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Large Language Models and Male Circumcision: A
Reliability Assessment
@ Ismail Ulus™, ® Gokhan Ceker**, ® Ibrahim Hacibey**

*University of Health Sciences Tirkiye, Bagcilar Training and Research Hospital, Clinic of Urology, Istanbul, Ttrkiye
**University of Health Sciences Turkiye, Basaksehir Cam and Sakura City Hospital, Clinic of Urology, Istanbul, Ttrkiye

Abstract

Aim: Male circumcision remains routine in some countries for neonatal or religious reasons; however, it continues to be the subject of
ongoing debate concerning its health benefits, potential risks, and implications for bodily autonomy. This study aims to evaluate the
reliability of patient-facing content generated by four widely used large language models (LLMs) on various aspects of male circumcision.

Methods: A search regarding LLMs was conducted using 20 standardized questions on 10 May 2025. Responses from ChatGPT,
Copilot, Gemini, and Perplexity were evaluated by three independent experts. Inter-rater reliability was assessed with the intraclass
correlation coefficient, and model performance differences were analyzed using Kruskal-Wallis tests with Bonferroni correction.

Results: Inter-rater reliability was strong, with an intraclass correlation coefficient of 0.79 (p<0.001). Perplexity demonstrated statistically
significant lower performance compared to ChatGPT, Copilot, and Gemini when evaluated across the thematic domains (p<0.001).
Similarly, Perplexity performed statistically significantly worse than the other models across the criteria of clarity, structure, utility, and
factual accuracy (p<0.001).

Conclusion: Gemini and Copilot were the top performers across both thematic domains and evaluation criteria, highlighting substantial
differences among LLMs in their ability to provide accurate and well-structured medical information regarding male circumcision. While
ChatGPT shows promise for patient guidance, the inconsistent performance of models such as Perplexity highlights the need for
cautious implementation and continuous oversight in healthcare communication.

Keywords: Male circumcision, large language models, patient education

Introduction

Male circumcision, one of the oldest and most
widely performed surgical procedures worldwide, holds
significant cultural, religious, and medical importance (1).
While deeply rooted in tradition for many communities,
the medical indications and ethical implications of male
circumcision remain subjects of ongoing debate and
divergent perspectives within the healthcare community
(2).

The digital age has ushered in an era in which patients
increasingly seek health-related information through
online resources, a trend further amplified by the rapid
emergence of large language models (LLMs) that offer

seemingly instant guidance (3). From chatbots delivering
immediate responses to search engine algorithms curating
vast repositories of medical content, artificial intelligence
(Al)israpidly emerging as a powerfulintermediary in patient
education and healthcare decision-making (4). However,
this growing reliance on LLM-driven information raises
critical concerns, particularly in the context of sensitive
and frequently debated topics such as male circumcision,
where misinformation can significantly impact individual
health decisions and overall well-being (5).

This article aims to address this pressing concern by
critically evaluating the reliability of Al powered patient
guidance on male circumcision. We hypothesized that
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LLMs may be insufficient in providing accurate information
on male circumcision and that significant performance
differences may exist among LLMs. This study evaluates the
accuracy, completeness, and potential biases embedded in
the information provided by various Al platforms.

Materials and Methods

Compliance with Ethical Standards

As this study is based solely on Al-generated responses
and does not involve human participants or the use of
personal data, ethical committee approval was waived.

Study Design and Questionnaire

This cross-sectional study evaluated the responses
generated by four Al models, ChatGPT (GPT-4.5), Microsoft
Copilot, Google Gemini 2.5, and Perplexity Al, in response
to a set of 20 questions on 10 May 2025. These questions,
covering the medical, cultural, and psychological aspects
of male circumcision, are primarily based on the technical
report of the American Academy of Pediatrics Task Force
on Circumcision (Table 1) (6). To minimize search bias
associated with user history and personalized content, the
searches were conducted without signing into Al platform
accounts and using the incognito mode of the Google
Chrome web browser. Responses were assessed and

Table 1. List of questions

Medical indications and benefits

1. What are the medical benefits of male circumcision?

2. Is circumcision effective in preventing urinary tract infections?
3. Does circumcision reduce the risk of HIV or other sexually
transmitted infections?

4. Can circumcision prevent penile cancer?

Risks and complications

5. What are the potential risks and complications of circumcision?

6. Is circumcision painful? How is pain managed during and after the
procedure?

7. Can circumcision lead to erectile dysfunction or sexual problems?
8. What are the signs of complications after circumcision?

Myths and misinformation

9. Does circumcision cause infertility?

10. Can circumcision reduce sexual pleasure or sensation?
11. Is it true that circumcision makes the penis longer?
12. Can the foreskin grow back after circumcision?

Lifestyle and patient concerns

13. How long is the recovery after adult circumcision?

14. When can | resume sexual activity after circumcision?
15. What kind of daily hygiene is needed after circumcision?
16. Is adult circumcision safe and common?

Pediatric and cultural aspects

17. Should newborns be circumcised? What are the pros and cons?
18. What are the cultural or religious reasons for circumcision?

19. Is it ethical to circumcise children who cannot consent?

20. Are there any alternatives to circumcision for medical conditions
like phimosis?

HIV: Human immunodeficiency virus
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compared by three independent experts with extensive
knowledge and experience in the field, using predefined
evaluation criteria.

The questions were categorized into five thematic
domains: “Medical Indications and Benefits”, “Risks
and Complications”, “Myths and Misinformation”,
“Lifestyle and Patient Concerns”, and “Pediatric and
Cultural Aspects”. Each thematic domain comprises four
guestions that comprehensively explore the topic of male
circumcision from both medical and social perspectives.

Evaluation of Responses

The responses generated by the Al models were
evaluated based on the following criteria:

Relevance: the extent to which the response was
appropriate and aligned with established medical evidence,

Clarity: the degree to which the information was clearly
and understandably communicated.

Structure: the logical organization and coherence of
the response, Utility: the usefulness of the information for
patient education and general guidance.

Factual Accuracy: the consistency of the response with
verified medical facts. Each criterion was assessed using a
five-point Likert scale, with scores ranging from 1 (lowest)
to 5 (highest).

Statistical Analysis

Statistical analyses were conducted using SPSS
software, version 29.0 (IBM Corp., Armonk, NY, USA).
The normality of variable distributions was evaluated
using the Kolmogorov-Smirnov and Shapiro-Wilk tests,
complemented by visual assessments through quantile-
quantile plots and histograms. Comparisons of scores
among the Al groups were performed using the Kruskal-
Wallis test. For variables showing statistically significant
differences, post-hoc pairwise comparisons were
conducted using the Bonferroni correction to adjust
for multiple testing. A p-value of <0.05 was considered
statistically significant for all analyses.

Results

Inter-rater reliability among the three independent
expert reviewers was assessed using a two-way mixed-
effects model based on absolute agreement. The analysis
yielded an intraclass correlation coefficient of 0.79 (95%
confidence interval: 0.711-0.868), indicating good inter-
rater agreement among the reviewers (p<0.001).

When overall thematic scores were aggregated, Gemini
and Copilot emerged as the top performers, each achieving
a mean score of 4.65. ChatGPT performed moderately
with a mean score of 4.40, while Perplexity consistently
underperformed, recording a total mean score of 4.06.
These differences were statistically significant (p<0.001)
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Table 2. Comparative evaluation of Al model performance across thematic domains
ChatGPT Gemini Copilot Perplexity p-value
Medical indications and benefits 4.40+0.38 4.53+0.44 4.25+0.90 4.40+0.48 0.798
Risks and complications 4.40+0.45%¢ 4.48+0.442 4.80+0.25° 3.95+0.54¢ <0.001
Myths and misinformation 4.43+0.572° 4.68+0.37° 4.78+0.26° 4.10+0.66° 0.003
Lifestyle and patient concern 4.40+0.45° 4.65+0.29° 4.63+0.22° 3.98+0.60° <0.001
Pediatric and cultural aspects 4.38+0.392 4.90£0.21° 4.80+0.25° 3.88+0.65° <0.001
Total 4.40+0.44° 4.65+0.38° 4.65+0.49° 4.06+0.60° <0.001
Different superscript letters indicate statistical significance between groups
Al: Artificial intelligence
(Table 2). 56
Within the medical indications and benefits domain, 450
Gemini obtained the highest mean score, while Copilot 4,00
recorded the lowest; however, the differences among the 3,5
models were not statistically significant (p=0.798) (Figure 3,00
1). Copilot received the highest scores in the risks and 25
complications domain, followed by Gemini and ChatGPT, 2,0
while Perplexity demonstrated the weakest performance, 150
receiving significantly lower ratings compared to the 100
other models (p<0.001). In the myths and misinformation 050
0,00

domain, Copilot and Gemini outperformed ChatGPT and
Perplexity (p=0.003).

In the lifestyle and patient concerns domain, Gemini
and Copilot demonstrated strong and comparable
performance, whereas Perplexity exhibited a marked
decline. The differences among the models in this domain
were statistically significant (p<0.001). Performance in
the pediatric and cultural aspects domain also varied
significantly across models, with Gemini achieving the
highest score, closely followed by Copilot, while ChatGPT
and, particularly, Perplexity received lower evaluations in
this area (p<0.001).

In addition to the thematic domains, the models were
evaluated based on five global evaluation criteria: relevance,
clarity, structure, utility, and factual accuracy (Figure 2).
Under the clarity criterion, Gemini and Copilot were rated
as the most comprehensible, while Perplexity received
significantly lower scores, indicating weaker performance
in effectively conveying information (p<0.001) (Table 3). In
terms of structural coherence, Copilot achieved the highest
ratings for organization and logical flow, followed closely
by Gemini, while Perplexity was rated significantly lower,
indicating marked differences across the models (p<0.001).

The utility of the responses varied significantly
among the models (p<0.001), with Gemini and Copilot
providing the most practically useful information for
patient guidance, while ChatGPT and Perplexity received
lower utility scores. Perplexity received the significantly
lowest rating for factual accuracy, highlighting concerns
about the reliability of its responses in conveying accurate
medical information (p<0.001).
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Pediatric &
Cultural Aspects

Medical Risks & Myths & Total
Indications & Complications Misinformation

Benefits

Lifestyle &
Patient
Concerns

ECHATGPT mGEMINI mCOPILOT PERPLEXITY

Figure 1. Mean scores of Al models across thematic domains
Al: Artificial intelligence

—— ChatGPT
— Gemini
—— Copilot
—— Perplexity

Relevance

Figure 2. Radar chart comparing the performance of Al models
across evaluation criteria
Al: Artificial intelligence
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Table 3. Comparative evaluation of Al model performance across evaluation criteria

ChatGPT Gemini Copilot Perplexity p-value
Relevance 4.85+0.24 4.90+0.26 4.83+0.47 4.73+0.38 0.279
Clarity 4.30+0.34° 4.55+0.43° 4.55+0.43° 3.95+0.36° <0.001
Structure 4.30£0.38° 4.55+0.36° 4.63+0.46° 3.73+0.53° <0.001
Utility 4.05£0.46° 4.50+0.40° 4.53+0.53° 3.60+0.50° <0.001
Factual accuracy 4.50+0.36° 4.73+0.34° 4.73+0.57° 4.3+0.47° <0.001
Total 4.40£0.44° 4.65+0.38° 4.65+0.49° 4.06x0.60¢ <0.001
Different superscript letters indicate statistical significance between groups
Al: Artificial intelligence

Discussion

This study presents a comprehensive comparative
analysis of four LLMs in the generation of patient-facing
educational content on male circumcision. The findings
reveal that, although all models generated responses
that were topically relevant, their performance varied
substantially across the domains of clarity, structural
organization, practical utility, and factual accuracy. Gemini
and Copilot emerged as the most consistent and reliable
in conveying medically and culturally sensitive information,
whereas Perplexity demonstrated significantly lower
performance across these domains.

The reliability of our expert evaluation was supported
by a strong interrater agreement, consistent with
established standards in LLM benchmarking and health
communication research. While all models demonstrated
high relevance scores, relevance alone proved to be an
insufficient indicator of overall communication quality.
Recent studies have shown that LLMs are prone to
generating “hallucinated” content, plausible-sounding yet
incorrect or fabricated information, particularly in complex
and high-stakes domains such as medicine (7). This
limitation underscores the importance of robust evaluation
frameworks that extend beyond surface-level relevance.
Effective patient education relies not only on topical
alignment but also on the accuracy, structural clarity, and
practical utility of the information and criteria that only a
subset of the models in our analysis consistently fulfilled.

Emerging literature further corroborates the variable
performance of Al in healthcare communication,
highlighting both its potential and its limitations in
generating accurate, patient-centered dialogue. Huang et
al. (4) examined the diagnostic capabilities of chatbots,
identifying significant limitations in their ability to manage
clinical uncertainty and complex case scenarios. Similarly,
Menz et al. (5) highlighted the risks associated with Al-
generated health misinformation, advocating for rigorous
oversight in clinical settings to mitigate potential harms.

Our study found that Copilot particularly excelled in
dispelling misconceptions and explaining complications,
as evidenced by its strong performance in the risks and
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complications as well as the myths and misinformation
domains. These findings align with those of Anisuzzaman
et al. (8), who demonstrated that domain-specific fine-
tuning and interface design substantially impact the
performance of LLMs in detecting health misinformation.

Gemini's superior performance in the pediatric and
cultural aspects domain is noteworthy and suggests the
benefits of enhanced contextual training tailored to these
areas. This finding is consistent with observations by Kung
et al. (9), who reported that newer-generation LLMs
outperform earlier versions such as GPT-3.5 in United States
Medical Licensing Examination style medical reasoning,
particularly in tasks requiring nuanced communication.

In contrast, Perplexity’s suboptimal performance,
particularly in the areas of structural organization, clarity,
and factual accuracy, raises important concerns regarding
its readiness for deployment in healthcare-related
applications. This supports the concerns raised by Thorp
(10), who emphasized the unpredictability and opacity of
LLMs in generating clinical advice.

Although ~ ChatGPT  demonstrated  moderate
performance, particularly in terms of factual accuracy, it
lagged Copilot and Gemini in overall utility and the quality
of patient-oriented communication. This discrepancy aligns
with prior research indicating that even advanced LLMs
often struggle to balance clinical precision with readability
and empathetic tone in patient-facing communications
(3). Empathetic communication has been shown to
significantly enhance patient trust and engagement, but
current LLMs remain limited in their ability to simulate
empathetic dialogue in a manner that is both medically
appropriate and contextually sensitive (11).

Considerable confusion exists among patients and
individuals seeking health-related information regarding
the reliability of available Al-based sources, and the spread
of misinformation may lead to adverse health outcomes.
Developing open-access health information content based
on standardized guidelines, along with its classification
according to specific purposes, is critically important.
Future research may focus on designing alternative
platforms to address this need.



Ulus et al. Assessing LLMs Accuracy in Male Circumcision

Study Limitations

Several limitations warrant consideration. The
evaluation was restricted to English-language content
and did not incorporate assessments of emotional tone
or potential biases in the models’ outputs. Moreover,
responses were evaluated in a controlled setting rather
than through real-time user interactions, which may limit
the ecological validity of our findings. Additionally, we did
not examine the impact of Al-generated responses on
patient decision-making, an important area that warrants
future investigation. Given that algorithmic guidance can
significantly influence user decision-making, even when the
information provided is flawed or overly simplistic, further
investigation into the behavioral impact of Al-generated
content is warranted (12). The integration of intelligent
systems into healthcare delivery will inevitably necessitate
the development of new frameworks for accountability,
transparency, and ethical oversight (13).

Conclusion

This investigation underscores the critical importance of
evaluating the role of Al in shaping patient understanding
of male circumcision in the digital era. Our assessment
reveals that, although Al tools provide accessible medical
information, their reliability remains variable. Gemini and
Copilot demonstrated significantly superior performance
across both thematic domains and evaluation criteria,
whereas Perplexity lagged behind in all assessments. While
Al can serve as a valuable adjunct for medical guidance,
it should not replace the clinical judgment of healthcare
professionals. Further research is needed to explore the
broader implications of Al in healthcare and to develop
strategies for its responsible and ethical deployment.
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Abstract

Aim: Considering the increasing incorporation of artificial intelligence (Al) in healthcare, it is crucial to comprehend the advantages
and constraints of these technologies within ophthalmologic settings for their secure and efficient clinical utilization. This study aims
to comprehensively assess the efficacy of three leading Generative Pre-trained Transformer (GPT) -based platforms in providing clinical
decision-support for retinal detachment (RD).

Methods: This cross-sectional comparative study was conducted between April 2024 and May 2024. Fifty questions were created
based on the American Academy of Ophthalmology “Retina Book”, specifically targeting RD. The answers were produced by three
different platforms and assessed by three independent reviewers who used Likert scales to evaluate their comprehensiveness and
accuracy. Six readability metrics, including the Flesch-Kincaid Grade Level (FKGL) and Flesch Reading Ease Score (FRES), average words
per sentence, average syllables per word, total sentence count, and total word count, were assessed.

Results: Gemini earned the most outstanding results for comprehensiveness (4.11+0.72) and accuracy (1.49+0.61), followed by
ChatGPT and Copilot. ChatGPT had superior readability metrics, achieving an FKGL of 15.62+2.85 and a FRES of 62.54+12.34,
establishing it as the most accessible platform. ChatGPT demonstrated significantly higher performance compared to other platforms
in the metrics of average syllables per word (p=0.0421) and total word count (p=0.0115). At the same time, no significant differences
were found among the platforms in the metrics of average words per sentence (p=0.0842) and total sentence count (p=0.1603).
Intraclass correlation coefficient (ICC) values indicated strong inter-rater agreement for comprehensiveness (ICC >0.74) and moderate-
to-high agreement for accuracy (ICC >0.56).

Conclusion: Gemini's detailed and accurate responses position it as a robust tool for professional use, while ChatGPT's superior
readability makes it suitable for patient education. These findings emphasize the synergistic advantages of Al platforms in research and
development management and show the necessity for hybrid systems that integrate accessibility with accuracy.

Keywords: Artificial intelligence, readability, ophthalmology, retina, retinal detachment

Introduction

Retinal detachment (RD) is an urgent condition
in ophthalmology that can lead to vision loss if not
treated appropriately (1). This disorder, characterized
by the detachment of the neurosensory retina from the
retinal pigment epithelium, requires prompt clinical and
surgical care. Clinical decision-making in RD generally
entails synthesizing intricate information and performing

comprehensive assessments. The significance of artificial
intelligence  (Al) -supported Generative Pre-trained
Transformer (GPT) platforms in delivering information and
facilitating decision-making has attracted growing interest.

Comprehensiveness denotes the degree to which a
platform delivers a thorough answer to a clinical prompt.
Accuracy, simultaneously, relates to the scientific and
clinical alignment of the response with information.

Corresponding Author: Abdullah Agin, MD, University of Health Sciences Trkiye, Istanbul Haseki Training and Research Hospital, Clinic of Ophthalmology,

Istanbul, Turkiye
E-mail: abdullahagin@gmail.com ORCID: orcid.org/0000-0001-7173-8617

Received: 05.02.2025 Accepted: 19.06.2025 Epub: 12.08.2025 Publication Date: 29.08.2025

Cite this article as: Agin A, Ozturk Y, Kivrak U. Harnessing generative pre-trained transformer technology for clinical decision-support in retinal detachment. Med

Bull Haseki. 2025;63(3):128-134

@@@@ “Copyright 2025 The Author. Published by Galenos Publishing House on behalf of Istanbul Haseki Training and Research Hospital.
BY Ne Mo This is an open access article under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-NC-ND) International License.

128


https://orcid.org/0000-0001-7173-8617
https://orcid.org/0000-0002-8520-0073
https://orcid.org/0000-0003-1694-6864

Agin et al. Clinical Artificial Intelligence for Retinal Detachment

The readability levels of the responses were evaluated
using metrics like the Flesch-Kincaid Grade Level (FKGL)
and the Flesch Reading Ease Score (FRES). Measuring
these parameters enables a multifaceted understanding
of each platform'’s capability to deliver information.

The application of Al, supported by GPT platforms,
in the medical field emerges as a novel and dynamic
area of interest in the literature (2,3). This study
provides critical insights into the potential impact of
contemporary technologies on clinical decision-support
systems and evaluates the role of these platforms in the
dissemination of medical knowledge. In this work, we
conducted a comparative evaluation of the performance
of GPT platforms concerning the urgent condition of RD,
employing a methodologically updated approach (4,5).
We hypothesized that the performance of GPT -based
platforms would vary significantly in terms of accuracy,
depth, and readability when applied to clinical questions
related to RD.

Materials and Methods

This study was designed as a cross-sectional comparative
analysis. This study seeks to evaluate the performance of
three distinct GPT platforms [ChatGPT (GPT-4, OpenAl,
accessed April 2024), Microsoft Copilot (powered by GPT-
4, via Edge-Browser, accessed April 2024), and Google
Gemini (Gemini Advanced, based on Gemini 1.5 Pro,
accessed April 2024)] using 50 questions sourced from
chapter 13 (RD and other RD) of the American Academy
of Ophthalmology’s “Retina and Vitreous” textbook (BCSC
Section 12, 2022-2023) (6) (Supplementary Document 1).
Sample prompts included: (1) “What are the main surgical
indications for RD?"” and (2) “How is rhegmatogenous
RD differentiated from exudative RD?” All prompts
were manually input using the default interface of each
platform. Responses were generated without follow-
up questions or user interactions. Each prompt was
submitted independently, and responses were collected in
their default format without editing.

Three vitreoretinal surgeons (AA, YO, UK) evaluated
these questions in terms of their ability to provide
comprehensive information on RD, to answer accurately,
and to ensure readability The study represents a
significant step toward better understanding the potential
use of these platforms in medical information delivery and
patient care. The answers to these inquiries were obtained
by soliciting the most comprehensive responses from
three GPT platforms. Three separate evaluators assessed
the thoroughness and precision of these responses
according to the scoring standards outlined below;
then, the mean scores were computed. No ethics review
committee approval was required, as this study did not
access protected patient information.
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Comprehensiveness

The definitions of the Likert scores were as follows:
(1=very incomprehensible or very dissimilar to physician
response; 2=incomprehensible or dissimilar to physician
response; 3=somewhat comprehensive or somewhat
like a physician response; 4=comprehensive or similar to
physician response; 5=very comprehensive).

Accuracy

-Two or “Very poor”: responses contain at least two
pieces of incorrect information. -One or “Poor”: responses
contain one piece of incorrect information. Zero: no
response. GPT platforms responded to every prompt,
resulting in no scores of 0. 1 or “Good”: responses
are medically accurate but incomplete. Two or “Very
good”: responses are medically accurate. Furthermore,
six readability metrics were evaluated using an online
application.

The parameters comprised the FKGL, FRES, average
words per sentence, average syllables per word, total
sentence count, and total word count. Outcomes were
compared across the three GPT platforms.

Statistical Analysis

The statistical studies were conducted using Statistical
Package for the Social Sciences version 25 (IBM, Chicago,
IL, US). Descriptive statistics were calculated, including
the mean, standard deviation, minimum, and maximum
values for each metric, as well as the median. A one-way
analysis of variance (ANOVA) was performed to evaluate
differences among the groups (ChatGPT, Microsoft Copilot,
and Google Gemini) for each statistic. The post-hoc Tukey’s
Honestly Significant Difference Test was applied to identify
group differences after significant disparities were found.
The intraclass correlation coefficient (ICC) was calculated
to assess inter-observer agreement on comprehensiveness
and accuracy ratings among three raters for each platform.
A two-way random effects model and single-rater
consistency were used for the ICC calculations, with results
shown alongside 95% confidence intervals. A p-value of
less than 0.05 was accepted as statistically significant.

Results

Comprehensiveness and Accuracy

Table 1 displays the descriptive data for
comprehensiveness and accuracy scores across the
various platforms. Gemini earned the highest average
comprehensiveness score of 4.11+£0.715, whereas
ChatGPT recorded a score of 3.61+0.795. In terms of
accuracy, Gemini again led with 1.49+0.607, whereas
Copilot scored the lowest average of 1.11+£0.647. These
results indicate statistically significant differences (ANOVA,
F=7.653, p=0.00069 for comprehensiveness; F=5.993,
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p=0.0031 for accuracy). The post-hoc analysis (Table 1)
showed that the difference was due to Gemini's better
performance. Figure 1 illustrates the comparative scores
for comprehensiveness and accuracy among the ChatGPT,
Copilot, and Gemini platforms.

Readability and Word Metrics

Table 2 outlines the readability and lexical metrics
for the platforms, including FKGL, FRES, average words
per sentence, syllables per word, and the total count of
sentences and words. ChatGPT gained superior readability
scores (FKGL=15.62+2.85, FRES=62.54+12.34), exceeding
those of Copilot and Gemini. Analysis of variance revealed
significant differences in FKGL (F=6.87, p=0.0012)
and FRES (F=4.32, p=0.0168), with post-hoc tests
demonstrating that ChatGPT exhibited superior readability
scores compared to Gemini and Copilot. Although Gemini
had marginally inferior readability metrics, it delivered
more comprehensive responses, as evidenced by its word
and sentence counts (23.4+8.1 sentences and 330.5+68.4
words). Figure 2 illustrates the readability metrics (FKGL
and FRES) for the three platforms.

Inter-rater Reliability

The ICC values for comprehensiveness were 0.823 for
ChatGPT, 0.856 for Copilot, and 0.741 for Gemini. The
ICC scores for accuracy were 0.569 for ChatGPT, 0.782
for Copilot, and 0.745 for Gemini. Figure 3 shows the ICC
for both comprehensiveness and accuracy, highlighting
significant agreement among the raters.

Overall Performance

The thorough examination highlights Gemini's
superiority in both comprehensiveness and precision,
but ChatGPT wins in readability measures. The data
collectively underscore the performance diversity among
GPT platforms and indicate that Gemini may be more
appropriate for applications necessitating precise and
comprehensive medical information, especially for RD.

Discussion

Our comparative analysis revealed distinct strengths
and weaknesses across GPT -based platforms when
applied to RD -specific clinical questions. These differences
(particularly the trade-off between factual depth and
linguistic clarity) highlight practical considerations for
platform selection based on user type (specialist vs.
patient). The research evaluates these platforms on
their comprehensiveness, accuracy, and readability,
emphasizing their potential roles in clinical decision-
support. Each platform’s unique profile suggests context-
dependent utility, for example, Gemini for clinical precision
and ChatGPT for public communication. Large language
models (LLMs) have begun to reshape ophthalmology
workflows, especially in patient communication and rapid
information retrieval. Recent studies have emphasized
the efficacy of several LLMs, such as ChatGPT, Microsoft
Copilot, and Google Gemini, in delivering precise and
thorough solutions to clinical concerns.

Table 1. Comprehensiveness and accuracy scores

Metric ChatGPT Copilot Gemini ANOVA ANOVA Post-hoc significant
(Mean * SD) (Mean £ SD) (Mean % SD) F-value p-value differences
Comprehensiveness | 3.610.795 3.53+0.891 4.11£0.715 7.653 0.00069* | ChatGPT<Gemini
Copilot<Gemini
Accuracy 1.40+0.481 1.11+0.647 1.49+0.607 5.993 0.0031* Copilot<Gemini
*:Statistically significant
GPT: Generative Pre-trained Transformer, SD: Standard deviation, ANOVA: Analysis of variance
Table 2. Readability and word metrics
Metric ChatGPT Copilot Gemini ANOVA ANOVA Post-hoc significant
(Mean £ SD) | (Mean £SD) | (Mean £SD) | F-value p-value differences
imen: . ChatGPT>Gemini
FKGL (Flesch-Kincaid) 15.62+2.85 14.13+3.12 13.87+2.90 6.87 0.0012 ChatGPT>Copilot
FRES (Flesch score) 62.54+12.34 | 59.18+14.32 57.49+13.87 4.32 0.0168* ChatGPT>Gemini
Average words per sentence 14.67+3.21 13.48+3.12 13.21+3.05 2.51 0.0842 None
. ChatGPT>Gemini
Average syllables per word 1.89+0.34 1.76+0.32 1.72+0.29 3.22 0.0421 ChatGPT>Copilot
Total sentence count 25.3+8.4 22.7¢7.9 23.4+8.1 1.87 0.1603 None
. ChatGPT > Gemini,
Total word count 375.6+65.3 340.2+72.8 330.5+68.4 4.78 0.0115 ChatGPT > Copilot

*:Statistically significant

FKGL: Flesch-Kincaid Grade Level, FRES: Flesch Reading Ease Score, GPT: Generative Pre-trained Transformer, SD: Standard deviation, ANOVA: Analysis of variance
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Comprehensiveness and Accuracy Scores by Platform
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Figure 1. Comprehensiveness and accuracy scores by platform

Copilot

Gemini

Bar graph illustrating the mean comprehensiveness and accuracy scores assigned to responses generated by ChatGPT, Microsoft
Copilot, and Google Gemini. Comprehensiveness was evaluated based on the breadth and depth of information, while accuracy
reflected clinical correctness. Gemini demonstrated the highest comprehensiveness, while ChatGPT achieved relatively better accuracy

than Copilot
GPT: Generative Pre-trained Transformer

Readability Metrics by Platform

ChatGPT

Figure 2. Readability metrics by platform

Copilot

Gemini

Bar graph comparing readability scores of responses from the three GPT -based platforms using Flesch-Kincaid Grade Level (FKGL)
and Flesch Reading Ease Score (FRES). ChatGPT achieved the highest FRES (i.e., easiest to read), whereas Gemini's content was more

complex linguistically, reflected in lower FRES and higher FKGL scores

The ramifications of these findings transcend simple
performance measurements; they provoke essential
inquiries regarding the application of LLMs in clinical
environments. The implementation of Al-driven chatbots
in patient triage has demonstrated potential. However,
problems concerning the safe and effective adoption of
measures, including ethical considerations, confidentiality,
and physician responsibility, must be resolved (2,3).
Moreover, the capacity of these models to aid in
diagnosing disorders, as evidenced by research in neuro-
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ophthalmology and keratoconus, suggests their potential
to enhance clinical practice, especially in regions with
restricted access to specialists (3,7).

Furthermore, the efficacy of LLMs in educational
settings, particularly in delivering preoperative information
to patients undergoing ophthalmological procedures,
has been examined. A comparison study showed that
ChatGPT offers significantly more accurate responses than
similar tools, highlighting its value as a reliable resource
for patient education (4). This is especially important
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Inter-Rater Reliability by Platform
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Figure 3. Inter-rater reliability by platform
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Inter-rater reliability was measured using intraclass correlation coefficients (ICCs) for comprehensiveness and accuracy ratings across
ChatGPT, Copilot, and Gemini. Intraclass correlation coefficient values >0.75 indicate good reliability. Copilot showed the highest
agreement among reviewers for both parameters, while ChatGPT had strong agreement on comprehensiveness

GPT: Generative Pre-trained Transformer

in ophthalmology, where a patient’s grasp of intricate
procedures can directly affect treatment results and
compliance with medical recommendations.

The clarity of responses produced by these models
is a crucial element that affects their efficacy. Research
indicates that whereas specific models generate more
precise information, they may also offer responses that
are challenging for patients to comprehend (8). This
underscores the imperative for continuous enhancement
of LLMs to guarantee that they deliver correct information
in a way that is comprehensible to a general audience.
Readability measures like FKGL and FRES are essential tools
that enable developers to customize responses for various
patient populations. Alongside the technical capabilities
of LLMs, the human aspect is crucial in the therapeutic
environment. The capacity of Al to function as a reliable
intermediary between physicians and patients has been
investigated, although the details of these findings are
not specified here. In contrast, LLMs can improve patient
education, but they must not supplant the nuanced
comprehension and empathy inherent in human clinicians
(9). The equilibrium between utilizing Al for efficiency and
preserving the human element in healthcare is essential
for cultivating trust and guaranteeing patient satisfaction.

Gemini was identified as the most comprehensive
platform, achieving an average score of 4.11, surpassing
both ChatGPT and Copilot. This corroborates earlier
research illustrating Gemini's efficacy in delivering
thorough, contextually pertinent solutions, especially in
medical fields necessitating accuracy (2,10). Its ability to
incorporate nuanced details makes it a valuable tool for
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professionals requiring in-depth information. However,
Gemini’s high comprehensiveness often comes at the
expense of readability, as observed in earlier evaluations
of Al platforms in ophthalmology (8). Although Gemini’s
complexity benefits experts, it may pose challenges for
lay users. For example, its use of advanced terminology
and longer sentences may suit ophthalmologists preparing
detailed reports but could overwhelm patients seeking
simplified guidance. ChatGPT possibly reflects an emphasis
on lower comprehensiveness (3.61). This is due to its
emphasis on delivering more general responses. While
this might seem like a limitation, it positions ChatGPT as
a more efficient tool for scenarios requiring concise and
user-friendly information (3). Copilot’s lower performance
across all metrics underscores its relative limitations in
clinical contexts, reaffirming its secondary role compared
to Gemini and ChatGPT.

Gemini also achieved the highest accuracy score
(1.49), followed by ChatGPT (1.35) and Copilot (1.11).
This is consistent with prior research indicating Gemini's
ability to align responses with established clinical
guidelines, particularly in specialized domains such as
retinal conditions and glaucoma (4,5). Its exceptional
precision renders it a dependable resource for healthcare
experts. Nonetheless, in the context of thyroid eye disease,
Gemini’s comprehensive solutions may occasionally
inundate users, especially patients or non-experts (11).
This level of information is advantageous in professional
contexts, highlighting the necessity of customizing
responses according to the user’'s experience level. The
high correlation between accuracy and comprehensiveness
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indicates that platforms excelling in one metric often
perform well in the other. This relationship is particularly
evident in Gemini’s responses, which combine detail with
adherence to clinical standards. ChatGPT, while slightly
less accurate, compensates with its ability to simplify
complex medical concepts, making it more accessible to
non-specialists. ChatGPT outperformed its counterparts in
readability, with the highest FRES (62.54), indicating easier
readability, and FKGL (15.62), indicating more complex
readability. However, this clashes with studies highlighting
ChatGPT's capacity to simplify technical information
without sacrificing essential details (12). Its user-friendly
responses make it a preferred tool for patient education
and public health communication. In contrast, Gemini
scored lower on readability metrics, reflecting its focus
on delivering detailed and technically precise information.
This aligns with findings from evaluations of Al responses
in refractive surgery and other ophthalmological contexts,
where Gemini’s advanced language constructs posed
challenges for general comprehension (2,8). However, this
trade-off, a key finding, could be more explicitly framed
as a central consideration for potential users of these
technologies. ChatGPT's superior readability makes it an
ideal choice for patient-facing applications. Simplifying
medical jargon and providing concise answers bridges the
gap between complex medical information and patient
understanding, which is a critical factor in improving
health literacy (3). The study indicated that the average
agreement among ophthalmologists for ChatGPT was
82.5% for both accuracy and comprehensiveness and
83.75% for clarity. Evaluations of Bard (on a prior version
named Gemini) showed lower levels in agreement, with
an average accuracy rate of 76.9%, comprehensiveness
at 74.4%, and clarity reaching 83.8%. These findings
suggest a strong consensus among evaluators, supporting
the methodology and enhancing the reliability of the
comparison results. Similar levels of agreement have
been observed in studies comparing Al performance
in ophthalmology, further strengthening the potential
of these platforms as reliable decision-support tools
(4,10). The distinct strengths of each platform highlight
their complementary roles in clinical practice. Gemini's
precision and comprehensiveness make it a valuable
tool for specialists, particularly in drafting clinical reports
or conducting in-depth analyses. On the other hand,
ChatGPT's ability to simplify dense clinical content while
maintaining factual reliability makes ChatGPT well-
suited for patient education portals, informed consent
preparation, and public health communication materials.
The integration of Al platforms into clinical workflows
aligns with broader trends in digital health, where Al
is increasingly used for diagnostic support, patient
communication, and personalized care (2,3). However,

133

ethical concerns such as data security, bias in training
datasets, and the potential for misinformation necessitate
ongoing oversight and regulation (4).

The study’s focus on RD-specific questions limits the
generalizability of the findings to other ophthalmological
conditions. Expanding the evaluation to include diverse
subspecialties, such as cataract surgery or neuro-
ophthalmology, could provide a more comprehensive
understanding of these platforms’ capabilities. Additionally,
while Gemini excels in accuracy and detail, its limited
readability highlights the need for hybrid models that
combine its technical precision with ChatGPT’s simplicity.

With the advancement of Al technologies in
ophthalmology, it is crucial to undertake additional
research to assess the long-term effects of these tools
on clinical practice and patient outcomes. Research
examining the comparative efficacy of various LLMs in
diverse ophthalmological diseases would be essential
for establishing optimal implementation procedures.
Additionally, understanding the factors that influence
patient adherence to treatment plans, particularly in the
context of Al -assisted care, will be essential for improving
therapeutic strategies.

The performance differences observed among the GPT
-based platforms suggest that each may serve distinct roles
depending on the clinical context. Gemini’s structured,
citation-rich responses indicate its potential utility in
academic or professional settings such as assisting
ophthalmology trainees or aiding in the drafting of
consult letters where depth and precision are prioritized.
In contrast, ChatGPT's balance between factual accuracy
and linguistic simplicity makes it particularly suited for
patient education, informed consent communication,
and Al-powered triage systems. Meanwhile, Microsoft
Copilot’s inconsistent outputs, possibly due to integration
constraints or model limitations, may currently hinder its
reliability in scenarios requiring comprehensive clinical
support. These findings underscore the importance of
aligning platform selection with both the target user
clinician versus patient and the cognitive complexity of
the intended task. GPT based tools must be used with
caution.

Study Limitations

Limitations include potential bias in training data,
lack of individualized patient context, and the risk of
misinformation. These models should augment rather
than replace clinical judgment and must be used under
physician oversight. While this study is limited to RD, the
approach may be applicable to other ophthalmic or clinical
domains. However, given the variability in complexity and
terminology across subspecialties, further evaluations
are warranted to assess generalizability. Despite these
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limitations, the study benefits from a robust comparative
design and expert evaluation by subspecialists, which
strengthens the validity and relevance of the findings.

Conclusion

This  comparative  analysis  emphasizes  the
combined strengths of ChatGPT, Gemini, and Copilot
in addressing RD-related questions. Gemini's accuracy
and comprehensiveness make it a preferred choice for
professional use, while ChatGPT's readability positions
it as a valuable tool. Future research should explore
adaptive Al systems capable of tailoring responses to
the user’s expertise level, ensuring both accessibility and
accuracy. Longitudinal studies assessing the impact of
these platforms on clinician workflows would provide
valuable insights into their practical utility. Incorporating
Al-generated solutions with human supervision is essential
to reduce risks and guarantee the provision of high-quality
treatment.
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Abstract

Aim: Dermatochalasis (DC) is a common ophthalmic condition characterized by excess skin in the upper eyelids, which not only
affects aesthetic appearance but can also lead to functional impairments, such as difficulty in lifting the eyelids and peripheral vision
constriction. We aimed to assess serum concentrations of 25-hydroxy (OH) vitamin D, vitamin B12, folate, ferritin (Fe), and zinc (Zn)
by comparing patients with DC who have undergone upper eyelid blepharoplasty to healthy controls in this retrospective, case-control
study.

Methods: This retrospective comparative analysis encompassed individuals with DC who received upper eyelid blepharoplasty,
alongside age- and sex-matched controls, during the period from 2022 to 2023. Data, including complete ophthalmologic evaluations
and laboratory findings of DC patients and healthy controls, were extracted from medical records. Serum levels of 25-OH vitamin D,
vitamin B12, folate, Fe, and Zn were assessed and compared between the DC and control groups.

Results: The DC group consisted of 59 patients, including 40 women (67.79%) and 19 men (32.21%). The control group comprised
40 individuals, including 25 women (62.5%) and 15 men (37.5%). The mean age of the participants was 58.4+8.2 years (range: 45-
75). No statistically significant associations were observed between serum levels of 25-OH vitamin D, folate, vitamin B12, Fe, and Zn
and the occurrence of DC.

Conclusion: This study found no significant difference between serum levels of 25-OH vitamin D, Zn, folate, vitamin B12, Fe, and
the occurrence of DC. Although nutritional variables may influence overall skin health, the findings indicate that DC is not impacted
solely by these vitamins and minerals. 82.8% of participants had serum 25-OH vitamin D levels below 20 ng/mL, with no statistically
significant difference between the groups. This finding suggests that vitamin D deficiency may be a widespread issue but does not
appear to be directly linked to the presence of DC.

Keywords: Dermatochalasis, blepharoplasty, serum biomarkers, vitamin D, zinc

Introduction DC. The underlying pathophysiology of DC remains
incompletely understood. Dermal lymphatic capillaries
play a vital role in the lymphatic system, facilitating
fluid removal from the interstitial space and delivering
proteins and macrophages within dermal tissues (2).
Histopathological findings of DC are macrophage-related
vision field constriction, difficulty in lifting the eyelids, subclinical inflammation, elastolysis, reduced elastic fibers,
periorbital discomfort, and psychological distress (1). disorganized collagen fiber organization, lymphocytosis,
Dermatitis, entropion, and ectropion can also accompany and impaired lymphatic drainage within the eyelid

Dermatochalasis (DC) is a common ophthalmic
disorder marked by an excess of skin in the upper eyelids.
This condition impacts not only aesthetics but also results
in functional deficits such as eyelid heaviness, peripheral
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(3,4). The aging of the face, particularly the eyelids, is
caused by decreased regeneration ability and increased
activity of degradative enzymes (5). These modifications
precipitate collagen degradation, especially within the
deep dermis (6). With advancing age, the components
of the extracellular matrix deteriorate in their interwoven
structure and cohesive interactions. This procedure can
affect the upper eyelids due to the condition DC. Genetic
predisposition and lifestyle variables, such as sun exposure,
smoking, and inadequate nutrition, might accelerate these
alterations. Nutritional deficiencies, especially concerning
vitamins and minerals, are thought to affect skin elasticity
and healing (7).

We hypothesized that serum deficiencies in specific
vitamins and minerals, particularly vitamin D, vitamin B12,
folate, zinc (Zn), and ferritin (Fe), could contribute to the
development of DC. These nutrients are essential for
collagen synthesis, skin integrity, and the repair of dermal
tissues (8-11). Given the importance of these vitamins
and minerals in maintaining skin health, we aimed to
investigate whether variations in their serum levels could
be associated with the occurrence of DC.

This study sought to assess serum concentrations
of 25-hydroxy (OH), vitamin D, vitamin B12, folate, Fe,
and Zn in patients with DC and compare them to age-
and sex-matched healthy controls. By exploring the
relationship between nutritional status and DC, this
study will contribute to understanding the potential role
of vitamin and mineral deficiencies in eyelid tissue aging
and elasticity. This knowledge may guide future clinical
approaches, potentially improving management strategies
for patients with DC by addressing underlying nutritional
factors.

Materials and Methods

Compliance with Ethical Standards

This study was conducted in accordance with the
tenets of the Declaration of Helsinki. Ethical approval was
obtained from the University of Health Sciences Turkiye,
Istanbul Haseki Training and Research Ethics Committee
(approval no.: 180-2023, date: 04.10.2023). Informed
consent was obtained from all participants prior to data
collection.

Study Design

This retrospective case-control study included DC
patients who underwent upper eyelid blepharoplasty
at University of Health Sciences Turkiye, Istanbul Haseki
Training and Research Hospital between 2022 and 2023.
The control group comprised age- and sex-matched
individuals  recruited from routine ophthalmology
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outpatient visits during the same period. Fifty-nine patients
with DC satisfied the inclusion criteria, who possessed
complete laboratory test results and electronic medical
records, alongside 40 healthy controls. Comprehensive
ophthalmologic examinations, including best-corrected
visual acuity, intraocular pressure using Goldmann
applanation tonometry, slitlamp biomicroscopy, and
fundus evaluation, were conducted. The epicrisis from the
internal medicine polyclinic, morning fasting blood test
laboratory data, and drug prescriptions from the past six
months were analyzed from our hospital’s health record
dataset.

Inclusion and Exclusion Criteria

Inclusion criteria were patients diagnosed with DC
who underwent upper eyelid blepharoplasty and age- and
sex-matched healthy controls. Participants with systemic
diseases affecting serum vitamin or mineral levels, including
diabetes, cardiovascular diseases, renal failure, thyroid
disorders, and gastrointestinal conditions, were excluded.
Individuals using supplements or medications affecting
serum levels, such as anticonvulsants, corticosteroids, or
vitamin D, were also excluded. Medications or supplements
that could affect serum levels of vitamin D, vitamin B12,
folate, Fe, or Zn were verified through patient medical
records. Patients with a history of smoking, alcohol use,
or ocular conditions such as dry eye, glaucoma, uveitis, or
previous ocular surgeries were excluded.

Biochemical Analysis

Serum levels of 25-OH vitamin D, vitamin B12, folate,
Fe, and Zn were analyzed. Laboratory data were retrieved
from fasting blood samples collected within 30 days pre-
or post-surgery and were measured using automated
systems. Normal ranges of serum concentration were
between 15 and 55.5 ng/mL for 25-OH vitamin D, 197
and 771 ng/L for vitamin B12, 3.89 and 26.8 mg/L for
folic acid, 13 and 150 ng/dL for Fe and 70 and 114 mg/
dL for Zn in our laboratory. The Endocrine Society’s Clinical
Practice Guidelines classify blood 25-OH vitamin D levels
of 20-30 ng/mL as insufficient, 10-20 ng/mL as deficient,
and <10 ng/mL as severely inadequate (12).

Statistical Analysis

Data analyses were performed using Statistical Package
for the Social Sciences version 25 (IBM, USA). Normality
was tested using the Kolmogorov-Smirnov test. Descriptive
statistics involving means and standard deviations were
determined for continuous variables. Based on the
data distribution, parametric and non-parametric tests,
including the independent samples t-test and chi-square
tests, were applied. A p-value below 0.05 was deemed
statistically significant.
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Results

This study included patients, comprising 59 (67.79%
females: 40, 32.21% males: 19) in the DC group and
40 (62.5% females: 25, 37.5% males: 15) in the control
group. Table 1 summarizes the demographic characteristics
and biochemical parameters of the participants.

Analysis of serum vitamin B12, folate, Fe, and Zn levels
showed no significant differences between the groups
(p>0.05). The proportions of participants with deficiencies
in these parameters were comparable between the DC

and control groups, as detailed in Table 2.

The mean serum 25-OH vitamin D

levels were

12.50£7.05 ng/mL in the DC group and 12.63+6.41 ng/mL

Table 1. Demographic characteristics and biochemical parameters
of the dermatochalasis patients and control group

DC (n=59) C (n=40) p-value
Gender (F/M) 40/19 25/15 0.370
Age (Mean + SD) 56.76+9.17 58.75+12.75 0.138
Vitamin D (ng/mL) | 12.50+7.05 12.63+6.41 0.744
Vitamin B12 (ng/L) | 326.37+£144.31 | 333.10+£170.74 | 0.832
Folate (mg/L) 7.14+2.67 8.88+4.27 0.056
Ferritin (ng/dL) 60.17+52.51 73.30+51.70 0.160
Zinc (mg/dL) 86.19+£14.15 81.71£14.97 0.153
DC: Dermatochalasis, C: Control, F: Female, M: Male, SD: Standard deviation

in the control group, with no statistically significant
difference between the groups (p=0.744). Regarding
vitamin D deficiency, 82 (82.8%) participants had serum
25-OH vitamin D levels below 20 ng/mL. Among these, 49
(83.0%) were in the DC group and 33 (82.0%) were in the
control group (p=0.418). Severe vitamin D deficiency (<10
ng/mL) was observed in 37 (37.3%) participants, including
21 (35.5%) in the DC group and 16 (40.0%) in the control
group, with no statistically significant difference (Table 3).

Discussion

This study examined the possible correlation between
serum concentrations of essential vitamins and minerals,
including 25-OH vitamin D, vitamin B12, folate, Fe, and Zn,
and the onset of DC. Our results indicated no statistically
significant differences in the levels of these vitamins
and minerals between individuals with DC undergoing
blepharoplasty and healthy controls. While prior studies
have implicated nutritional deficiencies and oxidative
stress in skin aging and dermal tissue remodeling (13,14),
the present data suggest that systemic nutritional status
may not play a dominant role in the pathogenesis of DC.

Vitamin D’s influence on skin integrity and repair has
been extensively researched, particularly regarding its
effects on keratinocyte proliferation, collagen synthesis,
and anti-inflammatory characteristics (15). Vitamin D

Table 2. Vitamin and mineral deficiency levels of the dermatochalasis patients and control group

<Cut-off Within range >Cut-off

n (%) n (%) n (%) Mean + SD
Vitamin B12
DC 3 (5.0%) 55 (93.2%) 1(1.8%) 338.46+132.08
C 7 (17.5%) 32 (80.0%) 1(2.5%) 333.10+170.75
Folic Acid
DC 5 (8.5%) 54 (91.5%) 0 (0.0%) 7.15+2.67
C 3 (7.5%) 37 (92.5%) 0 (0.0%) 8.57+3.84
Ferritin
DC 8 (13.5%) 48 (81.3%) 3 (5.2%) 60.18+52.51
C 4(10.0%) 32 (80.0%) 4(10.0%) 73.30+51.71
Zinc
DC 5 (8.4%) 52 (88.1%) 2 (3.5%) 86.19+£14.16
C 6 (15.0%) 33 (82.5%) 1(2.5%) 81.71£14.98

Chisquare test was used for categorical comparisons of deficiency levels; independent samples t-test was used for comparison of mean 25-OH vitamin D levels

DC: Dermatochalasis, C: Control, SD: Standard deviation, OH: Hydroxy

Table 3. Twenty-five-hydroxy vitamin D deficiency levels of the dermatochalasis patients and control group

25-hydroxy 2ls e DC ¢

n (%) n (%) Mean * SD Mean %= SD
<10 ng/mL 21 (35.6%) 16 (40.0%) 12.50+7.05 12.6346.41
10-20 ng/mL 28 (47.5%) 17 (42.5%)
>20 ng/mL 10 (16.9%) 7 (17.5%)
p-value 0.879

DC: Dermatochalasis, C: Control, SD: Standard deviation

137



Yakut et al. Vitamin and Mineral Levels in Dermatochalasis

insufficiency is linked to compromised wound healing,
increased oxidative stress, and skin fragility (13). Despite
these established correlations, our investigation revealed
similar mean blood 25-OH vitamin D levels between
the DC and control groups (p=0.744). Furthermore, the
prevalence of vitamin D deficiency (levels <20 ng/mL) and
severe deficiency (<10 ng/mL) was similarly high in both
groups, suggesting that vitamin D insufficiency may be a
population-wide phenomenon rather than a specific factor
leading to DC.

Recent histopathological evidence from Aydemir et
al. (17) demonstrated that vitamin D deficiency may be
associated with structural alterations in eyelid tissues of
patients with DC, including reduced elastic fiber density
and increased collagen disorganization. However, in
contrast to their findings, our study did not identify
statistically ~significant differences in serum 25-OH
vitamin D levels between DC patients and controls. This
discrepancy may arise from differences in study design,
as the former directly examined tissue-level pathology
while our approach relied on systemic biomarker analysis.
These divergent findings suggest that local tissue-specific
vitamin D activity and receptor expression may play
a more critical role in DC pathogenesis than systemic
serum levels alone. Future investigations integrating both
biochemical and histological assessments may provide a
more comprehensive understanding of vitamin D’s role in
periocular tissue remodeling.

Vitamin B12 and folate are crucial cofactors for
DNA synthesis and homocysteine metabolism, affecting
oxidative stress and inflammatory processes (18,19).
Deficiencies in these vitamins can result in compromised
cellular repair processes, diminished collagen synthesis,
and oxidative damage (20). The current investigation found
that serum vitamin B12 and folate levels were normal for
the majority of patients, with no significant differences
between the DC and control groups. Although a slightly
higher mean folate level was detected in the control
group, the difference did not reach statistical significance
(p=0.056). This finding raises the possibility that subtle
variations in folate metabolism may influence skin repair
and elasticity, but further investigation with larger cohorts
is necessary to validate this hypothesis.

Zinc and Fe are essential for collagen formation,
antioxidant defense mechanisms, and dermal tissue
remodeling. Zinc deficiency has been associated with
delayed wound healing, corneal ulcers, and epithelial
damage (21), while Fe levels indicate iron reserves and
collagen integrity (22). The results revealed no significant
differences in Zn (p=0.153) and Fe (p=0.160) levels
between the groups. The data indicate that systemic
mineral deficiencies may not be a significant factor in the
development of DC. At the same time, localized alterations
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in collagen organization and elastic fiber integrity could be
pathways.

Although no statistically significant variations were
seen in biochemical markers, it is notable that most
subjects displayed inadequate dietary profiles, especially
concerning vitamin D. Approximately 83% of subjects had
vitamin D levels below 20 ng/mL, aligning with global
patterns of prevalent vitamin D insufficiency (23). The
high prevalence of vitamin D deficiency observed in both
groups may reflect a broader population-wide insufficiency,
potentially influenced by geographic or seasonal factors,
including limited sunlight exposure. These findings
emphasize the necessity for extensive public health efforts
to address nutritional deficiencies and enhance skin health,
particularly in older populations. Addressing vitamin
D insufficiency through supplementation or increased
screening may be necessary.

Our findings further highlight the complex relationship
between factors contributing to DC. Age is the primary
risk factor, resulting in diminished regenerative ability,
modified extracellular matrix composition, and increased
degradation of collagen and elastic fibers (24). Although
systemic nutritional status may affect skin aging, intrinsic
aging processes influenced by hereditary factors, ultraviolet
radiation exposure, and environmental stressors likely
have a more significant impact on the development of
DC (25). Another consideration is the possible impact of
lifestyle factors, such as smoking, alcohol intake, and sun
exposure, which were excluded from this study. While these
characteristics are associated with accelerated skin aging,
their contribution to DC requires additional examination in
future studies with more comprehensive criteria. Systemic
nutritional factors like vitamin D deficiency may contribute
to general skin health; on the other hand, the development
of DC is likely influenced by more localized mechanisms.
Specifically, the degradation of the periorbital extracellular
matrix, including collagen and elastin fibers, plays a
critical role in the pathophysiology of DC. These local
tissue alterations may result from the interplay of aging
processes, mechanical stress, and possibly even chronic
inflammation, leading to skin laxity and the characteristic
eyelid changes observed in DC.

Study Limitations

The study’'s limitations include its retrospective
methodology and relatively small sample size, which
may have limited the statistical power to identify subtle
differences in serum biomarkers. Additionally, the study
did not account for potential confounding variables such
as physical activity, dietary habits, or sunlight exposure,
all of which may influence serum vitamin and mineral
levels. The absence of direct histopathological analyses
also restricts our ability to assess localized changes in
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collagen and elastin within the eyelid tissues. Despite
these limitations, this study addresses an underexplored
area by systematically evaluating multiple serum vitamins
and minerals in patients with DC, a condition often
discussed from a purely surgical or anatomical standpoint.
The use of age- and sex-matched controls enhances the
validity of the comparisons. Furthermore, the exclusion
of major confounding factors such as systemic disease,
smoking, alcohol use, and supplementation contributes
to the internal consistency and reliability of the findings.
This study adds valuable insights into the systemic
nutritional profiles of patients undergoing blepharoplasty
and may serve as a foundation for future prospective and
histopathology-based research.

Conclusion

This study found no significant relationships between
serum levels of vitamin B12, 25-OH vitamin D, folate, Fe, and
Zn and the presence of DC. Although nutritional variables
may influence overall skin health, the findings indicate
that these vitamins and minerals do not exclusively impact
DC. Future investigations concentrating on localized tissue
examination and the molecular mechanisms governing
collagen degradation and elastin disorganization may
provide novel therapeutic targets for the prevention or
treatment of DC. In clinical practice, patients undergoing
blepharoplasty must receive thorough evaluations,
including examinations of systemic nutritional conditions,
to enhance surgical outcomes and promote long-term skin
health.
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The Impact of SGLT2 Inhibitors on Hemoglobin
Levels in Type 2 Diabetes: Potential Benefits Beyond
Glycemic and Renal Outcomes

©® Emre Hoca, ® Nilsu Kalayci

University of Health Sciences Turkiye, Istanbul Haseki Training and Research Hospital, Clinic of Internal Medicine, Istanbul, Tirkiye

Abstract

Aim: Sodium-glucose cotransporter 2 (SGLT2) inhibitors are antidiabetic agents with proven cardiovascular and renal benefits. Recent
evidence suggests they may also increase hemoglobin (Hb) levels through mechanisms beyond hemoconcentration. This study aimed
to evaluate the effect of SGLT2 inhibitors on Hb levels in type 2 diabetes mellitus (T2DM) patients without anemia or advanced kidney
disease.

Methods: The data of 12,511 patients who attended the diabetes outpatient clinic between November 2023 and March 2025
were scanned retrospectively. Among them, 216 T2DM patients were analyzed; 130 were using SGLT2 inhibitors (dapagliflozin or
empagliflozin). Laboratory and demographic data were compared between users and non-users. Correlation and multivariate linear
regression analyses were performed.

Results: Hemoglobin levels were significantly higher in SGLT2 inhibitor users than non-users (14.44+1.23 vs. 13.76+1.12 g/dL,
p<0.001). This effect was consistent across SGLT2 agents and independent of glycemic control, renal function, or liver enzymes. Male
gender and serum creatinine were also positive predictors of Hb levels. Hemoconcentration alone could not explain the increase in Hb
and may reflect improved erythropoiesis via renal mechanisms.

Conclusion: Sodium-glucose cotransporter 2 inhibitor use is associated with elevated Hb levels in T2DM patients, supporting their
potential role in anemia prevention in the course of chronic diseases.

Keywords: Anemia, diabetes mellitus, erythropoiesis, hemoglobins, sodium-glucose transporter 2 inhibitors

Introduction diabetes (T2D) due to their favorable effects in all these
conditions (6,7). Sodium-glucose cotransporter 2 inhibitors
are oral antidiabetic agents that increase urinary glucose

excretion by inhibiting SGLT2 cotransporters responsible

Diabetes mellitus (DM) is one of the most common
causes of mortality and morbidity worldwide, affecting
people of all ages, genders, and communities, with an

increasing prevalence (1,2). Many comorbidities may
develop during diabetes, and these may lead to a decrease
in the quality of life and an increase in mortality (3-5). For
this reason, the aim of recently developed and still being
developed antidiabetic drugs is to benefit from their sugar-
lowering effects and prevent possible comorbidities.
Sodium-glucose cotransporter 2 (SGLT2) inhibitors
are the drug group recommended for first-line treatment
in almost all current guidelines in the course of type 2

for glucose reabsorption in the proximal tubules of the
kidneys and provide glycemic control through an insulin-
independent mechanism. The concomitant increased
sodium excretion reverses tubuloglomerular feedback,
and thus, intraglomerular pressure is reduced. This is
the basic pathophysiology of the positive renoprotective
effects of this group of drugs (8,9). In addition, osmotic
diuresis is due to increased sodium excretion, and
consequently, cardiovascular protective effects occur by
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reducing cardiac stress due to volume reduction (10). In
numerous clinical and observational studies conducted in
recent years, significant increases in hemoglobin (Hb) and
hematocrit (Hct) levels have been observed in patients
using SGLT2 inhibitors (11,12). These increases cannot
be explained solely by hemoconcentration resulting from
intravascular volume reduction caused by their diuretic
effects. Increasing evidence suggests that more complex
physiopathological mechanisms, such as increased
erythropoietin (EPO) production from peritubular capillary
cells as a result of reduced renal hypoxia, suppression
of renal inflammation, reduction of oxidative stress and
improvement of tubulointerstitial microcirculation, are
involved in this effect.

We hypothesized that the use of SGLT2 inhibitors in
patients with T2DM would be associated with higher Hb
levels compared to non-users, independent of glycemic
control or renal function. Investigating the effect of
SGLT2 inhibitors on Hb levels may help clarify whether
these agents contribute to anemia management and
their established role in glycemic control and cardiorenal
protection. Besides demonstrating our clinical experience,
we aimed to evaluate the change in Hb levels in individuals
with T2D using SGLT2 inhibitors and provide data on the
hematological effects of these agents. In addition to other
positive effects of SGLT2 inhibitors, it was also aimed to
evaluate the possibility of their use in the correction of
anemia, which can be seen in the course of some chronic
diseases.

Materials and Methods

Compliance with Ethical Standards

This retrospective, cross-sectional study was approved
by the University of Health Sciences Turkiye, Istanbul Haseki
Training and Research Hospital Scientific Research Ethics
Committee (approval no.: 58-2024, date: 01.08.2024). The
study was conducted in accordance with the Declaration
of Helsinki and the principles of Good Clinical Practice.

Participants

The data of 12,511 patients who attended the
diabetes outpatient clinic between November 2023
and March 2025 were analyzed retrospectively. Patient
and laboratory data were collected and analyzed using
the hospital information operating system. All data of
patients were anonymized. Being older than 18 years
old, having a Hb level above 12 g/dL for women and
13 g/dL for men [by the World Health Organization’s
(WHO) diagnostic criteria for anemia], having 72D, and
having accessible history and treatment records were
defined as inclusion criteria. Hemoglobin levels below
the WHO -defined anemia thresholds, iron or vitamin
B12 deficiency, ongoing iron replacement or EPO therapy,
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hepatic failure, hematologic malignancy, and advanced
renal dysfunction-specifically chronic kidney disease (CKD)
stages 4-5 or acute kidney injury-as defined by the Kidney
disease: Improving Global Outcomes classification were
determined as exclusion criteria. Two hundred sixteen
patients met the inclusion criteria and were enrolled in
the study, as shown in the flow diagram (Figure 1). Due
to national drug availability and regulatory approval, only
dapagliflozin and empagliflozin are in routine clinical use
in Turkiye. Consequently, the SGLT2 inhibitor group in this
study consisted exclusively of patients receiving either
of these two agents. Since only 3 patients in our cohort
were using SGLT2 inhibitors as monotherapy, we included
patients who used SGLT2 inhibitors in combination with
other antidiabetic medications [metformin, sulfonylureas,
dipeptidyl peptidase-4 (DPP-4) inhibitors, pioglitazone,
and insulins]. To evaluate the independent effect of SGLT2
inhibitors on Hb levels and minimize the confounding
influence of other antidiabetic drugs, we performed
multiple regression analyses adjusting for concomitant
medication use. Few patients were using glucagon-like
peptide-1 receptor agonists; they were not included in
the statistical analysis. Since SGLT2 inhibitors have been
available in our country and our clinic only since 2018, it
was possible to obtain data regarding the duration of their

Patients applied to the diabetes
outpatient clinic between November
2023 and March 2025

(@=12.511)

Excluded (n = 12.295)
- Anemia (Hb low)
- CKD stage 4-5
:> - Hematologic cancer
- Hepatic failure
- Iron deficiency or EPO/iron therapy

- Patients with missing data

Patients included in analysis

(n=216)

SGLT?2 inh. non-users
(n= 86)

SGLT2 inh. users
(n=130)

Figure 1. Flow diagram of the study
SGLT2: Sodium-glucose cotransporter 2, CKD: Chronic kidney
disease, EPO: Erythropoietin, Hb: Hemoglobin
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use. However, due to limitations in the hospital information
system and the absence of comprehensive national drug
records for earlier periods, it was not feasible to access
reliable data on the duration of use for other antidiabetic
medications that have been on the market for a longer
time.

Data Collection

Information on patients’ age, gender, and antidiabetic
treatment regimens was extracted from their medical
records. Laboratory results-including fasting blood
samples collected after a minimum of 8 hours without
food-were used to assess parameters such as complete
blood count, liver enzymes [alanine aminotransferase
(ALT) and aspartate aminotransferase (AST)], lipid profile
[total cholesterol, low-density lipoprotein, high-density
lipoprotein (HDL), triglycerides], HbA1c, fasting glucose,
urea, creatinine, and spot urine protein-to-creatinine
ratio. Where necessary, additional data were retrieved
from the hospital’s electronic medical record system to
ensure completeness. Complete blood count parameters,
including Hb concentration, were measured using
the Mindray BC-6800 Plus Auto Hematology Analyzer
(Mindray Bio-Medical Electronics Co., Ltd., Shenzhen,
China). Hemoglobin concentration was determined
photometrically after conversion to methemoglobin using
the M-6LH LYSE reagent as part of Mindray's proprietary
diluent and lysing system.

Statistical Analysis

Statistical analyses were conducted using Statistical
Package for the Social Sciences version 25.0 for Windows
(IBM Corp., Armonk, NY, USA). Descriptive data were
summarized as mean + standard deviation, and when
appropriate, median, maximum, and minimum values
were also reported to reflect variable distributions
better. Categorical variables were compared using the
chi-square test. The Kolmogorov-Smirnov test was used
to determine the normality of continuous variables.
Comparisons between the two groups were conducted
using the t-test or the Mann-Whitney U test based on the
data distribution. Correlative analyses between Hb and
clinical or biochemical variables (e.g., age, lipid profile,
renal markers) were performed using Spearman’s or
Pearson’s correlation coefficients, selected based on the
underlying distribution characteristics of each parameter.
Patients were categorized as “+" for users and “-" for non-
users according to medication use for subgroup analyses.
In multivariate analysis, we included SGLT2 inhibitor use
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and relevant demographic/clinical data to explore their
independent associations with Hb levels. A p-value of
<0.05 was considered statistically significant.

Results

Two hundred sixteen patients with T2DM were
included in the study, of whom 130 (60.2%) were using
SGLT2 inhibitors and 86 (39.8%) were not. The mean
age of the participants was 57.09+8.9 years, and 49.5%
were female. The baseline demographic and laboratory
characteristics of the patients are presented in Table
1. There were no statistically significant differences in
age, gender distribution, glycemic parameters (HbA1c,
glucose), or lipid profiles between the two groups (Table
2).
The mean Hb level was significantly higher in the SGLT2
inhibitor group compared to non-users (14.44+1.23 vs.
13.76+1.12 g/dL, p<0.001) (Table 2, Graphic 1). Subgroup
analysis revealed that this increase was consistent among
both dapagliflozin (14.45+£1.17 g/dL) and empagliflozin
(14.40+1.27 g/dL) users, (Table 3, Figure 2). In gender-
stratified analysis, Hb levels were significantly higher in
males than females (14.84+1.08 vs. 13.49+0.98 g/dL,
p<0.001) (Table 3). High-density lipoprotein, cholesterol
levels were significantly higher in female patients than in
males (47.1£11.6 vs. 40.4+9.4 mg/dL, p<0.001).

More detailed subgroup analyses showed no
difference in Hb levels between patients with and without
other antidiabetic drugs (metformin, DPP-4 inhibitors,
sulfonylureas, pioglitazone, and insulin). The distribution
of concomitant antidiabetic medications differed between
the SGLT2 inhibitor user group (n=130) and the non-
user group (n=86). Metformin was more frequently used
among SGLT2 inhibitor users than non-users (83.8% vs.
67.4%) (Table 4).

Correlation analyses demonstrated that Hb levels
were negatively associated with age (r=-0.217, p=0.001),
diabetes duration (r=-0.187, p=0.006) and HDL-cholesterol
(r=-0.241, p<0.001), while positively correlated with
creatinine (r=0.248, p<0.001), white blood cell (WBC)
count (r=0.163, p=0.017), and AST (r=0.164, p=0.016)
(Table 5).

In the multivariate linear regression analysis (Table
6), male gender (B=1.160, p<0.001), serum creatinine
levels (B=0.884, p=0.010), and use of SGLT2 inhibitors
(B=0.643, p<0.001) were found to be independent
positive predictors of Hb levels. Age was identified as a
significant negative predictor (B=-0.020, p=0.008).
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Table 1. Baseline clinical and demographic characteristics of all participants

Variable Mean * SD Median (min.-max.)
Age (years) 57.09+8.9 58 (23-80)
Gender (F/M) 107/109

HbA1c (%) 7.93+1.64 7.8 (5.1-15.5)
Glucose (mg/dL) 156.41+560.2 139 (58-430)
Total cholesterol (mg/dL) 177.58+41.2 176 (97-326)
HDL-cholesterol (mg/dL) 43.7+£11.1 42 (23-73)
LDL-cholesterol (mg/dL) 101.04+35.17 96 (30-251)
Triglyceride (mg/dL) 169.92+104.81 141 (41-685)

Hb (g/dL) 14.1741.23 14 (12-17.3)
WBC (103/uL) 8.27+2.05 7.98 (4.73-17.17)
PLT (103/uL) 260.77+66.15 252 (90-607)
Urea (mg/dL) 34.68+10.52 34 (12-76.1)
Creatinine (mg/dL) 0.88+0.21 0.84 (0.5-1.81)
AST (U/L) 16.18+8.99 14 (6-64)

ALT (U/L) 25.98+17.14 22 (5-146)

Spot urine P/C ratio (mg/day)

205.95+311.68

132 (8-3028)

SD: Standard deviation, F: Female, M: Male, HDL: High-density lipoprotein, LDL: Low-density lipoprotein, Hb: Hemoglobin, WBC: White blood cell, PLT: Platelet, AST:

Aspartate aminotransferase, ALT: Alanine aminotransferase, P/C: Protein to creatinine ratio

Table 2. Comparison of laboratory and demographic parameters between SGLT2 inhibitor users and non-users

Variable (SnG=I:IT320i)nh. ) (SnG=L;'62)inh. ) p
Age (years) 56.72+8.78 57.66+9.27 0.449
Gender (F/M) 62/68 45/41 0.505
Diabetes duration (years) 9.83+5.11 10.12+4.83 0.675
HbA1c (%) 7.94+1.64 8.02+2.08 0.755
Glucose (mg/dL) 153.97+59.54 160.09+61.49 0.466
Total cholesterol (mg/dL) 175.05+40.00 181.41+42.87 0.268
HDL-cholesterol (mg/dL) 44.25%11.20 42.88+10.88 0.372
LDL-cholesterol (mg/dL) 97.99+34.00 105.65+36.60 0.118
Triglyceride (mg/dL) 168.17+102.60 172.57+108.61 0.763
Hb (g/dL) 14.44+1.23 13.76+1.12 <0.001
WBC (103/pL) 8.47+2.17 8.03+1.83 0.125
PLT (103/pL) 265.10+72.04 254.23+55.85 0.238
Creatinine (mg/dL) 0.85+0.19 0.92+0.23 0.025
Urea (mg/dL) 35.09+9.46 34.08+11.99 0.492
ALT (U/L) 25.00+15.30 27.45+19.60 0.386
AST (U/L) 15.59+8.05 17.07410.23 0.238
Spot urine P/C ratio (mg/day) 197.02+318.45 218.96+303.43 0.210

Statistical significant p values were expressed in bold (p=<0.05)

SGLT2 inh.: Sodium-glucose transporter 2 inhibitors, F: Female, M: Male, HDL: High-density lipoprotein, LDL: Low-density lipoprotein, Hb: Hemoglobin, WBC: White blood
cell, PLT: Platelet, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, P/C: Protein to creatinine ratio
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Table 3. Subgroup comparison of hemoglobin levels by SGLT2
agent type and gender

Table 5. Correlations between hemoglobin levels and clinical
parameters

Hb Hb
SGLT2 inh. (Mean * SD) Em;r:h::‘a))]( p
Empagliflozin }
(n=92) 14.40+1.27 12.2-17.1 [14.3]
Dapagliflozin ) 0.831
(n=38) 14.45+1.17 12.1-17.3 [14.3]
Gender p
Female (n=107) 13.49+0.98 | 1217 (13.3)
Male (n=109) 14.84+1.08 | 13-17.3 (14.8) <0.001

Statistical significant p values were expressed in bold (p<0.05) SGLT2 inh.:

Sodium-glucose transporter 2 inhibitors, Hb: Hemoglobin

14,6 p: <0.001

p:0.831

SGLT2inh. (+) SGLT2inh. (-)

14,4

14,2

Hb

13,8
136

134

Dapagliflozin  Empagliflozin

Figure 2. Comparison of mean hemoglobin levels between
SGLT2 Inhibitor users and non-users
SGLT2: Sodium-glucose transporter 2, Hb: Hemoglobin

Table 4. Distribution of concomitant antidiabetic medications in
SGLT2 inhibitor users and non-users

Antidiabetic SGLT2 inh. Non-users

Medication users (n=132) | (n=84) el
Metformin 84.1% (111) 66.7% (56) 0.003
DPP-4 inhibitors 53.8% (71) 47.6% (40) 0.377
Pioglitazone 26.5% (35) 34.5% (29) 0.209
Sulfonylureas 12.1% (16) 17.9% (15) 0.241
Insulin 53.8% (71) 66.7% (56) 0.061

Statistical significant p values were expressed in bold (p<0.05) SGLT2 inh.:
Sodium-glucose transporter 2 inhibitors, DPP-4: Dipeptidyl peptidase-4
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R p
Age* 0.217 0.001
Diabetes duration* -0.187 0.006
SGLT2 inh. duration* 0.014 0.871
HbA1c* -0.077 0.261
LDL-cholesterol* -0.035 0.610
HDL-cholesterol* -0.241 <0.001
Triglyceride* 0.103 0.132
Creatinine* 0.248 <0.001
Urea*® -0.047 0.489
WBC* 0.163 0.017
PLT* -0.051 0.456
ALT** 0.079 0.248
AST* 0.164 0.016
Spot urine P/C ** -0.151 0.051

*Pearson correlation, **Spearman (non-parametric) correlation

***Statistical significant p values were expressed in bold (p <0.05) SGLT2 inh.:
Sodium-glucose transporter 2 inhibitors, HDL: High-density lipoprotein, LDL:
Low-density lipoprotein, Hb: Hemoglobin, WBC: White blood cell, PLT: Platelet,
AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, P/C: Protein to
creatinine ratio

Table 6. Multivariate linear regression
hemoglobin levels

analysis for predictors of

B SE. %95 Cl for B p
(lower-upper)
(Acoe”“am) 13.818 | 0.609 12.617-15.018 | <0.001
o cender | 0023 | 0.008 0.038--0007 | 0.004
e gender 11109 | 0.143 0.826-1.391 | <0.001
e 0843 | 0357 0.139-1.547 | 0.019
e terol | 0.005 | 0.007 0.0180.008 | 0.471
o 0008 | 0.008 0.007-0.024 | 0.268
tolrainn | 0685 | 0136 04180953 | <0.001

Statistical significant p values were expressed in bold (p<0.05) SGLT2 inh.:
Sodium-glucose transporter 2 inhibitors, HDL: High-density lipoprotein, AST:
Aspartate aminotransferase, Cl: Confidence interval, SE: Standard error
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Discussion

In this retrospective observational study, we evaluated
the association between SGLT2 inhibitor use and Hb
levels in patients with T2DM who did not have clinical
anemia or advanced kidney disease. Our findings revealed
that individuals using SGLT2 inhibitors had significantly
higher Hb levels than non-users, even after adjusting for
confounding variables such as age, sex, creatinine levels,
and liver function tests. This suggests that SGLT2 inhibitors
exert hematopoietic effects independent of their glucose-
lowering and volume-reducing properties.

The observed mean Hb value among SGLT2 inhibitor
users (14.44+1.23 g/dL) was significantly higher than
that of non-users (13.76+1.12 g/dL, p<0.001), aligning
with the results of multiple prior studies. A meta-
analysis by Kanbay et al. (11) reported that SGLT2
inhibitors significantly increase Hb and Hct levels and
highlighted that this effect was not solely attributable
to hemoconcentration. A decrease in WBC and platelet
(PLT) levels is also expected in hemoconcentration due
to volume depletion (13,14). Although Hb levels were
significantly higher in patients using SGLT2, the absence
of a significant increase in WBC and PLT levels suggests
that the Hb-raising effect of SGLT2 inhibitors cannot be
explained only by hemoconcentration. While intravascular
volume contraction through osmotic diuresis plays a role,
recent evidence points to the involvement of renal and
systemic mechanisms, including upregulation of EPO
synthesis, improved renal oxygenation, and decreased
renal inflammation and oxidative stress.

Type 2 diabetes mellitus is associated with an increased
risk of anemia due to chronic low-grade inflammation,
functional iron deficiency, elevated hepcidin levels,
and reduced EPO production, even in patients without
advanced kidney disease. Although diabetes duration
was inversely correlated with Hb levels, it did not differ
significantly between groups. Therefore, it is unlikely
that diabetes duration explains the higher Hb levels
observed in SGLT2 inhibitor users. Also in our analysis, no
significant correlation was observed between the duration
of SGLT2 inhibitor use and Hb levels. This suggests that
the hematological effect of these agents may occur
independently of treatment duration, reducing concerns
about potential bias related to differences in drug exposure
time between patients.

Mechanistically, SGLT2 inhibition reduces sodium
and glucose reabsorption in the proximal renal tubules,
decreasing tubular workload and oxygen consumption.
This leads to a reduction in renal cortical hypoxia, a key
stimulus for peritubular fibroblast-derived EPO production.
Furthermore, several studies have shown that SGLT2
inhibitors can enhance hypoxia-inducible factor (HIF)
pathways, further promoting erythropoiesis (15,16).
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Thus, the Hb rise observed in our patients likely reflects a
pharmacologically induced improvement in renal oxygen
sensing and erythropoietic signaling. Anemia is a common
and often underrecognized comorbidity in patients with
diabetes, particularly those with CKD or heart failure.
Most of the studies in the literature, some of which we
have emphasized above, have observed an increase in Hb
values caused by SGLT2 inhibitors in CKD patients. It is
important that similar effects were observed in our study
group, which included patients who had not yet developed
advanced CKD. Emerging evidence also suggests that SGLT2
inhibitors play a protective role against the development
of anemia in patients with heart failure. Beyond their
glycemic and cardiorenal benefits, these agents have been
shown to stimulate erythropoiesis through enhanced EPO
production, suppression of hepcidin, activation of HIF-2,
and improved iron mobilization (17). Therefore, their use
in diabetic patients with or at risk of anemia due to chronic
disease states may provide added hematological benefit,
potentially preventing the onset of anemia even before it
becomes clinically evident. The observed increase in Hb
levels suggests that SGLT2 inhibitors may have a role in
either early anemia prevention or correction.

Our study also demonstrated that Hb levels were
independently associated with male gender and creatinine
levels and inversely associated with age. These associations
are well-established in the literature and reflect physiological
sex-based differences in EPO response, renal reserve, and
hematopoietic capacity. Interestingly, serum creatinine-
within a non-pathological range-was positively correlated
with Hb levels, potentially indicating that mild reductions
in renal clearance may stimulate EPO production as a
compensatory mechanism (18).

Although an inverse correlation was initially observed
between HDL cholesterol and Hb levels in the bivariate
analysis, further investigation suggests that this
relationship is mainly attributable to sex-based differences.
Specifically, in our sample, women had significantly higher
HDL levels and significantly lower Hb levels than men-a
pattern consistent with known physiological differences
(19). This was confirmed by subgroup analysis showing
that female sex was associated with an approximately
6.7 mg/dL higher HDL level (p<0.001) and also emerged
as the strongest positive predictor of Hb in multivariate
regression. Importantly, HDL was not independently
associated with Hb after adjusting for gender and other
confounding variables, indicating that the observed inverse
correlation was likely spurious. These findings emphasize
the value of accounting for demographic confounders,
particularly gender, when interpreting associations
between laboratory parameters in metabolic studies.

The lack of significant association between Hb
levels and glycemic indices (HbA1c, fasting glucose) in
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our analysis supports the notion that the hematologic
benefits of SGLT2 inhibitors occur independently of or
before glucose control. This reinforces the emerging view
that SGLT2 inhibitors have pleiotropic effects extending
beyond glycemic management, including cardiovascular,
renal, and hematologic health improvements.

In our study, serum creatinine levels were significantly
lower in patients using SGLT2 inhibitors despite the absence
of significant differences in HbA1c or liver enzyme levels
between groups. Although SGLT2 inhibitors are known to
cause a transient rise in creatinine during the first days to
weeks of therapy due to hemodynamic changes, several
studies have demonstrated that renal function tends to
stabilize or improve after this early phase, particularly in
patients without advanced kidney disease (20,21). This
suggests that our patients may have been captured during
an intermediate phase of treatmentlong enough for
favorable changes in renal hemodynamics to emerge but
not sufficient for measurable changes in glycemic or hepatic
parameters to occur. Furthermore, our study’s observation
of lower creatinine levels in SGLT2 inhibitor users suggests
that these agents may confer renal protection even in
real-world patients who are not highly selected for clinical
trials. This is clinically relevant because our cohort reflects
everyday clinical practice, including patients with varying
degrees of metabolic control and diverse comorbidities.
Importantly, our findings indicate that improvements
in renal parameters may occur independently of HbA1c
reductions, underscoring the multifactorial benefits of
SGLT2 inhibitors in routine care. Additionally, the cross-
sectional design of our study precludes assessment of
baseline trends.

Although the differences in AST and ALT levels
between groups in our study were not statistically
significant, we observed numerically lower transaminase
levels among patients using SGLT2 inhibitors. This trend
may be clinically relevant, particularly in the context of
recent findings by Jang et al. (22), who demonstrated
that SGLT2 inhibitors were associated with higher rates
of non-alcoholic fatty liver disease (NAFLD) regression
and reduced liver-related adverse outcomes compared to
other oral antidiabetic agents in a large cohort of patients
with TD2 and concomitant NAFLD. Possible mechanisms
underlying this hepatoprotective effect of SGLT2 inhibitors
include reduced hepatic steatosis through promotion of
weight loss and redistribution of visceral fat, decreased
hepatic inflammation and oxidative stress, modulation
of insulin resistance, and attenuation of lipotoxicity via
increased ketone body production and improved adipokine
profiles such as increased adiponectin levels. These
multifactorial effects may explain the lower liver enzyme
levels observed in our SGLT2 inhibitor group, even without
significant differences in glycemic control. Our findings,
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therefore, align with emerging evidence suggesting that
SGLT2 inhibitors could offer hepatic benefits beyond their
glycemic and renal effects, potentially positioning them
as a favorable therapeutic option in patients with diabetes
who are at risk for NAFLD or metabolic-associated liver
injury.

Unexpectedly, the spot urine protein-to-creatinine
ratio was higher among patients using SGLT2 inhibitors
despite the well-established antiproteinuric effects of this
drug class. This unexpected result may be attributed to
the cross-sectional nature of the study and indication bias,
as patients with higher baseline proteinuria are often
preferentially treated with SGLT2 inhibitors due to their
recognized renal protective effects in previous studies
(23). Consequently, the SGLT2 user group in our cohort
may have included a larger proportion of individuals with
more advanced or active proteinuric kidney involvement
at the time of drug initiation. Since baseline proteinuria
levels were unavailable and longitudinal follow-up was not
performed, it is impossible to determine whether SGLT2
inhibitor use led to reductions in proteinuria over time.
Prospective studies are needed to assess the temporal
changes in protein excretion following initiation of therapy.

Interestingly, metformin use, which is known to be
associated with vitamin B12 deficiency and potentially
lower Hb levels in long-term use, was significantly more
common in the SGLT2 inhibitor group. Despite this, Hb
levels were higher in SGLT2 inhibitor users, suggesting that
the observed Hb increase is unlikely to be confounded by
metformin use. Pioglitazone has been reported to cause
reductions in Hb levels, primarily through hemodilution
resulting from fluid retention, a known effect of peroxisome
proliferator-activated receptor gamma agonists (24). This
fluid retention leads to an expansion of plasma volume,
thereby diluting red blood cells and lowering measured Hb
and Hct values. Although rare, bone marrow suppression
and decreased EPO production due to increased plasma
volume have also been suggested as potential mechanisms
contributing to pioglitazone-associated anemia. However,
in our study, the proportion of patients using pioglitazone
did not differ significantly between the SGLT2 inhibitor
users and non-users. Therefore, the potential Hb-lowering
effect of pioglitazone is unlikely to have significantly
influenced our findings regarding Hb levels between the
groups, and we believe that discussing this effect in depth
is not directly relevant for interpreting the results of our
analysis.

Study Limitations
Nonetheless, our study has limitations. As a
retrospective, single-center study, our work has certain

limitations, including the possibility of selection and
information bias. We did not have access to data such as
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iron stores, EPO levels, reticulocyte counts, or inflammatory
markers, which would have helped clarify the mechanisms
underlying the observed changes in Hb. Likewise, we
were unable to assess treatment duration or adherence
adequately. Despite these limitations, the significant
increase in Hb levels among patients using SGLT2 inhibitors
supports previous findings on the hematologic effects
of these agents. More studies are needed, especially in
patients with subclinical anemia or chronic conditions with
impaired erythropoietic activity.

Conclusion

Our results indicate that SGLT2 inhibitor use is
associated with higher Hb levels in T2D patients who do
not have anemia, independent of kidney function or blood
sugar control. This suggests that these drugs positively
affect red blood cell production. Their potential role in
preventing or improving anemia, especially in patients
with chronic conditions, should be explored further in
prospective studies.
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Abstract

Aim: The systemic immune-inflammatory index (SlI), derived from routine hemogram parameters, has recently emerged as a novel
marker reflecting the balance between host immune status and inflammatory burden and may offer information about the severity
of Helicobacter pylori (H. pylori) associated gastric inflammation. We investigated whether there was a correlation between H. pylori
inflammation, its severity, and this index.

Methods: This single-center, retrospective study was conducted between January and December 2021. A total of 1137 H. pylori-
positive and 401 H. pylori-negative patients who underwent upper gastrointestinal endoscopy were included. Participants were
grouped based on gastric tissue activity and chronicity scores, which reflect the histological severity of inflammation and mononuclear
infiltration, respectively, as defined by the updated Sydney system. The Sl and other inflammatory markers were statistically compared
between groups. Correlation analysis was also performed to evaluate the relationship between histological severity and inflammatory
parameters.

Results: Lymphocyte, neutrophil, platelet, S, neutrophil-to-lymphocyte ratio, and platelet-to-lymphocyte ratio were compared between
the groups. No significant differences were observed. There was no significant difference in terms of the SIl and other parameters in

the H. pylori (+) group when the “1(+)” and “2(+) and 3(+)" subgroups were compared. No significant relationship was found between
tissue activity and chronicity score values and inflammatory markers.

Conclusion: No correlation was found between the presence and severity of H. pylori and the SlI. This is the first study to compare
inflammatory markers in the blood with activity and chronicity findings in the tissue.

Keywords: Helicobacter pylori, inflammation, systemic immune-inflammatory index, neutrophil-to-lymphocyte ratio platelet-to-
lymphocyte ratio

Introduction are classified and reported by a pathologist, according to
the Sydney system (3). In the Sydney system, changes in
the stomach lining are rated based on five key features:
chronic inflammation, neutrophil activity, glandular atrophy,
intestinal metaplasia, and H. pylori density (4). Through this
classification, topographic, morphological, and etiological
information is provided in a diagram. Thus, clinical diagnosis
lymphocytes occurs in the gastric mucosa. The gold standard becomes more practical, and a common terminology is
for H. pylori diagnosis is endoscopic detection of H. pylori established between pathologists and clinicians within the
in gastric biopsy materials (2). Endoscopic biopsy materials reporting system.

Helicobacter pylori (H. pylori)) is a gram-negative
microaerophilic bacterium (1). It tends to settle in the gastric
antrum, which hasalessacidicenvironmentcomparedto other
areas of the stomach. In the presence of H. pylori infection,
mixed inflammation involving neutrophils, macrophages, and
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Studies show that as the number of neutrophils
increases, so does the severity of H. pylori positivity. As a
result of the physiological response of leukocytes to stress,
there is an increase in the number of neutrophils and a
decrease in the number of lymphocytes. The neutrophil-to-
lymphocyte ratio (NLR) can be used as a sensitive marker
of inflammation. The systemic immune-inflammatory
index (Sll) is a contemporary marker for inflammation
that is calculated by multiplying the number of neutrophils
by the number of platelets and then dividing that by the
number of lymphocytes. During inflammation, there is
an increase in the number of neutrophils and platelets
in the blood, which is due to megakaryocyte growth in
chronic inflammation. The number of lymphocytes tends
to decrease owing to increased apoptosis (5). The Sl
was created by combining multiple values into a single
parameter. The SIl is an indicator of an individual's
inflammatory and immune responses (6).

The immune system is unable to eliminate the bacteria
because of H. pylori virulence factors. In the presence
of a long-term infection, chronic inflammation, oxidative
stress, and DNA damage may develop in the stomach. As
aresult, H. pyloriis an important predisposing factor in the
development of gastric cancer. The Sl has been reported
to be an important prognostic marker for many solid
organ tumors. In cases in which the relationship between
stomach cancer and Sll was evaluated, an association with
increased Sll was found (6).

Exclusion criteria:

Age <I8

Chronic disease

- Qastric carcinoma/lymphoma

We hypothesized that a worse H. pylori infection
in stomach tissue samples would be linked to a higher
SII. Inthis context, we investigated whether there was a
correlation between H. pylori inflammation, its severity,
and this index.

Materials and Methods

Compliance with Ethical Standards

This retrospective study was conducted in accordance
with the principles of the Declaration of Helsinki and
approved by the Clinical Research Ethics Committee of
Aksaray University Faculty of Medicine (approval no.:
2022/07-02, date: 07.04.2022).

Study Design

The study was designed as a single-center, controlled,
retrospective study. Data from 3324 patients who
underwent upper gastrointestinal system endoscopy
between January 2021 and December 2021 were
retrospectively examined. Patients with known chronic
diseases were excluded from this study. Patients under
18 years of age and those diagnosed with primary gastric
carcinoma/lymphoma were not included in the study.
A total of 1137 patients with H. pylori-positive stomach
biopsies were included in the study as the patient group,
while 401 patients with H. pylori-negative results were
included as the control group. The flowchart of the study
is summarized in Figure 1. During endoscopy, gastric
biopsies were obtained from patients in accordance with

3324 Upper GI Endoscopy Patients
(Jan-Dec 2021)

Included: 1538 patients, two groups;
Hp-positive: 1137 patients

(Hp 1+: 410, Hp 2+: 327, Hp 3+: 400)
Hp-negative: 401 patients

|

Histopathological Scoring

Sydney system (Activity &
Chronicity)

- Warthin-Starry stain for Hp severity

|

Analysis Performed

Comparison of SII, NLR, PLR, CRP
Subgroup analysis (Hp+, Hp-)
Correlation with histological scores

Rat;

(CRP: C-Reactive Protein, Hp: Helicob pylon, NLR: N
Figure 1. Flowchart of the study

Gl: Gastrointestinal, Hp: Helicobacter pylori, SII: Systemic
Platelet-to-lymphocyte ratio, CRP: C-reactive protein
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o, PLR: Platelet-to-Lymphocyte Ratio, SII: Systemic Immune-Inflammatory Index)

immune-inflammatory index, NLR: Neutrophil-to-lymphocyte ratio, PLR:
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None Mild Moderate Severe None Mild

Moderate Severe None Mild

Moderate Severe

H. pylori

Neutrophils

Mononuclear cells

Figure 2. Sydney visual scoring, Hp severity, activity and chronicity severity

the Sydney protocol. The biopsy materials for the patients
were classified by pathologists according to the Sydney
system (Figure 2).

According to the classification, the activity and chronicity
scores were categorized as “none, mild, moderate, and
severe”. According to activity score, it was evaluated as
“mild: presence of a small number of neutrophils in the
mucosa lamina propria; moderate: presence of neutrophils
in the surface epithelium, foveola, and gland epithelium
next to the lamina propria; severe: presence of pit abscess
in addition to other findings.” According to the chronicity
score, it was evaluated as “normal: mononuclear cells
should not exceed five at each high magnification; mild:
mononuclear cells in the superficial part of the mucosa;
moderate: inflammatory reaction exceeding two-thirds of
the mucosa; severe: presence of inflammatory cells and
lymphoid follicles in the entire mucosa layer” (7). Activity
and chronicity scores are shown in the examples of our
cases (Figures 3a-c).

Histochemically, the preparations stained with Warthin-
Starry were categorized as “none, mild (1+), moderate
(2+), or severe (3+)" using the Sydney classification.
Accordingly, they were categorized as “None: H. pylori
was not found; mild: H. pylori was found rarely or in
less than one-third of the entire length of the sample;
moderate: H. pylori was found in more than one-third but
less than two-thirds of the entire sample length; severe:
H. pylori was found in clusters throughout the sample.”
(7) The degree of H. pylori presence in the preparations
stained histochemically with Warthin-Starry is shown in
the samples from our cases (Figures 3d-g).

We obtained data from the patients included in this
study from our hospital’s electronic database. We recorded
the patients’ sex, age, and laboratory findings such as
hemoglobin, leukocyte, platelet, neutrophil, lymphocyte,
and Creactive protein (CRP) (Advia 120 Siemens
Healthcare Diagnostics, Eschborn, Germany). Based on
the laboratory results, NLR, platelet-to-lymphocyte ratio
(PLR), and SII were calculated (NLR=neutrophil count/
lymphocyte count ratio, PLR=platelet count/lymphocyte
count ratio, Sll=platelet count x neutrophil count/
lymphocyte count ratio).
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Statistical Analysis

Statistical Package for the Social Sciences (SPSS)
version 26.0 for Windows (SPSS, Windows 26.0, Chicago,
lllinois, USA) was used. Differences between groups
were compared using the chi-square test and Student’s
t-test. Pearson’s correlation test was used to evaluate
the correlation among the laboratory data points. The
normality of continuous variables was assessed using the
Kolmogorov-Smirnov and Shapiro-Wilk tests. The results of
statistical analyses are presented as the mean * standard
deviation. Differences were considered statistically
significant at p<0.05.

Results

Of the 1538 patients included in the study, 1137 were
H. pylori-positive and 401 were H. pylori-negative. There
were 410 H. pylori 1(+), 327 H. pylori 2(+), and 400 H.
pylori 3(+) patients. There were 437 H. pylori (+) male
and 700 female patients. There was no difference in the
sex distribution between the H. pylori (+) and H. pylori (-)
groups (p=0.327) (Table 1).

Age, lymphocyte count, neutrophil count, platelet
count, SII, NLR, and PLR were compared between groups.
We found no significant differences between the groups
in terms of parameters, including SlI, except for age. In
terms of age, the H. pylori (-) and H. pylori 1(+) groups
were statistically similar to each other and different from
the Hp2 (+) and Hp3 (+) groups (Table 2 and Figures 4, 5).

The comparison of the “H. pylori 1(+) and H. pylori
2(+)" groups with the “H. pylori 3(+)" group showed a
significant difference in age (p<0.001). There were no
significant differences in terms of Sll and other parameters
(Table 3).

We found no significant relationship between tissue
activity and chronicity score values, inflammatory markers,
or the SlI (Table 4).

Discussion

The SlI, which is calculated using blood cell counts such
as platelets, neutrophils, and lymphocytes, is suggested
to be a better and more sensitive measure of immune-
inflammatory status compared to older ratios like PLR
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Figure 3. H.pylori associated chronic active gastritis; Inflammation severities in activity and chronicity in the antral mucosa. Mild (a),
Moderate (b), Severe (c) findings are observed (H&E X10) d, e, f, g: Histochemically, H.pylori in mucus with Warthin Starry stain; None
(d), Mild (e), Moderate (f), Severe (g)

H. pylori: Helicobacter pylori, H&E: Hematoxylin and eosin

Table 1. Helicobacter pylori (Hp) distribution by gender

Hp (-) Hp1 (+) Hp2 (+) Hp3 (+) p
Male 150 (25.6) 144 (24.5) 128 (21.8) 165 (28.1) 0527
Female 251 (26.4) 266 (28.0) 199 (20.9) 235 (24.7) '

Table 2. Comparison of demographic, laboratory data and inflammatory markers of Hp (-) and Hp (+) groups and Hp (+) subgroups

Hp () Hp1 (+) Hp2 (+) Hp3 (+) p

51.78+15.872 50.67+15.36 46.67+14.99b 44.35+14.38
Age 53 (42-63) 51 (40-62) 45 (35-56) 43 (33-53) <0.00
Lymphocyte 2.26+0.75 2.34+0.77 2.45+18. 2.37+0.73
ymp 2.2 (1.7-2.7) 2.3(1.82.8) 2.3(1.82.8) 2.3(1.92.8) 0.303
Neutrophil 4.44+1 64 4.77+2.59 4.57+1.83 451+1.7

P 4.1(3.45.2) 4.3 (3.45.6) 42 (3.45.3) 43 (3.45.1) 0.406

Platelet 269.82+73.95 274.99+78 280.25+71.22 275.99+70.68

266 (218-309) 265.5 (225-315) 271(232-324) 271.5(224.5316.5) 0.808
A 603.15+435.01 628.8+548.21 595.59+379.65 569.21+365.7

474.1 (359.4-684.9) 500.5 (374.2-734) 502 (374-700.5) 495.7 (362.8-670) 0.440
NLR 2.24+1.59 2.33+2.14 2.14+1.23 2.05+1.13

1.8 (1.52.6) 1.9 (1.42.6) 1.9 (1.5-2.5) 1.8(1.52.3) 0.922
T 131.14+54 .63 128.33+51.84 128.19+45.66 124.78+42.28

120.2 (96.2-153.3) 119.5 (93.7-152.9) 120.7 (97.6-151.6) 117.2 (95-147.2) 0.644

*p value from ANOVA and all others from Kruskal Wallis test. 2, and 2,° denotes statistically significant difference between means or medians
Mean + standard deviation and Median 25-75%
NLR: NeutrophilHlymphocyte ratio, PLR: Platelet-lymphocyte ratio, SlI: Systemic immune-inflammatory index, Hp: Helicobacter pylori,

and NLR. Elevated Sll levels have been linked to increased nor among patients with varying histopathological
disease activity and poor clinical outcomes in various severity. The present study suggests that in the absence
inflammatory and malignant conditions (8-10). However, of systemic comorbidities, localized gastric inflammation
our findings revealed no significant differences in Sll values induced by H. pylori may not lead to a measurable systemic
between H. pylori-positive and H. pylori-negative patients, inflammatory response. Although Sl is often linked to
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overall inflammation in the body and predicts mortality
in patients with solid tumors, it may only be important
in more serious cases where the immune system is not
working properly. In our carefully chosen group of people
who do not have cancer or long-term illnesses, it seems
that the inflammation stays in the stomach lining and does
not affect systemic health indicators. While an elevated
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SII may signal a higher risk of cancer in some individuals,
its utility in identifying such risk among otherwise healthy
subjects remains unclear. Prior research has identified
Sll as an independent prognostic marker in solid tumors
(11). In the area around tumors, neutrophils help create
substances that cause inflammation, and lymphocytes
inhibit tumor growth, while platelets promote tumor
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Figure 4. a. Relationship between neutrophil and lymphocyte count and H.pylori density b. Relationship between age, platelet count
and H.pylori density c. Relationship between H.pylori density and SIl and PLR

PLR: Platelet-lymphocyte ratio, SiI: Systemic immune-inflammatory index, Hp: Helicobacter pylori
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spread by releasing growth factors (6,12). In gastric
cancer patients, increased Sll has been associated with
disease stage and outcome. Although threshold values
ranging from 330 to 1600 have been proposed to predict
prognosis, a universally accepted cut-off has yet to be
determined (13).

Studies have indicated that Sl can be used as a simple,
easily accessible, and promising parameter to evaluate
disease activity and the extent of disease involvement
when colonoscopy cannot be performed for ulcerative
colitis (14,15). However, the lack of a strong link between
Sl and H. pylori-related tissue changes, like activity and
chronicity scores, raises doubts about the utility of Sl in
localized gastric inflammation. This finding may point to
a threshold effect, below which localized inflammation
does not manifest as systemic immune activation. This
information indicates that Sll cannot differentiate between
patients who are positive for H. pylori and those who
are negative, nor can it assess the link between H. pylori

density and Sl levels in patients who are positive for H.
pylori.

It is known that CRP values increase in H. pylori-positive
individuals (16-19). Research has found that substances in
the body that respond to inflammation, like erythrocyte
sedimentation rate, fibrinogen, and CRP are elevated
in H. pylori-positive patients, and there is a strong link
between H. pylori and the body’s overall inflammatory
response (20,21). In our study, no significant difference
was found between the H. pylori-positive and H. pylori-
negative groups in terms of CRP levels. However, this may
be because the preprocedural CRP value was not checked
in every patient. Another important consideration is the
potential disconnect between histological scoring systems
and peripheral markers. While the Sydney system provides
a valuable semi-quantitative assessment of gastric mucosal
inflammation, it may not align proportionally with systemic
indices like SII. The subjective nature of pathology scoring
may contribute to this variability.

Table 3. Comparison of demographic and laboratory data and inflammatory markers between Hp “mild and moderate” and “severe” groups

Mean SD Median Mean SD Median p
Age 48.89 15.32 49.00 44.35 14.38 43.00 <0.001
Lymphocyte 4.68 2.29 4.25 4.51 1.70 4.27 0.547
Neutrophil 2.39 1.33 2.28 2.37 0.73 2.29 0.740
Platelet 277.32 75.06 268.00 275.99 70.68 271.50 0.934
SlI 614.06 480.75 501.95 569.21 365.70 495.71 0.293
NLR 2.25 1.80 1.86 2.05 1.13 1.83 0.405
PLR 128.27 49.16 120.25 124.78 42.28 117.21 0.561

NLR: Neutrophil-lymphocyte ratio, PLR: Platelet-lymphocyte ratio, SlI: Systemic immune-inflammatory index, Hp: Helicobacter pylori, SD: Standard deviation

Table 4. Comparison of tissue activity and chronicity and inflammatory markers

Sl NLR PLR
474.08 1.85 120.19
None 603.15+£435.01 (72.69-4574.64) 2.24+1.59 (0.53-21.03) 131.14+54.63 (31.9-559.38)
. 501.51 1.86 118.39
Mild 630.71+£557.31 (97.01-7394.17) 2.33+2.17 (0.57-27.8) 128.41+50.57 (42.33441.12)
Tissue activity 516,95 1.91 121.16
Moderate | 609.78+448.7 (16.26-5186.21) 2.21+1.47 (0.14-16.89) 128.27+47.45 (3.61-408)
490,92 1.81 117.48
Severe 555.29+281.05 (99.9-1831.16) 1.99+0.87 (0.32:6.73) 124.52+42.3 (30-302.63)
p 0.501 0.319 0.816
471.19 1.84 117.35
None 594.83+455.83 (72.69-4574.64) 2.2+1.68 (0.53-21.03) 130.05+56.43 (31.9-559.38)
. 496.91 1.88 121.16
Mild 642.85+561.45 (136.42-7394.17) 2.42+2.22 (0.62-27.8) 130.21+£50.08 (44.56-316.67)
Tissue chronicity 498.51 1.84 119 63
Moderate | 580.3+352.14 (16.26-3324.53) 2.09+1.14 (0.14-10.22) 127.24+48.12 (3.61-441.12)
499.46 1.83 118.5
Severe 586.16£40339 | g5 geig ) | 21126 (03216.89) | 12547¥4191 | 35506 06
p 0.477 0.206 0.923

NLR: Neutrophil-lymphocyte ratio, PLR: Plateletlymphocyte ratio, SII: Systemic immune-inflammatory index
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Figure 5. a. Relationship between H.pylori density and SlI, NLR and PLR b. Relationship between H.pylori density and NLR

H. pylori: Helicobacter pylori,, NLR: Neutrophil-lymphocyte ratio, SlI: Systemic Immune-inflammatory index, PLR: Platelet-lymphocyte ratio,

There are conflicting findings in the literature regarding
CRP levels. This is because CRP levels may vary depending
on age, sex, ethnicity, lifestyle, and comorbidities (22).
In some studies, an insufficient number of patients may
have caused this situation. Studies may differ in their
CRP calculation methods, with many lacking a detailed
explanation. The large number of patients in our study
minimized the effect of at least one of these limitations,
although it did not evaluate the CRP level of each patient
before endoscopy, preventing the acquisition of clear data
in the findings.

In recent years, the NLR has been frequently used as
a parameter to indicate the presence of inflammation. In
light of our results, tissue biopsy remains essential for the
accurate assessment of H. pylori infection severity. Even
though Sl shows potential as a useful marker in various
inflammatory and cancer situations, our results indicate
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that it cannot effectively distinguish mild to moderate
mucosal inflammation from H. pylori, particularly in
healthy people. In one study, a correlation was found
between the severity of H. pylori gastritis and NLR (21).
In another study, leukocyte, neutrophil, and NLR rates
were higher in H. pylori-positive patients than in H. pylori-
negative patients (4,22). It has been reported in the
literature that platelets are activated by H. pylori infection
and that H. pylori damage to tissues is associated with
inflammatory mediators resulting from platelet activation
(23,24). Researchers conducted these studies with a
limited number of patient groups.

In our study, no significant differences were observed
in NLR and PLR values between H. pylori-positive and H.
pylori-negative groups. This finding may be attributed to
the relatively large and heterogeneous study population,
which likely minimized the influence of minor inflammatory
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fluctuations. When we looked at the SII values for both
H. pylori-positive and H. pylori-negative patients, and also
within the H. pylori-positive groups based on bacterial
density [1 (+), 2 (+), and 3 (+)], we did not find any
significant differences. These results further suggest that
localized gastric inflammation may not sufficiently impact
systemic inflammatory markers in otherwise healthy
individuals.

It is known that H. pylori can cause gastric cancer.
Our study found no relationship between the Sll and the
severity of H. pylori. This may be related to the fact that
the tumor microenvironment has not been formed, or it
may be that Sl is associated with cancer only above a
certain threshold value. The inflammatory reaction caused
by H. pylori may have remained below this threshold.

Study Limitations

Although only patients with dyspeptic complaints and
no known comorbidities were included, the limitations
of this study include the lack of information about the
conditions that may affect Sll, such as the patients’
nutritional characteristics and the recent use of antibiotics
and anti-inflammatory drugs. In addition, the retrospective
design and reliance on single-timepoint laboratory values
without serial follow-up may have reduced the sensitivity of
inflammatory indices in reflecting disease severity. Despite
these limitations, this study has several strengths. First, the
large sample size and histologically verified diagnosis of H.
pylori infection provide robust and reliable data. Second,
the strict exclusion of patients with chronic diseases or
malignancies allowed for a more focused assessment
of the relationship between local gastric inflammation
and systemic inflammatory markers in otherwise healthy
individuals. Finally, the use of standardized histopathological
grading according to the updated Sydney system enhances
the reproducibility and clinical relevance of the findings.

Conclusion

We concluded that SIl and other inflammation values
are not sufficient to distinguish H. pylori-positive patients
or to serve as a standalone prognostic marker in H.
pylori follow-up. Tissue biopsy continues to be the most
reliable method for diagnosing H. pylori and assessing
its density. This study is the first to compare the tissue
activity and chronic severity of an H. pylori infection with
serum inflammatory markers. We have observed that the
findings and severity of a gastric biopsy do not correlate
with inflammatory values in the blood.
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Abstract

Aim: Obesity is a key risk factor for cardiovascular diseases, contributing to endothelial dysfunction and atherosclerosis. Pericardial
fat, a visceral fat depot surrounding the heart, has emerged as an important cardiovascular risk factor. Its proximity to coronary
vessels and its role in inflammatory processes suggest its potential impact on vascular health. This study investigates the effects of a
probiotic-focused diet on cardiovascular risk markers, including carotid intima-media thickness (CIMT), flow-mediated dilation (FMD),
and pericardial fat thickness in obese individuals.

Methods: This was a 12-week prospective dietary intervention study designed to evaluate the effects of a probiotic-rich diet in
100 obese participants. The participants followed a probiotic-focused diet, and cardiovascular risk markers-including CIMT, FMD, and
pericardial fat thickness-were measured before and after the intervention. Metabolic markers such as body weight, insulin levels, and
high-sensitivity C-reactive protein (hsCRP) were also evaluated.

Results: The probiotic group showed significant improvements in body weight, body mass index, insulin sensitivity, and hsCRP levels.
However, no significant differences were observed in CIMT, FMD, or pericardial fat thickness between the two groups. Pericardial fat
thickness showed a slight reduction in the probiotic group, but this change was not statistically significant.

Conclusion: A probiotic-rich diet significantly improves metabolic health but does not result in significant changes in cardiovascular
markers such as CIMT, FMD, or pericardial fat thickness in obese individuals over a 12-week period. Further research with longer
intervention periods is necessary to explore the impact of probiotics on vascular health and pericardial fat accumulation in obesity.

Keywords: Obesity, probiotics, cardiovascular diseases, inflammation, endothelium, vascular

Introduction

Obesity is a major global health problem and a leading
risk factor for cardiovascular disease (CVD). It is closely
associated with subclinical vascular changes, including
increased carotid intima-media thickness (CIMT) and
impaired endothelial function, both of which contribute
to the development of atherosclerosis. Carotid intima-
media thickness reflects arterial wall thickening and has

been recognized as a surrogate marker for atherosclerotic
burden and cardiovascular events such as myocardial
infarction and stroke (1). Flow-mediated dilation (FMD), on
the other hand, is a non-invasive assessment of endothelial
function and an early indicator of vascular health (2,3).
Pericardial fat, a visceral fat depot surrounding the
heart, has emerged as a significant cardiovascular risk
factor due to its inflammatory activity and anatomical
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proximity to coronary vessels (4). Several studies have
reported a strong association between pericardial fat and
endothelial dysfunction, particularly in obese individuals
(5). Meanwhile, probiotics have gained attention for their
ability to modulate the gut microbiota and reduce systemic
inflammation. They have shown promise in improving
insulin resistance, lipid profiles, and pro-inflammatory
markers-key contributors to cardiovascular risk (6-8).

We hypothesized that a probiotic-focused diet would
improve metabolic parameters and potentially exert
favorable effects on vascular health in obese individuals.
The aim of this study was to evaluate the effects of a
12-week probiotic-rich dietary intervention on metabolic
markers, endothelial function (assessed by FMD), and
subclinical atherosclerosis (assessed by, CIMT) in obese
individuals. This approach may contribute to cardiovascular
prevention strategies by offering a non-pharmacological,
probiotic-targeted dietary tool to improve cardiometabolic
health in high-risk populations.

Materials and Methods

Compliance with Ethical Standards

This study was conducted in accordance with the
Declaration of Helsinki. Ethical approval was obtained from
the Clinical Research Ethics Committee of the University
of Health Sciences Turkiye, Diyarbakir Gazi Yasargil
Training and Research Hospital (approval no.: 154, date:
05.10.2018). All participants provided written informed
consent prior to their inclusion in the study.

Study Design

This 12-week study was conducted between January
and June 2019 at University of Health Sciences Turkiye,
Diyarbakir Gazi Yasargil Training and Research Hospital.
The participants followed a probiotic-focused diet, and
cardiovascular risk markers-including CIMT, FMD, and
pericardial fat thickness were measured before and after
the intervention. The primary aim was to assess the impact
of a probioticrich diet on these markers of metabolic and
vascular health. Previous research has shown that probiotics
can influence metabolic parameters such as insulin sensitivity
and inflammation (1), and that pericardial fat, in particular,
is a strong predictor of cardiovascular risk, particularly in
obese individuals (2). By measuring these markers, this
study aimed to explore how dietary interventions might
improve cardiovascular health in obese populations.

Inclusion Criteria

Participants aged 1865 years with a body mass
index (BMI) of =30 kg/m? were included. None of the
participants had a history of CVD, diabetes, or other
significant medical conditions.
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Dietary Intervention

Participants followed a diet enriched with probiotic
foods aimed at improving gut microbiota health and overall
metabolic function. The diet included regular consumption
of foods such as yogurt, kefir, and fermented vegetables
(e.g., sauerkraut, kimchi). Participants were instructed to
incorporate these foods into their daily meals, with portion
sizes and frequency tailored to their caloric and nutritional
requirements as determined by a dietitian.

To ensure adherence and provide personalized
guidance, participants met individually with a dietitian
three times per week. During these sessions, the dietitian
monitored dietary compliance, provided tailored advice,
and addressed any challenges faced by the participants.
Dietary logs were also maintained by participants to
document daily food intake, which was reviewed during
the consultations.

Assessment of Carotid Intima-Media Thickness

Assessment of CIMT was measured using high-
resolution B-mode ultrasonography [e.g., (state the device,
such as GE Vivid E9, Philips iE33)]. Measurements were
taken on the far wall of the distal 1 cm of the common
carotid artery, approximately 1-2 c¢cm proximal to the
bifurcation (9). Three measurements were obtained
bilaterally, and the mean CIMT value was calculated
for analysis. All measurements were performed by an
experienced physician blinded to the study groups and
intervention status to ensure objectivity and reduce bias.
The intra-observer variability was assessed and found to
be within acceptable limits (<5%).

Assessment of Flow-Mediated Dilation

Assessment of FMD, an established marker of
endothelial function, was assessed using a standardized
non-invasive ultrasound technique. Participants were
instructed to fast and refrain from consuming caffeine or
alcohol or engaging in physical activity for at least 12 hours
prior to the procedure. Measurements were conducted in
a temperature-controlled room after 10 minutes of rest in
the supine position. Reactive hyperemia was induced by
inflating a forearm cuff to 50 mmHg above systolic blood
pressure for 5 minutes, followed by sudden deflation. The
brachial artery diameter was measured at baseline and
during hyperemia. FMD was calculated as the percentage
increase in arterial diameter from baseline (9). All
measurements were performed by the same experienced
physician, who was blinded to the study groups and
intervention details.

Assessment of Pericardial Fat Thickness

Pericardial fat thickness, a key marker of visceral
adiposity surrounding the heart, was measured using
transthoracic echocardiography. Parasternal long-axis
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and short-axis views were obtained, and pericardial fat
thickness was defined as the echo-lucent space between
the outer wall of the myocardium and the visceral
layer of the pericardium. Measurements were taken
perpendicularly to the right ventricular free wall at end-
diastole. Three consecutive cardiac cycles were averaged
for the final value. An experienced and blinded physician
performed all echocardiographic evaluations, ensuring
consistency and minimizing measurement bias.

Quality Assurance

To ensure high data quality, all imaging devices were
calibrated before each session. The physician conducting
the measurements underwent inter-rater reliability
validation at the study’s outset. Blinded duplicate
measurements were performed in a random subset of
10% of participants to assess reproducibility, yielding
intraclass correlation coefficients >0.9 for all parameters.

Metabolic Markers

Body weight, BMI, insulin levels, and high-sensitivity
C-reactive protein were also measured. Homeostasis
model assessment of insulin resistance (HOMA-IR) was
calculated as a measure of insulin resistance.

Statistical Analysis

Continuous variables were assessed for normality using
the (e.g., Shapiro-Wilk test or Kolmogorov-Smirnov test).
Normally distributed variables were presented as mean
+ standard deviation, while non-normally distributed
variables were summarized as median and interquartile
range. For within-group comparisons, paired t-tests were
applied to normally distributed data, and the Wilcoxon
signed-rank test was used for non-parametric data.

Effect sizes were calculated to assess the magnitude of
observed changes, reported as Cohen’s d for paired t-tests
or matched rank biserial correlation for non-parametric
tests. Missing data were managed using (state method,
e.g., pairwise deletion or imputation), and sensitivity
analyses were conducted where appropriate. Continuous
variables were assessed for normality using the Shapiro-
Wilk test.

The statistical significance level was set at p<0.05. All
analyses were performed using (state statistical software,
e.g., Statistical Package for the Social Sciences version
25.0, R version 4.3.1). Confidence intervals of 95% were
provided for key outcomes.

Results

The baseline characteristics of both groups were
similar, with no significant differences observed in terms
of age, gender, or baseline cardiovascular risk markers.
Table 1 present all the data for both baseline and post-
intervention measurements.
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Participants in the probiotic group experienced a
significant reduction in body weight (-6.57 kg, p<0.001)
and BMI (-1.63 kg/m2, p<0.01). Insulin levels decreased
by 3.42 pU/mL (p<0.01), and HOMA-IR improved by 1.23
(p<0.01), while the control group showed no significant
changes in these metabolic parameters.

Regarding cardiovascular risk markers, although
changes in CIMT and pericardial fat thickness were
observed in both groups, no significant differences were
found between the probiotic and control groups (CIMT:
-0.02 mm, p=0.35, pericardial fat: -0.01 cm, p=0.26).
Flow-mediated dilation showed a slight improvement in
the probiotic group (+0.18%), but this change was not
statistically significant (p=0.12).

Discussion

The findings of this study suggest that a probiotic-
focused diet can significantly improve body composition
and insulin sensitivity in obese individuals. These results are
consistent with previous studies that have demonstrated the
benefits of probiotics in reducing metabolic dysfunctions
such as insulin resistance and inflammation (10).

Recent clinical trials have also shown that probiotics
may modulate gut microbiota composition, promote
short-chain fatty acids production, and reduce systemic
inflammation, all of which contribute to improved insulin
signaling and energy metabolism (11-13).

Probiotics have also been shown to improve lipid
profiles and reduce markers of systemic inflammation,
which are known to contribute to cardiovascular risk
(14). However, our study did not observe significant
improvements in CIMT or FMD, which suggests that
longer intervention periods or more intensive dietary
changes may be necessary to elicit meaningful changes
in vascular function. This may be due to the fact that
vascular remodeling and endothelial repair are complex
processes, typically requiring sustained anti-inflammatory
stimuli and structural adaptation, which may not be fully
achieved within a 12-week timeframe (14).

One aspect that could have influenced our findings is
the potential role of pericardial fat, which is an important
but often overlooked marker of cardiovascular risk in
obesity. Pericardial fat is known to contribute to systemic
inflammation and endothelial dysfunction, both of which
are critical factors in the development of atherosclerosis and
CVD (4). Previous studies have highlighted that pericardial
fat is a strong predictor of coronary artery disease and
other cardiovascular events, particularly in individuals with
visceral obesity (5). Recent studies have demonstrated that
pericardial fat volume independently predicts coronary
artery calcification and impaired FMD, even after adjusting
for BMI and visceral adiposity (1,15,16).
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Table 1. Baseline and post-intervention analysis of cardiovascular and metabolic variables

Variable ?;:;Ti;e()mean =8, (Gn;::':'nzi SD) ) *p-value
(Post-intervention)
Body weight 83.96+15.41 77.39+15.61 p<0.001
Height 1.65+0.08 - -
BMI (kg/m?2) 30.78+5.07 29.15+4.91 p<0.001
FBG (mg/dL) 94.37+11.78 96.90+8.81 0.535
PPBG (mg/dL) 104.69+24.53 96.60+17.43 0.208
HBA1C (%) 5.36+0.29 5.37+0.33 0.465
ALT (U/L) 16.50+14.84 17.00+16.07 0.972
Fibrinogen (mg/dL) 285.50+69.14 271.50+70.02 0.964
Homocystein (umol/L) 695476 654+375 0.757
Total cholesterol (mg/dL) 99.00+24.36 96.60+£17.43 0.401
Triglycerides (mg/dL) 130.00+55.37 127.00+45.91 0.542
HDL (mg/dL) 45.00+12.15 47.00+9.30 0.280
LDL (mg/dL) 123.00+38.55 120.00+28.44 0.889
VLDL (mg/dL) 30.00+6.12 30.00+7.09 0.919
Pericardial fat thickness (cm) 0.67+0.17 0.630.18 0.26
Vitamin D (ng/mL) 16.48+8.23 15.94+5.68 0.189
C-reactive protein (mg/dL) 2.58+0.78 2.55+0.72 0.543
Cinc (ug/dL) 88.59+10.35 94.70+7.59 0.041
Magnesium (mg/dL) 1.95+0.20 1.93+£0.10 0.280
C-peptide (ng/mL) 2.64+1.01 2.39+0.81 0.068
Insulin (uU/mL) 13.32+8.67 10.59+6.67 0.052
CIMT (mm) 0.07+0.09 0.0546+0.01527 0.288
FMD1 (%) 0.37£0.07 0.3829+0.07668 0.525
FMD2 (%) 0.40+0.08 0.4071+0.08956 0.816
FMDs (%) -72.35+22.35 -69.9427+25.49738 0.646

*Statistical comparisons were performed using paired t-test and Wilcoxon signed-rank test as appropriate
BMI: Body mass index, FBG: Fasting blood glucose, PPBG: Postprandial blood glucose, HBA1C: Hemoglobin A1C, ALT: Alanine transaminas, HDL: High-density lipoprotein,
LDL: Low-density lipoprotein, VLDL: Very low density lipoprotein, FMD: Flow-mediated dilation, CIMT: Carotid intima-media thickness, SD: Standard deviation

Given that our study did not measure pericardial fat,
it is possible that incorporating this marker could have
revealed additional insights into the diet’s impact on
cardiovascular risk. Moreover, longer intervention periods
and more intensive dietary changes may be required to
see significant changes in vascular health markers like
CIMT and FMD, as these are often influenced by multiple
factors such as systemic inflammation, lipid metabolism,
and genetic predisposition (17,18).

Overall, while probiotic diets can improve metabolic
health, their direct effects on vascular markers, including
those influenced by pericardial fat, remain inconclusive.
Further research with longer durations and larger sample
sizes is needed to determine the long-term benefits of
such diets on CVD risk.
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Study Limitations

This study suggests that a probiotic-focused diet
can improve metabolic health and insulin sensitivity in
obese individuals. However, the effects on cardiovascular
markers, such as CIMT and FMD, were not significant.
Small sample size and short study duration are key
limitations. The absence of a control group limits the
ability to definitively attribute observed changes to the
probiotic intervention, as potential confounding factors or
regression to the mean cannot be excluded. Future studies
should address these issues by including larger cohorts,
longer interventions, and evaluating pericardial fat and
gut microbiota to provide a clearer understanding of how
probiotics influence cardiovascular risk. Despite these
limitations, the study’s strengths include its prospective
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design, objective vascular measurements, and close
dietary supervision.

Conclusion

A probioticfocused diet led to significant
improvements in body composition and insulin sensitivity
in obese individuals. Although no significant changes
were observed in CIMT, FMD, or pericardial fat, the
metabolic improvements observed in this study suggest
that probioticrich diets may help reduce obesity-related
cardiovascular risk in the long term. Future studies
should explore the long-term effects of probiotic diets on
cardiovascular health, with a focus on endothelial function
and arterial stiffness.
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Abstract

Aim: Acute rheumatic fever (ARF) is a multisystemic inflammatory disease and remains an important health problem in low- and middle-
income countries. The most important and potentially permanent adverse effect of the disease is cardiac involvement. This study aims
to investigate the course of valvular lesions in ARF carditis and the factors that may affect their course during a long-term follow-up.

Methods: In this cross-sectional study, which is a type of observational study, the records of children diagnosed with ARF in our hospital
between August 2003 and December 2018 were retrospectively reviewed. Valvular insufficiency was examined on echocardiography
and compared with the previous findings. The changes in the valvular lesions and the factors that could affect them were evaluated.
The results were analyzed statistically.

Results: The study included 90 patients with ARF who had been followed up for over a year. Of our patients, 37 (41%) were male
and 53 (59%) were female. The mean age of our patients was 16.5+3.2 years. The mean age at diagnosis was 11 (4.2-18 years). The
mean follow-up period was 67 (14-184) months. Carditis was present in 86 (95.6%) patients. Echocardiographically, mitral regurgitation
(MR) was present in 83 (96.5%) patients and aortic regurgitation (AR) was present in 56 (65%) patients. 54 (62.7%) patients had both
MR and AR. During the follow-up, MR persisted or progressed in 19 (22.9%) patients, regressed in 39 (47%) patients, and completely
recovered in 25 (30.1%) patients. Aortic regurgitation persisted or progressed in 13 (23.2%) patients, regressed in 4 (7.1%) patients,
and completely recovered in 39 (69.7%) patients.

Conclusion: The recovery rate of aortic valve lesions was found to be much higher than that of mitral valve lesions. Initially, The
high rate of mild involvement in aortic valve lesions maybe effective in this context. Apart from this, the valve lesion types that have
a negative course and the factors affecting them still need to be studied further. Benzathine penicillin prophylaxis remains the most
effective method of preventing recurrence.

Keywords: Rheumatic fever, rheumatic heart disease, heart valve diseases

Introduction (1). It remains an important health problem in low-
and middle-income countries. The most important and
potentially permanent complication of the disease is
cardiac involvement. The condition often occurs in valvular
regurgitation of the left heart valves.

At disease onset, valvular insufficiency is the
predominant finding, while in the chronic form, valve

Acute rheumatic fever (ARF) is a systemic autoimmune
syndrome involving a combination of the joints,
heart, brain, skin, and and subcutaneous tissues that
develops following exposure to Group A Streptococcus
[Streptococcus pyogenes (GAS)] pharyngitis or impetigo
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stenosis can also be seen. Some of the valvular lesions
improve, while others progressively worsen over time and
may even require surgical intervention (2).

The aim of this study was to investigate the course of
valvular lesions and the factors that may affect it during a
long-term follow-up.

Materials and Methods

Compliance with Ethical Standards

The study protocol was approved by the Uludag
University Faculty of Medicine Clinical Research Ethics
Committee (approval no.: 2023-9/16, date: 26.04.2023).
Written consent was obtained from all participants, and
the study complied with the Declaration of Helsinki.

Study Design

In this retrospective study the records of children
diagnosed with ARF in our hospital between August
2003 and December 2018 were retrospectively reviewed.
Patients with a follow-up period of less than 1 year were
excluded from the study. Acute rheumatic fever diagnoses
for all the patients were made in our hospital and we
had records corresponding to their initial episode. All
diagnoses were made according to the modified Jones
criteria, and the revised criteria were used for patients
diagnosed after 2015 (3,4). Demographic data and
clinical, laboratory, and echocardiographic findings of our
patients were all present and examined from the patient
files. Clinical procedures performed on the patients
all included detailed cardiovascular examinations, and
benzathine penicillin prophylaxis regularity was thoroughly
checked. Electrocardiography and echocardiography
were performed for each patient at each follow-up.
Echocardiographic reports were reviewed by the same
physician, Muhammet Hamza Halil Toprak.

When evaluating valvular insufficiency, trivial
insufficiencies that did not involve changes in the
valve morphology (thickening, limitation of chordate
movements) weren’t considered pathological. Pansystolic
mitral regurgitation (MR) and pandiastolic aortic
regurgitation (AR) with a peak velocity greater than 3 m/
ss were considered significant. Mitral regurgitation was
classified into severity groups as mild, moderate, and
severe based on the ratio of maximum insufficiency jet
area to atrium area. Those with a rate of <20% were
considered mild, those between 20% and 40% were
considered moderate, and those >40% were considered
severely insufficient. Aortic insufficiency was classified as
mild, moderate, or severe based on the parasternal long
axis insufficiency ratio, defined as the jet width divided by
the left ventricular outflow tract width. Disabilities with
a rate of <25% were considered mild, those between
25% and 45% were considered moderate, and those
>45% were considered severe. At each follow-up, valvular
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insufficiency was examined on echocardiography and
compared with the previous findings.

Statistical Analysis

Statistical evaluation of the data was performed with
Statistical Package for the Social Sciences 16 for Windows.
Categorical data is divided into frequency and percentage
(n, %). Continuous variable data were presented as mean
+ standard deviation or median (min-max). The differences
between categorical variable frequencies were investigated
by the chi-square test. Normality analysis of the variables
was performed with the Shapiro-Wilk test. Continuous
variables that did not show normal distribution were
compared with the Mann-Whitney U test. The significance
level was set at a=0.05 (p<0.05).

Results

A total of 90 patients who were diagnosed with ARF
in our hospital and had been followed up for more than a
year were included in the study. Among the patients, 37
(41%) were male and 53 (59%) were female. The mean
age of our patients was 16.5+£3.2 years. The mean age
at diagnosis was 11 (4.2-18) years. The diagnosis season
was spring in 26 (28.9%) patients, summer in 23 (25.6%),
autumnin 12 (13.3%), and winter in 29 (32.2%) patients.
Only 6 (6.7%) patients had a family history of ARF.

The mean follow-up period was 67 (14-184) months.
Carditis was present in 86 (95.6%) patients. The
frequencies of other major findings are given in (Table
1). Echocardiographically, MR was present in 83 (96.5%)
patients, and AR in 5656 (65%) patients. Fifty-four
(62.7%) patients had both MR and AR. A total of 136
valve involvements was determined in 86 patients. The
distribution and severity of valvular involvement at the
time of diagnosis are given in (Figure 1). During the follow-
up, MR persisted or progressed in 19 (22.9%) patients,
regressed in 39 (47%) patients, and completely recovered
in 25 (30.1%) patients. Aortic regurgitation persisted or
progressed in 13 (23.2%) patients, regressed in 4 (7.1%),
and completely recovered in 39 (69.7%). The progression
of valvular lesions is given in (Figure 2).

The rate of complete recovery of aortic valve lesions
was higher than that of mitral valve lesions, and the
difference was statistically significant (69.7%, 30.1%,
p<0.01).

Table 1. The frequencies of the major findings

Finding n %
Carditis 86 95.6
Arthritis 52 59.1
Corea 18 20.2
Subcutaneous nodules 1 1.1
Erithema marginatum 0 0
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When the improvement and deterioration rates of
mitral and aortic valve lesions were compared based
on gender, no significant difference was detected for
either of the valve lesions (p=0.68, p=0.12). When the
improvement and deterioration rates of mitral and aortic
valve lesions were compared based on age, no significant
difference was detected for either of the valve lesions
(p=0.89, p=0.98).

No significant difference was detected for either of the
mitral and aortic valve lesions when the improvement and
deterioration rates were compared according to age at
the time of diagnosis (p=0.18, p=0.65).

Similarly, there was no statistically significant difference
for the improvement and deterioration rates of mitral
and aortic valve lesions based on the presence of chorea
foreither of the lesion types (p=0.90, p=0.14).

Similarly, when the improvement and deterioration
rates of mitral and aortic valve lesions were compared
according to antistreptolysin O (ASO) levels at the time
of diagnosis, no statistically significant difference could be
detected for any of the valve lesions (p=0.90, p=0.14).
The comparison of the factors affecting the course of
aortic and mitral valve lesions ispresented in (Tables 2,3)

Recurrence was observed in 7 patients. Of these, 2
were seen in patients compliant with benzathine penicillin
prophylaxis, and 5 were seen in patients who were
non-compliant with benzathine penicillin prophylaxis.
Two patients underwent surgical valve replacement due
to cardiac failure. One patient underwent mitral valve
replacement (MVR), and the other patient underwent
simultaneous aortic and MVR.

Discussion

Acute rheumatic fever is a non-suppurative disease
that occurs because of an autoimmune response to GAS
pharyngitis. The disease mainly affects the heart, joints,
and nervous system. It is more commonly encountered in
children and young adults. Non-cardiac involvement of the
disease is transient, while the most important permanent
damage occurs as a result of cardiac involvement (5). For
this reason, research on the understanding and treatment
of heart lesions is important. Previously, the criteria for
detecting carditis were based on physical examination for
which the sensitivity was low (3). In recent years, with the
widespread use of echocardiography to detecting carditis,
it has been understood that cardiac involvement is actually

Mitral regurgitation

= Mild
Moderate

W Severe

Aortic Regurgitation

= Mild
Moderate

W Severe

Figure 1. The distribution and severity of valvular involvement at the time of diagnosis

Mitral Regurgitation

m Persisted or progressed

Regressed

M Reverted to normal

Figure 2. The progression of valvular lesions
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Table 2. The comparision of the factors that affecting the course of mitral valve lesions

Variable Cathegory Persisted or progressed Regressed P-value
Male 7 26
Gender 0.68
Female 12 38
Age 199.47+36.53 200.85+37.51 0.89
Age at diagnosis 141.41+23.20 129.32+35.16 0.18
ASO (1U/mL) 936 891 0.67
Positive 4 14
Corea - 0.90
Negative 14 50
ASO: Antistreptolysin O
Table 3. The comparision of the factors that affecting the course of aortic valve lesions
Variable Cathegory Persisted or progressed Regressed P-value
Male 8 18
Gender 0.12
Female 5 25
Age 203.08+45.58 203.32+33.5 0.98
Age at diagnosis 130.41+30.5 135.58+35.7 0.65
ASO (1U/mL) 920.5 966 0.74
Positive 3 4
Corea 0.14
Negative 10 39

ASO: Antistreptolysin O

more significant than previously believed. For this reason,
echocardiographic findings have taken their place in the
revised diagnostic criteria and are explained in detail in
the literature (4).

Acute rheumatic carditis is a chronic process that begins
in childhood and young adulthood and usually continues
into adulthood and is still one of the most important causes
of acquired heart valve diseases in low- and middle-income
countries (6). The worsening of valvular lesions and the
factors affecting it are of scientific interest and represent
the most important points to be explained in preventing
disease sequelae. Our study aimed to monitor the change
in valvular involvement over time and to investigate the
factors that may affect it.

In the study conducted by Meira et al., (7) only 9
patients (6.2%) in the follow-up of 146 patients with
carditis  had normal echocardiography findings. In
that study, the recovery rates of the aortic and mitral
valves were not given separately. In our study, the rate
of complete recovery of aortic valve lesions was higher
than that of mitral valve lesions, and the difference was
statistically significant. (69.7%, 30.1%, p<0.01). It was
initially thought that the high recovery rate in aortic
valve lesions may be related to the high incidence of mild
involvement.

Whether gender influences the healing of valvular
lesions has been investigated in many studies, but no
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significant difference has been found (8,9). In our study,
when the improvement and deterioration rates of mitral
and aortic valve lesions were compared according to
gender, there was no statistically significant difference for
either of the valve lesions (p=0.68, p=0.12).

In the study conducted by Beaton et al. (8) on 60
patients with a follow-up period of 2 years, younger age
was defined as a risk factor for the persistence of valvular
lesions. In our study, which had a much longer follow-up
period, there was no statistically significant difference
between the valve lesions when the improvement and
deterioration rates of mitral and aortic valve lesions were
compared based on age (p=0.89, p=0.98).

In a prospective study conducted by Zihlke et al. (9)
with a follow-up period of 5 years, no relationship was
found between age at diagnosis and progression of
valvular lesions. The results of our study were in line with
their findings.

Contrary to the study (8), which showed that the
recovery rate of valve insufficiency was lower in patients
with higher ASO values at the time of initial diagnosis,
our study showedshowed the baseline ASO values for
both mitral and aortic valves did not affect the rate of
improvement or deterioration (p=0.67, p=0.74). The
follow-up period in that study was 2 years, while the
mean follow-up period in our study was 67 months
(approximately 5 and a half years).



Toprak et al. Valvular Lesions in Acute Rheumatic Fever

Benzathine penicillin prophylaxis is recognized as the
most effective treatment in preventing recurrences of ARF
It is known that the recurrence rate is higher in patients
who do not comply with treatment (10-12). In our study,
5 out of 7 patients with recurrence did not comply with
regular prophylaxis. There are studies showing that
valvular lesions are aggravated and that patients with
recurrence experience greater worsening (13). On the
contrary, in our study, all 7 patients with recurrence were
found to have decreased valve involvement. We could not
find any reason to explain this.

Surgical valve replacement emerges as a treatment
option for valve insufficiency in the presence of medically
uncontrolled cardiac insufficiency. The underlying
pathology may be acute chordae rupture or significant
valve regurgitation that does not respond to steroid
therapy (14). Two of our patients underwent surgical
valve replacement. In one patient, MVR and aortic valve
replacement were performed together, and in the other
patient, only MVR was performed. Neither of these
patients had recurrence.

Study Limitations

This study has several limitations. The study was
conducted at a single center, and the relatively small
number of patients included constitutes the main
limitation. Despite these limitations, we believe that this
study will make a significant contribution to the literature
due to its long follow-up period.

Conclusion

Most of the valve lesions that occur due to ARF
carditis either regress or completely resolve in the long
term. Our study had a long follow-up period of 15 years,
and the recovery rate of aortic valve lesions was found
to be much higher than that of mitral valve lesions. The
high rate of mild involvement in aortic valve lesions
initially may be effective in this. Apart from this, the valve
lesion types that have a negative course, and the factors
affecting them, still need to be studied further. Benzathine
penicillin prophylaxis remains the most effective method
of preventing recurrence.

Ethics

Ethics Committee Approval: The study protocol was
approved by the Uludag University Faculty of Medicine
Clinical Research Ethics Committee (approval no.: 2023-
9/16, date: 26.04.2023).
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from all participants, and the study complied with the
Declaration of Helsinki.
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