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Abstract. Artificial intelligence (AI) has become a transformative force across
numerous sectors, particularly in healthcare. In the field of medical diagnostics, Al
technologies are reshaping traditional approaches by enhancing both the speed and
precision of disease detection. This paper analyzes contemporary developments in the
application of Al for diagnostic purposes, emphasizing its capacity to utilize extensive
clinical datasets and genomic information to improve predictive modeling, early
detection, and preventive strategies, thereby contributing to improved patient care
outcomes. The study seeks to evaluate emerging directions in Al-driven diagnostics
and assess their broader implications for the modernization of healthcare systems. This
analytical review is grounded in a comprehensive examination of scholarly literature
retrieved from major academic databases, including Scopus, PubMed, Web of Science,
and Elsevier. The selection of sources was guided by clearly defined inclusion and

225




ISSN 2224-5227 1.2026

exclusion criteria centered on Al methodologies and their diagnostic applications. The
findings reveal a significant expansion in the integration of Al into medical diagnostics,
underscoring its effectiveness in processing complex and large-scale patient data to
generate reliable and clinically relevant diagnostic insights. Ongoing advancements in
Al technologies facilitate the rapid evaluation of heterogeneous patient information,
such as clinical histories, demographic characteristics, and laboratory findings. As a
result, diagnostic practices are becoming increasingly data-driven, anticipatory, and
precise, offering substantial potential for healthcare improvement. Nevertheless, despite
its considerable capabilities, Al should be regarded as a supportive instrument rather
than a substitute for medical professionals in the diagnostic process.
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Annorauus. XXacanas! uatewtekt (JKW) opTypii cananapra, COHBIH IITIHAC TCHCAY-
JIBIK CaKTay cajachlHa NIa adTapisikTail ocep errti. XKW aypynapasl AuarHOCTHKaay
YAEpICiH THIMAUIIK TEH JANIIKTI eQyip apTThIpY apKbUIbl TyOereim e3reprye.
byn 3eprrey aypymapapl muarnoctukanayga KW xonmanymblH Kas3ipri ypaicTepiH
KapacThIPa bl )KOHE KIIMHUKAJIBIK O0IKaMIap Ibl, ay pyIapibl aHBIKTAy MEH aJIJIbIH aJTyIbl
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KaKcapTy YIIiH ayKbIMJbl KIMHUKAJIBIK JEPEKTEp MEH I'eHOMHUKAaHbI MaiijajiaHyablH
oneyeriHe epekuie Hazap aynapaabl. COHBIH HOTHKECIHAE HayKacTapIblH emuey
HOTHXKeJepi JKkaKcapaabl. 3epTTeydiH MakcaTbl — aypyJaapAbl auarHocthkanayna JKN
KOJIIAHYABIH COHFBI YPIICTEPIH Talaay >KOHE OChl TEXHOJIOTHSUIBIK JKETICTIKTEpIiH
JICHCayJIbIK CAKTay callachbIH KaJlail e3repTe aJlaThIHBIH TYCiHY. byl aHamuTHKaIBIK IOy
Scopus, PubMed, Web of Science sxone Elsevier cusKTbI akaaeMHSIIBIK IepeKKOpIapaa
KYPTi3UITeH KeH KeJieM/Ii 9ieouerTepi Tannayra Heriznenren. 3eprreyae KU omicrepi
MEH OJIapblH aypyJlapAbl AMarHOCTUKANAyja KOJIJaHbUTybIHA OaFbITTalIFaH EHIi3y KOHEe
LIBIFapy KpUTepuisiepi maigananbuiabl. HoTmkenep MemuIMHANBIK AMAarHOCTHKAIA
KU-niH KapKelHABI JaMbIl Kejle JKaTKaHbIH KepCceTell >KOHEe OHBIH NalueHTTepre
KATBICTBI YJIKEH KOJIeMJIeri AepeKTepi THIMII eHJeN, Talay apKbUIbl 1] opi HAKThI
JIMarHo3 KO MYMKIHIITIH aikeiHaaiabl. XK TeXHOIOTHSUIapBIHBIH Y3IKCI3 1aMybl
MEIMIHUHANBIK TapuX, JAeMOTpPa(UsIIBIK MOIIMETTEp >KOHE 3epTXaHalbIK Tajujay
HOTHIKEJIepl CHSIKTBI OpTYpPJl MalUeHT ICPEeKTepiH >KbUinaMm Oarajayra MYMKIHIIK
Oepeni. byn KeTicTiKTep JUarHOCTHKAHBI OOJHKAYIIbI, aJIABIH ATYILbI )KOHE aHAFYPIIBIM
JI9N €Tefll, COHBIH HOTHIKECIHIE IEHCAylbIK CcaKTay jKyHeciHIe ereyni esrepicrep
Oonmanpl nmen kyrtimyge. Anaima, XKW KyarTel Kypan OonfaHbIMEH, ON aypyiapibl
IMarHOCTHKaJay/1a JopirepaiH pesliH TOJBIK aTMacThIpa aIMANTHIHBIH aTall 6TKEH KOH.

Tyiiin ce3aep: >kacaH bl MHTEIUIEKT, MAIIMHAIIBIK OKBITY, TEPEH OKBITY, MEAMLIMHAIIBIK
JepeKTep, aypyapasl 00JKay, KITMHUKAIBIK EIiM KaObliiay
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Annorauus. MckyccrBennsiii natesuiekT (UMW) okaspiBaeT 3HAYUTEILHOE BIMSHUE
Ha pasauyHble cdepbl, BKIIOYAs 3ApaBOOXpaHEHHWE. B 4YacTHOCTH, TEXHOIOTHH
NN  TpaHCchOpPMUPYIOT MEIMLUMHCKYIO JHATHOCTHKY, CYIIECTBEHHO IIOBBILIAS
3G PEeKTUBHOCT, M TOYHOCTH BBISBICHHS 3a0oneBaHuil. B naHHOM uccienoBaHUH
paccMaTpuBalOTCSl COBPEMEHHBIE TeHIAeHUUWH mnpumeHenns WM B nmarHoctuke
3a00JIeBaHM C aKLEHTOM Ha €ro MOTEHIMaj B UCIOIb30BaHUH KPYIMHOMACIITaOHBIX
KIMHAYECKHX JaHHBIX M TEHOMHOM HH(OpMauuu A  COBEPLICHCTBOBAHHS
KIMHAYECKOTO MPOTHO3MPOBAHMS, OUATHOCTHKH M NPOQWIAKTHKH 3a00JeBaHUH,
YTO B KOHEYHOM HTOTE CIIOCOOCTBYET YAYYILIEHUIO PE3YJbTATOB JICUCHUS MAlUEHTOB.
Lenpio wccienoBaHus SIBISETCS aHATU3 COBPEMEHHBIX TEHACHIMH HCIIOIb30BAHHS
UN B nuarHocTuke 3a00J€BaHUM M ONpeAeTIeHHE TOro, KakuM 00pa3oM JaHHBIE
TEXHOJOIMYECKHE JOCTHKEHUSI MOTYT TpaHC(hOpMUpOBaTh chepy 3ApaBOOXpaHEHHUSI.
Hacrosmmii ananuTHueckuii 0030p OCHOBaH Ha IIUPOKOM aHAIHM3€ HAay4YHOU
JUTEPATypbl, MPEICTABICHHON B TaKMX akaJeMHYeCKuX 0azax JaHHBIX, Kak Scopus,
PubMed, Web of Science u Elsevier, ¢ npumeHeHUEeM KpUTEPHEB BKIIOUYEHHS H
HCKITIOYEHUS], OPUEHTUPOBAHHBIX Ha MeToabl MM 1 nxX ncnonbp30BaHMEe B UATHOCTHKE
3aboneBanuid. [lomyueHHbIe pe3yabTaThbl CBUAETENBCTBYIOT O CTPEMHUTEIBHOM POCTE
npumenenus: MM B MeOUUIMHCKOM JHAarHOCTHKE M MOJYEPKHBAIOT €ro CIIOCOOHOCTH
¢ pexTrBHO 00padaThiBaTh U aHAIM3UPOBATH OOJbIINE 00bEMBI JaHHBIX MAIMEHTOB,
oOecrieurBasi TOYHbIC M HaJIe)KHBIE TMarHocTuueckue pemenus. [locrosHHoe pa3BuTHe
texHojoruii UM nmo3BosnsieT onepaTuBHO OLIEHUBATH Pa3HOPOIHBIE TaHHbIC MAIIMEHTOB,
BKJIIOUasi MEITUIIMHCKUI aHaMHe3, AeMOorpaduieckue XapakTepUCTHKH U PE3yJbTaThl
11a00paTOPHBIX UCCIAECIOBAHUNA. DTH JOCTHKEHHUS IENAI0T TUarHOCTUUECKUE MPOLECCH
Ooyiee TPOTHOCTHYECKUMH, MNPOPHUIAKTUYECKMMHA W TOYHBIMH, YTO OTKPHIBAET
3HAUUTEbHBIC TEPCHEKTHBBI sl TpaHchopMaluu CHCTEMBI 3APaBOOXPAHEHUSL.
Onnako, HECMOTpsI Ha BbICOKMH moTeHnMan MM xak MOLIHOTO MHCTPyMEHTa, OH HE
MOXET MOJIHOCTBIO 3aMEHUTH POJIb Bpaua B MPOLiecce AUArHOCTUKU 3a00IeBaHU.

Ki1ioueBble cjioBa: MCKYCCTBEHHBIH WHTEJUICKT, MAIIMHHOE OOy4yeHue, rryOoKoe
oOydeHHe, MEIMIMHCKHAE IaHHBbIC, MPOTHO3MPOBaHME 3a00JNEeBaHHN, KIMHUYECKOE
MPUHSTHE PELICHUH

Introduction. Artificial intelligence (Al) is increasingly reshaping modern healthcare
systems, particularly in the domain of disease diagnostics, by enhancing precision,
operational efficiency, and individualized care strategies. Al-driven technologies are
widely applied in areas such as medical imaging, digital pathology, and personalized
treatment planning, contributing to measurable improvements in clinical outcomes.
Despite these advancements, several barriers limit the seamless integration of Al
into routine medical practice. Ethical considerations, concerns regarding patient data
confidentiality, and the risk of algorithmic bias remain critical challenges. Moreover,
existing research lacks comprehensive and context-sensitive frameworks capable of
addressing these issues systematically, especially in healthcare environments with
limited technological and financial resources. Artificial intelligence has emerged as
a powerful instrument for disease risk assessment and predictive analytics based on

228




ACADEMIC JOURNAL OF PHYSICAL AND CHEMICAL SCIENCES

large-scale medical datasets. Techniques derived from machine learning (ML) and
deep learning (DL) enable the analysis of electronic health records, clinical parameters,
and laboratory findings, facilitating earlier and more accurate disease identification.
Empirical evidence suggests that Al-based predictive models achieve high diagnostic
performance in detecting cardiovascular disorders, metabolic diseases such as diabetes,
and various oncological conditions. Beyond predictive capabilities, Al systems
increasingly function as decision-support tools that assist healthcare professionals in
improving diagnostic speed and consistency. Nevertheless, persistent concerns regarding
data quality, information security, and the interpretability of complex Al models
continue to restrict broader clinical acceptance. Overall, scholarly findings consistently
highlight the substantial promise of Al technologies in enhancing disease prediction
and supporting evidence-based medicine. In addition, artificial intelligence supports
physicians’ decision-making processes, increasing the speed and quality of diagnosis.
Nevertheless, the quality and privacy of medical data, as well as the interpretability
of Al systems, remain significant issues. Overall, the literature indicates that artificial
intelligence has great potential in disease prediction.

Literature Review. Artificial intelligence (Al), an interdisciplinary field of
science and engineering, is primarily aimed at creating and understanding intelligent
computational processes, as well as developing systems that demonstrate such
intelligence (Mintz et al. 2019; Gupta et al. 2021; Peiffer-Smadja et al. 2020). Within
healthcare systems, Al contributes to improved diagnostic accuracy, more effective
chronic disease management, and faster drug discovery pathways. However, the
implementation of Al-based solutions often involves substantial financial investment
and technical complexity. A defining strength of Al lies in its capacity to process and
interpret multifaceted clinical information — including radiological images, pathological
findings, endoscopic data, ultrasound results, and biochemical indicators — thereby
modernizing traditional diagnostic approaches. In particular, Al-driven models have
demonstrated strong performance in identifying malignant lesions in medical imaging
and enhancing patient selection procedures for clinical trials (Sisodia 2021; Chen et al.
2022; Rajkomar et al. 2019).

From a structural perspective, Al applications in medicine can be categorized into
two principal domains: virtual and physical. The virtual domain encompasses machine
learning and deep learning methodologies, with deep learning representing a specialized
subset of machine learning. Machine learning techniques are typically classified into
supervised, unsupervised, and reinforcement learning paradigms, as illustrated in
Figure 7. The physical domain, by contrast, involves Al-integrated medical equipment
and robotic systems designed to assist in clinical interventions and procedural tasks.
Comparative distinctions between artificial intelligence, machine learning, and deep
learning are also presented in Figure 7.

Al technologies have been successfully implemented across several key healthcare
domains. Clinical decision support systems, initially introduced in the late twentieth
century, were developed to standardize clinical workflows and promote adherence to
evidence-based guidelines (Topol 2019; Liu et al. 2019; Beam 2018). Furthermore, the
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rise of precision medicine has emphasized the use of individual genetic and molecular
profiles to customize therapeutic interventions and medication regimens, thereby
advancing personalized healthcare models (Memon et al. 2021; Chatterjee et al. 2020;
Luo et al. 2019; Romanini et al. 2020).

In medical image analysis, Al has substantially reduced interpretative variability and
achieved diagnostic performance comparable to that of experienced specialists in fields
such as retinal imaging and mammographic screening (Rodriguez et al. 2020; Nasser
et al. 2019; Sklyarov 2022). Additionally, the rapid expansion of the Internet of Things
(IoT), supported by the proliferation of smart devices and advanced sensor technologies,
has created new opportunities for integrating Al-driven solutions into both hospital-
based and remote healthcare environments.

Materials and Methods. Artificial intelligence has achieved significant progress
across various domains, including medical imaging, pathology, and personalized
medicine. Key technologies such as machine learning, deep learning, and natural
language processing have enhanced diagnostic accuracy and efficiency. Applications
including tumor detection, drug development, and wearable health monitoring devices
have demonstrated substantial impact. However, several challenges remain, including
ethical dilemmas, algorithmic bias, regulatory gaps, and data security concerns. To
address these issues, innovative solutions have been proposed, such as interdisciplinary
collaboration, synthetic data generation, and the establishment of robust legal
frameworks.

Results and discussion. Medical Data and Artificial Intelligence. Medical data
include clinical indicators, biochemical analyses, medical images, and patient
demographic information. Artificial intelligence processes these data to enable early
prediction of disease risk and progression.

Tod ay l—Task
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* Why not semething else?
- Machine ¥ ol someting e1se
Training Learned

Data [* Leaming Function
Process

+ When do you succeed?

* When do you fail?

* When can | trust you?

* How do | comrect an error?
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XAl |
« | understand why
New + | understand why not
Training L Machine L Explainable | Explanation + | know when you succeed
Data Learning Model Interface + I know when you fail
Process * | know when to trust you
- L know why you erred
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Figure 1 — Comparison of Traditional Machine Learning and Explainable AI (XAI) Frameworks

As shown in Figure 1, the traditional machine learning process produces a learned
function that outputs decisions or recommendations without explanation. In contrast,
explainable Al (XAI) provides an explanation interface, enabling the user to understand
the model’s reasoning.
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Applications of Al in Healthcare
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Figure 2 — Applications of Al in Healthcare

As illustrated in Figure 2, artificial intelligence is applied in various healthcare
domains such as rare disease diagnostics, drug development, personalized healthcare
plans, and robot-assisted surgery.

The Future of Artificial Intelligence in Disease Diagnosis. Medical Data Used in
Diabetes Detection.

The following key medical indicators are used to predict diabetes:

e Blood glucose level

e Body Mass Index (BMI)

o Age

e Blood pressure

e Insulin level

e Family history factor (genetic predisposition)

The Al-based workflow for diabetes prediction using neural networks is presented
in Figure 3.
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Figure 3 - Al-Based Workflow for Diabetes Prediction Using Neural Networks
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Figure 4 — Al-based decision support system for insulin titration

The Al-based decision support system for insulin titration (Figure 4).
Sample dataset used in the study. The table below presents a sample of medical data
used for diabetes detection.

Table 1 — Sample Dataset for Diabetes Detection

Ne Age Glucose (mmol/L) BMI Blood Pressure Diabetes
1 45 8.2 314 140/90 Yes
2 34 5.6 24.1 120/80 No
3 50 9.1 33.8 150/95 Yes
4 29 4.9 22.5 110/70 No
5 41 7.8 29.6 135/85 Yes

Based on the analyzed dataset, machine learning algorithms can predict diabetes
risk with high accuracy by identifying complex nonlinear relationships between clinical
indicators such as glucose level, BMI, age, blood pressure, and genetic predisposition.
Predictive models enable early risk stratification and support preventive interventions
before clinical complications develop (Table 1).

Predictive Modeling in Chronic Diseases. Artificial intelligence plays a crucial
role in predicting chronic diseases through the analysis of large-scale clinical datasets.
Machine learning models process structured and unstructured medical data, including
electronic health records (EHRs), laboratory results, medical imaging, and demographic
information. These systems identify hidden patterns and risk factors that may not be
immediately apparent to clinicians. In diabetes prediction, supervised learning algorithms
such as logistic regression, decision trees, random forests, and neural networks are
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commonly applied. These models classify patients into risk categories and provide
probability-based predictions, improving early diagnosis and disease management.

Al in Oncology Prediction. In oncology, Al-based predictive models analyze tumor
characteristics, genetic mutations, and patient-specific clinical parameters to forecast
disease progression and treatment response. Machine learning algorithms assist in:

e Predicting cancer recurrence risk;

¢ Estimating survival probabilities;

o [dentifying patients who may benefit from personalized therapies.

Future advancements include integrating multi-omics data (genomics, proteomics,
metabolomics) to enhance predictive accuracy and enable precision oncology strategies.

Predictive Analytics in Pathology. Digital pathology combined with deep
learning enables automated detection of abnormal cellular structures and early-stage
malignancies. Al systems trained on large annotated image datasets can identify micro-
level pathological changes associated with disease progression.

Future developments should focus on:

o Standardizing digital data formats for interoperability across healthcare systems;

e Combining histological, molecular, and clinical data to improve diagnostic
prediction models. Skin Cancer Risk Prediction. Deep learning models have
demonstrated high performance in classifying skin lesions using dermoscopic images.
By integrating imaging data with patient history and genetic factors, multimodal Al
systems can significantly enhance early skin cancer detection and reduce diagnostic
errors.

Integration with Emerging Technologies. The synergy between artificial intelligence,
genomics, and the Internet of Things (IoT) expands predictive capabilities in healthcare.
Wearable devices and remote monitoring systems continuously collect physiological
data, enabling real-time disease risk assessment and proactive medical intervention.

Overview of Al Applications in Disease Prediction. Al applications in healthcare focus
on early disease detection, risk stratification, prognosis estimation, and personalized
treatment planning. The integration of machine learning, deep learning, predictive
analytics, and big data technologies provides substantial improvements in diagnostic
accuracy and healthcare efficiency. Table 2 provides a comprehensive overview of the
various applications of artificial intelligence in the healthcare sector, highlighting the
primary objectives, technologies employed, key benefits, and relevant references for
each application, thereby illustrating the transformative potential of Al across multiple
domains of medical practice and research.

Table 2 — Summary of Al Applications in Healthcare

Al Application |Primary Objective Technologies Used |Key Benefits References

Disease Early detection of diseases |Deep Learning, Improves diagnostic | Memon

Diagnosis such as cancer and CNN, NLP accuracy and enables |et al.
neurological disorders early intervention

Drug Accelerates the Machine Learning, |Reduces time and Memon

Discovery identification of molecular |Reinforcement costs in early stages of | et al.
patterns and drug efficacy | Learning drug development
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Personalized | Tailors treatment strategies | Predictive Enhances treatment Chatterjee
Treatment based on genetic, lifestyle, | Analytics, Genomic | effectiveness and et al.

and medical history data Data Integration reduces adverse

effects
Healthcare Automates the organization | Natural Language | Streamlines Luo et al.
Records and retrieval of electronic | Processing (NLP), |management and
Management | health records Blockchain ensures secure access
to patient data

Clinical Trial | Improves patient selection | Supervised Increases trial Romanini
Optimization |and study design using Learning, Pattern | efficiency and reduces | et al.

clinical data Recognition costs
Population Processes large-scale Big Data Analytics, | Enables Rodriguez
Health Data healthcare data for Cloud Computing | epidemiological et al.
Analysis research and public health research and improves

monitoring public health response
Disease Predicts and monitors Machine Learning, | Enhances epidemic Chen et al.
Outbreak disease outbreaks using Predictive preparedness and
Prediction multiple data sources Modeling resource allocation
Medical Improves interpretation of | CNN, Image Reduces diagnostic Nasser et
Imaging medical images such as Processing errors and supports al.

X-rays and MRI scans early disease detection

Conclusions. This study examined the role and potential of artificial intelligence
(AI) in disease diagnosis, with particular emphasis on medical imaging, predictive
analytics, and personalized medicine. The research reviewed current Al technologies
— including machine learning (ML), deep learning (DL), and explainable Al (XAI) —
and analyzed their applications in clinical decision support systems, tumor detection,
chronic disease prediction, and diabetes risk assessment based on key medical
indicators such as blood glucose level, BMI, age, blood pressure, insulin level, and
genetic predisposition. The findings demonstrate that Al-based models significantly
improve diagnostic accuracy, speed, and efficiency compared to traditional approaches.
Neural network—based prediction models, when properly trained and validated, show
strong performance in identifying disease risk factors and supporting early diagnosis.
Furthermore, Al systems reduce variability in medical image interpretation and
enhance data-driven clinical decision-making. At the same time, the study identified
critical challenges limiting large-scale implementation, including data quality issues,
algorithmic bias, limited interpretability of models, regulatory gaps, and concerns
related to data privacy and cybersecurity. The analysis highlights the importance of
integrating explainable Al frameworks, ensuring the use of diverse and representative
datasets, and strengthening data protection mechanisms. Overall, the research confirms
that Al has substantial potential to transform disease diagnosis and healthcare delivery.
However, its effective and responsible implementation requires interdisciplinary
collaboration, transparent model development, ethical oversight, and robust regulatory
standards. Continued advancement in Al technologies, combined with practical clinical
validation, will be essential for achieving sustainable and equitable integration of Al
into modern healthcare systems.
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