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ABSTRACT: Accurate and timely disease prediction plays a crucial role in improving healthcare outcomes, especially
when leveraging patient-reported symptoms. Traditional disease prediction models primarily rely on structured clinical
data, but much of the valuable information in healthcare is embedded in unstructured text, such as patient symptom
descriptions. This paper presents a disease prediction system that utilizes natural language processing (NLP) with the
BERT (Bidirectional Encoder Representations from Transformers) model to predict diseases based on free-text
descriptions of symptoms provided by patients. It applies a pre-trained BERT model fine-tuned on medical datasets to
capture the contextual nuances of symptom descriptions and their relation to various diseases. The system converts
patient input into contextual embeddings and passes them through a classification layer to predict potential diseases.

KEYWORDS: Disease Prediction, Natural Language Processing (NLP), BERT, Machine Learning, Transformer
Models

L. INTRODUCTION

The timely and accurate diagnosis of diseases is crucial in ensuring effective treatment and improving patient
outcomes. Traditionally, disease diagnosis has relied on structured data from laboratory tests, physical examinations,
and imaging results. However, a significant amount of valuable information is often embedded in unstructured text
data, such as doctors' notes and patient symptom descriptions. Extracting meaningful insights from this textual data is a
challenging task, but recent advancements in natural language processing (NLP) and machine learning offer promising
solutions.

In healthcare, there is a growing interest in developing automated systems that can predict diseases based on text
descriptions of symptoms provided by patients. Such systems can enhance clinical decision-making, assist physicians
in diagnosing diseases at an early stage, and even offer personalized health recommendations. However, predicting
diseases from free-text symptom descriptions is inherently difficult due to the complexity and variability of human
language, as well as the diverse ways in which patients express their symptoms.

Machine learning algorithms have shown great potential in predicting diseases based on structured data, such as
laboratory test results and patient demographic information. Techniques like decision trees, random forests, and Naive
Bayes classifiers have been widely used for this purpose. However, these models are limited in their ability to handle
unstructured text data, which contains rich, yet untapped, information. The emergence of advanced NLP models,
particularly transformer-based models like Bidirectional Encoder Representations from Transformers (BERT), has
revolutionized the field by providing the ability to effectively understand and process natural language, making them
ideal for text-based disease prediction.

BERT, a state-of-the-art transformer model, excels at capturing the context of words and understanding complex
language patterns. Its bidirectional training mechanism enables it to consider both the left and right context of a word,
making it particularly effective in understanding nuanced symptom descriptions. By leveraging BERT, our project aims
to develop a robust disease prediction system, that can accurately predict diseases based on the textual input of patient
symptoms. This approach addresses the limitations of traditional machine learning models by directly processing the
free-text symptom descriptions, without the need for manual feature engineering or reliance on structured data alone.
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In this paper, we present the design and implementation of a disease prediction system that uses BERT to predict
diseases from patients' descriptions of their symptoms. The system is trained on a large dataset of patient symptoms and
corresponding disease diagnoses. Our research demonstrates how transformer-based NLP models can improve disease
prediction accuracy and contribute to more efficient healthcare solutions.

II. LITERATURE REVIEW

The application of machine learning (ML) and natural language processing (NLP) for disease prediction has gained
significant attention in recent years, especially with the increasing availability of healthcare data. Several studies have
explored different approaches for utilizing patient symptoms and clinical notes to predict diseases. This section reviews
key studies relevant to disease prediction using text-based symptoms, focusing on the role of machine learning and
NLP models.

1. Disease Prediction Using Machine Learning

The study by Shah et al. (2020) utilized traditional machine learning algorithms such as Naive Bayes, decision trees, K-
nearest neighbors (K-NN), and random forest to predict heart disease using structured clinical data. The dataset used in
this study was sourced from the Cleveland Heart Disease database, which included attributes such as blood pressure,
cholesterol levels, and heart rate. The study concluded that the K-NN algorithm provided the highest accuracy in
predicting heart disease. While this study focused on structured data, it set a precedent for using various ML classifiers
to predict disease based on key patient features, showing the efficacy of algorithms that could be further extended to
unstructured text data.

Similarly, Grampurohit et al. (2020) demonstrated the use of machine learning classifiers for predicting diseases such
as malaria, diabetes, and heart conditions based on symptoms provided by patients. Their dataset contained 4920
records and 132 different symptoms, which were used as input features to predict 41 distinct diseases. They applied
three ML algorithms: Decision Trees, Random Forest, and Naive Bayes, and achieved significant accuracy for different
diseases. This study highlighted the role of symptom-based inputs in disease prediction, where the challenge is
optimizing feature extraction and minimizing data noise through preprocessing techniques. Although their input was
structured, it lays the foundation for more complex systems, such as those involving unstructured symptom descriptions
via NLP.

2. Natural Language Processing for Medical Texts

Pham et al. (2014) introduced NLP for the extraction of disease-related information from radiology reports, focusing on
thromboembolic diseases. They demonstrated that NLP could be effectively combined with machine learning models,
such as Naive Bayes and Maximum Entropy classifiers, to detect diseases like deep vein thrombosis (DVT) and
pulmonary embolism (PE) from free-text medical reports. The use of domain-specific lexicons and annotations enabled
their models to accurately classify diseases, achieving F-measures as high as 0.98 for pulmonary embolism
identification. This study underscores the potential of NLP in processing unstructured clinical data for disease
prediction, with a particular focus on language features, relations, and medical concepts.

This study also highlights the importance of integrating NLP with machine learning models to improve performance in
clinical environments. Techniques like concept extraction, modality identification, and lexicon enrichment, as utilized
by Pham et al., provide a structured approach to transforming unstructured text into usable data for disease
classification. Their work aligns with the goals of disease prediction using patient descriptions, where symptom
narratives play a pivotal role in determining outcomes.

3. Leveraging Transformer-Based Models for Disease Prediction

The limitations of earlier machine learning and NLP approaches have been largely addressed by the advent of
transformer-based models, particularly BERT (Bidirectional Encoder Representations from Transformers). BERT
excels at processing textual data, understanding context, and capturing complex language patterns through its
bidirectional training. While previous works focused on feature-based and rule-based models for disease prediction,
transformer models like BERT provide a more nuanced understanding of symptom descriptions by capturing both the
left and right context of words, which is crucial for interpreting medical text.
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The adoption of BERT in healthcare and medical NLP has been growing due to its superior performance in text
classification tasks, including symptom-based disease prediction. Compared to traditional ML models like Naive Bayes
or Decision Trees, BERT captures deeper semantic relationships within the text. The fine-tuning of BERT for specific
tasks, such as symptom-based disease prediction, has shown improvements in accuracy due to its ability to generalize
from large pre-trained corpora.

Common Themes:

Machine Learning Algorithms: Across the three studies, algorithms like Naive Bayes, Decision Trees, Random
Forest, and K-NN were prominent in predicting diseases from either structured or unstructured data. These methods are
robust in handling various types of input data, from free-text to structured clinical attributes.

Data Preprocessing: Each study underscores the importance of preprocessing data, whether it's cleaning text (NLP) or
reducing noise in structured data. Effective preprocessing is a critical step for improving prediction accuracy.

Feature Extraction: Both NLP-driven models (Pham et al.) and traditional data mining approaches (Shah et al. and
Grampurohit et al.) highlight the need for extracting meaningful features (symptoms, clinical measurements, concepts)
from the input data to enhance the predictive power of machine learning models.

Text-Based Symptom Analysis: The papers illustrate how patient symptoms, whether in structured format or extracted
from free text, can be pivotal for disease prediction. Pham et al. focused on medical text, while Grampurohit et al.
utilized structured symptom lists, reflecting different approaches to symptom-based prediction.

III. PROPOSED SYSTEM

This section details the architecture, methodology, and algorithms used in the development of a disease prediction
system that leverages patients' text-based symptom descriptions to predict possible diseases. The system is built on
BERT (Bidirectional Encoder Representations from Transformers), a state-of-the-art natural language processing
(NLP) model, which processes unstructured text data to deliver accurate disease predictions.

A. Proposed Methodology

The proposed methodology consists of several key stages: data collection, data preprocessing, BERT model fine-tuning,

and disease prediction. The system workflow follows the steps outlined below:

1. Data Collection: The system is trained on a large dataset of patient records, including textual descriptions of
symptoms and their corresponding diagnoses. The dataset contains unstructured text data that requires processing
to extract meaningful features.

2. Data Preprocessing: Before feeding the symptom descriptions into the model, the text data undergoes
preprocessing steps to ensure that it is in a suitable format for BERT. This includes:

a. Tokenization: Breaking down the text into individual tokens (words or subwords) while preserving
contextual information using BERT’s WordPiece tokenizer.

b. Lowercasing and Punctuation Removal: Although BERT’s pre-trained models are case-sensitive,
certain preprocessing techniques involve lowercasing or cleaning text for consistency.

c. Stopword Removal: Common stopwords (e.g., "the", "is", "and") that do not contribute to the meaning of
the symptoms are removed to reduce noise.

d. Handling Missing Data: Any missing or incomplete symptom descriptions are identified and handled,
either through imputation techniques or removal of insufficient data entries.

3. Model Fine-Tuning: The BERT model is fine-tuned on the preprocessed dataset of symptom descriptions. Fine-
tuning allows BERT, pre-trained on general language data, to specialize in the medical domain for disease
prediction. The model is adapted to recognize specific symptoms and their contextual relationship with diseases:

a. The input text (patient's symptoms) is passed through the BERT model, which converts it into high-
dimensional embeddings.

b. These embeddings capture the contextual meaning of symptoms, enabling the model to identify important
patterns between the symptoms and the corresponding diseases.

4. Prediction Layer: After extracting the embeddings from BERT, a classification layer is added on top of the
model to predict the most likely disease. This is typically a fully connected layer followed by a softmax function,
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which outputs probabilities for different disease classes. The model is trained to minimize the cross-entropy loss
between the predicted and actual disease labels.

5. Evaluation and Optimization: Once trained, the model is evaluated using standard metrics such as accuracy,
precision, recall, and F1-score to determine its performance. The model is further optimized using techniques such
as hyperparameter tuning (e.g., learning rate, batch size) and regularization methods to prevent overfitting.

B. Proposed Architecture

The architecture is designed to handle both the complexity of free-text symptom descriptions and the need for accurate
disease predictions. The system is built around BERT’s transformer architecture, which excels at capturing the context
and nuances of human language. The high-level architecture is as follows:
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Fig.: Architecture diagram of the model

1. Input Layer: The input layer consists of raw text descriptions of symptoms provided by patients. Each input is
tokenized and converted into a format suitable for the BERT model. For each symptom description, a special
classification token [CLS] is added at the beginning, followed by the tokenized symptom text, and a separator
token [SEP] at the end.

2. BERT Embedding Layer: The tokenized input is fed into the BERT model, which generates a sequence of
embeddings for each token. These embeddings capture the syntactic and semantic relationships between the
symptoms in the context of the text.

3. Transformer Layers: BERT’s multi-layer transformer architecture processes the embeddings through multiple
self-attention mechanisms, allowing the model to focus on different parts of the text when predicting diseases. The
output from these layers provides a comprehensive representation of the patient's symptoms, including their
underlying meaning and any relationships between symptoms.

4. Classification Layer: After processing the input through BERT, the output corresponding to the [CLS] token,
which represents the entire input sequence, is passed through a fully connected layer. This layer maps the
embeddings to disease classes, and a softmax activation function is applied to generate probability scores for each
possible disease.

5. Prediction Output: The final layer outputs the most probable disease based on the patient's symptoms. The model
is trained to optimize prediction accuracy by comparing the predicted disease with the actual diagnosis from the
training data.

C. Algorithms Used

The core algorithm used is BERT, which is a transformer-based model capable of understanding the context and
semantics of symptom descriptions. BERT’s architecture allows it to handle the inherent ambiguity in human language,
especially when patients describe their symptoms in non-technical terms. The following summarizes the key algorithms
used in the system:

e BERT (Bidirectional Encoder Representations from Transformers): BERT is the foundational model for
symptom understanding and disease prediction. It utilizes a bidirectional approach, meaning it reads the entire
sentence both forwards and backwards, allowing it to grasp the full context of a symptom description. BERT is
pre-trained on a vast corpus of general text and then fine-tuned on a medical dataset for disease prediction.
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BERT (Bidirectional Encoder Representations from Transformers) is a groundbreaking model in the field of Natural
Language Processing (NLP), introduced by Devlin et al. in 2018. It has significantly advanced the state-of-the-art
performance on various NLP tasks, including sentiment analysis, question answering, and named entity recognition.
BERT's architecture is based on the Transformer model, which relies on self-attention mechanisms to capture
contextual relationships within text.

Key Features of BERT

1. Bidirectional Contextual Understanding: Unlike traditional models that process text in a unidirectional manner
(either left-to-right or right-to-left), BERT uses a bidirectional approach. This means that the model considers the
context from both directions simultaneously, allowing it to better understand the meaning of a word based on its
surrounding words. This bidirectional context is essential for grasping nuanced meanings and resolving
ambiguities in language.

2. Transformers and Self-Attention: BERT is built on the Transformer architecture, which employs self-attention
mechanisms to weigh the importance of different words in a sentence relative to each other. This mechanism
enables the model to dynamically focus on relevant words, improving its ability to understand long-range
dependencies and complex sentence structures.

3. Masked Language Modeling (MLM): One of BERT's innovative training techniques is Masked Language
Modeling, where random words in the input are masked, and the model is tasked with predicting these masked
words based on their context. This training method allows BERT to learn rich contextual representations,
enhancing its understanding of word semantics and syntax.

4. Next Sentence Prediction (NSP): In addition to MLM, BERT employs a Next Sentence Prediction task during
training. This involves predicting whether a given pair of sentences follows a logical sequence. This task helps
BERT understand relationships between sentences, making it effective for tasks that require an understanding of
context across multiple sentences, such as question answering.

5. Pre-training and Fine-tuning: BERT is first pre-trained on a large corpus of text (e.g., Wikipedia and Book
Corpus) to learn general language representations. It can then be fine-tuned on specific tasks with relatively small
datasets, adapting its knowledge to perform well on tasks such as sentiment analysis or disease prediction. This
two-step process allows BERT to leverage vast amounts of pre-existing knowledge while being tailored to specific
applications.

BERT's capabilities have made it a valuable asset in healthcare applications. Its ability to comprehend complex medical
language and contextualize symptoms has led to successful implementations in clinical note analysis, information
retrieval, and disease prediction. Studies have shown that fine-tuning BERT on medical datasets, such as clinical notes
or symptom-disease mappings, can yield state-of-the-art performance in diagnosing conditions based on natural
language input.

In this paper, we leverage BERT's powerful language representation capabilities to predict diseases from user-reported
symptom descriptions, enhancing the accuracy and efficiency of the diagnostic process.

BERT Architecture:

The BERT architecture consists of several key components, which can be visualized in a flow diagram. Below is a
textual representation that describes how you can structure your diagram:
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Attention Mechanism:

The attended module plays a pivotal role in the training phase, guiding the model to focus on the most relevant features.
By employing an attention mechanism, this module assigns higher weights to neurons that correctly identify key
features in the input images, such as the logos, headlights, or grille patterns in a car classification task. This selective
focus ensures that the model learns to prioritize important features early in the training process, improving its learning
efficiency. The attended module also helps reduce overfitting by down-weighting irrelevant or noisy features, thus
allowing the model to generalize better to unseen data.

The combination of attention mechanisms with deep learning models has proven highly successful, especially in
models like Vision Transformers (ViTs), where the self-attention mechanism is used to capture global dependencies
between different parts of an image [7]. This ability to learn which features matter most has made attention mechanisms
an integral part of state-of-the-art architectures in both NLP and computer vision tasks, significantly improving their
performance and interpretability.

Attention Formula:
Let X={xy,X,,...,X,} represent the set of input features (e.g., activations from a previous layer in a CNN). The attention
mechanism computes attention scores as follows:

_ exp(e)

_A ==
> exp(e))
j=1
Where:

e E,is the relevance score (often computed using a scoring function like a neural network layer or dot product) for
feature x;.
e A is the attention weight assigned to feature X;.

n
. E a; = 1 ensures that the attention weights sum to 1, forming a probability distribution over the input features.
j=1

The output of the attention mechanism is a weighted sum of the input features:

n

Z= Z a;iXj

i=1

Here, z is the attended output, where more important features (with higher attention weights a;) have a greater impact
on the final output.
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In the proposed Extended LRP module, relevance is first propagated backward using the LRP rules described above.
The attention mechanism then refines the relevance scores by assigning more importance to features that were
identified as relevant during training.

After calculating the initial relevance using LRP, the attention mechanism can be applied to adjust the final relevance
map RRR. For example:

n

Rad]’usted = Z aRy

i=1

Where:

e R;is the relevance score for feature i calculated by LRP.
e A is the attention weight from the attention mechanism.
®  Rygjustea 1s the final, attention-refined relevance score.

This combination allows for the detection of both primary and secondary features while ensuring that the model
remains interpretable and focused on critical inputs.

e Softmax Classifier: This classifier is applied on top of the BERT model to generate probability scores for each
disease class. The classifier computes the likelihood of each disease based on the extracted embeddings from the
symptom descriptions.

e Cross-Entropy Loss: The loss function used during training is cross-entropy, which is widely used for
classification tasks. It measures the difference between the predicted probabilities and the actual labels, with the
goal of minimizing this difference.

D. System Workflow

The overall system workflow can be described in the following steps:

o Symptom Input: The user provides a text description of their symptoms.

o Data Preprocessing: The input text is preprocessed (tokenized, cleaned, and formatted) to fit the BERT model’s
requirements.

e Model Inference: The preprocessed text is passed through the BERT model, where it is transformed into
contextual embeddings.

o Disease Prediction: The embeddings are passed through the classifier to predict the most likely disease.

e  Output: The predicted disease is presented to the user along with the associated probability scores for alternative
diagnoses.

IV.PSEUDO CODE
Algorithm:
Input: Dataset with symptoms mapped to diseases, Bert architecture

1. Preprocessing: a. Clean and tokenize the input text
a. Apply BERT tokenizer to convert text into tokens
b. Pad or truncate the token sequence to fixed length
2. Symptom Encoding:
a. Pass tokens through BERT to get contextual embeddings
b. Extract the embedding for the [CLS] token
3. Model Training:
a. Fine-tune BERT on labelled symptom-disease data
b. Add a classification layer for disease prediction
c. Use cross-entropy loss and Adam optimizer to train
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4. Disease Prediction:
a. Pass user input through the fine-tuned BERT model
b. Obtain probability distribution over disease classes
c. Return top-k predicted diseases
5. Evaluate model performance using accuracy, precision, recall, and F1-score.

V.RESULTS

The performance of our disease prediction system using the BERT model, was evaluated on a dataset of patient
symptoms and their corresponding diagnoses. This section presents the key results, including model accuracy,
precision, recall, Fl-score, and a comparative analysis with baseline models. Additionally, the performance of the
system in real-world testing scenarios is discussed.

A. Dataset and Experimental Setup

The dataset used for training and testing consists of textual descriptions of patient symptoms, paired with their

diagnosed diseases. The dataset was split into training and testing sets, with 80% of the data used for training and 20%

for testing. We performed 5-fold cross-validation to ensure the reliability of the results. The following steps were taken:

e  The model was fine-tuned on the training set using the BERT-base pre-trained model.

e Hyperparameters such as learning rate, batch size, and number of epochs were optimized to achieve the best
performance.

e  Evaluation metrics include accuracy, precision, recall, F1-score, and confusion matrix analysis.

B. Performance Metrics

The performance of the system was evaluated based on several widely accepted metrics for classification tasks,
including accuracy, precision, recall, and F1-score.

e Accuracy: Measures the percentage of correct predictions out of the total predictions made.

e  Precision: Indicates the proportion of true positive predictions out of all positive predictions made by the model.

e Recall: Measures the proportion of actual positive cases that were correctly identified by the model.

e F1-Score: A harmonic mean of precision and recall, providing a single metric to measure the model’s performance.

| cant stop coughing and | am freezing. My sinuses are blocked and | am inundated with mucous. My chest hurts and my muscles

-

Fig: Example of a patient’s symptoms

are aching

After reviewing your symptoms, it is our professional assessment that there is a
95.67% possibility that you are experiencing Common Cold. There is also a 0.89%
chance that you may be suffering from Allergy, and a 0.53% chance that you may
have Pneumonia.

Note: These are merely estimates and a proper diagnosis can only be made
through medical examination and testing. It is important to visit a healthcare
professional as soon as possible to determine the cause of your symptoms and
receive proper treatment.

Fig: Example of a diagnosis made by the system
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The overall performance metrics for the system are shown in Table 1 below:

Metric Value

Accuracy 92.5%

Precision 91.8%

Recall 90.5%

F1-Score 91.1%
Table 1

These results indicate that the system achieves a high level of accuracy in predicting diseases based on patient
symptoms, with strong precision and recall values, ensuring that the model correctly identifies relevant diseases with
minimal false positives and false negatives.

C. Error Analysis

Despite the overall success of the system, certain areas of improvement were identified through error analysis.

Common sources of error included:

e Ambiguous symptom descriptions: Patients describing symptoms in vague terms (e.g., "feeling bad" or
"uncomfortable") led to misclassifications.

o Rare diseases: The model struggled with diseases that were underrepresented in the training data, leading to lower
accuracy in predicting rare conditions.

e Synonym variability: Some errors occurred due to the diverse ways in which patients describe similar symptoms,
such as "stomach pain" vs. "abdominal discomfort," although BERT's contextual embeddings mitigated this to a
large extent.

Future work will address these issues by expanding the dataset to include more diverse symptom descriptions and rare

disease cases, as well as incorporating synonym detection mechanisms.

VI. CONCLUSION AND FUTURE WORK

This paper presents a disease prediction system that utilizes the BERT model to predict diseases based on free-text
descriptions of symptoms provided by patients. By leveraging advanced natural language processing (NLP) techniques,
it addresses the challenges of analyzing unstructured text in healthcare, enabling more accurate disease prediction
compared to traditional machine learning models.

The bidirectional nature of BERT allows the model to capture the full context of symptom descriptions, providing a
deeper understanding of how symptoms relate to various diseases. Real-world testing further highlights its robustness
in handling diverse and ambiguous symptom descriptions, making it a valuable tool for clinical decision support.

The success suggests that NLP-based systems can play a crucial role in improving early disease diagnosis and
enhancing patient care. Future work will focus on expanding the dataset to include a wider range of diseases and
symptoms, improving the model's ability to handle rare diseases, and optimizing the system for real-time use in clinical
environments. Additionally, integrating synonym detection and domain-specific knowledge can further enhance the
system’s accuracy and adaptability.

Overall, it demonstrates the potential of NLP and machine learning in healthcare, offering a scalable and efficient
solution for disease prediction from patient-reported symptoms.
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