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ABSTRACT 

Rapid breakthroughs in diagnostic technology are driv-
ing a transformation in the healthcare scene. These advance-
ments are ushering in a new era of personalized and 
precision medicine, with early detection, tailored drugs, and 
continuous monitoring as the foundations of healthcare de-
livery. Emerging technologies, such as digital biomarkers, 
artificial intelligence, and the quantified-self movement, 
alter established diagnostic methods. This review looks at 
cutting-edge diagnostic tool advancements, how they are 
being integrated into the drug development workflow, and 
how they could improve patient outcomes and lower health-
care costs. The COVID-19 pandemic has acted as a catalyst, 
hastening the implementation of several diagnostic methods 
for quickly identifying and monitoring infectious diseases. 
Likewise, the incorporation of robotic sample handling, 
data analytics, and artificial intelligence has increased the 
efficiency and accuracy of diagnostic systems across a wide 
range of medical professions. In addition, the convergence 
of diagnostics and therapeutics, known as companion diag-
nostics, has changed the drug development process by al-
lowing for customized treatment selection and monitoring 
of responses. Looking ahead, the future of diagnostics 
promises a more comprehensive, patient-centered approach, 
with real-time data from wearable devices, genomic pro-
files, and digital biomarkers informing clinical decision-
making. Key developments in point-of-care diagnostics, 
nanobiosensors, and liquid biopsies have the potential to 
transform early illness identification and management. 
Using these cutting-edge diagnostic tools, healthcare sys-
tems can seek to provide more effective, efficient, and eq-
uitable care, thereby improving patient outcomes and 
minimizing the load on the healthcare system.

Correspondence: Shagun Agarwal, School of Allied Health 
Sciences, Galgotias University, Greater Noida, Uttar Pradesh, 
India. 
E-mail: shagunmpt@gmail.com 
  
Key words: personalized medicine, precision diagnostics, dig-
ital biomarkers, artificial intelligence, point-of-care testing, 
liquid biopsies. 
  
Contributions: all authors contributed equally to the work. 
They have reviewed and approved the final version of the 
manuscript and agreed to take responsibility for all aspects of 
the study. 
  
Conflict of interest: the authors declare no competing interests. 
  
Ethics approval and consent to participate: not applicable. 
  
Informed consent: not applicable. 
 
Patient consent for publication: not applicable. 
  
Availability of data and materials: not applicable. No data has 
been created or developed. 
 
Funding: none. 
 
Received: 29 January 2025. 
Accepted: 23 April 2025. 
Early view: 18 June 2025. 
 
Publisher’s note: all claims expressed in this article are solely 
those of the authors and do not necessarily represent those of 
their affiliated organizations, or those of the publisher, the ed-
itors and the reviewers. Any product that may be evaluated in 
this article or claim that may be made by its manufacturer is 
not guaranteed or endorsed by the publisher. 
 
©Copyright: the Author(s), 2025 
Licensee PAGEPress, Italy 
Italian Journal of Medicine 2025; 19:1932 
doi:10.4081/itjm.2025.1932 
 
This work is licensed under a Creative Commons Attribution 
NonCommercial 4.0 License (CC BY-NC 4.0).

[page 230]                                               [Italian Journal of Medicine 2025; 19:1932]

Italian Journal of Medicine 2025; volume 19:1932



Introduction 
Artificial intelligence in diagnostics 

The healthcare sector has undergone a significant revo-
lution with the introduction of artificial intelligence (AI) 
technologies. AI has made steady developments in clinical 
medicine and healthcare, particularly in the areas of digital 
health and diagnosis. The combination of AI techniques and 
medical imaging has transformed many aspects of medical 
practice, ranging from early disease detection and accurate 
diagnosis to personalized therapy planning and improved 
patient outcomes.1 AI-powered diagnostic systems have 
shown promise in a variety of medical specialties, including 
ophthalmology, radiology, and cardiology, yielding tangible 
clinical advantages. The combination of AI and medical im-
aging has allowed for the development of cutting-edge di-
agnostic tools that can analyze massive amounts of medical 
data, such as images, patient records, and sensor data, to 
identify patterns and provide accurate insights, ultimately 
improving disease detection, diagnosis, and personalized 
care. The use of AI-powered diagnostic technology has the 
potential to improve patient outcomes, optimize healthcare 
resource utilization, and streamline clinical decision-making 
procedures. AI-powered diagnostic systems have shown 
promise in ophthalmology, radiology, and cardiac diagnos-
tics, delivering real clinical advantages. This integration of 
AI and medical imaging has resulted in the development of 
cutting-edge diagnostic tools capable of analyzing massive 
amounts of medical data, such as images, patient records, 
and sensor data, to identify patterns and provide accurate in-
sights, ultimately improving disease detection, diagnosis, 
and personalized care.2 AI advancements have enabled the 
development of cutting-edge diagnostic systems capable of 
identifying patterns and providing accurate insights from 
massive amounts of medical data, such as photographs, pa-
tient records, and sensor data.3 AI-powered diagnostic sys-
tems have shown promise in ophthalmology, radiology, and 
cardiac diagnostics, yielding demonstrable clinical advan-
tages. The combination of AI and medical imaging has trans-

formed many aspects of medical practice, from early disease 
detection and accurate diagnosis to personalized treatment 
planning and better patient outcomes. These AI-powered di-
agnostic tools have the potential to improve patient out-
comes, maximize healthcare resource utilization, and 
simplify clinical decision-making procedures (Figure 1).4 

 
Enhancing infection prevention and control 

The COVID-19 pandemic has highlighted the impor-
tance of AI in healthcare, particularly infection prevention 
and control. AI applications have enormous potential for es-
tablishing proactive, data-driven solutions to reduce the 
spread of infectious illnesses. AI’s capacity to evaluate vast 
information and recognize subtle patterns can help with 
early detection, risk assessment, and targeted interventions. 
AI-powered disease surveillance systems, for example, can 
quickly identify and respond to potential disease outbreaks 
by analyzing real-time data from a variety of sources, in-
cluding social media, electronic health records, and sensor 
networks.5 AI can help optimize healthcare resource alloca-
tion, improve contact tracing efforts, and anticipate the 
course of infectious diseases, allowing for more effective 
and timely public health interventions. Also, AI-powered 
predictive analytics can foresee illness patterns, identify 
high-risk populations, and help design personalized preven-
tion and response methods. This data-driven strategy can en-
able healthcare practitioners to apply more proactive and 
personalized interventions to combat the spread of infectious 
illnesses, hence improving public health results. 

 
 

The future of diagnostics 
As the healthcare business evolves, the use of AI-pow-

ered diagnostic devices will become more common. AI has 
a wide range of applications in clinical medicine, including 
pathological diagnosis of cancer, diabetic retinopathy, and 
glaucoma screening, and patient self-monitoring of skin dis-
eases. AI-driven diagnostic systems have shown promise in 
a variety of medical specialties, including ophthalmology, 
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Figure 1. Process of artificial intelligence (AI) in disease diagnosis.



radiology, and cardiology, with substantial therapeutic im-
provements. These modern diagnostic technologies can an-
alyze massive amounts of medical data, such as photos, 
patient records, and sensor data, to uncover trends and de-
liver precise insights, thereby improving disease detection, 
diagnosis, and personalized therapy. Also, AI-powered ill-
ness management and clinical event prediction can inform 
preventative programs, allowing healthcare practitioners to 
give more personalized and proactive care.4  

The coming decade of diagnostics promises more accu-
rate, efficient, and accessible healthcare, allowing healthcare 
professionals and patients to negotiate the complexity of dis-
ease management. AI-powered predictive models can help 
forecast disease progression, identify high-risk individuals, 
and enhance clinical decision-making. By analyzing massive 
volumes of data from electronic health records, genomic pro-
files, and real-time monitoring equipment, AI systems can re-
veal intricate patterns and connections that human clinicians 
may not see right away. These predictive analytics can help 
to design individualized treatment plans, optimize resource 
allocation, and permit proactive interventions, thereby im-
proving patient outcomes and the overall quality of care.3 

 
 

Biomarker discovery and personalized  
medicine 

Advances in AI and digital health technologies have also 
paved the path for more personalized medical methods. AI-
enabled data collection and analysis from various digital 
health devices and sensors can help identify novel biomark-
ers, resulting in more accurate diagnosis, risk assessment, 
and tailored therapies. This data-driven approach to person-
alized medicine has great potential for improving patient 
outcomes by adapting healthcare therapies to an individual’s 
specific genetic, physiological, and environmental charac-
teristics.6 AI can play an important role in the development 
of personalized medications by facilitating data-intensive 
assays that uncover optimal intervention targets and treat-
ment methods for specific patients. By analyzing patient 
data such as medical histories and lifestyle characteristics, 
AI algorithms may give patients individualized suggestions 
for good health and empower them to make informed deci-
sions about their treatment.7,8 Also, the combination of AI 
with digital health technologies, such as wearable devices 
and remote monitoring systems, can provide real-time data 
collection and analysis, allowing for dynamic changes to 
personalized treatment regimens. As the healthcare business 
evolves, the use of AI-powered diagnostic devices will be-
come more common, revolutionizing disease detection, di-
agnosis, and personalized care. These powerful AI-powered 
diagnostic tools have the potential to improve patient out-
comes, optimize healthcare resource utilization, and simplify 
clinical decision-making procedures. AI algorithms can un-
cover trends and deliver correct insights by analyzing mas-
sive volumes of medical data, such as photographs, patient 
records, and sensor data, ultimately enhancing illness detec-
tion, diagnosis, and the development of personalized treat-
ment regimens. The future of diagnostics promises more 
accurate, efficient, and accessible healthcare, allowing both 
healthcare professionals and patients to negotiate the com-
plexity of disease management. 

Non-invasive diagnostics 
The combination of AI and medical sensing technology 

has also ushered in the age of noninvasive diagnostics. AI-
powered gadgets and wearables can continually monitor a 
variety of physiological indicators, including heart rate, 
blood oxygen levels, breathing patterns, and even brain ac-
tivity, allowing for early diagnosis of health issues and real-
time intervention.9 These non-invasive diagnostic 
instruments can provide vital information about an individ-
ual’s general health, allowing healthcare providers and pa-
tients to take a more proactive approach to illness prevention 
and management. For example, AI-powered smartwatches 
may continually monitor a variety of physiological data, 
such as heart rate, blood oxygen levels, and activity patterns, 
to detect early indicators of disorders such as atrial fibrilla-
tion. By alerting the user and their healthcare providers to 
these early warning indicators, these devices allow for 
timely intervention, lowering the likelihood of complica-
tions such as stroke. Similarly, AI-enabled continuous glu-
cose monitoring devices can assist diabetics in closely 
monitoring their blood sugar levels, providing real-time data 
that can be used to guide lifestyle changes and medication 
management. This enables better control of illness, resulting 
in better health outcomes and a higher quality of life for di-
abetics. Also, combining AI with non-invasive diagnostic 
tools like wearable devices and remote monitoring systems 
allows for the collection and analysis of massive amounts 
of real-time data, giving healthcare professionals a more 
complete picture of a patient’s health status.9  

Using this wealth of data, AI systems may detect early 
warning signs, anticipate illness onset, and guide personal-
ized treatment strategies, ultimately improving disease man-
agement and patient outcomes.  

 
 

Point-of-care testing  
The combination of AI, mobile technology, and point-

of-care testing has the potential to transform healthcare de-
livery, especially in resource-constrained environments. 
AI-powered diagnostics can enable people to self-monitor 
their health, simplifying the healthcare system and increas-
ing access to timely and personalized care.10 The future of 
diagnostics is the seamless integration of cutting-edge tech-
nology, such as AI, digital health, and personalized medi-
cine, to provide more accurate, efficient, and accessible 
healthcare solutions. This integration has the potential to en-
able individuals to take an active role in their own health 
management while also allowing healthcare practitioners to 
provide more personalized and proactive care.6 

By leveraging AI, healthcare professionals may extract 
significant insights from massive amounts of medical data, 
such as patient records, genetic profiles, and real-time mon-
itoring data. This data-driven approach can lead to the dis-
covery of new biomarkers and the development of 
individualized treatment plans, ultimately improving patient 
outcomes and promoting a more personalized approach to 
medicine. Also, combining AI with mobile technology and 
point-of-care testing can assist in overcoming hurdles to 
healthcare access, especially in underprivileged populations. 
AI-powered diagnostic solutions, such as portable gadgets 
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and smartphone apps, can let people self-monitor their 
health, receive prompt diagnoses, and communicate with 
doctors remotely. This can help to eliminate gaps in care 
while also improving overall population health outcomes. 
As the healthcare business evolves, the seamless integration 
of cutting-edge technologies such as AI, digital health, and 
personalized medicine has the potential to alter the future of 
diagnostics. This integration, which empowers both patients 
and healthcare providers, has the potential to result in more 
accurate, efficient, and accessible healthcare solutions, ulti-
mately improving patient outcomes and expanding the area 
of personalized, precision-driven medicine. 

 
 

Rapid pathogen identification 
Another prospective application of AI in diagnostics is 

the quick detection of pathogens, which is critical for suc-
cessful infection prevention and management. AI-powered 
diagnostic technologies can analyze patient samples, such 
as blood or respiratory specimens, to promptly detect the 
presence of certain pathogens, including new infections. 
This allows healthcare practitioners to quickly deploy ap-
propriate treatment and containment measures, slowing the 
spread of infectious diseases and improving patient out-
comes.11 Also, quick pathogen identification can help with 
disease outbreak tracking and monitoring, informing public 
health initiatives, and allowing for a more proactive ap-
proach to managing infectious disease hazards. AI-based 
systems, for example, can employ machine learning algo-
rithms to analyze clinical samples and quickly detect the 
presence of pathogens like bacteria, viruses, and fungi. 
These rapid diagnostic capabilities can significantly improve 
patient management by allowing for the timely initiation of 
targeted antimicrobial therapy, as well as the implementation 
of appropriate infection control measures to limit the spread 
of infectious diseases within healthcare facilities and com-
munities.11 Also, combining AI with automated sampling 
and processing technology can simplify the diagnostic work-
flow by providing healthcare clinicians with fast and reliable 
information to help them make clinical decisions. The ability 
to rapidly detect pathogens has significant implications for 
public health surveillance and outbreak response. 

AI-powered diagnostic technologies can be used in real 
time to track the appearance and spread of infectious dis-
eases, allowing public health officials to respond promptly 
to outbreaks and execute targeted interventions. This can 
significantly improve healthcare systems’ overall prepared-
ness and resilience in the face of emerging disease threats, 
resulting in better population health outcomes.  

 
 

Liquid biopsy for early cancer detection 
AI has also demonstrated potential in the field of liquid 

biopsy, a non-invasive diagnostic method that uses the study 
of circulating biomarkers, such as tumor-derived DNA, to 
detect cancer early on. By using AI to analyze these indica-
tors, healthcare providers can acquire significant insights 
into an individual’s cancer risk, allowing for early interven-
tion and personalized treatment. AI-powered liquid biopsy 
has been shown to be effective in the early identification and 
monitoring of a variety of cancer types, including lung, 

breast, and prostate cancer.12 This technology has great po-
tential for improving cancer outcomes through early detec-
tion and personalized treatment techniques.  

 
 

Organ-on-a-chip and in vitro models 
The combination of AI and cutting-edge in vitro models, 

such as organ-on-a-chip platforms, has the potential to trans-
form drug discovery and development. These sophisticated 
systems can imitate the complicated physiological processes 
of human organs, allowing for more precise and efficient 
testing of potential therapy candidates.4  

AI-powered analysis of the data provided by these in 
vitro models can yield useful insights into disease processes, 
therapeutic efficacy, and potential adverse effects, thereby 
speeding up the drug research and development process. 
Overall, the merging of AI and cutting-edge healthcare tech-
nologies has the potential to alter diagnostics in the future. 
These breakthroughs hold the potential of more accurate, ef-
ficient, and personalized healthcare, allowing healthcare 
providers and patients to negotiate the intricacies of disease 
management and improve health outcomes.3,4,13,14  

 
 

Predictive analytics and decision support 
The use of AI in diagnostics goes beyond just identify-

ing diseases or symptoms. AI-powered predictive analytics 
can also be used to forecast illness progression, identify 
high-risk individuals, and aid clinical decision-making. AI 
algorithms can find patterns and connections that human cli-
nicians may not see when analyzing massive amounts of 
data from electronic health records, genetic profiles, and 
real-time monitoring devices.15 These AI-powered predictive 
models can help healthcare professionals design personal-
ized treatment plans, optimize resource allocation, and ad-
dress possible health issues before they worsen.  

AI-driven risk assessment models, for example, can 
identify patients who are at high risk of developing chronic 
disorders, allowing for early intervention and preventive 
care techniques to reduce disease development and progres-
sion. Also, AI-powered decision support systems can give 
doctors individualized suggestions for diagnosis, treatment, 
and patient management, boosting the quality and efficiency 
of healthcare delivery while also improving patient out-
comes. By exploiting the insights offered by these AI-based 
predictive analytics, healthcare practitioners may make bet-
ter decisions, allocate resources more effectively, and pro-
vide more proactive and personalized care to their patients.7  

 
 

Diagnostic innovations for global health 
Advances in AI-powered diagnostics have the potential 

to greatly improve global health, particularly in resource-
constrained contexts. Healthcare professionals can reach un-
derprivileged regions by inventing diagnostic equipment 
that is economical, portable, and simple to use. These AI-
powered diagnostic technologies can assist us in overcoming 
challenges to healthcare access, such as geographic isola-
tion, limited infrastructure, and a lack of medical personnel, 
allowing people in rural or underprivileged areas to receive 
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prompt and accurate diagnoses. Also, integrating AI with 
telemedicine and mobile health technology can help deliver 
specialized healthcare services to underprivileged groups, 
increasing overall health outcomes and eliminating in-
equities in access to quality treatment.16,17  

AI-enabled screening equipment, for example, can allow 
people living in rural places to self-monitor their health and 
seek medical help when necessary. Also, combining AI with 
telemedicine and remote monitoring technology can help 
give specialized healthcare services to areas with restricted 
access to medical personnel. This can help overcome barri-
ers to healthcare access and enhance health outcomes for 
those living in underserved or distant places around the 
world.18  

 
 

Ethical considerations and regulatory  
landscape 

As the field of AI-powered diagnostics evolves, it is crit-
ical to address any ethical, legal, or regulatory issues that 
arise. As AI systems rely on enormous amounts of sensitive 
health information, it is critical to ensure patient privacy, se-
curity, and appropriate data use. Regulatory organizations 
must develop strong rules and procedures to ensure the 
safety, efficacy, and transparency of AI-powered diagnostic 
tools while balancing innovation with patient-centric safe-
guards. Also, healthcare organizations and politicians must 
address concerns of data bias, algorithmic fairness, and eq-
uitable access to these technologies in order to reduce the 
danger of worsening health inequities. The creation and im-
plementation of AI-powered diagnostic tools must be com-
plemented by strict ethical and legal frameworks. 

Protecting patient privacy and data security is critical 
since these systems handle sensitive medical information. 
Regulatory organizations should provide clear norms and 
standards to assure the safety, efficacy, and transparency of 
AI-powered technology, finding a balance between encour-
aging innovation and prioritizing patient-centered safeguards. 
Also, healthcare organizations and governments must proac-
tively address data bias and algorithmic fairness. AI systems 
can perpetuate and exacerbate pre-existing social biases if 
their training data is unrepresentative, or the algorithms are 
not built to be inclusive. It is critical to thoroughly analyze 
these AI models for any biases and put in place procedures to 
ensure that everyone has equal access to these diagnostic 
tools, regardless of socioeconomic or demographic status. 

By tackling these ethical and regulatory concerns, the 
healthcare industry can fully realize the transformational 
promise of AI-powered diagnostics while adhering to the 
ideals of patient privacy, non-discrimination, and responsi-
ble innovation.18 By navigating these ethical and regulatory 
difficulties, the healthcare industry can maximize the revo-
lutionary potential of AI-powered diagnostics to improve 
patient outcomes, improve clinical decision-making, and 
pave the way for personalized, precision-based healthcare. 
It is critical that the development and deployment of AI-
powered diagnostic tools prioritize patient privacy, data se-
curity, and algorithmic fairness to enable equal access and 
treatment for all people, regardless of socioeconomic or de-
mographic status. To reduce the risk of perpetuating health-
care disparities, strong governance frameworks must be 

established, severe data protection measures implemented, 
and biases in AI algorithms addressed. By taking a proactive 
and thorough approach to ethical and regulatory issues, the 
healthcare industry can fully realize the potential of AI-pow-
ered diagnostics while adhering to the values of patient-cen-
tricity, non-discrimination, and responsible innovation.18-20 

 

 
Conclusions 

The incorporation of cutting-edge technology, such as AI 
and digital health breakthroughs, has the potential to alter di-
agnostics in the future. AI-powered diagnostic technologies 
have the potential to transform disease detection, diagnosis, 
and personalized care by providing more precise, efficient, 
and accessible healthcare solutions. AI’s ability to analyze 
massive volumes of medical data, such as photographs, pa-
tient records, and sensor data, has the potential to identify 
novel biomarkers, design individualized treatment regimens, 
and optimize healthcare resource utilization. Also, combining 
AI with non-invasive diagnostic technologies like wearable 
devices and remote monitoring systems can enable patients 
to take a more proactive approach to their health, resulting in 
better disease management and outcomes.  

As the healthcare business evolves, the integration of AI 
and digital health technologies will become increasingly im-
portant, ushering in a new era of personalized, preventive, 
and data-driven diagnoses.  
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