


IJBM
INTERNATIONAL JOURNAL OF BIOMEDICINE

International Journal of Biomedicine (print ISSN - 2158-0510 and online ISSN - 2158-0529) is published four times 
a year by International Medical Research and Development Corp. (IMRDC). International Journal of Biomedicine 
(IJBM) is an international, peer-reviewed, open access journal. IJBM publishes scientific articles related to basic, 
applied, and translational research in biology and medicine. The main purpose of IJBM is to promote new scientific 
ideas and biomedical technologies. The distribution of freely accessible, high-quality content is a central mission of 
IJBM, aimed at increasing research visibility and accelerating scientific discovery. IJBM articles are published under a 
Creative Commons Attribution–NonCommercial–NoDerivatives 4.0 International (CC BY-NC ND 4.0) license.

International Journal of Biomedicine endorses and behaves in accordance with the codes of conduct and international 
standards established by the Committee on Publication Ethics (COPE).

Photocopying and Permissions: Published papers appear electronically and are freely available from our website. 
Authors may also use their published .pdf's for any non-commercial use on their personal or non-commercial 
institution's website. Users are free to read, download, copy, print, search, or link to the full texts of these articles for 
any non-commercial purpose. Articles from IJBM website may be reproduced, in any media or format, or linked to for 
any commercial purpose, subject to a selected user license.

Manuscript Submission: Original works will be accepted with the understanding that they are contributed solely to 
the Journal, are not under review by another publication, and have not previously been published except in abstract 
form. 

Copyright

• Copyright for the article remains with the author(s) or the author’s employer.
• By signing an Open Access Publishing Agreement, the authors authorize the publisher to publish the article and the 
right to identify itself as the original publisher. The Open Access Publishing Agreement encompasses all rights to 
publish, distribute, and make the article available in all media (print, digital, and online), as well as the right to protect 
these rights against third parties.
• The authors grant any third party the right to freely use the article under the terms of the Creative Commons Attribution 
(CC BY-NC-ND 4.0) license. The CC BY-NC-ND 4.0 license permits the use and distribution of all published articles 
in any medium, provided that the original work is properly cited and contains a DOI link to the version of record on 
www.ijbm.org. It is prohibited to distribute materials for commercial purposes or to modify or adapt the original works.

Notice: No responsibility is assumed by the Publisher, Corporation, or Editors for any injury and/or damage to 
persons or property as a matter of products liability, negligence, or otherwise, or from any use or operation of any 
methods, products, instructions, or ideas contained in the material herein. Because of rapid advances in the medical 
and biological sciences, in particular, independent verification of diagnoses, drug dosages, and devices recommended 
should be made. Although all advertising material is expected to conform to ethical (medical) standards, inclusion in 
this publication does not constitute a guarantee or endorsement of the quality or value of such product or of the claims 
made of it by its manufacturer.



IJBM
INTERNATIONAL JOURNAL OF BIOMEDICINE

EDITORIAL BOARD

EDITORIAL STAFF

Paul Edelstein (Managing Editor)               Dmitriy Eliseyev (Associate Editor)           Nigora Srojidinova  (Editorial Assistant)                                                 
Paul Clee (Copy Editor)                                 Paul Ogan (Bilingual Interpreter)                 Natalya Kozlova (Editorial Assistant)  

        Editor-in-Chief
Marietta Eliseyeva
IMRDC, New York, USA

Founding Editor
Simon Edelstein
Berry Moorman P.C., Birmingham, USA

Mary Ann Lila
North Carolina State University
Kannapolis, NC, USA 

Ilya Raskin
Rutgers University
New Brunswick, NJ, USA 

Gulnoz Khamidullaeva
National Center of Cardiology
Tashkent, Uzbekistan

Randy Lieberman
Detroit Medical Center
Detroit, MI, USA

Seung H. Kim
Hanyang University Medical Center 
Seoul, South Korea

Karunakaran Rohini
AIMST University
Bedong, Malaysia

Shaoling Wu
Qingdao University, Qingdao
Shandong, China

Biao Xu
Nanjing University, 
Nanjing, China  

Bruna Scaggiante
University of Trieste
Trieste, Italy

Bhaskar Behera
Agharkar Research Institute
Pune, India

Gundu H.R. Rao
Lillehei Heart Institute, University 
of Minnesota, Minneapolis, USA

Roy Beran
Griffith University, Queensland
UNSW, Sydney, Australia

Tetsuya Sugiyama
Nakano Eye Clinic
Nakagyo-ku, Kyoto, Japan

Timur Melkumyan
Tashkent State Medical University 
Tashkent, Uzbekistan
RUDN University, 
Moscow, Russia

Yue Wang
National Institute for Viral Disease 
Control and Prevention, CCDC 
Beijing, China

Zahir Hussain
Umm Al-Qura University
Makkah, Saudi Arabia

Pulat Sultanov
Republican Research Centre of 
Emergency Medicine 
Tashkent, Uzbekistan

Hesham Abdel-Hady
University of Mansoura
Mansoura, Egypt



IJBM
INTERNATIONAL JOURNAL OF BIOMEDICINE

Volume 16 Issue 3 September 2026www.ijbm.org

CONTENTS

REVIEW ARTICLES 
The Application of Artificial Intelligence in Detecting Prostate Cancer with Medical Imaging:
 A Literature Review
Abdulrahman Tajaldeen...............................................................................................................................................294
Deep Learning–Based Convolutional Neural Networks for Brain Tumor Detection on CT scans: 
A Systematic Review
Sara Ali, Meaad Elbashir, Almohannad Hamzi, Imad Akour, Anwar Sheikhain, Raed Al-Shahri, Turkey Refaee, 
Ali Abdelrazig, Awatif M. Omer..................................................................................................................................306
Rheumatoid Arthritis: Independent and Synergistic Effects of Vitamin D Deficiency and Smoking
Abdulsalam A. Noorwali.............................................................................................................................................314
Impact of Adrenal Gland Dysfunction on Dental Implant Therapy and Osseointegration: 
A Narrative Review
Bylbyl Reçica, Vjosa Hamiti Krasniqi, Jehona Ahmedi, Besir Salihu........................................................................320
Incidence and Prevention of White Spot Lesions Associated with Fixed Orthodontic Appliances: 
A Literature Review 
Gazmend Jusufi............................................................................................................................................................327

ORIGINAL ARTICLES
Endothelial Dysfunction, Microalbuminuria, and Cardiac Biomarkers as Predictors of Preeclampsia 
in Gestational Arterial Hypertension
Mokhinur A. Sadulloeva, Feruza A. Zakirova, Saida A. Ikramova.............................................................................333
Cord Blood Levels of IL-8, MCP-1 and MIP-1α as Possible Predictors of Late Sepsis Development 
in Preterm Neonates
Jelena Vucic, Karin Vasic, Sandra Stankovic, Voja Pavlovic......................................................................................339
Integrated Immunomorphological and Molecular Profiling Predicts Response to Neoadjuvant Therapy 
in Breast Cancer
S.V. Vtorushin, N.A. Tarabanovskaya, N.V. Krakhmal, S.S. Naumov, N.V. Litviakov...............................................346
Ultrasound Evaluation of Lower Limb Arteries in Non-Diabetic Controls and Diabetic Patients 
Adel Alzahrani, Omar Alserihy, Asma Alkhaldi, Khadijah Alshuqyfii, Ahmed Monis, Yaser Khojah, 
Nawaf Alsaedi, Reem T. Alturki, Salahaden R Sultan.................................................................................................352
Radiation Dose Evaluation and Optimization for Digital Chest and Abdominal Radiography: 
Establishing Local Diagnostic Reference Levels in Taif City, Saudi Arabia
Fahad Riyadh Otaibi, Fahad Sultan ALWagdani, Ahmed Turki Al-Osaimi, Omar Abed Al-Salmi, Fahad Hussain 
Alwagdany, Hamid Osman, Mohamed Elsamani, Sahal Alotaibi, Osama Awad Alotaibi, Samih Kajoak.................357



CONTENTS

Risk Factors for Intestinal Anastomotic Leakage After Hemicolectomy: 
A Single-Center Retrospective Study
E. A. Toneev, D. D. Prokhorov, M. A. Iglina, S. R. Ziganshina, D. R. Pyatikop, D.V. Golovko, Z. Yu. Yunkina......364
Ginsenoside Rg3 Induces Apoptosis While Attenuates Collagen Metabolism in Human Vocal Cord 
Scar Fibroblasts In Vitro
Yan Qin, Kang Wang, Zhi-Mao Zhang, Ting Wu, Long Zhang, Jun Liu....................................................................372
Digital Platform for the Prediction of 3D Visual and 3D Ultrastructural Morphology of the Urinary Tract
Boris A. Berdichevskiy, Grigory V. Zubik...................................................................................................................378
Impact of Magnets Inserted into Overdentures on the Periodontal Indices
Snežana V. Brković, Srđan D. Poštić, Veljko D. Ilić, Branimir D. Stošić, Pavle D. Ilić.............................................383

CASE REPORTS 
Sacroiliitis in Systemic Lupus Erythematosus–Systemic Sclerosis Overlap Syndrome: 
A Therapeutic Challenge
Mousa A. Albalwi........................................................................................................................................................388
When One Antibody Disappears, and Others Emerge: A Six-Year Evolution of Antiphospholipid 
Antibodies in a Pregnant Woman with Systemic Lupus Erythematosus
Ina Toska, Rexhep Shkurti, Ervin Rapushi, Anila Mitre.............................................................................................395
Demyelinating Sensorimotor Polyneuropathy in a Pediatric Patient with a Kif1B Variant: A Case Report
Armand Shehu, Anita Pilika, Aida Bushati, Kristi Aleksi, Xhentila Doka, Era Kurti, Era Shehu..............................398
Diagnostic Reappraisal after 12-Year Follow-up of Pediatric Myopathy with Heterozygous 
NEB Variants and Dystrophy-Like Progression
Afërdita Tako, Mirela Tabaku, Aida Bushati, Rovena Aliaj, Armand Shehu, Sindi Dizdari, Paskal Cullufi..............401
Food noise, intrusive thoughts, and depression, improvement on tirzepatide: A case-report
Amirah Alhowiti..........................................................................................................................................................406

READER SERVICESREADER SERVICES
Instructions for AuthorsInstructions for Authors..............................................................................................................................................................................................................................................................................................410410



INTERNATIONAL 
JOURNAL                

OF BIOMEDICINE

© 2026 The Author(s). International Journal of Biomedicine is published by IMRDC. 
This is an open access article under the CC BY-NC-ND 4.0 license.

REVIEW ARTICLEREVIEW ARTICLE

http://dx.doi.org/10.21103/Article16(3)_RA1
 International Journal of Biomedicine 16(3) (2026) 294-305

The Application of Artificial Intelligence in Detecting Prostate 
Cancer with Medical Imaging: A Literature Review
Abdulrahman Tajaldeen1*

1Department of Applied Radiologic Technology, College of Applied Medical Sciences, University of Jeddah, 
Jeddah, Saudi Arabia

Abstract
Background: Prostate cancer (PCa) is the world’s second most common cancer in men and a major cause of cancer death. Studies 
published from 2023 to 2026 have shown that the use of artificial intelligence (AI) can significantly enhance several imaging 
modalities for PCa detection, Gleason grading, and risk stratification, such as multiparametric magnetic resonance imaging 
(mpMRI), transrectal ultrasound (TRUS), micro-ultrasound, prostate-specific membrane antigen positron emission tomography/
computed tomography (PSMA-PET/CT), and digital pathology using whole-slide image (WSI) analysis. Although the potential of 
mpMRI guided by the Prostate Imaging Reporting and Data System (PI-RADS) is significant, considerable inter-reader variability 
still results in missed diagnoses and unnecessary biopsies. These limitations are mitigated by the development of AI-based systems, 
including deep learning (DL), machine learning (ML), and radiomics, which are designed to address them.
Methods and Results: The Web of Science and PubMed databases were searched on 3 May 2026 using a three-domain Boolean 
strategy encompassing PCa-specific, AI-specific, and imaging/pathology-specific terminology. A total of 4,791 records from Web 
of Science and 2,910 from PubMed were retrieved; following deduplication (n = 4,054), year filtering (2023–2026), and quality 
screening, n = 2,348 records remained eligible. Only studies using AI in medical imaging or digital pathology in PCa detection, 
grading, or staging were included in a narrative synthesis. 
AI applications were identified across four imaging modalities: mpMRI, ultrasound/micro-ultrasound, PSMA-PET/CT, and digital 
pathology. Studies consistently illustrate that AI makes meaningful contributions to the detection and characterization of prostate 
cancer, provides high accuracy, sensitivity, and specificity across all modalities, and that several validated systems approach or 
equal the performance of trained radiologists and uropathologists. 
Landmark studies, including the PI-CAI trial and the PANDA challenge, provided Level 1b evidence for AI in MRI-based csPCa 
detection and Gleason grading, respectively. 
Conclusion: Across all reviewed modalities, AI contributes to the clinically meaningful detection, characterization, and grading 
of PCa. Widespread clinical integration depends on clinical transparency requirements and regulatory pathways that align 
with prospective multi-center, outcome-driven trials and standardized AI evaluation frameworks. (International Journal of 
Biomedicine. 2026;16(3):294-305.)

Keywords: prostate cancer • artificial intelligence • convolutional neural network • deep learning • multiparametric MRI 

For citation: Tajaldeen A. The Application of Artificial Intelligence in Detecting Prostate Cancer with Medical Imaging: A Literature 
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Abbreviations
ADC, apparent diffusion coefficient; AI, artificial intelligence; AUC, area under the receiver operating characteristic curve; 
bpMRI, biparametric MRI; CAD, computer-aided detection/diagnosis; CNN, convolutional neural network; csPCa, clinically 
significant prostate cancer; DL, deep learning; DWI, diffusion-weighted imaging; GAN, generative adversarial network ISUP, 
International Society of Urological Pathology; ML, machine learning; mpMRI, multiparametric magnetic resonance imaging; 
PCa, prostate cancer; PI-RADS, Prostate Imaging Reporting and Data System; PSA, prostate-specific antigen; PSMA-PET/CT, 
prostate-specific membrane antigen positron emission tomography/computed tomography; TRUS, transrectal ultrasound; WSI, 
whole-slide image; XAI, explainable artificial intelligence.
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Introduction
Prostate cancer (PCa) is the second most commonly 

diagnosed malignancy in men worldwide, with an estimated 
1.4 million new cases reported every year, and is the fifth 
leading cancer-related mortality in men worldwide.1 It can 
vary from a low-grade indolent form that can be managed 
through active surveillance to a high-grade aggressive form, 
which may be metastatic and require multimodal systemic 
treatment. In addition to early detection, an important 
challenge in PCa management is distinguishing clinically 
significant PCa (csPCa, defined as International Society of 
Urological Pathology (ISUP) grade group ≥2) from clinically 
indolent disease, while also preventing overdiagnosis and 
overtreatment, and underdiagnosis and undertreatment.   

Multiparametric MRI (mpMRI), interpreted according to 
the Prostate Imaging Reporting and Data System (PI-RADS) 
version 2.1, 2 has become the pre-biopsy standard of care for 
PCa localization and lesion characterization. The PROMIS trial 
found that pre-biopsy mpMRI could help 27% of men avoid an 
unnecessary biopsy compared to standard transrectal ultrasound-
guided biopsy alone 3, and PRECISION, a randomized trial, 
showed that MRI-targeted biopsy revealed significantly more 
clinically significant cancer and less insignificant cancer than 
standard biopsy.4 However, with a large proportion of equivocal 
PI-RADS 3 lesions, representing 20-35% of clinical reads, a 
significant inter-reader variability remains and leads to missed 
diagnosis of csPCa and unnecessary biopsies. Historically, 
(2) TRUS-guided systematic biopsy has been known to miss 
anterior and apical lesions and isoechoic PCa foci and has a 
large inter-reader variability. Micro-ultrasound at 29 MHz has 
proven to be an affordable alternative to MRI. The PRI-MUS 
protocol has shown that 29 MHz micro-ultrasound can define 
prostate tissue into five risk groups, with clinically significant 
prostate cancer being meaningfully discriminated.5 PSMA-PET/
CT has transformed primary staging, biochemical recurrence 
(BCR), and restaging. At the same time, prostate biopsy and 
radical prostatectomy specimens have been digitized, allowing 
for whole slide image (WSI) analysis for AI-based Gleason 
grading.2 

Artificial Intelligence (AI), including ML, DL, 
radiomics, and now, transformer-based architectures, has 
become a revolutionary computational paradigm across all 
prostate imaging modalities.6 Medical imaging is powered by 
modern AI, which is built on deep learning, a technique that 
uses multiple layers of computation to learn multiple levels of 
data representation.7 DL models, especially CNNs and their 
variants, can automatically segment the prostate gland, detect 
prostate lesions, classify them into PI-RADS categories, 
predict Gleason grades, stage prostate cancer, and evaluate 
treatment response using large datasets that capture complex 
hierarchical imaging features. Recent studies from 2023 to 
2026 have shown that AI algorithms perform at or above 
the level of top-tier experts in multi-institutional, blinded 
validation settings.

The classical computer-aided detection (CAD) systems 
designed to help radiologists analyze prostate MRI scans 
showed inconsistent performance, were associated with higher 

false-positive rates, and offered little or no improvement in 
cancer detection. Most of these disadvantages have been 
addressed by learning discriminative representations directly 
from raw imaging data using self-supervised, semi-supervised, 
or supervised learning paradigms, without relying on human-
engineered feature descriptors. The primary benefit of DL 
architecture is their ability to learn hierarchical representations 
directly from data, yielding performance higher than that of rule-
based CAD approaches.8 This gradual shift from handcrafted 
features to learned representations has been well documented 
in a comprehensive survey of deep learning in medical image 
analysis. It is being acknowledged as the key methodological 
change that propelled the gains in modern AI.7

This literature review will explore peer-reviewed 
publications from 2023 to 2026 across four modalities 
(mpMRI, TRUS/micro-ultrasound, PSMA-PET/CT, and digital 
pathology/WSI) that use AI for the diagnosis, characterization, 
grading, and risk stratification of prostate cancer. The review 
collates the existing evidence base, outlines gaps in the evidence, 
and outlines regions of uncertainty that need to be addressed 
before regular use in clinical practice. A recent study of the 
entire PCa pathway also found that, despite some limitations, AI 
technology has now achieved clinically relevant performance 
in screening, imaging, pathology, and biomarker assessment.9 

Materials and Methods
Search Strategy

A literature search was performed on 3 May 2026 in 
Web of Science (WoS) Core Collection and MEDLINE/
PubMed. A three-domain Boolean search structure was 
used. The first set included PCa-specific terms: “prostate 
cancer,” “prostatic neoplasms,” “prostate carcinoma,” 
“prostate adenocarcinoma,” “PCa,” “castration-resistant 
prostate cancer,” “CRPC,” “biochemical recurrence,” and 
“prostate-specific antigen. The second domain included terms 
related to AI: “artificial intelligence,” “machine learning,” 
“deep learning,” “neural networks,” “convolutional neural 
networks,” “CNN,” “transformer,” “attention mechanism,” 
“radiomics,” “computer-aided detection,” “computer-aided 
diagnosis,” “CAD,” “natural language processing,” “NLP,” 
“large language models,” and “foundation models. The third 
domain contained imaging and pathology terms: "MRI," 
"multiparametric MRI," "mpMRI," "ultrasound," "TRUS," 
"PET," "PSMA-PET," "medical imaging," "histopathology," 
"digital pathology," "whole slide images," "biopsy," "Gleason 
score," "ISUP grade," and "pathology."
Eligibility Screening

A total of 4,791 records were found in WoS and 2,910 
records in PubMed (total 4,054 after deduplication) (Figure 
1). An authorized year filter (2023–2026) returned 2,348 
documents for eligibility screening. The following criteria 
were included for the studies: (i) used at least one AI technique 
for prostate cancer imaging or pathology; (ii) provided 
quantitative performance metrics; (iii) were published from 
January 2023 to 3 May 2026. Editorials, conference abstracts 
with incomplete data, and reports of all non-PCa malignancies 
were excluded. The final narrative synthesis included only 
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primary studies, systematic reviews, and meta-analyses found 
in PubMed or WoS with a verifiable digital object identifier 
(DOI).  

Data Extraction and Quality Assessment
The primary author extracted the data, which was then 

verified separately. For each abstracted study, the following 
data were collected: first author, year of publication, journal, 
imaging modality, AI technique, study design, sample size, 
reference standard, and key performance metrics (AUC, 
sensitivity, specificity, accuracy, and concordance coefficient). 
Diagnostic accuracy studies were appraised using the 
QUADAS-2 tool when applicable. AMSTAR-2 was used to 
appraise systematic reviews and meta-analyses. The Oxford 
Center for Evidence-Based Medicine (OCEBM) 2011 
classification was used for the level of evidence.

Results
A total of fifteen primary studies, systematic reviews, 

and meta-analyses were included in the narrative synthesis 
for the four modalities (mpMRI, ultrasound/micro-
ultrasound, PSMA-PET/CT, and digital pathology/WSI). The 
characteristics of all included studies are provided in Table 1, 
and the performance of the diagnostics, in terms of accuracy 
and specificity, is summarized in Table 2.
Multiparametric and Biparametric MRI

The largest, most rigorously validated body of evidence 
for PCa detection comes from combining mpMRI with AI, 
among all imaging modalities. In a retrospective study of 1,108 
patients, Hamm et al. 10 created an interactive explainable AI 
(XAI) model for csPCa diagnosis at biparametric MRI (bpMRI) 
at Charité Universitätsmedizin Berlin. The model performed well 
on the internal and external test sets for csPCa detection, with 
AUCs of 0.89 and 0.87, respectively, and a sensitivity of 93% 

(95% CI: 87–98%). Most importantly, XAI-assisted reading led 
to greater confidence in assessing PI-RADS 3 lesions (4.1 vs. 
3.4 on a five-point Likert scale; P=0.007) and shorter reading 
time (58 seconds; P=0.009) among non-expert readers. The 
visual and textual explanations were accurate in 80% (1,080 of 
1,352) of cases, directly addressing the transparency barrier that 
has hindered clinical adoption of black-box AI systems.

Saha et al. 11 published the landmark Prostate Cancer 
AI Challenge (PI-CAI) study, which is the largest and best-
designed study to date to validate AI in prostate MRI. The study 
included 10,207 MRI exams from hospitals in the Netherlands 
and Norway, of which 9,207 were used to train the AI models. 
Performance was assessed by either an ensemble of the best-
performing AI systems or by one of 62 radiologists, in a 
paired, non-inferiority confirmatory design. For the detection 
of csPCa, the AI ensemble outperformed the average study 
radiologist (0.91 vs. 0.86). Importantly, the AI’s performance 
was not shown to be non-inferior to radiologists’ readings 
obtained in routine multidisciplinary clinical practice, which 
is the critical distinction between research and operational 
(clinical) benchmarks. The study confirmed that AI detection 
of csPCa on bpMRI is a clinically relevant ability and identified 
the additional research needed before AI can be used without 
human assistance.

Cai et al. 12 from the Mayo Clinic published a fully 
automated DL model trained on 5,735 mpMRI exams to predict 
patient-level csPCa without tumor location annotations. The 
model’s performance was statistically comparable to that of 
highly trained abdominal radiologists on an internal test set of 
400 examinations and an external, independent test set of 204 
cases (ProstateX). The method is automated and does not require 
expert lesion segmentation—a process that typically poses the 
main obstacle to large-scale development of AI models due to 
the limited volume of expert-annotated training data.

Bosma et al. 13 proposed a report-guided semi-supervised 
learning (RG-SSL) algorithm that used diagnostic radiology 
reports to obtain pseudo-labels and expand the number of labels 
for training a model for csPCa detection on bpMRI. When 
trained with 100 manually annotated examinations, but tested 
on 300 examinations from an external center, RG-SSL attained 
the highest examination-level AUC (0.86 ± 0.01), outperforming 
fully supervised learning (0.78 ± 0.03) as well as existing semi-
supervised approaches (0.81 ± 0.02). The work showed how to 
eliminate the expert-labeling time required for AI development.

Radiomics-based methods complement end-to-end 
DL models, especially for characterizing PI-RADS 3 lesions. 
Extracting quantitative imaging features, such as first-, second-, 
and higher-order statistics, using radiomics techniques can be 
done in a high-throughput manner, and these values can be used 
in conjunction with other patient information to build decision-
support models, transforming images into “mineable data” not 
visible to the human eye.14 The discriminatory power of multi-
parametric radiomics integration is further improved: in the 
Radiomics-PCa literature, the AUCs reported for Gleason score 
prediction range from 0.50 to 0.92, with combined clinical and 
radiomic models outperforming imaging-only models.15 Huynh 
et al. 16 summarized MRI-based radiomic models for PCa risk 
stratification, reporting AUCs ranging from 0.50 to 0.92 across 

Figure 1. PRISMA flow of prostate cancer
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33 studies. The multi-parametric radiomics models based on 
T2-weighted imaging and DWI/ADC features consistently 
outperformed single-sequence models. Salimi et al. 17 included 
24 studies, of which 14 were meta-analyzed, reporting pooled 
AUC, sensitivity, and specificity values of 0.75, 72%, and 78%, 
respectively, for MRI-based radiomics ML models predicting 
post-treatment biochemical recurrence (BCR). A thorough 
meta-analysis also demonstrated that MRI radiomics models for 
PCa risk stratification have pooled AUC values of 0.83–0.87 for 
Gleason grade prediction, when all multi-parametric features 
are combined. 18 The value of data integration was highlighted, 
as combined models with clinical data performed better at 
prognostication than models that included only radiomics data.

The systematic review by Molière et al. 19, which 
evaluated the diagnostic accuracy of DL models for the 
automatic detection, localization, and characterization of 
csPCa, showed consistently promising performance for csPCa 
detection, with some models attaining an AUC above 0.85 in 
internal validation. The major obstacles to clinical adoption 
were identified as a lack of external validation, heterogeneous 
reporting of results, and difficulty obtaining training data from 
a single center.
Ultrasound and Micro-Ultrasound

The use of AI in ultrasound plays a strategic role in the 
PCa diagnostic pathway, as it provides procedural guidance, 
reduces infrastructure costs, and is more widely accessible 
worldwide than MRI. Although conventional B-mode TRUS has 
limitations in detecting PCa, achieving high-resolution micro-
ultrasound at 29 MHz will markedly improve tissue resolution, 
providing a new platform for AI-assisted PCa detection. The 
micro-ultrasound platform (29 MHz), with the same risk 
classification as PRI (PI-RADS), offers a spatial resolution of 
~70 µm, enabling the identification of tissue texture features not 
visible at conventional 7-12 MHz frequencies.20

Imran et al. 21 published data on an AI-driven micro-US 
system for detecting csPCa in men referred for prostate biopsy 
in BJUI Compass (2026). A total of 145 men who underwent 
micro-US biopsy (79 had been diagnosed with csPCa; 66 
had not) were included in the retrospective cohort. A self-
supervised convolutional autoencoder was used to extract deep 
imaging features from 2D slices of micro-US images, which 
were classified using a random forest model under 5-fold 
cross-validation. Patients were considered csPCa-positive if 
≥8 consecutive slices were predicted positive. The AI system 
achieved high cross-validation accuracy in detecting csPCa, 
serving as a proof of concept for autonomous, AI-assisted 
micro-US biopsy guidance without relying on radiologist-
assigned risk categories.

Harmanani et al. 22 introduced a well-designed deep 
learning system, namely TRUS Worthy, for reliable PCa 
detection from micro-US data. To tackle these problems of 
high tissue appearance heterogeneity, class imbalance, and 
annotation sparsity simultaneously, TRUSWorthy combined 
self-supervised learning, multiple-instance learning with 
transformer-based aggregation, random undersampled boosting, 
and ensemble methods. Jahanandish et al. 23 evaluated the 
system on a large multi-center micro-US dataset, with AUROC 
and balanced accuracy of 79.9% and 71.5%, respectively. 

Overall, balanced accuracy increased to 91% for the top 20% 
of predictions with the highest confidence, demonstrating the 
utility of uncertainty-aware prediction for clinical triage.

The most clinically advanced ultrasound AI application 
is the AI-assisted MRI-TRUS fusion biopsy platform. 
Systematic registration errors identified in manual fusion 
systems have been minimized by DL algorithms that 
automatically register MRI and TRUS images elastically, 
thereby reducing registration error. The positive results for 
csPCa yield with AI-assisted MRI-TRUS fusion biopsy 
compared to systematic biopsy alone are especially notable, 
as evidence indicates that AI-assisted MRI-TRUS fusion 
biopsy can identify a significantly higher number of clinically 
significant cancers than random systematic biopsy alone (4). 
The substantially lower cost and lack of contraindications 
of micro-US compared with posterior-approach systematic 
TRUS biopsy, and the global shortage of radiologists with 
expertise in mpMRI, make micro-US a viable expansion 
strategy in resource-constrained health care systems.
PSMA-PET/CT

AI integration into PSMA-PET/CT imaging can 
address the most pertinent clinical challenges, including the 
time-consuming process of whole-body lesion assessment, 
the shortage of nuclear medicine specialists, the inter- and 
intra-laboratory heterogeneity in lesion reporting, and the 
need for reproducible, prognostic tumor-burden metrics 
for BCR. In the prospective proPSMA trial, PSMA-PET/
CT improved over traditional CT and bone scan, making 
it the preferred imaging modality for staging high-risk 
PCa before curative-intent treatment.24 68Ga-PSMA-11 
and 18F-DCFPyL are PSMA-targeted radioligands that are 
used to detect PCa lesions with high sensitivity and target-
to-background ratios at low PSA levels (0.2 ng/mL) 25 

Usmani et al. 26 on the use of DL-based AI for automated 
tumor volume assessment from 68Ga-PSMA PET in PCa. 
The review noted that DL models, especially 3D CNNs 
trained on whole-body PET/CT volumes, have shown strong 
performance in automated tumor segmentation, with greater 
reproducibility and significantly faster processing times than 
manual delineation. Kersting et al. 27 reported that AI-based 
quantitative tumor volume (total PSMA-avid lesion volume) 
was a clinically validated biomarker for PSMA-targeted 
radioligand therapy in tumor staging, radiotherapy planning, 
response assessment, and treatment selection.

Ning et al. 28 evaluated a modified pix2pixHD generative 
adversarial network (GAN) to boost the quality of ultra-fast 
68Ga-PSMA-11 PET/CT acquisitions in 357 whole-body 
68Ga-PSMA-11 PET/CT datasets to match the diagnostic 
quality of standard acquisitions. The ultra-fast protocol was 
enhanced with artificial intelligence, leading to a table speed 
of 50 mm/s, which is 5X faster than standard, and the AI-
enhanced ultra-fast protocol showed statistically equivalent 
lesion detection rates compared to the standard acquisition on 
the test cohort of 71 patients (sensitivity 91.5% vs. 93.8%, 
p=0.31). This demonstrated a proof of concept for AI-based 
image enhancement that can overcome the diagnostic-quality-
versus-throughput challenge that limits the use of PSMA-
PET/CT worldwide.
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Table 1. 
Characteristics of selected studies on AI applied to PCa imaging (2023–2026).

Author (Year)/Journal Modality AI Type AI System / Model Study Design / 
n (cases) Reference Standard Country

Multiparametric / Biparametric MRI

Hamm et al. (2023) [10] bpMRI DL / XAI Custom CNN + XAI
explainer

Retrospective, multi-
reader / 1,108

Histopathology
(biopsy/
prostatectomy)

Germany

Saha et al. (2024) [11] bpMRI/mpMRI DL Ensemble PI-CAI ensemble (top-
ranked)

Prospective, paired, 
non-inferiority / 10,207

Histopathology 
(ISUP ≥2)

Netherlands/
Norway

Cai et al. (2024) [12] mpMRI DL Fully automated CNN Retrospective / 5,735 
train; 604 tests

Histopathology 
(ISUP ≥2) USA

Bosma et al. (2023) [13] bpMRI Semi-
supervised DL

RG-SSL (report-
guided pseudo-labels)

Retrospective, multi-
center / 7,756

Histopathology
(ISUP ≥2) Netherlands

Jin et al. (2024) [40] mpMRI (T2WI) DL Custom CNN (T2WI) Retrospective, multi-
center / 497

Histopathology
(Gleason/ISUP) China

Salimi et al. (2025) [17] mpMRI
(Radiomics)

ML//
Radiomics

Various ML radiomics
models

Systematic review &
meta-analysis 
(24 studies) / (N/A)

BCR post-treatment
(PSA kinetics) Multi-national

Molière et al. (2025) [19] mpMRI
DL 
(systematic
review)

Various DL models 
(24
studies)

Systematic review
(N/A) 

Histopathology
(ISUP ≥2) Multi-national

Ultrasound / Micro-Ultrasound

Imran et al. (2026) [21] Micro-US SSL + ML
Self-supervised
autoencoder + random
forest

Retrospective / 145
Biopsy
histopathology
(ISUP ≥2)

USA

Harmanani et al. (2025) [22] Micro-US
(TRUS)

SSL + MIL +
DL Ensemble

TRUSWorthy
(transformer-MIL)

Retrospective, multi-
center / multi-center 
dataset

Biopsy
histopathology Canada

Jahanandish et al. (2025) [23] MRI + TRUS
(multi-modal)

DL 
(multi-modal)

Multi-modal MRI-US
fusion AI

Retrospective, multi-
center / multi-center
dataset

Biopsy
histopathology
(ISUP ≥2)

USA

PSMA-PET/CT

Kersting et al. (2025) [27] 68Ga-PSMA-
PET/CT

GAN 
(image
enhancement)

Modified pix2pixHD
GAN

Retrospective/ 357
(train); 71 (test) 

Standard-speed
PSMA-PET
(ground truth)

Germany

Trägårdh et al. (2025) [29] 18F-PSMA-1007
PET/CT

DL 
(auto-
detection)

Custom fully-
automated DL

Retrospective, single 
center / Not specified

Manual expert
delineation 
([18F]PSMA-1007
PET-CT)

Sweden

Digital Pathology / Whole-Slide Image (WSI) Analysis

Raciti et al. (2023) [33]
WSI 
(core needle
biopsy)

DL (CNN) Paige Prostate (PaPr)
Prospective workflow
simulation 
(multi-reader)/ 610 WSIs 

Expert consensus
pathology

USA 
(218 
institutions)

Eloy et al. (2023) [34]
WSI 
(prostatic 
biopsies)

DL Commercial AI-CAD
(unnamed)

Prospective workflow 
study/ (Not specified)

Histopathology
(standard reporting) Portugal

Marletta et al. (2024) [35] WSI (H&E)
DL 
(systematic
review)

Various 
DL architectures

Systematic review
(N/A)

Histopathology 
(PCa diagnosis) Multi-national
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Table 2.
Diagnostic performance of AI systems for PCa detection, characterization, and grading across imaging modalities (2023–2026). Performance 
metrics include AUC, sensitivity, specificity, accuracy, and concordance (κ), where reported. «pp» denotes percentage-point improvement 
over unaided/baseline condition. 

First Author
(Year) Modality AI System /

Model AUC
Sensitivity/
Specificity
(%)

Accuracy
/ κ Key Finding Main Limitation

Multiparametric / Biparametric MRI

Hamm et al. 
(2023)  [10] bpMRI CNN + XAI

explainer 0.89/0.87 93/NR NR
XAI-aided reading improved non-
expert confidence for PI-RADS 3
lesions; reduced reading time 58 s

Single-center
training; XAI
accuracy 80%

Saha et al. 
(2024) [11] bpMRI/mpMRI PI-CAI

ensemble 0.91 NR/NR NR
AI ensemble AUC superior to avg.
radiologist (0.86); first international
paired non-inferiority study

Did not reach
non-inferiority vs.
MDT-supported 
clinical reads

Cai et al.
 (2024) [12] mpMRI

Fully 
automated
CNN (no
annotation)

0.87 NR/NR Equiv.
radiologists

Patient-level csPCa prediction
without tumor location annotations;
equivalent to expert radiologists on 
PROSTATEx

Retrospective;
no prospective
clinical workflow
validation

Bosma et al.
(2023) [13] bpMRI RG-SSL (semi-

supervised) 0.86 NR/NR NR
RG-SSL outperforms fully
supervised (0.78) and other SSL
(0.81) with only 100 annotated cases

Report-parsing not
perfect; two-center
validation only

Jin et al. 
(2024) [40] mpMRI (T2WI) DL-CNN

(T2WI only) 0.902 NR/NR NR
Single-sequence T2WI DL model
AUC 0.918; Gleason grade
prediction with multi-center
validation

Limited to T2WI;
retrospective
single-scanner

Salimi et al.
(2025) [17]

mpMRI
Radiomics

Various ML
radiomics
models

0.75
(pooled)

72/78 
(pooled) NR

Pooled AUC 0.75 for BCR
prediction; combined
clinical+radiomics outperforms
radiomics alone

High heterogeneity;
no prospective data

Molière et al.
(2025) [19] mpMRI

Various DL
models (24
studies) 

>0.85
(most) NR/NR NR

DL pipelines consistently >0.85
AUC internally; external validation
lacking

Mostly
single center;
heterogeneous
reporting; no meta-
analysis possible

Ultrasound / Micro-Ultrasound

Imran et al.
(2026) [21] Micro-US

SSL
autoencoder +
random forest

0.871 92.5/68.1 NR
AI-micro-US outperformed clinical
model (AUC 0.753); high sensitivity
for csPCa at biopsy

Retrospective;
small n=145;
single center

Harmanani et al.
(2025) [22]

Micro-US
(TRUS)

TRUSWorthy
(transformer-
MIL)

0.799
91 
(top 20%
confident)/ NR

Bal. Acc.
71.5%

Balanced accuracy 91% in top-
confidence 20% of predictions;
uncertainty-aware clinical triage

External validation
needed; single
center; uncertainty
calibration
requires
prospective testing

Jahanandish et al. 
(2025) [23]

MRI + TRUS
(multi-modal)

Multi-modal
MRI-US fusion
DL

NR 80 /88
(multimodal)

Lesion
Dice: 42%

Multimodal AI achieved higher
specificity (88% vs 78%) and Lesion
Dice (42% vs 30%) vs. unimodal
MRI

Preprint; no
per-lesion
histopathology
ground truth

PSMA-PET/CT

Kersting et al.
(2025) [27]

68Ga-PSMA-
PET/CT

pix2pixHD
GAN 
(enhancement)

NR 91.5 
(ultra-fast)/ NR

vs. 93.8% 
standard
(p=0.31)

AI-enhanced 5× faster ultra-fast
PSMA-PET achieves equivalent
lesion detection (p=0.31)

Single center;
68Ga-PSMA-11
only

Trägårdh et al.
(2025) [29]

18F-PSMA-1007
PET/CT

Fully 
automated 
AI-based 
detection &
quantification

NR >90 (SUVmax
>5)/ High NR

Fully automated AI detected and
quantified [18F]PSMA-1007
lesions; high sensitivity for SUVmax 
>5.0 across prostate bed, nodes, and 
bone; reduced processing time vs. 
manual review

Single center;
performance drops
for low-SUV and
sub-cm lesions;
single radiotracer
([18F]PSMA-
1007 only)

Digital Pathology / Whole-Slide Image (WSI) Analysis

Raciti et al. 
(2023) [33]

WSI 
(core biopsy)

Paige Prostate
(PaPr) NR +5.7 pp/ +3.0

pp (aided) NR
AI raised pathologist sensitivity
+5.7 pp and specificity +3.0 pp
across 18 pathologists and 610
WSIs from 218 institutions

Simulated
workflow; binary
detection only

Eloy et al. 
(2023) [34]

WSI 
(prostatic
biopsies)

Commercial
AI-CAD NR Improved/ NR NR

AI improved pathologist efficiency
(reduced review time) and
diagnostic consistency

Specific metrics
not quantified;
single center

Marletta et al. 
(2024) [35] WSI (H&E) Various DL

architectures
High 
(all
studies)

High/ High Consistently
high

All included studies reported
high sensitivity and specificity;
external validation and standardized
reporting remain key priorities

Heterogeneous
reporting; risk 
of optimism bias
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AI-based radiomics analyses of staging PSMA-PET/
CT have shown the ability to predict BCR after RP more 
accurately than traditional clinicopathological data. The 
fully automated, deep learning PSMA-avid lesion detection 
systems across the prostate bed, pelvic lymph nodes and 
bone marrow provide sensitivity values greater than 90% for 
lesions with a standardized uptake value (SUV) max of more 
than 5.0 and specificities of more than 90%, greatly reducing 
the time required for reporting compared to conventional 
manual whole-body review, and with direct implications 
for improving reporting workflow efficiency and potential 
scalability of PSMA-PET/CT programs in institutions with 
limited numbers of nuclear medicine physicians.29

Digital Pathology and Whole-Slide Image Analysis
Digital pathology, which refers to the use of AI to 

analyze digitized prostate WSIs from core-needle biopsies 
(CNB) and radical prostatectomy (RP), is one of the most 
promising areas of PCa AI research with clinical impact. 
AI could offer readily reproducible, expert-level grading in 
large quantities, which captures the gold standard for PCa 
prognostication and treatment stratification, namely Gleason 
grading, and which is currently subjective, labor-intensive, 
and subject to significant inter-pathologist variability.30 For 
tissue classification problems, deep learning models using 
pathological tissue images have been found to be more 
effective than traditional image analysis methods, and CNNs 
have been shown to learn hierarchical morphological features 
that correspond to pathologically meaningful structures. 5

Google Health, Radboud University Medical Center, and 
Karolinska Institutet organized the PANDA challenge, which 
brought together and publicly distributed a European cohort 
of 10,616 digitized prostate biopsies for AI development, and 
assessed submitted algorithms against independent external 
validation cohorts in the US and Europe. Bulten et al. 31 recruited 
1290 developer teams to participate in this validation study, in 
which they submitted their algorithms for evaluation against 
independent PCa external validation cohorts. A wide range of 
algorithms, all achieving quadratically-weighted kappa (κ) 
>0.8, showed concordance with the expert uropathologists 
with a mean value of 0.862 (95% CI: 0.840–0.884) on the 
US external validation set, and 0.868 (95% CI: 0.835–0.900) 
on the European set. Such concordance was at least as good 
as that of general pathologists not trained in uropathology, 
demonstrating that AI could achieve the Gleason grading 
standardization typically achieved by pathologists with 
uropathology sub-specialization in non-specialist settings. Ji 
et al. 32 also showed that an AI system that graded prostate 
cancer into the ISUP grade group can achieve pathologist-level 
accuracy in a clinical laboratory setting, correctly classifying 
71.7% of slides into the correct ISUP grade group, compared 
to 69.1% accuracy for pathologists, and also has a lower risk 
of undergrading cases to ISUP ≥4.

Raciti et al. 33 published their clinical validation study 
of the Paige Prostate (PaPr) DL system that provided binary 
WSI-level classification (suspicious for cancer or benign) with 
spatial localization of the most probable malignant region in 18 
pathologists from 610 prostate needle core biopsy WSIs from 
218 institutions in the Archives of Pathology and Laboratory 

Medicine. AI proved beneficial for pathologists, showing a 
mean increase in sensitivity of 5.7% points and in specificity 
of 3.0% points in detecting PCa, with the greatest improvement 
seen among general pathologists, providing strong Level 
1b evidence for the clinical utility of AI-augmented digital 
pathology.

Eloy et al. 34 demonstrated that AI-assisted pathology 
reviews reduced pathologist review time and improved 
diagnostic consistency in prostatic biopsies. Marletta et al. 
35 conducted a systematic review to assess the diagnostic 
accuracy of AI in PCa histological studies, finding high 
sensitivity and specificity of AI for identifying PCa in WSIs 
across the included studies, but highlighting the need for 
further external validation and reporting standardization in 
the field. Beyond Gleason grading, DL systems that predict 
molecular alterations directly from tissue morphology, a 
paradigm known as computational molecular pathology, have 
recently emerged and have been trained on H&E-stained 
WSIs. Predictive models based on WSI features have been 
reported for predicting the loss of PTEN, mismatch repair 
deficiency, and CDK12 mutation, without the need for further 
molecular testing, with an AUC ranging from 0.71 to 0.84,36 

enabling the pre-selection of patients for targeted therapies in 
health systems without routine next-generation sequencing 
infrastructure. Weakly supervised architecture has significantly 
reduced the need for expert annotations for training WSI 
models. Multiple-instance learning (MIL) architectures, for 
example, require only a diagnostic label for each slide, making 
them applicable to institutions that do not have large numbers 
of annotated WSI models. This makes AI-based grading and 
molecular prediction accessible to institutions without large 
annotated WSI datasets.37

Discussion
A literature review synthesizes evidence on the use of 

AI in PCa detection, grading, and staging for four imaging 
and pathology modalities from 2023 to 2026. The studies 
reviewed continue to show that AI holds up to such a high 
standard of diagnostic performance – with accuracy, sensitivity 
and specificity largely on a par with or even better than that 
of trained human experts in numerous multi-center validated 
settings, across the entire PCa diagnostic continuum from lesion 
detection on an MRI, to biopsy targeting, Gleason grading and 
risk stratification to determine the next steps for treatment.
Multiparametric MRI

The PI-CAI study 11 is a groundbreaking study that 
provides the first blinded, non-inferiority, international 
data supporting the performance of ensemble AI systems 
compared with average-level radiologist PI-RADS scoring 
in a prospective setting for the detection of csPCa. The 
implications for prostate MRI programs in centers without 
subspecialty uroradiology expertise are far-reaching: AI 
tools in the reading room may reduce reliance on a few 
highly skilled radiologists, harmonize PI-RADS scoring, 
and facilitate the safe expansion of MRI-targeted biopsy to 
lower-volume centers. The PI-RADS v2.1 framework, which 
underlies these AI systems, was also created to standardize 
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and harmonize prostate MRI reporting, and now AI can 
provide the tools to make that standardization scalable 
and applicable to non-expert centers 38 Clinicians’ need for 
transparency is consistently cited as the most significant 
constraint to integration of AI into diagnostic practice, and 
the explainability innovation proposed by Hamm et al. 10 
meets this need. When combined with visual and textual 
justifications for the AI classification, XAI establishes 
a common decision-making process that aligns with 
radiologists’ workflows and medico-legal accountability.

The most clinically impactful question in prostate MRI 
AI remains the management of the 20-35% of clinical reads 
with a “equivocal” (PI-RADS 3) PI-RADS score, which poses 
the highest diagnostic uncertainty and an unnecessary biopsy 
workload. The results of the reviewed radiomics studies, such 
as the Salimi et al. 17 meta-analysis and the broader literature 
on risk stratification, 16 including a dedicated meta-analysis 
of pooled AUC values of 0.83–0.87 for multi-parametric 
MRI radiomics models in Gleason grade prediction, Zhao et 
al., 18 further reinforce the importance of integrating multiple 
radiomics features to predict csPCa in this ambivalent category. 
The semi-supervised learning approach proposed by Bosma 
et al. 13 enables high-performance learning on datasets with 
unannotated or weakly annotated exams, thus avoiding the 
annotation bottleneck.
Ultrasound and Micro-Ultrasound

In the case of ultrasound AI, especially micro-US AI, 
it is a strategic complementary technology to MRI-based 
systems. Together, the work by Imran et al. 21 and Harmanani 
et al. 22 demonstrates that DL systems can extract meaningful 
information that is complementary to, and, in some cost-
constrained settings, can replace MRI data for csPCa detection 
using high-resolution ultrasound data. The benefits of micro-US 
AI (portability, no ionizing radiation, no MRI contraindications, 
real-time guidance, and reduced infrastructure costs) are 
especially significant for enhancing csPCa detection capacity 
in lower-resource health-care facilities where access to MRI is 
limited.

The most clinically mature use of AI to support 
ultrasound imaging is AI-assisted MRI-TRUS fusion 
platforms, which can help minimize registration errors that 
are commonly associated with cognitive MRI-TRUS fusion, 
and AI-based lesion segmentation maps from mpMRI can 
serve as a high-fidelity targeting map template for transrectal 
or transperineal biopsy. These systems need to be validated 
in prospective studies using different clinical implementation 
methods, including software-assisted and cognitive fusion, to 
determine their yield, complication rates, and patient-reported 
outcomes in cancer detection.
PSMA-PET/CT

The AI-enhanced ultra-fast PSMA-PET/CT method 
demonstrated by Kersting et al. 27 directly tackles one of the 
largest barriers in the way of PSMA-PET/CT uptake: access, 
as the approach would allow the same diagnostic capability at 
5-fold higher scan throughput, resulting in greater patient access 
without the need to invest in more PET scanners. These have a 
direct impact on healthcare systems, where demand for PSMA-
PET/CT is increasing much faster than the number of scanners. 

AI-derived prognostic biomarkers from PSMA-PET/CT, such 
as the total PSMA-avid tumor volume, number of lesions, and 
radiomic feature signatures, are a new dimension of quantitative 
precision oncology for PCa, and their independent prognostic 
value for BCR, overall survival, and treatment selection in 
theranostic programs needs to be prospectively validated in 
dedicated clinical trials, with standardized acquisition protocols 
across scanner types and PSMA radioligands (68Ga-PSMA-11 
versus 18F-DCFPyL and 18F-PSMA-1007). The standardized 
PSMA-PET reporting based on the PROMISE system is like 
PI-RADS for MRI, providing the tools needed to integrate AI-
derived metrics into the clinical context, making them clinically 
interpretable and reproducible. 25

Digital Pathology
The validation of AI models in the PANDA challenge 

(blinded, strict external validation) over independent, cross-
coastal cohorts (κ = 0.86–0.87), and the validation of AI models 
by Raciti et al. 33 in a clinical study, have been a substantial step 
forward in the clinical maturity of AI for PCa pathology in the 
last 1–2 years. This generalization is an essential requirement 
for regulatory clearance and clinical trial approval. Further 
evidence provided by Ji et al. 32 of the reliability of pathologist-
level Gleason classification in a clinical laboratory establishes 
the translational value of AI Gleason grading as a standard-of-
care tool to assist in routine reporting.

The new computational molecular pathology 
paradigm, which predicts genomic alterations from H&E 
WSI morphology,36 could be a path to democratizing access 
to precision oncology for PCa patients in health systems 
without routine molecular testing capabilities. Loss of 
PTEN, mismatch repair deficiency, CDK12 mutations, 
and homologous recombination deficiency are examples 
of conditions that could be identified from WSI alone and 
could direct patients to PARP inhibitors, pembrolizumab, or 
platinum-based regimens, without the cost and turnaround 
time required for next-generation sequencing or dedicated 
immunohistochemistry. The next step in this domain for this 
application is prospective studies using these calculations as 
biomarkers in treatment decision algorithms.

Limitations and Future Directions
There is significant progress reported in this 2023–

2026 review, but a number of key challenges to the clinical 
translation exist.

Firstly, most reported results are confined to the 
specific context of a single center and retrospective studies, 
and may be difficult to generalize. The limited number of AI 
systems reviewed has not been methodically evaluated for the 
transferability of trained models from high-volume academic 
medical centers to scanner hardware, imaging protocols, and 
diverse patient populations to support equitable and reliable 
clinical use.

Second, the absence of prospective, randomized clinical 
trials with patient-level outcomes such as cancer detection rate, 
unnecessary biopsy rate, time to diagnosis, treatment selection 
accuracy, and overall survival is the greatest impediment to 
clinical integration. The PI-CAI study provides an important 
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methodological model for such validation, but the same rigor 
should be used in all modalities.

Thirdly, there is no common method of evaluating AI 
systems. Differences in the performance metrics used across 
studies make comparison and pooling in meta-analysis 
difficult. If reporting standards are less rigorous than those of 
STARD-AI or CLAIM, the field can suffer from a growing 
optimism bias.

Fourth, none of the AI evaluation frameworks for 
PSMA-PET/CT or digital pathology are standardized, unlike 
those for MRI in PI-RADS v2.1. These are lacking, preventing 
direct comparison of AI systems and making pooled meta-
analysis across studies with different endpoints and reference 
standards impossible.

Lastly, clinician acceptance, regulatory clearance, 
and medico-legal accountability are key concerns regarding 
model interpretability and explainability. While explainability 
is technically achievable, as shown by Hamm et al.,10 XAI 
development incurs additional engineering costs for models 
and, in certain cases, may even reduce predictive accuracy 
relative to black-box models.

New paradigms, such as vision transformers (ViT), 
multimodal AI that combines imaging, pathologic, genomic, 
and clinical data streams, and large foundation models pre-
trained on a wide variety of unlabelled medical imaging 
data, are set to usher in the next generation of PCa AI. A 
new yet rapidly growing paradigm is the use of foundation 
models trained via self-supervised pre-training on millions 

Table 3.
Summary of key limitations, evidence gaps, recommended future directions, and expected clinical impact by modality

Domain Current Limitation Evidence Gap Recommended Future
Directions Expected Clinical Impact

Multiparametric / 
Biparametric MRI

Inter-reader variability in 
PI-RADS 3 scoring persists; 
most AI models lack multi-
centre external validation; 
annotation bottleneck limits 
training dataset scale.

No RCT demonstrates AI-
assisted MRI biopsy decision-
making improves patient 
outcomes (cancer detection 
rate, avoidable biopsy rate) 
vs. standard-of-care.

Prospective RCTs (e.g., PI-
CAI framework) measuring 
cancer detection rate, 
unnecessary biopsy rate, and 
time-to-diagnosis as primary 
endpoints; standardized 
external validation protocols 
across scanner vendors.

Reduction of 20–30% 
unnecessary biopsies 
in PI-RADS 3 cohort; 
harmonized reporting 
across non-subspecialized 
centers; accelerated patient 
throughput.

Ultrasound / Micro-
Ultrasound

Current micro-US AI studies 
are retrospective, single-
center, and small (n<200); 
preprint studies not yet 
peer-reviewed; limited data 
on real-time intraoperative 
guidance accuracy.

Absence of head-to-head 
RCTs comparing AI-guided 
micro-US vs. MRI-targeted 
biopsy for csPCa yield; no 
health-economic analysis in 
resource-constrained settings.

Multicenter prospective 
trials comparing AI micro-
US vs. MRI-TRUS fusion 
biopsy; real-time AI guidance 
validation; cost-effectiveness 
modelling in low-MRI-access 
health systems.

Democratized access to 
csPCa detection in low-
resource settings; potential 
to replace MRI triage in 
appropriately selected 
populations.

PSMA-PET/CT

High inter-study variability 
in AI performance (sensitivity
62–97%); no standardized
AI evaluation framework
comparable to PI-RADS;
limited generalizability across
PSMA radioligands (68Ga vs. 
18F agents).

Prospective validation of 
AI-derived prognostic 
biomarkers (total PSMA-
avid tumor volume, lesion 
count, radiomic signatures) 
for BCR, overall survival, 
and treatment selection in 
theranostic programmes.

Prospective multicenter trials 
using PROMISE-aligned AI 
reporting; cross-radioligand 
validation studies; AI 
integration into theranostic 
dosimetry pipelines; RCT 
endpoints including OS and 
treatment selection accuracy.

Standardized AI-PSMA 
reporting reduces reporting 
time by >50%; AI-derived 
tumor burden metrics qualify 
as theranostic eligibility 
biomarkers.

Digital Pathology /
WSI

Most validated AI systems
perform binary PCa detection;
Gleason sub-pattern and
cribriform architecture AI
grading remains nascent; 
regulatory clearance limited 
to few markets.

Prospective RCTs 
demonstrating AI Gleason 
grading reduces inter-
pathologist variability and 
improves treatment allocation 
accuracy; AI molecular 
pathology predictions 
unvalidated as clinical 
biomarkers.

RCTs integrating AI Gleason 
grading in treatment decision 
pathways (active surveillance 
selection, RP vs. radiation 
threshold); multi-institutional 
validation of AI-predicted 
molecular alterations (PTEN, 
CDK12, MMR) as actionable 
biomarkers.

Standardized AI Gleason 
grading reduces inter-
pathologist discordance 
by ≥30%; AI molecular 
pathology enables precision 
oncology without additional 
cost of NGS.

Cross-cutting / 
Methodological

Lack of prospective outcome
data; heterogeneous reporting
metrics; limited AI fairness 
andbias assessment across 
patient demographics;
regulatory frameworks
lagging behind innovation.

No established regulatory 
pathway for dynamic/
adaptive AI models in prostate 
imaging; health equity data 
(AI performance across race, 
ethnicity, socioeconomic 
status) largely absent.

Adoption of CLAIM/STARD-
AI reporting standards; 
prospective health equity 
evaluations; multimodal 
foundation models integrating 
imaging, pathology, genomics, 
and clinical data; LLM-based 
structured report generation 
for PI-RADS and PROMISE 
automated coding.

Universal reporting 
standards enable pooled 
meta-analysis; equitable 
AI deployment reduces 
diagnostic disparities; 
foundation models accelerate 
AI development for rare PCa 
subtypes.
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of unlabelled images, which can be adapted to specific tasks, 
e.g., PCa lesion detection, using much less labeled data than 
traditional supervised learning.39 Large language models 
(LLMs) in structured radiology and pathology reports for 
automated PI-RADS coding, PROMISE coding, clinical 
trial eligibility screening, and the development of treatment 
recommendation systems represent the emergency frontier of 
PCa AI. Table 3 summarizes the current limitations and future 
research needs by modality.    

Conclusion
This literature review provides an overview of the 

latest evidence (2023–2026) on the use of AI across four 
medical imaging and pathology modalities for prostate cancer 
detection, characterization, and grading: multiparametric 
MRI, ultrasound/micro-ultrasound, PSMA-PET/CT, and 
digital pathology/whole-slide image analysis. The reviewed 
studies show that AI can achieve meaningful detection and 
characterization of PCa, with high accuracy, sensitivity, and 
specificity in all modalities. The PI-CAI study was conducted 
in a strictly validated pan-European setting and demonstrated 
that the ensemble AI systems outperformed the average 
radiologist reading level in detecting csPCa on bpMRI. The 
PANDA challenge demonstrated pathologist-level Gleason 
grading in external validation cohorts across continents. 
AI-enhanced micro-ultrasound systems have demonstrated 
significant diagnostic accuracy at biopsy for the diagnosis 
of csPCa. Segmentation and quantification of 68Ga-PSMA 
PET tumor volume using AI has been shown to be more 
reproducible and predictive than manual segmentation. In 
simulated and prospective clinical workflows, AI-augmented 
digital pathology has consistently achieved greater accuracy 
in PCa detection and concordance in Gleason grading.

Despite these developments, clinical integration will 
not be complete until there are multi-center, prospective, 
outcome-driven validation studies that are completed, AI 
evaluation and reporting frameworks are standardized, 
robust regulatory pathways are established that align with 
the needs of clinical transparency, and strategies to deploy 
AI are implemented that account for health system disparities 
in MRI access and specialist availability. This is an exciting 
new frontier of precision oncology for PCa, where imaging, 
pathology, and molecular information will all be integrated 
into a single diagnosis and prognosis. To realize this promise, 
long-term cooperation among imaging scientists, pathologists, 
urologists, oncologists, AI engineers, and regulators worldwide 
is necessary.
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Abstract
This systematic review evaluates the efficacy and diagnostic performance of deep learning algorithms for detecting brain tumors 
from computed tomography (CT) data. To assess the diagnostic performance of convolutional neural network (CNN)-based 
models, a descriptive analysis of metrics such as accuracy, specificity, and precision was conducted. Results from nine recent 
studies demonstrated high diagnostic performance for deep learning methods. Most models achieved accuracy, precision, and 
specificity exceeding 95% in the differential diagnosis of neoplastic versus non-neoplastic lesions on imaging. These findings 
highlight the potential of CNNs to facilitate the early diagnosis of brain tumors, particularly in emergency settings where CT 
serves as the first-line imaging modality.
The analyzed studies employed a wide range of CNN architectures—from pre-trained models to custom-designed networks—
yielding consistent and reliable results. However, several limitations were identified, including small sample sizes, reliance on 
retrospective data, insufficient external validation, and variations in approaches to interpreting results. Despite these limitations, 
the consistency of findings across independent studies confirms the reliability and practical potential of CNN-based methods for 
brain tumor detection in CT imaging. Future research should focus on prospective study designs, larger multicenter datasets, 
standardized reporting, and enhanced model interpretability to ensure safe and effective integration into clinical practice.
(International Journal of Biomedicine. 2026;16(3):306-313.)
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Introduction
Brain tumors represent a major global health challenge 

due to high morbidity and mortality rates.1 A lack of timely 
diagnosis and treatment for these neoplasms can lead to severe 
neurological impairment and death. Consequently, diagnostic 
accuracy and timeliness play a pivotal role in determining 
patient prognosis and survival. Recent studies indicate that 
only about 35.6% of adult patients diagnosed with a malignant 

central nervous system tumor survive beyond the five-year 
mark.2 Such statistics underscore the urgent need to develop 
methods for early and reliable diagnosis.

Clinical evidence consistently demonstrates that early 
detection and timely intervention significantly improve 
patient outcomes. For instance, in cases of glioblastoma 
multiforme—one of the most aggressive primary brain 
tumors—diagnosis within two weeks of symptom onset is 
associated with significantly higher survival rates compared to 
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cases involving delayed diagnosis.3 However, early diagnosis 
is challenging because brain tumors often present with 
nonspecific neurological symptoms common to a wide range 
of other conditions.

The diagnostic process is further complicated by the 
need to differentiate suspected brain tumors from numerous 
other conditions. Imaging findings and clinical presentations 
can mimic metastatic lesions, inflammatory processes, 
vascular anomalies, or other non-neoplastic neurological 
disorders.4 Conversely, some brain neoplasms may lack the 
classic signs of a space-occupying lesion, making it difficult 
to distinguish them from benign processes during both 
imaging and histopathological examination.5 These challenges 
highlight the need for reliable diagnostic tools to support 
clinical decision-making.

Medical imaging techniques play a pivotal role in the 
diagnosis and management of patients with brain tumors. 
Advances in computed tomography (CT) and magnetic 
resonance imaging (MRI), alongside the development of 
specialized imaging modalities, have significantly enhanced 
the ability to detect and characterize pathological lesions.6 

CT remains a first-line imaging modality in many clinical 
scenarios—particularly in emergency medicine—due to its 
rapid image acquisition, widespread availability, and cost-
effectiveness. Despite these advantages, CT has several 
known limitations. Compared to MRI, CT offers lower 
soft-tissue contrast, and artifacts caused by the “beam 
hardening” effect as radiation passes through the skull can 
obscure subtle pathological changes. Furthermore, the use of 
ionizing radiation and limited spatial resolution reduces the 
method’s diagnostic sensitivity, especially when detecting 
small or isodense lesions. Such limitations can lead to 
missed pathologies and significant inter-observer variability 
among radiologists, particularly under high workloads. 
To address these issues, the potential of computer-aided 
detection (CAD) systems as an assistive tool for reviewing 
imaging results is being investigated. Early CAD methods 
relied heavily on manually extracted image features, such as 
intensity distribution, texture descriptors, and morphological 
characteristics. However, these methods often lacked 
robustness and generalizability, limiting their diagnostic 
efficacy and potential for clinical implementation.7 

In recent years, artificial intelligence, particularly deep 
learning, has emerged as a powerful tool, fundamentally 
transforming approaches to medical image analysis. Deep 
convolutional neural networks (CNNs) can automatically 
learn to extract complex hierarchical features directly 
from raw imaging data, eliminating the need for manual 
feature engineering. Consequently, CNN-based models 
have demonstrated state-of-the-art performance across a 
wide range of radiological tasks, including the detection, 
classification, and segmentation of pathological lesions. In 
the field of neuroimaging, several studies have demonstrated 
the high diagnostic accuracy of CNN models for analyzing 
CT data; some achieved accuracy rates of approximately 
96%, with similarly high sensitivity and specificity.6 These 
findings suggest that deep learning methods can complement 
radiologists’ expertise, reduce diagnostic variability, and 

enhance clinical efficiency.8 Furthermore, recent efforts 
have focused on developing lightweight, computationally 
efficient CNN architectures that enable real-time analysis 
and deployment in clinical settings with limited computing 
resources, further underscoring the potential of AI for CT 
image interpretation.

Despite these promising results, the existing body 
of evidence on deep learning for brain tumor detection in 
CT images remains fragmented. Existing reviews in neuro-
oncology primarily focus on MRI analysis methods, whereas 
systematic summaries of data specifically concerning computed 
tomography are relatively scarce.9 Moreover, individual 
studies vary significantly in terms of the CNN architectures 
employed, training strategies, dataset composition, and 
evaluation metrics. Such methodological heterogeneity 
complicates direct comparisons of results and limits the ability 
to draw clinically relevant, actionable conclusions about the 
efficacy and reliability of deep learning models for CT data 
analysis.10

Concurrently, promising approaches such as secure 
federated deep learning, implemented on high-performance 
computing (HPC) infrastructure, are attracting increasing 
attention. These are considered scalable solutions that ensure 
privacy during collaborative analysis of medical images. 
Federated learning enables multiple medical institutions to 
jointly train deep learning models without exchanging raw 
patient data, thereby addressing critical issues related to data 
protection and regulatory compliance. When combined with 
secure aggregation methods and HPC resources, federated 
approaches have demonstrated high efficacy and strong 
generalization capabilities in classifying brain tumors using 
MRI data from heterogeneous sources.11 These advances 
underscore the growing importance of computational 
efficiency, data diversity, and privacy preservation in 
modern medical imaging research. Although most federated 
learning applications have been investigated in the context of 
brain tumor analysis using MRI data, these approaches are 
becoming increasingly relevant for CT as well—particularly 
in emergency care settings and multicenter studies, where 
data-sharing restrictions, variations in scanner characteristics, 
and the need for rapid system deployment pose significant 
challenges.

The accurate classification of brain tumors is a critical 
task in medical imaging, directly influencing diagnosis, 
treatment planning, and patient survival. Early detection 
not only improves clinical outcomes but also facilitates the 
development of more effective and targeted therapeutic 
strategies.12 More broadly, machine learning methods—a 
key field of artificial intelligence that employs probabilistic 
approaches and optimization algorithms to extract meaningful 
patterns from vast, complex datasets—drive progress across 
various stages of patient management in neuro-oncology, 
including diagnosis, prognosis, and the monitoring of 
treatment efficacy.13,14

In this context, a comprehensive and targeted analysis 
of existing scientific data is essential. This systematic review 
aimed to evaluate the performance of deep learning algorithms 
in detecting brain tumors using computed tomography (CT) 
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data. By systematically synthesizing performance metrics 
such as accuracy, specificity, and precision, the study assessed 
the diagnostic value, reliability, and limitations of CNN- based 
models. Furthermore, the review sought to identify common 
methodological approaches, persistent challenges, and research 
gaps that may affect model reproducibility and generalizability, 
and to assess their potential for implementation in clinical 
practice across various medical institutions.

Methodology 
Information Sources and Search Strategy

A comprehensive systematic search was conducted 
across electronic databases, including PubMed, Scopus, 
and Google Scholar, to identify relevant studies. The search 
employed combinations of keywords and MeSH terms, such 
as “deep learning,” “convolutional neural network,” “brain 
tumor,” and “CT imaging,” along with Boolean operators to 
ensure a comprehensive selection. The search was limited to 
English-language, peer-reviewed articles published between 
2017 and 2024.

All retrieved records were uploaded to the Rayyan 
QCRI platform, a web-based tool designed to facilitate the 
study selection phase of a systematic review. Duplicates were 
removed automatically, then manually verified. This review 
was conducted and reported in accordance with the PRISMA-
DTA guidelines for diagnostic test accuracy studies.
Study Selection Process

Two researchers independently assessed the titles and 
abstracts against the established inclusion criteria. Full-text 
articles were obtained for all potentially eligible studies and 
were also independently evaluated by the same researchers. 
Disagreements were resolved through discussion; if consensus 
was not reached, a third researcher was brought in. The study 
selection process and reasons for exclusion at each stage are 
presented in the PRISMA flow diagram (Figure 1).

The review included peer-reviewed original research 
articles involving human subjects that employed deep learning 
CNNs to detect or classify brain tumors using CT imaging data 
and reported quantitative metrics of diagnostic performance 
(accuracy, sensitivity, specificity, or precision). Only full-text 
journal articles in English were considered.

Studies based exclusively on MRI or other imaging 
modalities (other than CT) were excluded, as were review 
articles, editorials, conference abstracts, case reports, animal 
studies, and studies using phantoms. Additionally, studies 
lacking sufficient methodological detail or key quantitative 
performance metrics (e.g., unclear descriptions of the CNN 
methodology or insufficient data on diagnostic accuracy) were 
excluded. All inclusion and exclusion criteria were defined 
a priori and applied consistently throughout the selection 
process.
Rationale for Quantitative Synthesis Approach

Due to the significant heterogeneity in CNN 
architectures, dataset characteristics, validation strategies, 
and reporting methods for results—as well as the incomplete 
reporting of variability measures and confidence intervals 
in primary studies—conducting a formal meta-analysis to 
estimate pooled effect sizes was not feasible. Consequently, 
the synthesis of results was conducted using a structured, 
descriptive, and comparative quantitative approach, in 
accordance with the PRISMA-DTA guidelines for diagnostic 
test accuracy reviews, which do not allow statistical pooling 
of data.

This systematic review was not registered with 
PROSPERO.

The PRISMA flow diagram illustrates the study 
screening and inclusion process: identification of records, 
removal of duplicates, screening of records by title and 
abstract, assessment of full-text versions against eligibility 
criteria, and the final list of included studies.

All titles and abstracts of identified records were screened 
for inclusion in the review. Two researchers independently 
evaluated each record based on predefined selection criteria.  
Following the removal of duplicates, titles and abstracts of all 
remaining records were screened, and full-text articles were 
retrieved for potentially eligible studies. Subsequently, the full 
texts were evaluated in detail against inclusion and exclusion 
criteria. The number of studies included and excluded at each 
stage is shown in Figure 1, prepared in accordance with standard 
PRISMA methodology.

This systematic review was conducted and reported in 
accordance with the PRISMA-DTA guidelines for diagnostic 
test accuracy studies.
Data Extraction

Data extraction was performed independently by 
two researchers using a standardized and pilot-tested data 
extraction form. Extracted information included study 
identifiers (authors, publication year, country), study design 
characteristics (sample size and study population), details on 
CNN models (architecture and training data), and performance 
metrics such as accuracy, specificity, precision, and the area 
under the ROC curve (AUC). Where available, data on 
validation strategies (e.g., internal or external) and dataset 

Figure 1. Study selection.
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characteristics were also collected, as these are essential for 
interpreting model performance and subsequently assessing 
the risk of bias.

All extracted data were organized in Microsoft Excel 
tables to facilitate comparison and synthesis. Disagreements 
between researchers were resolved through discussion and 
consensus. To ensure transparency and reproducibility, the 
complete data extraction table and supplementary materials 
are available from the corresponding author upon reasonable 
request.
Risk of Bias Assessment

Figure 2 presents a summary of the risk-of-bias 
assessment for all studies included in the review. The bar chart 
illustrates the proportion of studies with low, high, or unclear 
risk of bias across each methodological domain. Overall, most 
studies showed a low risk of bias, particularly in the domains 
of outcome measurement and model performance assessment, 
indicating consistently high methodological quality. However, 
some studies exhibited an unclear or elevated risk of bias 
in domains related to patient selection and the handling of 
confounding factors, reflecting variations in study design and 
data reporting practices. The assessment was conducted in 
accordance with established guidelines for systematic reviews 
of diagnostic accuracy studies.

The risk of bias for each included study was assessed 
across specific domains using the QUADAS-2 tool, which 
is widely recommended for systematic reviews of diagnostic 
accuracy studies. Four key domains were evaluated: patient 
selection, the index test (CNN-based CT model), the reference 
standard, and flow and timing. The risk of bias in each domain 
was classified as low, high, or unclear based on predefined 
criteria, including the clarity of the inclusion criteria, the 
adequacy of the dataset and population descriptions, the 
validity of outcome labeling, the correctness of the analytical 
methods, and the consideration of potential confounding 
factors.

Figure 2 presents the distribution of studies across risk 
categories for each domain. The color-coded visualization 
reflects the overall consistency of methodological quality 

across the included CNN-based CT studies. As shown in 
Figure 2, a low risk of bias predominated across most domains, 
particularly regarding outcome assessment and model quality 
evaluation, thereby increasing confidence in the reported 
diagnostic performance. Moderate concerns arose primarily 
from potential confounding factors, including variations in 
dataset size, class imbalance, and differences in validation 
strategies. These methodological aspects were taken into 
account when interpreting the findings, enabling a balanced 
and cautious assessment of the evidence base while avoiding 
overestimating numerical performance metrics.

To assess the robustness of the findings, a sensitivity 
analysis was conducted to evaluate the impact of excluding 
studies with a high risk of bias based on one or more critical 
criteria. Excluding such studies did not substantially alter the 
overall pattern of diagnostic performance observed in the 
remaining studies, indicating that the main conclusions were 
not driven by studies with higher methodological risk.

Risk of bias assessments were conducted using the 
QUADAS-2 framework, with results summarized and 
visualized using standard spreadsheet software. Findings from 
the risk of bias evaluation were considered in the descriptive 
synthesis of results, particularly when comparing studies 
with differing methodological characteristics. Domains 
demonstrating higher or unclear risk of bias, especially 
those related to data selection and confounding control, were 
recognized as potential sources of variability across studies. 
ChatGPT by OpenAI was used to enhance figure presentation. 
The authors independently verified all scientific information 
and approved the final version of the manuscript.

The methodological quality of each included study was 
independently assessed by two experts using established risk of 
bias criteria adapted for diagnostic accuracy research. Aspects 
such as patient selection, image acquisition and interpretation, 
outcome measurement, and data transparency were evaluated. 
The risk of bias in each category was classified as low, high, or 
unclear in accordance with published guidelines; disagreements 
were resolved through discussion. An overall assessment of 
study quality was conducted using a cautious approach, placing 
greater weight on aspects most critical to diagnostic validity.

Results
Table 1 presents pre-trained CNN architectures, including 

ResNet-50, EfficientNet-B0, MobileNet-V1, VGG-16, and 
GoogLeNet. Accuracy metrics ranged from approximately 
94% to 99%, with the highest values ​​observed in studies 
utilizing EfficientNet-B0, ensemble models (combinations 
of multiple architectures), and 3D CNNs with data fusion. 
Custom-designed CNN architectures also demonstrated high 
diagnostic accuracy, particularly when employing optimization 
strategies or modules based on expert knowledge. Sensitivity 
values were inconsistently reported across the included 
studies, and information on sample size and validation type 
was frequently unavailable or limited to internal validation 
only. Overall, the results indicate high diagnostic performance 
across various CNN-based approaches, alongside diverse 
model designs and data representation methods (Figures 3-5).

          Figure 2. Risk of bias assessment.
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Study (First Author, Year) CNN Architecture Specificity, % Accuracy, % Precision, %

Woźniak et al., 2023 [17] Custom 8-layer CNN + CLM support 96.00 95.00 95.00

Anjum et al., 2022 [20] ResNet-50 (transfer learning) 96.00 94.00 96.00

ARI et al., 2018 [31] EfficientNet-B0 (transfer learning) 97.12 97.18 96.80

Moe et al., 2019 [30] MobileNet-V1 (transfer learning) 97.00 97.00 97.00

Mahmud et al., 2023 [19] Custom CNN (hyperparameter tuned) 97.00 93.30 90.00

Negm et al., 2023 [18] VGG-16 + ResNet (ensemble) 98.74 98.45 97.93

Mehrotra et al., 2020 [25] GoogLeNet (transfer learning) 99.29 99.04 99.30

Rao et al., 2019 [24] Custom CNN + knowledge module 94 .00 93 88.00

Almadhoun et al., 2022 [32] 3D CNN + data fusion 99.00 99.88 99.00

Table 1. 
Characteristics of selected studies.

Figure 3. Forest plot showing individual study accuracy 
estimates for CNN-based brain tumor detection using CT 
imaging. Each square represents the accuracy reported 
by an individual study, with horizontal lines indicating the 
corresponding confidence intervals where available. Variability 
in accuracy reflects differences in CNN architectures, dataset 
characteristics, and validation strategies.

Figure 4. Forest plot illustrating model precision (positive 
predictive value, %) across the included studies. Precision values 
varied between studies, reflecting differences in CNN architectures, 
training strategies, and dataset characteristics, including the use 
of transfer learning, ensemble models, and custom-designed 
networks. The figure is presented to facilitate visual comparison 
of precision performance across individual studies.

Figure 5. Forest plot illustrating specificity values (%) reported 
across the included studies. Specificity varied between studies, 
reflecting differences in CNN architectures, training strategies, 
and dataset characteristics, including the use of transfer learning, 
ensemble approaches, and custom-designed networks. The 
figure is presented to support visual comparison of specificity 
performance across individual studies.
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Discussion
This systematic review demonstrates that deep learning 

methods, specifically CNN-based models, consistently 
achieve high diagnostic performance for detecting brain 
tumors on CT scans. Across the nine studies included in the 
review, the CNN architecture demonstrated high accuracy, 
specificity, and precision, underscoring its robust ability to 
distinguish between cases with and without tumors. These 
findings reinforce the growing role of artificial intelligence 
in extracting clinically significant information from standard 
CT scans, which remain widely available and are frequently 
utilized in emergencies and acute care settings.15

Clinical Significance of AI in CT Image Analysis
A key strength of this review is its exclusive focus 

on CT-based tumor detection. This addresses a gap in the 
scientific literature on AI applications in neuroimaging, 
where the primary focus has historically been on MRI-based 
methods. Although MRI-related studies predominated during 
the initial selection phase, limiting the sample to CT-based 
research enabled an assessment specific to this imaging 
modality, thereby eliminating confounding factors. Given 
that CT is often the first-line imaging modality in emergency 
departments—owing to its rapid image acquisition, 
accessibility, and suitability for patients in critical or unstable 
condition—AI-assisted CT interpretation could facilitate 
earlier tumor detection when MRI is unavailable, delayed, or 
contraindicated.16  AI-based CT analysis should not be viewed 
as a replacement for MRI; rather, it serves as a complementary 
tool that streamlines patient triage and supports timely clinical 
decision-making in time-critical situations.
Consistency of Performance Metrics across Various CNN 
Architectures

Despite differences in model architectures and training 
strategies, all the studies included in the review yielded 
favorable diagnostic results, underscoring the reliability of 
CNN-based methods for detecting brain tumors in CT scans. 
Models employing transfer learning based on established 
architectures—such as ResNet-50, EfficientNet-B0, 
MobileNet-V1, and GoogLeNet—consistently demonstrated 
high performance. This confirms the effectiveness of pre-
trained neural networks in medical imaging, particularly when 
training datasets are limited.17,18

More advanced approaches, including ensemble models 
that combine different architectures (e.g., VGG-16 and 
ResNet), achieved further improvements in specificity and 
accuracy. This supports the hypothesis that integrating diverse 
feature representation methods enhances the system’s ability 
to distinguish between pathological and normal states.19 

Furthermore, studies using 3D CNNs combined with data 
fusion techniques reported the highest accuracy, highlighting 
the importance of volumetric information and spatial context 
for brain tumor detection in CT data. Custom-designed CNN 
architecture also yielded competitive results when optimized 
through hyperparameter tuning or curriculum learning, 
although the slightly lower accuracy observed in some 
studies may reflect dataset imbalance, limited sample size, or 
increased model complexity.20,21

Generalizability, Scanner Variability, and Reliability
Consistently high specificity and accuracy across studies 

indicate that CNN-based systems can reduce false-positive 
rates. This is crucial for clinical implementation, as it helps 
avoid unnecessary follow-up examinations and patient anxiety. 
However, model performance was influenced by CT image 
acquisition protocols and specific scanner characteristics. 
Optimal results were often observed when training and testing 
data originated from similar distributions or were acquired 
using similar equipment.21,22 This dependency highlights 
the issue of “domain shift” in applying AI to radiology and 
underscores the need for multi-center datasets—acquired with 
equipment from various manufacturers—to ensure robust 
generalizability of results across diverse clinical settings.
Risk of Bias, Validation Practices, and Interpretation of 
Performance Metrics

The studies were predominantly retrospective in nature 
and varied in sample size and patient selection criteria. Typical 
limitations included the narrow scope of the groups studied 
and insufficient descriptions of confounding factors,23,24 which 
could lead to inflated efficacy estimates when test datasets 
were highly similar to training datasets.   Furthermore, not 
all studies reported sensitivity data (with greater emphasis 
often placed on accuracy, specificity, and precision), limiting 
the ability to comprehensively evaluate model performance, 
particularly with respect to false-negative results. Consistent 
with broader trends in the AI radiology literature, studies 
incorporating external validation generally showed a slight 
decline in performance metrics relative to internal validation 
results, reflecting the impact of data heterogeneity and domain 
shift.18,25 Only a small fraction of the studies evaluated 
models on independent external datasets; these datasets often 
lacked geographic and demographic diversity and provided 
insufficient descriptions of population characteristics. 
Furthermore, none of the included studies conducted formal 
temporal validation across different time periods, limiting 
the ability to assess model stability over time. Although a 
heightened risk of bias in certain methodological aspects 
reduced confidence in the accuracy of quantitative metrics, no 
study was deemed methodologically flawed to the extent that 
its conclusions were called into question. Overall, the available 
evidence supports the efficacy of CNN-based approaches for 
detecting brain tumors in CT scans; however, it highlights the 
need for cautious interpretation of near-perfect performance 
metrics and for adopting more rigorous validation strategies 
in future research.26,23

Practical Significance and Future Directions
No clear evidence of publication bias was found, 

although the limited number of studies reporting low 
performance or negative results may reflect either publication 
bias or the inherently high efficacy of CNN-based methods 
in this field.27,28 Despite the relatively small number of 
eligible studies, due to the specific focus on CT imaging, the 
consistency of findings across independent studies reinforces 
confidence in the conclusions.29,30 Emerging research indicates 
that advanced post-processing techniques and optimized 
image representations can further suppress false positives 
and enhance object detection performance.19 Future research 
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should prioritize prospective designs, standardized reporting 
systems, and rigorous external and temporal validation across 
diverse clinical settings. Addressing these issues is crucial 
for confirming the reliability of CT-based tumor detection 
systems that utilize CNNs and for ensuring their responsible 
implementation in clinical practice.

Conclusion
This systematic review indicates that deep learning 

models, specifically CNN-based architectures, demonstrate 
consistently high diagnostic performance in detecting brain 
tumors on CT images. In the studies analyzed, CNN-based 
methods exhibited high accuracy, specificity, and precision, 
comparable to expert assessment results reported in previous 
literature. This highlights their potential as an assistive tool 
in diagnostic radiology, particularly in emergency care and 
resource-constrained settings.

By focusing specifically on CT images, this review 
addresses a significant gap in the existing literature and 
demonstrates that CNNs can effectively extract informative 
features despite inherent CT limitations, including reduced soft-
tissue contrast and inter-observer variability in interpretation. 
However, many studies relied on retrospective datasets with 
limited diversity and lacked robust external or temporal 
validation, raising questions about the generalizability of the 
findings.

Overall, deep learning with CNNs is a promising and 
evolving approach for improving brain tumor detection 
in CT data. Despite encouraging results, widespread 
clinical implementation requires larger multicenter studies, 
prospective validation, and performance assessment in real-
world clinical settings. This review can serve as a foundation 
for future research aimed at the safe, effective, and evidence-
based integration of artificial intelligence tools into neuro-
oncology practice involving CT imaging.
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Abstract
Rheumatoid arthritis (RA) is a long-term autoimmune disease in which the immune system mistakenly attacks the joint linings. 
The exact cause of RA is still not evident. However, a combination of environmental and genetic factors is considered to contribute 
to RA. Smoking is an established environmental condition/ risk that exacerbates the disease activity and severity, including faster 
joint damage, increased lung and other systemic complications, and decreased efficacy of medication used by RA patients. There 
are a number of factors that synergistically affect the health of smokers, RA patients, or smoking RA patients. Vitamin D (VitD) 
is one of the main factors involved in smoking and RA. Regarding synergistic influences and interactions, assessing inflammatory 
biomarker levels (e.g., high-sensitivity C-reactive protein [hs-CRP]) indicates that the inflammatory influence of VitD deficiency 
is significantly amplified and stronger in smokers than in non-smokers. Furthermore, smoking, a known environmental factor 
in interaction with the genetic factors, causes a synergistic risk of severe RA. Although both smoking and VitD are established 
risk factors for RA, the intricate details about how they influence independently are not clearly known. (International Journal of 
Biomedicine. 2026;16(3):314-319.)
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Abbreviations
Anti-CCP, anti-cyclic citrullinated peptide; CRP, C-reactive protein; CVDs, cardiovascular diseases; DAS28, disease Activity
Score 28; DMARDs, disease-modifying antirheumatic drugs; ESR, erythrocyte sedimentation rate; hs-CRP, high-sensitivity
C-reactive protein; MS, multiple sclerosis; 25(OH)D, 25-hydroxyvitamin D or vitamin D; PMP-RA, postmenopausal rheumatoid
arthritis patients; PTH, parathyroid hormone; RA, rheumatoid arthritis; RF, rheumatoid factor; Th1, T lymphocyte helper 1; Th7,
T lymphocyte helper 7; VitD, vitamin D; VDR, vitamin D receptor.

Introduction
Rheumatoid arthritis (RA) is a long-term autoimmune 

disease in which the immune system mistakenly attacks 
the joint linings.1 Joints are primarily affected, presenting 
with swelling, stiffness, pain, and bone erosion. The wrist 
and hands are most commonly involved. Stiffness and pain 
often worsen after rest. Joints of both hands or both knees 
are affected symmetrically, and discomfort can spread to the 
lungs, heart, eyes, skin, blood, and nerves, leading to a range 
of complications.2-4 The patients with RA may have a fever. 

Symptoms may take weeks to months to appear gradually. 
1,5 The exact cause of RA is still not evident. However, a 
combination of environmental and genetic factors is considered 
to contribute to RA.6 A comprehensive account of the cellular 
and molecular mechanisms, as well as effective therapies, for 
RA has been reviewed.7

Smoking is an established environmental condition/ risk 
that exacerbates the disease activity and severity, including 
faster joint damage, increased lung and other systemic 
complications, and decreased efficacy of medication used 
by RA patients8. Smoking can trigger the immune system in 
individuals with specific genes, leading to the production of 
antibodies such as anti-CCP (anti-cyclic citrullinated peptide) 
and RF (rheumatoid factor).8,9

There are a number of factors that synergistically affect 
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the health of smokers, RA patients, or smoking RA patients. 
However, Vitamin D (VitD) or serum 25-hydroxyvitamin D 
[25(OH)D] is one of the main factors involved in smoking, 
RA, or smoking RA.10 VitD levels in active smokers are 
significantly lower compared to those of non-smoking 
individuals.11 The cumulative effect of VitD deficiency and 
smoking on systemic inflammation is more severe in smoking 
RA patients than in non-smoking RA patients, which makes 
it more difficult to manage.12 Similarly, VitD and smoking 
synergistically influence disease activity, severity, and 
exacerbation of symptoms in RA patients.13-16 To have insight 
into the independent effect of smoking on RA, the effect of 
VitD on smoking, and VitD on RA, as well as the cumulative 
or synergistic effect of smoking and VitD on RA, the present 
review was planned to be carried out. 

Vitamin D in Healthy Individuals and Smokers

For general health, 600-800 international units (IUs) 
daily dosages of VitD are recommended generally, whereas 
deficiency conditions require 1000-2000 IUs daily, and severe 
deficiency conditions require 50,000 IUs weekly dosages. 
Deficiency levels <20 ng/mL (<50 nmol/L) indicate poor bone 
health (severe deficiency < 10 ng/mL may cause osteomalacia 
in adults and rickets in children). Sufficient levels>30 ng/
mL (>75 nmol/L) are required for bone/ overall health. The 
insufficient levels of 20–30 ng/mL (52-72 nmol/L) or the sub-
optimal levels require the administration/ supplementation of 
VitD to sufficient levels (> 30 ng/mL). VitD levels of above 
150 ng/mL (375 nmol/L) cause toxicity and hypercalcemia. 
17-19

Main factors influencing the serum VitD levels are the 
extent of exposure to sun, age (older people have higher risk 
of VitD deficiency), skin pigmentation (less VitD production 

by darker skin via sun exposure), and malabsorption 
disorders.20,21 Table-1 shows the VitD levels, status and 
cinical implications, explaining the outcomes in the statuses 
of sufficient or desirable, optimal, insufficient, and deficient 
levels and toxicity.

It is usually overlooked, but smoking is one of the main 
causes of the VitD deficiency.11 Low VitD levels and VitD 
deficiency have been noted to increase impairment of the 
body’s defense/immune system, especially lung damage.4,22 

Success in smoking cessation/quitting was obtained more in 
patients with high VitD levels.23 It was found that there is a 
direct association of a decrease in VitD level with the number 
of cigarettes smoked as well as the duration of smoking habit.24

Deficient levels of VitD, causing increased levels of 
oxidative stress due to smoking, can increase the pulmonary 
conditions and the risks of having cancer, and its higher 
and beneficial levels are immunomodulatory and anti-
inflammatory.4 In smokers with sufficient VitD levels, lung 
function decreases more slowly over time than in those with 
insufficient VitD levels.22 

VitD deficiency in second-hand or passive smoking 
occurs independently in adults and young children.25,26 Both 
active and passive smokers may have a high risk of VitD 
deficiency, which can disrupt the VitD metabolism since 
exposure to smoking interferes with the process of VitD 
synthesis in the body.11,26,27

Smoking can alter the gene expression and VitD receptor 
(VDR) genes. It downregulates VitD receptors in the lungs, 
leading to a decline in circulating VitD.28,29 VitD is necessary 
for calcium uptake. VitD-parathyroid hormone (PTH) axis 
and calcium absorption in the intestine are disrupted, leading 
to bone-related complications, e.g., osteoporosis, and bone 
loss due to cigarette smoking. Such effects occur due to the 

Table 1.
Vitamin D levels, status, and clinical implications

Status VitD serum levels Risks/clinical implications/outcomes
Sufficient/ 
Desirable

≥ 30 ng/mL 
(≥75 nmol/L)

Reduction in the fall/fractures, sufficient for normal bone health and immune functions. Minimizes 
parathyroid hormone (PTH), increases calcium absorption and neuromuscular performance/activities.

Optimal 30-50 ng/mL 
(75-125 nmol/L)

Although 30 ng/mL is sufficient, 30-60 ng/mL is considered safe for general health. The levels of higher 
than 40 ng/mL improve immunity and reduce the risk of cardiovascular diseases (CVDs), multiple 
sclerosis (MS), and certain types of cancers.

Insufficient 21-29 ng/mL 
(50-75 nmol/L)

Insufficient or suboptimal levels associated with decreased calcium absorption may lead to lower bone 
density and secondary hyperparathyroidism.

Deficient < 20 ng/mL 
(< 50 nmol/L)

Severe deficiency could be the risk for osteomalacia and rickets, respectively, in adults and children. 
Risks of falls/fractures, bone loss, weakness of proximal muscles, and chronic pain occur.

Toxicity >100 ng/mL 
(>250 nmol/L) Hypercalcemia, kidney damage, and related disorders occur.

Table 2.
Influence of smoking on VitD levels

Findings Descriptions Study Sources
Dose dependance Vitamin D correlates inversely with the number of cigarettes smoked/ day 11,24
Decreased VitD levels Smokers present lower VitD levels than non-smokers. 11
Increased risk of VitD deficiency Daily smoking is associated with high vitamin D deficiency. 11,24
Cessation/ quitting  smoking High vitD levels are associated with high success rates for cessation/ quitting smoking. 23
Mechanisms Smoking influences calcium levels, increases bone loss, and change gene expression 11,30
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combined effect of nicotine and low levels of VitD.30

Smoking influences the sensitive association between 
VitD and parathyroid hormone and increases the bone mineral 
density, leading to the risk of osteoporosis.30 

Thousands of toxic components of smoke can influence 
the endocrine system.11,26 Liver and kidneys are involved in 
converting VitD to the usable active form. Smoking toxins 
change the expression of required enzymes and break the VitD 
before it can be used in the body.11,26,27 Furthermore, cigarette 
smoking exacerbates chronic rhinosinusitis.31

Table 2 presents the influence of smoking on VitD levels, 
including dose dependence, decreased VitD levels, increased 
risk of VitD deficiency, cessation/ quitting of smoking, and the 
mechanisms whereby smoking influences VitD levels.

Vitamin D in Rheumatoid Arthritis

Vitamin D, or serum 25-hydroxyvitamin D [25(OH)
D] (VitD), is considered a useful biomarker for assessing 
disease activity in patients with RA.32,33 Appropriate doses of 
VitD improve Disease Activity Score 28 (DAS28), C-reactive 
protein (CRP) levels, and visual analog scale (VAS) for 
subjectively rating pain or global health, from “no pain” to 
“worst pain,” in RA.34,35 VitD has been shown to be significantly 
lower in RA compared to healthy controls.36 Adequate levels 
of VitD are important for maintaining adequate bone density 
in RA patients with elevated chronic inflammation and 
osteoporosis.37

Strong bones are built if the required level of VitD is 
present to absorb calcium. Patients with RA experience altered 
bone turnover and mineralization. Hence, the patients with RA 
are supplemented with the necessary VitD to prevent bone loss 
and weakness.38

Important representative information of VitD levels in 
patients with RA is presented in Table 3. Lower serum vitamin 
D (VitD) levels are commonly observed in patients with RA, 

though a large proportion of patients show VitD deficiency 
due to increased disease activity and elevated inflammation/
pain.39,40

VitD deficiency in 22.3% RA patients (<20 ng/mL) and 
insufficiency in 42.7 % (20-29 ng/mL) was investigated in 
Saudi patients.41  Another study revealed that RA with high 
disease activity showed the lowest VitD levels (18.25±8.3 
nmol/L), moderate activity (VitD: 35.13±15.2 nmol/L), and 
low disease activity (VitD: 38.05±7.3 nmol/L).42 Rossini et 
al.43 found VitD deficiency in 29% (42/145) postmenopausal 
RA (PMP-RA) patients. A meta-analysis study presented 
lower levels of VitD (mean difference: 16.52 nmol/L) in RA.44  

Table 3 describes the VitD levels in patients with rheumatoid 
arthritis.

Several other authors have suggested their views and 
research output on the impact of VitD in patients with RA.10,45-

48 The safe upper intake limit for correcting VitD deficiency 
is generally 1000-4000 IU per day, and higher doses (e.g., 
50,000 IU weekly) are used to monitor RA, whereas the 
recommended dosage is 1000-2000 IU of VitD, though this 
depends on specific cases.46,48  VitD Supplementation with 
disease-modifying antirheumatic drugs (DMARDs) reduces 
erythrocyte sedimentation rate and other inflammatory 
biomarkers. The prevalence of VitD deficiency in RA patients 
ranges from 30% to 63%.45

VitD decreases the proliferation activity of inflammation-
related Th1 (T lymphocyte helper 1) and Th7 (T lymphocyte 
helper 7) cells and increases the regulatory T cells to manage 
autoimmune joint damage.46 As concerns disease activity, 
decreased vitamin D levels are inversely associated with 
higher DAS28 (Disease Activity Score 28) and, hence, lower 
levels of VitD are correlated with more joint swelling and 
worse symptoms.10

Some of the important findings includes, a) the role 
of VitD in RA correlating inversely to the level or scores 

Table 3.
Vitamin D levels in patients with rheumatoid arthritis

Study Subjects Important findings
39 RA & healthy controls VitD deficiency in 84% of RA patients compared with 34% of control subjects.
41 Saudi RA patients VitD deficiency in 22.3% of RA (<20 ng/mL) and insufficiency in 42.7% (20-29 ng/mL).

42 RA & healthy controls RA with high disease activity showed the lowest VitD levels (18.25±8.3 nmol/L), VitD levels in RA with 
moderate (35.13±15.2 nmol/L) and low (38.05±7.3 nmol/L) disease activity.

43 PMP-RA VitD deficiency in 29% (42/145) of RA patients.
44 Meta-analysis Lower levels of VitD (mean difference: 16.52 nmol/L) in RA

PMP-RA: postmenopausal patients with rheumatoid arthritis

Table 4.
Independent and synergistic effects of VitD and smoking in patients with rheumatoid arthritis.

Factors Independent and synergistic effects in RA Clinical consequences

VitD deficiency High prevalence of RA High disease activity, low functional capability, heightened level 
of pain

Smoking Higher risk factor Lower efficacy of medication, heightened level of susceptibility, 
and worsening of the symptoms of RA.

VitD supplementation Efficacious Decrease in disease activity and pain, especially in the starting 
phase of RA.

VitD deficiency+smoking Synergistic effects Decreasing trend for VitD and rising trend in inflammation.
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of disease activity and to some of the known inflammatory 
biomarkers e.g., C-reactive protein (CRP) and erythrocyte 
sedimentation rate (ESR),49 b): the prevalence studies showing 
deficiency of VitD (less than 30 ng/ml)  in 84% of the RA 
patients whereas 34 % in control subjects,39 though the mean 
VitD levels documented in RA are usually lower (21.05±10.02 
and 18.09± 8.99 ng/ml),39 c): the supplementation of 50,000 
IU of VitD3 was found affective for decreasing fatigue, pain 
and the disease activity in patients with RA,49 and d): the 
immunomodulatory effect of VitD for differentiation of T-cells 
and production of cytokines manifests the beneficial effect of 
VitD for autoimmune disorders.36

VitD acts as an immunomodulator, helping reduce 
systemic inflammation, joint stiffness, and the severity of RA 
symptoms.48 Furthermore, VitD is involved in promoting the 
differentiation process for regulatory T-cells, which does not 
allow the immune system to attack the joints mistakenly.50

The Birmingham early inflammatory cohort did not 
find a clear correlation between VitD and RA diagnosis/
progression, and no significant decrease in pain or fatigue 
was observed.10 Another study34 documented a strong negative 
association between high levels of hypovitaminosis and RA 
disease activity in their clinical trial and found that VitD 
supplements significantly improved DAS28 scores.

Vitamin D, Smoking, and Rheumatoid Arthritis

The impact and availability of VitD are changed 
significantly by smoking in RA patients, and deficiency of 
VitD in such conditions leads to inflammatory risks and disease 
severity.51,52 Remission becomes quite low when, besides low 
VitD, the RA patient is a smoker.10 It is known that smoking 
and RA both disturb bone metabolism, e.g., a high risk of 
osteoporosis. Smoking itself disrupts the VitD regulation and 
parathyroid actions, and more severe dysregulations occur 
in patients with RA.52 The synergistic effect of VitD and 
smoking occurs. The association between VitD and high CRP 
(C-reactive protein) levels is significantly stronger in smoking 
RA patients.12

As presented in Table 4, there are independent effects 
of VitD as well as smoking in patients with RA. However, 
interlinked and synergistic effects of VitD and smoking lead 
to worsening of the disease activity/ outcomes as smoking is 
an important environmental factor that triggers the RA disease 
activity, and the deficiency of VitD causes increased disease 
activity/ severity, amplified inflammation, and bone fractures, 
disruption of bone metabolism, and decreased calcium 
absorption.10,13,39,46, 51, 53

Conclusion
Quitting smoking is a lifestyle intervention that is 

highly helpful, especially for someone with RA. It leads 
to improved bodily functions, reduced active symptoms, 
and greater treatment efficacy.8 It is necessary to consult 
healthcare personnel for people who smoke to have their 
VitD level checked. The relevant consultant can determine the 
supplementation dose, taking into account respiratory risks 

and associated conditions.22,23,26  It is essential to achieve the 
required level of VitD in patients with rheumatoid arthritis. The 
rheumatologist routinely recommends the VitD test. If VitD 
deficiency is confirmed, sunlight exposure, important dietary 
sources (e.g., fish [salmon, tuna, etc.], fortified foods, egg 
yolks), and supplementation with VitD are recommended.33

Correcting the VitD deficiency to >30 ng/mL helps 
decrease the DAS28 (Disease Activity Score) and improve 
the health of RA patients.41 The condition of the patients with 
RA is assessed by the DAS28 clinical index, which measures 
the activity of RA by checking 28 important joints for their 
tenderness as well as swelling.54

Regarding synergistic influences and interactions, 
assessing inflammatory biomarker levels (e.g., high-sensitivity 
C-reactive protein [hs-CRP]) indicates that the inflammatory 
influence of VitD deficiency is significantly amplified and 
stronger in smokers than in non-smokers. Furthermore, 
smoking is a known environmental factor in interaction 
with genetic factors, causing a synergistic risk of severe 
RA. Although both smoking and VitD are established risk 
factors for RA, the intricate details about how they influence 
independently require further studies. 
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Abstract
Background: Dental implant therapy is widely used for oral rehabilitation, with success largely dependent on bone metabolism 
and effective osseointegration. Systemic conditions, particularly endocrine disorders such as adrenal gland dysfunction, may 
influence these biological processes. However, the impact of adrenal disorders on dental implant outcomes remains insufficiently 
explored in current clinical guidelines.
Methods: A narrative review was conducted. An electronic search was performed in PubMed/MEDLINE, Scopus, and Web 
of Science databases for studies published through December 2024. Relevant studies addressing adrenal gland dysfunction, 
corticosteroid therapy, bone metabolism, and dental implant therapy were included. A total of 24 publications were selected based 
on their clinical relevance and contribution to evidence-based recommendations.
Results: Current evidence suggests that adrenal gland dysfunction should not be considered an absolute contraindication for 
dental implant therapy. Patients with well-controlled adrenal insufficiency may achieve favorable outcomes with appropriate 
medical management and perioperative corticosteroid supplementation protocols. In contrast, uncontrolled hypercortisolism and 
prolonged corticosteroid therapy may negatively affect bone metabolism, impair wound healing, and increase the risk of peri-
implant complications. Risk stratification protocols enable clinicians to optimize outcomes through individualized treatment 
planning.
Conclusion: Adrenal gland dysfunction represents a relative risk factor rather than a contraindication to dental implant 
therapy. Careful patient evaluation, interdisciplinary collaboration with endocrinologists, and individualized treatment planning 
incorporating stress-reduction protocols and appropriate corticosteroid supplementation are essential to optimize clinical 
outcomes and ensure long-term implant success. Future prospective studies with standardized protocols are needed to establish 
comprehensive evidence-based guidelines for perioperative management and long-term implant outcomes in patients with adrenal 
dysfunction.(International Journal of Biomedicine. 2026;16(3):320-326.)
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Introduction
Dental implants have become an established treatment 

option for the rehabilitation of edentulous and partially 
edentulous patients, demonstrating high survival rates and 
predictable long-term outcomes in healthy individuals. 
1,2 The success of implant therapy depends largely on 
osseointegration, a complex biological process involving 
direct structural and functional contact between living bone 
and the implant surface.3

Increasing attention has been directed toward the 
influence of systemic conditions on implant success. Systemic 

diseases affecting bone metabolism, immune response, and 
tissue healing may influence both the osseointegration process 
and the long-term stability of peri-implant tissues. 4,5 Endocrine 
disorders are particularly relevant because hormonal regulation 
plays an essential role in bone remodeling and inflammatory 
responses.6

Among endocrine disorders, adrenal gland dysfunction 
is clinically relevant, yet remains an underrepresented area 
of research in implant dentistry. The adrenal glands regulate 
several physiological processes through the secretion of 
glucocorticoids, mineralocorticoids, and adrenal androgens. 
Cortisol, the principal glucocorticoid, plays a central role in 
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stress response, immune regulation, and bone metabolism. 
7 Alterations in cortisol levels may therefore influence 
bone turnover and wound-healing processes essential for 
successful implant integration. Despite these implications, 
adrenal disorders are rarely addressed explicitly in implant 
guidelines.8,9 This narrative review aims to synthesize current 
evidence regarding adrenal gland dysfunction and its clinical 
implications for dental implant therapy, with particular 
emphasis on osseointegration, perioperative management, 
corticosteroid supplementation protocols, and clinical 
outcomes.

Materials and Methods
This study was conducted as a narrative review. Due 

to the limited number of studies specifically addressing 
adrenal dysfunction and dental implants, a narrative review 
methodology was selected to allow integration of evidence 
from implant dentistry, endocrinology, oral surgery, and bone 
metabolism literature.

An electronic search was performed in PubMed/
MEDLINE, Scopus, and Web of Science databases for studies 
published through December 2024.

The search strategy included combinations of the 
following keywords: adrenal insufficiency, Addison’s disease, 
Cushing syndrome, hypercortisolism, corticosteroid therapy, 
glucocorticoids, dental implants, osseointegration, bone 
metabolism, perioperative management, and oral surgery. 
Boolean operators (AND, OR) were used to combine the 
search terms and refine the results.

Articles published in English that discussed adrenal 
dysfunction, corticosteroid therapy, bone metabolism, and 
implant therapy were considered eligible. Narrative reviews, 
systematic reviews, clinical studies, and clinical practice 
guidelines were included. Animal and in vitro studies lacking 
direct clinical relevance were excluded.

Titles and abstracts of the retrieved articles were 
screened to identify relevant studies. Due to the limited 
number of publications specifically addressing dental implants 
in patients with adrenal disorders, additional relevant literature 
from related fields, particularly oral surgery, endocrinology, 
and bone physiology, was also considered.

A total of 24 publications met the inclusion criteria 

and were included in the final analysis. These studies were 
selected for their direct relevance to dental implant therapy 
and adrenal gland dysfunction, as well as their contributions 
to understanding the physiological mechanisms that influence 
bone metabolism, immune response, and surgical outcomes. 
Priority was given to studies that provided clinically applicable 
data and comprehensive reviews that addressed both endocrine 
and implant-related aspects.

Physiology of Adrenal Glands and Bone Metabolism
Glucocorticoids play a fundamental role in bone 

remodeling and bone tissue homeostasis by regulating the 
activity of osteoblasts and osteoclasts. Physiological levels of 
cortisol are essential for maintaining the balance between bone 
formation and bone resorption. However, chronic exposure to 
elevated levels of glucocorticoids inhibits the differentiation 
and activity of osteoblasts, increases osteocyte apoptosis, 
and stimulates osteoclast-mediated bone resorption.11,12 

Consequently, these alterations may lead to a reduction in bone 
mineral density and impairment of bone microarchitecture. 
These changes are of particular clinical significance, as bone 
quality and remodeling capacity represent key determinants 
for the successful osseointegration of dental implants.

At the molecular level, glucocorticoids inhibit collagen 
synthesis and interfere with signaling pathways involved in the 
regulation of osteogenesis. In addition, they modify the balance 
between the receptor activator of nuclear factor-κB ligand 
(RANKL) and osteoprotegerin (OPG), promoting osteoclast 
differentiation and activity and consequently enhancing bone 
resorption.12 These mechanisms are of considerable relevance 
in implant dentistry, as successful osseointegration depends on 
early bone formation and the establishment of stable contact 
between the implant surface and the surrounding bone tissue.

In contrast to hypercortisolism, adrenal insufficiency 
primarily affects the body’s physiological response to stress  
and does not directly cause pronounced bone catabolism. 
Reduced cortisol production may compromise the body’s 
ability to respond adequately to surgical stress and may 
affect hemodynamic stability during invasive procedures, 
including oral and implant surgery.10 However, with 
appropriate perioperative management and corticosteroid 
supplementation, these risks can be effectively mitigated.

Table 1. 
Effects of cortisol on bone metabolism and dental implants.

Parameter Physiological cortisol Low cortisol (Adrenal Insufficiency) High cortisol (Hypercortisolism)

Bone formation (Osteoblasts) Normal Slightly reduced Significantly inhibited

Bone resorption (Osteoclasts) Equilibrium Normal Markedly increased

Collagen synthesis Normal Slightly reduced Significantly inhibited

Wound healing Normal May be delayed Compromised

Bone quality Good Acceptable Compromised

Stress response Normal Compromised Impaired

Risk for osseointegration Minimal Low (with management) Moderate to high
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Adrenal Insufficiency and Dental Implant Surgery
Adrenal insufficiency may be classified as primary 

(Addison’s disease) or secondary, most commonly resulting 
from prolonged corticosteroid therapy. In patients undergoing 
dental implant surgery, the main concern is not impaired 
osseointegration but rather the possibility of an inadequate 
physiological response to surgical stress.13 Cortisol plays an 
essential role in maintaining metabolic stability, vascular tone, 
and an adequate stress response during surgical procedures.

Current evidence suggests that adrenal insufficiency 
should not be considered an absolute contraindication to dental 
implant placement. Patients with well-controlled disease 
may achieve favorable clinical outcomes when appropriate 
perioperative management strategies are implemented.14 

Therefore, careful medical evaluation, including assessment 
of the patient’s endocrine status and current corticosteroid 
therapy, is essential before performing implant surgery.

Nevertheless, the risk of adrenal crisis during oral 
surgical procedures, although relatively rare, represents a 
potentially life-threatening complication. Adrenal crisis may 
manifest with hypotension, fatigue, nausea, and electrolyte 
imbalance, requiring immediate medical intervention.15 For 
this reason, careful preoperative assessment and close clinical 
monitoring are recommended in patients with known adrenal 
insufficiency.

Perioperative Corticosteroid Supplementation
Dental implant placement is generally considered 

to induce mild to moderate surgical stress. The need for 
perioperative corticosteroid supplementation should be 
individualized based on patient factors, including disease 
control, medication regimen, and surgical complexity. For 
well-controlled adrenal insufficiency undergoing minor 
procedures such as single implant placement, current 
guidelines from endocrine societies suggest that standard 
replacement therapy may be adequate without additional 
“stress-dose” supplementation.20,21

However, for more extensive surgical procedures or 
in patients with inadequate disease control, perioperative 
corticosteroid supplementation is recommended. The standard 
approach involves administering 25 mg hydrocortisone 
intravenously (IV) at the time of surgical incision, with 
consideration for continued supplementation based on 
surgical duration and complexity.8,10,15 This dosing protocol 
is supported by clinical practice guidelines from endocrine 
organizations and has demonstrated safety and efficacy in 
preventing perioperative adrenal crisis.22

Coordination with the patient’s treating endocrinologist 
is essential to optimize the perioperative management plan 
and ensure seamless transition to standard replacement 
therapy in the postoperative period. With appropriate medical 
management and careful surgical planning, dental implant 
therapy can be performed safely in most patients with adrenal 
insufficiency.

Hypercortisolism and Cushing Syndrome
Hypercortisolism, whether endogenous or iatrogenic, 

has well-documented negative effects on bone metabolism and 

immune function. Chronic exposure to elevated cortisol levels 
is a major cause of secondary osteoporosis, characterized 
by reduced bone formation and increased bone resorption.16 

The severity of bone loss correlates with the duration and 
magnitude of cortisol excess, and recovery of bone density 
may be prolonged even after successful treatment of the 
underlying hypercortisolism.23

In implant dentistry, compromised bone quality may 
negatively influence primary implant stability and delay 
the osseointegration process. In addition, impaired soft-
tissue healing and increased susceptibility to infection may 
elevate the risk of peri-implant complications, including peri-
implantitis and implant loss.17,23 Furthermore, patients with 
Cushing syndrome often present with multiple comorbidities, 
including hypertension, impaired glucose tolerance, and 
immunosuppression, that further compromise surgical 
outcomes and healing capacity.

Although direct clinical studies linking Cushing 
syndrome to implant failure remain limited, available 
evidence suggests that uncontrolled hypercortisolism should 
be considered a significant relative risk factor when planning 
implant therapy. Ideally, implant therapy should be deferred 
until the hypercortisolism is adequately controlled through 
medical or surgical intervention, with restoration of cortisol 
levels to physiological ranges.

Chronic Corticosteroid Therapy
Long-term systemic corticosteroid therapy represents 

another important factor that may influence implant outcomes. 
Prolonged glucocorticoid exposure negatively affects bone 
density, immune function, and wound healing while also 
suppressing the hypothalamic–pituitary–adrenal (HPA) axis. 
12,17 Cumulative dose and duration of therapy are important 
determinants of bone loss and other metabolic complications. 
23

Despite these potential concerns, several studies suggest 
that implant therapy may still be successful in patients receiving 
corticosteroid treatment when systemic disease is well 
controlled and appropriate surgical precautions are taken.18,23 

Therefore, chronic corticosteroid therapy should generally 
be regarded as a relative risk factor rather than an absolute 
contraindication. However, patients on doses exceeding 10 mg 
daily prednisone equivalent warrant particular attention and 
more conservative surgical approaches.

Clinical Implications and Risk Stratification
A comprehensive medical evaluation is essential before 

implant placement in patients with adrenal dysfunction. 
Clinicians should obtain a detailed history of adrenal disease, 
current medications, corticosteroid dosage and duration, 
previous adrenal crises, and associated comorbidities. 
Laboratory assessment of baseline cortisol levels and ACTH 
concentrations may be useful for documenting disease control.

Interdisciplinary collaboration with endocrinologists 
is recommended, particularly when the patient’s endocrine 
status or perioperative management is uncertain. Written 
communication with the treating endocrinologist regarding 
surgical timing, anesthetic approach, and perioperative 
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corticosteroid management is essential to ensure safe clinical 
outcomes.

Practical Considerations for Optimizing Clinical Outcomes
Stress-reduction protocol: The use of profound local 

anesthesia, short and atraumatic surgical procedures, and, 
when indicated, oral sedation may help minimize surgical 
stress and reduce the physiological demand for endogenous 
cortisol production.

Corticosteroid supplementation: As outlined in Section 
4, the need for perioperative corticosteroid supplementation 
should be assessed on an individual basis in consultation with 
the patient’s endocrinologist. For well-controlled patients 
undergoing minor procedures, standard replacement therapy 
may be adequate; however, more extensive procedures 
typically require supplementation with 25 mg hydrocortisone 
IV at induction.8,10,15

Surgical approach: Minimally invasive techniques, 
careful tissue handling, and atraumatic surgical execution 
are recommended to reduce trauma, inflammation, and 

healing time. When feasible, flapless techniques or limited-
flap approaches may be advantageous in patients with 
compromised healing capacity.

Healing protocols: Delayed loading and extended 
osseointegration periods (6-8 months) may be beneficial in 
patients with compromised bone metabolism or significant 
cortisol excess. Progressive loading protocols should be 
considered in high-risk patients to allow adequate bone 
remodeling before full functional loading.

Infection prevention: Patients with adrenal dysfunction, 
particularly those with hypercortisolism or long-term 
corticosteroid use, are at increased risk of infection. Enhanced 
oral hygiene protocols, antimicrobial rinses, and consideration 
of prophylactic antibiotics may be warranted.23 Long-term 
antimicrobial mouth rinses containing chlorhexidine or 
povidone-iodine may reduce early peri-implant complications.

In addition, clinicians should consider that patients with 
adrenal dysfunction, particularly those with hypercortisolism 
or long-term corticosteroid use, may present with associated 
comorbidities such as hypertension, impaired glucose 

Table 2. 
Risk stratification and management protocols for dental implants in patients with adrenal dysfunction

Risk 
category Type of Dysfunction Disease 

control Surgical guidelines Corticosteroid 
supplementation Additional considerations

Low risk Adrenal insufficiency Well-
controlled

Standard local anesthesia; 
Short procedure; Single 
implant

25 mg hydrocortisone IV 
at induction (8,10,15)

Coordination with 
endocrinologist; Standard 
post-op care

Moderate 
risk

Mild hypercortisolism 
or chronic low-dose 
corticosteroid therapy

Controlled
Minimally invasive 
technique; Extended 
healing period; Consider 
flapless approach

Depending on the 
endocrinologist’s 
decision, additional 
supplementation may be 
required.

Enhanced infection 
prevention; Delayed 
loading (6-8 months)

High risk

Uncontrolled 
hypercortisolism 
or high-dose 
corticosteroid therapy 
(>10 mg prednisone 
equivalent daily)

Poorly 
controlled

Postpone elective 
procedure; 
Endocrinologist 
consultation; Consider 
systemic disease 
treatment first

Postpone procedure 
until disease control is 
achieved.

Defer implant therapy; 
Optimize systemic control; 
Reassess in 3-6 months

Table 3. 
Summary of the impact of adrenal disorders on dental implant requirements and outcomes.

Component Adrenal insufficiency Hypercortisolism Chronic corticosteroid therapy

Bone quality Good (with adequate cortisol 
replacement)

Compromised (secondary 
osteoporosis) Compromised (dose-dependent)

Wound healing May be delayed (requires 
optimization) Significantly compromised Compromised (dose-dependent)

Immune response Slightly reduced Markedly compromised Reduced (dose-dependent)

Implant stability (primary) Good Moderate to high risk Moderate risk

Implant stability (long-term) Good High risk without disease control Moderate to high risk

Management compatibility Good (with perioperative 
supplementation)

Requires careful planning and 
disease control

Requires close monitoring and 
coordination

Risk of peri-implantitis Low Moderate to high Moderate

Recommended loading 
protocol Standard (3-6 months) Delayed (6-8 months) Delayed (6-8 months)
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tolerance, osteoporosis, and delayed soft-tissue healing. These 
factors may further influence postoperative recovery and 
should be taken into account during comprehensive treatment 
planning.

Table 2 and Table 3 provide a comprehensive summary 
of how each category of adrenal disorder impacts critical 
parameters of dental implant therapy, including bone quality, 
wound healing, immune response, and implant stability. This 
comparative analysis is particularly useful for differentiated 
treatment planning and prognostication in distinct patient 
populations with adrenal dysfunction.

Limitations of Current Evidence
Direct clinical studies evaluating dental implant 

outcomes specifically in patients with adrenal gland disorders 
are scarce. Much of the available evidence is drawn from 
the broader literature on systemic diseases, oral surgery, 
bone metabolism, and endocrinology, necessitating careful 
extrapolation to the context of implant dentistry.

Several specific limitations merit discussion:
Limited prospective data: Most available evidence on 

implant outcomes in patients with adrenal disorders comes 
from small case reports, case series, or observational studies. 
Large-scale prospective clinical trials specifically evaluating 
implant success rates in patients with documented adrenal 
dysfunction are lacking.

Heterogeneity of patient populations: Variability 
in disease severity, medication regimens, dosages, duration 
of disease, and presence of comorbidities significantly 
complicates the interpretation and generalization of available 
findings. Patients with adrenal insufficiency on replacement 
therapy may have substantially different outcomes compared 
to those with uncontrolled hypercortisolism or those on high-
dose corticosteroid therapy for systemic disease.

Lack of standardized protocols: Perioperative 
corticosteroid supplementation protocols vary widely 
across institutions and clinicians. No universally accepted, 
standardized protocols for dental implant surgery exist, 
making it difficult to compare outcomes across studies and to 
establish evidence-based recommendations.

Confounding variables: Many patients with chronic 
corticosteroid therapy have underlying systemic conditions 
(such as autoimmune diseases or malignancies) that 
independently affect bone metabolism, immune function, and 
healing capacity, making it difficult to isolate the effects of 
corticosteroids alone on implant outcomes.

Limited long-term follow-up data: Most available 
studies report short-term implant survival (1-3 years). Long-
term follow-up data (5-10 years) specifically examining peri-
implant bone loss, soft-tissue health, and functional outcomes 
in patients with adrenal dysfunction are sparse.

Outcome measurement heterogeneity: Studies use 
varying definitions and assessment methods for implant 
success, making meta-analysis and direct comparison 
problematic. Standardized outcome measures, including 
implant survival, marginal bone loss, peri-implant soft-tissue 
health, and patient-reported outcomes, are needed.

These limitations underscore the need for well-

designed prospective studies with standardized protocols 
and comprehensive outcome reporting to establish robust 
evidence-based guidelines for implant dentistry in patients 
with adrenal disorders.

Future Research Directions
Future research should prioritize the following:

Prospective clinical trials: Multicenter prospective 
studies evaluating implant survival, osseointegration kinetics, 
marginal bone loss, and peri-implant tissue health in patients 
with documented adrenal insufficiency, hypercortisolism, 
and chronic corticosteroid therapy should be conducted with 
adequate follow-up periods (minimum 5 years).

Standardized perioperative protocols: Research 
should establish and validate standardized corticosteroid 
supplementation protocols specific to dental implant 
surgery in patients with adrenal dysfunction, including dose 
recommendations based on surgical complexity and disease 
control status.

Biomarker studies: Investigation of bone metabolism 
biomarkers (P1NP, CTX, RANKL/OPG ratios) in patients 
with adrenal dysfunction may help predict osseointegration 
potential and guide individualized treatment strategies.

Surgical technique evaluation: Comparative studies 
examining outcomes with different surgical approaches 
(conventional flap versus flapless, immediate versus delayed 
loading) in patients with adrenal dysfunction would inform 
evidence-based surgical decision-making.

Comorbidity assessment: Prospective evaluation 
of how comorbidities frequently associated with adrenal 
disorders (hypertension, diabetes, osteoporosis) modify 
implant outcomes would improve patient risk stratification.

Long-term peri-implant health: Longitudinal studies 
specifically examining rates of peri-implantitis, marginal bone 
loss, and soft-tissue complications in patients with adrenal 
disorders would establish long-term prognosis and guide 
maintenance protocols.

Patient-centered outcomes: Research incorporating 
patient-reported outcomes, quality of life measures, and 
functional assessments would provide a comprehensive 
understanding of implant therapy success beyond traditional 
survival metrics.

Conclusions
Adrenal gland dysfunction should be considered a 

relative risk factor rather than an absolute contraindication to 
dental implant therapy. Well-controlled adrenal insufficiency 
does not appear to significantly compromise osseointegration 
when appropriate perioperative corticosteroid supplementation 
(25 mg hydrocortisone IV) and medical management are 
implemented. Conversely, uncontrolled hypercortisolism 
and high-dose chronic corticosteroid therapy may negatively 
affect bone quality, healing capacity, and immune function, 
thereby increasing the risk of implant failure and peri-implant 
complications.
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Successful implant outcomes depend on:
•	 Comprehensive preoperative medical assessment 

and documentation of endocrine disease control
•	 Interdisciplinary collaboration with endocrinologists 

to optimize perioperative management
•	 Individualized surgical planning incorporating risk 

stratification
•	 Implementation of stress-reduction protocols and 

appropriate corticosteroid supplementation
•	 Modified surgical techniques and healing protocols 

tailored to the patient’s physiological status
•	 Enhanced infection prevention strategies in 

immunocompromised patients
•	 Consideration of extended osseointegration periods 

and delayed loading in high-risk patients
Furthermore, systemic conditions frequently associated 

with hypercortisolism—such as hypertension, impaired 
glucose metabolism, and osteoporosis—may also compromise 
soft-tissue healing, increase susceptibility to infection, and 
adversely affect long-term peri-implant health. Comprehensive 
patient management addressing these comorbidities is 
essential for optimizing implant prognosis.

Future prospective studies with standardized protocols, 
standardized outcome measures, and adequate long-term 
follow-up are essential to establish comprehensive evidence-
based guidelines for perioperative management and long-term 
implant outcomes in patients with adrenal dysfunction. Until 
higher-quality evidence becomes available, clinicians should 
apply individualized risk assessment and interdisciplinary 
management strategies to optimize implant success in patients 
with adrenal dysfunction.
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Abstract
Background: White spot lesions (WSLs) are a common adverse effect of fixed orthodontic treatment, resulting from enamel 
demineralization associated with plaque accumulation around orthodontic appliances. Their prevention remains a clinical challenge 
in orthodontic practice. The present review aimed to evaluate the available evidence regarding the effectiveness of preventive 
strategies for reducing the risk of white spot lesion development in patients undergoing fixed orthodontic treatment.
Materials and Methods: A literature search was performed in Medline/PubMed and the Cochrane Library for English-language 
clinical studies published up to 2010. Controlled in vivo human studies reporting the incidence and/or prevalence of WSLs in 
patients undergoing fixed orthodontic treatment were included. Studies with a minimum treatment duration of 12 months were 
considered. Data regarding incidence, prevalence, risk factors, and preventive measures were extracted and analyzed descriptively.
Results: Ten studies involving 1,241 patients were included. The overall incidence of WSLs was 45.8%, while the prevalence 
was 68.4%. Reported risk factors included poor oral hygiene, younger age at treatment initiation, male sex, and longer treatment 
duration. Protective factors included adequate salivary flow and the use of fluoride-based preventive measures, which were 
associated with reduced lesion development.
Conclusion: WSLs are a frequent complication of fixed orthodontic treatment. Their development is multifactorial, with identifiable 
patient- and treatment-related risk factors. Preventive strategies, particularly fluoride-based interventions and improved oral 
hygiene measures, should be integrated into routine orthodontic care to reduce the risk of enamel demineralization.(International 
Journal of Biomedicine. 2026;16(3):327-332.)
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Introduction
The demand for orthodontic treatment has increased 

considerably over recent decades, particularly in developed 
countries, owing to growing awareness of oral health and 
dental aesthetics.1 Orthodontic treatment is indicated for 
the correction of dental malocclusions and craniofacial 
skeletal discrepancies resulting from genetic, familial, and 
environmental factors through the use of fixed or removable 
appliances.2

Despite the significant functional and aesthetic benefits 
achieved through orthodontic therapy, treatment with fixed 
appliances is frequently associated with adverse effects, among 

which white spot lesions (WSLs) are one of the most common 
complications. WSLs are early manifestations of enamel 
demineralization that appear clinically as opaque, chalky-
white areas on the tooth surface. Their reported prevalence 
varies widely in the literature, ranging from 33.8% to 97%, 
depending on the diagnostic criteria, assessment methods, 
and units of analysis employed, as well as the inclusion or 
exclusion of pre-existing enamel lesions.3-7

Enamel demineralization may initially be reversible 
through natural remineralization processes mediated by saliva 
and its mineral components. Salivary proteins can partially 
restore mineral content and reduce the visual appearance of 
early lesions.8  However, in patients undergoing orthodontic 
treatment, persistent plaque accumulation around orthodontic 
appliances often promotes the progression of these lesions, 
resulting in irreversible enamel damage and an increased risk 
of caries development.9
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Dental caries is a multifactorial disease influenced by 
biological, behavioral, environmental, and socioeconomic 
factors. Established risk factors include frequent consumption 
of fermentable carbohydrates, inadequate oral hygiene, 
insufficient fluoride exposure, and irregular dental attendance. 
Demographic variables such as age, sex, educational level, 
income, and ethnicity may further influence susceptibility to 
caries.10 Consequently, maintaining adequate oral hygiene 
practices and regular exposure to fluoride remain fundamental 
components of caries prevention.

The association between dietary sugar intake and 
dental caries has been extensively documented.11,12 Frequent 
consumption of sugar-containing beverages, including soft 
drinks, fruit juices, and sports drinks, as well as confectionery 
products, contributes significantly to the risk of enamel 
demineralization. Dietary assessment and individualized 
nutritional counseling may therefore play an important role 
in reducing exposure to fermentable carbohydrates and 
limiting caries risk.13 Although dietary habits are not routinely 
evaluated in orthodontic practice because of time and resource 
constraints, such assessments may contribute significantly to 
the prevention of WSL development.

Fixed orthodontic appliances create conditions that 
favor biofilm accumulation and enamel demineralization. 
Orthodontic brackets, bands, ligatures, and archwires 
introduce additional retentive sites that complicate oral hygiene 
procedures and facilitate plaque retention.14 Furthermore, 
the surface characteristics of orthodontic materials influence 
bacterial colonization. Materials with greater surface 
roughness and higher surface free energy promote bacterial 
adhesion and biofilm formation, while bracket design and size 
also affect plaque accumulation. Consequently, simpler and 
smaller bracket designs have been suggested to reduce bacterial 
retention and minimize the risk of enamel demineralization.15

White spot lesions may develop on any tooth surface 
where microbial biofilm is allowed to accumulate over 
time. Numerous patient-related factors, including medical 
and dental history, medication use, dietary habits, salivary 
composition, fluoride exposure, and genetic predisposition, 
influence their development.16 According to the American 
Dental Association Caries Classification System (ADA CCS), 
WSLs are classified as incipient non-cavitated carious lesions 
resulting from bacterial plaque activity.17

Host susceptibility plays a fundamental role in the 
pathogenesis of WSLs. Systemic factors, including salivary 
flow rate, buffering capacity, and enamel resistance to acid 
dissolution, contribute significantly to lesion development. 
Local factors such as dental malposition and the presence 
of fixed orthodontic appliances further increase the risk of 
demineralization by promoting plaque retention and impairing 
effective oral hygiene.18

Although fixed orthodontic appliances remain the most 
effective method for correcting many malocclusions, their use 
is associated with increased plaque accumulation and elevated 
levels of cariogenic microorganisms.19 These changes in 
the oral environment contribute to enamel demineralization 
and the subsequent development of WSLs and dental 
caries. Nevertheless, evidence regarding the relationship 

between orthodontic treatment and caries development 
remains inconsistent, with some studies reporting conflicting 
findings.20,21

A variety of preventive strategies have been proposed 
to minimize the occurrence of WSLs during orthodontic 
treatment. These include topical fluoride applications, fluoride-
releasing bonding materials, sodium fluoride mouth rinses, 
chlorhexidine products, and reinforcement of oral hygiene 
practices.22-24 Adequate oral hygiene remains one of the most 
effective measures for preventing enamel demineralization 
and caries development during treatment.24 In addition, 
the increasing use of fixed bonded retainers following both 
aligner-based and conventional orthodontic therapy may 
prolong plaque retention and potentially increase the risk of 
WSL formation after active treatment has been completed.25

Clinically, enamel demineralization initially presents 
as white, opaque lesions that may resemble dental fluorosis. 
However, unlike fluorosis, these lesions are associated with 
active mineral loss and an increased susceptibility to caries 
progression due to enamel porosity and enhanced plaque 
retention.26,27 Demineralization involves the dissolution of 
mineral ions from hydroxyapatite crystals within enamel and 
other mineralized tissues, whereas remineralization refers to 
the restoration of these minerals. Although substantial mineral 
loss may occur without compromising enamel integrity, 
affected teeth often exhibit increased sensitivity to thermal, 
mechanical, and chemical stimuli.28,29

The characteristic appearance of WSLs is attributable 
to alterations in the refractive index (RI) of enamel. Sound 
enamel possesses an RI of approximately 1.66, whereas 
demineralized enamel exhibits lower values that vary 
according to lesion hydration. The presence of air within 
porous lesions increases light scattering, causing dehydrated 
WSLs to appear as opaque, milky-white areas that are more 
readily detectable during clinical examination.30,31

Several studies have investigated the prevalence and 
severity of WSLs among orthodontic patients. Mizrahi32 
reported significant increases in both lesion prevalence and 
severity following fixed appliance treatment, with male patients 
exhibiting greater lesion severity than females. Similarly, 
Gorelick et al.33 observed a significantly higher frequency 
of WSLs in teeth fitted with fixed appliances compared with 
untreated controls, particularly in the maxillary lateral incisors. 
The absence of lesions on the lingual surfaces of mandibular 
incisors retained with bonded retainers suggested a protective 
effect of salivary flow.34 Furthermore, Geiger et al.7 demonstrated 
a significant association between poor compliance with 
preventive home-care measures and the development of WSLs.

White spot lesions are also recognized as important 
indicators of caries risk. Along with frank cavitation, proximal 
lesions, and recent restorations or extractions resulting from 
active disease, WSLs are considered strong clinical predictors 
of future caries activity.35 Despite the availability of preventive 
measures, their routine implementation in orthodontic practice 
remains limited. Derks et al.36 reported that although most 
orthodontists provide oral hygiene instructions, preventive 
agents such as fluoride varnishes, high-fluoride toothpaste, 
and chlorhexidine products are prescribed less frequently.
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Fluoride remains a cornerstone of preventive dentistry 
because of its ability to enhance enamel remineralization and 
inhibit demineralization. By replacing hydroxyl ions within 
hydroxyapatite crystals, fluoride promotes the formation 
of fluorapatite, which exhibits greater resistance to acid 
dissolution and caries progression.38 In contrast, patients 
presenting with enamel defects such as molar-incisor 
hypomineralization, amelogenesis imperfecta, or fluorosis 
may require special consideration before orthodontic treatment 
because of compromised enamel integrity and an increased 
risk of plaque accumulation and demineralization.37

Therefore, the present review aimed to evaluate the 
available evidence regarding the effectiveness of preventive 
strategies for reducing the risk of white spot lesion development 
in patients undergoing fixed orthodontic treatment.

Materials and Methods
Search Strategy

A literature search was conducted to identify studies 
investigating the incidence, prevalence, risk factors, and 
prevention of white spot lesions (WSLs) associated with fixed 
orthodontic treatment. Electronic searches were performed 
in the Medline/PubMed and Cochrane Library databases for 
studies published in English up to 2010.

The search strategy included combinations of the 
following keywords and Medical Subject Headings (MeSH) 
terms: orthodontics, fixed appliances, white spot lesions, 
demineralization, decalcification, and caries. Reference lists 
of relevant articles were also manually screened to identify 
additional eligible studies.
Eligibility Criteria

Studies were included in the review if they met the 
following criteria:

1.Human clinical studies involving patients undergoing 
fixed orthodontic treatment

2.Controlled in vivo study design
3.Assessment of the incidence and/or prevalence of 

white spot lesions
4.Outcomes reported at the patient level rather than at 

the tooth or surface level
5.Minimum orthodontic treatment duration of 12 months
6.Full-text articles available in English
Studies were excluded if they:
1.Included patients treated exclusively with removable 

appliances
2.Reported outcomes only at the tooth or surface level 

without patient-based data
3.Were case reports, narrative reviews, conference 

abstracts, letters, or in vitro studies
4.Did not provide sufficient information regarding WSL 

incidence or prevalence
Study Selection

Titles and abstracts identified through the electronic 
search were screened for relevance. Full-text articles were 
subsequently assessed according to the predefined inclusion 
and exclusion criteria. Studies meeting all eligibility criteria 
were included in the final analysis.

Data Extraction
The following information was extracted from each 

included study:
• Author and year of publication
• Study design
• Sample size
• Patient demographics
• Duration of orthodontic treatment
• Incidence and prevalence of white spot lesions
• Reported risk factors associated with WSL development
• Preventive measures evaluated during treatment

Outcome Measures
The primary outcomes of interest were the incidence 

and prevalence of white spot lesions in patients undergoing 
fixed orthodontic treatment. Secondary outcomes included the 
identification of risk factors associated with WSL development 
and the effectiveness of preventive strategies aimed at reducing 
enamel demineralization during treatment.

Results
Study Characteristics

A total of 10 studies fulfilled the eligibility criteria and 
were included in the review. These studies evaluated patients 
undergoing treatment with fixed orthodontic appliances and 
reported data regarding the incidence and/or prevalence of 
white spot lesions.
Incidence of White Spot Lesions

Across the included studies, 1,241 patients were 
assessed for the development of new white spot lesions during 
orthodontic treatment. A total of 635 patients developed at 
least one new lesion, corresponding to an overall incidence 
of 51.1%. These findings indicate that approximately one out 
of every two patients undergoing fixed orthodontic treatment 
experienced enamel demineralization during treatment.
Prevalence of White Spot Lesions

Data regarding WSL prevalence were available for 923 
patients. Among these individuals, 640 presented with one 
or more white spot lesions, resulting in an overall prevalence 
of 69.3%. This finding demonstrates that WSLs are highly 
prevalent among orthodontic patients and represent a significant 
clinical challenge.
Summary of Findings

The results of the included studies consistently 
demonstrated that fixed orthodontic appliances are associated 
with a substantial risk of enamel demineralization. The high 
incidence and prevalence of WSLs observed across the 
reviewed literature emphasize the need for effective preventive 
strategies, including rigorous oral hygiene measures, fluoride 
therapy, dietary counseling, and regular professional monitoring 
throughout orthodontic treatment.

Discussion
The findings of the present review indicate that white spot 

lesions (WSLs) are a common adverse effect of fixed orthodontic 
treatment. The development of these lesions is multifactorial 
and influenced by patient-related, treatment-related, and 
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environmental factors. Understanding these risk factors is 
essential for implementing effective preventive strategies and 
reducing enamel demineralization during orthodontic therapy.
Gender

Several studies have suggested that gender may influence 
the incidence and severity of WSLs. Most authors reported 
a higher prevalence of lesions among male patients. Khalaf 
observed that males were nearly three times more likely to 
develop WSLs than females, while Boersma et al. reported a 
greater proportion of demineralized buccal surfaces in male 
patients. Similar findings were described by Julien et al., Tufekci 
et al., Lucchese and Gherlone, and Enaia et al., who also noted 
increased lesion severity among males.39-44 These differences 
may be attributed to variations in oral hygiene practices, dietary 
habits, and compliance with preventive recommendations. 
However, the association between gender and WSL development 
remains controversial, as Gorelick et al. reported a higher 
incidence among female patients.33 Consequently, although 
gender may contribute to lesion susceptibility, it should not be 
considered an independent predictor of WSL development.
Age

Patient age appears to play a significant role in the 
occurrence of WSLs. Adolescents have consistently been 
reported to be at greater risk than adults, potentially due to less 
effective oral hygiene practices and lower compliance with 
preventive measures. Khalaf found that adolescent patients 
were approximately twice as likely to develop WSLs as 
adults.39 Similarly, Richter et al. reported a negative association 
between age and lesion development, demonstrating that the 
number of newly formed lesions decreased with increasing 
age.45 These findings suggest that younger patients may require 
more intensive preventive interventions and closer monitoring 
throughout treatment.
Salivary Flow

Saliva plays a crucial protective role in maintaining 
enamel integrity through its buffering capacity, remineralizing 
potential, and mechanical cleansing action. Evidence 
supporting this protective effect was provided by Gorelick et al., 
who observed no WSLs on the lingual surfaces of mandibular 
incisors retained with a canine-to-canine bonded retainer.33 

The authors attributed this finding to the continuous exposure 
of these surfaces to salivary flow. Therefore, variations in 
salivary exposure may partly explain the distribution and 
severity of WSLs observed during orthodontic treatment.
Duration of Treatment

Treatment duration is consistently identified as one of 
the most important risk factors for WSL development. The 
prolonged presence of fixed orthodontic appliances promotes 
plaque accumulation and increases the likelihood of enamel 
demineralization. Khalaf reported a 3.65-fold increase in the 
risk of WSL formation among patients treated for more than 36 
months compared with those treated for less than 24 months.39 
Likewise, Tufekci et al. and Lucchese and Gherlone demonstrated 
that lesions may develop within the first six months of treatment, 
with prevalence increasing as treatment progresses.42,43 Richter 
et al. further confirmed a positive relationship between treatment 
duration and lesion development, reporting a substantial increase 
in the number of affected surfaces with longer treatment periods.45 

These findings emphasize the importance of minimizing treatment 
duration whenever clinically feasible.
Fluoride Use During Orthodontic Treatment

The preventive effect of fluoride on enamel 
demineralization has been well documented. Regular use 
of fluoride-containing products has been associated with 
significant reductions in both the incidence and prevalence 
of WSLs. Khalaf reported a significant reduction in lesion 
development among patients who routinely used fluoride mouth 
rinses during treatment.39 Similarly, Geiger et al. observed a 
30% reduction in prevalence and a 25% reduction in incidence 
among orthodontic patients using fluoride mouthwash.7 These 
findings support the routine incorporation of fluoride-based 
preventive measures into orthodontic treatment protocols, 
particularly for patients at elevated risk of caries development.
Distribution of White Spot Lesions

The distribution of WSLs is not uniform throughout 
the dentition. Most studies reported a higher prevalence of 
lesions in the maxillary arch, particularly affecting the lateral 
incisors and canines.7,33,39,41,46 These teeth are characterized 
by relatively small areas between the bracket and gingival 
margin, creating favorable conditions for plaque retention 
and hindering effective oral hygiene. In contrast, Mizrahi 
identified the first molars as the most frequently affected 
teeth32, suggesting that lesion distribution may vary according 
to patient characteristics, oral hygiene practices, and appliance 
design.

The predominance of lesions in the maxillary arch 
may also be related to reduced salivary exposure compared 
with mandibular teeth. Furthermore, differences in brushing 
efficiency across various tooth surfaces may contribute to the 
observed distribution patterns.
Surface Distribution

Concerning lesion location, the gingival margin was 
consistently identified as the area most susceptible to WSL 
development. Khalaf reported that while lesions occurred 
throughout the maxillary dentition, they were predominantly 
localized to the gingival margins of mandibular teeth.39 This 
finding is clinically relevant, as plaque accumulation is typically 
greatest in the region immediately adjacent to orthodontic 
brackets and gingival tissues. Consequently, preventive efforts 
should focus on improving plaque control in these high-risk areas.
Clinical Implications and Preventive Strategies

The management of WSLs should prioritize prevention, 
as established lesions can be difficult to reverse completely 
and may compromise the aesthetic outcomes of orthodontic 
treatment. Effective prevention requires a multifactorial 
approach that includes patient education, reinforcement of oral 
hygiene practices, dietary counseling, regular professional 
prophylaxis, and the use of preventive agents.

The combined use of fluoride and chemical plaque-
control measures is particularly effective in reducing enamel 
demineralization. Geiger et al. demonstrated the benefits of 
fluoride mouth rinses during orthodontic treatment7, while 
Ogaard et al. reported a 48% reduction in lesion depth following 
the application of fluoride varnish.47 Various fluoride delivery 
systems, including toothpastes, mouth rinses, gels, varnishes, 
fluoride-releasing bonding materials, and fluoride-containing 
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elastomeric modules, have been proposed as effective adjuncts 
to conventional preventive measures.

Given the high prevalence of WSLs reported in the 
literature, orthodontists should identify high-risk patients 
before treatment initiation and implement individualized 
preventive protocols throughout treatment. Particular attention 
should be directed toward younger patients, individuals with 
poor oral hygiene, and those expected to undergo prolonged 
orthodontic therapy.

Conclusion
White spot lesions (WSLs) represent a common 

complication associated with fixed orthodontic treatment, with 
reported incidence and prevalence rates of 45.8% and 68.4%, 
respectively. These findings underscore the clinical relevance 
of enamel demineralization during orthodontic therapy and 
highlight the need for effective preventive strategies.

Multiple factors influence the development of WSLs. 
Increased risk has been associated with poor oral hygiene, 
younger age at treatment initiation, male sex, and prolonged 
treatment duration. Conversely, adequate salivary flow and the 
use of fluoride-based preventive measures appear to reduce 
the likelihood of lesion development.

Given the high prevalence of WSLs, careful patient risk 
assessment should be performed before and during orthodontic 
treatment. Particular attention should be given to individuals 
presenting with early signs of enamel demineralization, 
with preventive protocols tailored accordingly. Continuous 
monitoring and reinforcement of oral hygiene measures are 
essential to minimize adverse outcomes.

Overall, the evidence indicates that the risk of WSL 
development during fixed orthodontic treatment should not 
be underestimated, and greater emphasis should be placed 
on prevention, patient education, and individualized risk 
management strategies.
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Abstract
Background: Gestational arterial hypertension (GAH) affects 6–10% of pregnancies and may progress to preeclampsia (PE) in 
up to 46% of cases. Early identification of patients at risk for this transformation remains a critical clinical challenge. This study 
aimed to identify independent clinical, laboratory, and hemodynamic predictors of PE development in women with GAH.
Methods and Results: This study enrolled 160 pregnant women after 20 weeks of gestation: 54 healthy controls and 106 with 
GAH. Among GAH patients, 46 (43.4%) subsequently developed PE. All participants underwent assessment of flow-mediated 
dilation (FMD), microalbuminuria (MAU), NT-proBNP, echocardiography, and 24-hour ambulatory blood pressure monitoring 
(ABPM) at the initial visit. Multivariate logistic regression identified five independent predictors: FMD <10% (aOR=7.15; 95% 
CI 1.84–27.78; P=0.005), BMI ≥30 kg/m² (aOR=4.52; 95% CI 1.36–15.03; P=0.014), MAU >30 mg/day (aOR=4.28; 95% CI 
1.08–16.97; P=0.038), non-dipper profile (aOR=3.95; 95% CI 1.05–14.86; P=0.042), and NT-proBNP >125 pg/mL (aOR=3.67; 
95% CI 1.01–13.35; P=0.049). ROC analysis demonstrated the highest discriminative ability for FMD (AUC=0.849) and MAU 
(AUC=0.821).
Conclusion: FMD, MAU, NT-proBNP, BMI, and non-dipper profile are independent predictors of PE in GAH patients. Integration 
of these biomarkers may enable early risk stratification and timely intervention.(International Journal of Biomedicine. 
2026;16(3):333-338.)
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Introduction
Hypertensive disorders of pregnancy (HDP) remain a 

leading cause of maternal morbidity and mortality, accounting 
for approximately 14% of all maternal deaths worldwide.1 

According to global estimates by Abalos et al., the incidence 
of PE ranges from 2% to 8% of pregnancies, with substantially 

higher rates in low- and middle-income countries.2 The Lancet 
Series on Preeclampsia (2021) emphasized that PE is a leading 
cause of iatrogenic preterm delivery and is associated with 
significant maternal and perinatal morbidity.3

Gestational arterial hypertension (GAH), defined as 
new-onset hypertension after 20 weeks of gestation without 
proteinuria, affects 6–10% of pregnancies.4 Prospective 
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studies have demonstrated that 15–46% of women with 
GAH subsequently develop PE, with the highest risk in those 
presenting before 34 weeks.5 Reliably predicting which GAH 
patients will progress to PE remains one of the most important 
unresolved challenges in obstetric medicine.6

The pathophysiology of PE is understood through the two-
stage model: defective spiral artery remodeling and placental 
ischemia (Stage 1) trigger the release of anti-angiogenic 
factors—primarily soluble fms-like tyrosine kinase-1 (sFlt-1) 
and soluble endoglin—into the maternal circulation, causing 
systemic endothelial dysfunction and multi-organ damage (Stage 
2).7,17 Flow-mediated dilation (FMD) of the brachial artery is 
a validated non-invasive marker of endothelial function.8 A 
meta-analysis by Weissgerber et al. (2016), encompassing 37 
studies, demonstrated that FMD is significantly impaired before 
(SMD=−0.84), during (SMD=−1.41), and after (SMD=−0.90) 
preeclamptic pregnancies, establishing that endothelial 
dysfunction precedes, accompanies, and outlasts PE.9

Microalbuminuria (MAU), reflecting glomerular 
endothelial injury, predicts PE before overt proteinuria 
develops.10 A 2025 systematic review and meta-analysis 
confirmed the association of albuminuria with increased risk of 
PE and its predictive value.11 N-terminal pro-brain natriuretic 
peptide (NT-proBNP) has emerged as a cardiovascular stress 
marker in pregnancy: a 2025 meta-analysis of 31 studies 
(n=3,915) showed NT-proBNP levels are significantly elevated 
in PE, with a mean difference of 206.19 pg/mL (P≤0.001).12 A 
multicenter longitudinal study demonstrated that adding NT-
proBNP to the sFlt-1/PlGF ratio significantly improved short-
term prediction of PE requiring delivery within one week.13

Ambulatory blood pressure monitoring (ABPM) 
has demonstrated superiority over office measurements in 
predicting adverse pregnancy outcomes.14 The non-dipper 
pattern (nocturnal SBP reduction <10%) increases PE risk 
(OR=2.8; 95% CI 1.4–5.6).15 Obesity (BMI ≥30 kg/m²) doubles 
PE risk according to a meta-analysis of 25 million pregnancies 
(pooled OR=2.8; 95% CI 2.6–3.1).6,16

Despite growing evidence on individual predictors, 
studies evaluating the combined predictive value of FMD, 
MAU, NT-proBNP, and ABPM parameters in women with 
GAH remain scarce, particularly in Central Asian populations. 
This study aimed to identify independent predictors of PE 
in GAH patients, evaluate their discriminative ability, and 
explore inter-relationships through correlation analysis.

Material and Methods
This study was conducted at the Republican Specialized 

Scientific and Practical Medical Center of Cardiology 
(Tashkent, Uzbekistan) between 2022 and 2025. A total of 160 
pregnant women were enrolled after 20 weeks of gestation: 
54 healthy controls and 106 with GAH diagnosed according 
to the International Society for the Study of Hypertension 
in Pregnancy (ISSHP) criteria(4)–systolic blood pressure 
≥140 mmHg and/or diastolic blood pressure ≥90 mmHg 
first occurring after 20 weeks in a previously normotensive 
woman, without proteinuria or PE features at enrollment. 
During follow-up, 46 of 106 GAH patients (43.4%) developed 

PE. Exclusion criteria were chronic hypertension, secondary 
hypertension, pre-gestational diabetes mellitus, chronic 
kidney disease, autoimmune disorders, multiple pregnancy, 
and congenital fetal anomalies.

At the initial visit, all participants underwent clinical 
evaluation including anthropometric measurements (BMI) 
and office blood pressure measurement per ESC/ESH 2018 
guidelines.18 Laboratory investigations included serum 
creatinine, uric acid, fasting glucose, lipid profile (total 
cholesterol, triglycerides, HDL-C, LDL-C, atherogenic index), 
NT-proBNP (electrochemiluminescence immunoassay), and 
24-hour microalbuminuria (enzymatic analysis). Standard 
echocardiography was performed using a Philips Affiniti 30 
system. Brachial artery FMD was assessed per international 
guidelines(8) using a 7.5 MHz linear transducer; FMD <10% 
was considered indicative of endothelial dysfunction. Twenty-
four-hour ABPM was performed using the Cardiospy recorder 
(LABTech LTD, Hungary) with measurements every 15 minutes 
(day) and 30 minutes (night). Parameters included dipping index 
of SBP (DI SBP), time index of SBP load (TI SBP), and morning 
surge (MS); non-dipper was defined as DI SBP <10%.

Statistical analysis was performed using R (version 
4.3.0). Continuous variables were expressed as mean±SD or 
median [IQR]. Between-group comparisons used Student’s 
t-test, Mann-Whitney U test, chi-square, or Fisher’s exact test 
as appropriate. Univariate logistic regression was performed 
to screen potential predictors; variables with P<0.20 were 
subsequently entered into a multivariate logistic regression 
model to identify independent predictors. ROC analysis 
determined optimal cut-off values (Youden index). Spearman 
correlation analysis evaluated inter-variable relationships. 
P<0.05 was considered significant.

Results
Baseline clinical and laboratory characteristics are 

presented in Table 1. Women with GAH had significantly 
higher BMI (28.83±4.87 vs. 25.40±3.72 kg/m², P<0.001), 
office SBP (148.51±11.12 vs. 112.61±8.26 mmHg, P<0.001), 
and lower FMD (8.10±3.09% vs. 13.50±2.73%, P<0.001) 
compared to controls. The non-dipper prevalence was 59.4% 
vs. 9.3% (P<0.001).

The comparison of GAH subgroups at Visit 1 is shown 
in Table 2. Women who subsequently developed PE were 
older (31.65±6.31 vs. 28.02±4.71 years, P<0.001), had higher 
BMI (31.99 [28.33; 33.30] vs. 26.82 [25.10; 29.97] kg/m², 
P<0.001), elevated MAU (74.71 [56.96; 83.92] vs. 26.20 
[13.25; 68.46] mg/day, P<0.001), higher NT-proBNP (174.53 
[117.65; 209.53] vs. 105.09 [76.68; 165.89] pg/mL, P<0.001), 
and lower FMD (7.20 [6.47; 7.56] vs. 7.70 [7.09; 8.30]%, 
P<0.001). ABPM showed lower DI SBP (6.97 [6.37; 7.42] vs. 
7.65 [6.73; 8.42]%, P=0.002) and higher TI SBP (44.56±13.25 
vs. 34.82±8.48%, P<0.001) in the PE subgroup.

Univariate logistic regression and ROC analysis results 
are presented in Table 3. In univariate analysis, 11 potential 
predictors were evaluated, of which 9 demonstrated statistical 
significance (P<0.05). ROC analysis showed the highest AUC 
for FMD (0.849; cut-off ≤7.70%; sensitivity 82.6%; specificity 



335M. A. Sadulloeva et al. / International Journal of Biomedicine 16(3) (2026) 333-338

75.0%) and MAU (0.821; cut-off ≥55.60 mg/day; sensitivity 
69.6%; specificity 98.3%). Multivariate logistic regression 
(Figure 1) identified five independent predictors: FMD <10% 
(aOR=7.15; 95% CI 1.84–27.78; P=0.005), BMI ≥30 kg/m² 
(aOR=4.52; 95% CI 1.36–15.03; P=0.014), MAU >30 mg/day 
(aOR=4.28; 95% CI 1.08–16.97; P=0.038), non-dipper profile 
(aOR=3.95; 95% CI 1.05–14.86; P=0.042), and NT-proBNP 
>125 pg/mL (aOR=3.67; 95% CI 1.01–13.35; P=0.049).

Table 1. 
Clinical characteristics of the study participants.

Variable Healthy (n=54) GAH (n=106) P
Age, years 28.87±5.25 29.64±5.61 0.514
Gestational age, weeks 24.54±3.80 23.93±3.34 0.338
BMI, kg/m² 25.40±3.80 28.83±5.21 <0.001
Office SBP, mmHg 101.22±10.53 147.41±11.22 <0.001
Office DBP, mmHg 64.20±6.12 86.21±10.04 <0.001
Office MBP, mmHg 76.53±7.16 106.51±10.02 <0.001
MAU, mg/day 12.01±5.11 46.73±38.96 <0.001
NT-proBNP, pg/mL 55.03±25.32 137.12±83.97 <0.001
Creatinine, μmol/L 44.20±10.20 64.75±15.36 <0.001
Fasting glucose, mmol/L 4.27±0.43 4.75±0.71 <0.001
Uric acid, mg/dL 4.70±0.45 5.43±1.03 <0.001
Triglycerides, mg/dL 175.00±45.78 259.76±67.99 <0.001
HDL-C, mg/dL 65.00±10.70 54.96±10.27 <0.001
Atherogenic index 2.77±0.88 3.57±0.96 <0.001
DI SBP, % 11.80±4.20 4.90±3.02 <0.001
TI SBP, % 7.91±6.58 37.81±11.28 <0.001
Morning surge, mmHg 18.20±17.80 42.64±7.85 <0.001
FMD, % 13.50±2.73 8.10±3.09 <0.001

Data presented as mean±SD. P-values from Mann-Whitney U test.
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic 
blood pressure; MBP, mean blood pressure; MAU, microalbuminuria; 
DI SBP, dipping index of SBP; TI SBP, time index of SBP; FMD, 
flow-mediated dilation.

Table 2. 
Baseline comparison of GAH and PE subgroups at Visit 1.

Variable GAH (n=60) PE (n=46) P-value
Age, years 28.03±4.62 31.46±6.38 0.005
Gestational age, weeks 24.12±3.28 23.43±3.06 0.141
BMI, kg/m² 26.98±3.45 31.65±3.65 <0.001
Office SBP, mmHg 143.35±9.38 151.74±10.84 <0.001
Office DBP, mmHg 85.98±9.28 92.83±10.13 <0.001
Office MBP, mmHg 103.00±8.39 111.10±10.20 <0.001
MAU, mg/day 20.05±36.77 57.70±24.88 <0.001
NT-proBNP, pg/mL 103.25±82.22 176.88±79.41 <0.001
Creatinine, μmol/L 55.16±8.79 64.86±13.92 <0.001
Fasting glucose, mmol/L 4.74±0.60 5.13±0.78 0.009
Uric acid, mg/dL 5.25±0.82 5.70±1.21 0.069
Triglycerides, mg/dL 239.44±71.95 279.27±58.51 0.004
HDL-C, mg/dL 57.39±8.45 51.15±14.70 0.011
Atherogenic index 3.31±0.72 3.77±1.01 0.014
DI SBP, % 4.70±2.45 5.68±4.81 0.581
TI SBP, % 34.83±8.48 44.55±13.25 <0.001
Morning surge, mmHg 41.48±7.47 44.16±8.16 0.089
FMD, % 9.69±2.46 6.02±2.56 <0.001

Data presented as mean±SD. P-values from Mann-Whitney U test.
GAH, gestational arterial hypertension; PE, preeclampsia. Other 
abbreviations as in Table 1.

Figure 1. Forest plot of adjusted odds ratios (aOR) from 
multivariate logistic regression analysis for predictors of 
preeclampsia in pregnant women with gestational hypertension 
(n=106). Diamond markers with bold labels indicate statistically 
significant independent predictors (P<0.05); circle markers 
indicate non-significant predictors. Horizontal lines represent 95% 
confidence intervals. The dashed vertical line denotes aOR=1.0.

Table 3. 
Univariate logistic regression analysis and ROC characteristics for 
potential predictors of preeclampsia.

Predictor OR (95% CI) P AUC Cut-off (Se; Sp)
FMD <10% 8.42 

(3.12–22.73)
<0.001 0.849 ≤7.70% (82.6; 75.0)

BMI ≥30 kg/m² 5.86 
(2.38–14.43)

<0.001 0.748 ≥29.2 (71.7; 70.0)

MAU >30 mg/
day

4.30 
(1.92–9.63)

<0.001 0.821 ≥55.6 (69.6; 98.3)

Non-dipper
(DI SBP <10%)

5.32
 (2.17–13.04)

<0.001 0.742 ≤7.50% (73.9; 68.3)

NT-proBNP 
>125 pg/mL

3.89 
(1.68–9.01)

0.002 0.780 ≥154.6 (69.6; 85.0)

HDL-C
<50 mg/dL

4.30
(1.63–11.34)

0.003 — —

Creatinine
 ≥56.2 μmol/L

3.52 
(1.52–8.15)

0.003 0.638 ≥56.2 (63.0; 41.7)

Age ≥35 years 2.73 
(1.10–6.78)

0.031 — —

TG ≥250 mg/dL 2.48 
(1.10–5.59)

0.029 — —

Uric acid >4.5 
mg/dL

1.74 
(0.73–4.14)

0.211 — —

AI >3.5 1.74 
(0.79–3.83)

0.170 — —

Bold indicates predictors that were significant in univariate analysis 
(P<0.05) and subsequently identified as independent predictors in 
multivariate analysis (Figure 1). OR, odds ratio; CI, confidence 
interval; AUC, area under the ROC curve; Se, sensitivity (%); Sp, 
specificity (%). Cut-off values determined by Youden index.
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ROC analysis (Figure 2) demonstrated the highest 
discriminative ability for FMD (AUC=0.849; cut-off 
≤7.70%; sensitivity 82.6%; specificity 75.0%), followed 
by MAU (AUC=0.821; cut-off ≥55.60 mg/day; sensitivity 
69.6%; specificity 98.3%), NT-proBNP (AUC=0.780; cut-
off ≥154.6 pg/mL; sensitivity 69.6%; specificity 85.0%), 
BMI (AUC=0.748; cut-off ≥29.2 kg/m²; sensitivity 71.7%; 
specificity 70.0%), and DI SBP (AUC=0.742; cut-off ≤7.50%; 
sensitivity 73.9%; specificity 68.3%).

Spearman correlation analysis (Table 4) revealed distinct 
patterns in the GAH cohort (n=106). FMD demonstrated 
significant inverse correlations with NT-proBNP (r=−0.40, 
P<0.001), MAU (r=−0.33, P<0.001), and BMI (r=−0.27, 
P=0.005), and a positive correlation with HDL-C (r=+0.25, 
P=0.009). MAU was positively correlated with creatinine 
(r=+0.37, P<0.001), TI SBP (r=+0.37, P<0.001), NT-proBNP 
(r=+0.35, P<0.001), and BMI (r=+0.28, P=0.004). A strong 
inverse correlation was observed between DI SBP and TI 
SBP (r=−0.42, P<0.001). The endothelial-renal-cardiac triad 
(FMD–MAU–NT-proBNP) and the FMD–BMI relationship 
are illustrated in Figure 3A–D.

Discussion
This study identified five independent predictors of 

PE in women with GAH, with FMD demonstrating both 
the strongest predictive value (aOR=7.15) and the highest 
discriminative ability (AUC=0.849). These findings position 
endothelial function assessment as the cornerstone of PE risk 
stratification in GAH patients.

The primacy of FMD aligns with the two-stage model 
of PE, in which systemic endothelial dysfunction is the 
central pathogenic mechanism.7 Our findings are supported 
by Weissgerber et al. (2016), who demonstrated significantly 
impaired FMD before PE onset (SMD=−0.84) across 37 
studies,9 and by Doganay et al. (2022), who confirmed 
impaired FMD in PE through a systematic review and meta-
analysis.19 The AUC of 0.849 in our study exceeds the 0.80 
threshold considered excellent for diagnostic tests.

MAU emerged as the second-strongest predictor 
(aOR=4.28) with a remarkably high specificity of 98.3% at 
the optimal cut-off (55.60 mg/day), suggesting that elevated 
MAU in GAH is highly specific for subsequent PE. This 

Figure 2. Receiver operating characteristic (ROC) curves 
for continuous predictors of preeclampsia (n=106). Each 
curve represents the discriminative ability of a predictor, 
with the area under the curve (AUC) shown in the legend. 
The dashed diagonal line represents AUC=0.50.

Table 4.
Significant Spearman correlation coefficients in women with 
gestational arterial hypertension (n=106).

Variable pair Spearman r Pathophysiological axis
FMD — NT-proBNP −0.40*** Endothelial–cardiac
FMD — MAU −0.33*** Endothelial–renal
MAU — Creatinine +0.37*** Renal
MAU — TI SBP +0.37*** Renal–hemodynamic
MAU — NT-proBNP +0.35*** Renal–cardiac
DI SBP — TI SBP −0.42*** Hemodynamic
IMT — HDL-C −0.30** Metabolic–lipid
IMT — Glucose +0.30** Metabolic
IMT — Creatinine +0.29** Metabolic–renal
HDL-C — TI SBP −0.29** Lipid–hemodynamic
MAU — BMI +0.28** Renal–metabolic
FMD — BMI −0.27** Endothelial–metabolic
Creatinine — HDL-C −0.26** Renal–lipid
FMD — HDL-C +0.25** Endothelial–lipid
NT-proBNP — HDL-C −0.25** Cardiac–lipid
NT-proBNP — BMI +0.23* Cardiac–metabolic
FMD — DI SBP +0.22* Endothelial–hemodynamic

*P<0.05; **P<0.01; ***P<0.001.
FMD, flow-mediated dilation; MAU, microalbuminuria; BMI, body 
mass index; DI SBP, dipping index of systolic blood pressure; TI 
SBP, time index of systolic blood pressure; HDL-C, high-density 
lipoprotein cholesterol.

Figure 3. Scatter plots of significant Spearman 
correlations in women with gestational arterial 
hypertension (n=106). (A) FMD versus MAU 
(r=−0.33, P<0.001). (B) FMD versus NT-proBNP 
(r=−0.40, P<0.001). (C) MAU versus NT-
proBNP (r=+0.35, P<0.001). (D) FMD versus 
BMI (r=−0.27, P=0.005). Solid lines represent 
linear regression with 95% confidence intervals. 
**P<0.01; ***P<0.001.
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extends earlier observations10 to a Central Asian population 
and is consistent with a 2025 systematic review confirming 
the predictive value of albuminuria for PE.11 NT-proBNP 
as an independent predictor (aOR=3.67, AUC=0.780) is 
supported by the 2025 meta-analysis of 31 studies (n=3,915) 
confirming significantly elevated NT-proBNP in PE (mean 
difference 206.19 pg/mL, P≤0.001).12 Our optimal cut-off 
(154.6 pg/mL) is consistent with the findings of Sabria et 
al. (2018), who demonstrated that NT-proBNP combined 
with the sFlt-1/PlGF ratio significantly improved prediction 
of PE requiring delivery within one week.13 The non-dipper 
profile (aOR=3.95) underscores circadian blood pressure 
dysregulation in PE pathogenesis, consistent with Salazar et al. 
(2022), who reported an OR of 2.8 for nocturnal hypertension 
and PE risk.15 In our study, non-dipper prevalence was 80.4% 
in the PE subgroup versus 43.3% in GAH (P<0.001). Obesity 
as a predictor (aOR=4.52) is consistent with the meta-analysis 
by Bartsch et al. (2016) of 25 million pregnancies (pooled 
OR=2.8).16

Importantly, correlation analysis in the total GAH cohort 
demonstrated an activated endothelial-renal-cardiac axis, 
with FMD occupying a central hub position (MAU: r=−0.33; 
NT-proBNP: r=−0.40). The inverse FMD–BMI correlation 
(r=−0.27, P=0.005) confirms that higher BMI is associated 
with greater endothelial impairment in GAH patients, 
consistent with evidence that obesity exacerbates endothelial 
dysfunction through chronic inflammation, oxidative stress, 
and reduced nitric oxide bioavailability.20 MAU showed 
strong associations with creatinine (r=+0.37) and TI SBP 
(r=+0.37), linking renal injury to pressure overload. The 
inverse correlation between DI SBP and TI SBP (r=−0.42) 
confirms the hemodynamic significance of the non-dipper 
profile. Several univariate predictors (HDL-C, creatinine, 
atherogenic index) lost significance in multivariate analysis 
due to collinearity–creatinine in particular demonstrated low 
specificity (41.7%) and the lowest AUC (0.638), reflecting 
substantial renal functional reserve.

This study has limitations, including a relatively small 
sample size (n=106 GAH patients), a single-center design, 
and the absence of angiogenic biomarkers (sFlt-1/PlGF 
ratio). Recent predictive models combining NT-proBNP with 
angiogenic markers have demonstrated improved accuracy for 
PE prediction,22,23 and PlGF-based testing has been validated 
in large multicenter trials.25 However, FMD and MAU 
demonstrated comparable discriminative ability (AUC=0.849 
and 0.821). The glomerular endotheliosis underlying MAU 
elevation in PE is well characterized,21 and PE is associated 
with increased long-term cardiovascular risk,24 reinforcing the 
importance of early identification. Future multicenter studies 
with larger cohorts incorporating angiogenic markers are 
warranted.

In conclusion, the present study demonstrates that 
endothelial dysfunction assessed by brachial artery FMD is 
the strongest independent predictor of PE in women with 
GAH (aOR=7.15; AUC=0.849), followed by BMI ≥30 kg/
m² (aOR=4.52), MAU >30 mg/day (aOR=4.28), non-dipper 
blood pressure profile (aOR=3.95), and NT-proBNP >125 
pg/mL (aOR=3.67). These five predictors represent distinct 

pathophysiological domains–endothelial function, metabolic 
risk, renal injury, circadian hemodynamics, and cardiac 
stress–providing a comprehensive multi-marker assessment 
of PE risk.

Integrating FMD, MAU, and NT-proBNP with ABPM-
derived parameters into routine antenatal surveillance of GAH 
patients may substantially improve early risk stratification. 
This multimodal approach enables clinicians to identify those 
at highest risk before the clinical onset of PE, facilitating 
timely initiation of evidence-based preventive strategies 
including low-dose aspirin therapy, intensified surveillance 
protocols, and appropriate delivery planning. Further 
validation of this predictive panel in multicenter studies with 
diverse populations is warranted to confirm its clinical utility 
and cost-effectiveness.
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Abstract
Background: The immature immune system of preterm neonates is a key factor in increased vulnerability to infections and 
sepsis. Although neonatal sepsis requires diagnostic tests, evaluating some chemokines may help predict sepsis and support early 
diagnosis, improving clinical outcomes. 
Methods and Results: In the current study, which involved 80 participants, we analyzed the role of interleukin 8 (IL-8), monocyte 
chemotactic protein 1 (MCP-1), and macrophage inflammatory protein 1α (MIP-1α) in cord and venous blood plasma with 
C-reactive protein (CRP) and procalcitonin (PCT) for sepsis prediction and development in premature neonates. Levels of IL-8 
(in cord and venous blood plasma), together with MCP-1 and MIP-1α levels in cord blood, were markedly elevated (P<0.001) in 
sepsis groups (early and late onset sepsis), together with venous blood PCT levels (P<0.001), compared to premature neonates 
without sepsis. On the other hand, CRP levels showed no significant change in the evaluated groups compared to the control group 
(without sepsis development). 
Conclusion: These findings suggest that levels of IL-8, MCP-1, and MIP-1α in cord blood, rather than venous blood levels, 
together with venous blood PCT values, may have a predictive role for late sepsis development in premature neonates. Additional 
studies are required to evaluate the role of complex multiple mediators in predicting neonatal sepsis and to avoid unnecessary 
antibiotic treatment with improved clinical outcomes. (International Journal of Biomedicine. 2026;16(3):339-345.)
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Introduction
Neonatal sepsis is a clinical syndrome manifested 

by nonspecific clinical signs and symptoms in response to 
pathogens1 and still represents a major cause of morbidity and 
mortality in neonatal medicine.2 This highly inflammatory 
disease may ultimately result in septic shock and multiple 
organ dysfunction as a result of enhanced activation of the 
inflammatory response.3 However, the most detrimental effect 
is observed in preterm neonates, especially in those infants 
born <37 weeks of gestational age (GA).4 Early onset sepsis 
(EOS) is associated with vertical acquisition of pathogens 
from mother to neonate and occurs in the first 72h of life, 
while late onset sepsis (LOS) is usually a horizontally acquired 
infection (hospital-acquired infection or community-acquired 

infection), which develops after 72h of life.5 Even though the 
precise mechanisms of neonatal response to infection are not 
fully understood, the vulnerability of preterm neonates to 
infection mainly involves the status of the immune system.6 

The immune system of preterm neonates is not fully developed, 
including decreased numbers of certain cell frequencies and 
their functionality.7 It is well known that sepsis initiation 
leads to an inflammatory reaction, which is useful and 
protective at a moderate level, but it is usually accompanied 
by an incompatible anti-inflammatory response.8 Exaggerated 
production of pro-inflammatory mediators in sepsis may 
promote tissue damage and organ dysfunction,9 suggesting that 
clarifying the level and type of pro-inflammatory mediators 
secreted during sepsis development may provide a better 
understanding of the immune status of preterm neonates.  
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Since the inflammatory process is a key step in sepsis 
development, many studies have evaluated inflammatory 
mediators that may predict or enable early sepsis diagnosis 
in preterm neonates. Nevertheless, it has been shown that 
evaluated inflammatory mediators vary among preterm 
neonates, and further studies are necessary to resolve their 
role.10 Therefore, in the present study, we evaluated (in cord 
blood and venous blood plasma) the levels of some chemokines, 
such as interleukin-8 (IL-8), monocyte chemotactic protein 1 
(MCP-1), macrophage inflammatory protein 1α (MIP-1α), 
and their potential predictive role in early diagnosis of sepsis 
in preterm neonates, along with some standard laboratory 
analyses. 

Material and Methods
Study Population

This study was performed on newborns who were 
hospitalized at the Pediatric Internal Diseases Clinic, Clinical 
Center of Nis, Serbia. It involved a total of 101 neonates 
born at 36 weeks of GA. Due to maternal pregnancy-induced 
hypertension and premature rupture of membranes (PROMs), 
21 premature neonates were excluded from the study. 
Furthermore, by using exclusion criteria, premature neonates 
with congenital malformations, laboratory-confirmed 
TORCH (toxoplasma, rubella virus, cytomegalovirus, herpes 
simplex virus-II), presence of any systemic disease, and 
premature neonates born to mothers with signs of infection 
(cervicovaginitis, chorioamnionitis, urinary tract infection, 
and fever during delivery) were excluded from the current 
study. 
Sepsis Definition and Study Group Allocation

Sepsis is usually defined as a systemic inflammatory 
response with life-threatening organ dysfunction in the 
presence of suspected or proven infection, while neonatal sepsis 
is a clinical syndrome characterized by signs and symptoms in 
neonates, caused by invasion of pathogens. 11 Inclusion criteria 
for neonatal sepsis, in our study, were adopted according to 
the Criteria published by the International Pediatric Sepsis 
Consensus Conference.12 

According to the infant’s age, all enrolled participants in 
the study were classified into two groups (Group 1: <32 weeks 
and Group 2: 32-36 weeks of GA).13 Also, both groups were 
divided into EOS (first sepsis episode occurs < 72 h of life) 
and LOS (first sepsis episode occurs >72 h of life), according 
to the time when the first sepsis episode appeared.14 
Neonatal and Maternal Data

By using maternal and infant medical records, all 
neonatal and maternal data were retrospectively obtained. 
These data included neonatal weight and length, GA, sex, 
delivery mode, Apgar score at 1 minute after birth, low growth 
for GA, respiratory distress syndrome (RDS), pregnancy-
induced hypertension, periventricular and intraventricular 
hemorrhage, and PROM. Low growth for GA was determined 
as weight and length less than the 10th percentile for GA.15  
Blood Samples and Laboratory Data

IL-8, MCP-1, and MIP-1α were detected simultaneously 
in venous and cord blood samples using the ELISA technique, 

according to the manufacturer’s instructions. To perform this 
analysis, we used a 96-well flat-bottom plate kit, Express 
Assay Format Human Cytokine Group (Bio-Rad, Hercules, 
USA). Following microplate reading, the results were 
estimated using the BioPlex 2200 system (Bio-Rad, Hercules, 
USA), according to the analytical methodology given by the 
manufacturer’s instructions. 
Statistical Analysis

The normality of the data was assessed by using 
Shapiro-Wilk and Kolmogorov-Smirnov tests. Non-normally 
distributed data are expressed as minimum-maximum (median), 
and comparisons between groups were evaluated using the 
Kruskal-Wallis and/or Mann-Whitney tests. Categorical 
variables are expressed as frequencies and compared using 
the chi-square test. Normally distributed data are expressed 
as mean ± SD and compared by using ANOVA. All statistical 
tests were two-sided and performed at a significance level 
of P=0.05. Statistical analysis was performed using SPSS 
Statistics in a Windows environment. 

Results
Overall, 80 preterm infants were included in the study 

(out of 101 total preterm infants recruited), according to the 
inclusion criteria. Only seven infants (8.75%) were born 
before 32 GA, while 73 infants (91.25%) were born between 
32 and 36 GA (Table 1). Other clinical and demographic 
features of the preterm infants and mothers enrolled in our 
study are shown in Table 1.

  As shown in Table 2, 21 of the 80 preterm infants 
developed sepsis. Regarding GA, in Group 1 (infants <32 
weeks of GA), 2 infants (28.6%) demonstrated EOS, 1 infant 
with LOS (14.3%), and 4 infants (57.2%) without septic 
episodes. On the other hand, in Group 2 (infants 32-36 weeks 
of GA), 8 infants (11%) developed EOS, 10 infants (13.7%) 

Table 1. 
Clinical characteristics of the study population.

Characteristics n (%), N=101 n (%), N=80
Prematurity-before 32 weeks
of gestational age 8 (7.9%) 7 (8.75%)

Prematurity-32-36 weeks 
of gestational age 93 (92.1%) 73 (91.25%)

Birth by cesarean section 40 (39.6%) 28 (35%)
Low weight for gestational age 12 (11.9%) 7 (8.75%)
Low growth for gestational age 10 (9.9%) 5 (6.3)
Pregnancy-induced hypertension 14 (13.9%) /
PROMs 9 (8.9%) /
PDA 23 (22.8%) 22 (27.5)
RDS 32 (31.7%) 31 (38.8%)
Periventricular and intraventricular
hemorrhage 8 (7.9%) 7 (8.75%)

PROMs: premature rupture of membranes; PDA: patent ductus 
arteriosus; RDS: respiratory distress syndrome. 
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developed LOS, and 55 infants (75.3%) did not develop 
sepsis (Table 2). There was no significant difference in sepsis 
incidence between the two groups (Group 1 and Group 2) 
and the control group (infants without sepsis development) 
(P>0.05). However, we should take into account that Group 1 
had only 3 preterm infants who developed sepsis, and results 
obtained from this group should be used with caution due 
to the small number of participants included in this group. 
Moreover, clinical variables (birth weight, length, total 
number of leukocytes, percentage of neutrophils, lymphocytes, 
monocytes, sex, and Apgar score) and C-reactive protein 
(CRP) concentration in venous blood plasma showed no 
statistical significance when sepsis groups (EOS and LOS) 
were compared to the control group (Table 2). Nevertheless, 
venous blood plasma procalcitonin (PCT) concentration 
showed statistical significance (P<0.05) when EOS and 
LOS were compared, as well as when LOS and the control 
group were compared (P<0.001). Additionally, significantly 
higher (P<0.001) PCT concentrations were detected when 
EOS and the control group were compared (Table 2). 

To further profile potential chemokines involved in neonatal 
sepsis, we next measured the levels of IL-8, MCP-1, and 
MIP-1α in cord blood and venous blood plasma. Since there 
were only 3 enrolled cases in Group 1 (infants <32 weeks 

of GA), we focused on analyzing the named chemokines in 
Group 2 (infants 32-36 weeks of GA), which recruited 18 
preterm infants. IL-8 concentrations in cord blood and venous 
blood plasma were significantly higher (P<0.001) in sepsis 
groups (EOS and LOS) than in the control group (Figure 
1). Additionally, IL-8 concentrations in cord blood differed 
significantly (P=0.02) between sepsis groups (EOS and LOS), 
while IL-8 concentrations in venous blood plasma did not 
differ significantly (P=0.06) between sepsis groups (EOS 
and LOS). Significantly higher levels of IL-8 (P<0.001) were 
observed in cord blood compared to the venous blood plasma 
in each group of preterm infants individually (Figure 1). 

As shown in Figure 2, MCP-1 concentration in venous blood 
plasma did not significantly differ between sepsis groups (EON 
and LOS) and the control group (P>0.05). Significantly higher 
(P<0.001) MCP-1 values in cord blood were observed in 
sepsis groups (EON and LOS) compared to the control group 
of preterm infants. However, MCP-1 concentrations (in cord 
blood and venous blood plasma) did not differ significantly 
(P>0.05) between EON and LOS preterm infants. Significantly 
higher levels of MCP-1 (P<0.001) were detected in venous 
blood plasma than in cord blood in each group of preterm infants 
individually, including the LOS group (P=0.001) (Figure 2). 

Table 2. 
Values of some clinical and laboratory variables and their 
comparison among subjects by sepsis subgroups

Variable EOS LOS NS P-value

<32 GW 2 (28.6%) 1 (14.3%) 4 (57.2%) 0.256
32-36 GW 8 (11%) 10 (13.7%) 55 (75.3%)
Normal growth for GA 11 (14.7%) 10 (13.3%) 54 (72%) 1
Low growth for GA 0 (0%) 0 (0%) 5 (100%)
Female 5 (13.9%) 5 (13.9%) 26 (72.2%) 1
Male 5 (11.4%) 6 (13.6%) 33 (75%)
Apgar score 
min-max (median) 4-9 (8) 8-9 (8) 4-9 (8) 0.227

Leukocytes (x109/L),
min-max (median)

10-37.8 
(17.2)

11.1-31.5
 (17.97)

10.1-31.2
 (19) 0.721

Neutrophils (%),
min-max (median)

18-71.1
 (61.45)

35.8-68.1
 (58.7)

22.4-80.3 
(59.7) 0.48

Monocytes (%),
mean ± SD 7.49±1.4 7.47±1.44 7.72±1.69 0.846

Lymphocytes (%),
mean ± SD 33.75±15.64 37.76±11.24 32.12±12.19 0.753

CRP (mg/L),
min–max (median)

0-15.4 
(6.42)

0.5-5.3 
(2.2)

0-55.8 
(1.3) 0.082

PCT (ng/mL),
min–max (median)

4.85-26.59
(10.43)

3.13-16.9
(6.66)

0-4.79 
(1.18)

EOS vs. LOS:
<0.05
Early vs. NS:
<0.001
LOS vs. NS
<0.001

GW: gestational week, GA: gestational age, NS: no sepsis
CRP: C-reactive protein, PCT: procalcitonin.

Figure 1. Levels of IL-8 (pg/mL) in cord blood and peripheral 
venous blood among sepsis subgroups and the control group.
IL-8 levels were evaluated as described in the Materials 
and Methods section. Data were presented as mean ± SD. 
Abbreviations: no sepsis – neonates without sepsis development; 
early sepsis – neonates who developed sepsis in the first 72 h of 
life; late sepsis – neonates who developed sepsis after 72 h of life.

Figure 2. Levels of MCP-1 (pg/mL) in cord blood and peripheral 
venous blood among sepsis subgroups and the control group.
MCP-1 levels were evaluated as described in the Materials 
and Methods section. Data were presented as mean ± SD. 
Abbreviations: no sepsis – neonates without sepsis development; 
early sepsis – neonates who developed sepsis in the first 72 h of 
life; late sepsis – neonates who developed sepsis after 72 h of life.
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On the other hand, levels of MIP-1α in venous blood plasma 
showed no significant difference (P>0.05) between sepsis 
groups (EON and LOS), while MIP-1α levels in cord blood 
significantly differed (P=0.048) comparing EOS with the LOS 
group (Figure 3). Furthermore, concentrations of MIP-1α in 
cord blood were significantly higher (P<0.001) in sepsis groups 
(EOS and LOS) compared to the control group. Comparing 
each group individually, significantly higher values of MIP-1α 
(P<0.001) in cord blood than in venous blood plasma were 
found only in the control group of preterm infants (Figure 3). 

Discussion
Following pathogen entry, immune cells usually 

produce several pro-inflammatory cytokines, chemokines, and 
other inflammatory mediators to eliminate the pathogen. All 
these released mediators induce the development of systemic 
inflammation in adults and infants.16 At the same time, 
many studies have well documented adult sepsis,17-19 studies 
involving neonatal sepsis are often limited, with conflicting 
results about potentially inflammatory mediators involved in 
sepsis prediction in premature infants.

To improve outcomes among preterm neonates with 
sepsis development, early detection and appropriate treatment 
are crucial. In the present study, we evaluated representative 
chemokines (IL-8, MCP-1, and MIP-1α) that may be involved 
in predicting sepsis development. Since there are different 
levels of immune system maturity in preterm neonates due 
to fetal development,20 we especially focused on preterm 
neonates who are younger or older than 32 weeks of GA. 
Given that different levels of immune system maturity could 
result from heterogeneity in the immune response during 
sepsis,21 we evaluated specific immune mediators (CRP 
and PCT) to improve prediction of sepsis development in 
preterm neonates. Current study results showed no significant 
differences in some clinical variables (birth weight, length, 
sex, and Apgar score) when comparing sepsis (EOS and LOS) 
and control (without sepsis development) groups. These results 
may indicate consistent participant enrollment and precise 
inclusion of preterm neonates in our study. This is in line with 

previous reports,22,23 which allows more accurate estimation 
of predictive factors for sepsis development in preterm 
neonates.24 Nevertheless, since the EOS group contains 7 
participants (only 3 participants with sepsis development), 
results obtained from this group should be used with caution.

CRP, an acute phase protein, is the most frequently 
used for diagnosis of neonatal sepsis. The synthesis of this 
pentameric protein is stimulated mainly by IL-6 and TNF-α.20 

CRP levels obtained in our study did not differ significantly 
between sepsis groups (EOS and LOS) compared to the 
control group of premature neonates, suggesting that CRP 
may not be useful for early diagnosis or prediction of neonatal 
sepsis development. Taking into account that the half-life of 
CRP is 24-48 h and it needs 12 h to reach an elevated level,25 

this may partially clarify the findings in our study. Recent 
studies showed that CRP sensitivity for diagnosis of EOS is 
around 50% with high positive results.26,27 In line with this, a 
previous report indicated that measuring CRP levels for LOS 
detection is not accurate enough for selecting neonates for 
further investigation or treatment.28 A recent study29 showed 
that the sensitivity of CRP to detect LOS is 62%, indicating 
that CRP is not a useful tool in the early diagnosis of neonatal 
sepsis.21    

PCT is another acute-phase reactant protein that cannot 
be detected in normal human plasma. Increased levels of PCT 
are secreted in response to circulating bacterial toxins.20 Our 
study results showed significantly increased PCT venous blood 
levels in the sepsis group (EOS and LOS) compared to the 
control group. Furthermore, markedly elevated venous blood 
PCT levels were detected in the EOG group compared to the 
LOS group, indicating that PCT plasma levels may serve as a 
potential biomarker for sepsis prediction. Similar observations 
were reported earlier, showing that increased PCT levels occur 
in fetal inflammatory response.30 Since elevated PCT levels 
occur 2-4 h after bacterial infection and remain increased for 
the next 24 h,31 it may be used as a useful biomarker for early 
diagnosis of neonatal sepsis, which corresponds with our 
study results. These findings are in line with an earlier meta-
analysis which demonstrated PCT as a potential biomarker 
for early sepsis detection.32 However, it should be noted that 
newborns, physiologically, have increased levels of PCT on 
the first day after birth and return to normal values 48 h after 
birth, indicating that levels of PCT fluctuate within three 
days after birth and the diagnostic value of PCT, especially 
for EOS detection, is still controversial.16 The neonatal 
immune system is not fully developed33 and is associated 
with delayed maturation of different parts of the immune 
system, which may lead to altered cytokine and chemokine 
production.25 IL-8 is a pro-inflammatory chemokine that is 
produced during inflammation by immune and non-immune 
cells. This chemokine has a great ability to attract and 
stimulate neutrophils to sites of inflammation and to promote 
macrophage and monocyte growth and differentiation.34 Our 
study results found that IL-8 concentrations in cord blood and 
venous blood plasma were markedly elevated in sepsis groups 
(EOS and LOS) compared to the control group of preterm 
infants, as well as in cord blood plasma in the EOS group when 
compared with the LOS group. Furthermore, IL-8 levels in 

Figure 3. Levels of MIP-1alpha (pg/mL) in cord blood and 
peripheral venous blood among sepsis subgroups and the control 
group.
MIP-1alpha levels were evaluated as described in the Materials 
and Methods section. Data were presented as mean ± SD. 
Abbreviations: no sepsis – neonates without sepsis development; 
early sepsis – neonates who developed sepsis in the first 72 h of 
life; late sepsis – neonates who developed sepsis after 72 h of life.
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cord blood plasma were notably increased compared to venous 
blood plasma in each group of preterm infants individually. 
These observations may indicate that IL-8 levels in cord blood 
plasma, rather than in venous blood plasma, could better 
predict sepsis development in preterm infants. In line with 
our results are previous reports demonstrating that increased 
IL-8 production in neonates leads to enhanced activation of 
neutrophils and T cell activation during infection,35 as well 
as a study indicating increased IL-8 levels in infants with 
proven LOS.36 Similar results were confirmed in previous 
studies,37, 38 while some reports documented decreased IL-8 
levels in preterm neonates.24,39 Although the reason for these 
conflicting results remains unclear, it is well known that some 
factors can modulate cytokine and chemokine production, 
including sepsis definition (clinical or proven), GA, or 
different microorganisms (which may induce various cytokine 
and chemokine secretion).24 Elevated IL-8 levels were also 
observed in cord blood of preterm neonates, without sepsis 
development. Similar modified cytokine and chemokine levels 
were shown in other reports, but the functional significance 
of these findings still needs to be clarified.40 In addition, our 
results showed that cord blood levels of MCP-1 and MIP-1α 
notably differ in sepsis groups (EOS and LOS) compared to 
the control group, as well as when EOS was compared with 
the LOS group of preterm neonates. Moreover, significantly 
different levels of MCP-1 and MIP-1α were observed in each 
group of preterm infants individually. In contrast, venous blood 
levels of MCP-1 and MIP-1α showed no significant difference 
in sepsis groups (EON and LOS) compared to the control 
group or in each group of preterm neonates individually. Such 
observations suggest that cord blood levels of MCP-1 and 
MIP-1α may be credible predictors for sepsis development in 
preterm neonates. Growing evidence indicates that levels of 
pro-inflammatory cytokines and chemokines increase rapidly 
following exposure to bacterial antigens, much earlier than 
elevated CRP levels.41 Previous reports demonstrated that 
increased levels of neutrophil and monocyte/macrophage 
chemoattractants in preterm neonates could be linked with 
intrauterine inflammation,42-44 which correlates with results 
obtained in our study. In line with previous studies, neutrophils 
and macrophages secrete various cytokines and chemokines to 
eliminate pathogens following pathogen entry, which finally 
may result in the development of systemic inflammation 
in adults and newborns.41 Although chemokine secretion 
is required for host defense against bacterial infection, 
overproduction of these soluble inflammatory mediators 
has been documented to play an essential role in sepsis 
development,42,43 which corresponds with our study results. 
Furthermore, a depleted number of monocytes in preterm 
neonates, with an essential role in phagocytosis and secretion 
of pro-inflammatory cytokines and chemokines, could have 
a harmful effect during infection and sepsis development45 

and needs to be considered for sepsis prediction in preterm 
neonates.43

From a clinical perspective, evaluating IL-8, MCP-1, 
and MIP-1α in cord blood may benefit sepsis prediction in 
preterm neonates, especially for late-onset sepsis, together with 
certain biochemical parameters. However, these observations 

do not exclude the role of other chemokines in sepsis 
development. Therefore, larger prospective studies together 
with multicenter studies are required to validate the clinical 
utility and reproducibility before any of these parameters can 
be routinely used into sepsis prediction algorithms. 

In summary, results obtained in our study showed an 
evident imbalance in chemokine production, with highly 
elevated production of pro-inflammatory chemokines (IL-
8, MCP-1, and MIP-1α), which may contribute to sepsis 
development in preterm neonates. We have also shown that 
determination of IL-8 levels (from cord blood and venous blood 
plasma), as well as MCP-1 and MIP-1α levels in cord blood, 
has predictive potential for sepsis development in preterm 
neonates. Assessment of PCT levels in venous blood plasma 
may serve as a helpful factor, together with cord blood levels 
of IL-8, MCP-1 and MIP-1α, for earlier detection of potential 
sepsis development in preterm neonates. Nevertheless, 
additional studies involving a larger number of cohorts and 
preterm neonates are required for the identification of specific 
markers to gain more insight into the prediction of sepsis in 
preterm neonates and to avoid needless antibiotic therapy and 
severe infectious disease. 
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Abstract
Background: To investigate whether integrating assessment of the tumor immune microenvironment with molecular genetic 
alterations improves prediction of response to neoadjuvant systemic therapy in patients with invasive breast cancer.
Methods and Results: This retrospective study included 23 patients with invasive breast cancer treated at the Cancer Research 
Institute, Tomsk National Research Medical Center, from 2023 to 2025. All patients received neoadjuvant systemic therapy 
followed by surgery. Pathological response was assessed using the Residual Cancer Burden (RCB) system. Pretreatment tumor 
specimens were analyzed for stromal tumor-infiltrating lymphocytes, immune cell subsets and ratios, immune phenotype, 
immunosuppressive index, and copy number alterations in genes associated with chemotherapy response and drug resistance. 
Pathologic complete response (pCR; RCB-0) was achieved in 17 patients (73.9%), and a favorable pathological response 
(RCB-0/I) was observed in 19 patients (82.6%). Individual immune cell populations showed limited predictive value, whereas 
integrated immune parameters demonstrated stronger associations with treatment response. Patients with a favorable response 
had significantly higher CD8/FOXP3 ratios (4.07 vs. 1.72, p = 0.0002), lower FOXP3/CD8 ratios (0.25 vs. 0.58, p = 0.002), 
and lower CD68-positive macrophage infiltration (42 vs. 66.5 cells/HPF, p = 0.023). An inflamed immune phenotype and a low 
immunosuppressive index were associated with the highest probability of achieving pCR. Although no individual copy number 
alteration independently predicted treatment response, alterations involving TUBB3, ERBB2, and TOP2A were significantly 
associated with distinct tumor immune microenvironment characteristics.
Conclusions: Integrated assessment of the tumor immune microenvironment provides greater predictive value for neoadjuvant 
treatment response than evaluation of individual immune biomarkers alone. The observed associations between genomic 
alterations and immune microenvironment characteristics suggest that molecular alterations may influence therapeutic sensitivity 
through immune remodeling. Integrated immunomorphological and molecular profiling represents a promising strategy for 
predicting treatment response and personalizing neoadjuvant therapy in breast cancer. (International Journal of Biomedicine. 
2026;16(3):346-351.)
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Introduction
Breast cancer (BC) remains the most common malignant 

tumor in women worldwide and one of the leading causes 
of cancer-related mortality.1 In recent years, neoadjuvant 

systemic therapy has become an essential component of 
treatment for patients with localized and locally advanced BC, 
particularly in triple-negative and HER2-positive subtypes. 
This approach not only reduces tumor burden and increases 
the feasibility of breast-conserving surgery but also provides 
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a unique opportunity to assess tumor sensitivity to systemic 
treatment in vivo.2

Pathologic complete response (pCR) is one of the key 
endpoints used to evaluate the efficacy of neoadjuvant therapy 
(NAT). Achievement of pCR is associated with improved 
disease-free and overall survival, especially in patients with 
biologically aggressive BC subtypes.3,4 However, marked 
intratumoral heterogeneity leads to substantial variability 
in treatment response, even among tumors within the same 
molecular subtype. This highlights the need for additional 
biomarkers that can more accurately predict therapeutic 
sensitivity.

Growing evidence indicates that the tumor 
microenvironment (TME) plays a critical role in modulating 
the response to systemic therapy. Among its components, 
tumor-infiltrating lymphocytes (TILs) have been extensively 
investigated as predictive biomarkers in BC. Higher levels of 
stromal TILs are associated with an increased probability of 
achieving pCR, particularly in triple-negative BC (TNBC) and 
HER2-positive BC.5,6

Importantly, not only the density of immune infiltration 
but also its qualitative composition and spatial organization 
are of major biological and clinical relevance. A predominance 
of CD8-positive cytotoxic T lymphocytes reflects an active 
antitumor immune response, whereas accumulation of FOXP3-
positive regulatory T cells and macrophage components 
contributes to the formation of an immunosuppressive 
microenvironment and may reduce the efficacy of systemic 
therapy.7,8 Therefore, integral immune parameters that 
reflect the balance between effector and suppressive immune 
components may provide greater predictive value than 
individual immune markers alone.

In addition to immune microenvironmental features, 
molecular genetic alterations of tumor cells may also influence 
treatment response. Copy number alterations (CNA) in genes 
involved in DNA repair, drug transport, cell-cycle regulation, 
and microtubule dynamics may contribute to both direct 
sensitivity or resistance to cytotoxic therapy and tumor-immune 
microenvironment interactions.9,10 However, the relationship 
between molecular genetic alterations and immune contexture 
in BC treated with NAT remains insufficiently characterized.

Despite the growing amount of data on immune and 
molecular predictors of treatment response, their integrated 
assessment remains an unresolved issue. The development of 
combined immunomorphological and molecular approaches 
may improve risk stratification and help identify patients with 
a higher probability of achieving a favorable response to NAT.

This study aimed to investigate the associations between 
immune TME parameters, molecular-genetic characteristics, 
and the efficacy of neoadjuvant systemic therapy in patients 
with BC.

Materials and Methods
Study Design and Patients

This retrospective study included 23 female patients 
with invasive BC who underwent examination and treatment 
at the Department of General Oncology, Cancer Research 

Institute, Tomsk National Research Medical Center (Tomsk, 
Russian Federation) between January 2023 and December 
2025. All patients received neoadjuvant systemic therapy 
followed by surgical treatment. The median age at diagnosis 
was 46 years (range, 25-68 years). Before treatment initiation, 
all patients underwent a comprehensive clinical evaluation, 
including mammography, breast and regional lymph node 
ultrasonography, and histopathological confirmation of 
the diagnosis using ultrasound-guided core needle biopsy. 
Clinical staging was established according to the American 
Joint Committee on Cancer (AJCC) TNM Classification, 8th 
edition. The study cohort predominantly consisted of patients 
with cT2 tumors (69.6%) and clinically node-negative disease 
(cN0, 73.9%). Histological grading revealed grade 2 tumors 
in 65.2% of cases and grade 3 tumors in 34.8%. According 
to molecular subtype, the cohort included 9 cases (39.1%) 
of TNBC, 7 cases (30.4%) of triple-positive tumors, 5 cases 
(21.7%) of luminal B/HER2-negative tumors, and 2 cases 
(8.7%) of HER2-positive tumors. 

Neoadjuvant Treatment and Response Assessment
Neoadjuvant treatment consisted of anthracycline-, 

taxane- and platinum-based chemotherapy regimens with 
anti-HER2 targeted therapy administered to patients with 
HER2-positive disease according to contemporary clinical 
guidelines. Depending on tumor subtype and treatment 
protocol, patients received four to eight treatment cycles. 
Following completion of NAT, all patients underwent surgical 
treatment. Breast-conserving surgery was performed in 8 
patients (34.8%), whereas modified mastectomy was required 
in 15 (65.2%). Sentinel lymph node biopsy was performed 
in 6 patients (26.1%), while one patient underwent axillary 
lymph node dissection. Postoperative systemic treatment was 
administered according to molecular subtype, residual tumor 
burden, nodal status, and current clinical recommendations.

Pathological response was evaluated using the Residual 
Cancer Burden (RCB) classification; pCR was defined as the 
absence of residual invasive carcinoma in both the breast and 
regional lymph nodes (RCB-0). Favorable treatment response 
included RCB-0 and RCB-I, whereas RCB-II and RCB-III 
were classified as unfavorable responses.

Immunohistochemistry
Immunohistochemistry (IHC) analysis was performed 

on pretreatment core biopsy specimens. Tissue samples were 
fixed in 10% neutral buffered formalin, routinely processed, 
embedded in paraffin, and sectioned at a thickness of 3-4 μm. 
Immunohistochemical staining was performed on the Leica 
BOND-MAX automated staining platform (Leica Biosystems, 
Germany) using the Bond Polymer Refine Detection system. 
The following primary antibodies were used: CD4 (clone 
4B12), CD8 (clone 4B11), FOXP3 (clone 236A/E7) and CD68 
(clone KP1). PD-L1 expression was evaluated separately on 
the Ventana BenchMark platform (Roche Diagnostics, USA) 
using the SP142 assay.

Stromal tumor-infiltrating lymphocytes (sTILs) were 
assessed on hematoxylin and eosin stained slides according 
to the recommendations of the International Immuno-
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Oncology Biomarker Working Group (formerly International 
TILs Working Group). Only stromal lymphocytes within the 
borders of the invasive tumor were evaluated. 

The numbers of CD4, CD8, FOXP3, and CD68-
positive cells were assessed separately in the stromal and 
intratumoral compartments. Positive cells were counted in five 
representative high-power fields (HPFs; ×400 magnification), 
and the mean number of positive cells per HPF was calculated.

To characterize the immune microenvironment, the 
CD8/FOXP3, FOXP3/CD8 and CD4/CD8 ratios were 
additionally calculated. Furthermore, tumors were classified 
according to immune phenotype and an immunosuppressive 
index was determined as previously described.

Molecular Genetic Analysis
Molecular genetic analysis was performed using 

pretreatment tumor biopsy specimens. Genomic DNA was 
isolated using the QIAamp DNA Mini Kit (Qiagen, Hilden, 
Germany) according to the manufacturer’s instructions. DNA 
quality and integrity were evaluated using the TapeStation 
System (Agilent Technologies, Santa Clara, CA, USA), 
whereas DNA purity was assessed spectrophotometrically 
using a NanoDrop 2000instrument (Thermo Fisher Scientific, 
Waltham, MA, USA).

Genome-wide CNAs were analyzed using the Affymetrix 
CytoScan HD Array (Affymetrix, Santa Clara, CA, USA). 
Sample preparation, hybridization, washing, staining, and 
scanning were performed according to the manufacturer’s 
protocol using the GeneChip®Scanner 3000 7G system. 
Raw data were processed using Chromosome Analysis Suite 
(ChAS), version 4.0 (Affymetrix, USA). Copy number gains 
and losses were identified according to the manufacturer’s 
analytical algorithms.

Genes associated with chemotherapy sensitivity, 
drug resistance, DNA repair, and cell-cycle regulation were 
evaluated, including BRCA1, XRCC1, ERCC1, TYMS, ABCB1, 
ABCC1, ABCC5, ABCG2, ERBB2, TOP2A, CCND1, ESR1, 
CYP19A1, EGFR, TUBB3, and TAP2. Copy number status 
was classified as gain, loss, or normal copy number. Molecular 
findings were subsequently correlated with clinicopathological 
parameters, immune microenvironment characteristics, and 
treatment response.

Statistical Analysis 
Statistical analyses were performed using STATISTICA 

for Windows, version 10.0 (StatSoft Inc., Tulsa, OK, USA). 
The normality of data distribution was assessed using the 
Shapiro-Wilk test. Continuous variables are presented as 
median and interquartile range (IQR) and were compared 
using the Mann-Whitney U test. Categorical variables were 
compared using Pearson’s χ² test or Fisher’s exact test as 
appropriate. All statistical tests were two-sided, and a P value 
<0.05 was considered statistically significant.

The baseline clinicopathological characteristics of the 
study cohort are presented in Table 1. Most patients had cT2 
tumors (69.6%) and clinically node-negative disease (73.9%). 
TNBC represented the largest molecular subtype (39.1%), 
followed by triple-positive (30.4%), Luminal B/HER2-
negative (21.7%), and HER2-positive tumors (8.7%).

Results
Response to Neoadjuvant Therapy 

Among the 23 patients included in the study, pCR with 
RCB-0 was achieved in 17 (73.9%) patients. Minimal residual 
disease (RCB-I) was observed in 2 patients (8.7%), whereas 
4 patients (17.4%) demonstrated moderate or extensive 
residual disease (RCB-II and RCB-III). Overall, a favorable 
pathological response (RCB-0/I) was achieved in 19 patients 
(82.6%).

Immune Microenvironment and Treatment Response
The composition of the immune TME differed between 

patients with favorable and unfavorable responses to NAT 
(Table 2). 

Table 1. Clinicopathological characteristics of the study cohort (n = 23)

Characteristic Value
Age, years
Median (range) 46 (25-68)
Histological type
Invasive carcinoma of no special type (NST) 22 (95.7%)
Special histological subtype 1 (4.3%)
Histological grade
Grade 1 -
Grade 2 15 (65.2%)
Grade 3 8 (34.8%)
Clinical tumor stage (cT)
cT1 4 (17.4%)
cT2 16 (69.6%)
cT3 2 (8.7%)
Multicentric disease 1 (4.3%)
Clinical nodal status (cN)
cN0 17 (73.9%)
cN1 5 (21.7%)
cN3 1 (4.3%)
Molecular subtype
Triple-negative breast cancer 9 (39.1%)
Triple-positive breast cancer 7 (30.4%)
Luminal B/HER2-negative breast cancer 5 (21.7%)
HER2-positive breast cancer 2 (8.7%)
Ki-67 (%)
Median (range) 60 (23–98)
Lymphovascular invasion
Absent 10 (43.5%)
Present 13 (56.5%)
Response to neoadjuvant therapy (RCB)
RCB-0 (pathologic complete response) 17 (73.9%)
RCB-I (minimal residual disease) 2 (8.7%)
RCB-II–III (moderate/extensive residual disease) 4 (17.4%)

Table 2. Immune tumor microenvironment parameters according 
to pathological response to neoadjuvant therapy

Parameter RCB-0/I (n=19) RCB-II/III (n=4) p
CD8/FOXP3 ratio 4.07 (2.8-5.9) 1.72 (1.2–2.4) 0.0002
FOXP3/CD8 ratio 0.25 (0.16-0.36) 0.58 (0.42–0.81) 0.002
CD68+ cells, cells/
HPF

42 (31-58) 66.5 (59–79) 0.023

Stromal TILs, % 24 (15-35) 13.5 (10–18) 0.18
CD8+ cells, cells/
HPF

54 (38-71) 30 (22–38) 0.16

CD4+ cells, cells/
HPF

44 (30-56) 31.5 (24–38) 0.19

FOXP3+ cells, 
cells/HPF

14 (9-18) 19.5 (16–24) 0.24

CD4/CD8 ratio 0.81 (0.65-1.02) 1.05 (0.91–1.22) 0.13
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Representative immunohistochemical staining patterns of 
the evaluated immune cell populations are shown in Figure 1.

Patients achieving a favorable response exhibited higher 
levels of sTILs than those with residual disease (median, 24% 
vs. 13.5%; p = 0.18). Similarly, the numbers of CD8-positive 
cytotoxic T lymphocytes (54 vs. 30 cells/HPF; p = 0.16) 
and CD4-positive T lymphocytes (44 vs. 31.5 cells/HPF; p 
= 0.19) were higher in responders, whereas FOXP3-positive 
regulatory T cells were more abundant in non-responders 
(19.5 vs. 14 cells/HPF; p = 0.24).

The most pronounced difference was observed for 
CD68-positive macrophages. Patients with unfavorable 
treatment response demonstrated significantly higher numbers 
of CD68-positive cells than responders (66.5 vs. 42 cells/HPF; 
p = 0.023).

Analysis of immune cell ratios revealed marked 
differences between treatment response groups. The CD8/
FOXP3 ratio was significantly higher in patients with 
favorable response (4.07 vs. 1.72; p = 0.0002), whereas the 
reciprocal FOXP3/CD8 ratio was significantly increased in 
patients with residual disease (0.58 vs. 0.25; p = 0.002). No 
significant difference was observed for the CD4/CD8 ratio (p 
= 0.13). PD-L1 expression assessed using the SP142 assay did 
not differ significantly between the two groups (median IC 
score, 1.2% vs. 0.7%; p = 0.27).

Immune Phenotype and Immunosuppressive Index
Based on the integrated assessment of immune cell 

distribution, 12 tumors (52.2%) were classified as inflamed 
whereas the remaining 11 tumors (47.8%) exhibited non-
inflamed immune phenotypes, including immune-excluded, 
desert/excluded, immune-desert and excluded/inflamed 
patterns (Table 3).

Patients with an inflamed immune phenotype 
demonstrated a markedly higher frequency of pCR than 
those with non-inflamed tumors (91.7% vs. 54.5%). Although 
this difference did not reach statistical significance, a strong 

trend toward improved pathological response was observed 
(Fisher’s exact test, p = 0.069).

The immunosuppressive index showed a significant 
association with treatment efficacy. A low immunosuppressive 
index (scores 0-1) was observed in 15 of 17 patients (88.2%) 
achieving pCR, whereas a high immunosuppressive index 
(scores 2-3) predominated among patients with residual disease 
(4 of 6; 66.7%) (Fisher’s exact test, p = 0.027) (Table 4).

The distribution of immune phenotypes also differed 
across molecular subtypes. HER2-positive and triple-positive 
tumors were predominantly characterized by an inflamed 
immune phenotype, whereas Luminal B/HER2-negative 
tumors more frequently exhibited non-inflamed immune 
phenotypes.

Copy Number Alterations and their Association with the 
Immune Microenvironment

Genome-wide copy number analysis identified 
recurrent alterations involving TOP2A(48%), ABCC5(43%), 
ERBB2(39%), BRCA1 (39%) and TUBB3 (35%). No 
individual CNA was significantly associated with pathological 
response to NAT. Because no direct associations with treatment 
response were identified, additional analyses were performed 
to evaluate relationships between genomic alterations and 
the immune microenvironment. Tumors harboring TUBB3 
CNA exhibited significantly lower sTILs levels than tumors 
without these alterations (10% vs. 25%; p = 0.038). Likewise, 
CD8-positive T cell density was significantly reduced in the 
presence of TUBB3 alterations (23 vs. 59.5 cells/HPF; p = 
0.030). Conversely, CNAs involving ERBB2 and TOP2A 
were associated with increased numbers of FOXP3-positive 
regulatory T cells (17 vs. 10.5 cells/HPF; p = 0.047 and 19 vs. 
12 cells/HPF; p = 0.039, respectively).

Discussion
The present study demonstrates that the immune TME 

plays a central role in determining the response to neoadjuvant 
systemic therapy in BC. Although a pCR was achieved in 
73.9% of patients, treatment efficacy was associated not 
with individual immune cell populations but with the overall 

Fig. 1. Representative immunohistochemical staining of immune 
cell populations in pretreatment breast cancer biopsy specimens. 
(A) CD8-positive cytotoxic T lymphocytes; (B) FOXP3-positive 
regulatory T lymphocytes; (C) CD68-positive macrophages; (D) 
CD4-positive T lymphocytes. Original magnification ×200.

Table 3. Association between tumor immune phenotype and 
pathological response to neoadjuvant therapy

Tumor immune 
phenotype

pCR (n = 17) Residual disease 
(n = 6)

Total
(n = 23)

Inflamed 11 (91.7%) 1 (8.3%) 12
Non-inflamed* 6 (54.5%) 5 (45.5%) 11

Fisher’s exact test: P = 0.069
*Non-inflamed tumors included the immune-excluded, desert/
excluded, immune-desert and excluded/inflamed phenotypes.

Table 4. Immunosuppressive index according to pathological 
response

Immunosuppressive 
index

pCR
(n = 17)

Residual disease
(n = 6)

Total
(n = 23)

Low (scores 0-1) 15 (88.2%) 2 (11.8%) 17
High (scores 2-3) 2 (33.3%) 4 (66.7%) 6

Fisher’s exact test: P = 0.027
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functional organization of the immune microenvironment. 
This observation supports the concept that the balance between 
antitumor immune activation and local immunosuppression is 
a more informative predictor of therapeutic response than the 
absolute density of individual immune cell subsets.5-8

Among the evaluated immune parameters, sTILs 
tended to be more abundant in patients achieving a favorable 
pathological response, which is consistent with numerous 
studies demonstrating the predictive value of TILs in patients 
receiving NAT, particularly in TNBC and HER2-positive 
cases of BC.5,6,11 However, the lack of statistical significance 
in the present study is most likely attributable to the limited 
sample size rather than the absence of a biological association.

Importantly, immune cell ratios demonstrated 
substantially greater discriminatory ability than individual 
immune cell populations. The CD8/FOXP3 ratio was 
significantly higher in responders, whereas the reciprocal 
FOXP3/CD8 ratio was increased in tumors with residual 
disease. These findings indicate that the functional balance 
between cytotoxic and immunosuppressive immune 
compartments provides a more robust estimate of antitumor 
immune competence than isolated quantification of CD8-
positive or FOXP3-positive cells. This observation is 
consistent with the current understanding that coordinated 
interactions between immune cell populations, rather than 
individual immune subsets, determine the effectiveness of 
antitumor immunity and therapeutic response.7,8,11

Another important finding was the association between 
increased CD68-positive macrophage infiltration and an 
unfavorable response to NAT. Tumor-associated macrophages 
are recognized as major regulators of tumor progression, 
immune evasion, angiogenesis, and resistance to systemic 
therapy. Previous studies have demonstrated that macrophage-
rich TME promote immunosuppressive signaling, inhibit 
cytotoxic T cell activity, and contribute to resistance to 
chemotherapy and immunotherapy.8 Our findings further 
support the clinical relevance of macrophage-associated 
immune suppression in BC.

An integrated assessment of the immune TME provided 
additional prognostic information beyond individual immune 
biomarkers. Patients with an inflamed immune phenotype 
demonstrated the highest frequency of pCR, whereas non-
inflamed tumors were substantially more likely to exhibit 
residual disease after neoadjuvant treatment. Similarly, a low 
immunosuppressive index was significantly associated with 
pCR. Collectively, these observations emphasize that the 
spatial organization and functional architecture of the immune 
TME represent clinically relevant determinants of therapeutic 
sensitivity rather than merely descriptive histopathological 
features.

One of the most interesting observations of the present 
study was the relationship between CNA and immune 
microenvironment characteristics. Although none of the 
investigated genomic alterations demonstrated an independent 
association with pathological response, several alterations 
were significantly associated with immune composition. In 
particular, TUBB3 copy number alterations were associated 

with reduced sTILs density and decreased CD8-positive T cell 
infiltration, whereas alterations involving ERBB2 and TOP2A 
were associated with increased FOXP3-positive regulatory 
T cell infiltration. These findings suggest that genomic 
alterations may influence treatment response indirectly 
through remodeling of the immune microenvironment rather 
than solely through modulation of intrinsic tumor sensitivity 
to cytotoxic agents. Such an interpretation is consistent 
with the emerging concept that genomic and immune 
tumor characteristics should be considered complementary 
components of an integrated predictive model rather than 
independent biomarkers.9,10

The present study has several limitations. First, 
the relatively small sample size limited the statistical 
power of subgroup analyses. Second, the cohort included 
different molecular subtypes of BC treated with subtype-
specific neoadjuvant regimens, which may have influenced 
immune composition and treatment response. Finally, 
the retrospective design precludes definitive conclusions 
regarding causal relationships between genomic alterations, 
immune remodeling, and therapeutic efficacy. Nevertheless, 
the present findings support the concept that integrated 
immunomorphological and molecular profiling provides a 
more comprehensive characterization of tumor biology than 
evaluation of isolated biomarkers. Future prospective studies 
involving larger and molecularly homogeneous patient cohorts 
are warranted to validate these observations and to establish 
clinically applicable predictive models incorporating both 
immune TME characteristics and genomic alterations.

Conclusion
The present study demonstrates that the tumor 

immune microenvironment is a major determinant of 
response to neoadjuvant systemic therapy in BC. Among 
the evaluated biomarkers, integrated immune parameters 
- including the CD8/FOXP3 ratio, immune phenotype and 
immunosuppressive index - provided greater predictive value 
than the absolute density of individual immune cell populations, 
highlighting the importance of the functional organization of 
the antitumor immune response. Although individual CNAs 
were not independently associated with pathological response, 
significant associations between alterations involving TUBB3, 
ERBB2, and TOP2A and distinct immune microenvironment 
characteristics suggest that genomic alterations may contribute 
to therapeutic sensitivity through modulation of the immune 
landscape. These findings support the concept that genomic 
and immune characteristics represent complementary rather 
than independent determinants of treatment response.

Collectively, our results indicate that integrated 
immunomorphological and molecular profiling may improve 
prediction of neoadjuvant treatment efficacy and provide a 
biologically meaningful framework for patient stratification 
and personalized therapeutic decision-making in BC. Further 
prospective studies in larger, molecularly homogeneous 
cohorts are warranted to validate these findings and establish 
clinically applicable predictive models.



351S. V. Vtorushin et al. / International Journal of Biomedicine 16(3) (2026) 346-351

Ethical Considerations 
The study was conducted in accordance with the ethical 
principles of the Declaration of Helsinki and was approved by 
the Local Ethics Committee of the Cancer Research Institute 
(Protocol No. 16, December 2023). Due to the retrospective 
study design and the use of anonymized archival tissue samples 
and clinical data, the requirement for informed consent was 
waived.

Competing Interests 
The authors declare that they have no competing interests. 

References
1.	 Siegel RL, Giaquinto AN, Jemal A. Cancer statistics, 
2024. CA Cancer J Clin. 2024 Jan-Feb;74(1):12-49. doi: 
10.3322/caac.21820. PMID: 38230766.
2.	 Loibl S, Poortmans P, Morrow M, Denkert C, Curigliano 
G. Breast cancer. Lancet. 2021 May 8;397(10286):1750-1769. 
doi: 10.1016/S0140-6736(20)32381-3. PMID: 33812473.
3.	 Cortazar P, Zhang L, Untch M, Mehta K, Costantino JP, 
Wolmark N, Bonnefoi H, Cameron D, Gianni L, Valagussa 
P, Swain SM, Prowell T, Loibl S, Wickerham DL, Bogaerts 
J, Baselga J, Perou C, Blumenthal G, Blohmer J, Mamounas 
EP, Bergh J, Semiglazov V, Justice R, Eidtmann H, Paik S, 
Piccart M, Sridhara R, Fasching PA, Slaets L, Tang S, Gerber 
B, Geyer CE Jr, Pazdur R, Ditsch N, Rastogi P, Eiermann 
W, von Minckwitz G. Pathological complete response and 
long-term clinical benefit in breast cancer: the CTNeoBC 
pooled analysis. Lancet. 2014 Jul 12;384(9938):164-172. doi: 
10.1016/S0140-6736(13)62422-8. PMID: 24529560.
4.	 Spring LM, Fell G, Arfe A, Sharma C, Greenup R, 
Reynolds KL, Smith BL, Alexander B, Moy B, Isakoff SJ, 
Parmigiani G, Trippa L, Bardia A. Pathologic complete 
response after neoadjuvant chemotherapy and impact on 
breast cancer recurrence and survival: A comprehensive meta-
analysis. Clin Cancer Res. 2020 Jun 15;26(12):2838-2848. 
doi: 10.1158/1078-0432.CCR-19-3492. PMID:32046998. 
PMCID: PMC7299787.
5.	 Xia G, Zhang Z, Jiang Q, Wang H, Wang J. Predictive 
value of stromal tumor-infiltrating lymphocytes in patients with 
breast cancer treated with neoadjuvant chemotherapy: A meta-
analysis. Medicine (Baltimore). 2024 Feb 9;103(6):e36810. 
doi: 10.1097/MD.0000000000036810. PMID: 38335394.

6.	 Ladoire S, Arnould L, Apetoh L, Coudert B, Martin F, 
Chauffert B, Fumoleau P, Ghiringhelli F. Pathologic complete 
response to neoadjuvant chemotherapy of breast carcinoma 
is associated with the disappearance of tumor-infiltrating 
FOXP3+ regulatory T cells. Clin Cancer Res. 2008 Apr 
15;14(8):2413-2420. doi: 10.1158/1078-0432.CCR-07-4491. 
PMID: 18413832.
7.	 Binnewies M, Roberts EW, Kersten K, Chan V, Fearon DF, 
Merad M, Coussens LM, Gabrilovich DI, Ostrand-Rosenberg 
S, Hedrick CC, Vonderheide RH, Pittet MJ, Jain RK, Zou W, 
Howcroft TK, Woodhouse EC, Weinberg RA, Krummel MF. 
Understanding the tumor immune microenvironment (TIME) 
for effective therapy. Nat Med. 2018 May;24(5):541-550. doi: 
10.1038/s41591-018-0014-x. PMID: 29686425.
8.	 Myers SP, Sevilimedu V, Barrio AV, Tadros AB, Mamtani 
A, Robson ME, Morrow M, Lee MK. Pathologic complete 
response after neoadjuvant systemic therapy for breast cancer 
in BRCA mutation carriers and noncarriers. NPJ Breast 
Cancer. 2024 Jul 26;10(1):63. doi: 10.1038/s41523-024-
00674-y. PMID:39060255.
9.	 Symmans WF, Peintinger F, Hatzis C, Rajan R, Kuerer H, 
Valero V, Assad L, Poniecka A, Hennessy B, Green M, Buzdar 
AU, Hortobagyi GN, Pusztai L. Measurement of residual 
breast cancer burden to predict survival after neoadjuvant 
chemotherapy. J Clin Oncol. 2007 Oct 1;25(28):4414-4422. 
doi: 10.1200/JCO.2007.10.6823. PMID: 17785706.
10.	 Dieci MV, Radosevic-Robin N, Fineberg S, van den 
Eynden G, Ternes N, Penault-Llorca F, Pruneri G, D’Alfonso 
TM, Demaria S, Castaneda C, Sanchez J, Badve S, Michiels 
S, Bossuyt V, Rojo F, Singh B, Nielsen T, Viale G, Kim SR, 
Hewitt S, Wienert S, Loibl S, Rimm D, Symmans F, Denkert 
C, Adams S, Loi S, Salgado R; International Immuno-
Oncology Biomarker Working Group on Breast Cancer. 
Update on tumor-infiltrating lymphocytes (TILs) in breast 
cancer, including recommendations to assess TILs in residual 
disease after neoadjuvant therapy and in carcinoma in situ: 
A report of the International Immuno-Oncology Biomarker 
Working Group on Breast Cancer. Semin Cancer Biol. 2018 
Oct;52(Pt 2):16-25. doi: 10.1016/j.semcancer.2017.10.003. 
PMID: 29024776.
11.	 Schlam I, Loi S, Salgado R, Swain SM. Tumor-infiltrating 
lymphocytes in HER2-positive breast cancer: potential impact 
and challenges. ESMO Open. 2025 Feb;10(2):104120. doi: 
10.1016/j.esmoop.2024.104120. PMID:39826475. 

Corresponding author: Nadezhda V. Krakhmal - krakhmal@mail.ru



INTERNATIONAL 
JOURNAL                

OF BIOMEDICINE

© 2026 The Author(s). International Journal of Biomedicine is published by IMRDC. 
This is an open access article under the CC BY-NC-ND 4.0 license.

http://dx.doi.org/10.21103/Article16(3)_OA4
 International Journal of Biomedicine 16(3) (2026) 352-356

ORIGINAL ARTICLE ORIGINAL ARTICLE 

Ultrasound Evaluation of Lower Limb Arteries in Non-Diabetic 
Controls and Diabetic Patients 
Adel Alzahrani1*, Omar Alserihy1, Asma Alkhaldi1, Khadijah Alshuqyfii1, Ahmed Monis1, 
Yaser Khojah1, Nawaf Alsaedi1, Reem T. Alturki2, Salahaden R Sultan3,4

1Department of Diagnostic Radiology and Medical Imaging, King Abdullah Medical City, Makkah, 
Saudi Arabia
2Department of Radiological Sciences, College of Applied Medical Sciences, King Saud University, Riyadh, 
Saudi Arabia
3Department of Radiologic Sciences, Faculty of Applied Medical Sciences, King Abdulaziz University, 
Jeddah, Saudi Arabia
4Department of Radiology, King Abdulaziz University Hospital, King Abdulaziz University, Jeddah, 
Saudi Arabia

Abstract 
Background: Diabetes mellitus is associated with an increased risk of lower extremity arterial disease. Ultrasound imaging 
enables non-invasive assessment of both arterial morphology and hemodynamics. This study aimed to compare lower limb arterial 
morphology and hemodynamic characteristics assessed using ultrasound between asymptomatic diabetic patients and non-diabetic 
controls.
Methods and Results: This study included 71 participants comprising 38 diabetic patients and 33 non-diabetic controls. Duplex 
ultrasound examinations of the popliteal, anterior, and posterior tibial arteries were performed using a high-resolution ultrasound 
system. B-mode ultrasound was used to measure wall thickness, and Doppler imaging was used to assess flow velocity (FV), 
resistive index (RI), and acceleration time (AT). Comparisons between groups were performed using the Mann–Whitney U test, 
with statistical significance set at P ≤ 0.05.
A total of 406 arterial segments were evaluated. Diabetic patients demonstrated significantly greater wall thickness compared with 
controls (median 0.71 mm [IQR 0.33] vs. 0.62 mm [IQR 0.30]; P < 0.001). Doppler ultrasound revealed significantly higher RI 
values in diabetic patients (median 0.98 [IQR 0.03] vs. 0.94 [IQR 0.07]; P = 0.008) and prolonged AT (median 110 ms [IQR 37] 
vs. 103 ms [IQR 33.75]; P = 0.04). No significant difference in FV was observed between groups (P = 0.76). 
Conclusion: Diabetic patients exhibit structural and hemodynamic alterations in lower limb arteries, characterized by increased 
arterial wall thickness, elevated vascular resistance, and prolonged systolic acceleration time. These findings suggest that triplex 
ultrasound-derived parameters may be useful pre-clinical markers of diabetes-associated vascular impairment and could facilitate 
earlier identification of lower extremity arterial disease.(International Journal of Biomedicine. 2026;16(3):352-356.)

Keywords: diabetes mellitus • peripheral artery disease • hemodynamics • vascular imaging • ultrasound  

For citation: Alzahrani A, Alserihy O, Alkhaldi A, Alshuqyfii K, Monis A, Khojah Y, Alsaedi N, Alturki RT, Sultan SR. Ultrasound 
Evaluation of Lower Limb Arteries in Non-Diabetic Controls and Diabetic Patients  International Journal of Biomedicine. 
2026;16(3):352-356. doi:10.21103/Article16(3)_OA4

Introduction
Diabetes mellitus (DM) is a chronic metabolic disorder 

that has emerged as one of the leading global health challenges 
due to its increasing prevalence and its profound impact on 
morbidity and mortality.1 The disease is characterized by 
persistent hyperglycemia causing metabolic and vascular 

dysfunction.2 Vascular complications remain a major cause of 
disability and death among diabetic patients, accounting for a 
substantial proportion of hospitalizations and reduced quality 
of life. 3,4

Diabetes-related vascular complications arise from 
chronic hyperglycemia-induced endothelial dysfunction 
and oxidative stress, with advanced glycation end-products 
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and inflammation accelerating atherosclerosis and vascular 
damage.5,6 Peripheral artery disease (PAD) is a major 
macrovascular complication of diabetes and a manifestation 
of systemic atherosclerosis, leading to partial or complete 
occlusion of lower-extremity arteries and impaired tissue 
perfusion. 7 PAD is associated with impaired wound healing 
and diabetic foot ulceration, and it increases the risk of chronic 
limb-threatening ischemia, lower extremity amputation, and 
mortality. 8,9 Vascular alteration, including increased arterial 
stiffness and impaired arterial compliance, may develop early 
in the course of dysglycaemia and may precede the clinical 
manifestation of diabetes and its vascular complications.10,11 
Therefore, early detection of these subclinical vascular 
alterations is essential for timely intervention, risk 
stratification, and prevention of disease progression and its 
associated complications.

Duplex ultrasound is a non-invasive imaging 
modality for PAD, offering non-invasive assessment of 
lower limb arterial circulation.12   B-mode ultrasound 
enables measurement of intima–media thickness (IMT), 
a recognized marker of subclinical atherosclerosis and 
vascular remodeling. In contrast, Doppler ultrasound provides 
quantitative hemodynamic parameters such as blood flow 
velocity and volume, resistive index (RI), and acceleration 
time (AT), allowing for the assessment of both structural 
and functional vascular abnormalities.13,14 The present study 
aimed to investigate structural and hemodynamic differences 
in the lower limb arteries of patients with diabetes mellitus 
compared with non-diabetic controls using B-mode and 
Doppler ultrasound imaging, through measuring intima-media 
thickness, flow volume, RI, and AT in the popliteal, anterior 
tibial, and posterior tibial arteries.

Methods
Study Design and Participants

This observational pilot study was ethically approved on 
10.12.2023 by the Institute Review Board of Research Ethics 
Committee at King Abdullah Medical City (IRB No 23-1177). 
The study design adhered to the principles outlined in the 
Declaration of Helsinki and the International Conference of 
Harmonization of Good Clinical Practice. Adult participants 
referred to the ultrasound department for lower limb arterial 
assessment were prospectively recruited. The diabetic group 
comprised asymptomatic patients with type 2 diabetes mellitus 
(T2DM) of ≤5 years duration and without clinical evidence 
or a history of diabetes-related vascular complications or 
peripheral arterial disease. Healthy age- and BMI-matched 
non-diabetic volunteers served as controls. Ultrasound 
assessment of the lower limb arteries was performed by an 
experienced vascular sonographer.
Ultrasound Assessment and Data Acquisition

Lower limb ultrasound examinations were performed 
on all participants to evaluate the popliteal, anterior tibial, 
and posterior tibial arteries using a high-resolution EPIQ 
ultrasound imaging system (Philips Healthcare, Andover, MA, 
USA) equipped with a high-frequency linear transducer. Image 
quality was optimized by adjusting key parameters, including 

depth, focus point, overall gain, time-gain compensation, 
and dynamic range, to achieve high-resolution B-mode 
images. Longitudinal views of all arteries were acquired for 
comprehensive assessment. B-mode and Doppler ultrasound 
imaging were used to measure intima-media thickness, flow 
velocity, resistive index (RI), and acceleration time (AT) for all 
arteries depicted via ultrasound with Doppler angle correction 
of 60◦ (Figure 1). During ultrasound imaging, participants were 
positioned supine. A sufficient amount of gel was applied, and 
the transducer was placed on the artery to be assessed.

Statistical Analysis
Statistical analysis was conducted using SPSS Statistics 

(Version 21.0, IBM Corp., Armonk, NY, USA). The Mann–
Whitney U test was employed to assess differences in intima–
media thickness, flow velocity, RI and AT of the lower limb 
arteries between non-diabetic controls and diabetic patients. 
Statistical significance was defined as a P-value ≤ 0.05.

Results 
A total of 406 lower limb arteries from 71 participants 

were evaluated using duplex ultrasound, comprising 33 non-
diabetic controls and 38 patients with T2DM. Overall, the 
cohort had a mean age of 61.4 ± 16.0 years and a mean BMI 
of 29.6 ± 7.3 kg/m². The control group included 23 females 
and 10 males, with a mean age of 60.0 years and a mean BMI 
of 29.2 kg/m². The diabetic group consisted of 12 females and 
26 males, with a mean age of 62.7 years and a mean BMI of 
29.7 kg/m². Of the 71 patients included in this study, 36 were 
male (10 control and 26 diabetic), and 35 were female (23 

Figure 1. Ultrasound measurement of lower 
limb arterial parameters. B-mode measurement 
of wall thickness (A). Doppler measurements of 
peak systolic velocity (PSV), resistive index (RI), 
and acceleration time (AT).
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control and 12 diabetic). Lower limb arterial wall thickness 
measured by B-mode ultrasound was significantly greater in 
the diabetic group compared with the control group (control: 
median 0.62 mm, interquartile range [IQR] 0.30 mm; diabetic: 
median 0.71 mm, IQR 0.33 mm; Z = −4.20, P < 0.001, n=383; 
Figure 2A). RI and AT assessed using Doppler ultrasound, 
also differed significantly between groups, with diabetic 
patients demonstrating higher RI and delayed AT values than 
controls (RI, control: median 0.94, IQR 0.07; diabetic: median 
0.98, IQR 0.03; Z = −2.65, P = 0.008, n=405, Figure 2B; AT, 
control: median 103 ms, IQR 33.75 ms; diabetic: median 110 
ms, IQR 37 ms; Z = −2.02, P = 0.04, n=405, Figure 2C). No 
significant difference in flow velocity was observed between 
the control and diabetic groups (Z = −0.30, P = 0.76, n=406, 
Figure 2D).

Discussion 
This study investigated the structural and hemodynamic 

characteristics of lower limb arteries in diabetic patients 
compared with non-diabetic controls using ultrasound 
imaging, encompassing B-mode imaging and Doppler spectral 
analysis. Our findings demonstrate that diabetic patients 
exhibit significantly increased IMT, higher RI, and prolonged 
systolic AT, with no significant difference in mean flow volume 
was identified between groups. These findings indicate that 
DM is associated with morphological and hemodynamic 
alterations in the lower limb arteries, and support the utility 
of ultrasound as a useful modality for detecting subclinical 
arterial abnormalities in diabetic patients.

The increased arterial wall thickness observed in the 
present study is consistent with the progressive vascular 
remodeling associated with hyperglycemia, which promotes 

oxidative stress and inflammation, increases advanced 
glycation end-product formation, and impairs endothelial 
function, thereby stimulating smooth muscle cell proliferation 
and extracellular matrix accumulation, which contribute 
to arterial wall thickening and stiffening.15–17 These extend 
previous observations to the lower limb arteries, which are 
particularly susceptible to diabetic macroangiopathy and play 
a central role in the development of peripheral arterial disease, 
critical limb ischemia, and diabetic foot complications.18,19 

Similar findings have been reported, with progressive increases 
in the wall thickness of the dorsalis pedis and posterior tibial 
arteries with increasing duration of T2DM, and a significant 
positive association between diabetes duration and artery 
wall thickness.20 The greater wall thickness identified across 
multiple arterial segments, despite the relatively short duration 
of diabetes and absence of overt vascular complications in 
our cohort, suggests that diabetes-related macrovascular 
changes are diffuse in nature and may be detectable even 
in asymptomatic individuals. Collectively, these findings 
underscore the potential role of duplex ultrasound as a 
sensitive, non-invasive tool for the early identification of 
subclinical diabetic vasculopathy.

The significantly higher RI and prolonged AT 
observed in diabetic patients indicate the presence of 
early hemodynamic alterations associated with diabetic 
vasculopathy. RI is a Doppler-derived parameter reflecting 
downstream vascular resistance and vascular compliance, and 
elevated RI in diabetic patients is consistent with increased 
peripheral vascular impedance.21 Several studies reported a 
progressive increase in the pulsatility index (PI) and RI of 
the peripheral arteries with increasing diabetes duration.20,22,23  

In addition, the significantly prolonged AT observed in the 
present study provides complementary evidence of impaired 
arterial hemodynamics. AT represents the interval between 
the onset of systolic flow and the attainment of peak systolic 
velocity on spectral Doppler waveform analysis, thereby 
serving as an indirect marker of arterial compliance, proximal 
flow impedance, and downstream vascular resistance.24 The 
clinical utility of AT has been established across multiple 
vascular territories, where pedal acceleration time has emerged 
as a reliable Doppler parameter for assessing lower limb 
ischemia and peripheral arterial disease.25–27 The prolonged AT 
identified in the diabetic cohort supports the presence of early 
functional vascular abnormalities and highlights the potential 
value of Doppler waveform analysis for detecting subclinical 
lower extremity vascular impairment. Together, RI and AT 
appear to be sensitive for detecting early lower limb vascular 
dysfunction and may represent practical quantitative markers 
for incorporation into routine duplex ultrasound surveillance 
of diabetic patients.

Several limitations of the present study should be 
acknowledged. The relatively small sample size and single-
center design may have limited the generalizability of the 
findings. The cross-sectional nature of the study and the need 
for a longitudinal study are warranted to characterize further 
and assess vascular alterations associated with diabetes. In 
addition, incorporating clinical variables such as glycemic 
control, medication use, and the presence of microvascular 

Figure 2. Comparison of lower limb arterial intima–
media thickness (IMT, A), resistive index (RI, B), 
acceleration time (AT, C), and flow velocity (FV, D) 
between control and diabetic groups. Data are presented 
as median and interquartile range (IQR). *P ≤ 0.05 using 
the Mann–Whitney U test. 
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complications in future studies would provide a more 
comprehensive understanding of the factors influencing lower 
limb vascular remodeling and hemodynamic impairment.

Conclusion
Diabetes mellitus is associated with early structural and 

hemodynamic alterations of the lower limb arteries, even in 
the absence of clinically evident peripheral arterial disease. 
Compared with non-diabetic controls, diabetic patients 
demonstrated increased arterial wall thickness, elevated 
resistive index, and prolonged acceleration time, indicating 
subclinical vascular remodeling and increased peripheral 
vascular resistance. These findings highlight the ability of 
duplex ultrasound to provide comprehensive assessment of 
both arterial morphology and hemodynamics and support its 
potential role as a non-invasive tool for the early detection of 
diabetes-associated vascular impairment. Further large-scale 
longitudinal studies are warranted to establish the prognostic 
significance of these ultrasound-derived markers and to clarify 
their relationship with disease duration, glycemic control, and 
the development of vascular complications.
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Abstract
Compared to traditional methods, digital radiography offers better image quality and the possibility of a lower radiation dose. But 
incorrect optimization of exposure parameters may result in unnecessary radiation exposure, particularly due to “dose creep.” To 
ensure that radiation doses are kept as low as reasonably achievable (ALARA), local diagnostic reference levels (DRLs) must 
be established, especially for frequently performed exams such as chest and abdominal X-rays. The purpose of this study is to 
evaluate and optimize radiation doses for digital radiography tests of the chest (PA, lateral) and abdomen (AP) in Taif City’s major 
hospitals. Technical characteristics and radiation dose metrics, such as Entrance Surface Dose (ESD) and Dose-Area Product 
(DAP), were collected from at least 200 exams. Descriptive statistics, inter-hospital variances, correlations, and local DRLs based 
on the 75th percentile were determined using SPSS and R software. Preliminary results indicate variability in dose parameters 
across institutions, with some facilities exceeding international DRL benchmarks. Local DRLs established for chest PA, lateral, 
and abdominal AP projections will serve as a foundation for future dose optimization strategies. The study contributes to the 
development of evidence-based radiation protection policies and quality assurance programs tailored to Taif’s healthcare context, 
providing a model for other regions in Saudi Arabia.(International Journal of Biomedicine. 2026;16(3):357-363.)
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Introduction
Digital radiography (DR) has transformed medical 

imaging by offering improved image quality, faster processing 
times, and the potential for reduced radiation doses compared 
to conventional film-screen systems. However, these benefits 
depend on proper optimization of exposure parameters. In Taif 
City, as in many rapidly developing healthcare environments, 
the transition to digital systems has introduced new challenges 

in radiation dose management.1,2 The wide dynamic range 
of digital detectors can mask overexposure, leading to a 
phenomenon known as “dose creep,” where radiation doses 
increase without noticeable improvements in image quality.

About 40% of all radiographic examinations are chest 
and abdomen X-rays, making them one of the most common 
diagnostic procedures in the world. These tests add much to the 
population’s overall radiation burden, notwithstanding their 
clinical significance. To protect patient safety while preserving 
diagnostic accuracy, the ALARA (As Low As Reasonably 
Achievable) approach must be applied. One major obstacle 
to assessing and optimizing radiation doses utilized in digital 
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radiography in Taif City is the absence of established local 
diagnostic reference levels (DRLs). Without such benchmarks, 
it is challenging to determine whether existing procedures 
comply with international norms or whether patients are 
receiving excessive radiation exposure. Dose uniformity 
between facilities is made more difficult by differences in 
equipment types, automated exposure control (AEC) settings, 
operator skill, and institutional protocols. Furthermore, efforts 
to implement effective radiation protection strategies are 
hampered by the lack of systematic dose monitoring, which 
raises the possibility of dosage creep. For reliable, safe, 
and optimal imaging procedures, it is essential to establish 
evidence-based DRLs adapted to the local situation.

While several studies have assessed radiation doses 
in digital radiography across Saudi Arabia, none have 
specifically focused on Taif City. National-level research has 
highlighted discrepancies between local and international 
dose levels but failed to provide region-specific data necessary 
for targeted interventions. Additionally, limited published data 
exist regarding the technical parameters and dose metrics for 
chest and abdominal X-rays in this region. In addition, some 
institutions deliver doses higher than international diagnostic 
reference levels due to inconsistent exposure parameter 
optimization.3 Establishing local DRLs will support dose 
optimization and promote adherence to the ALARA principle. 
This issue hinders the development of localized quality 
assurance programs and prevents meaningful comparisons 
with global best practices.

This study aims to comprehensively assess radiation 
doses delivered during chest and abdominal digital radiography 
examinations in major hospitals in Taif City. Specific 
objectives include (i) measuring and analyzing radiation dose 
metrics (Entrance Surface Dose [ESD] and Dose-Area Product 
[DAP]) for chest PA, lateral, and abdominal AP views. (ii) 
evaluation of the current exposure parameters (kVp, mAs, 
SID, Exposure Index, AEC usage) and their optimization 
across institutions. (iii) establishment of the local diagnostic 
reference levels based on the 75th percentile of collected data, 
and (iv) comparison of the local DRLs with international 
standards and identification of areas for improvement.

Materials and Methods
Study Design

This was a cross-sectional, observational study designed 
to assess radiation doses delivered during digital radiography 
examinations of the chest and abdomen in a hospital in 
Taif City. The study aimed to collect and analyze technical 
exposure parameters and radiation dose metrics-such as 
Entrance Surface Dose and Dose-Area Product to establish 
local diagnostic reference levels. A stratified random sampling 
approach was employed to ensure representative data 
collection across institutions and time periods.
Setting and Participants

The study was conducted at King Faisal Medical 
Complex in Taif City, which utilizes digital radiography 
systems for routine diagnostic imaging. The target population 
included adult patients (≥18 years) undergoing standard 

chest (posteroanterior [PA] and lateral views) and abdominal 
(anteroposterior [AP] view) X-ray examinations. Exclusion 
criteria included (i) pediatric patients (<18 years), (ii) 
emergency cases requiring non-standard positioning, (iii) 
patients with injuries necessitating deviations from standard 
imaging protocols, and (iv) examinations performed using 
portable X-ray units.

Patient demographic data such as age, sex, body mass 
index (BMI), and clinical indication for the examination were 
recorded. Age groups were categorized as: 18–30, 31–50, 
51–70, and over 70 years. BMI was classified according to 
WHO standards: underweight, normal weight, overweight, 
and obese.
Equipment and Radiopharmaceuticals

All procedures were conducted using fixed digital 
radiography (DR) systems from various manufacturers. No 
radiopharmaceuticals were used in this study, as it focused 
solely on diagnostic X-ray imaging. Key equipment features 
documented included Tube voltage (kVp), Tube current-time 
product (mAs), Source-to-image distance (SID), Exposure 
Index (EI), Use of Automatic Exposure Control (AEC), Grid 
type, Focal spot size, and Filtration settings.
Dose Measurement Techniques

Radiation doses were measured using two primary 
metrics, these are (i) Entrance Surface Dose: This is the 
radiation dose absorbed at the patient’s skin surface and 
was calculated using standard conversion factors based on 
exposure parameters (kVp, mAs) and beam filtration, and (ii) 
Dose-Area Product: This metric integrates the total radiation 
output over the exposed area and was obtained directly 
from the built-in DAP meters present in most DR systems. 
Measurements were taken during routine imaging sessions 
without altering standard clinical protocols to ensure real-
world applicability of findings.
Data Collection and Analysis Methods

Data collection was conducted in three phases: Phase 
1 – Technical Parameters: Exposure settings (kVp, mAs, SID, 
AEC usage, etc.) were recorded for each examination. Phase 
2 – Dose Measurements: ESD and DAP values were captured 
either manually or via automated system readouts, and Phase 
3 – Image Quality Assessment: Exposure Index values were 
analyzed to evaluate image receptor exposure and detect signs 
of overexposure (“dose creep”).

Statistical analysis was carried out using SPSS version 
27.0 and R software. Descriptive statistics summarized 
radiation dose metrics and exposure parameters. Comparative 
analyses were performed between chest and abdominal 
imaging, and correlation studies assessed relationships 
between dose metrics and exposure settings. Local DRLs were 
established based on the 75th percentile (Q3) of the collected 
dose data and compared with international benchmarks.

Results
This study evaluated the radiation doses administered 

during digital radiography exams of the chest (PA) and 
abdomen (AP) at major hospitals in Taif City, Saudi Arabia. 
The investigation focused on key dosimetric measures such 
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as exposure index (EI), kilovoltage peak (kVp), milliampere-
seconds (mAs), entrance surface dose (ESD), and dose-area 
product (DAP).

·Higher Radiation Doses in Abdominal Imaging: In line 
with international research, much higher ESD and DAP values 
were needed for abdominal imaging than for chest imaging.

·Significant Dose Variability Across Facilities: Large 
standard deviations in dose parameters indicate inconsistent 
exposure practices among hospitals and operators.

·Evidence of Dose Creep: Some abdominal imaging 
procedures showed high EI (>250) and elevated mAs values 
without visible improvements in image quality, suggesting 
unnecessary radiation exposure.

·Need for Local Diagnostic Reference Levels: Based 
on the 75th percentile of collected data, local DRLs were 
proposed for chest and abdominal imaging. The following 
values were noted for Chest (PA): ESD = 0.80 mGy and DAP 
= 651.70 mGy·cm², and Abdomen (AP): ESD = 13.74 mGy; 
DAP = 5,482.9 mGy·cm².

Table 1 presents the data description and summary 
statistics. While Table 2 and Fig. 1 show descriptive statistics 
of radiation dose parameters for the chest.

 Table 3 and Fig. 2 show descriptive statistics of radiation 
dose parameters for the abdomen. Table 4 shows comparative 
analysis by examination type.

The mean ESD was 6.48 mGy, with a high standard 
deviation (9.65 mGy) indicating significant variability among 
patients. This may be attributed to differences in body habitus, 
equipment calibration, and operator technique. Similarly, 

Table 1.
Summary of key variables in the dataset.

Variable Type Description
Study Date Categorical Month of the examination
Local Study Description Categorical Examination type (Chest PA, Abdomen AP)
Patient ID Categorical Unique identifier for each patient
Age Continuous Patient age at time of examination (years)
Gender Binary Male/Female
Entrance Surface Dose (ESD) Continuous Radiation dose delivered to skin surface (mGy)
kVp Continuous Tube voltage (kilo-volt peak)
Dose Area Product (DAP) Continuous Integrated radiation output (mGy·cm²)
Filter Type Categorical Filtration used (e.g., NONE)
Exposure Index Continuous Image receptor exposure indicator
View Position Categorical Projection type (PA/AP)
Source-to-Patient Distance (SPD) Continuous Distance from X-ray source to patient (mm)
Source-to-Detector Distance
(SDD) Continuous Distance from X-ray source to detector (mm)

Exposure (mAs) Continuous Milliampere-second setting
Exposure Control Mode Categorical Manual/Automatic
Focal Spot Continuous Size of focal spot (mm)
Grid Categorical Anti-scatter grid type

Table 2.
Descriptive statistics of radiation dose metrics for the chest.

Parameter Mean Median Std.
Deviation Minimum Maximum Q3

ESD (mGy) 6.48 2.53 9.65 0.37 46.43 9.29
DAP (mGy·cm²) 3,174.40 1,449.50 4,036.80 427.96 12,063.68 4,108.30
kVp 96 80 23.4 80 120 120
mAs 12.4 8.4 17.6 0.59 81.77 21.05

Figure 1. Descriptive statistics of radiation dose metrics for 
the chest.
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DAP values showed wide variation, with a maximum value 
reaching 12,063.68 mGy·cm², suggesting overexposure in 
some cases.

Abdominal imaging used lower kVp values (80 kVp) 
compared to chest imaging (120 kVp), which aligns with 
international practice. However, the use of automatic exposure 
control (AEC) led to variable mAs values, particularly 
in abdominal imaging, where some cases reached up to 
81.77 mAs, indicating potential for dose reduction without 
compromising image quality.

There is significant variability in radiation doses 
delivered during both chest and abdominal imaging. The 
maximum ESD reached 74.92 mGy, which is unusually high 
and may indicate equipment or protocol issues in certain 
cases. Similarly, DAP values showed wide variation, with a 
maximum of 23,554.5 mGy·cm², highlighting inconsistent 
exposure practices across facilities.

There is a clear distinction in radiation doses between 
chest and abdominal imaging. On average, abdominal 
imaging delivers more than 16 times higher ESD than chest 
imaging, consistent with findings from international studies. 

These results highlight the need for optimized protocols in 
abdominal imaging, especially considering its contribution to 
population radiation burden. Table 5 shows the distribution of 
exposure parameters.

Chest imaging consistently used 120 kVp, while 
abdominal imaging used 80 kVp, which is typical due to tissue 
density differences. However, mAs values varied widely in 
abdominal imaging, with some exceeding 80 mAs, potentially 
leading to unnecessary dose increases. This suggests that 
AEC systems might not be optimally calibrated or monitored 
in all facilities. Table 6 shows the radiation doses by patient 
demographics.

Males received slightly higher radiation doses on 
average, likely due to anatomical differences such as larger 
body size and BMI. This supports the importance of tailoring 
exposure parameters to individual patient characteristics 
rather than relying solely on standardized protocols. Table 7 
presents the frequency distribution of exposure index.

Most images fell within the acceptable EI range 
(150–200), indicating good image quality according to 
manufacturer guidelines. However, 7% of images had an EI 
above 250, suggesting overexposure, a phenomenon known 
as “dose creep” in digital radiography. This highlights the 
need for real-time feedback mechanisms and regular staff 
training.

Table 3.
Descriptive statistics of key variables for the abdomen.

Parameter Mean Median Std. Dev. Min. Max.
ESD (mGy) 7.46 2.53 10.32 0.17 74.92
DAP (mGy·cm²) 3,697.70 1,449.50 4,635.60 167.04 23,554.50
kVp 97.4 80 23.3 80 123
mAs 11.5 8.1 13.2 0.59 86.68
SPD (mm) 1,037.60 948 222.9 839 1,748.00
SDD (mm) 1,107.20 1,000.00 223.8 913 1,837.00

Figure 2. Descriptive statistics for key abdominal variables.

Table 4.
Radiation doses by examination type.

Examination 
Type n Mean Esd

(mGy)
Mean Dap
(mGy·cm²)

Q3
ESD

Q3
DAP

Chest (PA) 120 0.62 554.7 0.80 651.70

Abdomen (AP) 180 10.17 5,032.4 13.74 5,482.9

Table 5.
Exposure parameters by examination type.

Examination Type Mean kVp SD kVp Mean mAs SD mAs

Chest (PA) 120 0 1.65 0.4

Abdomen (AP) 80 0 16.83 19.3

Table 6.
Radiation doses by gender.

Gender n Mean ESD 
(mGy)

Mean DAP 
(mGy·cm²)

Male 156 7.12 3,510.2

Female 144 5.78 2,815.7

Table 7.
Exposure index categories.

Exposure index range Frequency (%)

< 150 20%

150–200 55%

200–250 18%

> 250 7%
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Correlation Between Exposure Parameters and Dose 
Metrics

Table 8 shows the Pearson Correlation data for chest 
examination, while Table 9 shows it for abdominal examination. 
There is a strong positive correlation between ESD and DAP 
(r = 0.87), confirming that higher entrance doses directly 
translate into increased overall radiation burden. Additionally, 
mAs showed a moderate-to-strong correlation with both ESD 
and DAP, emphasizing its critical role in determining radiation 
output. In contrast, kVp did not show a statistically significant 
relationship with radiation dose in this dataset.

There is a strong positive correlation between ESD and 
DAP (r = 0.88), confirming that higher entrance doses directly 
translate into increased overall radiation burden. Additionally, 
mAs showed a moderate-to-strong correlation with both ESD 
and DAP, reinforcing its critical role in determining radiation 
output. In contrast, kVp showed no significant influence on 
radiation dose in this dataset.

Proposed Local Diagnostic Reference Levels
Based on the 75th percentile values, the following 

local diagnostic reference levels are proposed for chest and 
abdominal imaging in Taif City (Table 10).

These DRLs provide a baseline for future quality 
assurance programs and can be periodically updated based 
on ongoing data collection. Facilities exceeding these levels 
should undergo further investigation and protocol revision.

Discussion
Interpretation of Findings

This study thoroughly evaluated the radiation doses 
associated with digital radiography procedures for the chest 
and abdomen in Taif City hospitals. Digital radiography 
presents unique dosage management issues even though it 
has significant advantages over traditional systems, such as 
improved image quality and faster processing. Because of 
the higher tissue density and the need for higher exposure 
parameters, including milliampere-seconds (mAs), abdominal 
imaging consistently produced larger radiation doses than 
chest imaging. Dose Area Product values at some institutions, 
however, were abnormally high up to 23,554.5 mGy·cm², 
which may indicate patient overexposure. Additionally, there 
was notable inter-institutional variation in DAP and Entrance 
Surface Dose. This variability points to variations in operator 
technique, inconsistent application of exposure protocols, or 
inadequate device calibration. According to an analysis of the 
Exposure Index, 7% of the photos were overexposed, which 
is known as “dose creep.” This result supports the theory that 
excessive radiation exposure may be unintentionally concealed 
by digital radiography equipment, increasing patient risk.
Comparison with International DRLs and Literature

The local DRLs proposed in this study are 0.80 mGy 
for ESD and 651.7 mGy·cm² for DAP in chest PA views, and 
13.74 mGy and 5,482.9 mGy·cm² for abdomen AP views-
are broadly consistent with international standards but reveal 
areas where improvement is needed.

·Compared to European Commission Radiation 
Protection Publication 180, the mean DAP for chest imaging in 
this study (554.7 mGy·cm²) is slightly lower, suggesting good 
practice in this domain. However, abdominal imaging showed 
higher DAP values than recommended benchmarks, aligning 
with findings from regional studies in Saudi Arabia.4 The 
strong correlation between ESD and DAP (r = 0.88) confirms 
earlier research that these metrics are reliable indicators of 
overall radiation burden.

·Similar to Aboul Hamad et al.,5 this study found that 
structured optimization strategies could reduce radiation doses 
by up to 25% without compromising image quality.
Explanation of Anomalies

Several anomalies in the results were identified. The 
unusually high ESD values (up to 74.92 mGy) suggest 
possible equipment malfunction, incorrect technical settings, 
or misapplication of automatic exposure control systems. In 
addition, the high mAs values obtained in abdominal imaging 
(up to 86.68 mAs) indicate a lack of standardized protocols 
and possible over-reliance on AEC without proper calibration. 
Furthermore, the gender-based dose disparities with males 
receiving higher doses can be attributed to anatomical 
differences such as BMI and body composition, as well as 
highlight the need for more personalized exposure settings. 
These anomalies underscore the importance of regular 
equipment maintenance, staff training, and protocol review.
Implications for Clinical Practice

The results of this study have a number of applications 
for improving radiation dosage control in digital radiography. 

Table 8.
Pearson correlation matrix between exposure parameters and dose 
metrics for the chest.

Variable pair Pearson’s R P-value
ESD vs. DAP 0.87 <0.001
ESD vs. mAs 0.71 <0.001
ESD vs. kVp -0.15 0.08
DAP vs. mAs 0.76 <0.001

Table 9.
Pearson correlation matrix between exposure parameters and dose 
metrics for abdominal exam.

Variable pair Pearson’s R P-value
ESD vs. DAP 0.88 <0.001
ESD vs. mAs 0.73 <0.001
ESD vs. kVp -0.13 0.07
DAP vs. mAs 0.77 <0.001

Table 10.
Proposed local DRLs based on the 75th percentile.

Examination Type ESD (mGy) DAP (mGy·cm²)

Chest (PA) 0.80 651.70

Abdomen (AP) 13.74 5,482.9
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Customized exposure procedures are essential because they 
can greatly improve dosage efficiency by adjusting exposure 
settings to each patient’s unique features, such as gender 
and Body Mass Index (BMI). Ongoing operator training is 
also crucial; employees need to be continuously trained on 
how to use Automatic Exposure Control systems, how to 
correctly read the Exposure Index, and the dangers of dosage 
creep. Establishing strong quality assurance initiatives in 
hospitals is also essential. To guarantee adherence to defined 
DRLs and enable timely remedial actions when deviations 
occur, these programs should incorporate regular audits and 
performance monitoring. Finally, incorporating real-time 
dose monitoring technologies into Radiology Information 
Systems (RIS) and Picture Archiving and Communication 
Systems (PACS) can offer instant feedback, facilitating 
ongoing dose optimization efforts and allowing the early 
discovery of dosage outliers.
Strengths and Limitations of the Study

The following strengths and limitations are identified in 
this study:

·Large Sample Size: With data collected from 300 
examinations across five major hospitals, this study provides a 
robust dataset representative of current practices in Taif City.

·Comprehensive Data Collection: Technical parameters, 
dose metrics, and image quality indicators were all included, 
enabling a holistic evaluation of dose delivery.

·Use of Standardized Metrics: The calculation of ESD 
and DAP using standardized methodologies enhances the 
reliability and comparability of findings.

·Establishment of Local DRLs: This is the first study 
to propose region-specific DRLs for chest and abdominal 
imaging in Taif City, offering a valuable benchmark for future 
improvements.

Limitations
·Focus on Fixed DR Systems Only: Portable X-ray 

units were excluded, limiting the generalizability of findings 
to mobile imaging settings.

·Lack of Image Quality Assessment: While EI was used 
as a proxy for image quality, no formal scoring system (e.g., 
Visual Grading Analysis) was applied.

·Cross-sectional Design: As a single-point-in-time 
study, it does not allow for longitudinal tracking of changes in 
dose practices over time.

·Limited Patient Diversity: Although age and BMI 
were stratified, other demographic variables (e.g., ethnicity, 
comorbidities) were not considered in detail.

Conclusion
This study provides the first comprehensive assessment 

of radiation doses delivered during chest and abdominal digital 
radiography examinations in Taif City. A total of 300 patient 
records from five major hospitals were analyzed to evaluate 
technical exposure parameters, radiation dose metrics (ESD 
and DAP), and image quality indicators (Exposure Index). 
The key findings include:

·Abdominal imaging delivers significantly higher 
radiation doses compared to chest imaging. On average, 
abdominal AP views resulted in a mean ESD of 10.17 mGy, 
which is over 16 times higher than that for chest PA views 
(0.62 mGy).

·There was considerable variability in radiation doses 
across institutions, with some facilities recording unusually 
high ESD (up to 74.92 mGy) and DAP values (up to 
23,554.5 mGy·cm²), indicating potential overexposure due to 
inconsistent protocol application or equipment issues.

·mAs was found to be the most influential exposure 
parameter, showing strong correlations with both ESD (r 
= 0.73) and DAP (r = 0.77), highlighting its critical role in 
radiation output.

·According to Exposure Index (EI) analysis, 7% of 
images had overexposure (EI > 250), which may indicate 
“dose creep,” a known problem in digital radiography 
where excessive radiation is employed without appreciably 
improving image quality.

·Due to anatomical variations such as body mass and 
composition, male patients often got higher radiation doses6 

than female patients.
These results led to the proposal of DRLs based on the 

75th percentile values: ESD and DAP values were found to 
be 13.74 mGy and 5482.9 mGy.cm2 for the abdomen (AP) 
and 0.80 mGy and 651.70 mGy.cm2 for the chest (PA). For 
upcoming dose monitoring and optimization initiatives in 
Taif City, these DRLs act as standards. Lastly, this study 
emphasizes the need to continuously monitor, standardize, 
and improve digital radiography procedures to ensure patient 
safety and adherence to global radiation protection guidelines. 
An important step towards safer, more reliable, and evidence-
based radiography services in Taif City is the creation of local 
DRLs.

Recommendations
The following suggestions are put forth in order to 

guarantee the ALARA principle is followed and digital 
radiography is used safely and effectively:

·Local DRLs should be established. As part of 
institutional quality assurance initiatives, implement the 
suggested DRLs. These limits ought to be evaluated and 
adjusted on a regular basis in light of new data.

·Establish uniform exposure protocols: Create 
specialized imaging protocols for your facility based on the 
age, gender, and BMI of your patients. These must to be 
updated and reviewed frequently to take into account new 
developments in technology and best clinical practices.

·To maximize the usage of AEC, make sure that staff 
members are properly calibrated and trained in its use, 
especially for abdominal imaging where high mAs values 
were noted.

·Implement Real-Time Dose Monitoring Systems: 
Integrate dose tracking tools into existing PACS/RIS systems 
to provide immediate feedback and identify outlier doses early.

·Staff Training and Education: Conduct regular 
training sessions for radiographers focusing on radiation 
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protection principles, optimal use of exposure parameters, and 
interpretation of Exposure Index values.

·Conduct Image Quality Assessments: Complement EI 
analysis with formal image quality scoring methods to ensure 
that dose reductions do not compromise diagnostic accuracy.

Future Directions
The results of this study lay a solid foundation for future 

research and policy development in radiation protection within 
Taif City and beyond. Suggested future directions include:

·Longitudinal Studies: Conduct follow-up studies 
to assess the impact of implementing local DRLs and 
standardized protocols on radiation dose reduction over time.

·Portable X-ray Unit Assessment: Extend the scope of 
research to include portable digital radiography units used in 
emergency and intensive care settings.

·Integration of Artificial Intelligence (AI): Explore the 
use of AI-based image processing tools to maintain diagnostic 
image quality at lower radiation doses.

·Development of National Radiation Dose Registry: 
Support the creation of a centralized radiation dose database 
for Saudi Arabia to facilitate nationwide comparisons and 
benchmarking.

·Multi-Center Regional Studies: Replicate similar 
studies in other cities across Saudi Arabia to support the 
development of regionally adapted radiation protection 
policies.
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Abstract
Background: Colorectal anastomotic leakage is currently an acute problem in the surgical treatment of colorectal cancer. This 
study aims to identify early predictors of intestinal anastomotic leakage after hemicolectomy.
Methods and Results: The study, conducted at Ulyanovsk Regional Clinical Oncology Dispensary from 2019 to 2024, included 
a retrospective analysis of 583 patients who underwent elective hemicolectomy and sigmoid colon resection. Patients with fatal 
outcomes due to comorbid pathology and emergency operations were excluded. Complications were assessed according to the 
Clavien-Dindo classification, and tumors were staged using the TNM classification. Statistical analysis included methods for 
comparing quantitative and categorical data, assessing odds, and constructing a predictive model using logistic regression and 
ROC analysis.
Colorectal anastomotic leakage (CAL) occurred in 48 patients (8.24%). Compared with patients without CAL, patients with 
CAL had lower serum albumin concentrations preoperatively and on postoperative days 1 and 5, higher neutrophil counts on 
postoperative days 1 and 5, a lower lymphocyte count on postoperative day 1, and higher neutrophil-to-lymphocyte ratio (NLR) 
values on postoperative days 1 and 5. In the multivariable model, preoperative colostomy, multiorgan resection, preoperative 
albumin, albumin on postoperative days 1 and 5, neutrophils on postoperative day 5, and operation time remained statistically 
significant. The model showed an area under the ROC curve of 0.940.
Conclusion: Lower perioperative albumin and a more pronounced postoperative inflammatory response, together with preoperative 
colostomy, multiorgan resection, and operative duration, were associated with CAL and may support early risk stratification after 
hemicolectomy.(International Journal of Biomedicine. 2026;16(3):364-371.)
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Introduction
Colorectal cancer (CRC) is the third most common newly 

diagnosed malignant neoplasm annually among both men and 
women worldwide.1 The growing incidence of CRC in recent 
decades is a significant socioeconomic problem because high 
morbidity and a high risk of an unfavorable outcome require the 
involvement of more oncologists and surgeons.1 Regular CRC 
screening affects early diagnosis of this disease and has been 

shown to improve long-term oncological outcomes.2 Surgical 
treatment is central to the treatment of both localized and 
locally advanced CRC. Despite advances in surgical technique 
and comprehensive perioperative patient management, the 
complication rate remains stable and, according to Russian 
and international authors, ranges from 2% to 17%. 3,4

Colorectal anastomotic leakage has the greatest impact 
on treatment outcomes; it occurs in 4.4% to 24% of cases.5,6 
Hospital stay increases two- to threefold 7, and mortality 
in this group of patients reaches 40%.6,8 CAL is usually 
associated with higher reoperation rates and an increased risk 
of postoperative death.9-11 CAL is usually diagnosed within *Corresponding author: Evgeniy A. Toneev, PhD. E-mail: e.toneev@

inbox.ru
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7-12 days after surgery.12,13 Nevertheless, in some cases, 
anastomotic leakage may be diagnosed more than one month 
after surgical treatment.12

Although predictive models for CAL already exist, 
there is currently no consensus on the model that is optimal 
for clinical practice. The present study aimed to identify 
early predictors of intestinal anastomotic leakage after 
hemicolectomy performed in the Department of Surgical 
Abdominal Oncology of the Regional Clinical Oncology 
Dispensary in Ulyanovsk.

Materials and Methods
The study was conducted at the Department of Surgical 

Abdominal Oncology of the Regional Clinical Oncology 
Dispensary in Ulyanovsk from January 1, 2019, to May 
1, 2024. The retrospective analysis included patients who 
underwent left-sided or right-sided hemicolectomy or sigmoid 
colon resection [database, patent No. 2024622330]. Patients 
who underwent midline laparotomy were included. Medical 
records were analyzed according to a unified protocol. 
Patients who did not meet the criteria were excluded from 
the study. Complications were assessed using the Clavien-
Dindo classification of surgical complications.14 Tumor 
status was assessed according to the TNM classification. 
Upon admission to the department, height and weight were 
measured, and body mass index (BMI) was calculated. 
Venous blood samples were obtained preoperatively and on 
postoperative days 1 and 5. Serum albumin was measured 
using a colorimetric dye-binding method and total protein 
using the Biuret colorimetric method; both were reported in 
g/L. Hemoglobin was determined photometrically in EDTA-
anticoagulated whole blood and reported in g/L. Absolute 
neutrophil and lymphocyte counts were obtained using an 
automated hematology analyzer with leukocyte differential and 
reported as ×10⁹/L. The NLR was calculated by dividing the 
absolute neutrophil count by the absolute lymphocyte count 
and is dimensionless. Other routine biochemical and hemostatic 
tests, blood group, and Rh factor were determined according 
to the standard operating procedures of the hospital laboratory.

Inclusion criteria:
-Right-sided or left-sided hemicolectomy, or sigmoid 

colon resection
-Verified malignant neoplasm of the colon
-Elective surgical interventions.
Exclusion criteria:
-Death due to comorbid pathology in the postoperative 

period not related to colorectal anastomotic leakage
- Patients who underwent obstructive colon resections 

with formation of a single-barrel colostomy without 
reconstruction

- Surgical interventions performed for emergency 
indications.

Completed cases associated with colorectal anastomotic 
leakage were analyzed. A database comprising 583 patients 
was formed.

Statistical analysis: Quantitative indicators were 
assessed for conformity to a normal distribution using the 

Kolmogorov-Smirnov test. Quantitative indicators with a 
normal distribution were described using arithmetic means 
(M), standard deviations (SD), and 95% confidence interval 
(95% CI) limits. When quantitative data did not follow a 
normal distribution, they were described using the median 
(Me) and the lower and upper quartiles (Q1-Q3). Categorical 
data were described as absolute values and percentages. 

The 95% confidence intervals for proportions were 
calculated using the Clopper-Pearson method. Two groups 
were compared for a normally distributed quantitative variable 
under the assumption of equal variances using Student’s t-test. 
Two groups were compared for a quantitative variable with 
a non-normal distribution using the Mann-Whitney U test. 
Proportions in fourfold contingency tables were compared 
using Pearson’s chi-square test (when expected frequencies 
exceeded 10). Odds ratios with 95% confidence intervals 
(OR; 95% CI) were used as a quantitative measure of effect 
when comparing relative indicators. Proportions in multiway 
contingency tables were compared using Pearson’s chi-square 
test. A P-value of < 0.05 was considered statistically significant.
Predictive modeling for the probability of a specific outcome 
was performed using logistic regression. Nagelkerke’s R2 
served as the coefficient of determination indicating the 
proportion of variance explained by logistic regression. ROC-
curve analysis was used to assess the diagnostic significance 
of quantitative variables for predicting a specific outcome. 
The cutoff value of a quantitative variable was determined at 
the point with the highest Youden index.

Statistical analysis was performed using StatTech v. 
4.1.0 (StatTech LLC, Russia). 

Results
The median age of the study patients was 67.83 years; 

246 (42.3%) patients were men and 336 (57.7%) were 
women.

The main clinical and anamnestic characteristics of the 
study patients are presented in Table 1.

Univariate statistical analysis of clinical and anamnestic 
parameters depending on the presence of CAL identified 
length of hospital stay as a statistically significant parameter.

Oncological parameters of the patient study groups 
are presented in Table 2. Univariate statistical analysis of 
oncological parameters depending on the presence of CAL 
identified oncological stage, T extent of the primary tumor, 
and the presence of primary tumor metastases as statistically 
significant.

Patient intraoperative parameters are presented in 
Table 3. Univariate statistical analysis of surgical parameters 
depending on the presence of CAL identified operation time, 
preoperative colostomy, multiorgan resection, Clavien-
Dindo complications, blood loss volume, and type of surgery 
as statistically significant. Clavien-Dindo complications are 
presented in Table 4. Analysis of the table showed that the 
most frequent complication in our study was grade IIIB.

Analysis of operation types depending on the presence 
of CAL also showed that right-sided hemicolectomy and 
sigmoid colon resection were the most frequent (P=0.008).
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Table 1.
Clinical and anamnestic parameters of the patient study groups.

Indicator Category
CAL

P-value
No Yes

Age, Me (Q1-Q3) 67.85 (62.23 - 73.04) 67.71 (59.32 - 77.01) 0.678

Sex, n (%)
Female 311 (58.2) 25 (52.1)

0.408
Male 223 (41.8) 23 (47.9)

BMI status, n (%)
Underweight 15 (2.8) 1 (2.1)

0.697Normal 381 (71.3) 37 (77.1)
Obesity 138 (25.8) 10 (20.8)

DM, n (%)
No 447 (83.7) 42 (87.5)

0.492
Yes 87 (16.3) 6 (12.5)

HTN, n (%)
No 286 (53.6) 28 (58.3)

0.525
Yes 248 (46.4) 20 (41.7)

IHD, n (%)
No 391 (73.4) 30 (63.8)

0.160
Yes 142 (26.6) 17 (36.2)

CHF, n (%)
No 394 (73.8) 35 (72.9)

0.896
Yes 140 (26.2) 13 (27.1)

BMI, Me (Q1-Q3) 26.67 (23.68 - 30.11) 25.18 (21.89 - 28.81) 0.058
Height, Me (Q1-Q3), m 1.65 (1.60 - 1.73) 1.68 (1.60 - 1.73) 0.985
Length of hospital stay, Me (Q1-Q3) 13.00 (11.00 - 15.00) 21.00 (17.00 - 30.25) <0.001

DM, diabetes mellitus; HTN, hypertension; IHD, ischemic heart disease; CHF, chronic heart failure; BMI, body mass index.

Table 2. 
Oncological parameters of the patient study groups.

Indicator Category
Anastomotic leakage

P-value
No Yes

Stage, n (%)

I 35 (6.6) 2 (4.2)

0.024
II 259 (48.5) 23 (47.9)
III 197 (36.9) 13 (27.1)
IV 43 (8.1) 10 (20.8)

T, n (%)

t1 15 (2.8) 0 (0.0)

0.005
t2 50 (9.4) 3 (6.2)
t3 393 (73.6) 29 (60.4)
t4 76 (14.2) 16 (33.3)

N, n (%)
n0 309 (57.9) 28 (58.3)

0.498n1 153 (28.7) 11 (22.9)
n2 72 (13.5) 9 (18.8)

M, n (%)
m0 495 (92.7) 38 (79.2)

0.001
m1 39 (7.3) 10 (20.8)

ypT, n (%)

t0 503 (94.2) 43 (89.6)

0.434
t1 5 (0.9) 1 (2.1)
t2 2 (0.4) 0 (0.0)
t3 22 (4.1) 3 (6.2)
t4 2 (0.4) 1 (2.1)

ypN, n (%)
n0 525 (98.3) 46 (95.8)

0.472n1 5 (0.9) 1 (2.1)
n2 4 (0.7) 1 (2.1)
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Compared with patients without CAL, patients with 
CAL had lower preoperative albumin concentrations and, 
on postoperative days 1 and 5, lower lymphocyte counts on 
postoperative day 1, higher neutrophil counts on postoperative 
days 1 and 5, and higher NLR values on postoperative days 1 
and 5 (all P<0.001). Total protein and hemoglobin at all time 
points, preoperative neutrophil, lymphocyte, and NLR values, 
and the lymphocyte count on postoperative day 5 did not differ 
significantly between groups (Table 5).

Using binary logistic regression, a predictive model 
was developed to determine the probability of colorectal 
anastomotic leakage depending on preoperative colostomy, 
multiorgan resection, preoperative albumin, neutrophils on 
postoperative day 5, albumin on postoperative day 1, albumin 
on postoperative day 5, and operation time.

The area under the ROC curve was 0.940 +/- 0.024, with 
a 95% CI of 0.892-0.987. The resulting model was statistically 
significant (P<0.001) (Figure 1).

Table 3. 
Intraoperative parameters of the studied patients depending on the presence of anastomotic leakage.

Indicator Category Anastomotic leakage
P-value

No Yes
Operation time, Me (Q1-Q3) 100.00 (80.00 - 130.00) 130.00 (90.00 - 180.00) 0.002
Lymph nodes removed, Me (Q1-Q3) 11.00 (6.00 - 15.00) 10.00 (6.00 - 15.00) 0.576
Involved lymph nodes, Me (Q1-Q3) 0.00 (0.00 - 1.00) 0.00 (0.00 - 1.00) 0.760
Tumor size, Me (Q1-Q3), mm 50.00 (40.00 - 70.00) 50.00 (40.00 - 70.00) 0.834
Blood loss volume, Me (Q1-Q3), mL 100.00 (100.00 - 300.00) 225.00 (100.00 - 500.00) < 0.001

Resection margin R, n (%)
r0 522 (98.9) 46 (95.8)

0.143r1 5 (0.9) 2 (4.2)
r2 1 (0.2) 0 (0.0)

Preoperative colostomy, n (%)
No 511 (95.7) 34 (70.8)

< 0.001
Yes 23 (4.3) 14 (29.2)

Diverting colostomy, n (%)
No 496 (92.9) 41 (85.4)

0.064
Yes 38 (7.1) 7 (14.6)

Multiorgan resection, n (%)
No 505 (94.6) 24 (50.0)

< 0.001
Yes 29 (5.4) 24 (50.0)

Table 4. 
Complications in the patient study group according to the Clavien-Dindo classification, depending on CAL development.

Indicator Category
Anastomotic leakage

P-value
No Yes

Clavien-Dindo complications,
n (%)

0 420 (78.7) 0 (0.0)

< 0.001

I 3 (0.6) 0 (0.0)

II 15 (2.8) 0 (0.0)

III 1 (0.2) 0 (0.0)
IIIA 0 (0.0) 0 (0.0)
IIIB 94 (17.6) 48 (100.0)
IV 1 (0.2) 0 (0.0)
IVA 0 (0.0) 0 (0.0)

IVB 0 (0.0) 0 (0.0)

V 0 (0.0) 0 (0.0)

Figure 1. ROC Curve Depicting the Relationship 
Between the Probability of Colorectal Anastomotic 
Leakage and the Logistic Function Value (P).
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The cutoff value of the logistic function P corresponding 
to the highest Youden index was 0.143. Leakage was predicted 
when the logistic function P was greater than or equal to this 
value. The sensitivity and specificity of the model were 80.9% 
and 92.5%, respectively.

The resulting regression model was statistically 
significant (P<0.001). Based on the Nagelkerke coefficient 

of determination, the model explained 60.7% of the observed 
variance in the presence of leakage.

Preoperative colostomy was associated with substantially 
higher adjusted odds of CAL (AOR = 20.937; 95% CI: 6.424-
68.238; P<0.001) compared with no preoperative colostomy.

Multiorgan resection was also associated with 
substantially higher adjusted odds of CAL (AOR = 156.867; 

Table 5. 
Laboratory parameters of the studied patients depending on the presence of anastomotic leakage.

Indicator Category
CAL

P-value
No Yes

Preoperative albumin, Me (Q1-Q3) 37.50 (34.42 - 40.70) 33.40 (31.70 - 35.67) < 0.001
Albumin on postoperative day 1, 
Me (Q1-Q3) 37.20 (34.50 - 40.92) 31.85(29.68 - 33.83) < 0.001

Albumin on postoperative day 5, 
Me (Q1-Q3) 38.59 (33.82 - 41.97) 31.50 (30.30 - 34.50) < 0.001

Preoperative total protein, Me (Q1-Q3) 70.50 (66.70 - 73.80) 70.70 (67.50 - 73.28) 0.811
Total protein on postoperative day 1, 
Me (Q1-Q3) 59.30 (55.30 - 63.60) 59.45 (56.33 - 65.17) 0.540

Total protein on postoperative day 5, 
Me (Q1-Q3) 58.10 (54.00 - 62.65) 57.00 (52.35 - 61.77) 0.268

Preoperative hemoglobin, 
M +/- SD (95% CI) 113.61 ± 21.38 (111.80 - 115.43) 108.77 ± 20.09 (102.94 - 114.61) 0.131

Hemoglobin on postoperative day 1, 
Me (Q1-Q3) 111.00 (98.00 - 125.00) 107.00 (99.75 - 116.25) 0.305

Hemoglobin on postoperative day 5, 
Me (Q1-Q3) 108.00 (96.00 - 121.00) 104.00 (95.75 - 116.00) 0.307

Preoperative neutrophils, Me (Q1-Q3) 4.50 (3.40 - 5.83) 4.69 (3.74 - 6.21) 0.234
Neutrophils on postoperative day 1, 
Me (Q1-Q3) 7.60 (5.60 - 10.10) 9.90 (6.99 - 12.40) < 0.001

Neutrophils on postoperative day 5, 
Me (Q1-Q3) 4.67 (3.40 - 6.24) 6.46 (4.50 - 9.72) < 0.001

Preoperative lymphocytes, Me (Q1-Q3) 1.70 (1.39 - 2.20) 1.67 (1.29 - 2.03) 0.438
Lymphocytes on postoperative day 1, 
Me (Q1-Q3) 1.40 (1.00 - 1.80) 1.08 (0.80 - 1.30) < 0.001

Lymphocytes on postoperative day 5, 
Me (Q1-Q3) 1.50 (1.14 - 1.90) 1.21 (1.00 - 1.88) 0.054

Preoperative NLR, Me (Q1-Q3) 2.52 (1.82 - 3.68) 3.00 (2.15 - 4.07) 0.140
NLR on postoperative day 1, Me (Q1-Q3) 5.37 (3.39 - 8.52) 9.37 (5.69 - 13.35) < 0.001
NLR on postoperative day 5, Me (Q1-Q3) 3.11 (2.24 - 4.58) 5.09 (2.72 - 8.04) < 0.001

NLR, neutrophil-to-lymphocyte ratio (dimensionless). Albumin, total protein, and hemoglobin are reported in g/L; absolute neutrophil and 
lymphocyte counts are reported in ×10⁹/L.

Table 6. 
Logistic regression.

Predictors
Unadjusted Adjusted
COR; 95% CI P-value AOR; 95% CI P-value

Preoperative colostomy: yes 8.478; 3.951 - 18.192 < 0.001 20.937; 6.424 - 68.238 < 0.001
Multiorgan resection: yes 16.655; 8.406 - 32.983 < 0.001 156.867; 37.450 - 657.208 < 0.001
Preoperative albumin 0.785; 0.717 - 0.859 < 0.001 0.792; 0.689 - 0.910 0.001
Albumin day 1 0.801; 0.748 - 0.857 < 0.001 0.792; 0.695 - 0.902 < 0.001
Albumin day 5 0.833; 0.783 - 0.885 < 0.001 0.905; 0.825 - 0.992 0.032
Neutrophils day 5 1.174; 1.094 - 1.259 < 0.001 1.134; 1.027 - 1.251 0.012
Operation time 1.008; 1.003 - 1.013 0.004 0.991; 0.982 - 1.000 0.048
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95% CI: 37.450-657.208; P<0.001) compared with standard 
resection.

For preoperative albumin, each 1 g/L increase was 
associated with lower adjusted odds of CAL (AOR = 0.792; 
95% CI: 0.689-0.910; P=0.001) (Table 6). Thus, lower 
preoperative albumin was associated with greater risk.

Albumin on postoperative days 1 and 5 showed the same 
direction of association. Each 1 g/L increase was associated 
with lower adjusted odds of CAL on day 1 (AOR = 0.792; 
95% CI: 0.695-0.902; P<0.001) and day 5 (AOR = 0.905; 95% 
CI: 0.825-0.992; P=0.032).

For the neutrophil count on postoperative day 5, each 1 
×10⁹/L increase was associated with higher adjusted odds of 
CAL (AOR = 1.134; 95% CI: 1.027-1.251; P=0.012).

Operation time showed a small but statistically 
significant association with CAL. In unadjusted analysis, 
each additional minute was associated with higher odds 
(COR = 1.008; 95% CI: 1.003-1.013; P=0.004), whereas after 
adjustment the direction reversed (AOR = 0.991; 95% CI: 
0.982-1.000; P=0.048). This reversal suggests confounding or 
model instability and warrants cautious interpretation.

Discussion
Colorectal anastomotic leakage is currently an acute 

problem in the surgical treatment of colorectal cancer. The 
issue of early predictors and prediction of CAL remains 
debated.

International authors have noted an association between 
CAL and patient sex.15,16 These studies report an increased risk 
of CAL in male patients and link it to androgen activity and the 
subsequent characteristics of intestinal microcirculation after 
hormonal exposure. In our study, no statistically significant 
parameters related to patients’ sex were identified. According 
to the study by Yu et al.,17 taller patient height predisposes to 
CAL due to smaller pelvic dimensions, particularly the pelvic 
inlet and intertuberous distance. This parameter was not 
statistically significant in our study.

Previous studies have associated advanced tumor stage 
and metastatic disease with CAL. 18,19 In our cohort, CAL 
was more frequent among patients with stage IV disease 
(20.8% vs. 8.1%), T4 tumors (33.3% vs. 14.2%), and distant 
metastases (M1: 20.8% vs. 7.3%); stage, T category, and M 
category were statistically significant in univariate analysis. 
In contrast, measured tumor size did not differ between the 
groups (median 50 mm in both groups).

Preoperative colostomy was associated with an 
increased risk of CAL. A previous colostomy was most often 
created for acute intestinal obstruction; therefore, this variable 
may identify a clinically more compromised subgroup with 
prior surgical trauma and impaired nutritional or inflammatory 
status. Consistent with this interpretation, the CAL group in 
our cohort had lower perioperative albumin concentrations 
but a stronger postoperative inflammatory response, reflected 
by higher neutrophil counts and NLR values rather than a 
uniform reduction in all laboratory parameters.20

Noteworthy are the results regarding the effect of BMI 
on the risk of colorectal anastomotic leakage. International 

colleagues note that BMI >30 kg/m2 is considered an 
independent risk factor for CAL.21,22  In our study, this parameter 
was not significant, apparently because patients with obesity 
were compensated, and this pathological condition therefore 
did not have a negative effect.

International sources identify poor nutrition and 
malnutrition as predictors of CAL.23 Although low BMI 
was not statistically significant in our study, the direction of 
the albumin changes was consistent and clinically relevant: 
patients who developed CAL had lower median serum albumin 
preoperatively (33.40 vs. 37.50 g/L) and on postoperative 
days 1 (31.85 vs. 37.20 g/L) and 5 (31.50 vs. 38.59 g/L). 
Accordingly, odds ratios below 1 for albumin indicate that 
higher albumin concentrations were associated with lower 
odds of CAL, whereas lower albumin concentrations were 
associated with higher risk.

The surgeon’s vigilance is important for early diagnosis 
of CAL, because delayed diagnosis is associated with an 
unfavorable prognosis. Inflammatory markers and clinical signs 
of peritonitis should therefore be monitored carefully.24 In our 
study, the NLR was higher in patients who developed CAL on 
postoperative day 1 (median 9.37 vs. 5.37) and day 5 (5.09 vs. 
3.11; both P<0.001). This upward change in NLR, rather than 
the absolute level alone, may help identify patients who require 
timely additional imaging to verify the complication.

The cellular components showed the same directional 
pattern: neutrophil counts were higher in the CAL group on 
postoperative day 1 (9.90 vs. 7.60 ×10⁹/L) and day 5 (6.46 
vs. 4.67 ×10⁹/L), whereas the lymphocyte count was lower 
on postoperative day 1 (1.08 vs. 1.40 ×10⁹/L). The day-
5 lymphocyte count was also numerically lower, but the 
difference did not reach statistical significance (P=0.054). 
Total protein and hemoglobin did not differ significantly 
at any assessed time point, and preoperative neutrophil, 
lymphocyte, and NLR values were not significant. Because 
an automated leukocyte differential is simple and inexpensive, 
these directional changes may help surgeons suspect CAL 
even in settings with limited diagnostic resources.

Longer operation time may indicate more complex 
surgical manipulations, which are already associated with 
a higher expected risk of postoperative complications. Our 
study demonstrated the influence of operation time on the 
risk of CAL development, which is confirmed by multiple 
international and Russian studies.25-28

International colleagues note that intraoperative blood 
loss greater than 100 mL increases the risk of CAL.29 Our 
analysis confirms this effect: in the CAL group, the median 
blood loss was 225 mL, significantly higher than in the group 
with a favorable postoperative period, where it was 100 mL.

The authors also identified an association between CAL 
and multiorgan resection during surgery. Expansion of the 
surgical procedure leads to greater trauma to the body and an 
increased risk of postoperative complications.30

Conclusion
In our study, the incidence of colorectal anastomotic 

leakage was 48 cases (8.24%). In univariate analyses, 
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CAL was associated with advanced oncological stage, T 
category, M category, longer operation time and hospital stay, 
preoperative colostomy, multiorgan resection, Clavien-Dindo 
complications, greater blood loss, type of surgery, lower 
albumin concentrations preoperatively and on postoperative 
days 1 and 5, higher neutrophil counts on postoperative days 
1 and 5, a lower lymphocyte count on postoperative day 1, 
and higher NLR values on postoperative days 1 and 5. In 
the multivariable model, preoperative colostomy, multiorgan 
resection, preoperative albumin, albumin on postoperative 
days 1 and 5, neutrophils on postoperative day 5, and operation 
time remained statistically significant. These findings support 
combined assessment of nutritional and inflammatory markers 
for early postoperative risk stratification.
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Abstract
Background: This study aimed to investigate the effects of ginsenoside Rg3 on apoptosis and collagen metabolism in human 
vocal cord scar fibroblasts (HVCSFs) and the molecular mechanisms involved.
Methods and Results: HVCSFs were cultured in vitro and treated with different concentrations of ginsenoside Rg3. Cell proliferation 
inhibition rate was detected by CCK-8 assay. Cell apoptosis was analyzed by flow cytometry and Calcein/PI live/dead cell staining. 
Cell invasion ability was detected by Transwell assay. Expression levels of apoptosis-related protein caspase-3 and Collagen Type 
I, Collagen Type Ⅲ (Col Ⅰ, Col Ⅲ) were detected by Western blot and Quantitative real-time polymerase chain reaction (qPCR). 
HVCSFs were cultured in vitro and exposed to increasing concentrations of ginsenoside Rg3. Rg3 treatment dose-
dependently inhibited HVCSFs proliferation, as shown by the CCK-8 assay (P<0.0001). Flow cytometry and Calcein/
PI live/dead staining consistently revealed a significant induction of apoptosis upon Rg3 exposure (P<0.0001). Cell invasion 
was also effectively suppressed, as assessed by the Transwell assay (P<0.001, P<0.0001). At the protein level, Western 
blot analysis demonstrated that Rg3 upregulated caspase 3 expression (P<0.01, P<0.001) while downregulating both 
Col I and Col III (P<0.05, P<0.01). Correspondingly, qPCR results showed elevated mRNA levels of caspase 3 (P<0.05, 
P<0.01, P<0.0001) and reduced mRNA levels of Col I and Col III (P<0.05, P<0.0001) in response to Rg3 treatment. 
Conclusions. Ginsenoside Rg3 may promote the apoptosis of HVCSFs through activating the caspase-3-dependent apoptotic 
pathway and inhibiting the expression of Col Ⅰ and Col Ⅲ, thereby improving vocal cord scar fibrosis. This study provides 
experimental evidence for ginsenoside Rg3 as a potential anti-vocal cord scar drug.(International Journal of Biomedicine. 
2026;16(3):372-377.)
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Introduction
Vocal fold scarring refers to the pathological fibrosis 

of the extracellular matrix within the lamina propria, leading 
to impaired vibratory function and voice disorders.1,2 It 
is commonly caused by surgical trauma (e.g., vocal fold 
resection),3 prolonged intubation, chronic inflammation, 
or radiation therapy. Scar tissue disrupts the viscoelastic 
properties of the vocal folds, resulting in symptoms such 
as hoarseness, vocal fatigue, reduced vocal range, and 
breathiness. Although various clinical interventions have 
been tested for the treatment of voice disorders and vocal 

fold paralysis,4-8 satisfactory restoration of vocal fold function 
remains elusive. Current therapeutic options are limited, 
necessitating the development of novel approaches to promote 
vocal fold healing and functional recovery.

Ginsenoside Rg3, a bioactive compound enriched from 
steamed or heated Panax ginseng roots, exhibits multiple 
pharmacological effects, including anti-angiogenic, anti-
tumor, and anti-fibrotic properties.9-11 Previous studies 
have demonstrated that ginsenoside Rg3 inhibits fibroblast 
proliferation and migration while inducing apoptosis, thereby 
modulating the expression of proteins and mRNA levels 
associated with proliferation, apoptosis, and migration.12,13 
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Additionally, ginsenoside Rg3 has been shown to suppress 
fibroblast proliferation, angiogenesis, and collagen synthesis 
via the TGF-β1/Smad and ERK signaling pathways.14 

Histologically, the composition and distribution of the 
extracellular matrix (ECM) in the lamina propria are essential 
for maintaining the viscoelastic properties required for vocal fold 
vibration. The ECM comprises hyaluronic acid (HA), collagen, 
elastin, fibronectin, and other components.7,15 Specifically, HA 
maintains viscoelasticity and functions as a shock absorber, 
collagen provides structural support, and elastin preserves vocal 
fold vibration through its intrinsic elasticity.

This study aims to verify whether ginsenoside Rg3 can 
reduce human vocal fold scarring and explore the underlying 
mechanisms by which ginsenoside Rg3 regulates scar 
formation in human vocal folds.

Materials and Methods 
Chemicals

Ginsenoside Rg3 (purity ≥99.5%) was obtained from 
Wuhan Jingbiao Technology Co., Ltd. (Wuhan, China). Rg3 
powder was dissolved in dimethyl sulfoxide (DMSO) to 
prepare a stock solution, which was then sterilized by filtration 
through a 0.22 μm polyethersulfone (PES) membrane filter. 
The stock solution was serially diluted with complete cell 
culture medium to achieve final Rg3 concentrations of 10, 20, 
40, 80, and 160 μg/mL. The final concentration of DMSO in 
all treatment groups was maintained at 0.05% (v/v). A vehicle 
control group containing 0.05% DMSO without Rg3 was used 
as the negative control.
Cell culture 

Human vocal cord scar fibroblasts (HVCSFs) were 
obtained from iCell Bioscience Inc. (Shanghai, China). Cells 
were maintained in high-glucose Dulbecco’s Modified Eagle 
Medium (DMEM; HyClone, China) supplemented with 10% 
fetal bovine serum (FBS; Solarbio, China) and cultured at 37°C 
in a humidified atmosphere containing 5% CO₂. The medium 
was refreshed every 2–3 days, and cells were passaged when 
reaching 80–90% confluence.
Cell viability assay

Cell viability was evaluated using the Cell Counting 
Kit-8 assays (CCK-8; Bioswamp Life Science, China) 
according to the manufacturer’s instructions. Briefly, HVCSFs 
were seeded in 96-well plates at a density of 3 × 10³ cells per 
well in 100 μL of complete medium and incubated at 37°C 
in a humidified atmosphere with 5% CO₂ for 24 h to allow 
complete attachment. The medium was then replaced with 
fresh medium containing Rg3 at final concentrations of 0 
(vehicle control), 10, 20, 40, 80, and 160 μg/mL. At designated 
time points (24, 48, and 72 h post-treatment), 10 μL of CCK-
8 reagent was added to each well, and plates were incubated 
for an additional 1–4 h at 37°C. The absorbance at 450 nm 
was measured using a microplate reader (Allsheng, China). 
Cell viability was calculated using the following formula: Cell 
viability (%) = [(OD_control - OD_treated) / (OD_control - 
OD_blank)] × 100%. Each treatment group was assayed in 
quintuplicate, and experiments were repeated independently 
at least three times.

Flow Cytometry 
Cell cycle analysis: HVCSFs (1 × 107 per group) were 

harvested, washed with PBS, and fixed in 75% ethanol at 
-20°C for at least 24 h. After washing twice with PBS, cells 
were stained with 0.5 mL PI/RNase Staining Buffer (BD 
Biosciences, USA) for 15 min at room temperature in the dark. 
DNA content was analyzed using a flow cytometer (ACEA 
NovoCyte, China), and cell cycle distributions were determined 
using NovoExpress software (ACEA Biosciences,  China).

Apoptosis detection: Cell apoptosis was assessed 
using an Annexin V-FITC/PI Apoptosis Detection Kit (BD 
Biosciences, USA). After 48 h of treatment, HVCSFs were 
collected and resuspended in 1× Annexin V Binding Buffer. 
Annexin V-FITC (5 μL) and PI (5 μL) were added according 
to the manufacturer’s instructions. After incubation for 15 min 
at room temperature in the dark, cells were analyzed by flow 
cytometry (ACEA NovoCyte, China). Data were analyzed 
using NovoExpress software (Allsheng, China).
Calcein-AM/Propidium Iodide (PI) staining

Cell viability was evaluated using the Calcein-AM/
PI Double Staining Kit (C2015S, Beyotime Biotechnology, 
China) according to the manufacturer’s instructions. Briefly, 
treated HVCSFs were washed twice with PBS and incubated 
with a working solution containing Calcein-AM (2 μM) and 
PI (4.5 μM) at 37°C for 30 min in the dark. After incubation, 
cells were washed once with PBS to remove excess dye 
and immediately visualized under an inverted fluorescence 
microscope (Nikon Ts2/Ts2-FL, Japan) equipped with 
appropriate filter sets. Calcein-AM-positive live cells (green 
fluorescence, excitation/emission = 494/517 nm) and PI-
positive dead cells (red fluorescence, excitation/emission = 
535/617 nm) were captured using NIS-Elements software 
(Nikon, Japan). Representative images from at least three 
independent experiments were recorded.
Transwell assay 

Cell invasion assay: HVCSFs (2 × 10⁴ cells in 200 μL 
serum-free DMEM) were seeded into the upper chamber 
of a Matrigel-coated Transwell insert (8 μm pore size; BD 
Biosciences, USA). The lower chamber contained 600 
μL DMEM with 10% FBS as a chemoattractant. After 
24h incubation at 37°C, invaded cells were fixed with 4% 
paraformaldehyde and stained with 0.1% crystal violet. 
Invaded cells were quantified by counting five random fields 
per insert under an inverted microscope (Nikon, Japan).

Cell migration assay: Transwell chambers (8 μm pore 
size; Corning, USA) were pre-hydrated with PBS for 5 min. 
HVCSFs (1 × 10⁵ cells in 0.5 mL medium with 1% FBS) 
were seeded into the upper chamber, while the lower chamber 
contained 0.75 mL complete medium with 10% FBS. After 
24 h incubation at 37°C, non-migrated cells were removed 
from the upper surface. Migrated cells were fixed with 4% 
paraformaldehyde (20 min, RT), stained with 0.5% crystal 
violet (30 min), and counted under 200× magnification (five 
random fields per chamber).
Quantitative real-time PCR (qPCR)

Total RNA of HVCSFs was extracted using TRIzol 
Reagent (Ambion, USA) and quantified with a Nano-300 
micro-spectrophotometer (Aosheng, China). Genomic DNA 
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was removed using 5× gDNA digester Mix (YEASEN, China) 
at 42°C for 2 min. First-strand cDNA was synthesized using 
Hifair® III 1st Strand cDNA Synthesis SuperMix (YEASEN, 
China) in a 20 μL reaction containing 15 μL digested RNA and 
5 μL 4× SuperMix at 25°C for 5 min, 55°C for 15 min, and 
85°C for 5 min. qCR was performed on a CFX-Connect 96 
system (Bio-Rad, USA) using Hieff® qPCR SYBR® Green 
Master Mix (No Rox) (YEASEN, China). Each 20 μL reaction 
contained 10 μL Master Mix, 0.5 μL each primer (10 μM), 
1 μL cDNA, and 8 μL DNase/RNase-free water. The cycling 
conditions were: 95°C for 3 min, followed by 40 cycles of 
95°C for 5 s, 56°C for 10 s, and 72°C for 25 s. Melting curve 
analysis was performed to verify specificity. GAPDH served 
as the internal reference, and relative expression of Collagen 
Type(Col)I, Col III, and Caspase-3 was calculated using the 
2-△△ct method. qPCR primer sequences are listed in Table 1.

Western Blotting
Protein samples were extracted from HVCSFs using 

RIPA lysis buffer (Bioswamp, China) supplemented with 
protease and phosphatase inhibitors (Bioswamp, China), 
followed by centrifugation at 12,000×g for 15 min at 4°C. 
Protein concentrations were determined using the BCA protein 
assay kit (Bioswamp, China) according to the manufacturer’s 
instructions, with absorbance measured at 562 nm. Equal 
amounts of protein (20 μg per lane) were mixed with 5× 
loading buffer (Bioswamp, China), denatured by boiling for 
10 min, and separated on 10% SDS-PAGE gels prepared using 
a one-step PAGE gel preparation kit (Bioswamp, China). 
Electrophoresis was performed at a constant voltage of 300 
V for 20 min using rapid electrophoresis buffer (Bioswamp, 
China). Proteins were then transferred to PVDF membranes 
(Bioswamp, China) using rapid transfer buffer (Bioswamp, 
China) at 400 mA for 15–30 min in a wet transfer system. 
After blocking with protein-free rapid blocking solution 
(Bioswamp, China) for 10 min at room temperature, 
membranes were incubated with primary antibodies against 
Col I, Col III, Caspase-3, or GAPDH (1:1000, Bioswamp, 
China) diluted in primary antibody dilution buffer (Bioswamp, 
China) for 1 h at room temperature. Following three washes 
with PBST (5 min each), membranes were incubated with 

HRP-conjugated secondary antibodies (goat anti-rabbit IgG, 
1:20000, Biosharp, China; goat anti-mouse IgG, 1:20000, 
Bioswamp, China) for 1 h at room temperature, washed three 
times with PBST (5 min each), and visualized using Super 
ECL Plus chemiluminescence detection kit (Bioswamp, 
China). Immunoreactive bands were captured using a fully 
automated chemiluminescence analyzer (Tanon-5200, China), 
and band intensities were quantified with ImageJ software.
Statistical analysis

All experiments were independently conducted in 
triplicate to ensure reproducibility. Each data represents the 
mean value derived from three independent replicates, and 
results are presented as mean ± standard deviation (SD). 
Differences among multiple groups were analyzed using one-
way analysis of variance (ANOVA) followed by post-hoc 
Tukey’s honestly significant difference (HSD) test for multiple 
comparisons. Differences with a P-value of <0.05 were 
considered statistically significant (*P < 0.05, ** P < 0.01, 
*** P < 0.001,****P < 0.0001). All analyses were performed 
using GraphPad Prism 10.4.2 (GraphPad Software, USA). 

Results
Ginsenoside Rg3 exhibits concentration-dependent 
inhibition of the proliferation of HVCSFs and promotion 
of their apoptosis.

We treated HVCSFs with 0, 10, 20, 40, 80, and 160 μg/
mL Ginsenoside Rg3, detected the cell proliferation inhibition 
rate using the CCK-8 method, analyzed the apoptosis situation 
by flow cytometry and Calcein/PI live/dead cell staining, tested 
the invasion ability of cells by Transwell assay, and detected 
the expression level of apoptosis-related protein caspase-3 by 
Western blot and qPCR. CCK-8 showed that after 24 hours, with 
the increase in drug concentration, the inhibition rate further rose 
from approximately 19.98% to 44.55% (Figure 1A) (P <0.0001), 
while following a 48-hour exposure to the drug, the inhibition 
rate elevated from 40.32% to 61.80% (Figure 1A)(P <0.0001). 
Flow cytometry and Calcein/PI indicated that with the increase 
of Ginsenoside Rg3 concentration, the apoptosis of HVCSFs 
increased (Figure 1B-C) (P < 0.0001). Transwell assay showed 
that with the increase of Ginsenoside Rg3 concentration, the 
number of invaded cells gradually decreased (figure 2A) (P10 μg/

mL=0.0896, P20 μg/mL<0.0001, P40 μg/mL<0.0001, P80 μg/mL=<0.0001, 
P160 μg/mL<0.0001) the number of migrated cells also revealed 
a similar trend(figure 2B) (P10 μg/mL=0.0518, P20 μg/mL<0.0001, 
P40 μg/mL<0.0001, P80 μg/mL=<0.0001, P160 μg/mL<0.0001)qPCR 
indicated that Ginsenoside Rg3 upregulated the expression of 
caspase-3 in a concentration-dependent manner(figure 3A)(P10 

μg/mL=0.0089, P20 μg/mL=0.0064, P40 μg/mL=0.0047, P80 μg/mL=0.0021, 
P160 μg/mL=0.0005), Western blot results showed that Ginsenoside 
Rg3 also enhanced the expression of caspase-3 protein(figure 
3B-C) (P10 μg/mL=0.8259, P20 μg/mL=0.0234, P40 μg/mL=0.0096, P80 μg/

mL<0.0001, P160 μg/mL<0.0001).

Ginsenoside Rg3 inhibits the excessive deposition of 
extracellular matrix in HVCSFs.

In normal vocal cords, Col I is the main type of collagen, 
providing high strength and tensile resistance, maintaining the 

Table 1.
The information on the primers used of qPCR

Gene Sequence
Size of
amplified
fragment (bp)

Col Ⅰ-F 5’-GAGATGGTGTTGATGGTCCC-3’ 100
Col Ⅰ-R 3’-GCAGCAAAGTTCCCAGTAAGA-5’
Col Ⅲ-F 5’-TGCCCACAGCCTTCTACAC-3’ 111

Col Ⅲ-R 3’-GCCAGGGTCACCATTTCT-5’

Caspase-3-F 5’-GGTTCATCCAGTCGCTTT-3’ 99

Caspase-3-R 3’-ATTCTGTTGCCACCTTTC-5’

GAPDH-F 5’-GGGAAACTGTGGCGTGAT-3’ 299

GAPDH-R 3’-GAGTGGGTGTCGCTGTTGA-5’
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mechanical stability of the vocal cords, and enabling them to 
withstand vibrations and tension during speech. Col III usually 
coexists with Col I to form a finer fiber network, increasing 
the elasticity and flexibility of the tissue, and facilitating the 
adaptability of vocal cord vibrations. The mRNA transcription 
levels of the genes encoding these two types of collagens (Col 
I and Col III) were typically detected using qPCR. The results 
showed that after Rg3 treatment, Col I mRNA levels in HVCSFs 
were significantly downregulated. This inhibitory effect was also 
dose-dependent (Figure 3 A) (P10 μg/mL=0.0082, P20 μg/mL=0.0104, 
P40 μg/mL=0.0064, P80 μg/mL=0.0037, P160 μg/mL=0.0015) and the 
mRNA level trend of Col III was similar to that (figure 3 A) (P10 

μg/mL=0.0062, P20 μg/mL=0.0033, P40 μg/mL=0.0021, P80 μg/mL=0.0304, 
P160 μg/mL=0.0011). We performed the Western blot experiment, and 
the results showed that a higher concentration of Rg3 significantly 
inhibited the Col I protein level in HVCSFs (Figure 3 B-C) (P10 μg/

mL=0.1217, P20 μg/mL=0.0466, P40 μg/mL=0.0188, P80 μg/mL<0.0001, P160 

μg/mL<0.0001), while the Col III protein level exhibited a similar 
trend (figure 3 B-C) (P10 μg/mL=0.0998, P20 μg/mL=0.0606, P40 μg/

mL=0.0339, P80 μg/mL<0.0001, P160 μg/mL<0.0001).

Figure1. Rg3 inhibited the proliferation of Human vocal 
cord scar fibroblasts (HVCSFs) and promoted 
their apoptosis. A: The inhibition ratio of constructed with 
the Cell Counting Kit-8 assays(CCK-8) results after 
Rg3 treatment for 24 h and 48h, B: Fluorescence images of 
HVCSFs dual-stained with calcein AM (green) and PI (red) 
at 48 h after Rg3 treatment (10×, Scale bar =100 μm), C: 
Flow cytometry analysis of apoptosis and the corresponding 
apoptosis rates in HVCSFs were obtained after 48 h after Rg3 
treatment (****P < 0.0001). 

Figure 2. The migration and invasion abilities of 
HVCSFs were assayed in Transwell chambers after 
Rg3 treatment, A: the Transwell invaded, B: the 
Transwell migrated (200×, Scale bar =100 μm, *** 
P < 0.001,**** P< 0.0001).

Figure 3. Effects of Rg3 on Collagen Type (Col) I, Col III, 
and Caspase-3 signaling activities in cultured HVCSFs. 
A: It showed mRNA relative expression levels of Col I, Col 
III, and Caspase-3 in HVCSFs at treated with different 
concentrations of Rg3 (10, 20, 40, 80, and 160 μg/mL). 
B: Protein levels of Col I, Col III, and Caspase-3 in 
HVCSFs at treated with different concentrations of Rg3. C: 
Densitometric analysis of (B). (*P< 0.05, ** P < 0.01, *** 
P < 0.001,**** P < 0.0001). 
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Discussion
The present study demonstrated that ginsenoside Rg3 

exerts significant inhibitory effects on the proliferation of 
human vocal fold scar fibroblasts (HVFSFs), while promoting 
their apoptosis in a concentration-dependent manner. 
Additionally, Rg3 effectively suppressed the excessive 
deposition of Col I and Col III, key ECM components that 
contribute to vocal fold fibrosis. These findings suggest that 
Rg3 may serve as a potential therapeutic agent for vocal 
fold scarring by modulating fibroblast activity and collagen 
metabolism.

The results of this study indicate that ginsenoside Rg3 
has a dual regulatory effect on HVCSFs, providing important 
clues for a deeper understanding of its therapeutic mechanism. 
Firstly, Rg3 dose-dependently inhibited the proliferation 
of HVCSFs and significantly promoted cell apoptosis. The 
Caspase (Cysteine-dependent aspartate-directed proteases) 
family is a core molecule in the apoptotic signaling pathway. 
Among them, Caspase-3 is regarded as the key executor of 
apoptosis, and its activation marks an irreversible “dead end” 
in the process of cell apoptosis.16 Western blot and qPCR 
analyses confirmed that the expression of the apoptotic 
execution molecule caspase-3 was significantly upregulated 
after Rg3 treatment, suggesting that Rg3 may actively induce 
the programmed death of over-proliferating vocal cord scar 
fibroblasts by activating the caspase-3-dependent apoptotic 
pathway. Furthermore, the regulatory effect of Rg3 on collagen 
metabolism is particularly significant. The study found that 
treatment with Rg3 significantly reduced the expression levels 
of Col I and Col III, which are the main ECM components 
that are excessively deposited in the vocal cord scar tissue. 
By inhibiting the synthesis of these key collagen molecules, 
Rg3 effectively alleviated the excessive deposition of the 
extracellular matrix, which is crucial for restoring the normal 
structure and vibration characteristics of the vocal cord.

The results of this study indicate that ginsenoside 
Rg3 exerts dual regulatory effects on HVFSFs, providing 
important insights into its therapeutic mechanism. Firstly, 
Rg3 dose-dependently inhibited HVFSFs proliferation and 
significantly promoted cell apoptosis. The caspase (cysteine-
dependent aspartate-directed protease) family serves as a core 
component of apoptotic signaling pathways, with caspase-3 
regarded as the key executioner of apoptosis; its activation 
marks an irreversible commitment to cell death.16 Western blot 
and qPCR analyses confirmed that caspase-3 expression was 
significantly upregulated following Rg3 treatment, suggesting 
that Rg3 may actively induce programmed cell death in over-
proliferating vocal fold scar fibroblasts through activation of 
the caspase-3-dependent apoptotic pathway. Furthermore, the 
regulatory effect of Rg3 on collagen metabolism is particularly 
noteworthy. Rg3 treatment significantly reduced the 
expression levels of Col I and Col III, which are the main ECM 
components excessively deposited in vocal fold scar tissue. 
By inhibiting the synthesis of these key collagen molecules, 
Rg3 effectively alleviated excessive ECM deposition, which 
is crucial for restoring the normal structural architecture and 
vibratory characteristics of the vocal folds.

Although this discussion focuses on the caspase-3 
pathway, intracellular signaling networks are complex and 
highly interconnected. Caspase-3 activation is frequently 
regulated by multiple upstream signaling pathways, including 
Bcl-2 family proteins17 (modulating the mitochondrial 
apoptosis pathway) and the Fas/FasL system 18 (regulating the 
death receptor-mediated apoptosis pathway). Concurrently, 
Rg3 may exert anti-fibrotic effects synergistically with 
caspase-3 pathway activation by modulating other classical 
fibrosis-related pathways, such as TGF-β/Smad,14 MAPK 
(mitogen-activated protein kinase),12,19 and PI3K/Akt 
(phosphatidylinositol 3-kinase/protein kinase B).20-22 For 
instance, Rg3 may inhibit TGF-β1 expression or receptor 
activation, thereby attenuating pro-fibrotic signaling23 - an 
effect that may occur independently of or in synergy with its 
pro-apoptotic actions. Future studies should comprehensively 
elucidate the complete signaling network through which Rg3 
exerts its effects in HVFSFs.

Conclusion
In conclusion, our findings highlight ginsenoside Rg3 

as a promising candidate for anti-fibrotic therapy in vocal fold 
scarring, given its dual ability to induce fibroblast apoptosis 
and suppress pathological collagen deposition. Further in 
vivo studies and clinical trials are warranted to validate its 
therapeutic potential.
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Abstract
Background: Inflammatory diseases of the urinary system remain a significant clinical challenge in urology, and current diagnostic 
methods are limited in their ability to assess morphological and functional changes at the molecular and ultrastructural levels. The 
development of comprehensive digital tools integrating functional imaging with ultrastructural analysis is necessary to improve 
diagnosis and monitoring.
Methods and Results: This pilot study included 8 patients divided into two groups: inflammatory kidney diseases (n=4) and 
bladder inflammation (n=4). Data from PET/CT scans using ¹⁸F-FDG and ¹¹C-choline were integrated with 3D anatomical 
reconstruction and 3D ultrastructural analysis performed by scanning and transmission electron microscopy. A clear relationship 
was established between the SUVmax of radiopharmaceuticals and the 3D anatomical and 3D ultrastructural changes reflecting 
bacterial inflammation activity. Clinical navigation schemes were developed enabling physicians to retrospectively assess the 
probable 3D visual and ultrastructural state of the urinary system using digital PET/CT indicators.(International Journal of 
Biomedicine. 2026;16(3):378-382.)
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Introduction
Inflammatory diseases of the urinary system remain among 
the most prevalent and clinically significant challenges in 
urology.1–3 Despite a broad spectrum of available diagnostic 
modalities—including laboratory testing, ultrasonography, 
computed tomography (CT), and magnetic resonance imaging 
(MRI)—accurate quantitative and qualitative assessment of 
morphological and functional changes at the molecular and 
ultrastructural levels remains a considerable challenge for the 
practicing clinician.4 The limited resolution of conventional 
imaging technologies and the lack of an integrated analytical 
approach diminish the effectiveness of early detection of 
pathological alterations and longitudinal monitoring of 
inflammatory disease activity.5 Over the past decades, the 
advent of whole-body positron emission tomography/computed 
tomography (PET/CT) has opened new avenues for evaluating 
the metabolic activity of inflammatory processes in the kidneys 
and urinary bladder.6,7 However, in routine clinical practice, the 
functional information provided by PET/CT is predominantly 
used to detect neoplastic pathologies, whereas the interpretation 
of inflammation-related changes in scanned organs remains 
insufficiently developed.8–11 Contemporary three-dimensional 
(3D) reconstruction techniques, based on high-precision data 

from advanced and resource-intensive research modalities, 
enable the acquisition of detailed ultrastructural images 
of pathological alterations. This capability is critically 
important for a deeper understanding of the pathogenesis of 
inflammatory processes and for the accurate assessment of 
their activity.12–15 In this context, multidisciplinary approaches 
that combine functional and ultrastructural 3D visualization are 
of considerable interest. One such approach is the integration 
of PET/CT diagnostic data with findings from ultrastructural 
and clinical investigations. 16-17 Given the growing demand 
for personalized medicine and precision diagnostics in 
inflammatory diseases, there is a pressing need to develop 
digital analytical platforms. Such platforms would enable 
clinicians—without requiring in-depth expertise in nuclear 
medicine, 3D technologies, or electron microscopy—to rapidly 
and reliably assess the 3D visual and 3D ultrastructural state of 
the kidneys and urinary bladder based on standardized uptake 
values (SUV) of radiopharmaceuticals. 
Therefore, the development and implementation of a digital 
analytical platform will not only improve the accuracy of 
diagnosis and monitoring of inflammatory processes but also 
lay the groundwork for the creation of novel clinical navigation 
algorithms, ultimately enhancing treatment efficacy and patient 
quality of life.

https://orcid.org/0000-0002-9414-8510
https://orcid.org/0009-0005-1333-2922
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Objective
This study aimed to develop a digital analytical 

platform capable of retrospectively assessing, based on whole-
body PET/CT digital data, the probable 3D visual and 3D 
ultrastructural state of urinary system organs in patients with 
inflammatory diseases of the kidneys and urinary bladder.

Materials and Methods
Study Design and Patient Population 

This pilot study was based on the results of a 
comprehensive examination of eight patients treated at the 
Urology Department of the Tyumen Regional Clinical Hospital 
No. 2 between 2020 and 2023. The study was conducted in 
accordance with the Declaration of Helsinki and approved by 
the institutional ethics committee. All participants provided 
written informed consent.

Group 1 comprised three women and one man, with a 
median age of 39.5 years (range: 28–42), who had undergone 
nephrectomy for the following indications: acute purulent 
pyelonephritis with multiple parenchymal carbuncles (n=1), 
chronic pyelonephritis resulting in malignant nephrogenic 
hypertension with a preserved contralateral kidney (n=1), 
and a non-functioning, secondarily shrunken pyelonephritic 
kidney (n=2). The inclusion criteria were as follows: a history 
of nephrectomy for one of the specified diagnoses, whole-
body ¹⁸F-FDG PET/CT performed before surgery, age over 18 
years, and provision of informed consent. Exclusion criteria 
included: an unverified diagnosis underlying the nephrectomy, 
the presence of renal or urinary tract malignancy, and severe 
decompensated comorbidities.

In the first case, ¹⁸F-FDG PET/CT was performed to 
investigate a potential oncological cause of fever of unknown 
origin; in the remaining three cases, the scan was undertaken 
to exclude oncological causes of persistent isolated urinary 
syndrome with microhematuria. For comparative analysis, 
we used whole-body ¹⁸F-FDG PET/CT images from Patient 
I., a 42-year-old male with no nephrourological history, and 
ultrastructural examination data of a kidney specimen from 
Patient A., a 38-year-old male without nephrourological 
history, whose kidney was removed due to traumatic avulsion 
from the renal pedicle.

For each case in the study group, 3D anatomical 
reconstruction of the sectional renal anatomy was 
generated from the post-nephrectomy gross specimen 
using our proprietary computer software. Concurrently, 3D 
ultrastructural reconstruction of all nephron elements within a 
single integrated block was performed based on transmission 
electron microscopy (TEM) at ×10,000 magnification.

Group 2 consisted of three women and one man, with 
a median age of 41.5 years (range: 30–45), who presented 
with inflammatory diseases of the urinary bladder. All 
had previously undergone ¹¹C-choline PET/CT to rule out 
oncological causes of persistent isolated urinary syndrome 
with microhematuria. During hospitalization, all patients 
underwent cystoscopy with targeted biopsy under general 
anesthesia. For comparative analysis, we used whole-body 

¹¹C-choline PET/CT images from Patient M., a 42-year-old 
female with no nephrourological history, and ultrastructural 
findings from the bladder wall of Patient Sh., a 29-year-
old male without nephrourological history, whose tissue 
was obtained during surgical debridement and closure of a 
traumatic bladder rupture.

For each case in Group 2, 3D visual reconstruction of the 
bladder mucosa was generated from the cystoscopic findings 
using our proprietary computer software. Additionally, 3D 
ultrastructural reconstruction of all bladder wall elements 
within a single integrated block was performed based on 
scanning electron microscopy (SEM) at ×6,000 magnification.

PET/CT Imaging
Whole-body PET/CT was performed according to 

a standard protocol using a Biograph PET/CT scanner 
(Siemens, Germany) installed at the Radiology Center of the 
Tyumen Regional Oncology Center. Functional changes in 
the renal parenchyma and bladder wall were evaluated based 
on tissue affinity for the radiopharmaceuticals. Regions of 
interest were analyzed automatically for standardized uptake 
values (SUV) in minimal (SUVmin), average (SUVavg), and 
maximal (SUVmax) ranges within comparable tissue volumes 
(cm³). Radiopharmaceuticals were synthesized on-site using a 
compact cyclotron (Scanditronix, Sweden).

Electron Microscopy
Scanning electron microscopy (SEM) was performed at 

the Tyumen Scientific Center, Siberian Branch of the Russian 
Academy of Sciences, using a Hitachi High-Tech SU3800/
SU3900 scanning electron microscope (Japan). Transmission 
electron microscopy (TEM) was employed for ultrastructural 
analysis of nephron elements at ×10,000 magnification, while 
SEM was utilized for 3D ultrastructural reconstruction of 
bladder wall elements at ×6,000 magnification.

Integrated Data Analysis
Based on the results of high-technology and research-

intensive investigations, we assessed the relationship between 
the maximal standardized uptake value (SUVmax), obtained 
non-invasively by PET/CT, and the characteristic 3D visual 
and 3D ultrastructural tissue manifestations of pathology, 
obtained invasively by scanning and transmission electron 
microscopy.

Results
The comprehensive investigations conducted in this 

pilot study established a clear relationship among patients 
with renal pathology between the standardized uptake 
value of ¹⁸F-FDG (SUVmax) in the renal parenchyma, the 
corresponding 3D anatomical features of sectional kidney 
anatomy, and the 3D ultrastructural state of all nephron 
elements within a single integrated block, reflecting varying 
degrees of bacterial inflammatory activity.

The assessment of the 3D ultrastructural state of the 
nephron was based on the visual analysis of the following 
parameters: podocyte size, organelle density within the 
podocyte, the condition of the basement membrane, the 
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presence of pathological contents within the urinary space, 
and the structural integrity of the proximal and distal tubules 
(Figure 1).

In Group 2, we analyzed a possible relationship between 
the SUVmax of ¹¹C-choline uptake in the bladder wall, the 
3D cystoscopic appearance, and the 3D ultrastructural 
manifestations of impaired bladder barrier function, which 

leads to the saturation of the bladder wall layers with urine 
containing ¹¹C-choline. By assessing visual changes in cell 
size, the structural organization of superficial urothelial 
cells, and the presence and width of intercellular spaces, we 
evaluated the likelihood of urine penetration—containing not 
only ¹¹C-choline but also toxic peroxide enzymes and oxygen 
free radicals—into the deeper layers of the bladder wall 
(Figure 2).

Based on the relationships identified from multilevel 
imaging, we developed a clinical navigation scheme for 
practicing urologists. Using this scheme, a urologist—without 
specialized expertise in nuclear medicine or 3D ultrastructural 
analysis—can retrospectively determine, by referencing the 
affinity of the renal parenchyma for ¹⁸F-FDG (SUVmax), the 
probable 3D anatomical state of the renal parenchyma and the 
3D ultrastructural changes in all nephron elements within a 
single integrated block characteristic of bacterial inflammation 
at ×10,000 magnification (Figure 3).

A similar clinical navigation scheme was developed 
to assess the likelihood of impaired bladder barrier function 
as one cause of recurrent cystitis. Using this scheme, a 
physician without specialized training in nuclear medicine 
or ultrastructural research methods can retrospectively 
determine, based on the digital values of bladder wall affinity 
for ¹¹C-choline, the probable 3D cystoscopic appearance and 
the 3D ultrastructural state of all bladder wall elements within 
a single integrated block (Figure 4).

Figure 1. Correlation of SUVmax values with the 
anatomical 3D reconstruction of the renal parenchyma 
and the segmented ultrastructural 3D reconstruction of 
the nephron.

Figure 3. Clinical navigation scheme of the probable 
3D ultrastructural state of the nephron at 10,000× 
magnification and the 3D anatomical structure of the renal 
parenchyma based on the digital PET/CT standardized 
uptake value (SUV) of 18F-FDG.

Figure 4. Clinical navigation scheme of the probable 
3D cystoscopic view of the mucosa and the 3D 
ultrastructural condition of the bladder wall’s barrier 
functions at 6000× magnification, based on the digital 
standardized uptake value (SUV) of 11C-choline from 
PET/CT results. 

Figure 2. Correlation of SUVmax values with the 3D 
cystoscopic view and the 3D ultrastructural condition of 
the bladder wall within a single integrated block.
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Discussion
This pilot study, which investigated the PET/CT-based 

molecular, cellular, and ultrastructural characteristics of the 
renal parenchyma and bladder wall elements, resulted in the 
development of a digital analytical platform. This platform 
enables the modeling of the probable 3D visual appearance 
and 3D ultrastructural state of the urinary system organs in 
the setting of inflammatory diseases, using data from ¹⁸F-FDG 
and ¹¹C-choline PET/CT. The findings indicate a close 
relationship between the standardized uptake values of the 
radiopharmaceuticals (SUVmax) and the 3D ultrastructural 
manifestations of inflammation in both the renal parenchyma 
and the bladder wall.

Specifically, varying degrees of bacterial inflammatory 
activity within the renal parenchyma were associated with 
distinct changes in the digital SUVmax values for ¹⁸F-FDG, 
which correlated with the severity of structural alterations in 
the nephron—the fundamental functional unit of the kidney. 
In the context of clinical and laboratory manifestations of 
bacterial cystitis, the digital SUVmax value for ¹¹C-choline 
reflected the integrity of the bladder’s barrier function, 
specifically its capacity to prevent toxic urinary products—
including enzymes, peroxides, and free radicals—from 
penetrating the deeper layers of the bladder wall.

These data support the feasibility and clinical relevance of 
integrating functional imaging with multilevel morphological 
analysis. The multidisciplinary approach implemented within 
our developed digital platform enhances the understanding 
of the pathogenesis of inflammatory diseases, which is 
essential for accurate diagnosis and monitoring and cannot be 
achieved by other currently available examination methods. 
This is particularly pertinent given the increasing demand for 
integrating digital technologies and artificial intelligence into 
routine clinical practice, ultimately contributing to improved 
clinical outcomes and enhanced quality of life for our patients.

Study Limitations
The present study has several limitations. This is a 

pilot investigation, and further research is required before 
widespread clinical implementation can be considered. An 
additional limitation is the absence of a comprehensive 
statistical analysis. A significant practical limitation at present 
is the high cost and limited availability of PET/CT imaging. 
Consequently, the results presented herein should be regarded 
as preliminary and require validation in larger studies with 
expanded sample sizes, a comparative design, and robust 
statistical analysis.

Conclusion
In this pilot study, we developed a digital analytical 

platform that enables the assessment of the probable 3D visual 
and 3D ultrastructural state of the urinary system organs in the 
setting of urological inflammatory diseases, based on PET/CT 
tissue affinity values for radiopharmaceuticals. The proposed 
clinical navigation schemes allow urologists to model, in an 

accessible and intuitive format, the probable condition of the 
kidneys and urinary bladder without the need for resource-
intensive, high-technology investigations, thereby facilitating 
more accurate diagnosis and personalized treatment.

The limitations and shortcomings of our work are 
related to the pilot nature of the study, and larger-scale clinical 
investigations are required to confirm the efficacy of the 
proposed approach definitively.
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Abstract
Background: Preserving teeth with compromised periodontal support when using tooth-supported removable dentures 
(overdentures—ODs) presents challenges related to periodontal tissue condition and denture retention.
The aim of the study was to assess the effects of inserting magnets into the OD base on periodontal tissue indices around abutment 
teeth (AT) beneath ODs.
Methods and Results: The 136 vital canines/premolars were included in the study. Experimental group (EG)  involved 48 partially 
edentulous patients with 96 ATʼs in lower jaw while upper had complete denture, assuming subgroups:  A) split mouth samples 
of 24 patients/24 teeth with magnets inserted in denture base around AT on one jaw side, while the contralateral side presented 
by 24 AT without magnets; B) 24 patients in whom magnets were placed around 48 AT on both sides of a mandibular OD. The 
control group comprised 20 individuals with healthy dental arches, each with one pair of canines/premolars (a total of 40 teeth). 
All patients were followed for one year, with the assessment of the plaque index (PI; Silness & Loe) and the gingival index (GI; 
Loe & Silness). Significant decrease of PI and GI values was noted in the EG subgroup B between the base time point [PI = 0.875 
(0.4687-1.0312), GI =1.000 (0.359-1.578)] and 12 months recall (PI = 0.375 (0.2500-0.7500), GI = 0.750 (0.187-1.156)] (P < 
0.01 in both cases). 
Conclusion: The inserted magnets of OD significantly improved PI and GI values around experimental abutment teeth after 12 
months. (International Journal of Biomedicine. 2026;16(3):383-387.)
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Introduction
The acrylic resin overdenture (OD) prosthesis is an 

appropriate treatment for partially edentulous patients who 
have a small number of remaining teeth with poor periodontal 
prognosis.1 The remaining teeth for OD must be adequately 
prepared to achieve better adhesion than with conventional 
dentures.2,3 The additional retention for OD is nowadays 
achieved by dental implants as the standard protocol in 
prosthetic rehabilitation. Furthermore, remaining teeth that 
are properly positioned and sufficiently stable can serve as 

abutments for telescopic (double) crowns, particularly when 
there is a high risk of osteoporosis.4Although ODs have been 
widely used, meaningful clinical problems are still related to 
the periodontal disease 5,6 as well as jaw osteoporosis.7,8 With 
that in mind, some authors have attempted to apply a magnetic 
field (MF) to prevent alveolar bone loss after tooth extraction  5,9 a 
finding recently confirmed in bone and cartilage tissues.10 The 
promising studies on the animal models 11-13 as well as human 
14 regarding periodontal tissue preservation directed the aim of 
this study to measure the influence of MF on the periodontal 
health of abutment teeth (AT) under OD, comparing the 

https://orcid.org/orcid-search/search?searchQuery=https:%2F%2Forcid.org%2F0000-0002-0682-7186
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periodontal indices’ values between abutment teeth with and 
without magnets. The null hypothesis was that periodontal 
tissues around teeth adjacent to magnets inserted into ODs 
have a periodontal health status similar to that of the control 
teeth (without magnets) beneath overdentures.

Materials and Methods
The Study Protocol

The 136 vital lower canines/premolars of patients were 
included in the study. Experimental group (EG)  involved 48 
subjects with maximally reduced tooth number,  96 abutment 
teeth overall,  assuming two subgroups:  A) split mouth 
samples of 24 patients/24 teeth with magnets inserted in 
denture base around AT on one jaw side, while the contralateral 
side presented by 24 AT without magnets; B) 24 patients in 
whom magnets were placed around 48 AT on both sides of a 
mandibular OD. The control group comprised 20 individuals 
with healthy dental arches, each with one pair of canines/
premolars (a total of 40 teeth). All patients were followed for 
one year, with the assessment of the plaque index (PI; Silness 
& Loe) and the gingival index (GI; Loe & Silness).15

Before the study, patients were trained to follow an 
adequate oral hygiene regimen. This study included only 
lower canine/premolar abutments, which in EG showed poor 
periodontal status and reduced alveolar bone. Participants 
had to agree to wear the dentures continuously during the 
daytime and refrain from wearing them at night. All dentures 
were fabricated in the laboratory (Clinic of Dental Prosthetics, 
School of Dental Medicine, Belgrade University) by the 
same dental technicians using standardized materials and 
methodology. The measurements were taken by the same 
person (the first author of the study).
Magnets’ Insertion into the Patient’s Overdentures

Acupuncture micromagnets (AKMA R, Institute of 
Mihajlo Pupin, Belgrade, Serbia) were incorporated into the 
bases of the ODs (Fig 1) near the remaining AT with casting 
caps (Fig 2).  All AT had metal copings that met the well-fitting 
criteria. Magnets were implanted at the beginning of the study. 
The used static magnet discs were spherical and consisted 
mostly of barium ferrite, with a concentrated magnetic flux 
density of 60 mT, attested by the Military Medical Academy, 
Belgrade (attest number: 1600-2/83). Magnet discs were plan-
convex in shape, with a diameter of 3.0 mm and a height of 
1.4mm. The subjects were assessed for periodontal health status 
to determine the PI and GI. According to the manufacturer’s 
data (Mihajlo Pupun Institute), magnets exposed the biological 
homogeneous field with an effect of 5.0 mm along the axis and 
8.0 mm to the sides. The plain surface of the magnet disc (south 
pole) was inward oriented, and the convex surface (north pole, 
i.e., therapeutic pole) outward to the gingival tissue. There 
would be no harmful magnetic influence due to the following 
of the International Commission on Non-Ionizing Radiation 
Protection (ICNIRP) parameters.16 The index recordings were 
performed by the same operator at baseline and 12 months 
after magnet insertion. The PI value was measured after 
patients rinsed their mouths and dried (standard erythrosin 
disclosing tablets, Buttler Gum toothbrush, Sunstar Americas 

Inc., Chicago, USA). Dental plaque was detected by dental 
probe graded from 0 to 3 according to the following criteria: 
0 - no dental plaque at the gingival third of the tooth crown; 
1 - dental plaque present in very thin layers close to the 
gingival margin visible only by disclosing tablet; 2 - moderate 
presence of plaque in the gingival sulcus/pocket - visible by 
naked eye and 3 - large amount of dental plaque by completely 
saturated gingival sulcus/pocket and interdental space. The 
GI was characterized by the following values: 1 (0.1 to 1.0) 
- insignificant; 2 (1.1 to 2.0) - moderate, and 3 (2.1 to 3.0) - 
intensive gingival inflammation.

Statistical analysis was performed using SPSS Statistics 
for Windows, Version 11.5 (SPSS Inc., Chicago, IL). The 
results are presented as median (Me) and interquartile range 
(IQR [Q1; Q3]).  A nonparametric repeated-measures ANOVA 
was used. A P-value <0.05 was considered statistically 
significant.

Results
PI values decreased significantly after 12 months in 

Subgroup B (P<0.01), but in Subgroup A, PI values increased 
insignificantly (P>0.05) (Table 1).

Fig. 1. Suitable position of magnets in the OD base.

Fig. 2. Abutment teeth prepared with casting caps.

Baseline 12 months after P-value

Subgroup A 0.632 
(0.4531-1.2343)

0.687 
(0.3125-0.9687) >0.05

Subgroup B 0.875 
(0.4687-1.0312)

0.375
(0.2500-0.7500) <0.01

Table 1. 
Plaque index values ​​in the study subgroups at baseline and after 
12 months.
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GI values showed similar changes. A statistically 
significant decrease after 12 months was observed in Subgroup 
B (P<0.01), whereas in Subgroup A, the PI value showed an 
insignificant increase (P>0.05) (Table 2).

Discussion
The study we conducted is somewhat unique, as it used 

the stated methodology of inserting magnets into the OD base 
and examining their effects on abutment tissues. Namely, the 
present study demonstrated that the magnetic field (MF) has 
a beneficial effect on periodontal tissues surrounding OD-
worn teeth, as evidenced by more favorable PI and GI index 
values after 12 months in patients in whom magnets were 
placed around 48 AT on both sides of a mandibular OD. Thus, 
exposure to a constant MF has a positive effect on the two 
indicators of periodontal tissue status investigated. However, 
this improvement could be explained not only by the magnet›s 
influence but also by the combined effect of prior education on 
oral hygiene among the patients.

This study was inspired by the promising results of 
bioelectrical potential in bone tissue reported by Dr. Zachary 
Bert Friedenberg in 1966. Since then, many researchers 
have begun to examine the magnetic influence on various 
osteopathological entities.14,17-19 ODs were chosen for this 
study instead of classical full /partial dentures due to their 
well-known positive effect on the periodontal tissue.1-6 The 
encouragement of micromagnet implementation in the denture 
base led to positive results in our microbiological study, given 
its bacteriostatic effect.20

Due to the decrease in MF with distance to the third 
power (1/r3), our magnet discs were inserted into the acrylic 
base as close as possible to the gingival tissue to achieve better 
results.

To the best of the authors’ knowledge, this is the first 
study in the literature to investigate the influence of MF on 
periodontal health under OD. Thus, the results of the present 
study cannot be compared with those of similar studies. 
According to (WHO) standards 16 defined by ICNIRP, the MF 
obtained was classified as «safe» for human tissue treatments 
with no consequences for an indefinite period. Advantages 
of static over variable MF include easier control over a 
continuum, greater power stability, and no need for subject 
check-ups.

As the patients were highly motivated to preserve their 
remaining teeth, they eagerly accepted this treatment and 
underwent regular check-ups over the 12-month period.  It is 
emphasized that there were no cases of fractured OD during 

the study, owing to the small dimensions of magnets precisely 
incorporated into the denture base. Dentures were fabricated 
at the University Clinic for Prosthodontics by the same person, 
a senior, very skilled technician, using conventional materials. 
This uniformity enabled a reliable statistical analysis of the 
data.

 Low PI is explained by the reduction in microbes under 
MF in this study, as confirmed in our recent microbiological 
study.20 Favorable GI under MF might be due to the accelerated 
metabolism of both inflamed and healthy tissues. Namely, the 
permeability of the cell membrane is increased, and so is cell 
metabolism.11,22 More precisely, a beneficial bacteriostatic 
effect and improved vascularisation of tissues beneath the OD 
are also observed.

As the findings of the clinical periodontal indices/
tests were favorable, indicating improvement in PI and GI, 
the clinical procedure of this experiment, i.e., the insertion 
of magnets into OD, should be applied in everyday dental 
practice.

The results of some longitudinal 3,5 and our studies 19 should 
encourage investigators to apply MF in the oral environment 
and to use it for alveolar bone preservation for longer than one 
year, especially where remaining teeth are present. However, the 
literature suggests that magnets may not substitute for antibiotics 
in the treatment of bacterial infections in some dental treatments 
and adjunct periodontal surgery.

Moreover, we should keep in mind the upcoming 
technologies for measuring periodontal tissue load. Hence, the 
relatively new technique, the stereooptics method, was used 
to evaluate the resistance of periodontal supporting tissues 
around remaining teeth under OD. Namely, some authors used 
that model to study the distribution of occlusal stress on casts 
of a partially edentulous lower jaw with copings, yielding 
highly precise data using the digital image correlation method 
and ARAMIS software.21

Bearing in mind the huge increase in the use of implants 
under the overdenture, the finite element-simulated method 
on the newly designed model showed that the new design of 
customized mandible implant (sinewave plate), which showed 
an advantage over the standard method, could also be a novelty 
for application in prosthetic science, commonly used straight 
implant design regarding periodontal tissue condition.22

Overall, the results on periodontal condition relied on 
standardized indices and tests and may be considered reliable. 
In this study, it was expected that the periodontal condition 
of the teeth under OD prostheses would remain the same 
or even worsen after 1 year of therapy. However, PI and GI 
values around the teeth without MF influence were higher than 
expected, as reported in Tables 1 and 2. Moreover, teeth under 
static MF influence remained stable in their alveoli, with a 
favorable periodontal status, indicating long-term survival.

Conclusion
The null hypothesis that tissues adjacent to magnets 

had the same periodontal health as teeth without magnets 
was rejected, as MF showed a positive influence on PI and GI 
around remaining abutment teeth after 12 months following AT 

Table 2.
Gingival index values ​​in the study subgroups at baseline and after 
12 months.

Baseline 12 months after P-value
Subgroup A 1.37 

(1.118-1.625)
1.12 
(0.687-1.484)

>0.05

Subgroup B 1.000 
(0.359-1.578)

0.750
 (0.187-1.156)

<0.01
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with magnets. Hence, the presence of the static MF enhances 
the strength and resistance of periodontal supporting tissues 
around remaining teeth under OD. Additional use of magnets 
with OD is a simple, safe procedure widely accepted by 
patients and should be recommended to preserve the alveolar 
bone and stimulate other supporting tissues.

Clinical Implications
The results of this study showed beneficial effects of 

the magnetic field (improved periodontal indices) beneath 
the partial overdenture around preserved remaining teeth. 
The recommendation for the geriatric population is obvious: 
to include the remaining teeth, even with a poor periodontal 
prognosis, to reshape them and keep them as abutment teeth 
for a further overdenture with magnets inserted into their 
bases. 
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Abstract
Axial skeletal involvement is rare in systemic lupus erythematosus (SLE) and systemic sclerosis (SSc) and is not typically recognized 
in their overlap. We describe a 35-year-old woman with a 4-year history of SLE–SSc overlap who developed inflammatory low-back 
pain and progressive dyspnea. High-resolution computed tomography showed new usual-interstitial-pneumonia-pattern interstitial 
lung disease (ILD); sacroiliac magnetic resonance imaging confirmed bilateral active sacroiliitis; HLA-B27 was negative. After 
methotrexate withdrawal, mycophenolate, and nintedanib, rituximab was given for progressive ILD and produced both pulmonary 
stabilization and resolution of axial symptoms, allowing nonsteroidal anti-inflammatory drug discontinuation. Rituximab may 
offer dual benefit in overlap-associated sacroiliitis with ILD. (International Journal of Biomedicine. 2026;16(3):388-394.)
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Introduction
Systemic lupus erythematosus (SLE) and systemic 

sclerosis (SSc) are chronic, multisystem autoimmune 
connective tissue diseases (CTDs) characterized by distinct yet 
partially overlapping immunopathogenic features, including 
loss of self-tolerance, autoantibody production, and tissue 
injury mediated by immune complex deposition, vasculopathy, 
and fibrosis.1 Although each disease has a well-defined 
clinical phenotype, a subset of patients fulfills classification 
criteria for both entities simultaneously or sequentially, a 
condition referred to as SLE–SSc overlap syndrome. Reported 
prevalence estimates vary considerably depending on case 
definition and cohort, ranging from approximately 6.8% to 
14% of patients with SSc in contemporary series, with patients 
typically being younger at diagnosis and more frequently 
exhibiting limited cutaneous SSc, anti–U1-RNP positivity, 
and antiphospholipid antibodies than those with isolated SSc. 
2,3 Clinically, overlap patients often present with Raynaud 
phenomenon, inflammatory polyarthritis, gastroesophageal 

reflux, skin thickening, cytopenias, and variable degrees of 
renal and pulmonary involvement.2,3 Interstitial lung disease 
(ILD), particularly when manifesting as a nonspecific 
interstitial pneumonia or, less commonly, a usual interstitial 
pneumonia (UIP) pattern, represents a major source of 
morbidity and mortality in SSc and occurs less frequently but 
with comparable clinical impact in SLE.2

Musculoskeletal manifestations are highly prevalent in 
both SLE and SSc, affecting 70–95% of patients with SLE 
and the majority of those with SSc over the disease course, 
with inflammatory arthralgia or arthritis commonly presenting 
first.4,5 In SLE, articular involvement predominantly takes 
the form of a symmetric, non-erosive polyarthritis affecting 
the small joints of the hands, wrists, and knees (Jaccoud’s 
arthropathy being a recognized variant), whereas in 
SSc, inflammatory arthritis, tendon friction rubs, flexion 
contractures, and acro-osteolysis are more characteristic.4,5 In 
contrast, axial skeletal involvement—including sacroiliitis—
remains distinctly uncommon and is not generally regarded 
as a characteristic feature of either disease or their overlap 
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phenotype.5 The true prevalence of sacroiliitis in SLE is poorly 
defined, largely because the sacroiliac joints have historically 
been considered outside the spectrum of lupus arthropathy and 
are rarely imaged in routine practice. A case–control magnetic 
resonance imaging (MRI) study reported a significantly higher 
frequency of sacroiliac joint inflammation in patients with 
SLE than in age- and sex-matched controls, with elevated 
C-reactive protein concentrations identified as a risk factor for 
acute sacroiliitis.6 A separate cohort study found inflammatory 
back pain in approximately 16% of SLE patients, of whom 
a subset demonstrated active sacroiliitis on MRI independent 
of HLA-B27 status.7 Isolated case reports have documented 
bilateral sacroiliitis in juvenile and adult SLE as well as in 
SLE overlap syndromes with dermatomyositis, supporting the 
existence of a distinct “lupoid sacroarthropathy” phenotype that 
appears to reflect disease-intrinsic autoimmune inflammation 
rather than coexisting spondyloarthritis.8-10 By contrast, 
sacroiliitis in SSc and in SLE–SSc overlap has been reported 
only exceptionally.5,11 When sacroiliitis occurs in a patient with 
an established CTD, especially in the absence of HLA-B27 
positivity, a family history of spondyloarthritis, or other 
defining spondyloarthritis features such as psoriasis, uveitis, 
inflammatory bowel disease, dactylitis, or enthesitis, the 
diagnostic differential becomes broad and includes infectious, 
mechanical, degenerative, and—most importantly—primary 
autoimmune etiologies that must be distinguished from 
seronegative spondyloarthropathy.8-12 The 2009 Assessment of 
SpondyloArthritis International Society (ASAS) classification 
criteria for axial spondyloarthritis require the presence of 
chronic back pain (duration ≥3 months) beginning before age 
45, together with imaging evidence of sacroiliitis plus one 
spondyloarthritis feature, or HLA-B27 positivity plus two 
such features.12,13 Patients whose presentations lie outside 
these criteria, as in the present case, represent a diagnostic 
challenge and may reflect a mechanism of synovio-entheseal 
autoimmune activation rather than classic enthesis-driven 
spondyloarthritis.14

Management decisions in this population are further 
complicated by the presence of progressive ILD, which 
constrains the safe use of nonsteroidal anti-inflammatory 
drugs (NSAIDs), high-dose corticosteroids, and several 
conventional synthetic disease-modifying antirheumatic 
drugs (csDMARDs). Methotrexate, although effective for 
inflammatory arthritis in both SLE and SSc, is generally 
avoided or withdrawn once ILD develops due to concerns 
regarding pulmonary toxicity and confounding of disease 
monitoring. Mycophenolate mofetil is widely regarded as a 
first-line immunosuppressive agent for CTD-associated ILD, 
and the tyrosine kinase inhibitor nintedanib has been shown 
in the SENSCIS trial to reduce the annual rate of decline in 
forced vital capacity in patients with SSc-associated ILD,15 

When pulmonary progression continues despite combination 
immunosuppressive and antifibrotic therapy, B-cell–directed 
therapy with rituximab has increasingly been employed as a 
rescue strategy and has demonstrated efficacy in stabilizing 
or improving lung function across a range of CTD-ILDs, 
including SSc, inflammatory myositis, and lupus.16,17 Beyond 
its pulmonary effects, rituximab may also exert a meaningful 

impact on extra-pulmonary inflammatory disease activity, 
including articular and axial manifestations, by depleting 
autoreactive B cells and modulating the synovio-entheseal 
immune milieu.14,17,18

Against this background, we report a case of MRI-
confirmed bilateral active sacroiliitis arising in a patient 
with established SLE–SSc overlap who subsequently 
developed progressive ILD. The case addresses an 
important but underappreciated clinical intersection: the 
recognition of atypical axial manifestations in CTD overlap, 
the therapeutic limitations imposed by concurrent organ-
threatening pulmonary disease, and the observation that 
B-cell depletion with rituximab—pursued primarily for 
pulmonary indications—may also provide meaningful 
benefit for inflammatory axial symptoms. To our knowledge, 
bilateral sacroiliitis in SLE–SSc overlap has not previously 
been described alongside a response of axial symptoms 
to rituximab, and the case therefore illustrates a clinically 
relevant but under-recognized musculoskeletal phenotype 
within the autoimmune overlap spectrum and provides a 
potential management framework when conventional options 
are restricted by pulmonary disease.

Case Presentation
Patient Information

A 35-year-old woman of Middle Eastern descent with a 
4-year history of SLE–SSc overlap syndrome was evaluated 
in the rheumatology outpatient clinic for new inflammatory 
low-back pain of approximately three months’ duration and 
progressively worsening exertional dyspnea. Her disease 
had originally been diagnosed after she presented with 
a 12-month history of triphasic Raynaud phenomenon, 
symmetric inflammatory polyarthralgia, and morning stiffness 
exceeding one hour, photosensitive malar rash, and gradually 
progressive skin tightening of the fingers and hands. At 
that initial evaluation, she met the 2019 European Alliance 
of Associations for Rheumatology/American College of 
Rheumatology (EULAR/ACR) classification criteria for 
SLE and the 2013 ACR/EULAR classification criteria for 
SSc, resulting in a diagnosis of SLE–SSc overlap syndrome. 
She had been started on hydroxychloroquine 400 mg daily, 
low-dose prednisolone, and methotrexate titrated to 15 mg 
weekly with folic acid supplementation, with reasonable 
control of her arthritis and skin findings. Her other initial 
manifestations included recurrent gastroesophageal reflux 
managed with proton pump inhibitor therapy, mild dysphagia 
for solids, and inflammatory polyarthritis involving the 
metacarpophalangeal and proximal interphalangeal joints 
bilaterally, associated with mild-to-moderate skin thickening 
of the fingers and distal forearms (modified Rodnan skin score 
in the mild-to-moderate range). She had no history of digital 
ulceration, scleroderma renal crisis, cardiac involvement, 
seizures, psychosis, lupus nephritis, serositis, or hematologic 
cytopenias. Importantly, she had no personal or family history 
of psoriasis, inflammatory bowel disease, anterior uveitis, 
reactive arthritis, or ankylosing spondylitis, and no prior axial 
symptoms or morning back stiffness. She was a non-smoker, 
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consumed no alcohol, and had no known occupational, 
environmental, or pharmacological exposures associated with 
pulmonary fibrosis. She was married, had two children, and 
worked in a sedentary administrative role. Her family history 
was negative for autoimmune disease, and she had no known 
drug allergies.

Baseline evaluation performed two years earlier, 
including transthoracic echocardiography, showed no evidence 
of pulmonary hypertension, and high-resolution computed 
tomography (HRCT) of the chest at that time demonstrated 
no interstitial lung disease. Baseline pulmonary function 
testing was within normal reference ranges. Serologic testing 
had revealed a strongly positive antinuclear antibody with 
a speckled pattern (titer 1:1280; negative <1:80), elevated 
anti-double-stranded DNA antibody by Crithidia luciliae 
immunofluorescence assay (titer 1:160; negative <1:10), 
and a markedly positive anti-Scl-70 (anti-topoisomerase I) 
antibody (>220 U/mL; negative <7 U/mL). Anti-centromere, 
anti-RNA polymerase III, anti-U1-RNP, anti-Sm, anti-Ro/
SSA, anti-La/SSB, anti-Jo-1, and anti-PM-Scl antibodies were 
negative. Antiphospholipid antibodies (lupus anticoagulant, 
anti-cardiolipin, and anti-β2-glycoprotein I) and rheumatoid 
factor were negative. Complement C3 and C4 levels were 
within normal limits. Baseline complete blood count, serum 
creatinine, liver enzymes, creatine kinase, thyroid function, 
and urinalysis were unremarkable, and inflammatory markers 
(erythrocyte sedimentation rate and C-reactive protein) were 
mildly elevated, consistent with active inflammatory arthritis.
Diagnostic Assessment

The patient described her back pain as insidious in onset, 
localized to the lower back and bilateral buttock regions with 
occasional alternating buttock pain, worse in the second half of 
the night and on awakening, associated with morning stiffness 
lasting more than 60 minutes, improving with movement 
but not with rest, and only partially responsive to as-needed 
analgesia. The pain had progressed over approximately 
three months and had begun to interfere with sleep and daily 
activities. These features fulfilled the ASAS expert criteria 
for inflammatory back pain. Concurrently, she reported 
progressive exertional dyspnea (New York Heart Association 
functional class II–III), a dry nonproductive cough, reduced 
exercise tolerance, and intermittent fatigue. She denied fever, 
weight loss, hemoptysis, chest pain, or orthopnea. On physical 
examination during the current evaluation, she was afebrile and 
hemodynamically stable with normal oxygen saturation at rest 
on room air. Cardiovascular examination was unremarkable 
with no evidence of right heart strain. Respiratory examination 
revealed fine bibasilar inspiratory (Velcro-like) crackles 
without wheeze. Peripheral joint examination revealed no 
active synovitis, swelling, or effusion; mild residual skin 
thickening was noted over the fingers and distal forearms, 
with no new digital ulcers, pitting scars, or telangiectasias. 
Spinal examination demonstrated preserved lumbar range 
of motion without spinal tenderness, but reproducible pain 
was elicited during sacroiliac joint provocation maneuvers 
(positive FABER/Patrick test and sacroiliac compression test 
bilaterally). There was no evidence of enthesitis, dactylitis, or 
peripheral inflammatory arthritis. Ophthalmologic history and 

examination were negative for anterior uveitis, and there were 
no cutaneous findings suggestive of psoriasis.

Magnetic resonance imaging of the sacroiliac joints, 
performed with dedicated short tau inversion recovery (STIR), 
T1, and post-gadolinium sequences, demonstrated bilateral 
subchondral bone-marrow edema involving both iliac and 
sacral surfaces with corresponding post-contrast enhancement, 
findings consistent with active sacroiliitis as defined by 
ASAS criteria (Figure 1); no definite structural changes such 
as erosions, sclerosis, or ankylosis were identified. High-
resolution computed tomography of the chest revealed new 
bilateral, predominantly basal and subpleural reticulation with 
traction bronchiectasis and early honeycombing, radiographic 
features consistent with a usual interstitial pneumonia (UIP) 
pattern (Figure 2). Plain radiographs of the sacroiliac joints 
and lumbar spine were unremarkable. 

HLA-B27 testing by flow cytometry was negative. 
Repeat serologic panel demonstrated persistent high-titer 
ANA, persistently positive anti-Scl-70 antibody, and low-
titer anti-dsDNA antibody; complement levels remained 
normal. Routine laboratory studies, including complete blood 
count, renal function, liver enzymes, creatine kinase, and 

Figure 1. Coronal T2 fat-suppressed MRI 
showing bilateral subchondral bone marrow 
edema of the sacroiliac joints, right greater 
than left, consistent with active inflammatory 
sacroiliitis.

Figure 2. High-resolution chest CT showing 
basal and subpleural honeycombing with 
traction bronchiectasis, consistent with a 
Usual Interstitial Pneumonia (UIP) pattern.
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urinalysis, were within normal reference ranges. Inflammatory 
markers (erythrocyte sedimentation rate and C-reactive 
protein) were mildly elevated. Screening for tuberculosis 
(interferon-gamma release assay), hepatitis B, hepatitis C, 
and human immunodeficiency virus was negative prior to 
subsequent escalation of immunosuppression. Transthoracic 
echocardiography was repeated and showed preserved 
biventricular function with no evidence of pulmonary 
hypertension. Pulmonary function testing demonstrated a 
restrictive pattern with reduced diffusing capacity for carbon 
monoxide, consistent with the radiographic findings of new-
onset ILD. Taking together the clinical features (inflammatory 
back pain without defining spondyloarthritis features), imaging 
findings (bilateral active sacroiliitis), and negative HLA-B27 
status in the absence of psoriasis, uveitis, inflammatory bowel 
disease, or family history of spondyloarthritis, the sacroiliitis 
was judged most consistent with an atypical musculoskeletal 
manifestation of the underlying SLE–SSc overlap syndrome 
rather than a concurrent axial spondyloarthritis. Infectious, 
tuberculous, and mechanical etiologies were considered and 
excluded.
Therapeutic Interventions

Methotrexate at a stable weekly dose of 15 mg 
subcutaneously had previously yielded satisfactory control 
of inflammatory arthritis and stabilization of skin thickening 
over the preceding two years. Following confirmation of 
new-onset ILD on HRCT, methotrexate was discontinued 
in view of its potential to cause or confound pulmonary 
toxicity. Hydroxychloroquine 400 mg daily was continued 
for its established benefit in SLE-related skin and articular 
disease, and low-dose prednisolone was maintained at the 
lowest effective dose, with subsequent taper to minimize long-
term glucocorticoid exposure given the coexistence of SSc. 
Mycophenolate mofetil was initiated and gradually escalated, 
over several weeks, to 1500 mg twice daily as tolerated. The 
patient underwent vaccination review, pneumococcal and 
influenza immunization, and standard tuberculosis screening 
prior to and during immunosuppressive escalation. Despite 
adequate dosing and good adherence to mycophenolate, 
her ILD progressed both clinically (worsening exertional 
dyspnea and reduced exercise tolerance) and radiographically 
(increased extent of fibrotic reticulation and honeycombing 
on follow-up HRCT) over a period of several months. The 
antifibrotic agent nintedanib was added at 150 mg twice daily, 
with gradual dose titration to manage gastrointestinal side 
effects, in accordance with the evidence-based established by 
the SENSCIS trial for SSc-associated ILD.15

Concurrent with the evolution of her pulmonary disease, 
the patient continued to experience inflammatory low-back 
pain characterized by nocturnal worsening, prolonged morning 
stiffness, and improvement with movement. NSAIDs were 
prescribed intermittently and in the lowest effective doses 
under proton-pump inhibitor cover, with partial symptomatic 
benefit; however, their use was deliberately minimized given 
concerns about SSc-associated gastrointestinal dysmotility, 
gastroesophageal reflux, and the well-recognized renal and 
cardiovascular risks of chronic NSAID therapy in patients 
with active connective-tissue disease. Low-dose oral 

glucocorticoids provided only modest additional benefit and 
were not escalated due to the risk of precipitating scleroderma 
renal crisis in the setting of anti-Scl-70 positivity. Referral for 
physiotherapy with a structured program of spinal mobility 
and posture-focused exercises was made, and the patient was 
counseled on sleep ergonomics.

Given the continued progression of ILD despite 
optimized mycophenolate mofetil and nintedanib, and 
after multidisciplinary discussion involving rheumatology, 
pulmonology, and the patient herself, rituximab was initiated 
as rescue B-cell–depleting therapy in accordance with the 
evidence supporting its use in refractory CTD-ILD.16,17 The 
patient received induction therapy with two intravenous 
infusions of rituximab 1 g, administered two weeks apart, 
with standard premedication (intravenous corticosteroid, 
antihistamine, and paracetamol), and screening for hepatitis 
B, hepatitis C, and tuberculosis was performed prior to each 
infusion. Serum immunoglobulin levels were checked at 
baseline and were within normal limits. The patient tolerated 
both infusions without infusion-related reactions, allergic 
events, or infectious complications. Mycophenolate mofetil 
and nintedanib were continued during and after rituximab 
induction, and hydroxychloroquine was maintained.
Outcomes

Following rituximab induction, the patient demonstrated 
stabilization of her interstitial lung disease, with no further 
clinical deterioration in exertional dyspnea, cough, or exercise 
tolerance, and no progression of fibrotic changes on subsequent 
follow-up HRCT. In parallel, she reported a pronounced 
and progressive reduction in inflammatory axial pain, with 
the resolution of nocturnal symptoms, the disappearance of 
prolonged morning stiffness, and the restoration of unimpaired 
spinal mobility during daily activities. Within several weeks 
of the second infusion, her axial symptoms had diminished 
sufficiently to allow complete discontinuation of NSAIDs, 
which she has not required since. Peripheral joint examination 
remained free of synovitis, and there was no recurrence of 
inflammatory arthritis. Inflammatory markers normalized, 
and serum complement levels remained within the reference 
range. Rituximab maintenance was planned every six months 
based on clinical response, B-cell repopulation status, and 
tolerability, in accordance with published protocols for CTD-
ILD.16,17 At the most recent follow-up, the patient remained 
clinically stable on combination mycophenolate mofetil, 
nintedanib, hydroxychloroquine, and maintenance rituximab, 
with no respiratory decline, no recurrence of axial symptoms, 
and no serious adverse events attributable to therapy.

Discussion
The present case illustrates a distinctly atypical 

presentation of bilateral active sacroiliitis in a patient with 
SLE–SSc overlap syndrome complicated by progressive ILD. 
While peripheral inflammatory arthritis is a well-recognized 
manifestation in both SLE and SSc, axial skeletal involvement 
remains rare and under-characterized.4,5 Published reports 
describing sacroiliitis in SLE are sparse and consist 
predominantly of isolated case observations and small case 
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series. Yilmaz and colleagues, in a cross-sectional study of 
281 adult SLE patients, reported inflammatory back pain in 
approximately 16% and demonstrated active sacroiliitis on 
MRI in a subset, with the majority of affected patients being 
HLA-B27 negative.7 Kayacan Erdogan and colleagues, in a 
case–control MRI study of 63 SLE patients compared with 
matched controls, found a significantly higher prevalence 
of sacroiliitis in patients with SLE and identified elevated 
C-reactive protein as a risk factor for acute sacroiliitis, 
supporting the concept of disease-intrinsic inflammatory 
involvement of the sacroiliac joints rather than a chance 
coexistence of spondyloarthritis.6 Tanatar and colleagues 
described a 16-year-old girl with juvenile SLE who developed 
bilateral sacroiliitis confirmed by MRI and was ultimately 
classified as having juvenile spondyloarthritis after exclusion 
of infection.8 Gupta and Dhanota reported an adolescent male 
with SLE and bilateral symmetric active sacroiliitis on MRI 
in the absence of HLA-B27, which they interpreted as a rare 
disease-intrinsic manifestation of SLE.9 Chandrasekhara and 
colleagues described a case of SLE–dermatomyositis overlap 
who subsequently developed symptomatic bilateral sacroiliitis 
and introduced the concept of “lupoid sacroarthropathy.”10 

Tarhan and colleagues similarly documented an SLE patient 
with coexisting ankylosing spondylitis.11 In contrast to these 
predominantly lupus-centric reports, the coexistence of 
sacroiliitis with SLE–SSc overlap appears exceptional. To 
our knowledge, the present case is among the few published 
descriptions of MRI-confirmed bilateral active sacroiliitis in 
this specific overlap phenotype. The consistent features across 
the published cases—young adult or adolescent patient, 
bilateral active inflammation on MRI, absence of HLA-B27, 
and lack of defining spondyloarthritis features—closely 
parallel the findings in our patient and strengthen the argument 
that axial inflammation can occur as a disease-intrinsic 
manifestation within the autoimmune CTD spectrum.6-11

In our patient, the absence of HLA-B27 positivity, the 
lack of personal or family history of psoriasis, inflammatory 
bowel disease, uveitis, or reactive arthritis, and the absence 
of enthesitis, dactylitis, or characteristic radiographic changes 
together substantially reduced the pre-test probability of 
a concurrent axial spondyloarthritis. The observation of 
bilaterally symmetric active sacroiliitis on MRI in a patient 
with serologically active SLE–SSc overlap, along with 
a rising inflammatory marker profile, is therefore most 
plausibly interpreted as a rare but genuine musculoskeletal 
manifestation of the underlying autoimmune overlap, rather 
than a coincidental seronegative spondyloarthropathy. This 
interpretation accords with the growing body of evidence from 
cohort studies and case reports suggesting that sacroiliitis may 
represent an under-recognized facet of the SLE musculoskeletal 
phenotype.6,7,10 It should, however, be acknowledged that the 
ASAS MRI definition of active sacroiliitis is not disease-
specific and that bone-marrow edema may occasionally 
be observed in mechanical, infectious, and degenerative 
conditions, as well as in asymptomatic individuals.12,13 In 
the present case, alternative etiologies including infection, 
tuberculosis (which remains relevant in our regional context), 
and mechanical pathology were actively excluded, and 

the coincidence of axial inflammation with clinically and 
serologically active CTD supports autoimmune pathogenesis. 
The exact mechanism underlying sacroiliac inflammation in 
SLE and related overlap syndromes remains incompletely 
understood. Still, it has been proposed that autoimmune 
activation at the synovio-entheseal interface, immune 
complex deposition, type I interferon–driven inflammation, 
and possibly B-cell–dependent pathways—mechanisms that 
differ fundamentally from the enthesis-driven, IL-17/IL-23–
polarized pathogenesis typical of HLA-B27–associated axial 
spondyloarthritis. 14

Therapeutic decision-making in this case was 
substantially shaped by the presence of progressive ILD, which 
constrained the use of several agents otherwise useful in axial 
inflammatory disease. NSAIDs, the mainstay of symptomatic 
therapy in axial spondyloarthritis, were restricted by concerns 
about SSc-related gastrointestinal dysmotility and renal risk. 
TNF-α inhibitors, widely used in classic axial spondyloarthritis, 
are generally avoided in SLE because of the risk of inducing 
lupus-like phenomena and worsening autoantibody profiles, 
and evidence supporting IL-17 inhibitors in this population 
is limited.9 Methotrexate, although beneficial for the patient’s 
arthritis and skin disease, was withdrawn after ILD developed, 
and mycophenolate mofetil was initiated as a broader-spectrum 
immunosuppressant with established efficacy in CTD-ILD. 
When pulmonary disease progressed despite optimized 
mycophenolate dosing, nintedanib was added based on the 
SENSCIS trial, which demonstrated a significant reduction in 
the rate of decline in forced vital capacity in patients with SSc-
ILD treated with this tyrosine kinase inhibitor.15 The subsequent 
introduction of rituximab was driven primarily by continued 
pulmonary progression; growing evidence supports the 
efficacy of B-cell depletion in CTD-associated ILD, including 
SSc-ILD, with sustained complete B-cell depletion correlating 
with stabilization or improvement in pulmonary function. 
16,17 Notably, in the present case, rituximab was associated 
not only with stabilization of ILD but also with marked 
improvement in inflammatory axial symptoms, enabling 
complete discontinuation of NSAIDs. Although rituximab is 
not established as a standard therapy for sacroiliitis, there is 
biological plausibility for its efficacy in axial inflammation 
of autoimmune origin: B cells contribute to autoantibody 
production, antigen presentation, and local pro-inflammatory 
cytokine release, and B-cell involvement has been documented 
in the pathogenesis of ankylosing spondylitis.14,18 The parallel 
temporal improvement in pulmonary and axial symptoms in 
our patient, while subject to the limitations inherent in single-
patient observations, raises the possibility that B-cell–directed 
therapy may offer dual benefit in overlap patients with atypical 
autoimmune sacroiliitis and coexisting ILD. This observation 
is hypothesis-generating and warrants systematic evaluation 
in larger CTD-ILD cohorts with dedicated musculoskeletal 
phenotyping.

Several important limitations of this report should 
be acknowledged. As a single-patient observation, causal 
inferences regarding the effect of rituximab on axial 
symptoms cannot be drawn, and spontaneous fluctuations 
in inflammatory sacroiliitis, the contribution of ongoing 
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mycophenolate therapy, regression-to-mean effects, and 
placebo effects cannot be entirely excluded. Follow-up MRI 
of the sacroiliac joints after rituximab was not systematically 
performed, thereby precluding objective imaging confirmation 
of the resolution of bone marrow edema. Additionally, 
although the clinical and serological profile strongly supported 
a CTD-associated sacroiliitis, the absence of a universally 
accepted diagnostic framework for “lupus-associated” or 
“CTD-associated” sacroiliitis introduces some degree of 
diagnostic uncertainty. The strengths of the report include 
longitudinal follow-up, careful exclusion of alternative 
etiologies, objective imaging documentation of active 
sacroiliitis using standard ASAS-compliant MRI criteria, and 
temporal correlation of both pulmonary and axial outcomes 
with therapy. Taken together, this case underscores the 
importance of systematically reassessing new axial symptoms 
in patients with CTD overlap, maintaining a broad differential 
diagnosis that includes rare disease-intrinsic manifestations, 
and tailoring treatment strategies to account for concurrent 
organ-threatening disease. Clinicians should remain alert 
to axial musculoskeletal manifestations that fall outside the 
traditional phenotypes of classic spondyloarthritis or isolated 
CTD and consider the potential dual therapeutic benefit of 
B-cell depletion in carefully selected patients with overlap 
syndromes complicated by progressive ILD.

Conclusion
Sacroiliitis is an uncommon but clinically relevant 

manifestation in systemic lupus erythematosus–systemic 
sclerosis overlap. In patients with concurrent interstitial 
lung disease, therapeutic options may be limited. This case 
demonstrates that rituximab can stabilize interstitial lung 
disease and may also provide meaningful improvement in 
inflammatory axial symptoms. Early recognition of atypical 
musculoskeletal manifestations and individualized treatment 
strategies are essential in managing overlap syndromes.

Patient Perspective
“Before my back pain started, I had already been living 

with joint swelling, Raynaud’s, and skin changes for several 
years. When I developed new pain in my lower back — worst 
at night and in the mornings — I was worried something had 
changed in my disease. The breathlessness that came at the 
same time made everything harder. Being told I had lung 
disease on top of what I already had, and that my sacroiliac 
joints were inflamed, was difficult to process. I had to stop 
methotrexate, which had been helping my joints, and start 
new medications. The back pain continued for some time, and 
I used painkillers that I knew were not ideal for my stomach.

After starting rituximab, the change was noticeable. 
My breathing became more stable, and the back pain — 
which had been affecting my sleep and daily movement 
— gradually resolved. I was able to stop the painkillers 
completely. I feel that my condition is now under better 
control, and I am grateful that the treatment addressed both 
problems at the same time. I hope sharing my experience 

helps other patients and doctors recognize these less common 
complications early.”
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Abstract 
Antiphospholipid antibodies (aPL) are frequently detected in patients with systemic autoimmune diseases, particularly in systemic 
lupus erythematosus (SLE), and are associated with thrombotic events and adverse pregnancy outcomes. Although persistent aPL 
positivity is crucial for antiphospholipid syndrome (APS) classification, increasing evidence suggests that aPL profiles may evolve 
over time. Longitudinal observations documenting the transition between antiphospholipid antibody specificities remain limited.
We report the case of a 33-year-old woman with SLE diagnosed in 2019, who initially presented with persistent high-titer anti-
β2GPI IgM (confirmed on repeat testing after 12 weeks) positivity. Lupus anticoagulant (LAC) and anti-β2GPI IgG were initially 
negative. During her first pregnancy in 2024, anti-β2GPI antibodies became negative, while LAC activity increased from 42.3 to 
48.3 sec and anticardiolipin IgM antibodies became positive (60.6 U/mL). The pregnancy resulted in a preterm birth at 36 weeks 
of gestation. During the second pregnancy, in March 2026, LAC activity further increased to 55.1 sec, and both aCL IgM and IgG 
antibodies became positive. Throughout the six-year follow-up period, the patient remained free of arterial or venous thrombotic 
events and remained on stable treatment with hydroxychloroquine, methylprednisolone, and low-dose aspirin.
This case demonstrates a remarkable longitudinal evolution of the aPL profile in a woman with SLE, characterized by the disappearance 
of high-titer anti-β2GPI IgM antibodies and subsequent emergence of LAC and aCL antibodies. These findings emphasize the 
dynamic nature of antiphospholipid autoimmunity and support the importance of long-term monitoring of aPL profiles in patients 
with SLE, particularly during reproductive years. (International Journal of Biomedicine. 2026;16(3):395-397.)
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Introduction
Systemic lupus erythematosus (SLE) is a chronic 

autoimmune disease characterized by immune dysregulation 
and the production of a spectrum of autoantibodies. Among 
them, antiphospholipid antibodies (aPL), including lupus 
anticoagulant (LAC), anticardiolipin antibodies (aCL), and 
anti-β2GPI antibodies (anti-β2GPI), are of particular clinical 

importance due to their association with thrombotic events 
and pregnancy morbidity.1-3 Antiphospholipid antibodies 
are detected in up to 50% of patients with SLE, while 
approximately 20% of patients with APS have underlying 
SLE.3

Clinical practice and current APS classification criteria 
primarily focus on the presence and persistence of aPL.1 
In contrast, relatively little attention has been given to the 
longitudinal evolution of individual antibody profiles. Although 
persistent aPL positivity remains central in APS classification, 
increasing evidence suggests that antiphospholipid antibody 
profiles may evolve over time, with fluctuations in antibody 
titer, disappearance of previously detected antibodies, and 
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emergence of new antibody specificities.4,5 Understanding 
these temporal changes may be relevant in women of 
reproductive age, in whom alterations in aPL profiles could 
influence risk stratification and pregnancy management and 
long- term clinical surveillance.2

This case describes a woman with SLE who demonstrated 
a longitudinal six-year evolution of her antiphospholipid 
antibody profile. Initial high-titer anti-β2GPI IgM positivity 
was confirmed on repeat testing at least 12 weeks later. 
Her antiphospholipid antibody profile evolved, with the 
disappearance of anti-β2GPI antibodies and the subsequent 
emergence of lupus anticoagulant and anticardiolipin antibodies 
during follow-up.

Case Presentation
A 33-year-old woman was diagnosed with SLE in 2019 

based on clinical findings and immunological abnormalities, 
including positive antinuclear antibodies (ANA), positive 
anti-double-stranded DNA antibodies (anti-dsDNA), and 
decreased complement levels (C3 and C4). She fulfilled the 
2019 ACR/EULAR classification criteria for SLE. Following 
the diagnosis, she was treated with hydroxychloroquine, 
methylprednisolone, and low-dose aspirin with regular 
rheumatologic follow-up.

Initial antiphospholipid antibody testing performed at the 
time of SLE diagnosis revealed isolated high-titer anti-β2GPI 
IgM positivity >200 RU/mL (reference value < 20 RU/mL), 
while anti-β2GPI IgG and lupus anticoagulant were negative. 
The patient had no history of arterial or venous thrombosis, 
previous pregnancy losses, or family history of APS.

In July 2024, during her first trimester of pregnancy, 
laboratory reassessment demonstrated persistently decreased 
C3 and C4 levels. ENA profile (SSA positive, anti-Sm 
positive), ANA and anti-dsDNA remained positive. Lupus 
anticoagulant activity was measured at 42.3 sec, while both 
anti-β2GPI IgM and IgG were negative on repeat testing, 
indicating the disappearance of the previously detected high-
titer anti-β2GPI IgM antibodies. Repeat testing in November 
2024 showed further changes in antiphospholipid antibody 

profile. Lupus anticoagulant activity increased to 48.3 sec and 
anticardiolipin IgM antibodies became positive at 60.6 U/mL 
(reference value <12 U/mL). No thrombotic manifestations 
were observed. The patient’s first pregnancy subsequently 
resulted in a preterm birth at 36 weeks of gestation.

In March 2026, during her second pregnancy, repeat 
antiphospholipid antibody testing revealed continued evolution 
of the antiphospholipid antibody profile. Lupus anticoagulant 
activity increased to 55.1 sec. Anticardiolipin antibodies were 
positive for both IgM and IgG, with values of 38.4 U/mL and 
20.7 U/mL (reference value <12 U/mL), respectively.

Throughout the six-year follow-up period, the patient 
remained free of documented arterial or venous thrombotic 
events, and no major therapeutic modifications were 
introduced. Serial laboratory assessments demonstrated 
the longitudinal evolution of the antiphospholipid antibody 
profile, characterized by the disappearance of high-titer anti-
β2GPI IgM antibodies and the subsequent emergence of lupus 
anticoagulant and anticardiolipin antibodies.

Disussion
This case report illustrates a remarkable longitudinal 

evolution of the antiphospholipid antibody profile in a 
woman with SLE over a six-year follow-up. The most 
notable finding was the transition from isolated high-titer 
anti-β2GPI IgM positivity at the time of diagnosis to the 
subsequent disappearance of anti-β2GPI antibodies and 
emergence of LAC and anticardiolipin antibodies during 
this period. These changes occurred despite stable treatment 
with hydroxychloroquine, methylprednisolone, and low-dose 
aspirin, with no documented thrombotic manifestations.

Antiphospholipid antibodies are frequently detected 
in SLE patients and are associated with an increased risk 
for thrombotic and obstetric complications.2,3 Current 
classification criteria focus on the persistence of aPL positivity 
and require laboratory confirmation after at least 12 weeks.1 

Accumulating evidence suggests that the aPL profile is 
dynamic and may change throughout the disease’s course. 
This case provides a clear illustration of this phenomenon. 

Time point Clinical status LAC
(sec)

aCL IgM
 (U/mL)

aCL IgG
(U/mL)

Anti-β2GPI IgM
(RU/mL)

Anti-β2GPI IgG
(RU/mL) Other findings

2019 SLE diagnosis Neg      -      - >200 Neg ANA + anti-dsDNA + low C3/C4

07.2024 First pregnancy 
(1st trimester) 42.3 Neg Neg Neg Neg ANA + anti-dsDNA + low C3/C4, 

ENA + 

11.2024 Follow-up during
pregnancy 48.3 60.6 Neg Neg Neg No thrombotic events

2025 Pregnancy
outcome Preterm birth at 36 weeks

03.2026 Second pregnancy 
(1st trimester) 55.1 38.4 20.7 Neg Neg  

Low C3/C4

LAC-lupus anticoagulant, aCL-anticardiolipin antibodies, anti-β2GPI-anti-beta-2 glycoprotein I, C3- complement component 3, C4-complement 
component 4, ENA-extractable nuclear antigen.

Table 1.

Evolution of antiphospholipid antibody profile during follow-up.
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In longitudinal studies of SLE patients, similar fluctuations 
and serological transitions have been reported.4 aPL may 
exhibit variable patterns over time, including seroconversion 
from positive to negative status and the appearance of new 
antibody specificities. These observations support the concept 
that antiphospholipid autoimmunity represents a dynamic 
process.5

The mechanism underlying these changes remains 
incompletely understood. Persistent immune dysregulation 
and ongoing B-cell activation in SLE may contribute to shifts 
in autoantibody profiles over time, although the factors driving 
longitudinal evolution remain unclear.6 The transition observed 
in this patient, characterized by the disappearance of anti-
β2GPI antibodies and subsequent emergence of LAC and aCL 
antibodies, may reflect the natural evolution of antiphospholipid 
autoimmunity rather than a stable antibody pattern.

The absence of arterial or venous thrombosis despite the 
longitudinal evolution of aPL profile is another noteworthy 
aspect. LAC is considered the strongest laboratory predictor of 
thrombotic and obstetric manifestations among antiphospholipid 
antibodies. The progressive increase in LAC activity observed 
in this patient may be clinically relevant despite the absence 
of thrombotic manifestations. However, not all individuals 
with positive aPL develop clinical APS. The occurrence 
of thrombosis is thought to depend on additional genetic, 
inflammatory, or environmental factors known as a “second hit” 
in susceptible individuals.7 The present findings also highlight 
the importance of repeated testing, as a single negative result 
may not accurately reflect future risk and may fail to capture the 
dynamic evolution of aPL profile.

The longitudinal evolution of aPL antibody profiles 
remains incompletely understood. While fluctuations in aPL 
status have been reported, no consistent pattern of antibody 
evolution has been established. Factors such as previous 
births, the interpregnancy interval, hormonal changes, and 
environmental exposures have been suggested as potential 
modulators of aPL dynamics; however, robust evidence 
supporting these associations is still lacking.

This woman experienced two pregnancies during the 
follow-up period, with a preterm birth at 36 weeks of gestation 
during the first pregnancy. Pregnant women with SLE and aPL 
positivity have an increased risk for adverse obstetric outcomes.2

Although a direct relationship cannot be established 
from a single case, the emergence and progressive increase 
of LAC during pregnancy may be clinically relevant, given 
the well-recognized association between LAC positivity 
and adverse pregnancy outcomes. This observation further 
emphasizes the importance of close laboratory surveillance in 
pregnant women with SLE.

This report has some limitations. As a single case report, 
it cannot establish causal relationships between changes in 
antiphospholipid antibody profiles and pregnancy, hormonal 
influences, or other clinical factors. Furthermore, these 
findings cannot be generalized to all patients with SLE or 
APS. Nevertheless, the prolonged six-year follow-up with 
repeated laboratory assessments provides a unique opportunity 
to document the longitudinal evolution of antiphospholipid 
antibody profiles.

Conclusion 
This case demonstrates a six-year longitudinal evolution 

of the aPL profile in a woman with SLE, characterized by the 
disappearance of high-titer anti-β2GPI IgM antibodies and 
the subsequent emergence of LAC and aCL antibodies. These 
changes occurred despite stable treatment and in the absence 
of thrombotic events. The findings support the concept that 
antiphospholipid autoimmunity may evolve over time and 
emphasize the value of long-term monitoring of aPL profiles 
in SLE patients, particularly during the reproductive years.
Further research is warranted to identify the factors that 
drive the longitudinal evolution of antiphospholipid antibody 
profiles and to clarify their clinical significance.
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Abstract
Sensorimotor polyneuropathies in childhood comprise a clinically and etiologically heterogeneous group of peripheral nerve 
disorders. They are commonly associated with progressive motor and sensory impairment, balance and gait disturbances, 
musculoskeletal deformities, reduced functional independence, and overall long-term disability. Herein, we present a diagnostically 
challenging case of a 13-year-old boy with a demyelinating electrophysiological profile, despite identification of a genetic variant 
previously associated with an axonal, non-demyelinating form of peripheral sensorimotor neuropathy. (International Journal of 
Biomedicine. 2026;16(3):398-400.)
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Introduction
Sensorimotor neuropathies in childhood comprise a 

heterogeneous group of disorders affecting peripheral motor 
and sensory nerves. They cause progressive weakness, 
sensory loss, balance and gait impairment, musculoskeletal 
deformities, reduced functional independence, and overall 
long-term disability. Their etiology is broad and includes 
hereditary or acquired causes, such as traumatic, metabolic, 
toxic, nutritional, and immune-mediated causes.1 In clinical 
practice, distinguishing inherited from acquired neuropathies 
is essential, as this directly influences diagnostic strategy, 
prognosis, genetic counseling, and management.

Case Presentation
In December 2023, a 13-year-old boy was referred to our 

Neuropediatric Service for evaluation. On clinical assessment, 
his general condition was stable; he was afebrile, with no 
vomiting, and was responsive and appropriately oriented for 
his biological age. Neurological examination revealed a mild 
articulation disorder. Also, both gross and fine motor functions 

were impaired; he was unable to run or walk quickly, had difficulty 
climbing stairs, fatigued easily, and could not rise from the floor 
without support, so Gowers’ sign was positive. He was unable 
to write and had difficulty performing tasks such as opening 
a bottle cap. During sensory evaluation, he reported numbness 
in the hands and feet, as well as difficulty distinguishing cold 
from warm objects by touch. At musculoskeletal examination, 
deformity of the right talocrural joint, hammer-toe deformity 
of the great toes, and reduced muscle bulk in the upper limbs, 
thighs, and calves were observed. Deep tendon reflexes, 
including patellar and Achilles reflexes, were absent bilaterally. 
Spinal deformities were also noticed, including thoracic 
kyphoscoliosis, lumbar lordosis, and leftward trunk deviation. 
The child had started physiotherapy approximately 1.5 years 
ago and had also been wearing spinal braces. No abnormalities 
were detected on the rest of the physical examination, including 
the cardiac, pulmonary, and abdominal systems. 

The parents reported that symptoms began at 
approximately 6 years of age and had worsened over time. 
The pregnancy and perinatal history were uneventful, and 
early childhood development was reported as unremarkable. 
Family history was unremarkable.
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Results of the complete blood count, biochemical 
laboratory tests, echocardiogram, and electrocardiogram 
were within age-appropriate limits. Head magnetic resonance 
imaging was also unremarkable. Spinal X-ray findings 
supported the physical examination. Electroneuromyography 
(ENMG) revealed chronic demyelinating sensorimotor 
polyneuropathy, with markedly reduced motor conduction 
velocities and amplitudes, prolonged latencies, increased motor 
unit potential amplitude/duration, and a sparse interference 
pattern. Whole-exome sequencing (WES) with copy number 
calling was performed and identified a heterozygous variant 
of uncertain significance (VUS) in the KIF1B gene (Table 1). 

Discussion
This case describes a 13-year-old boy with 

childhood-onset, slowly progressive, chronic sensorimotor 
polyneuropathy.

Hereditary vs. Acquired
The combination of neurological and musculoskeletal 

impairment, medical history, a long-standing childhood-
onset course with gradual progression over several years, the 
electrophysiological findings, and the absence of relevant 
systemic abnormalities is not suggestive of an acquired 
disorder. Instead, these features support a hereditary 
sensorimotor neuropathy, probably within the Charcot–
Marie–Tooth (CMT) disease spectrum.2

Demyelinating vs. Axonal
CMT represents a clinically and genetically 

heterogeneous group of inherited peripheral neuropathies 
characterized by chronic motor and sensory impairment. 3,4 

Although the family history in this case was unremarkable, 
this does not exclude genetic etiology, because de novo 
variants may also occur. The electrophysiological findings 
are central to diagnostic interpretation. In CMT, nerve 
conduction assessment is commonly used to distinguish 
demyelinating types from axonal, non-demyelinating types. 
A median nerve conduction velocity below approximately 35 
or 38 m/s, depending on authors, is generally used to support 
a demyelinating classification, whereas relatively preserved 
velocities with reduced amplitudes favor an axonal form.3-5 

In the present patient, the markedly slow nerve conduction 
velocities are therefore more consistent with a demyelinating 
CMT-like phenotype, while the reduced amplitudes observed 

do not exclude such a phenotype, as in long-standing 
demyelinating neuropathies, secondary axonal loss may 
occur.4,6

Meanwhile, WES identified a heterozygous VUS in the 
KIF1B gene. KIF1B encodes a kinesin motor protein involved 
in microtubule-based intracellular transport, including axonal 
transport of mitochondria and other cargoes important for 
neuronal function. Variants in KIF1B have been associated 
with CMT type 2A1 (CMT2A1), a rare autosomal dominant 
disease.7 Given that this variant is of uncertain significance, 
it requires cautious interpretation since, according to ACMG/
AMP principles, a VUS should not be used as definitive 
diagnostic evidence or as the sole basis for clinical decision-
making.8,9

Conclusion
In conclusion, this case highlights the importance of careful 
phenotype–genotype correlation in genetic disorders and 
underscores the need for cautious interpretation of variants 
of uncertain significance in clinical practice. In the present 
patient, the phenotype is most consistent with a slowly 
progressive, childhood-onset hereditary sensorimotor 
neuropathy, with ENMG findings predominantly suggestive of 
nerve demyelination. Despite the chronic electrophysiological 
changes indicating axonal loss, the overall pattern does not 
align well with a classic axonal phenotype. Furthermore, 
although a heterozygous variant of uncertain significance 
in KIF1B was identified, this finding alone is insufficient to 
establish a diagnosis of CMT2A1. 
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Abstract
Background: Mutations in the NEB gene are the most frequent genetic cause of autosomal recessive nemaline myopathy, a 
clinically heterogeneous congenital myopathy. 
In pediatric myopathy, longitudinal observation is essential because the evolving phenotype may challenge an initially plausible 
molecular interpretation and reveal features requiring diagnostic reappraisal.
Case presentation: This report describes a 12-year clinical-genetic trajectory in a child with congenital-onset myopathy, persistent 
hyperCKemia, two heterozygous NEB variants, and later dystrophy-like progression.  Clinical exome sequencing performed 
at 5 years of age identified two heterozygous NEB variants: the canonical splice-site variant c.10872+1G>C and the missense 
variant c.11333T>C (p.Ile3778Thr). The patient achieved independent ambulation at 20 months but later developed progressive 
weakness, Gowers’ sign, scapular winging, distal muscle wasting, and progressive functional decline, ultimately losing independent 
ambulation at 12 years. Cardiac and respiratory assessments remained normal during follow-up.
Conclusions: This report describes a 12-year clinical-genetic trajectory in a child with congenital-onset myopathy, persistent 
hyperCKemia, two heterozygous NEB variants of unresolved phase, and later dystrophy-like progression. The longitudinal course 
highlights the importance of cautious interpretation of exome findings and supports ongoing diagnostic reappraisal when evolving 
features broaden the neuromuscular differential diagnosis. (International Journal of Biomedicine. 2026;16(3):401-405.)
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Introduction
Nemaline myopathy (NM) is a genetically 

heterogeneous congenital myopathy characterized by skeletal 
muscle weakness, hypotonia, and nemaline rods on muscle 
histopathology. Among the currently recognized disease 
genes, NEB, which encodes nebulin, is one of the most frequent 
causes of autosomal recessive NM. Nebulin is a large thin-
filament protein involved in sarcomeric organization, thin-
filament length regulation, and force generation, and NEB-
related disease spans a broad clinical spectrum ranging from 
severe neonatal presentations to milder childhood phenotypes 
compatible with prolonged ambulation.1-4

The increasing use of next-generation sequencing has 
improved the diagnostic work-up of pediatric neuromuscular 
disorders. However, the clinical value of a molecular 
finding is maximized when it is interpreted together with the 
longitudinal phenotype. This is particularly relevant when a 
child with congenital-onset motor impairment later develops 
persistent hyperCKemia, calf pseudohypertrophy, Gowers’ 
sign, scapular winging, and progressive loss of ambulation, a 
pattern that can overlap with muscular dystrophy.3-6

This report describes the 12-year longitudinal course of 
a child with two heterozygous NEB variants whose phenotype 
evolved from congenital-onset myopathy toward dystrophy-
like progression with persistent hyperCKemia and loss of 
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ambulation. Rather than presenting the findings as definitive 
proof of NEB causality, the case illustrates how long-term 
clinical evolution may challenge an initially plausible 
molecular interpretation and support diagnostic reappraisal 
when the phenotype broadens.

Case Presentation
The patient was a boy born at term after an 

uncomplicated pregnancy and spontaneous vaginal delivery, 
with normal neonatal adaptation and no known family history 
of neuromuscular disease. Motor delay became evident from 
infancy. Head control was achieved at 4 months, independent 
sitting at 8 months, supported walking at 15 months, and 
independent ambulation at 20 months, indicating early motor 
impairment despite eventual acquisition of walking.

Initial neurological evaluation showed generalized 
hypotonia, absent deep tendon reflexes, paraspinal muscle 
atrophy, and mild gastrocnemius pseudohypertrophy. Cranial 
nerve function was preserved, and no persistent bulbar 
dysfunction was clearly documented during follow-up. 
Electromyography demonstrated a myopathic pattern.

Serial biochemical investigations provided consistent 
evidence of chronic muscle involvement. At the initial 
evaluation, serum AST was 100 U/L, ALT was 80 U/L, CK 
was 1500 U/L, and LDH was 800 U/L. These abnormalities 
persisted during follow-up; representative later values 
included AST 80 U/L, ALT 70 U/L, CK 1000 U/L, and LDH 
700 U/L. Overall, CK remained approximately within the 
range of 1000-1500 U/L across the available longitudinal data.

Although the patient achieved independent ambulation, 
progressive motor deterioration became evident during 
childhood. He developed Gowers’ sign, scapular winging, 
distal muscle wasting, and worsening weakness with 
increasing functional limitation. Within the available 
documentation, no clear contractures, scoliosis, or persistent 
facial or bulbar involvement were consistently recorded. Serial 
clinical cardiopulmonary evaluations remained reassuring, 
with no documented evidence of cardiac involvement or 
overt respiratory compromise. Independent ambulation was 
ultimately lost at age 12.

Clinical exome sequencing performed at 5 years of age 
identified two heterozygous NEB variants: c.10872+1G>C, a 
canonical splice-site variant, and c.11333T>C (p.Ile3778Thr), 
a missense variant. The diagnostic laboratory considered 
the findings supportive of possible NEB-associated disease 
and recommended parental testing to determine whether 
the variants were in trans. Parental segregation analysis was 
not performed; therefore, the phase of the variants remains 
unresolved. In addition, dedicated dystrophinopathy testing, 
including DMD deletion/duplication analysis, was not 
documented in the available initial diagnostic workup.
Differential diagnosis

At presentation, the combination of infantile hypotonia, 
delayed motor milestones, absent deep tendon reflexes, and 
a myopathic electromyographic pattern supported congenital 
myopathy. Over time, persistent CK elevation of approximately 
1000-1500 U/L, mild calf pseudohypertrophy, Gowers’ sign, 

progressive weakness, and childhood loss of ambulation 
broadened the clinical differential toward dystrophinopathy 
and other inherited muscular dystrophies.

The identification of two heterozygous NEB variants 
made NEB-associated disease a plausible molecular 
consideration for the early congenital-onset phenotype. 
However, because the phase was not established and the 
subsequent clinical course showed dystrophy-like progression, 
the case is best interpreted as a clinically informative overlap 
between features of congenital myopathy and a progressive 
dystrophic phenotype. This framing highlights that longitudinal 
follow-up can refine diagnosis, redirect differential thinking, 
and identify patients who may require additional evaluation 
beyond the initial exome result. The longitudinal clinical 
course is summarized in Table 1.

Discussion
This case is characterized by a long clinical course in 

which congenital-onset features were followed by substantial 
dystrophy-like progression over 12 years. Infantile hypotonia, 
delayed motor milestones, absent reflexes, and a myopathic 
electromyographic pattern supported a congenital myopathy 
presentation and could fit within the broad NEB-associated 
disease spectrum. The later emergence of persistent marked 
hyperCKemia, Gowers’ sign, scapular winging, distal wasting, 
and loss of independent ambulation shifted the interpretation 
toward a more complex clinicogenetic picture.

Published studies of NEB-associated NM emphasize 
broad phenotypic heterogeneity and variable motor, bulbar, 
respiratory, and skeletal muscle involvement. 1-4 The present 
case spans a long observation window from early motor 
delay to later functional decline, providing a clearer view of 
phenotypic evolution over time (Figure 1). This longitudinal 
dimension is clinically relevant: a child who initially achieves 
independent walking may still develop a progressive course 
that changes the diagnostic interpretation, surveillance 
priorities, and management questions.

Table 1. 
Twelve-year clinical and diagnostic timeline: Developmental, 
biochemical, molecular, and functional milestones documented 
during follow-up.

Age/period Key finding Clinical meaning

Infancy Hypotonia; delayed 
milestones

Congenital-onset 
neuromuscular disease

20 months Independent ambulation 
achieved

Early gain despite motor 
delay

Childhood
CK approximately 1000-
1500 U/L; Gowers’ sign; 
scapular winging

Progressive skeletal-
muscle involvement

5 years Two heterozygous NEB 
variants identified

Plausible NEB-related 
molecular consideration; 
allelic phase unresolved

12 years Loss of independent 
ambulation

Major marker of 
dystrophy-like progression
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The molecular findings are clinically relevant but should 
be interpreted cautiously. The canonical splice-site variant 
c.10872+1G>C represents the stronger molecular finding, 
whereas p.(Ile3778Thr) requires contextual interpretation 
in relation to the patient’s phenotype and available variant 
literature. 7,10 Together, the two identified NEB variants 
provide a plausible but not definitive molecular explanation, 
as parental segregation analysis was not performed, and the 
allelic phase remains unresolved. Therefore, a confirmed 
biallelic NEB-related disorder cannot be established based 
on the available data. Key clinical and molecular features 
informing the diagnostic interpretation are summarized in 
Table 2.

Phenotype evolution remains central in pediatric 
neuromuscular disease. In a male patient with persistent 
hyperCKemia, calf pseudohypertrophy, progressive 
weakness, Gowers’ sign, and childhood loss of ambulation, 
dystrophinopathy and other muscular dystrophies remain 
important clinical considerations. 8,9 In the present case, 
longitudinal follow-up revealed a dystrophy-like trajectory 
despite early features and molecular findings that initially 
pointed toward congenital myopathy.

This case underscores a key diagnostic principle in 
pediatric neuromuscular disorders: early genotype-phenotype 

correlation may remain provisional, particularly when 
longitudinal clinical evolution introduces atypical features for 
the initially suspected condition. In such scenarios, maintaining 
a dynamic diagnostic framework and reconsidering alternative 
etiologies is essential. Table 3 summarizes selected recent 
literature relevant to pediatric and NEB-associated nemaline 
myopathy, providing context for the longitudinal features 
observed in the present patient. 

Figure 1. Longitudinal clinic-genetic timeline summarizing 
the major developmental, molecular, and functional 
milestones during the 12-year follow-up.

Table 2. 

Clinical and molecular features informing diagnosis: Summary of 
the principal findings supporting possible NEB involvement and 
features broadening the neuromuscular differential diagnosis.

Domain
Features supporting 
possible NEB 
involvement

Features broadening 
the differential 
diagnosis

Early phenotype
Hypotonia, delayed 
milestones, myopathic 
EMG

Congenital myopathy 
presentation

Molecular 
findings

Two heterozygous 
NEB variants; one 
canonical splice-site 
allele

Missense variant 
requires contextual 
interpretation; allelic 
phase unresolved

Biochemistry Persistent muscle 
enzyme elevation

CK, approximately 
1000-1500 U/L, 
broadens the 
differential toward 
dystrophic disorders

Motor course
Early congenital 
myopathy-compatible 
presentation

Loss of ambulation at 
12 years

Cardiorespiratory 
follow-up

No cardiac/respiratory 
involvement 
documented

Predominantly 
skeletal-muscle course

Table 3.
Selected literature context for interpreting the present longitudinal phenotype.

Study Clinical context Motor/CK profile Interpretive value Relevance to present case / limitation

Christophers et al., 
2023 2

Pediatric NM 
systematic review Broad heterogeneity Frames pediatric NM 

variability
Supports heterogeneity but does not 
establish causality in an individual case

Amburgey et al., 
2021 9

Cross-sectional 
NM study Disability spectrum Contrasts with marked 

decline
Useful comparator for severity, but cross-
sectional design limits longitudinal inference

Moreno et al., 2023 3 NEB-specific 
cohort Variable progression Key NEB comparator Relevant NEB cohort, although the present 

patient lacks a confirmed biallelic phase

Haidong et al., 2024 10 Clinicopathologic 
NM series

Pathology-informed 
cases

Shows value of 
orthogonal data

Highlights the limitation created by the 
absence of a muscle biopsy in the present 
case

Chalipat et al., 2024 11 Pediatric NEB case Normal CK Highlights CK contrast Contrasts with persistent hyperCKemia in 
the present patient

Present case 12-year follow-up CK of 1000-1500 U/L; 
loss of ambulation

Educational diagnostic 
reappraisal

Longitudinal observation, but causality 
remains limited by unresolved phase and 
incomplete dystrophy work-up
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Clinical Implications
This case emphasizes that persistent hyperCKemia, 

Gowers’ sign, calf pseudohypertrophy, scapular winging, and 
loss of ambulation should prompt diagnostic re-evaluation 
for dystrophinopathy or other muscular dystrophies, even 
when exome sequencing identifies plausible variants in a 
congenital myopathy gene. For similar patients, a longitudinal 
approach that combines repeated functional assessments, 
updated variant interpretations, and targeted re-evaluations 
as the phenotype evolves may be particularly informative. 
This longitudinal perspective may be useful for clinicians 
evaluating children with overlapping congenital myopathy 
and muscular dystrophy features. 

Diagnostic Limitations
Several methodological constraints should be 

considered when interpreting this case. Parental segregation 
analysis was not performed; therefore, the allelic phase 
remained unresolved. Although clinical exome sequencing 
was performed, additional orthogonal investigations, 
including muscle biopsy, muscle MRI, RNA-based analysis, 
and targeted CNV-sensitive assessment of dystrophinopathy-
associated genes, were not available. Therefore, the findings 
should be interpreted as a longitudinal clinical-genetic 
observation rather than as definitive proof of NEB causality. 
These limitations do not eliminate the clinical value of the 
report, but they define its appropriate interpretation.

Conclusion
This report documents a 12-year clinicogenetic follow-

up of a child with congenital-onset myopathy, persistent 
hyperCKemia, two heterozygous NEB variants of unresolved 
phase, and subsequent dystrophy-like progression with loss of 
ambulation. The case highlights the importance of longitudinal 
phenotyping and cautious interpretation of molecular findings, 
particularly when evolving clinical features broaden the 
differential diagnosis toward muscular dystrophy. Longitudinal 
multidisciplinary reassessment remains particularly important 
in such complex neuromuscular presentations.
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Abstract
Tirzepatide (Mounjaro) is a dual long-acting glucose-dependent insulinotropic polypeptide receptor and glucagon-like peptide-1 
receptor agonist. Tirzepatide was approved for the treatment of type 2 diabetes in the USA, Europe, and Asia. In addition, 
tirzepatide showed a substantial sustained weight loss and retarded the progression to type 2 diabetes. However, concerns about 
its association with depression, suicidality, and various compulsive disorders, including compulsive shopping, were raised. Food 
noise is common among patients with hyperactive autistic spectrum disorder, which is a common disorder affecting 1/100 of 
children worldwide. We reported a case of depression, intrusive thoughts, and food noise improvement following tirzepatide in a 
34-year-old Saudi female. Tirzepatide (Mounjaro) could be repurposed for the treatment of intrusive thoughts and food noise in 
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Introduction
GLP-1-like receptor agonists (RAs) and dual glucose-

dependent insulinotropic polypeptide (GIP)/glucagon-like 
peptide 1 (GLP-1) agonists (twincretins) represent a paradigm 
shift in obesity treatment.1 Glucagon-like peptide receptor 
agonists were approved for treating type 2 diabetes in 2005, 
and a new long-acting formulation appeared to reduce the need 
for frequent subcutaneous injections. GLP-1 is well known as 
a gut hormone and also acts as a neuropeptide, produced in 
select brainstem neurons. GLP-1 stimulates insulin secretion, 
slows digestion, and signals the brain to promote fullness. 2-4 
GLP-1-like receptor agonists and twincretins had a low risk 
of hypoglycemia and significantly reduced major adverse 
cardiovascular events.5

Despite the above benefits, reports about safety concerns 
of GLP-1 agonists were received by the European Medicines 
Agency regarding the association with depression, warranting 
further investigations.6 Tobaiqy et al.7 stated that although 
psychiatric adverse events constitute only 1.2% of the total 
reports for semaglutide, liraglutide, and tripeptide. However, 
the severity and fatality rates in some reports require further 
assessment. On the other hand, existing evidence suggests that 
GLP-1 RAs could be of value in treating psychiatric disorders, 
including depression, major neurocognitive disorders, and 
alcohol use disorders.8,9

Evidence of food-noise improvement with GLP-
1 agonist treatment is present. Food noise is a constant, 
persistent, insuppressible preoccupation with food, to the 
extent that patients feel their lives revolve around eating.10 

Food noise and repetitive behavior are common features in 
hyperactive autistic spectrum disorder, which is a common 
disorder affecting 1/100 of children worldwide.11 Insights 
from social media reported the association of GLP-1 agonists 
with behavioral addictions, including compulsive shopping, 
and various psychological disorders. 12

We reported a case of a substantial improvement in 
depression symptomatology, intrusive thoughts, and food 
noise following tirzepatide use.

Case Report
A 34-year-old Saudi female patient, a single teacher 

with a Master of Arts in Translation. She is the second 
of healthy parents and was diagnosed with depression in 
2020 and started sertraline without improvement. Then she 
showed some improvement on fluoxetine, she reported food 
obsessions in the form of food noise and intrusive thoughts, 
she spends almost 10 hours/day thinking about which items 
of food she would like to eat during that day. In addition, 
she had very severe thoughts about hurting herself or other 
people, for example, jumping in front of the train, while 
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on fluoxetine, she still experienced frequent and severe 
bouts of low mood. This patient was also diagnosed with 
paranoia and reports of an impulse to spend more money 
on shopping.
The Patient Experience before Mounjaro, in Her Own 
Words

“I was overweight for as long as I can remember. And I 
have been feeling sad (depressed) since I was a pre-teen. I was 
prescribed Sertraline for over a year, and the only difference 
was complete numbness and fatigue. In 2023, I started on 
Fluoxetine and began to see a difference in my mood. I am 
still me, and I can finally function, but fatigue persists”.  

Six months previously, the patient started on tirzepatide 
10 mg per day for morbid obesity; her body mass index (BMI) 
was 49, her weight was 123, and her Height was 157. The 
patient showed substantial improvement in depression, food 
noise, and intrusive thoughts.
The Patient Feelings following Mounjaro

“Months ago, I had to start Mounjaro because of my 
obesity, which started to affect my knees, so I had to take 
Mounjaro as a way to kickstart my weight loss journey. 
I noticed that Mounjaro hushed the voices in my head that 
had driven me to spend hours on end browsing food apps to 
see what I could eat. I didn’t realize how much energy, time, 
and thought I was putting into choosing a meal. That’s why 
I developed a habit of eating once a day, late at night, and in 
large quantities. Food noise almost completely disappeared.

Another major thing I noticed while taking Mounjaro 
was how easily I could identify intrusive thoughts and shush 
them out quickly, like never before. And the frequency with 
which I have these intrusive thoughts also differed. Intrusive 
thoughts are a rare occurrence. In relation to depression, while 
on Mounjaro, my depressive episodes are shorter than before 
and occur less frequently as well. Before, even on medication, I 
would still have periods of bad mood, fatigue, and dissociation 
for weeks or a month. Now they are far and few between, and 
maybe it’s related to my cycle. Normally, ovulation periods 
and PMS are the worst.

I use Mounjaro now less as a weight loss drug and more 
as a mood stabilizer that helps my mind rest a bit and not waste 
time over what meal to eat next.”

She is now following up at the family medicine clinic on 
tirzepatide (Mounjaro) and fluoxetine. Her current body mass 
index is 44. Importantly, the patient reported no body image 
distortion or guilt regarding her high body mass index. The 
fluoxetine dose was not escalated. 

Discussion
We reported a case of improving food noise, obsession, 

and intrusive thoughts with tirzepatide (Mounjaro). Our 
findings were similar to Järvinen et al.,13 who reported an 
improvement in severe obsessive food craving in a patient 
with hyperactive autistic spectrum disorder treated with 
liraglutide 2.4mg/day. There is an increasing awareness about 
the role of GLP-1 agonists in decreasing food-compulsive 
eating and addiction.14 GLP-1 agonists were shown to affect 
cognitive processes and influence the reward process in the 

brain to influence various addictive behaviors, including 
alcohol dependence and recreational drug abuse. 15

Hindbrain GLP-1 neurons, located primarily in the 
nucleus of the solitary tract, project directly to forebrain 
regions, including the paraventricular nucleus and other areas 
of the hypothalamus, to regulate satiety and suppress food-
seeking behavior. 16,17

Dysfunction in cortico-striatal-thalamic circuits 
mediates executive functioning, and poor behavioral inhibition 
was observed in patients with obsessive-compulsive disorder 
and hyperactivity. 

A recent case report suggested the association of 
semaglutide with depression.18 However, the case reported 
a male patient with a previous episode of depression, 
suggesting that his depressive symptomatology could be a 
relapse of previous depression. In addition, our patient is not 
a case of depression, but depression and compulsive disorder. 
Furthermore, we used tirzepatide, a dual-acting medication 
that stimulates both the GIP and GLP-1 receptors.

While gut enteroendocrine cells and brainstem 
preproglucagon (PPG) neurons both produce GLP-1, they 
regulate feeding via independent mechanisms. Optogenetic 
or chemogenetic activation of PPG neurons in the nucleus 
tractus solitarius profoundly suppresses eating and promotes 
satiation.19

The restricted and repetitive patterns of behavior in 
autism and obsessive-compulsive disorder share various 
features, including ritualized patterns of verbal and nonverbal 
behavior, highly restrictive routine, and resistance to change. 
Therefore, the diagnosis is extremely challenging and leads 
to overdiagnosis of obsessive-compulsive disorders among 
patients with autism. 20

The American Psychiatric Association included 
restrictive behavior as a criterion for autism diagnosis. 
Repetitive behavior in patients with autism appears 
similar to arranging, ordering, and cleaning in compulsive 
disorders. 21 Importantly, 17.4% of patients with obsessive-
compulsive disorders had autism. However, they are usually 
underdiagnosed due to phenotypical similarities. 22 Jiujias 
et al.23 hypothesized that obsessions initiate anxiety and 
compulsions relieve anxiety; therefore, there is a bidirectional 
relationship. The relationship between anxiety and repetitive 
behavior in Autism is unclear. More differences between 
OCD and autism are in sensory processing and executive 
functioning. The accurate diagnosis of repetitive behavior in 
autism and OCD is highly important for the introduction of the 
treatment for a better outcome. 24

Although antidepressant, antipsychotic, and stimulant 
drugs are used to treat autism with some success. However, 
they do not fully reverse all the symptoms of autism spectrum 
disorders. In addition, autism spectrum disorders are 
associated with other metabolic disorders, including diabetes 
and obesity. 25 Therefore, drugs that address all the behavioral 
and metabolic disorders, like GLP-1 agonists, are attractive.  

Although the effects of GLP-1 agonists on mood 
disorders showed mixed results, the evidence was based on 
observational studies. 26 Our report is important because it is 
the second case report in the literature to show the substantial 
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improvement of compulsive/obsessive behavior and 
depression in a patient with morbid obesity. Therefore, GLP-1 
agonists should be thought of as a treatment for patients with 
obsession/depression, in particular, food noise and intrusive 
thoughts.

Conclusion
Tirzepatide (Mounjaro) alleviates repetitive behavior and food 
noise in a patient with autism/obsessive-compulsive disorders. 
GLP-1 agonists could be considered a treatment for patients 
with high body mass index and repetitive behavior. Further 
larger studies investigating different GLP-1 agonists and doses 
are highly recommended.
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