopy highlights
amorphous amyloid deposit in the glomeruli and vessel walls. D) Immunohistochemical staining for Serum Amyloid
A (SAA) protein demonstrates positive staining in glomerular amyloid deposits. Strong SAA immunoreactivity in

glomerular areas confirms the diagnosis of AA amyloidosis.
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mg/L, procalcitonin: 4.6 ng/mL). Hemoglobin was
13.9 g/dL, and leukocytosis was noted (15,590/
pL). Urinalysis demonstrated subnephrotic-range
proteinuria (2358 mg/day) and microscopic
hematuria (8 erythrocytes per high-power field).
Sputum culturesisolated Pseudomonas aeruginosa.
Chest CT revealed diffuse bronchiectasis with
pneumonic infiltrations in the right lower lobe.
Intravenous meropenem was initiated.

The biopsy showed positive staining for AA amyloid,
tubulointerstitial  mononuclear inflammation,
moderate tubular atrophy, and interstitial fibrosis
supporting the diagnosis of AA amyloidosis with
acute kidney injury. Additionally, 2/29 global
glomerulosclerosis was observed (Figure 2).

During hospitalization, serum creatinine rose
to 2.17 mg/dL. Proteinuria at presentation was
subnephrotic (2.4 g/day), which later progressed
into the nephrotic range during hospitalization.
Two months post-discharge, renal function
declined (serum creatinine: 3.14 mg/dL) despite
infection control and colchicine therapy.

DISCUSSION

AA amyloidosis arises from systemic deposition of
SAA protein, which increases dramatically during
acute inflammatory episodes [2]. Bronchiectasis,
hemiplegia, and decubitus ulcers may be associated
with amyloidosis through different mechanisms
[6,7]. Infectious triggers, particularly Pseudomonas
aeruginosa, are crucial in exacerbating this
process. Pseudomonas aeruginosa infection is a
potent inflammatory stimulus associated with
functional amyloid biogenesis, a process by which
bacterial amyloids can accelerate systemic amyloid
deposition [8]. This dual mechanism likely amplifies
the risk of amyloid storm, characterized by rapid
and severe kidney injury.

In these cases, the presence of Pseudomonas
aeruginosa coincided with significant elevations
in inflammatory markers such as CRP and
procalcitonin, driving an environment conducive to
accelerated SAA production and tissue deposition.
Furthermore, its involvement in chronic infections
such as bronchiectasis and osteomyelitis provides
a persistent source of inflammatory signaling,

increasing susceptibility to amyloidogenic triggers
[9,10]. Experimental studies have highlighted the
role of Pseudomonas aeruginosa in secreting curli-
like proteins that may directly interact with human
amyloid precursors, potentially accelerating the
aggregation process [8,10].

Clinically, the rapid renal decline observed in
both cases underscores the importance of early
identification and aggressive management of
Pseudomonas aeruginosa infections. Standard
antimicrobial treatments, while crucial, may not
fully address the downstream amyloidogenic
effects, suggesting a need for adjunct therapies
targeting SAA production or amyloid deposition.
Emerging research into anti-inflammatory agents,
SAA-targeted  therapies, and interventions
aimed at bacterial amyloid pathways could offer
new avenues for mitigating amyloid storm in
similar clinical scenarios. These findings suggest
that Pseudomonas aeruginosa is more than
an inflammatory trigger; it may play a direct
pathogenic role in the amyloidogenic cascade. As a
result, infection prevention strategies and the need
for multidisciplinary approaches to managing high-
risk patients with AA amyloidosis are important.

In conclsion these cases highlight the critical
role of Pseudomonas aeruginosa in precipitating
amyloid storm in patients with AA amyloidosis.
Its association with functional amyloid biogenesis
raises the possibility of directly contributing to
amyloidogenic processes beyond serving as an
inflammatory trigger. Preventing and promptly
treating Pseudomonas aeruginosa infections in
high-risk patients is essential to mitigate the risk
of catastrophic renal outcomes. Future research
should explore targeted therapies addressing the
infection and the amyloidogenic cascade.
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A case of tadalafil-induced fixed drug eruption
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Fixed drug eruption is a variant of adverse cutaneous drug eruptions
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which is characterized by the formation of dusky patches and plaques
involving the skin and mucosa, following the ingestion of certain

drugs such as non-steroidal anti-inflammatory drugs, metronidazole
and cotrimoxazole. Herein, we would like to report an unusual case of
tadalafil-induced fixed drug eruption.
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INTRODUCTION

Fixed drug eruption (FDE) is a type of cutaneous
adverse drug eruptions characterized by the
emergence of single or multiple erythematous-
to-purpuric, nummular patches and plaques after
exposure to certain drugs [1]. The skin lesions tend
to recur each time at the same localization with
the consumption of that particular medication [1].
The cutaneous eruption begins within weeks after
the drug exposure, however rapid reappearance of
the lesions occurs within 1 or 2 days following the
repeated ingestions. The most frequently affected
sites are limbs, hands, feet and mucosae [1]. A
study from France which encompassed three year
evaluation of FDE, paracetamol and other non-
steroidal anti-inflammatory drugs were the most
commonly implicated medications [1]. Herein, we
would like to report an uncommon case of FDE
following tadalafil ingestion.

Keywords: drug eruptions, phosphodiesterase 5 inhibitors, skin

CASE PRESENTATION

A 51-year old man was seen at the dermatology
outpatient clinic due to multiple, enlarging,
non-pruritic skin eruption seen upon the lower
extremities. The lesions had begun two days ago
in the form of small red papules which later turned
into hyperpigmented plaques. Dermatological
examination revealed multiple, well-circumscribed,
erythematous-to-purpuric patches and plaques
involving the lower legs and inner ankles (Figure
1). There were no associated pruritus or pain and
no mucosal involvement was present. The patient
did not have any other systemic disease and was
not using any regular medication. However one
day prior to the onset of the skin lesions, he took 5
mg tadalafil pill to enhance intercourse satisfaction.
He denied any other recent drug intake other than
tadalafil. The patient was using tadalafil on occasion
and he recalled that he had developed similar
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A Case of Tadalafil-Induced Fixed Drug Eruption

and pyknotic nuclei are seen in the epidermis. There is superficial and deep dermal perivascular lymphocytic and
eosinophilic infiltrate (H&E, x200). (B) Epidermal necrosis and colloid body formation are seen (arrowheads), and
dermal lymphocytic and eosinophilic infiltrate (blue arrows) (H&E, x400). (C) Dermal perivascular lymphocytic and
eosinophilic infiltrate (red arrows) (H&E, x400).
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eruption located at the same locations once again,
when he had taken tadalafil previously. Based on
the clinical history and dermatological examination
findings, FDE was the initial diagnosis. According
to the Naranjo Adverse Drug Reaction Probability
Scale [2], the present case received a total score
of 5 [Are there previous conclusive reports on this
reaction? (1 point); Did the adverse event appear
after the suspected drug was administered? (2
point); Did the adverse reaction improve when the
drug was discontinued? (1 point); Was the adverse
event confirmed by any objective evidence?
(1 point)] which points out to a ‘propable’ drug
reaction caused by tadalafil. Due to the feasibility
restrictions, we were not able to perform an oral
provocation or patch testing, which was the
limitation of the present report. Skin biopsy was
taken and histopathological examination showed
scattered necrotic keratinocytes with eosinophilic
cytoplasm and pyknotic nuclei in the epidermis,
a lichenoid infiltrate composed of lymphocytes
and eosinophils in dermis along with superficial
and deep dermal perivascular lymphocytic and
eosinophilicinfiltrate (Figure 2). The diagnosis of FDE
was confirmed. Topical application of mometasone
furoate ointment and urea-containing emollient for
two weeks resulted in the regression of the lesions;
minimal residual hyperpigmentation was noted at

the end of tenth day. The Informed consent was
taken from the patient for the publication of the
case details.

DISCUSSION

FDE is a sort of delayed-type of hypersensitivity
reaction which is mediated by CD8+ memory cells
settled in the epidermis [3]. The distinctive feature
of FDE is the repetition of the erythematous,
hyperpigmented or bullous skin lesions at the
same body localization following the exposure
of a particular drug. According to a 20-year cross-
sectional study which included 191 patients from
Turkiye; cotrimoxazole, naproxen, metronidazole/
ornidazole, piroxicam/tenoxicam and dipyrone
were among the most common causative drugs of
FDE [4]. Another study which investigated 182 adult
FDE patients from Tirkiye between the years 1996-
2018, showed that non-steroidal anti-inflammatory
drugs and trimethoprim-sulfamethoxazole were
the most frequently blamed agents [5]. Tadalafil is
a phosphodiesterase-5 inhibitor generally used for
erectile dysfunction or increasing coital pleasure
and erection time.Tadalafil-induced FDE cases were
reported rarely in the literature; the clinical features

Table 1. The summary of the some reported tadalafil-induced fixed drug eruption in literature with comparison to

the present case

Parameter The present study Bjekic et al. [6] Sarawgi & Rudra [7] |Zhangetal.[8] |Das etal.[3]
Age (years) 51 30 46 29 Case 1:36
Case 2:17
Sex Male Male Male Male Male
Recurrent drug Yes Yes Yes Yes Case 1:Yes
€xposure Case 2: Yes
Multiple/single Multiple Multiple Multiple Multiple Case 1:Multiple
lesions Case 2: Single
Localization of skin | Lower extremities, Penile shaft, oral Lip, chest, back, Oral mucosa, Case 1: Glans
lesions ankles mucosa, elbow, elbow, | upper and lower arm, legs, penis, | penis
periorbital lesion extremities, genitalia, | hand and feet Case 2: Tongue
buttocks
Time between the | 24 hours - A few days Hours Case 1: Aday
drug exposure and Case 2: -
skin eruption
Any accompanying | None Mild pruritus Itch and mild pain Pain Case 1: Mild
symptom tender
Case 2: Mild
pain

Intervention Topical mometasone
furoate ointment
and urea-containing

emollients gel

Topical corticosteroid
therapy and gingival
hyaluronic acid 0.2%

Case 1: A low
potent topical
steroid

Case 2: N/A

Oral prednisolone Topical
triamcinolone

0.1% ointment
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along with the characteristics of the some patients
reported in the literature are shown in Table 1. The
offending drugs such as cotrimoxazole, naproxen
and tadalafil act as haptens that attach to the
basal keratinocytes and create an inflammatory
response by inducing CD8+ T cell expansion and
production of cytokines [3]. As clearly seen Table
1, the elapsed time between the start of FDE and
drug exposure is usually short (hours to a few
days) and skin lesions tend to be multiple [3-
8], even though a case reported by Das et al. [3]
presented by a single erosion upon the corner of
the tongue. Even though, no mucosal involvement
is observed in our patient, the reported cases in
the literature presented with one or more mucosal
site involvement [3-8]. Therefore, FDE can easily
be confused with venereal diseases, autoimmune
bullous diseases and other drug eruptions such
as Stevens-Johnson syndrome. The accurate
diagnosis of FDE along with abrupt interruption
of the offending medication is significant in the
management of FDE.

All in all, we would like to emphasize that tadalafil
can be a cause of FDE by inducing the formation of
recurrent, fixated violaceous to hyperpigmented,
nummular patches and plaques involving the skin
and mucosa.
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