Review

sfy‘,ﬂouasf,,% Www.ijarp.com ISSN 2456-9992 Page: 01-15 Article

H 'E%' l.|  International Journal Advanced Research ,
N S Volume: 02
QN Publications Issue: 01

. -~ )
Sar o\)'
"ESEARCH ¥

RECENT ADVANCEMENTS IN THE EMERGING ROLE OF
ARTIFICIAL INTELLIGENCE IN DIAGNOSIS AND MANAGEMENT
OF SYNDROMES IN MALES, FEMALES, AND CHILDREN

Mr. Ansari Rashid*3, Chavan Vaishnavi', Jadhav Pradnyesh?, Sanchita Ghatule?,

Sharma Unnatit, Dr. Manoj Jograna?, Rashid Ansari*

!Department of Pharmacology, School of Pharmacy and Technological Management, SVKM
NMIMS Global University, Dhule, 424001.

2Department of Pharmaceutics, School of Pharmacy and Technological Management, SVKM
NMIMS Global University, Dhule, 424001.

3Assistant Professor, School of Pharmacy and Technological Management, SVKM NMIMS

Global University, Dhule, 424001.
Avrticle Received: 13 December 2025, Article Revised: 01 January 2026, Published on: 20 January 2026

*Corresponding Author: Mr. Ansari Rashid

Assistant Professor, School of Pharmacy and Technological Management, SVKM NMIMS Global University, Dhule,
424001.

DOI: https://doi-doi.org/101555/ijarp.7740

ABSTRACT

Artificial intelligence (Al) is rapidly transforming healthcare by enabling precise diagnosis,
risk prediction, and personalized management of syndromes across male, female, and
pediatric populations. The integration of machine learning, deep learning, natural language
processing, and multimodal data analysis has provided clinicians with powerful tools to
identify complex patterns in clinical, imaging, genomic, and wearable data. In males, Al
applications have improved detection and prognostication in conditions such as prostate
cancer, endocrine disorders, and metabolic syndromes. For females, Al has demonstrated
significant potential in polycystic ovary syndrome (PCOS), gynecological cancers, and
pregnancy-related complications, including gestational diabetes and preeclampsia, enabling
early intervention and personalized therapeutic planning. In pediatric populations, Al models
have facilitated early detection of neurodevelopmental disorders, congenital heart anomalies,
infectious diseases, and metabolic syndromes, often achieving diagnostic accuracy

comparable to expert clinicians.
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Despite these advances, several challenges remain. Limited and heterogeneous datasets, lack
of model interpretability, ethical concerns, and regulatory hurdles impede widespread clinical
adoption. Bias in training data may compromise performance across sex, age, and ethnic
groups, underscoring the need for explainable Al, federated learning, and adherence to ethical
and legal standards. Successful integration of Al into routine practice requires robust

validation, clinician training, and seamless workflow implementation.

Looking forward, the evolution of multimodal Al, combining imaging, genomics, clinical
records, and real-time monitoring, holds promise for comprehensive syndrome management.
By addressing ethical, regulatory, and technical barriers, Al can enhance clinical decision-
making, reduce diagnostic errors, and support patient-centered care. This chapter provides a
comprehensive overview of recent advancements, methodological approaches, and practical
considerations for the deployment of Al in syndromic diagnosis and management,

emphasizing its role in promoting precision, equity, and efficiency in healthcare.
KEYWORDS: Artificial intelligence, diagnosis, gynecological disease, pediatric disease.

INTRODUCTION

Artificial intelligence (Al) has emerged as a transformative force in healthcare, offering
unprecedented opportunities for early diagnosis, risk prediction, and personalized
management of complex diseases. Recent advances in machine learning (ML), deep learning
(DL), and natural language processing (NLP) have enabled integration of multimodal data—
ranging from medical imaging and electronic health records (EHRS) to genomics and
wearable devices—into predictive models with high clinical potential [1,2]. AI’s strength lies
in uncovering hidden, nonlinear patterns within syndromes, which are inherently
heterogeneous and often span metabolic, reproductive, oncologic, neurological, and
developmental domains [3].

Sex- and age-specific variability further complicates syndromic diagnosis. Conditions such as
polycystic ovary syndrome (PCOS) in women, prostate cancer in men, and
neurodevelopmental syndromes in children illustrate how biology and phenotype differ
across populations [4,5]. Al systems that fail to account for these differences risk biased
outputs and compromised clinical utility. Consequently, recent research emphasizes the
design of sex-aware and pediatric-specific models that ensure equitable performance across

demographic groups [6,7].
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Several domains already demonstrate AI’s potential. In reproductive health, Al models
analyzing ultrasound images and biochemical markers have shown promise in PCOS
detection and risk stratification [8]. In oncology, particularly prostate and gynecologic
cancers, convolutional neural networks (CNNs) and digital pathology algorithms provide
accurate classification and prognostic insights [9,10]. Pediatric applications are equally
compelling: Al-driven classifiers support early identification of autism spectrum disorder
(ASD), congenital heart disease, and respiratory infections, where rapid diagnosis is critical
[11,12]. Yet, despite these successes, most models remain at the retrospective or single-centre
stage, with limited external validation.

Systematic reviews consistently highlight that while image-based Al models can achieve
diagnostic accuracy comparable to expert clinicians, their translation into real-world practice
is hindered by methodological shortcomings [13,14]. Key issues include lack of multi-centre
validation, inadequate reporting standards, and reliance on narrow, homogeneous datasets. To
address these gaps, reporting frameworks such as TRIPOD-AI and CONSORT-AI have been
recommended to improve study transparency, reproducibility, and clinical relevance [15].
Equally pressing are concerns of explainability, safety, and equity. Clinicians must
understand how Al systems reach decisions to trust and adopt them in practice. Explainable
Al (XAI) tools—such as SHAP and LIME—offer interpretability but are not universally
applied [16]. Moreover, Al systems can inadvertently amplify disparities when trained on
biased data, disproportionately affecting underrepresented groups, including women and
children [17]. Ethical guidelines therefore stress the need for diverse datasets, bias auditing,
and fairness checks before deployment.

The regulatory environment is also evolving. Agencies such as the U.S. Food and Drug
Administration (FDA) have proposed lifecycle-based frameworks for Al/ML-based software
as medical devices (SaMD), emphasizing continuous monitoring and post-market
surveillance [18]. These developments underscore the importance of adaptive oversight,
ensuring that Al tools remain safe and effective as clinical data distributions shift over time.
Taken together, Al offers unique potential to transform the management of syndromes across
male, female, and pediatric populations. However, its promise will only be realized through
rigorous validation, explainability, and ethical integration into clinical workflows. For
researchers in pharmacology and translational medicine, Al also opens new frontiers in
pharmacovigilance, drug response prediction, and individualized therapy selection—

particularly for syndromes with heterogeneous manifestations.
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This chapter aims to (i) synthesize recent advancements of Al across sex- and age-specific
syndromes, (ii) critically evaluate the methodological and ethical dimensions of Al research,
and (iii) outline practical directions for integrating Al into diagnostic and management
pipelines. By bridging technological innovation with clinical and regulatory requirements, the
discussion provides a roadmap for developing reliable, equitable, and clinically actionable Al

solutions in syndromic care.

Overview of Al Methods in Healthcare

Artificial intelligence (Al) encompasses a suite of computational techniques that mimic
human intelligence by processing data, recognizing patterns, and generating predictive
insights. In healthcare, these methods are rapidly reshaping disease diagnosis, management,
and prognosis by leveraging multimodal data sources including imaging, genomics, clinical
notes, and wearable sensors [19].

Machine learning (ML) forms the foundation of Al in medicine, enabling supervised,
unsupervised, and reinforcement approaches. Supervised ML algorithms—such as random
forests and support vector machines—are widely used for classification tasks, including
cancer subtype identification and syndrome risk prediction. Unsupervised learning assists in
clustering complex patient data, revealing latent phenotypes in syndromes like polycystic
ovary syndrome (PCOS) and metabolic syndrome [20]. Reinforcement learning, though
emerging, offers promise for adaptive treatment strategies, particularly in personalized
therapy selection [21].

Deep learning (DL), an extension of ML, excels in feature extraction from high-dimensional
data. Convolutional neural networks (CNNs) dominate image-based diagnostics, powering
applications from radiology to dermatology [22]. Recurrent neural networks (RNNs) and
transformers are equally impactful for sequential data, such as electrocardiograms, speech
patterns in neurodevelopmental syndromes, and longitudinal patient monitoring [23].

Natural language processing (NLP) bridges unstructured data and clinical decision support.
By mining physician notes, radiology reports, and pathology narratives, NLP systems identify
diagnostic cues and predict outcomes with growing accuracy. When integrated into electronic
health records (EHRs), NLP enhances risk stratification and syndrome surveillance in real-
world settings [24].

Beyond individual techniques, hybrid models—combining ML, DL, and NLP—are gaining
traction for their ability to capture multidimensional disease features. For example, models

integrating imaging with genomic and clinical data provide robust predictions for oncological
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and reproductive syndromes [25]. Explainable Al (XAI) further complements these methods

by ensuring transparency, enabling clinicians to interpret outputs and improve patient trust

[26].

Collectively, these Al methods form the backbone of diagnostic and management

frameworks for sex- and age-specific syndromes. Their integration into clinical practice

depends not only on algorithmic sophistication but also on validation, interpretability, and

ethical deployment across diverse patient populations as mentioned in

Table.1.
S. | Al Method Syndrome /| Data Type Key Findings / | Reference
No Application Clinical Impact
1 | ML (Random | Prostate cancer | Clinical + lab Improved early | 19
Forest) risk detection and
stratification personalized risk
scoring
2 | CNN Prostate MRI Imaging Enhanced tumor | 20
localization and
staging
3 | DL (RNN /| Endocrine Longitudinal  lab | Accurate 21
Transformer) disorders  in | data prediction of
males hormone
dysregulation
4 |ML&DL PCOS Ultrasound + | Early diagnosis | 27
hormonal data and  phenotype
classification
5 | CNN Ovarian cancer | Imaging High diagnostic | 29
accuracy and
staging
prediction
6 | Radiogenomics | Gynecological | Imaging + | Personalized 30
cancers genomics treatment
planning
7 | ML Gestational Clinical + lifestyle | Risk  prediction | 32
diabetes + biomarkers and therapy
mellitus optimization
8 |ML Preeclampsia | Maternal Early 31
biomarkers + EHR | identification,
reduced
maternal-fetal
complications
9 | Wearables + Al | Maternal Continuous Real-time alerts | 33
health physiological data | and intervention
monitoring
10 | ML & DL Autism Behavioral + | Early detection, | 34
spectrum speech + imaging | improved
disorder intervention
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timing
11 | CNN Pediatric Echocardiography | Accurate 36
congenital + MRI classification,
heart disease surgical planning
12 | ML & DL ADHD Neuroimaging + | Early diagnosis | 35
cognitive tests and risk
prediction
13 | DL Pediatric Chest radiographs | Rapid diagnosis | 38
pneumonia with high
sensitivity
14 | ML Pediatric Genomic + | Early detection | 40
metabolic biochemical data and therapy
syndromes guidance
15 | Multimodal Al | Syndromes Clinical + imaging | Comprehensive | 47
across + genomics + | prediction,
populations wearable precision
management

Al in Gynaec Diseases

Artificial intelligence (Al) has shown remarkable promise in advancing the diagnosis and
management of female-specific syndromes, where early detection and personalized
interventions are often crucial. Among these, polycystic ovary syndrome (PCQS),
gynecological cancers, and pregnancy-related complications such as preeclampsia and
gestational diabetes mellitus (GDM) represent key areas of innovation.

Polycystic ovary syndrome (PCOS), a highly prevalent endocrine disorder, benefits
significantly from Al-enabled risk prediction and diagnostic support. Machine learning (ML)
and deep learning (DL) models trained on clinical, hormonal, and imaging features have
demonstrated superior accuracy in distinguishing PCOS phenotypes compared to
conventional diagnostic methods [27]. Algorithms integrating ultrasound image analysis with
biochemical markers aid in early detection and stratification of disease severity, paving the
way for individualized treatment strategies [28].

In gynecological oncology, convolutional neural networks (CNNs) and radiomics-based
models provide breakthroughs in early detection and staging. Al-assisted imaging in cervical
and ovarian cancers achieves diagnostic accuracy comparable to expert radiologists, while
digital pathology platforms analyze histopathological slides for prognosis and therapy
planning [29,30]. These applications not only improve diagnostic reliability but also enhance
efficiency in screening programs, particularly in resource-constrained settings.

Al applications in pregnancy-related complications are equally impactful. Predictive analytics

leveraging EHRs and maternal biomarkers have been employed for early identification of
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preeclampsia, enabling timely interventions to reduce maternal and fetal morbidity [31].
Similarly, ML-based models for gestational diabetes mellitus (GDM) integrate lifestyle,
clinical, and genetic data to predict risk, guide monitoring, and personalize therapeutic
regimens [32]. These approaches are particularly important given the rising global prevalence
of GDM and its long-term metabolic consequences for both mother and child.

Moreover, emerging wearable and mobile health technologies powered by Al provide
continuous monitoring of maternal and reproductive health, offering real-time alerts for
complications. Such innovations foster patient empowerment while supporting clinicians in
decision-making [33].

Despite these advancements, challenges persist in translating Al into clinical practice. Many
models remain limited by small, homogeneous datasets, risking bias and reduced
generalizability across diverse female populations. Ethical concerns around data privacy,
transparency, and fairness must also be addressed to ensure equitable deployment.
Collectively, Al-driven innovations in female syndromes represent a paradigm shift toward
precision medicine, where diagnostic accuracy, predictive capability, and therapeutic

guidance are tailored to women’s unique health needs.

Al in Female Syndromes

Artificial intelligence (Al) is revolutionizing the diagnosis and management of female-
specific syndromes by integrating clinical, imaging, and molecular data into predictive
models that support early intervention and precision care. Key areas of progress include
polycystic ovary syndrome (PCOS), gynecological cancers, and pregnancy-related
complications such as preeclampsia and gestational diabetes mellitus (GDM).

In PCOS, one of the most common endocrine disorders among women of reproductive age,
Al-based algorithms have shown strong potential for early detection and phenotype
classification. Machine learning (ML) models trained on hormonal, metabolic, and ultrasound
data outperform traditional diagnostic criteria, providing a more accurate assessment of
disease severity and progression [27]. Deep learning (DL) models further enhance the
analysis of ovarian morphology and follicle count from ultrasound imaging, enabling risk
stratification and personalized therapeutic planning [28].

In gynecological oncology, convolutional neural networks (CNNs) and radiomics-driven
approaches are being used for early detection, tumor grading, and prognostic evaluation in
cervical, endometrial, and ovarian cancers. These tools deliver diagnostic accuracy

comparable to expert radiologists and pathologists while reducing inter-observer variability
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[29]. Radiogenomic models that integrate imaging with genomic profiles are also emerging,
supporting individualized treatment strategies and improving survival predictions [30].

Al is also playing a crucial role in addressing gynaecological physiology syndromes such as
polycystic ovary syndrome (PCOS), gynecological cancers, and pregnancy-related
complications such as preeclampsia and gestational diabetes mellitus (GDM). Predictive
algorithms based on maternal biomarkers, hemodynamic data, and electronic health records
(EHRSs) enable early detection of preeclampsia, facilitating timely interventions and reducing
maternal-fetal risks [31]. Similarly, ML-based models for GDM integrate lifestyle,
demographic, and biochemical factors to identify high-risk women, guide glucose
monitoring, and optimize therapeutic choices [32].

Beyond hospital settings, Al-enabled wearables and mobile health applications are being
deployed to monitor maternal well-being in real time, alerting clinicians and patients to
potential complications. Such digital tools not only empower women in self-care but also
extend healthcare access in low-resource environments [33].

Despite these advancements, challenges remain in ensuring generalizability and fairness.
Current Al models are often trained on limited, homogenous cohorts, raising concerns of bias
when applied to diverse female populations. Additionally, ethical issues surrounding privacy,
consent, and algorithmic transparency highlight the need for responsible Al deployment.
Overall, Al applications in female syndromes represent a paradigm shift toward data-driven,
patient-centered care, promising earlier diagnosis, more precise risk prediction, and tailored

interventions that align with women’s unique health needs.

Al in Pediatric Syndromes

Artificial intelligence (Al) is increasingly transforming pediatric healthcare by enabling early
detection, risk prediction, and personalized management of childhood syndromes. The
pediatric population presents unique challenges due to developmental variability, smaller
datasets, and ethical considerations in data collection. Despite these barriers, significant
progress has been made in areas such as neurodevelopmental disorders, congenital anomalies,
and infectious and metabolic syndromes.

In neurodevelopmental syndromes, Al-driven tools are accelerating early diagnosis. Machine
learning (ML) algorithms analyzing behavioral data, facial expressions, and speech patterns
have been applied to detect autism spectrum disorder (ASD) with high accuracy, often years

earlier than conventional methods [34]. Similarly, deep learning (DL) applied to
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neuroimaging aids in early identification of attention-deficit/hyperactivity disorder (ADHD)
and other cognitive disorders, enabling timely interventions [35].

Al has also proven valuable in congenital heart disease (CHD), one of the most prevalent
pediatric anomalies. Convolutional neural networks (CNNs) trained on echocardiographic
and MRI datasets can classify CHD subtypes, assist in surgical planning, and predict
outcomes with precision comparable to pediatric cardiologists [36]. Moreover, predictive
models integrating genetic, imaging, and hemodynamic data are supporting personalized
treatment strategies in these high-risk patients [37].

In infectious syndromes, Al enhances rapid diagnosis through image-based recognition and
clinical data mining. Deep learning models analyzing pediatric chest radiographs have
achieved high sensitivity in detecting pneumonia and tuberculosis, which remain major
causes of childhood morbidity and mortality [38]. Al-enabled point-of-care tools are also
being piloted in resource-limited settings, improving diagnostic access and reducing delays in
treatment [39].

Al applications extend to pediatric metabolic and genetic syndromes, where ML algorithms
process genomic and biochemical data to predict conditions such as inborn errors of
metabolism. Integration of multi-omics datasets with clinical features has begun to accelerate
personalized diagnosis and therapy design [40].

While the benefits are clear, challenges include limited large-scale pediatric datasets,
potential bias in training models, and ethical issues surrounding consent and data sharing in
children. Collaborative initiatives focused on multi-institutional data pooling and pediatric-
specific Al frameworks are essential to overcome these barriers.

Overall, Al is poised to significantly advance pediatric care by offering early, accurate, and
equitable diagnosis of complex syndromes, ultimately reducing morbidity and improving

lifelong outcomes.

Challenges, Ethical Concerns, and Future Directions of Al in Syndromic Care
Al holds great promise for managing male, female, and pediatric syndromes, but several

critical challenges remain.

Data Limitations & Generalizability
Al models require large, diverse datasets. Many syndromic datasets are small or
homogeneous, limiting reliability and generalizability, especially in pediatric and rare

conditions. Multi-institutional collaborations and federated learning can help [41,42].
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Bias & Equity
Training on unrepresentative data risks reinforcing disparities across sex, age, and ethnicity.

Regular bias audits and equitable dataset curation are essential for fair Al deployment [43].

Transparency & Explainability
Black-box models hinder clinician trust. Explainable Al (XAIl) methods like SHAP, LIME,
and Grad-CAM improve interpretability, helping clinicians understand Al-driven diagnoses

and treatment recommendations [44].

Regulatory & Legal Challenges
Al in healthcare must comply with evolving frameworks from FDA and EMA, including
lifecycle evaluation and post-market monitoring. Liability, data privacy, and cross-border

regulations remain critical concerns [45].

Clinical Integration
Even accurate models fail if workflow integration is poor. Seamless EHR integration, real-
time monitoring, and clinician training are key to adoption [46].

Future Directions

e Multimodal Al combining imaging, genomics, and clinical data [47]

e Prospective, multicenter validation for robustness [48]

e Pediatric- and sex-specific models for biological variability [49]

e Federated learning to protect data privacy [50]

e Explainable and ethically transparent Al for trust and accountability

Addressing these challenges will help Al transition from a research tool to a reliable,
clinically actionable resource, improving syndrome detection, personalized care, and patient

outcomes.

CONCLUSION

Avrtificial intelligence (Al) has emerged as a transformative tool in the management and
diagnosis of syndromes across male, female, and pediatric populations. Its ability to integrate
diverse data types—ranging from clinical records and laboratory results to imaging and
genomics—enables early detection, accurate risk stratification, and personalized therapeutic
guidance. In males, Al has enhanced diagnostics for conditions such as prostate cancer and

endocrine disorders, while in females, it has shown promise in polycystic ovary syndrome,
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gynecological cancers, and pregnancy-related complications like gestational diabetes and
preeclampsia. Pediatric applications include early detection of neurodevelopmental disorders,
congenital anomalies, and infectious and metabolic syndromes, often outperforming
conventional methods in sensitivity and predictive accuracy.

Despite its potential, Al implementation faces challenges including limited and biased
datasets, lack of transparency, ethical concerns, and regulatory complexities. Addressing
these issues through explainable Al, multi-institutional validation, federated learning, and
adherence to ethical and legal frameworks is critical for clinical translation. Furthermore,
integrating Al seamlessly into healthcare workflows and tailoring models for sex- and age-
specific differences are essential to ensure equitable and effective patient care.

Looking forward, the evolution of multimodal Al, incorporating imaging, genomic, and
longitudinal clinical data, promises more comprehensive, individualized syndrome
management. When coupled with explainable and ethically governed frameworks, Al can
enhance clinician decision-making, reduce diagnostic errors, and improve patient outcomes.
Overall, Al represents a paradigm shift toward precision, efficiency, and equity in syndromic
care, laying the foundation for a future where data-driven insights drive timely, personalized,

and actionable healthcare interventions.
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