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Abstract: Background: The integration of artificial intelligence (AI) into the healthcare domain is a monumental shift 
with profound implications for diagnostics, medical interventions, and the overall structure of healthcare systems. 
Purpose: This study explores the transformative journey of foundation AI models in healthcare, shedding light on the 
challenges, ethical considerations, and vast potential they hold for improving patient outcome and system efficien-
cy. Notably, in this investigation we observe a relatively slow adoption of AI within the public sector of healthcare. 
The evolution of AI in healthcare is un-paralleled, especially its prowess in revolutionizing diagnostic processes. 
Results: This research showcases how these foundational models can unravel hidden patterns within complex 
medical datasets. The impact of AI reverberates through medical interventions, encompassing pathology, imaging, 
genomics, and personalized healthcare, positioning AI as a cornerstone in the quest for precision medicine. The 
paper delves into the applications of generative AI models in critical facets of healthcare, including decision sup-
port, medical imaging, and the prediction of protein structures. The study meticulously evaluates various AI models, 
such as transfer learning, RNN, autoencoders, and their roles in the healthcare landscape. A pioneering concept 
introduced in this exploration is that of General Medical AI (GMAI), advocating for the development of reusable 
and flexible AI models. Conclusion: The review article discusses how AI can revolutionize healthcare by stressing 
the significance of transparency, fairness and accountability, in AI applications regarding patient data privacy and 
biases. By tackling these issues and suggesting a governance structure the article adds to the conversation about 
AI integration in healthcare environments.
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Introduction

As Artificial intelligence (AI) tries to transform 
healthcare, obstacles remain. Research care-
fully points out potential roadblocks, such as 
the public sector’s slow progress in implement-
ing AI, and raises concerns about how equally 
its benefits should be distributed [1]. These dif-
ficulties highlight the necessity of integrating AI 
in healthcare with care and ethics [1]. Analyzing 
the moral issues raised by the use of AI assis-
tance technology in healthcare settings, espe-
cially when it comes to their potential to replace 
human care, is one of the focuses of this study 
[2].

As technologies grew faster and wider with 
great advancement, AI in biomedicine is still in 

its early stages; however, future developments 
and discoveries should spur the field and  
broaden the spectrum of applications [3]. The 
subset of AI known as machine learning (ML), 
has especially intriguing applications in diag-
nostics. These technologies can quickly and 
accurately evaluate large amounts of medical 
data to find patterns, spot anomalies, and  
help diagnose diseases. These technologies 
have the substantial power to revolutionize the 
healthcare domain, healthcare management, 
and medical facility optimization. This can 
reduce the cost more efficiently and enhance 
the patient experience through resource allo- 
cation [4]. Healthcare systems globally encoun-
ter various challenges, including escalating 
disease-related costs, operational inefficien-
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cies, and constraints on resources. Focusing 
on the transformative potential of AI and ML, 
this study also explores how these technolo-
gies could adeptly address such issues. It high-
lights the significance of ML in enhancing 
health systems through the identification of 
concealed patterns in data [5]. The sustained 
advancement of AI and its growing impact are 
exemplified by a decline in self-references. This 
trend indicates an openness to change in the 
industry and reflects a flexible and inclusive 
approach to the advancement of AI [6].

In this review, we will explore the applications of 
AI and foundation models for effective diagno-
sis and prediction systems using various pro-
cessing methodologies and algorithms. 

The evolution of Ai in healthcare

The pursuit of non-biological intelligence tran-
scends the inception of AI in 1956 [7]. Initially, 
the focus was on “designing” cognitive abili- 
ties, a perspective that evolved with Charles 
Darwin’s fundamental work in 1859, which 
revealed that intricate and adaptive designs 
can organically emerge through the process of 
natural selection acting on random variations 
[7]. In the realm of healthcare, researchers and 
healthcare professionals are actively shaping 
regulations to enhance public access to cost-
effective healthcare services through the inte-
gration of AI technologies [8]. The expansion  
of AI-based healthcare firms is expected to 
increase the availability of information, thereby 
augmenting the areas recommended for fur-
ther study [8]. Notably, cancer-related research 
takes precedence, followed by heart diseases, 
stroke, vision Impairment, Alzheimer’s, and 
depression, offering light on the primary focus 
areas within AI research in healthcare. A key 
insight identifies a gap in research on AI appli-
cations for high-burden diseases, providing 
directions for future AI research in healthcare 
[9].

Understanding foundation Ai models

The advent of foundation models like BERT, 
DALL-E, and GPT-3 marks a revolutionary shift 
in AI, with these models being trained on enor-
mous datasets and applicable to a variety of 
downstream applications [10]. Artificial intelli-
gence is defined as acomputer system capable 
of performing activities normally associated 

with human intelligence. This requires develop-
ing algorithms and models that enable ma- 
chines to learn from data, analyze it, make 
decisions, and solve problems [10]. Subfields 
of AI include machine learning, natural lan-
guage processing (NLP), computer vision, and 
robotics. ML algorithms, trained on large datas-
ets to identify patterns and generate predic-
tions or decisions. NLP aids in understanding 
and interacting with human language, while 
computer vision (CV) involves the development 
of algorithms enabling machines to compre-
hend and interpret visual data. Robotics inte-
grates AI with physical systems to create intel-
ligent devices capable of real-world interaction 
[10]. The ethical consideration of using LLM 
models in healthcare poses challenges, requir-
ing careful attention to prevent the dissemina-
tion of misinformation and the propagation of 
harmful contents [11].

AI in medical interventions

AI in healthcare refers to the advancement of 
technologies like Machine learning and Deep 
learning that are being used to analyze, assist, 
and detect the medical aspects of diseases 
and their interventions [12]. This emphasizes 
AI’s transformational power across all domains 
of medicine, including but not limited to basic 
science, clinical practice, healthcare manage-
ment, and financial elements. The core con-
cepts of Machine learning, in which the com-
puter learns from the data to make decisions, 
and describe how Artificial Neural Networks are 
used in the field of Deep learning to extract 
important insights from enormous datasets 
and to assist physicians in patient care [12]. 
Table 1 Illustrates the comprehensive overview 
of various ML and DL models used in the 
healthcare. Artificial intelligence has the capac-
ity to affect healthcare on numerous levels, 
including fundamental research, clinical prac-
tice, the administration of healthcare, and 
financial components. It also has the potential 
to improve resource usage, decision-making, 
and patient outcome [12]. With applications in 
radiology, pathology, genomics, and personal-
ized medicine, artificial intelligence is becom-
ing more and more prevalent in the healthcare 
industry [12]. Artificial neural networks, which 
focus on clinical tasks including diagnosis, 
prognosis, and survival analysis, are vital to 
supporting medical decision-making [13]. 
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Table 1. Characteristics of included study
Author Year Title Research Objective Study Results Future Directions
Kirill  
Dyagilev 
[58]

2015 Learning (Predictive) Risk 
Scores in the Presence of Cen-
soring due to Interventions

Proposed ranking-based framework for disease 
severity score learning that can track changes in 
the severity, especially when there is therapy-
related censoring.

It was shown using simulated datasets that 
DSSL outperforms other approaches in 
terms of generalization to changes in treat-
ment patterns.

Examine the use of active learning in domains were, 
obtaining a large number of clinical comparison 
pairs.

Sarah A. 
Graham [59]

2019 Artificial Intelligence for 
Mental Health and Mental 
Illnesses: An Overview

Using artificial intelligence to classify, predict, or 
identify mental health disorders.

Shown high accuracy and the potential of 
using machine learning algorithms in mental 
health care and customize treatments based 
on certain traits.

Investigate how AI and human intelligence may col-
laborate to ensure accuracy and decrease potential 
errors.

Hongfeng Li 
[60]

2021 Skin disease diagnosis with 
deep learning: a review

Provide a conceptual analysis and in-depth 
assessment of current deep learning detection 
models.

Determined the difficulties and current uses 
in the diagnosis of skin diseases.

Integration of multimodal data sources, such as 
clinical information and genetic data, to enhance 
skin disease diagnosis with DL.

Michael Tran 
Duong [61] 

2019 Artificial intelligence for preci-
sion education in radiology

AI framework to enhance radiology education by 
tailoring instruction to individual.

Guided decision-making can enhance 
individual trainees’ decision-making skills, 
increasing the quantity and quality of case 
training.

Explore the full potential of AI in enhancing radiol-
ogy education.

Bradley J. 
Erickson 
[62]

2017 Machine Learning for Medical 
Imaging

Explore the use of machine learning in medical 
imaging to detect trends and aid in medical 
diagnosis.

Machine learning has shown comparable ac-
curacy to medical practitioners in recogniz-
ing multiple conditions from medical photos.

Continued research into DL approaches in medical 
imaging to optimize the benefits of feature detec-
tion.

Moor [23] 2023 Foundation models for 
generalist medical artificial 
intelligence

Enable GMAI models to interpret various medi-
cal modalities and produce advanced medical 
outputs.

Generalist medical AI algorithms are sug-
gested to carry out various medical tasks 
with minimum task-driven data labelled.

Explore the potential of GMAI models in solving 
tasks with limited data.

Zeeshan 
Ahmed [36]

2020 Artificial intelligence with 
multi-functional machine 
learning platform development 
for better healthcare and 
precision medicine

The main aim of this paper is to analyze and 
explore various AI and ML methodologies, and 
viewpoints in healthcare to promote scientific 
solutions.

The use of precision medicine can enhance 
standard symptom-driven medical care by 
enabling previous interventions.

More research is required to develop academic 
solutions, opening the path for a new data-centric 
era of innovation in healthcare.

Stein JD [63] 2019 Evaluation of an algorithm for 
identifying ocular conditions in 
electronic health record data

The aim of this project is to design an algorithm 
that could examine both structured and unstruc-
tured EHR data for exfoliation syndrome (XFS).

The algorithm accurately identified the 
majority of patients with and without XFS 
among 122,339 eye care recipients, demon-
strating the potential for similar algorithms 
to identify other ocular disorders and 
improve research applying big data.

Further research should focus on enhancing the 
methodology to detect additional ocular disorders 
besides XFS in EHR data.

Wong [64] 2018 Machine learning classifies 
cancer

Improve Cancer Diagnosis through Machine 
Learning.

Machine learning algorithms are effectively 
used to identify cancer types, assisting doc-
tors in predicting diseases such as breast, 
lung, and liver cancer based on medical re-
cords and improve the treatment of patients.

Explore the potential of utilizing DNA methylation 
changes for accurate tumor classification.

Chunyu Wu 
[65]

2023 The future application of 
artificial intelligence and 
telemedicine in the retina: a 
perspective

The primary objective of the study is to examine 
the existing research and use of AI, telemedicine, 
and home monitoring devices in retinal condi-
tions, and propose a future model for incorporat-
ing AI and digital technology in this field.

AI-based image analysis has been extended 
to DR, AMD and ROP showing promising 
results in the diagnosis and monitoring of 
these conditions.

The study further suggests deploying digital health 
solutions with technology and technical needs, such 
as smartphone-based fundus photography utilized 
in an automated AI DR screening programme in In-
dia, that has shown great accuracy in detecting DR.
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Advancements in precise medical treatments 
and surgery have been made possible by the 
progress in robotics applications within the 
healthcare industry [14]. To overcome challeng-
es and maximize AI’s benefits in the healthcare 
industry, this continuous evolution and work is 
crucial. Additionally, fatigue-related concerns 
have been eliminated [14]. Exploring the 
advancements in AI and machine learning for 
accurate diagnosis and prognosticating pa- 
tients’ future health has real consequences for 
improving healthcare outcomes [14, 15]. The 
algorithms used produced positive outcomes 
in administrative operations in healthcare, 
streamlining processes and minimizing manual 
labor [15]. Precision medicine can benefit from 
AI by using it to anticipate therapy protocols 
based on patient characteristics and the treat-
ment context. Figure 1 Represents the data 
workflow pattern that are to be carried out. 
Through data analysis and pattern identifica-
tion, artificial intelligence may change the 
healthcare business by enhancing diagnosis, 
treatment, and patient outcomes [15].

This study presents a ground-breaking and 
comprehensive overview of the use of genera-
tive AI in healthcare, with a focus on transform-
ers and diffusion models [16]. These diffusion 
models can be worked on in various areas like 
medical imaging, clinical recording, diagnostic 
help, and medication design [16]. The two types 
of generative AI models in healthcare are diffu-
sion models and transformer-based models. 
Generative AI models are used in a variety of 

accurate forecasts difficult, although machine 
learning is useful in forecasting illness risk 
based on patient genetic data [17]. Machine 
learning models become more generalizable 
when important features are extracted and 
irrelevant ones are removed through the use of 
feature selection techniques [17]. There are 
many feature selection techniques, each with 
unique benefits, drawbacks, and applications. 
One technique that stands out is the identifica-
tion of pertinent features (such as SNPs) that 
are essential for predicting the risk of an illness 
[17]. When choosing relevant features for a 
multivariate filter, MIFS (Mutual Information 
Feature Selection) draws into account the 
mutual information between the characteris-
tics and the target variable [17]. A multivariate 
filter method called Fast Correlation-Based 
Filter removes duplicate features based on 
their correlation with other features and evalu-
ates the relevance of each feature by looking at 
how it correlates with the target variable [17]. 
Using simulated datasets, the study carefully 
identifies scenarios in which neural network 
analysis outperforms Cox regression modeling 
[18]. The results refute the conventional wis-
dom that neural network analysis is a complex 
and enigmatic technique, highlighting its capac-
ity to provide insightful information on survival 
analysis [18]. The deep convolutional neural 
networks play a key role in medical imaging 
applications, which include tasks such as the 
detection of prostate cancer, and identification 
of metastases or mitosis in breast cancer, 
which make them important for the founda-

Figure 1. Managing healthcare data workflow.

medical imaging applications, 
including image reconstruc-
tion, image-to-image transla-
tion, image development, and 
categorization of images [16]. 
Beyond imaging, these models 
help with clinical decision sup-
port, radiological interpreta-
tion, and medical coding and 
invoicing, resulting in better 
medical decisions and data 
restoration [16]. Furthermore, 
generative AI plays an impor-
tant part in protein structure 
prediction, allowing for a better 
knowledge of molecular repre-
sentation and assisting in me- 
dication design [16]. The “cur- 
se of dimensionality” makes 
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tions of artificial intelligence [19]. Transfer 
learning further enhances the capabilities of 
these models by fine-tuning established deep 
neural networks initially trained on extensive 
datasets of non-medical images with a vast col-
lection of biomedical images [19].

Autoencoders, particularly performing sparse 
autoencoding with sparing constraints and hid-
den layers of thousands of neurons, have been 
shown to be efficient in extracting features for 
classification. Recurrent neural networks excel 
at processing time-series data, and deep feed-
forward neural networks with multiple hidden 
layers excel at modeling complex relationships 
between inputs and outputs [19]. This cluster 
of crucial AI models exhibits the flexibility of 
fake insights in addressing different challenges 
inside the restorative space. The integration of 
exchange learning, autoencoders, repetitive 
neural systems, profound feedforward neural 
systems, and profound remaining neural sys-
tems collectively illustrates the potential of cus-
tom fitted AI models for different therapeutic 
applications [19]. This study builds on previous 
studies by examining the applications of AI in 
clinical decision-making and data management 
quality in healthcare [20]. Personalization of 
the treatment pathway for each patient, 
achieved through analysis of medical history, 
genetic data, and treatment response, provides 
a targeted intervention approach. In the area  
of clinical decision-making, it is important to 
develop reliable AI healthcare products [20]. 
The establishment of a supervisory authority is 
important for the necessary checks and bal-
ances. Particularly, ChatGPT is recognized in 
the medical community for its capabilities, as 
evidenced by its ability to pass the U.S. Medical 
Licensing Examination [21]. Large-scale lan-
guage models like ChatGPT are poised to trans-
form not only the healthcare industry but also a 
variety of fields. From streamlining administra-
tive tasks to improving diagnostic accuracy and 
fostering patient engagement, it can serve as  
a valuable co-pilot tool for doctors. Its role 
extends to interpreting, summarizing, and com-
pleting reports, enhancing healthcare accessi-
bility and effectiveness, and ultimately im- 
proving the accessibility and efficiency of the 
healthcare system [21, 22]. The integration of 
large-scale language models into healthcare 
not only provides peace of mind for healthcare 
professionals, but also contributes to the over-

all improvement of patient care within health-
care organizations [22].

Prudence, however, is necessary when contem-
plating the implementation of ChatGPT and 
similar models. A careful assessment is neces-
sary to identify possible weaknesses such as 
inaccuracies, the possibility of fake knowledge, 
and ingrained prejudices [22]. 

General Medical AI (GMAI) is a revolutionary 
concept that uses flexible and reusable AI mod-
els to address medical issues without task-spe-
cific labeled data [23]. Recent core paradigm 
research advances like multimodal architec-
tures, self-supervised learning strategies, and 
contextual learning capabilities, have the po- 
tential to transform the field. These methods 
refine GMAI models to understand a variety of 
medical modalities and produce exact results 
[23]. Self-monitoring is needed to overcome 
task-specific data restrictions. This proposal 
shows possible GMAI applications in several 
medical fields.

These programs analyze medical imaging, elec-
tronic health data, laboratory findings, genet-
ics, graphics, and medical literature with 
advanced medical reasoning. GMAI’s adapt-
ability makes it a revolutionary force that can 
help the healthcare industry’s complicated 
problems [23]. Maintaining and certifying AI 
systems for medical applications may be tough. 
In order to support GMAI-enabled applications, 
large medical datasets must be acquired using 
modified methods [23]. International medical 
advocacy organizations must expand their fo- 
cus beyond finance and corruption. These orga-
nizations should aggressively push sanctions 
on dictators who support western military ambi-
tions [24] in order to enhance global health by 
addressing the root causes of poverty and ill-
ness. Strong health systems and open gover-
nance are also stressed for improved living 
[24]. Forecasting algorithms use AI as a break-
through tool. These models use AI algorithms 
trained on past data to find patterns and trends 
to make accurate forecasts. AI prediction mod-
els are useful in healthcare for predicting ill-
ness development, identifying high-risk people, 
and prioritizing therapy regimen [24]. Fore- 
casting algorithms use AI as a breakthrough 
tool. By using AI algorithms trained on historical 
data to find patterns and trends, these models 
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can accurately predict disease progression, 
identify high-risk individuals, and focus treat-
ment regimens [24]. These diverse AI applica-
tions show the technology’s versatility and 
influence across many industries, especially 
healthcare [24]. The study urges physicians 
and patients to learn data literacy and pro-
motes training. AI can cut costs, shorten wait 
times, and improve patient care. It addresses 
public concerns and anxieties over AI used to 
help governments and healthcare institutions 
create appropriate laws and is a comprehen-
sive resource for AI practitioners and research-
ers [25]. 

AI in healthcare: past, present and future

By using expanding amounts of medical data 
and enhanced analytical tools, artificial intelli-
gence (AI) is transforming the face of health-
care, particularly inthe disease categories of 
neurology, heart disease, and cancer [26]. 

Important applications of artificial intelligence 
(AI) can be found in stroke treatment, with an 
emphasis on early detection, treatment, out-
come prediction, and prognostic assessment. 
AI may exert an even larger effect on health-
care, with real-world ramifications for a wide 
range of those who are involved [27]. Medical 
professionals will benefit from better patient 
care, improved treatment results, and a more 
precise predictive outcome, particularly in con-
ditions like stroke. The 4,444 patients in one 
study will also benefit from AI-powered health-
care systems by being provided with improv- 
ed health monitoring, individualized treatment 
regimens, and quicker and more accurate diag-
noses [27]. Although AI has the potential to 
revolutionize healthcare, there are currently 
obstacles to its practical implementation. Su- 
ccessful implementation of AI technology in 
healthcare will require overcoming several sig-
nificant difficulties, including integrating AI into 
present medical care, resolving legal disputes, 
and guaranteeing data privacy and security [27, 
28].

Diverse types of Ai models

Artificial intelligence (AI) within the health care 
sector involves a broad range of technologies 
and applications that employ AI to enhance 
many aspects of the healthcare setting. Here 
are a few uses of AI in the medical field.

Natural language processing 

Natural language processing (NLP) is an 
advanced field that uses foundation models in 
cardiology, pathology, ophthalmology, and radi-
ology. This emphasizes the significance of fac-
tually-aware contrastive learning and section 
segmentation in improving radiology report 
comprehension, drawing on relevant studies 
involving models such as Bidirectional Encoder 
Representations from Transformers (BERT) and 
Robustly Optimized BERT Approach (RoBERTa) 
for medical record and radiology report classifi-
cation [29]. It also demonstrates how trans-
former-based language models, as established 
by RadBERT (Radiology Bidirectional Encoder 
Representations from Transformers), can be 
used in radiology. By considering enhanced 
text categorization, improved hospitalization 
prediction, and the use of pre-training app- 
roaches such as BERT and RoBERTa, the publi-
cation gives vital insight for researchers and 
practitioners [29]. With the ability to analyze 
large amounts of radiology text data more 
accurately and efficiently, one can enable pre-
training techniques, improve feature represen-
tation and prediction accuracy, allow for fine-
tuning, and enable natural language under- 
standing [29]. Beyond natural language pro-
cessing, artificial intelligence (AI) in radiology 
also encompasses image analysis, automated 
report generation, workflow optimization, sup-
port for clinical choices, and predictive analyt-
ics - all of which are revolutionizingdiagnosis 
and patient care [29]. The implementation of 
foundation models in radiology can facilitate a 
range of surgical applications, increase the pre-
cision of text categorization, and improve com-
prehension of radiology reports [29].

Machine learning

In healthcare research, machine learning, a 
subset of AI, has proven to be a useful tool. ML 
uses real-world data to forecast outcomes and 
classify discoveries using models taught by 
humans [30]. It has a wide range of uses and 
significantly enhances healthcare operations. 
Databases, research methods, and electronic 
medical records all benefit from improved data 
quality and quantity thanks to machine learn- 
ing [30]. Statistical models and algorithms are 
used to enable computers to draw insight from 
data and make predictions or assumptions 
without needing to be explicitly programmed 
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[31]. Machine Learning algorithms can analyze 
large amounts of patient data, such as gene- 
tic data (DNA), electronic health records, and 
imaging to detect trends, make diagnoses, 
gather results, and personalize treatment regi-
mens. Predictive analytics, risk assessment, 
and public health management are further 
uses of machine learning that help healthcare 
organizations improve patient outcomes, safe-
ty, and efficiency [31].

Medical robots

AI-based medical robotics includes a range of 
products, including self-governing patient care 
systems, recuperation aids, and machine-
assisted surgical robots. These robots, espe-
cially the AI-assisted surgical robots, use pre-
operative medical record analysis to provide 
real-time guidance to operators during proce-
dures [31]. They are frequently employed in 
laparoscopic, orthopedic, and neurologic surgi-
cal treatment. The low-risk nature of surgical 
procedures performed with robots reduces 
complications, errors, and hospital stays when 
compared to traditional treatments [31]. In 
addition to surgery, robots assist in the delivery 
of emergency medications, geriatric care, and 
stroke rehabilitation [31].

Deep learning and neural network

In ophthalmology, deep learning (DL) has 
become an indispensable technique used in 
medical imaging and decision-making. In this 
field, deep learning techniques and algorithms 
are used on fundus photos and large datasets 
to build AI systems that can recognize and clas-
sify a range of ocular conditions [32]. DL meth-
ods in particular have demonstrated promising 
outcomes in the diagnosis of cataract, age-
related macular degeneration, glaucoma, and 
diabetic retinopathy with improved accuracy 
and efficacy in sickness identification [32]. 
Though many AI prototypes have been devel-
oped, only a few have found practical use. It is 
essential to address concerns such as security, 
privacy, limited mass distribution, trust, and 
explaining ability [32]. Deep learning makes a 
variety of contributions to disease diagnosis. It 
can analyze vast volumes of medical data, 
including photos, and recognize complicated 
patterns that human observers cannot see 
[32]. One notable application is the automated 
interpretation of medical images, such as fun-

dus scans, which may correctly identify anoma-
lies associated with diseases such as glauco-
ma and diabetic retinopathy. Deep learning 
reinforces the reliability of medical diagnosis in 
two ways: distinct, objective judgments and a 
reduction in human error [32].

Computer vision and image processing

Computer vision and Image processing tech-
niques are used to analyze retinal images in 
order to diagnose diseases. AutoMorph, an 
automated retinal image analysis program, is 
used to preprocess CFP (Colour Fundus Pho- 
tography) images [33]. The technology effi- 
ciently removes the background, allowing the 
focus to be on the ocular area of interest. All 
images, both CFP and OCT (Optical Coherence 
Tomography), are resized to a standardized 
dimension of 256 × 256 using cubic interpola-
tion to maintain consistency in the input data. 
This standardization allows for more efficient 
processing and analysis [33]. Among these are 
random horizontal flipping, image normaliza-
tion, scaling cropped portions to 224 × 224, 
and random cropping with bounds set between 
20 and 100. These methods broaden the train-
ing database, which enhances the generaliza-
tion and overall efficacy of the model in identi-
fying diseases [33]. Machine learning is 
highlighted in this paper’s examination of AI 
applications in medical microbiology image 
analysis in order to process diverse forms of 
microbiologic image data. AI algorithms are 
intended to automate tasks previously handled 
by microbiologists, such as classifying colony 
growth and recognizing diseases. According to 
the findings, when microbiologists and AI col-
laborate. Image-based AI analysis is a cost-
effective solution for both local and digital diag-
nostics, paving the way for additional diagnostic 
capabilities [34].

Large language models (LLM) and foundation 
models in electronic medical record (EMR)

The potential application of LLM models in 
electronic medical records (EMRs) to improve 
patient care and hospital efficiency has piqued 
the interest of researchers [35]. ChatGPT and 
AlphaFold are two examples of these models. 
The models stated above have been trained on 
clinical text and structured data from non- 
imaging EMRs, and they are highly proficient at 
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decoding and interpreting medical notes, sum-
mary discharge summaries, and patient histo-
ries. Their utility includes coding, clinical re- 
cording, and record summarization, among 
other tasks, and has the potential to improve 
accuracy and efficiency in healthcare opera-
tions. More in-depth assessments of these 
models’ usefulness in healthcare systems are 
thus required, as the current examination of 
these models inside EMRs is limited and gener-
ally based on tiny or widely-scoped datasets 
[35].

Precision medicine

Through the use of better diagnoses, more 
affordable medicines, and earlier interventions, 
precision medicine enhances standard prac-
tice. Machine Learning (ML) uses comprehen-
sive patient data to distinguish between vari-
ous medical diseases [36]. The use of ele- 
ctronic health records and the integration of 
several data sources are essential for an effec-
tive deployment. In order to optimize doctor 
decision-making and patient classification, pre-
cision medicine employs multipurpose machine 
learning systems for data collection, aggrega-
tion, management, and analysis [36].

Practical applications of AI

Artificial intelligence (AI) has become a major 
force in several sectors, including medical care, 

ch data, these robots improve research on the 
health status of the elderly [39]. Figure 2 
Represents the Use case of AI and its applica-
tion in healthcare.

Diagnosis and prediction

A comprehensive understanding of the disease 
and assistance with early detection can be 
obtained by integrating many high-dimensional 
data sources, including metabolite profiles, 
protein markers, and genetic data, through the 
use of machine learning [40]. To identify early 
indicators of neurodegenerative diseases, ma- 
chine learning algorithms can analyze and 
interpret medical images such as CT and MRI 
scans, which is known as medical image inter-
pretation [40, 41].

AI in ophthalmology

VisionFM is an AI model that can perform  
various ophthalmic tasks, including disease 
screening, diagnosis, and prognosis. It outper-
forms ophthalmologists in diagnosing twelve 
common diseases and accurately grades dia-
betic retinopathy using OCTA images, acceler-
ating clinical decision-making and manage-
ment [42]. In comparison to manual grading 
systems, the study compares two screening 
methods: a fully-automated model and a semi-
automated DLS-based model, showing that 
both approaches are equally successful and 
economical in identifying DR [43]. Artificial 

Figure 2. Applications of AI in healthcare.

because of the availability of 
labeled big data, increased 
processing power, and cloud 
storage [37]. The two most 
common activities in the field 
of healthcare are image pro-
cessing and diagnostic imag-
ing, both of which have prac- 
tical implications for artificial 
intelligence. Healthcare makes 
extensive use of deep learning 
techniques, for a variety of pur-
poses [38]. Smart companion 
robots powered by AI can 
assist the elderly with every-
day duties, equipment control, 
home automation, detection  
of safety and well-being, and 
emergency guidance in the 
outside world [39]. Using facial 
recognition models and spee- 
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intelligence algorithms can classify retinal color 
fundus images and discriminate between dia-
betic macular edema, diabetic retinopathy, and 
diabetic retinopathy that threatens vision with 
high sensitivity and precision [44]. This device, 
with early detection and care, has the potential 
to reduce preventable blindness in African pop-
ulations with limited resources. AI models can 
also assist human graders in identifying risk 
factors [44].

AI in surgery

Artificial intelligence (AI) is being used in sur-
gery for a variety of purposes, including preop-
erative planning, intraoperative guiding, and 
integration with surgical robots [45]. AI tech-
niques are utilized in preoperative planning  
for tasks including anatomical classification, 
detection, segmentation, and registration using 
medical imaging modalities like X-ray, CT, ultra-
sound, and MRI [45]. They also use localization 
and visualization techniques to enhance surgi-
cal guidance. Surgical robots are combining 
perception, localization, mapping, system mod-
eling, and human-robot interaction to provide 
precise and self-sufficient therapies [45].

AI in decision and bio-markers

The Clinical Decision Support System (CDS) 
and the gold standard, as well as the physi-
cian’s impression and the gold standard, were 
assessed for agreement using Kappa statistics 
[46]. The study creates biomarker risk ratings 
(BMRS) for common diseases using solely 
blood and urine biomarkers rather than DNA 
information. These predictors can assist in 
identifying individuals who are predisposed to 
diseases such as cancer, diabetes, hyperten-
sion, liver and kidney disorders, coronary artery 
disease, and hypertension [47].

AI in radiology and imaging

Artificial Intelligence approaches are ideal for 
creating algorithms that analyze unimodal data 
from images, like digital pathology or radiology 
images [48]. Artificial Intelligence (AI) algo-
rithms in imaging and radiology are excellent at 
making clinical choices, assisting in illness 
diagnosis, and discovering novel patterns relat-
ed to patient characteristics [48, 49]. Because 
of an abundance of labeled data, computer 
capacity, and deep learning approaches, these 
algorithms achieve expert-level diagnostic pre-

cision. Their proper application has the poten-
tial to significantly transform medical patient 
monitoring, diagnosis, and sickness screening 
procedures [49]. AI in radiology covers knowl-
edge gaps in remote places where specialists 
are scarce. The combination of digitized data, 
machine learning, and technology for comput-
ing widens the breadth of artificial intelligence 
applications, allowing them to infiltrate domains 
formerly assumed to be exclusive to human 
professionals, such as radiology [49].

AI in pathology and histopathology

Artificial intelligence (AI) has a significant 
impact on digital pathology, since it enhances 
diagnostic support and gives light on disease 
biology [50]. The primary application of AI is as 
an image analysis tool for mechanized diagno-
sis, case prioritization, and the extraction of 
novel insights. Some implementation challeng-
es include multi center validation, training time-
frames for artificial neural networks, and imple-
menting costs in digital pathology [50]. Deep 
learning in artificial intelligence (AI) surpasses 
pathologists in the prediction of colorectal and 
breast cancer outcomes, according to research 
[50].

Particularly in the area of oral cancer diagnosis 
and prognosis, artificial intelligence (AI) tech-
nologies, including machine learning and deep 
learning, are making major advancements in 
the processing of histopathologic images of 
cancer tissues [51]. Artificial intelligence clas-
sification systems are useful for classifying 
various types of cancer cells and identifying 
particular characteristics that indicate the 
presence or progression of cancer. Machine 
learning algorithms play a leading role in the 
development of models that predict the surviv-
al of patients and the recurrence in oral cancer 
[51]. These modifications are especially notice-
able in the case of oral cancer. Machine learn-
ing and deep learning approaches, in particu-
lar, offer promise for the prognostication of 
patient survival and locoregional recurrences in 
oral squamous cell carcinomas (OSCC) [51]. 
Machine learning algorithms aid in the creation 
of predictive models by assessing digital histo-
pathologic images of OSCC with AI technology 
[51].

AI in epidemiology

The ability of machine learning (ML) to manage 
large datasets and find patterns for patient risk 
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stratification is the main focus of this research 
project, which explores ML’s possible applica-
tions in healthcare epidemiology [52]. It high-
lights the necessity of computational methods 
that are compatible with machine learning (ML) 
for electronic health records (EHRs) and offers 
suggestions for medical epidemiologists who 
are interested in incorporating ML into their 
work. There are no particular ML application 
examples provided in the abstract [52].

Patient monitoring

Artificial intelligence (AI) is essential for remote 
patient monitoring through a variety of applica-
tions. It includes classifying physical activity  
by analyzing data from wearable devices and 
offering insight into patients’ general health 
[53]. AI monitors chronic diseases by analyz- 
ing multiple data sources to identify early signs 
of decline and provide tailored treatment. Fe- 
derated learning is used to achieve personal-
ized monitoring by accounting for personal 
health factors [53]. Additionally, AI picks up on 
human behavior patterns and uses methods 
like reinforcement learning to identify abnor-
malities and possible health hazards early on. 
This improves patient outcomes in distant 
patient tracking systems [53]. Cloud comput-
ing, artificial intelligence (AI), and the Internet of 
Things (IoT) are transforming patient monitor-
ing in the healthcare industry [54]. Real-time 
data collection from body sensors and devices 
is made possible by the Internet of Things, 
which makes it possible to continuously moni-
tor health metrics and vital signs [54]. AI uses 
deep learning techniques to evaluate medical 
records from the cloud, enabling healthcare 
professionals to make better judgments [54]. 
The analysis of different patient data, including 
vital signs, health indicators, and activity lev-
els, obtained via IoT devices, depends heavily 
on AI algorithms. AI uses deep learning to 
examine trends and abnormalities in this data, 
enabling the early diagnosis of health risks 
[54]. Machine learning techniques ensure that 
the system adapts to each patient’s specific 
needs and increases forecast accuracy by 
allowing AI to constantly gain insight from and 
enhance its analysis [54]. 

Ethics and governance in AI

This guidance tackles opportunities and chal-
lenges in the healthcare system by providing 

insights on the use of artificial intelligence (AI) 
in healthcare data. The variety of electronic 
health record (EHR) data is covered, as are 
issues relating to different data types, time 
periods, and sample rates [55]. The limitations 
and prejudices in data collection are examined, 
as well as confounding effects and healthcare 
worker preferences [55]. The ethical aspects of 
AI in healthcare, provide a comprehensive sum-
mary of current debates and identify areas for 
future research. Ethical risks related to AI in  
the healthcare sector are classified into cogni-
tive, normative, or traceability areas [56]. These 
risks manifest at multiple levels of abstraction, 
including the individual, interpersonal, group, 
institutional, and societal or industry levels. 
These considerations are meticulously mapped 
to the existing literature and classified into cog-
nitive, normative or traceability related catego-
ries, depending on the level of abstraction 
involved [56]. The need to avoid the risk of 
eroding public trust in the benefits of AI for 
healthcare is of utmost importance. This ero-
sion of public trust, dubbed “AI Winter”, can 
lead to reluctance or skepticism toward AI tech-
nologies in healthcare. To ensure that AI contin-
ues to transform healthcare, it must be accom-
panied by proactive ethical considerations and 
actions in order to maintain public confidence 
in its transformational potential [56]. In the pro-
posed governance paradigm, fairness, open-
ness, trustworthiness, and accountability are 
the four key elements. It highlights how crucial 
it is for AI models used in healthcare to be 
transparent and explainable, and how impor-
tant it is to educate healthcare providers about 
AI in order to foster a culture of trust and 
empower them to actively participate in the 
control of the technology [57].

Limitations of Ai adoption in health care

Developing an AI system for healthcare has 
challenges such as data privacy and security, 
potential biases in data openness, restrictions, 
and a lack of understanding. Along with these 
challenges, AI applications in healthcare must 
address issues such as data quality, system 
compatibility, expertise deficits, infrastructure 
limits, and expense considerations. By recog-
nizing and overcoming these challenges, 
healthcare organizations may empower devel-
opers, and researchers, to pave the way for a 
future in which AI efficiently integrates into 
healthcare systems. 
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Discussion

This review paper provides a comprehensive 
overview of the evolving landscape of artificial 
intelligence applications in healthcare. It high-
lights the transformative potential of AI across 
various domains, including diagnosis, patient 
monitoring, surgery, pathology, and epidemiol-
ogy. By synthesizing information from diverse 
sources, the paper offers valuable insights into 
the current state of AI in healthcare and its 
implications for clinical practice, research, and 
healthcare delivery.

The strength of the paper is its wide coverage, 
encompassing a wide range of AI technologies 
and their applications in different medical spe-
cialties. From natural language processing and 
machine learning to computer vision and deep 
learning, the paper explores the diverse array 
of AI techniques being leveraged to improve 
healthcare outcomes. By discussing practical 
applications in areas such as radiology, oph-
thalmology, and pathology, the paper illustrates 
the benefits of AI in enhancing disease diagno-
sis, treatment planning, and patient care.

Moreover, the paper acknowledges the ethical 
and governance considerations inherent in the 
deployment of AI in healthcare. It recognizes 
the importance of transparency, fairness, and 
accountability in AI systems, particularly con-
cerning patient data privacy and algorithmic 
biases. By addressing these ethical concerns 
and proposing a governance framework, the 
paper contributes to the ongoing dialogue on 
responsible AI implementation in healthcare 
settings.

However, the paper is not without limitations. 
While it provides a broad overview of AI applica-
tions in healthcare, it may lack depth in certain 
areas, potentially overlooking specific challeng-
es or controversies. A more systematic method-
ology and critical analysis of the quality and 
diversity of the existing literature will ensure a 
balanced representation of perspectives, and 
considering a wider range of literature sources 
is recommended.

Overall, the review paper serves as a valuable 
resource for researchers, practitioners, and 
policymakers interested in the intersection of 
AI and healthcare. By synthesizing existing 
knowledge and identifying areas for future 

research and development, the paper contrib-
utes to advancing the understanding of AI’s role 
in transforming healthcare delivery and improv-
ing patient outcomes.

Conclusion

AI integration in healthcare has immense 
potential, but it also raises issues and worries 
about ethics. Taking care of these difficulties is 
crucial to reaching AI’s full potential in health-
care. The study emphasizes the significance of 
ongoing research and development in order to 
maximize its benefits. AI models can be used in 
a variety of difficult medical activities, including 
neurology, cardiovascular illness, and cancer. 
However, real operational problems, legal com-
plications, and data privacy issues persist. The 
research advocates for a focus on data literacy 
to address social concerns and anxieties about 
AI adoption. It also emphasizes the importance 
of governments and healthcare organizations 
adopting appropriate legislation as well as pro-
viding opportunities for training and education. 
The study acknowledges AI’s promising future 
in healthcare, but highlights the importance  
of overcoming present obstacles to its wide-
spread and ethical adoption.

Disclosure of conflict of interest

None.

Address correspondence to: Rajiv Raman, Shri 
Bhagwan Mahavir Vitreoretinal Services, Sankara 
Nethralaya, Medical Research Foundation, No. 41 
(old 18), College Road, Chennai 600006, Tamil 
Nadu, India. Tel: +91-9444288708; E-mail: drrrn@
snmail.org

References

[1] Sunarti S, Fadzlul Rahman F, Naufal M, Risky 
M, Febriyanto K and Masnina R. Artificial intel-
ligence in healthcare: opportunities and risk 
for future. Gac Sanit 2021; 35 Suppl 1: S67-
S70. 

[2] Coeckelbergh M. Health care, capabilities, and 
AI assistive technologies. Ethical Theory Moral 
Pract 2010; 13: 181-190.

[3] Rong G, Mendez A, Bou Assi E, Zhao B and 
Sawan M. Artificial intelligence in healthcare: 
review and prediction case studies. Proc Est 
Acad Sci Eng 2020; 6: 291-301.

[4] Naveed MA. Transforming healthcare through 
artificial intelligence and machine learning. 
PJHS 2023; 01. 

mailto:drrrn@snmail.org
mailto:drrrn@snmail.org


Impact of AI and foundation models

2177 Am J Transl Res 2024;16(6):2166-2179

[5] Panch T, Szolovits P and Atun R. Artificial intel-
ligence, machine learning and health systems. 
J Glob Health 2018; 8: 020303.

[6] Liu J, Kong X, Xia F, Bai X, Wang L, Qing Q and 
Lee I. Artificial intelligence in the 21st century. 
IEEE Access 2018; 6: 34403-34421. 

[7] Spector L. Evolution of artificial intelligence. 
Artif Intell 2006; 170: 1251-1253. 

[8] Zahlan A, Ranjan RP and Hayes D. Artificial in-
telligence innovation in healthcare: literature 
review, exploratory analysis, and future re-
search. Technol Soc 2023; 74: 102321.

[9] Tran BX, Vu GT, Ha GH, Vuong QH, Ho MT, Vu-
ong TT, La VP, Ho MT, Nghiem KP, Nguyen HLT, 
Latkin CA, Tam WWS, Cheung NM, Nguyen HT, 
Ho CSH and Ho RCM. Global evolution of re-
search in artificial intelligence in health and 
medicine: a bibliometric study. J Clin Med 
2019; 8: 360.

[10] Bommasani R, Hudson DA, Adeli E, Altman R, 
Arora S, von Arx S, Bernstein MS, Bohg J, Bos-
selut A, Brunskill E, Brynjolfsson E, Buch S, 
Card D, Castellon R, Chatterji N, Chen A, Creel 
K, Davis JQ, Demszky D, Donahue C, Doum-
bouya M, Durmus E, Ermon S, Etchemendy J, 
Ethayarajh K, Fei-Fei L, Finn C, Gale T, Gillespie 
L, Goel K, Goodman N, Grossman S, Guha N, 
Hashimoto T, Henderson P, Hewitt J, Ho DE, 
Hong J, Hsu K, Huang J, Icard T, Jain S, Jurafsky 
D, Kalluri P, Karamcheti S, Keeling G, Khani F, 
Khattab O, Koh PW, Krass M, Krishna R, Kuditi-
pudi R, Kumar A, Ladhak F, Lee M, Lee T, Lesk-
ovec J, Levent I, Li XL, Li X, Ma T, Malik A, Man-
ning CD, Mirchandani S, Mitchell E, Munyikwa 
Z, Nair S, Narayan A, Narayanan D, Newman B, 
Nie A, Niebles JC, Nilforoshan H, Nyarko J, Ogut 
G, Orr L, Papadimitriou I, Park JS, Piech C, Por-
telance E, Potts C, Raghunathan A, Reich R, 
Ren H, Rong F, Roohani Y, Ruiz C, Ryan J, Ré C, 
Sadigh D, Sagawa S, Santhanam K, Shih A, 
Srinivasan K, Tamkin A, Taori R, Thomas AW, 
Tramèr F, Wang RE, Wang W, Wu B, Wu J, Wu Y, 
Xie SM, Yasunaga M, You J, Zaharia M, Zhang 
M, Zhang T, Zhang X, Zhang Y, Zheng L, Zhou K 
and Liang P. On the opportunities and risks of 
foundation models. arXiv [csLG] 2021.

[11] Harrer S. Attention is not all you need: the com-
plicated case of ethically using large language 
models in healthcare and medicine. EBioMedi-
cine 2023; 90: 104512. 

[12] Jones LD, Golan D, Hanna SA and Ramachan-
dran M. Artificial intelligence, machine learn-
ing and the evolution of healthcare: a bright 
future or cause for concern? Bone Joint Res 
2018; 7: 223-225. 

[13] Lisboa PJ. A review of evidence of health ben-
efit from artificial neural networks in medical 
intervention. Neural Netw 2002; 15: 11-39.

[14] Sharma B, Sille R, Bansal A and Chaturvedi 
SK. A comprehensive review on AI techniques 
for healthcare. In: Revolutionizing Healthcare 
Through Artificial Intelligence and Internet of 
Things Applications. IGI Global; 2023. pp. 187-
209.

[15] Davenport T and Kalakota R. The potential for 
artificial intelligence in healthcare. Future 
Healthc J 2019; 6: 94-98. 

[16] Shokrollahi Y, Yarmohammadtoosky S, Nikahd 
MM, Dong P, Li X and Gu L. A comprehensive 
review of generative AI in healthcare. arXiv 
[csLG] 2023. 

[17] Pudjihartono N, Fadason T, Kempa-Liehr AW 
and O’Sullivan JM. A review of feature selec-
tion methods for machine learning-based dis-
ease risk prediction. Front Bioinform 2022; 2: 
927312. 

[18] De Laurentiis M and Ravdin PM. A technique 
for using neural network analysis to perform 
survival analysis of censored data. Cancer Lett 
1994; 77: 127-138. 

[19] Alowais SA, Alghamdi SS, Alsuhebany N, Alqa-
htani T, Alshaya AI, Almohareb SN, Aldairem A, 
Alrashed M, Bin Saleh K, Badreldin HA, Al Yami 
MS, Al Harbi S and Albekairy AM. Revolutioniz-
ing healthcare: the role of artificial intelligence 
in clinical practice. BMC Med Educ 2023; 23: 
689. 

[20] Secinaro S, Calandra D, Secinaro A, Muthuran-
gu V and Biancone P. The role of artificial intel-
ligence in healthcare: a structured literature 
review. BMC Med Inform Decis Mak 2021; 21: 
125. 

[21] Borkowski AA, Jakey CE, Mastorides SM, Kraus 
AL, Vidyarthi G, Viswanadhan N and Lezama 
JL. Applications of ChatGPT and large language 
models in medicine and health care: benefits 
and pitfalls. Fed Pract 2023; 40: 170-173.

[22] Ali H, Qadir J, Alam T, Househ M and Shah Z. 
Revolutionizing healthcare with foundation AI 
models. Stud Health Technol Inform 2023; 
305: 469-470.

[23] Moor M, Banerjee O, Abad ZSH, Krumholz HM, 
Leskovec J, Topol EJ and Rajpurkar P. Founda-
tion models for generalist medical artificial in-
telligence. Nature 2023; 616: 259-265. 

[24] Collins GS and Moons KGM. Reporting of artifi-
cial intelligence prediction models. Lancet 
2019; 393: 1577-1579. 

[25] Glauner P. Artificial intelligence in healthcare: 
foundations, opportunities and challenges. In: 
Glauner P, Plugmann P, Lerzynski G, editors. 
Digitalization in Healthcare: Implementing In-
novation and Artificial Intelligence. Cham: 
Springer International Publishing; 2021. pp. 
1-15. 

[26] Thieme A, Nori A, Ghassemi M, Bommasani R, 
Andersen TO and Luger E. Foundation models 



Impact of AI and foundation models

2178 Am J Transl Res 2024;16(6):2166-2179

in healthcare: opportunities, risks & strategies 
forward. Extended Abstracts of the 2023 CHI 
Conference on Human Factors in Computing 
Systems 2023; 1-4. 

[27] Jiang F, Jiang Y, Zhi H, Dong Y, Li H, Ma S, Wang 
Y, Dong Q, Shen H and Wang Y. Artificial intelli-
gence in healthcare: past, present and future. 
Stroke Vasc Neurol 2017; 2: 230-243. 

[28] Qiu J, Li L, Sun J, Peng J, Shi P, Zhang R, Dong 
Y, Lam K, Lo FP, Xiao B, Yuan W, Wang N, Xu D 
and Lo B. Large AI models in health informat-
ics: applications, challenges, and the future. 
IEEE J Biomed Health Inform 2023; 27: 6074-
6087. 

[29] Wiggins WF and Tejani AS. On the opportuni-
ties and risks of foundation models for natural 
language processing in radiology. Radiol Artif 
Intell 2022; 4: e220119.

[30] Rubinger L, Gazendam A, Ekhtiari S and Bhan-
dari M. Machine learning and artificial intelli-
gence in research and healthcare. Injury 2023; 
54 Suppl 3: S69-S73.

[31] Chen M and Decary M. Artificial intelligence in 
healthcare: an essential guide for health lead-
ers. Healthc Manage Forum 2020; 33: 10-18. 

[32] Jin K and Ye J. Artificial intelligence and deep 
learning in ophthalmology: current status and 
future perspectives. Adv Ophthalmol Pract Res 
2022; 2: 100078. 

[33] Zhou Y, Chia MA, Wagner SK, Ayhan MS, Wil-
liamson DJ, Struyven RR, Liu T, Xu M, Lozano 
MG, Woodward-Court P and Kihara Y; UK Bio-
bank Eye & Vision Consortium; Altmann A, Lee 
AY, Topol EJ, Denniston AK, Alexander DC and 
Keane PA. A foundation model for generaliz-
able disease detection from retinal images. 
Nature 2023; 622: 156-163. 

[34] Smith KP and Kirby JE. Image analysis and ar-
tificial intelligence in infectious disease diag-
nostics. Clin Microbiol Infect 2020; 26: 1318-
1323. 

[35] Wornow M, Xu Y, Thapa R, Patel B, Steinberg E, 
Fleming S, Pfeffer MA, Fries J and Shah NH. 
The shaky foundations of large language mod-
els and foundation models for electronic 
health records. NPJ Digit Med 2023; 6: 135.

[36] Ahmed Z, Mohamed K, Zeeshan S and Dong X. 
Artificial intelligence with multi-functional ma-
chine learning platform development for better 
healthcare and precision medicine. Database 
(Oxford) 2020; 2020: baaa010.

[37] Topol EJ. High-performance medicine: the con-
vergence of human and artificial intelligence. 
Nat Med 2019; 25: 44-56. 

[38] Suhail F, Adel M, Al-Emran M and Shaalan K. A 
bibliometric analysis on the role of artificial in-
telligence in healthcare. In: Mishra S, Tripathy 
HK, Mallick P, Shaalan K, editors. Augmented 
Intelligence in Healthcare: A Pragmatic and In-

tegrated Analysis. Singapore: Springer Nature 
Singapore; 2022. pp. 1-14. 

[39] Dilip G, Guttula R, Rajeyyagari S, S H, Pandey 
RR, Bora A, R Kshirsagar P, M M K and Sundra-
murthy VP. Artificial intelligence-based smart 
comrade robot for elders healthcare with strait 
rescue system. J Healthc Eng 2022; 2022: 
9904870. 

[40] Myszczynska MA, Ojamies PN, Lacoste AMB, 
Neil D, Saffari A, Mead R, Hautbergue GM, Hol-
brook JD and Ferraiuolo L. Applications of ma-
chine learning to diagnosis and treatment of 
neurodegenerative diseases. Nat Rev Neurol 
2020; 16: 440-456. 

[41] Bajwa J, Munir U, Nori A and Williams B. Artifi-
cial intelligence in healthcare: transforming 
the practice of medicine. Future Healthc J 
2021; 8: e188-e194. 

[42] Qiu J, Wu J, Wei H, Shi P, Zhang M, Sun Y, Li L, 
Liu H, Liu H, Hou S, Zhao Y, Shi X, Xian J, Qu X, 
Zhu S, Pan L, Chen X, Zhang X, Jiang S, Wang 
K, Yang C, Chen M, Fan S, Hu J, Lv A, Miao H, 
Guo L, Zhang S, Pei C, Fan X, Lei J, Wei T, Duan 
J, Liu C, Xia X, Xiong S, Li J, Lo B, Tham YC, 
Wong TY, Wang N and Yuan W. VisionFM: a 
multi-modal multi-task vision foundation mod-
el for generalist ophthalmic artificial intelli-
gence. arXiv [eessIV] 2023. 

[43] Xie Y, Nguyen QD, Hamzah H, Lim G, Bellemo V, 
Gunasekeran DV, Yip MYT, Qi Lee X, Hsu W, Li 
Lee M, Tan CS, Tym Wong H, Lamoureux EL, 
Tan GSW, Wong TY, Finkelstein EA and Ting 
DSW. Artificial intelligence for teleophthalmolo-
gy-based diabetic retinopathy screening in a 
national programme: an economic analysis 
modelling study. Lancet Digit Health 2020; 2: 
e240-e249. 

[44] Tenório JM, Hummel AD, Cohrs FM, Sdepanian 
VL, Pisa IT and de Fátima Marin H. Artificial in-
telligence techniques applied to the develop-
ment of a decision-support system for diagnos-
ing celiac disease. Int J Med Inform 2011; 80: 
793-802. 

[45] Zhou S, Zhou F, Sun Y, Chen X, Diao Y, Zhao Y, 
Huang H, Fan X, Zhang G and Li X. The applica-
tion of artificial intelligence in spine surgery. 
Front Surg 2022; 9: 885599. 

[46] Bellemo V, Lim ZW, Lim G, Nguyen QD, Xie Y, 
Yip MYT, Hamzah H, Ho J, Lee XQ, Hsu W, Lee 
ML, Musonda L, Chandran M, Chipalo-Mutati 
G, Muma M, Tan GSW, Sivaprasad S, Menon G, 
Wong TY and Ting DSW. Artificial intelligence 
using deep learning to screen for referable and 
vision-threatening diabetic retinopathy in Afri-
ca: a clinical validation study. Lancet Digit 
Health 2019; 1: e35-e44. 

[47] Widen E, Raben TG, Lello L and Hsu SDH. Ma-
chine learning prediction of biomarkers from 



Impact of AI and foundation models

2179 Am J Transl Res 2024;16(6):2166-2179

SNPs and of disease risk from biomarkers in 
the UK biobank. Genes (Basel) 2021; 12: 991.

[48] Eriksson M, Román M, Gräwingholt A, Castells 
X, Nitrosi A, Pattacini P, Heywang-Köbrunner S 
and Rossi PG. European validation of an im-
age-derived AI-based short-term risk model for 
individualized breast cancer screening-a nest-
ed case-control study. Lancet Reg Health Eur 
2023; 37: 100798.

[49] Rubin G, Berendsen A, Crawford SM, Dommett 
R, Earle C, Emery J, Fahey T, Grassi L, Grunfeld 
E, Gupta S, Hamilton W, Hiom S, Hunter D, Ly-
ratzopoulos G, Macleod U, Mason R, Mitchell 
G, Neal RD, Peake M, Roland M, Seifert B, 
Sisler J, Sussman J, Taplin S, Vedsted P, Voru-
ganti T, Walter F, Wardle J, Watson E, Weller D, 
Wender R, Whelan J, Whitlock J, Wilkinson C, 
de Wit N and Zimmermann C. The expanding 
role of primary care in cancer control. Lancet 
Oncol 2015; 16: 1231-1272. 

[50] Moxley-Wyles B, Colling R and Verrill C. Artifi-
cial intelligence in pathology: an overview. Di-
agn Histopathol 2020; 26: 513-520. 

[51] Sultan AS, Elgharib MA, Tavares T, Jessri M and 
Basile JR. The use of artificial intelligence, ma-
chine learning and deep learning in oncologic 
histopathology. J Oral Pathol Med 2020; 49: 
849-856. 

[52] Wiens J and Shenoy ES. Machine learning for 
healthcare: on the verge of a major shift in 
healthcare epidemiology. Clin Infect Dis 2018; 
66: 149-153.

[53] Shaik T, Tao X, Higgins N, Li L, Gururajan R, 
Zhou X and Acharya UR. Remote patient moni-
toring using artificial intelligence: current 
state, applications, and challenges. Wiley In-
terdiscip Rev Data Min Knowl Discov 2023; 
13: e1485.

[54] Kantipudi MVVP, Moses CJ, Aluvalu R and Ku-
mar S. Remote patient monitoring using iot, 
cloud computing and AI. In: Kumar Bhoi A, Mal-
lick PK, Narayana Mohanty M, Albuquerque 
VHC de, editors. Hybrid Artificial Intelligence 
and IoT in Healthcare. Singapore: Springer Sin-
gapore; 2021. pp. 51-74. 

[55] Ghassemi M, Naumann T, Schulam P, Beam 
AL, Chen IY and Ranganath R. Practical guid-
ance on artificial intelligence for health-care 
data. Lancet Digit Health 2019; 1: e157-e159. 

[56] Morley J, Machado CCV, Burr C, Cowls J, Joshi 
I, Taddeo M and Floridi L. The ethics of AI in 
health care: a mapping review. Soc Sci Med 
2020; 260: 113172.

[57] Reddy S, Allan S, Coghlan S and Cooper P. A 
governance model for the application of AI in 
health care. J Am Med Inform Assoc 2020; 27: 
491-497. 

[58] Dyagilev K and Saria S. Learning (predictive) 
risk scores in the presence of censoring due to 
interventions. Mach Learn 2016; 102: 323-
348.

[59] Graham S, Depp C, Lee EE, Nebeker C, Tu X, 
Kim HC and Jeste DV. Artificial intelligence for 
mental health and mental illnesses: an over-
view. Curr Psychiatry Rep 2019; 21: 116. 

[60] Li H, Pan Y, Zhao J and Zhang L. Skin disease 
diagnosis with deep learning: a review. Neuro-
computing 2021; 464: 364-393.

[61] Duong MT, Rauschecker AM, Rudie JD, Chen 
PH, Cook TS, Bryan RN and Mohan S. Artificial 
intelligence for precision education in radiolo-
gy. Br J Radiol 2019; 92: 20190389. 

[62] Erickson BJ, Korfiatis P, Akkus Z and Kline TL. 
Machine learning for medical imaging. Radio-
graphics 2017; 37: 505-515. 

[63] Stein JD, Rahman M, Andrews C, Ehrlich JR, 
Kamat S, Shah M, Boese EA, Woodward MA, 
Cowall J, Trager EH, Narayanaswamy P and 
Hanauer DA. Evaluation of an algorithm for 
identifying ocular conditions in electronic 
health record data. JAMA Ophthalmol 2019; 
137: 491-497. 

[64] Wong D and Yip S. Machine learning classifies 
cancer. Nature 2018; 555: 446-447.

[65] Wu CT, Lin TY, Lin CJ and Hwang DK. The future 
application of artificial intelligence and tele-
medicine in the retina: a perspective. Taiwan J 
Ophthalmol 2023; 13: 133-141.


