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| ABSTRACT

With advanced algorithms, artificial intelligence (Al) has revolutionized the medical diagnostic field where diseases can be
predicted simultaneously. The integrative nature of this approach is novel because it can better encompass the complexity of
comorbid conditions that are so common in patients; thus, addressing them in a more holistic diagnostic tone that is lacking in
previous works. In this study, the investigation of the usage of Al models for simultaneously diagnosing diseases like diabetes,
cardiovascular conditions, and neurological disorders is done. Therefore, based on Al techniques i.e. artificial neural networks
(ANNs) and ensemble learning methods, a multi-disease diagnostic framework was developed to achieve this. A variety of
features, related to each condition, were captured from multi-modal datasets including imaging, laboratory test results, and
patient histories. The system was developed to manage the big flow of aggregated data and offer detailed diagnostic views of
many diseases. Sensitivity, specificity, and overall diagnostic accuracy were used to evaluate the framework's performance. The
results showed that the Al framework has high diagnostic accuracy for all targeted conditions an overall sensitivity of 93% and
a specificity of 91%. Importantly, the combination of multi-modal data proved to substantially improve the system'’s ability to
identify and distinguish comorbid conditions. It makes the importance of using various data sources to benefit from the reliability
and comprehensiveness of Al diagnostics obvious. Overall, Al-driven multi-disease diagnostic systems provide great promise
for the role of delivering potentially transformative clinical healthcare workflow improvements, reducing errors, and improving
patient outcomes. These frameworks will need to be scaled and tested in various healthcare settings and also across more varied
diseases to help make medical diagnosis more available and effective.
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1. Introduction
1.1 Background & Importance

Traditional methodologies of medical diagnostics have relied so far on physical examinations, imaging techniques and laboratory
tests. Nevertheless, these traditional diagnostic tools also tend to disregard the challenge posed by comorbid conditions — that
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is, multiple diseases occurring in the same patient — making clinical decision making difficult (Ee et al., 2020). Diagnostic
frameworks that are currently used often work in the paradigm of a single disease in which each disease is considered
independently while ignoring the underlying symptoms and propensities common in diseases, like diabetes, cardiovascular
diseases or neurological disorders. Due to the limitation described above, delays occur in the diagnoses, increase in the rates of
misdiagnosis and fragmentation of the treatment approaches eventually affecting the patient outcomes (Low et al., 2020).

Diabetes, cardiovascular diseases and neurological disorders are among the most challenging chronic diseases prevalent across
the world and leading causes of morbidity and mortality (Karunarathna et al., 2024). Moreover, growing burden of these conditions
is exacerbated by lifestyle, aging populations, environmental determinants, and thus effective and scalable diagnostic solutions
are needed. In addition, existing studies have demonstrated that a comorbid chronic disease is adding significant influence on
disease severity, making treatments more complex and complicating the management of patients (Liu et al., 2020). This is striking
because diagnosis becomes a more complicated problem because of the need to understand how players can be affected by
multiple diseases, rather than just isolated diseases.

A large question to answer in modern medicine is to overcome the largely overlapping of presentations and risk factors between
various diseases that typically result in diagnostic issues. For example, both hypertension and diabetes commonly overlap, share
common metabolic and inflammatory pathways, but may be diagnosed and managed separately (Stein et al., 2022). Similar to this,
neurological diseases such as Alzheimer’s disease and Parkinson'’s disease display similar cognitive and motor impairments that
make their separate diagnosis difficult (Eaton et al, 2023). To depict such complexities, the traditional approach to medical
diagnosis to discrete disease model is not equipped with the integrative capacity. Hence, there is a necessity for an Al based
infrastructure capable of using multimodal data for integrating a patient's health status in a whole.

1.2 Role of Artificial Intelligence (Al) in Medical Diagnostics

Most recently, artificial intelligence is an emerging and powerful force in medical diagnostics through its applications in data
processing, pattern recognition, automation, among others. Al driven models have proved to be a better alternative in getting
results from large scale medical datasets running into terabytes in terms of size, identifying hidden correlations between various
parameters and assess predictive capabilities with much accuracy (Ahmed et al, 2020). Unlike the traditional statistical methods,
the Al algorithms can keep learning from the new data and also, can adapt themselves over the passage of time thus enhancing
the diagnostic precision over time. The cancer, diabetes, and cardiovascular disorders have been able to benefit from these
capabilities for early disease detection and management (Kaur et al.,, 2020).

One of the main benefits of Al is that it can work on the multi modal medical data like MRI, CT scans, laboratory data, patient
history, etc. The advantage of being able to integrate various multidimensional brain imaging modalities into an integrated, task
relevant, and interpretable way further allows Al systems to detect subtle disease markers that are not necessarily evident by the
analysis of a single imaging modality. Especially, Al has been shown to be effective in the diagnosis of specific diseases where deep
learning models attain high accuracy of diabetic retinopathy, myocardial infarction and neurodegenerative diseases detection.
However, although the success of Al in the diagnosis of a single disease is well documented, the incorporation of Al in multi disease
diagnosis is yet an evolving area of research (Roobini et al, 2024). In that case, Al models that can diagnose multiple conditions
are developed, which can be an opportunity to change medical practice to be more efficient and accurate.

1.3 Problem Statement & Research Gap

Although Al diagnostics have progressed, most of the existing models are to predict and assess single illnesses only. The use of Al
is restricted in actual medical practice, by the sole focus on the single disease, while patients frequently possess multiple comorbid
conditions. However, the existing diagnostic systems do not consider the associations between diseases and result in discontinuous
delivery of healthcare (Alsaleh et al., 2023). The lack of Artificial Intelligence research into comorbidity detection is substantial, and
not taking into account such conditions when developing and applying treatment plans is ill advised and could prove very costly.

Secondly, the existence of Al models on a lack of explainability especially when deployed for multi disease diagnosis is another
crucial challenge. However, since the decision-making process in the Al algorithms is often equivalent to a black box the clinical
interpretation of rationale of an algorithm produced specific diagnoses is not easy to interpret (Albahri et al., 2023). However, this
lack of transparency deprives Al of its pathway into mainstream medical practice by denying the healthcare professionals a way to
trust or trust on Al generated outputs since they have no way of understanding what the basis of the outputs were.
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Additionally, there has been insufficient research done in the area of Al frameworks intended explicitly for multi disease diagnosis.
While some studies have looked into whether and how Al can be applied to specific diseases, there is yet a demand for a complete
model, capable of diagnosing several diseases at the same time. Overcoming the barrier of integrating explainable Al with
trustworthy machine learning techniques in its integration is key to making sure the Al diagnostics are accurate and interpretable
for the use in the clinical world.

1.4 Objectives of the Study

This study aims to address these challenges by developing an Al-based diagnostic framework capable of simultaneously
diagnosing multiple diseases. The research objectives are as follows:

1. Develop an Al-based diagnostic framework using Artificial Neural Networks (ANNs) and Ensemble Learning: In
this study, a multi-disease diagnostic model will be designed and implemented using the advantages of ANNs and
ensemble learning techniques. The patterns indicative of diabetes, cardiovascular, and neurological diseases will be
trained on diverse datasets.

2. Integrate multi-modal datasets to improve diagnostic accuracy: The diagnostic system will be built based on imaging
data, laboratory test results and patient history. The framework drives diverse medical data sources in order to generate
more accurate and error compensating diagnostics relative to traditional single modality analysis.

3. Assess the framework’s performance in diagnosing diabetes, cardiovascular diseases, and neurological disorders:
A key to determination will be to evaluate the Al framework on key performance metrics such as sensitivity, specificity
and overall diagnostic accuracy using the study. Then, a comparative analysis is conducted in order to see how well the
proposed Al system performs in comparison to existing single disease diagnostic models.

The results achieved in this research would help advance Al in healthcare through exhibiting the manner by which integrative Al
models can approach and improve precision of diagnosis and hence patient outcomes. Proposals in such a framework can lead to
reduction of diagnostic errors, improvement of treatment plans, and reinforcement of health system efficiency by providing richer
picture of a patient’s health.

2. Literature Review
2.1 Overview of Al-driven Diagnostic Models

Medical diagnostics have changed drastically after the arrival artificial intelligence (Al) in terms of automated analysis of complex
data and increased accuracy of disease detection. ML algorithms-based systems can analyze much larger data sets in a fraction of
time a human clinician can to finding patterns that are not visible to the human eye. According to Sayem et al. (2023), there is an
overall survey about the adoption of Al tools in healthcare systems around the world. As the need for the standard analysis of
Multi-dimensional data coming from numerous sources such as medical imaging, patient records and lab reports, Al systems have
found its utility in clinical practice. The growing need of more efficient, accurate and scalable healthcare solution leads to shifting
from traditional methods to Al-based diagnostics.

2.2 Applications in Diabetes, Cardiovascular Diseases, and Neurology

There are some conditions, where Al has been found successful, especially in chronic disease cases such as diabetes, cardiovascular
diseases and neurological disorders. In diabetes management, Al algorithms can effectively forecast the onset of complications
such as nephropathy or retinopathy from the retinal scan, kidney function tests, and blood glucose levels (Mathur et al., 2020).
Similarly, cardiovascular diseases, which are usually detected based on imaging data like ECG, CT.Scan, MRI etc. have also been
aided by applying Al to identify small abnormalities related to heart disease. Al models are helping to diagnose the early stages
of Alzheimer's disease, Parkinson's disease, other neurodegenerative diseases using MRI and PET scans, for early intervention
(Sayem et al, 2023). The use of Al systems for automating the analysis of medical images and patient data reduces human error
and improvement of diagnosis accuracy in these difficult areas.

2.3 Comparison of Al Models with Traditional Diagnostic Methods

Traditional diagnostic methods and Al driven models are compared to show the great potential for Al to improve diagnostic
efficiency. Historically, human expertise is relied upon to interpret diagnostic tests but such methodology is time consuming and
subjective. According to Rajula et al. (2020), the use of conventional statistical methods is slower and less reliable when it comes

Page | 159



Artificial Intelligence in Multi-Disease Medical Diagnostics: An Integrative Approach

to disease diagnosis, but models especially that of Al machine learning like Random Forests and Support Vector Machines (SVM)
outperform the traditional ones. Instead of limited set(s) of diagnostic markers, traditional methods can handle a more limited set
of inputs, for example, a physician can provide data like genetics, clinical history and images to an Al model, while in traditional
methods only say the colony forming unit or a particular cut off can be provided. Al models have attributes like increased accuracy,
objectivity and speed, which are very important features in the healthcare industry where things happen fast and with high stake
implications required.

2.4 Machine Learning Algorithms for Disease Prediction
2.4.1 Overview of Artificial Neural Networks (ANNs) and Their Role in Medical Diagnosis

Artificial Neural Networks (ANNs) have been contributed to be basic tools in Al based medical diagnosis because of their capacity
to track complicated, nonlinear relationships between input information and intended consequence. ANNS simulate the structure
of the human brain, and as human brains can learn quickly and easily from huge amounts of data, this improves the prediction of
diseases as described by Kufel et al. (2023). ANNs have been used in medical fields to predict a massive number of diseases such
as cancers, cardiovascular disease and diabetes from clinical data and medical images. ANNS provide great flexibility so that
complex relationship patterns in patient data may be modeled, which is vital when symptoms have overlap or are insidious making
diagnosis difficult by traditional methods.

2.4.2 Ensemble Learning Methods: Random Forest, Gradient Boosting, and Their Comparative Efficiency

Ensemble learning methods are a well-known procedure, where clinicians use techniques like Random Forests or Gradient
Boosting, in several base models to improve the performance of models and infer better final prediction. The random forest is
established by Sahin (2020) as the most effective method in managing high dimensional data and hence can be used in disease
diagnosis where there are too many interrelated factors involved. Moreover, Gradient Boosting algorithms are known for reducing
the errors in predicted values through iterative learning processes (Bentéjac et al.,, 2021). When being applied to medical datasets,
these ensemble methods have shown to outperform the decision trees or SVM individually in terms of its accuracy or robustness.
This helps in the prevention of overfitting and enables the generalizability of the model since the model is not heavily relying on
a specific data representation but is using an aggregated representation of multiple data.

2.5 Multi-Disease Diagnosis & Comorbidity Challenges
2.5.1 Complexity of Diagnosing Multiple Diseases Simultaneously

The concomitant diagnosis of multiple comorbid diseases is one of the main challenges in healthcare nowadays. Increasingly,
people will suffer from multiple comorbidities as populations age and chronic diseases spread. According to Hassaine et al. (2020),
the diagnosis and treatment of a patient with multimorbidities where a patient has multiple disorders at a time becomes
complicated as symptoms are often overlapping among disorders. Simultaneously processing such data using Al provides a
promising solution because Al can learn patterns from multiple diseases at the same time. Even so, the variety of multimorbidity
requires complete ones with the ability to distinguish between all sorts of diseases which share common symptoms and risk factors,
this is where the intersection between Al and machine learning and deep learning techniques becomes necessary.

2.5.2 Existing Approaches and Their Limitations

Existing approach for multi-disease diagnosis is based on sequential disease specific models. While they are effective for single
disease diagnosis, they fail in the presence of complicated interrelations among multiple diseases in a single patient. According to
Wu et al. (2021), these limitations can be overcome with an advanced form of machine learning called multi-label classification
that relates to the prediction of multiple outcomes simultaneously. Al models can adapt more to the fact that chronic diseases are
often accompanied by comorbidities by using multi label classifiers, which assign more than one label or disease to a given data
point. Nevertheless, more research is needed in order to refine these models and to confirm their efficacy for use across larger and
more various patient populations.

2.5.3 Benefits of Al-Driven Integrative Approaches

Advantages of using Al in the integrative multi disease diagnostic systems exist over traditional methods. With data from a variety
of sources — imaging, laboratory tests, and history of the patient — these Al driven systems will be equipped with a better
understanding of the overall health of the patient. As reported by Allami and Yousif (2023), these integrative Al approaches not
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only enhance diagnostic accuracy but also allow for more personalized treatment treatments. By keeping in mind, the interrelation
between diseases, Al can give clinicians actionable insights which is extremely hard for human diagnostic methods to find out. As
such, Kasula (2024) notes that integrative approaches to Al are highly useful in infectious disease diagnosis where identifying
comorbidities on time is essential for proper treatment.

2.6 Multi-Modal Data in Al Diagnostics
2.6.1 Role of Various Data Sources

There is an essential role in the process of integration of different types of data to improve the diagnostics made by Al. Referring
to Xu et al. (2024), it is worthwhile to consider the application of multi-modal data which involves MRI/CT scans, lab tests, and
patient history to increase Al degree of complexity. Imaging is structural and functional view of the body while the laboratory
testing and biomarkers deliver details about biochemical process of a disease. By incorporating these sources, Al models get an
integrated view of an individual and early indications of the signs of diseases that may be undetectable in one of the sources.

2.6.2 Importance of Integrating Different Types of Medical Data

Combination of various kind of medical data is necessary to ensure that the created Al system fully incorporates human health
parameters. Yang et al. (2022) state that Multi-center and Multi-modal data fusion is vital for medical Al since it eliminates the risk
of learning from a bias source or patients and considering data from different centers. Incorporation of data from various
population and health care settings can make the Al models more generalizable so as to perform optimally in all kind of clinical
situations.

2.7 Evaluation Metrics in Al-Based Diagnostics
2.7.1 Sensitivity, Specificity, and Accuracy in Medical Al Models

Al Models used for medical diagnostic needs reliable and well measured metrics to evaluate the performance of the models. The
three main metrics in judging Al diagnostic systems are sensitivity, specificity, and accuracy. The ability of the model to correctly
identify diseased individuals is termed as sensitivity and the ability of the model to correctly identify healthy individuals is termed
as specificity. An overall measure of how correctly the model should work is accuracy. Park et al. (2023) stress how critical these
metrics are to treat when evaluating Al models because they will directly affect the clinical decision making and the patient
outcomes. In healthcare of all places, these metrics are particularly critical, especially false positives and false negatives which can
have major consequences on patient treatment.

2.7.2 Trade-offs Between False Positives and False Negatives

To solve the core issue of trading off between false positives and false negatives in Al based diagnostics is one of the central
challenges. Thus, false positives may cause unnecessary treatment and false negatives may bring missed diagnosis and delayed
treatment. Adjusting the threshold of decision-making in Al models is something that can help in balancing these risks as discussed
by Albahri et al. (2023). In healthcare, it is important to have Al systems that can be fine-tuned by the healthcare professionals who
must determine how receptive the system is to change its thresholds based on the clinical context.

Table 1: Summary of literature review discussion tpoics on Al and ML

Author(s) Summary
Sayem et al. (2023) Adoption of Al in healthcare and global practices
Mathur et al. (2020) Al's role in managing diabetes through imaging and tests
Sayem et al. (2023) Al's success in early detection of cardiovascular diseases
Rajula et al. (2020) Al vs traditional diagnostic methods in disease detection
Allami and Yousif (2023) | Al's role in enhancing diagnostic accuracy and personalized treatments
Kasula (2024) Al's role in precision medicine and infectious diseases
Xu et al. (2024) Fusion of multi-modal data for improved diagnostic accuracy
Yang et al. (2022) Importance of multi-center and multi-modal data for Al systems

Page | 161



Artificial Intelligence in Multi-Disease Medical Diagnostics: An Integrative Approach

Start

Data
Collection

e

Gather data

D, .
Claaning
Ramove noise

L

Data Explor
ation

l

Analyzo pattaerns

1

Featuro
= selection?
[* Yes L No ——
Select Use all
features features

l

Prepare data + Propace data I

,_.I__
Selection

S

Choose algorithm

Train v
Model

Fit model

Modeal
Evaluation

. Refine process

Check poerformanco

L

s
( ]

== |

Improve

Modal Model

[

Show results

1

End

Figure 1: Flowchart outlining ML processing data across different datasets
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3. Methodology

In this section, the process for creating the Al based diagnostic framework is described to be used for detecting diabetes,
cardiovascular diseases, and neurological disorder. Data are collected, preprocessed, and used in model selection and model
evaluation steps in the methodology. Artificial Neural Networks (ANNs) and Ensemble Learning namely, Random Forest and
Gradient Boosting are used to construct the models. Each step of the process is explained in the following details that involve
equations along with visualizations.

3.7 Research Design

The research design is aimed at constructing an Al diagnostic framework based on machine learning techniques for multiple
disease diagnosis at once. Using multi modal data of the patients including medical history, lab test results, and medical imaging
data like MRI scan and CT scans, the system was developed in the thesis. A diagnostic framework was developed with the ability
to comprehensively process large and diverse datasets and the ability of the final model to discriminate various disease states.

This framework was able to carry out two key machine learning models, Artificial Neural Networks (ANNs) and Ensemble Learning
methods. ANNs are famous for their capability to learn the complex nonlinear relationship in data, which constitutes as the most
important aspect of ANNSs for predicting disease outcomes. Hence, Ensemble Learning is used to mitigate overfitting that is prone
to happen when one model is used. In particular, the Ensemble Learning methods selected were Random Forest and Gradient
Boosting, which are known to have been successful in medical diagnostics.

3.2 Dataset Selection & Preprocessing

Concretely, this study consider the datasets that have been collected from publicly accessible medical repositories (e.g., CT and
MRI imaging datasets as well as patient history data such as lab tests and demographics). The selection criteria included:

Table 2: Data selection and pre-processing criteria

Dataset Criteria Details

Diversity of Patient Demographics | A wide range of ages, genders, and health conditions included.

Multi-modal Data Data includes a combination of imaging, lab results, and clinical records.

Open-source Availability Datasets were open-access for transparency and reproducibility.

Once the datasets were obtained, the preprocessing steps were performed as follows:

Noise Reduction:
The EEG and imaging data often have noise due to inherent movement artifact or technical limitation so a Butterworth band pass
filter was applied to remove unwanted frequencies. The definition of the transfer function of this filter is:

1

HO) = Gjoom 11

M

Where:

H(s) is the filter transfer function,
w, is the cutoff frequency,

n is the filter order.

Normalization:
Min max normalization was used to scale all numerical features to the range [0, 1] to ensure that all data sources were consistent.
The formula of normalization is as follows:

X —Xmi
X, — min (2)

Xma>< - Xmin
Where:
X' is the normalized value,
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Ximin and Xiax are the minimum and maximum values in the dataset.

Handling Missing Data:
In instances where all the data entries were not there, the study used K-Nearest Neighbors (KNN) imputation which basically
means that it filled the missing value with the mean of the nearest 5 neighbors. The imputation formula is:

k
1
Xmissing = EZ X; 3)
i=1

Where:
Xmissing IS the imputed value,

k is the number of nearest neighbors used for imputation.

Feature Correlations for Data Preprocessing
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Figure 2: heatmap showing the feature correlations of the data processing

The above heatmap shows correlation of key features included in data preprocessing stage, i.e, blood glucose levels, ECG readings,
BMI, and insulin resistance. This tool aids in finding out dependencies within features and gives an insight of how they work. An
example is a BMI and insulin resistance correlation as it gives a strong association on diabetes prediction. The used heatmap during
feature selection to select features without redundancy, and only select the features which are more informative to finally improve
the model efficiency and diagnostic accuracy.

3.3 Feature Selection & Engineering

The performance of the models was improved by feature selection and engineering. Therefore, the features have been chosen
based on their relevance to the target diseases that were diagnosed. These features were guided by the study’s domain-special
knowledge per disease:

Diabetes: Blood glucose levels, insulin resistance, and body mass index (BMI).
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Cardiovascular Diseases: Blood pressure, cholesterol levels, and ECG readings.
Neurological Disorders: EEG signal features and brain volume changes from MRI scans.

Dimensionality Reduction using Principal Component Analysis (PCA):
To reduce the number of features while preserving 95% of the variance in the data, the study used PCA. The PCA formula is:

Z=XW. 4
Where:
Z is the transformed feature matrix,
X is the original data,
W is the matrix of eigenvectors corresponding to the largest eigenvalues of the covariance matrix.
3.4 Al Model Development
The models used in this study include:

Artificial Neural Networks (ANNs): The network was a feedforward network with two hidden layers that was optimized using
Adam optimizer.

Ensemble Learning (Random Forest and Gradient Boosting): The reason | chose these models is that they both are robust in
their ability to handle complex, high-dimensional data. 100 Decision trees were used in Random Forest whereas Gradient
Boosting used 200 weak classifiers with a value of 0.1 for learning rate.

Mathematically, for Random Forest, the prediction is:

T
YR ©®

t=1

=l

S}:

Where:
T is the number of trees,
fi(x) is the prediction of tree t for input x.

For Gradient Boosting, the prediction is:

M
7=t ©)
m=1

Where:

M is the number of weak learners,

n is the learning rate,

fm(x) is the m-th weak learner's prediction.

3.5 Evaluation Metrics & Validation Techniques

Accuracy, sensitivity, specificity and the F1-score were used to evaluate the performance of each model. These metrics are
defined as:

Accuracy:

A _ TP4TN ,
ccuracy = TNt A EN )
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Sensitivity:
Sensitivity = L 8
ensitivity = TP+ FN (8)
Specificity:
Specificity = ™ 9
peci ICIy_TN+FP (©))
F1-Score:
F1-S o Precision x Recall 10
“>core = Precision + Recall 10
Where:

TP = True Positive, TN = True Negative, FP = False Positive, FN = False Negative.

To guarantee robustness 10-fold cross validation was used. In addition, the generalizability of the developed models was tested
on an independent dataset.

Model Evaluation Metrics Comparison

e Accuracy
Em Sensitivity
mm Specificity

801

(=]
o

Scores (%)

F
o

20t

ANN Random Forest Gradient Boosting

Figure 3: Comparison of the model evaluation metrics

In the above bar chart, evaluation metrics of the Al models such as ANN, Random Forest, and Gradient Boosting based on accuracy,
sensitivity, specificity etc. are compared similarly. Gradient Boosting model obtains the highest accuracy, sensitivity and specificity,
as demonstrated, in the multi-disease diagnostics context where it is the most effective model. Such a visual tool allows clear
comparison of the strengths and weaknesses of the models and thus helps understand their performance in realistic diagnostic
applications. Finally, it explains why it is vital to use the suitable model to make accurate and confident disease prediction.

4. Results

In this section, the results on the Al based diagnostic framework presented for multi disease prediction, this is for diabetes,
cardiovascular diseases, and neurological diseases. Furthermore, artificial neural networks (ANN), random forest, and gradient
boosting were considered on the performance with respect to the accuracy, sensitivity, specificity, and F1 score. The metrics chosen
above can assure a thorough understanding of any model’s capability of locating the presence of disease, limiting false-positives,
as well as maintaining a high diagnostic rate.
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4.1 Performance of Al Models

Accuracy, sensitivity, specificity, and F1 score were used for the purpose of assessing the Al models. As you can see, these are
common medical diagnostic metrics because they depict the model’s performance in identifying both the presence and absence
of disease. Below is the table which summarizes the performance across these metrics.

Table 3: Table showing the models performance in sensitivity, specificity and accuracy

Model Sensitivity | Specificity | Accuracy
ANN 90% 88% 89%
Random Forest 88% 86% 87%
Gradient Boosting | 93% 91% 92%

Gradient Boosting outperformed all other models in both metrics, and such results were obtained. Most specifically, these results
include Gradient Boosting giving the highest overall accuracy of 92% and sensitivity of 93% and specificity of 91%. This indicates
that Gradient Boosting is a good ensemble model for finding true positive cases (sensitivity) and true negative ones (specificity).

On the other hand, using 100 decision trees Random Forest also performed almost the same level as Gradient Boosting, but with
a slightly lower sensitivity (88%) and accuracy (87%). Nevertheless, Random Forest turned out to be highly robust, it performed
fairly well on all metrics. On the other hand, ANN was the most effective model but showed the lowest performance among other
models with an accuracy of 89 %, sensitivity of 90 % and specificity of 88 %. This means that though ANNs can predict disease
quite well, their representation of multi disease diagnostics is not as complex as for Gradient Boosting or Random Forest.

Performance Comparison of Al Models
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Figure 4: Performance comparison of Al models

The results clearly indicate that Gradient Boosting is the best model for multi disease prediction with respect to overall diagnostic
accuracy if the disease and risk factors involved are complex and have overlapping risk factors.
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4.2 Impact of Multi-Modal Data Integration

Part of this study was the inclusion of multi-modal data. The included data were MRI and CT scans, laboratory test results, and
patient histories including previous medical conditions, family history and lifestyle factors. Combining these different types of data
would make for a better and more reliable model that would be able to accurately predict.

The study found that incorporating multi modal data to have a highly significant impact in enhancing the diagnostic performance
across all models. As an example, if trained with the combination of the MRI and Clinical data, the Gradient Boosting model resulted
in the highest accuracy of 92% at a sensitivity of 93% and specificity of 91%. The integrated imaging and clinical data offer a richer
patient health view that in turn results to increased ability in making accurate predictions.

Table 4: Table showing accuracy levels across the different models tested

Dataset Gradient Boosting Accuracy | Random Forest Accuracy | ANN Accuracy
MRI + Clinical | 92% 89% 88%
Clinical Data | 87% 85% 86%
EEG + Clinical | 90% 87% 88%

On the contrary, when trained on the clinical data without the imaging data, Gradient Boosting had an accuracy of only 87%.
Therefore, it appears that imaging data (MRI scans), for example, holds useful information which is of great value for accurate
diagnosis, particularly in complex diseases such as cardiovascular and neurological disorders. Using additional EEG data with the
clinical records further improved the accuracy to 90%, and continue to support the theory that multi modal data improves
predictive performance.

Impact of Multi-Modal Data Integration
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Figure 5: Impact of multi modal data integration

The implications of this finding suggest that as high as possible diagnostic accuracy can be achieved through data integration of
multiple modalities (beyond traditional clinical data, i.e. demographics, laboratory results, vital signs, referrers, etc.) but also
including medical imaging and biomarkers. The integration enables the model to spot finer patterns and correlation that might be
not very apparent while using data from only one source.
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4.3 Breakdown of Disease-Specific Accuracy

In addition, the models are assessed for their potential of predicting some specific diseases such as: diabetes, cardiovascular
diseases as well as neurological disorders. For diabetes, Gradient Boosting had the highest performance with an accuracy of 94,
sensitivity of 92 and specificity of 95. Diabetes diagnosis usually requires a number of markers including levels of blood glucose,
insulin resistance and BMI, making these results even more notable. The power in Gradient Boosting is in the ability to integrate
these factors into the framework to build up a comprehensive prediction model.

Finally, when Random Forest is applied to cardiovascular diseases, the result is the highest accuracy of 90%, sensitivity of 89%, and
specificity of 91%. By conducting experiments, the study verified that when the model is used to predict cardiovascular conditions,
performance matches with Random Forest's ability to commonly deal with diverse and structured data such as ECG readings and
cholesterol levels. Random Forest was good, an accuracy of 89%, Gradient Boosting was relatively weaker, but was still okay, with
an accuracy of 89%.

For the second time, Gradient Boosting proved to be the most efficient algorithm for Neurological Disorders too (91% Accuracy,
92% sensitivity) The model's diagnostic capability was significantly improved with the integration of multi modal data (for example
EEG and MRI scans); ANN had a moderate performance with 88% accuracy and Random forest had a performance of 89%.

Table 5: Tables showing the accuracy levels of the different tested models in reference to the diseases discussed

Disease Gradient Boosting Accuracy | Random Forest Accuracy | ANN Accuracy
Diabetes 94% 91% 89%
Cardiovascular Disease | 89% 90% 84%
Neurological Disorders | 91% 89% 88%
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Figure 6: Disease specific accuracy comparison
4.4 ROC and Precision-Recall Curve Analysis

Receiver Operating Characteristic (ROC) curves were generated to evaluate the models’ capabilities to make the correct diagnosis
at various threshold values. For example, the ROC curves, that relates sensitivity (true positive rate) to specificity (1 - false positive
rate) and the ability to summarize the model diagnostic accuracy with the area under the curve (AUC). The highest AUC was
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produced by Gradient Boosting with an AUC of 0.95 which implies excellent performance to separate the positive disease cases
and negative ones.

Precision and recall tradeoff across various thresholds were also evaluated by using precision recall curve. Precision and recall of
Gradient Boosting was highest which means that it is most successful at classifying disease cases with a minimum number of false
positives. This was quite important in cases of cardiovascular and neurological diseases, where the model’s precision helps lowering
misdiagnosis rates.

5. Discussion
5.1 Interpretation of Key Findings

This study'’s results indicate that Al models like Gradient Boosting excel at multi disease diagnostics since it's difficult for humans
to comprehend the complexity and high dimensionality of the dataset and detect complex patterns which may be overlooked by
human clinicians. The main reason behind the superiority of Al models over classical diagnostic solutions is the ability to process
and analyze multi-modal data (including clinical notes, medical images, lab tests, and the patient’s history) altogether. As Aamir et
al. (2024) pointed out, Al can automatically process all these diverse data streams and solve for rare co-occurrences of many
diseases that conventional methods cannot possibly find. However, this is particularly important in conditions where co morbid
conditions share risk factors and/or symptoms in common, as is the case with diabetes, cardiovascular disease and neurological
disorders.

Gradient Boosting was one of the key reasons it outperformed models, such as ANNs and Random Forest since, it has the ability
to combine the strengths of numerous ‘'weak’ models in order to create one robust predictive tool. Although Gradient Boosting is
part of Ensemble Learning, and unlike ANNs, these methods do not depend on single layer deep learning algorithms, instead they
rely on Decision Trees, and are used to combine multiple decision trees to enhance prediction accuracy and control overfitting of
the model when dealing with noisy, high dimensional datasets (Yang et al.,, 2023). Therefore, the Gradient Boosting model showed
a clear advantage due to its capability to capture the non-linearities and interactions between the effects of multiple diseases, and
as such is a great tool when diagnosing multi disease conditions.

On the other hand, ANNs worked less well, making simpler models inadequate for this purpose. Although ANNs have proven their
success in tasks where learning from large amounts of data is involved, they faced inconsistent performance on the task of
distinguishing between several diseases having a) complex symptoms that are not very specific for the respective disease and b)
many overlapping symptoms. This implies the significance of model choice to achieve most sensitive predictions in various
application conditions. In their place they used Ensemble Learning, which aggregates and exploits the strengths of many models,
to better model the nuanced spread of diseases between states (Yang et al., 2023).

5.2 Clinical Implications

Outfitting the hospital diagnostic workflows with Al has the potential to significantly enhance the way healthcare is given.
According to Ahmad et al. (2021), Al can improve the process of making diagnosis faster and more accurate by giving real time
decision support for clinicians. Graduate Boosting showed the power to address the various types of datasets and to give
dependable predictions highly, leading to the potential for clinical integration. Having Al systems work with clinicians in a
complementary fashion could help the clinician better identify disease quicker and more accurately; allowing clinical intervention
to occur earlier and to be more effective in patient care. In addition, incorporating Al into routine clinical practice may relieve the
cognitive load on healthcare providers who can invest thought and energy on other aspects of managing a patient's care, including
treatment planning and interacting with the patients.

The study also highlights another key clinical benefit of the drug which is the lowering of misdiagnosis rates. According to Harry
(2023), Al systems minimize many errors in human fatigue, human bias, or human cognitive deficiencies. The results from this study
were that Gradient Boosting was able to better distinguish between diseases and lowered the chances of false positive and false
negative results. It is noteworthy because wrong diagnoses of multi-disease patients often result in inappropriate treatments,
deteriorated health outcomes, and additional healthcare expenses.

Additionally, faster decision making enabled by Al also enhances timeliness of the interventions and thereby helps in foretelling
the disease better than before, especially in diseases like cardiovascular and neurological disorders where early diagnosis is the
key to its early intervention. Clinical workflow Al models have the potential to accelerate the use of complex data in order to
efficiently and widely distribute use of diagnostic procedures.
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5.3 Ethical & Practical Considerations

Although Al integration in healthcare comes with its many plus sides, there are equally numerous ethical and practical worries that
must be addressed. Another major challenge dealing with Al in healthcare is that the predictions of the model might contain a
bias. According to Ueda et al. (2024), biases can be passed down to Al models from the data with which they are trained with,
resulting in unfair or skewed conclusions, such as may be the case for underrepresented patient populations. For the purposes of
this study, given the training datasets used for modeling the models will need to reflect the diversity and different populations to
ensure fairness and equity in the diagnosis. Properly addressing the issue of bias in medical datasets could help prevent disparity
in health outcomes in marginalized groups.

In addition, the data privacy issue is of great concern. In this regard, Tilala et al. (2024) discuss the high risk of data breaches or
unauthorized access of large amounts of sensitive patient date as a requirement of the Al models that have been developed. To
secure the incorporation of Al into clinical workflows, healthcare institutions will need to implement tight data protection policies,
to be in compliance with HIPAA (Health Insurance Portability and Accountability Act) if it is in the US or GDPR (General Data
Protection Regulation) if it is in the EU. This will ensure patient privacy and still allow the use of Al for diagnostics purposes.

In addition, there is still a key issue of the interpretability of the Al models in healthcare applications. It is commented by Vellido
(2020), that the Al models, and surely the complex ones such as Gradient Boosting, work as “black boxes”, and therefore the
clinicians struggle to understand how models’ decisions are made. Therefore, it is highly vital that Al outputs in clinical environment
can be trusted and the rationale behind the outputs are understandable to healthcare professionals. Even if it has superior
performance, there may be resistance in the use of Al systems without interpretability.

5.4 Limitations of the Study

The promising study presents some limitations that need to be solved in further research. This one of the main constraints is due
to the datasets that are used in this study. Training datasets not reflective of the full diversity of patient populations may
compromise generalizability of the models. For example, if the datasets would have certain demographics that are
underrepresented, then the models tend to do poorly for those groups, because they over generalize on the data and trying to
optimize after that point would be tough. Moreover, in settings of healthcare or any other domain with low resources, availability
of high quality, multi modal datasets is a challenge.

However, Al models also have a limitation of the requirements in computational power. The models used in this study particularly
the Gradient Boosting models are very computationally expensive and it may not be possible for every healthcare facility to have
this kind of power at their disposal. To implement such models into a clinical practice setting would require resource investments
in financial and personnel terms related to hardware and software infrastructure and in developing trained personnel capable of
managing and interpreting the Al outputs.

5.5 Future Research Directions

Finding other areas of future research into methods of further enhancing the impact of Al in multi-disease diagnostics is another
crucial avenue. As according to Kumar et al. (2023), it is a necessity for the Al framework to be expanded to include other diseases
so that, ideally, Al can have a more powerful presence in the real world of clinical settings. More diverse and larger datasets should
be trained in future models covering certain wider diseases to increase the diagnostic accuracy and generalizability of the future
models.

Future work could also focus on refining of interpretability methods. As Vellido (2020) points out, it is important to make the Al
systems more transparent especially in medical field. To achieve acceptance and integration of Al in clinical practice, future research
should be oriented for techniques that let clinicians understand and trust Al generated diagnoses. Second, real world testing of
the Al model in various healthcare settings is important as Sarker (2021) further notes, simply because the true potential of the
model is only realized when tried out in the real world within various healthcare settings. Advancing Al models to separate phases
of clinical settings should be the focus of the research as it will evaluate the robustness and adaptability of Al models among the
different patient populations in various clinical environments.

Summary

The key findings of this study have been described in this discussion and possibilities of the use of Al in multi-disease diagnostics
have been given. However, there are ethical, practical and computational challenges to building and deploying an Al model in
clinical practice. While the future for Al in health care is bright, further research is needed to overcome these challenges and ensure
that Al based diagnostics are accessible, credible and equitable for all patients.
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6. Conclusion

Finally, this study discusses the evolutionary role of Al in transforming medical diagnostics particularly in multi disease detection.
This research showed that the technique of Al diagnosis with an Al based diagnostic framework, employing ANNs and Ensemble
Learning models like Gradient Boosting, can perform the diagnosis of the multiple conditions simultaneously. The Gradient
Boosting model proved to be the most robust with the greatest accuracy, sensitivity and specificity, and was thus the best suitable
for diagnosing the diseases including diabetes, cardiovascular and neurological disorders.The primary strength of this study was
that it utilized multi-modal data including medical imaging (MRI, CT scans), lab tests and patient history. By taking this
comprehensive approach, it was possible for the Al models to take advantage of many data sources to enhance diagnostic
precision. Combining diverse forms of data, including medical images and clinical datasets, the models had better ability to find
complex disease patterns in comorbidity conditions. It is therefore vital that diagnosis in modern healthcare settings be taken as
a holistic process.

However, promising results are obtained for limited numbers of patients, but these results should be further validated with
extensive testing to establish the value of such approaches, which could then be better integrated into clinical work flows. There
are issues on interpretability of Al models, fear of bias in medical datasets, privacy of data, and following regulations. However, it
is crucial to ensure transparency, fairness and trustability of Al models so that healthcare providers and patients can embrace it.
Besides, the computational demands of Al models, particular those such as Gradient Boosting, (may) inhibit them from being
deployed in some healthcare environments, mainly in resource constrained settings.In the future, there are a number of promising
areas of future research. In order to validate the models to work in the clinical practice vast needs to be done which includes
expanding the Al framework to more number of diseases, improving the interpretability of the models, and real world testing in
different healthcare settings. Moreover, ethical concerns of Al such as fairness, bias, and privacy must be solved for ensuring that
Al driven diagnostic systems are not only reliable but also just.

The findings of this study suggest that Al offers the potential to transform clinical workflows, drop misdiagnoses, expedite patient
treatment decisions and result in better patient outcomes. Al can provide a more holistic, accurate, and more efficient method to
medical diagnostics when you integrate multi-modal data using advanced machine learning techniques which make it highly
valuable to the future of healthcare.
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