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Abstract

The world population is rapidly increasing; people are prone to more diseases due to their food habits and lifestyle changes. The
proper diagnosis of the disease at the initial stages will save the lives of millions. So this kind of disease prediction system will
help in predicting the disease in the initial stages using their symptoms. We study the historical dataset of the patients with the
symptoms and their diseases. We apply data analytics skills to extract hidden patterns from the data. We calculate the number of
symptoms contributing to the disease and the weightage factor for every contributing symptom. The weightage indicates the score
value contributing to the disease. The ultimate goal of this research is to develop a high-end prediction prototype for disease
diagnosis with improved accuracy and efficiency. We implemented a Multivariate Linear Regression algorithm using python to
predict the diseases. The model is evaluated using metrics like R2, MSE, and RMSE, and the Multivariate Linear Regression
algorithm is found to be the best fit with an accuracy of 95%.

Keywords: Machine Learning; Predictive model; Data analytics; Data Preprocessing.

1. Introduction

Machine learning is continuously evolving and has been adopted in most fields. The applications of machine learning
techniques in the medical and healthcare industry benefit society by making preventive measures for diseases at the
initial stage based on the symptoms. Many machine learning algorithms can be applied to the medical dataset for
making effective diagnoses and predictions [1]. In our research, we apply multivariate linear regression. In addition
to making predictions, we find the weightage of the symptoms contributing to the disease. It is very difficult to
accurately predict any disease at the initial stage and the prediction model should be developed with the very most
attention to avoid misleads. Identifying the disease at a very early stage can lead to a complete cure and save lives in
case of deadly diseases. Several systems predict generalized diseases or predict any particular disease [2] [4] [12]. Our
work includes the weightage score calculation that is measured along with the symptoms to predict the disease. The
weightage score denotes how strongly the symptom contributes to the disease. We work on a database for the
prediction of generalized disease which may also turn into a deadly disease if left untreated at the initial stage. The
proposed system is developed in python and multivariate linear regression is applied to make predictions. The research
is illustrated in five sections. The preliminary section denotes a detailed outline of the research and its needs. The
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second section explains the literature study of the relevant existing works. The third section illustrates the main effects
model and its implementations. The fourth section explains the obtained results and their performance metrics. At last,
we conclude the final part of the research with the conclusion and the future scope of the research.

2. Related Work

There are already several related works in disease prediction using machine learning [2] [11] for predicting diseases
based on symptoms.

The research work in [3] has applied big data analytic techniques for medical data. Machine learning algorithms like
Naive Bayes, Decision Tree, and Random Forest are used in disease prediction using the symptoms. They have not
taken steps to find the relationship among the variables or symptoms.

In [4] the machine learning techniques were applied to predict heart diseases in specific, based on the Indian
population. The study stated that it worked efficiently in diagnosing heart disease at the early stage and can be used
as a tool to screen the heart disease at the very early stage. In [9] [10] Similar heart-related research for developing
predictions is carried out. Likewise, our model has been developed for predicting the generalized disease at the very
early stage.

Here in [5], a classifier system has been developed using machine learning algorithms that can be used for predicting
diseases at the early stage. Different classification algorithms were used for making predictions. In our work, we
applied multivariate linear regression to find the association between the dependent and independent variables.

In our research, we use multiple over multivariate linear regression because two dependent variables are considered
in our research. The disease type and the weightage score recommend the disease.

The work [6], has integrated several machine-learning algorithms for generic disease prediction. 97.32% of accuracy
is obtained using the KNN algorithm which is the highest compared to other algorithms. This model has only one
dependent variable and in our proposed model we have two dependent variables.

The work [7] is a similar disease prediction system based on the symptoms and other factors like age and gender. They
have applied a weighted KNN algorithm and the resulting accuracy is 93.5% which is comparatively low compared
to our prediction model with an accuracy of 95% using multivariate analysis.

The author [8] has designed an automated disease diagnosis model using a machine learning technique. The author
has focused on specific diseases such as covid-19, diabetes, and heart-related diseases. The developed android app
detected and resulted from the disease results. Logistic Regression was applied for prediction. So timely treatment can
be carried out. This work is specific to a few types of disease and other early diagnoses are not possible.

3. Main Effects Model

We feed the input to our model to make predictions. The overall framework for the disease prediction system is shown
in Figure 1. The input is the medical dataset used for disease diagnosis. Then we start with data preprocessing.
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Figure 1. Block diagram of Disease Prediction System - This represents the input, processing, and machine learning
algorithm to give the desired output.

We develop three different columns in the dataset representing the positive symptoms examined (o), the total count
on the number of symptoms contributing to each disease (B), and finally, the weightage of the symptoms calculated
for the particular disease (y ) based on the dataset as represented in Eq. (1),(2) and (3).

a = Total No. of symptoms examined — Total No. of negative symptoms ¢9)
_ Total No. of symptoms contributing to the disease )
h Total No. of symptoms examined

Total No. of symptoms contributing to the specific disease 3)

Y

" Total No. of symptoms examined for the particular disease

The below figure represents the dataset distribution of the various diseases along with their weightages. Figure (2)
represents the average count on the number of positive symptoms, Figure (3) shows the average of the symptoms
contributing to the disease, and figure (4) the weightage of the symptoms contributing to individual diseases. The final
Figure (5) represents the chart containing the comparison of the average of the individual symptoms and their
weightage contributing to a particular disease.
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Figure 2. Average of positive symptoms — average on the total number of positive symptoms observed from the
patients
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Figure 3. Average of the number of symptoms contributing to the disease — average on the total number of positive
symptoms contributing a particular disease from the total number of symptoms
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Figure 4. The weightage of symptoms contributing to individual disease (y) — how much the particular symptom
contributes to the disease
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Figure 5. Comparison on individual disease and their weightage — diagnosed from the previously observed database
the disease and their symptoms weightage making contribution

Then the dataset is allowed to be preprocessed. The very first step in data preprocessing is to import the medical data
set [13]. This step involves extracting the dependent variable (y) and independent variables (x1, x2...xn). In our work
disease prognosis column is the dependent variable and all other symptoms, the number of symptoms contributing to
the disease, and the weightage factor for every contributing symptom are the independent variables. The “iloc [ ]”
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function in python extracts the dependent and the independent variables. Next, we move on to data cleaning, which
comprises the task of finding and removing or replacing inaccurate and incomplete data from the dataset. Once the
data cleaning process is over we check the format of the data type. If the data are in a numerical format no issues
occur, since machine learning models are primarily based on mathematical equations. In our work, the prognosis
column is represented as textual data. So we convert it into numerical values.

After encoding the categorical variable we split the dataset into two different sets, training and test set. The training
set represents the subset of the dataset that is used for training the model and the test set remaining part of the dataset
that is used for testing the learning model and predicting the disease. We split our dataset into a 70:30 ratio, which
means that 70% of the data is used in training the model and the left 30% of data is used for testing.

The next stage of preprocessing is data reduction. In our research, there are multiple independent variables
representing the symptoms of the disease, and not all the symptoms contribute to the disease. So the Columns with no
importance are removed from the dataset and a new dataset is formed. Data reduction will improve the overall
efficiency of the predictive model. The data reduction process is carried out using the dimensionality reduction
technique. Dimensionality reduction eliminates the attributes from the data set under consideration thereby reducing
the volume of original data. There are three categories of dimensionality reduction techniques namely wavelet
transformation, principal component analysis, and attribute subset selection. We apply an attribute subset selection
method in our prototype. In the dataset used, there are several attributes, and the unwanted ones are eliminated and
the data volume is reduced. The attribute subset selection method confirms that even after eliminating the unwanted
attributes the resulting probability of data distribution is as close as possible to the original data distribution using all
the attributes.

In machine learning, we develop the model using multivariate linear regression which is a supervised learning
technique and is used to predict diseases. In the case of a single input variable, we can use Univariate linear regression.
In our research, we have multiple input variables representing the symptoms of diseases and hence we choose
multivariate linear regression to build the predictive model. The hypothesis function of our predictive model is defined
using multiple variables. The multivariate linear regression algorithm produces the output value which is dependent
on multiple input values. The process of creating and predicting a prototype using multivariate linear regression
depends on the relationship between multiple input values, the different ranges of inputs, and their formats.

The hypothesis function of the multiple input values can be denoted as shown in Eq. (4).
h(x) = 0g+ 0y *x; + 0, % X5 ...0, * X, 4

Herex;, x, ...x, are the multiple input values. In our work we consider the different symptoms, the count on the
number of symptoms for disease prediction and, the weightage of the symptoms contributing to the disease are the
input variables for the above-stated hypothesis Eq. (4). The distribution of the disease symptom and the disease type
is represented in the below figure stated as Figure 6(a) and (b).
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Figure 6. (a) Train set (b) Test set - the sample distribution of symptom and disease
4, Results and Discussion

The general evaluation of the prediction model can be carried out using the cost function which is represented as
shown in (5).

R(0) = - %2, M (hox' — y")? 5)

Here R(0) represents the cost function. The best possible value can be chosen based on the fit of the line. The more
sophisticated form of the cost function is called the mean squared error function which is used for evaluating our
results. In Table 1 the prediction performance of the main effects model trained on 70% of the data and tested on 30%
of the data is illustrated. The R?value represents the statistical measure calculating the proportion of variance for any
dependent variable that is explained by an independent variable.

The normal range of R?lies in the range between 0 and 1. ‘0’ indicates the worst fit and ‘1’ indicates the best fit. We
observe R? = 0.95 for the training set and R? = 1 for the test set. The test set denotes that the predictions are identical
to the observed values. The higher the R?value, the better the model fits our data.

Table 1. Prediction performance

Variable 134
Train set 3444
R2 0.95
MAE 1.59
MSE 5.43
RMSE 2.33
Test set 1476
R2 1
MAE 3.75
MSE 212
RMSE 4,61

The MAE (Mean Absolute Error), MSE (Mean Squared Error), and RMSE (Root Mean Squared Error) denote the
error metrics for the regression problem that measures the amount of error in statically models which are represented
in Table 1 for the train set and the test set.
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The final model will take the symptoms as input and the disease will be predicted as the output result based on the
input fed. The initial input will be in textual format and the variable size is 134. The symptoms which are positive are
marked as 1 and the negative symptoms are marked as 0. We create a dictionary to encode the symptoms into
numerical form. The input data is then reshaped and converted to a suitable format for model prediction. We generate
the output using the Multivariate Linear Regression model and the final disease prediction can be listed out. The
estimated performance in Table 1 shows that the developed model results in high-rooted square metrics which makes
the model the best fit.

5. Conclusion

There are several disease prediction systems using machine learning already available. We apply multivariate
regression analysis to identify the relationship among the variables in the medical dataset and predict the disease based
on several symptoms. So the correlation between dependent and independent variables can be analyzed and a deeper
understanding of the disease and its leading symptoms and the weightage based on the most contributing symptom
can be studied. Multivariate regression works better for this model and the drawback sometimes occurs where the loss
and error outputs are not identical and most often the results are better for larger datasets.
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